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Executive Summary  

One of the most attractive features of massively multiplayer online games (MMOGs) is the 
possibility for users to interact with a large number of other users in a variety of collaborative and 
competitive situations. Gamers within an MMOG typically become members of active communities 
with common interests, shared adventures, and common objectives.  
 
The Community Network Game (CNG) project is a small or medium-scale focused research 
project (STREP) that is focused on applying new network technologies to support community 
activities over highly interactive centrally managed MMOGs.  
 
The CNG project provides tools to enhance collaborative activities between online gamers and 
develops new tools for the generation, distribution and insertion of user-generated content (UGC) 
into existing MMOGs. CNG allows the addition of new engaging community services without 
changing the game code and without adding new processing or network loads to the MMOG 
central servers.  
 
CNG provides in-game community activities using an in-game graphical insertion technology 
(IGIT) and an architecture that combines the client-server infrastructure for the MMOG with a 
peer-to-peer (P2P) system for the delivery of User Generated Content (UGC). IGIT is an 
innovative technology of replacing or inserting content into the game in real time without the 
need to change the game’s code in the client or server. The UGC considered by the CNG project 
focuses on live video to be shared using P2P technology. The video traffic represents a real 
challenge to the network already occupied by the MMOG client-server data. The project proposes 
new techniques for P2P video streaming that are “friendly” to the MMOG client-server traffic. 
 
This report gives an overview of the scientific dissemination activities of the project. It presents 
all scientific publications in journals and conferences as well as demos and workshops.   
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1 Introduction  

Massively Multiplayer Online Games (MMOGs) allow a large number of online users (in some 
cases millions) to inhabit the same virtual world and interact with each other in a variety of 
collaborative and competing scenarios. MMOG gamers can build and become members of active 
communities with mutual interests, shared adventures, and common objectives. Players can play 
against other players (player versus player) or build groups (guilds) to compete against other 
groups (realm versus realm) or against computer-controlled enemies.  
 
This Community Network Game (CNG) project aims at enhancing community activities for MMOG 
gamers. This is achieved by providing Web collaboration tools and developing new tools for the 
generation, distribution and insertion of User-Generated Content (UGC) into existing MMOGs. This 
UGC may include textures and 3D objects to be added to the game, live video captured from the 
game screen and streamed to other players, as well as videos showing walk-throughs, game 
tutorials, or changes in the virtual world to be watched on demand.  
 
The main technologies proposed by the CNG project are the In-game Graphical Insertion 
Technology (IGIT) and a Peer-to-Peer (P2P) system for the distribution of live video. IGIT is an 
innovative technology of replacing or inserting content into a game in real time without the need 
to change the game code in the client or server. For example, billboards can be inserted, tattoos 
can be added to in-game characters, an area on the screen can be assigned to display user 
information, and any type of window (browser, chat, etc.) can be inserted floating on or outside 
the game area. The technology can be implemented on multiple games, making it possible to 
create a community that is not limited to a specific game or publisher. 
 
Enabling thousands of users to communicate UGC represents a significant challenge to networks 
already dealing with the MMOG client-server data. The CNG project develops new techniques for 
UGC distribution that are ``friendly" (supportive and not disruptive) to the MMOG client-server 
traffic. The key innovation is a P2P system that allows MMOG gamers to stream live video of the 
game without interrupting the MMOG data flow and without the need to upload the video data to 
a central server.  
 
This report describes the scientific dissemination activities related to the CNG project. Chapter 2 
presents scientific papers published in conferences and journals. Chapter 3 is dedicated to demos 
and workshops. Chapter 4 concludes the report. The publications are appended to the report.  
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2 Scientific publications 

The CNG project has resulted in eight conference papers and two journal papers.  In the 
following, we list each publication, describe its target audience and provide a summary of its 
contributions.  
      

• [1] S. Ahmad, C. Bouras, R. Hamzaoui, A. Papazois, E. Perelman, A. Shani, G. Simon, 
and G. Tsichritzis, The Community Network Game project: Enriching online gamers 
experience with user generated content, in Proc. 2nd Int. Conf. Creative Content 
Technologies (CONTENT 2010), Lisbon, Nov. 2010.  
 

• [2] S. Ahmad, C. Bouras, R. Hamzaoui, A. Papazois, E. Perelman, A. Shani, and G. 
Simon, The Community Network Game project: Enhancing collaborative activities in 
online games, in Proc. Networked & Electronic Media Summit, Barcelona, Oct. 2010.  
 

• [3] S. Ahmad, C. Bouras, R. Hamzaoui, J. Liu, A. Papazois, E. Perelman, A. Shani, G. 
Simon, and G. Tsichritzis, Community Tools for Massively Multiplayer Online Games, 
International Journal on Advances in Networks and Services, vol. 4, no 3&4, 2011.  
 

Audience: The Second International Conference on Creative Content Technologies (CONTENT) 
(http://www.iaria.org/conferences2010/CfPCONTENT10.html) targets advanced concepts, 
solutions and applications in producing, transmitting and managing various forms of content and 
their combination. Multi-cast and unicast content distribution, content localization, on-demand or 
following customer profiles are common challenges for content producers and distributors. Special 
processing challenges occur when dealing with social, graphic content, animation, speech, voice, 
image, audio, data, or image contents. Advanced producing and managing mechanisms and 
methodologies are now embedded in current and soon-to-be solutions. CONTENT 2010 is aimed 
at technical papers presenting research and practical results, industrial small- and large-scale 
systems, challenging applications, position papers addressing the pros and cons of specific topics, 
such as those being discussed in the standard fora or in industry consortia, survey papers 
addressing the key problems and solutions on any of the topics, short papers on work in 
progress, and panel proposals.  
 
The Networked and Electronic Media (NEM) (http://nem-summit.eu/past-events/2010-nem-
summit/) Initiative is a European Technology Platform under the Seventh Framework Programme. 
As an industry-led initiative, NEM aims at fostering the convergence between consumer 
electronics, broadcasting and telecoms in order to develop the emerging business sector of 
networked and electronic media. The NEM Summit, organised every year since 2008 by the NEM 
Initiative in close cooperation with leading industrial and academic players worldwide, is an 
annual event for all those interested in Future Internet developments and in the fast paced 
evolution of the networked and electronic media industry. Over the years, the NEM Summit has 
grown to become the key conference and exhibition to meet and network with the most active 
stakeholders, access up-to-date information, discover the latest technology and market trends, 
identify research and business opportunities, and find partners for upcoming EU-funded calls. The 
event traditionally involves over 400 attendees, 20 sponsors, 50 exhibitors and 40 speakers and 
authors selected following a competitive call for papers. 
 
The International Journal on Advances in Networks and Services journal 
(http://www.iariajournals.org/networks_and_services/index.html) covers a large spectrum of 
networking and services, web-based applications, wireless and wired networks, optical networks, 
high speed networks, sensor networks, mesh and other access networks, and personalized 
networks, services and applications. 
 
Contribution: These papers give an overview of the state-of-the art in the areas of UGC, Web 
collaboration tools, P2P live video streaming, and game adaptation technologies. They present 
the project's concept, objectives and technologies. They also discuss the project's benefits and 
expected impact. Paper [1] received a best paper award at the CONTENT 2010 conference. Paper 
[3] is an extended version of papers [1] and [2].   
 

http://www.iaria.org/conferences2010/CfPCONTENT10.html
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• [4] E. Ferrari, J. Lessiter, and J. Freeman, Users and uses of multiplayer games and 
community activities, in Proc. Networked & Electronic Media Summit, Turin, Sept. 2011. 

 
Contribution: This paper outlines user needs and initial stakeholder research conducted as part of 
the CNG project. Seventeen interviews were conducted with multiplayer gamers to identify why 
players communicate with others, what they share and how, and what they find frustrating about 
using current community related tools. Seventeen interviews were conducted with multiplayer 
gamers to identify why players communicate with others, what they share and how, and what 
they find frustrating about using current community related tools. Analysis of the interviews 
indicated different drivers and hurdles to communicating with other gamers. Whilst interviewees 
used a wide range of existing community related tools, they expressed various frustrations about 
their use of them including reduced immersion through over-use of UGC, communication 
difficulties and privacy issues, poor usability of tools, and poor quality control of UGC. In the 
second phase, an online survey (n=414) aimed to quantify these frustrations and interest in the 
functionalities to be offered by CNG. The results gave support to the development of a broad 
range of in-game functions, available without the need to minimise the game screen. Moreover, 
an initial gamer segmentation indicated that the key CNG functions scheduled for development in 
the project such as video sharing, chat services and in-game web-browsing, were particularly 
popular with dedicated online multiplayer gamers. Initial stakeholder research was broadly 
consistent with gamers’ feedback and considered that the in-game live video streaming tool 
would be of most interest to game developers.  
 

• [5] G. Adam, C. Bouras, V. Kapoulas, and A. Papazois, Providing community and 
collaboration services to MMOG players, Proc. IADIS Game and Entertainment 
Technologies 2012 (GET 2012), Lisbon, July 2012. 
 

• [6] G. Adam, C. Bouras, V. Kapoulas, and A. Papazois, Building community and 
collaboration applications for MMOGs, International Journal of Computer Games 
Technology, Volume 2012, Article ID 969785, 13 pages.  

 
Audience: The IADIS conference (http://www.gaming-conf.org/) aims to bring together research 
and practice from creative, social and business practitioners and researchers in this challenging 
field. The focus of this conference is on design, development and evaluation of games, 
entertainment technologies and the nature of play.  
 
The International Journal of Computer Games Technology 
(http://www.hindawi.com/journals/ijcgt/) is a peer-reviewed, open access journal that publishes 
original research and review articles on both the research and development aspects of games 
technology covering the whole range of entertainment computing and interactive digital media. 
 
Contribution: The papers describe the high-level design and the system architecture components 
developed within the CNG system for the support of community and collaboration applications. 
Furthermore, a detailed design of the system’s architectural elements starting with details about 
the CNG Server’s components and continuing with the Web 2.0 applications is given. The 
interfaces and protocols, as well as the system modules and the internal design specification are 
described. The focus is on features that distinguish CNG collaboration tools from a typical social 
networking website. The work also highlights any design issues that can potentially contribute to 
future standardization processes for WWW and open social networking. Paper [6] is an extended 
version of paper [5].  
 

• [7] E. Buyukkaya, S. Ahmad, M. Dawood, J. Liu, F. Zhou, R. Hamzaoui, and G. Simon, 
Level-based peer-to-peer live streaming with rateless codes, to appear in Proc. IEEE 
International Symposium on Multimedia, Irvine, Cal., Dec. 2012. 

 
Audience:  The IEEE International Symposium on Multimedia (ISM2012) is an international forum 
for researchers to exchange information regarding advances in the state of the art and practice of 
multimedia computing, as well as to identify the emerging research topics and define the future 
of multimedia computing.  
 
Contribution: The paper describes a static version of the CNG peer-to-peer system. Peers are 
arranged in levels so that video is delivered at about the same time to all peers in the same level, 
and peers in a higher level watch the video before those in a lower level. The video bitstream is 
encoded with rateless codes and trees are used to transmit the encoded symbols. Trees are 
constructed to minimize the transmission rate for the source while maximizing the number of 

http://www.gaming-conf.org/
http://www.hindawi.com/journals/ijcgt/
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served peers and guaranteeing on-time delivery and reliability at the peers. This objective is 
formulated as a height bounded spanning forest problem with nodal capacity constraint and a 
solution is computed using a heuristic polynomial-time algorithm. ns-2 simulations are provided 
to study the trade-off between used bandwidth and video quality for various packet loss rates and 
link latencies. 
 

• [8] J. Liu, S. Ahmad, E. Buyukkaya, R. Hamzaoui, and G. Simon, Resource allocation in 
underprovisioned multioverlay live video sharing services, to appear in: Proc. ACM 
CoNEXT Capacity Sharing Workshop, Nice, Dec. 2012. 

 
Audience: The 8th ACM International Conference on emerging Networking Experiments and 
Technologies (ACM CoNEXT) 2012 (http://conferences.sigcomm.org/co-next/2012/index.html) 
will be held in Nice, France from Dec. 10-13, 2012. The goal of the conference is to provide a 
selective and interdisciplinary forum for research in Networking and Communications. To meet 
the increasing bandwidth demand of in the Internet especially of mobile users, operators need to 
seek for new technologies that efficiently utilize their network resource and share the available 
capacity in a fair manner between all users. Both, data center and next generation access 
networks provide new requirements on capacity sharing. Different interests should be reconciled, 
as operators want to be able to exercise control on how the network is used, avoid service 
disruptions and account for network usage. Users and application providers are interested in a 
certain level of service quality and consistent experience. The Capacity Sharing Workshop brings 
together researchers in the area of transport protocols, system designers of fixed and mobile 
access networks, and their applications to advance the state of research on capacity sharing. 
 
Contribution: To allow a user to simultaneously watch multiple live video streams, the CNG 
project has developed a multioverlay P2P system consisting of multiple P2P live systems. Some 
users are sources, which emit a user-generated live video, while the others are peers, which 
receive one or several videos and participate in diffusing these videos to other peers. Each P2P 
network contains one source and all peers that have subscribed to its live stream (channel). A 
major challenge for multioverlay P2P systems is the inter-overlay bandwidth competition 
problem, which is to find an upload bandwidth allocation between the overlays each peer has 
subscribed to. So far, no solution has been proposed in the literature for the important case 
where the overall system is underprovisioned, that is, when peers do not have enough upload 
bandwidth to ensure a distribution of videos at full quality. The paper shows that an allocation of 
upload resources that minimizes the wastage of resources (i.e., minimizes the upload bandwidth 
allocated to overprovisioned overlays) can be computed in polynomial time. It presents a generic 
model that allows the design of different strategies for the management of the resource deficit. 
Finally, it provided simulation results to demonstrate the gains in video quality resulting from the 
implementation of our solutions. 
 
 

• [9] F. Zhou, S. Ahmad, E. Buyukkaya, R. Hamzaoui, and G. Simon, Minimizing server 
throughput for low-delay live streaming in content delivery networks, in Proc. ACM 
NOSSDAV, Toronto, June 2012. 

 
Audience: The 22nd SIGMM Workshop on Network and Operating Systems Support for Digital 
Audio and Video (NOSSDAV) (http://london.csl.toronto.edu/nossdav12/) focuses on both 
established and emerging research topics, high-risk high-return ideas and proposals, and future 
research directions in multimedia networking and systems, in a single-track format that 
encourages active participation and discussions among academic and industry researchers and 
practitioners. 
 
Contribution: The paper extends the CNG P2P approach to Content Delivery Networks (CDNs). 
For live streaming, the infrastructure of a CDN comprises three distinct elements. The role of the 
origin server is to forward the original stream to edge servers. However the origin server has a 
limited fan-out, i.e., the number of streams it can concurrently emit is limited. The CDN thus uses 
some intermediate nodes, which are called reflectors or shield caches. While these intermediate 
nodes have to serve a subset of the thousands of edge-servers, they have a limited upload 
capacity. The bottleneck in the CDN infrastructure comes either from the origin server that 
cannot serve the intermediates nodes, or from the intermediate node that cannot serve the edge 
servers. The problem considered in the paper is how to deliver a live stream to a set of 
destination nodes with minimum throughput at the source and limited increase of the streaming 
delay. The proposed solution is based on rateless codes and cooperation among destination 
nodes. With rateless codes, a node is able to decode a video block of k information symbols after 

http://london.csl.toronto.edu/nossdav12/
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receiving slightly more than k encoded symbols. To deliver the encoded symbols, multiple trees 
are used where inner nodes forward all received symbols. The goal is to build a diffusion forest 
that minimizes the transmission rate at the source while guaranteeing on-time delivery and 
reliability at the nodes. When the network is assumed to be lossless and the constraint on 
delivery delay is relaxed, we give an algorithm that computes a diffusion forest resulting in the 
minimum source transmission rate. We also propose an effective heuristic algorithm for the 
general case where packet loss occurs and the delivery delay is bounded. Simulation results for 
realistic settings show that with our solution the source requires only slightly more than the video 
bit rate to reliably feed all nodes. 
 
 

• [10] S. Ahmad, C. Bouras, E. Buyukkaya, R. Hamzaoui, V. Kapoulas, A. Papazois, A. 
Shani, and G. Simon, Evaluating P2P live streaming systems: the CNG Case, in Proc. 17th 
International Conference on Distributed Multimedia Systems (DMS'2011), Florence, Aug. 
2011.  
 

Audience: The main theme of the 17th International Conference on Distributed Multimedia 
Systems (DMS'2011) (http://www.ksi.edu/seke/dms11.html) is multimedia inspired computing. 
The conference organizers seek contributions of high quality papers, panels or tutorials, 
addressing any novel aspect of computing (e.g., programming language or environment, data 
analysis, scientific visualization, etc.) that significantly benefits from the incorporation/integration 
of multimedia data (e.g., visual, audio, pen, voice, image, etc.). 
 
Contribution: The paper identifies the main challenges in the evaluation of P2P live streaming 
systems and uses the CNG project as an example to illustrate them. In particular, the paper 
presents the procedure that will be followed to evaluate the CNG P2P live streaming system. Two 
phases are described: a laboratory “offline” one using simulation software and an online one 
based on a real deployment. The online evaluation involves real gamers who provide feedback 
through questionnaires. The performance of the system is monitored by software, which will 
collect and provide useful information for further analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

http://www.ksi.edu/seke/dms11.html
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3 Demos and Workshops 

The CNG P2P system was presented at the Peer-to-Peer (P2P) Techniques for Media Delivery 
Workshop which took place on 23 February 2012, De Montfort University, Leicester, at the 2011 
NEM Summit in Turin, and at the IEEE International Conference on Peer-to-Peer Computing, 
Tarragona, September 2012.   
 
 
Peer-to-Peer (P2P) Techniques for Media Delivery Workshop 
 
This workshop presented recent advances in P2P networking, focusing on video communication 
applications. In addition to talks, a number of demos showing implementations of real P2P 
systems were presented. The workshop attracted about 50 researchers and practitioners from 
academia and industry.  
 
•From P2P to Social and Back Again, Prof Jon Crowcroft, University of Cambridge 
 
The talk discussed the history and evolution of content distribution, from download, through 
multicast, on to packet swarms/torrents and P2P, and then lately to social content.  
 
•P2P live streaming for massively Multiplayer Online Games, Prof Raouf Hamzaoui, De Montfort 
University 
 
In Massively Multiplayer Online Games (MMOGs), a large number of online players inhabit the 
same virtual world and interact with each other in a variety of collaborative and competing 
scenarios. Players can play against other players or build groups to compete against other groups 
or against computer-controlled enemies. The talk presented a peer-to-peer live video system that 
allows MMOG players to stream screen-captured video of their game. Players can use the system 
to show their skills, share experience with friends, or coordinate missions in strategy games. The 
system was developed as part of the FP7 CNG project (http://www.cng-project.eu/). 
 
•Pull-based P2P content adaptation and optimised SVC layer selection, Prof Toufik Ahmed, CNRS 
LaBRI, France 
 
Scalable Video Coding (SVC) content delivery over peer-to-peer (P2P) networks has drawn great 
interest from its ability to support large number of users, while simultaneously handling client 
heterogeneity, in terms of download bandwidth, terminal capabilities and user preferences, using 
content adaptation. In order to support such a system, three essential components need to be 
considered: overlay construction, layer selection and data scheduling and adaptation. The talk 
presented a pull-based P2P network for delivering optimised SVC layers, which was developed as 
part of the FP7 ENVISION project (http://www.envision-project.org/). 
 
•Evaluating P2P as a platform for delivering next-generation TV services, Dr Nick Race, Lancaster 
University 
 
The talk introduced the recent design and development work for the converged IPTV service that 
has been deployed in live test-bed (Living Lab) at Lancaster University for thousands of students. 
High quality audio-visual content is distributed over heterogeneous IP-based content networks, 
on both set-top box and web-based platforms. Peer-to-Peer (P2P) technologies are exploited to 
provide energy efficient and low-cost delivery for commercial and user-generated content. The 
infrastructure and functional components were first presented exploring a number of key designs 
that facilitate the entire eco-system of content ingest, transcoding, P2P tracking, distribution, 
statistics, end systems, as well as integration of social networking. Due to the dynamic nature of 
P2P distribution, a quality measurement service with respect to user experience is also essential 
for the service evaluation and diagnosis. A multimodal QoE measurement framework which 
evaluates the IPTV services by collaborating measurements with a variety of different aspects 
was presented. Results of a use case were also described to verify the effectiveness of the 
measurement framework in exploiting relevant metrics from service components. The work was 
done as part of the FP7 P2P-Next project (http://www.p2p-next.org/) and the "RuralConnect 
Living Lab" (http://www.infolab21.lancs.ac.uk/livinglab/). 
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•Distribution of Multi-view entertainment using content aware delivery systems, Dr Erhan 
Ekmekcioglu, University of Surrey 
 
The FP7 DIOMEDES project (http://www.diomedes-project.eu/) focuses on new methods on 
compression and delivery of multi-view video accompanied by multi-channel audio for realistic 
and immersive 3D media experiences. Specifically, DIOMEDES project's target is to develop a 
hybrid Terrestrial DVB and Peer-to-Peer 3D media distribution system, where potential users are 
eligible to receive either conventional HD or stereoscopic HD service over DVB-T and 
accompanying camera views using a P2P overlay through broadband access simultaneously. This 
requires the on-the-fly and terminal synchronisation of multiple audio channels and video camera 
viewpoints, while allowing real-time immersive 3D media playback. Content aware distribution of 
the huge amount of multi-view content constitutes a major research challenge. Therefore, the 
P2P overlay formation and P2P client operation have been developed to take into account content 
priorities in streaming and also synchronisation with the on-going DVB broadcast. This 
presentation outlined the major research outcomes delivered in this project, including content 
aware coding and distribution, with a special emphasis on the developed P2P system. 
 
 
Exhibition at the 2011 NEM Summit  
 
The CNG system was presented at the 2011 NEM summit in Turin. The exhibition consisted of a 
poster that showed the results achieved after 20 months and a demo of the CNG platform. As the 
P2P system was not fully ready at that time, only an offline version was included.   
 
 
Demo at IEEE International Conference on Peer-to-Peer Computing 
 
The IEEE International Conference on Peer-to-Peer Computing provides a single-track forum for 
presenting new research results on all aspects of P2P computing. It is the oldest and largest 
conference dedicated to P2P computing, and has been held every year since 2001. IEEE P2P'12 
marked the twelfth anniversary of the conference. The P2P'12 conference in Tarragona, 
September 2012 (http://www.p2p12.org/) solicited papers on all aspects of large-scale 
distributed computing. Of particular interest is research that furthers the state-of-the-art in the 
design and analysis of large-scale distributed applications and systems, or that investigates real, 
deployed, applications or systems. 
 
The CNG P2P system was presented at the IEEE P2P'12 conference. The presentation consisted of 
a five-minute talk, a poster, a demo, and a paper. The demo used three laptops and the available 
Internet connection to illustrate how a user can advertise a live stream, capture and stream a 
video of the game, and watch up to three simultaneous live streams while playing The Missing 
Ink game. A number of live videos will also be streamed from CNG consortium members located 
in Leicester, London, Patras, Tel Aviv, and Brest. In addition, a number of live videos from regular 
The Missing Ink gamers will be available. The demo paper (2 pages) was published in the 
proceedings of the conference under:  
 

• [11] S. Ahmad, C. Bouras, E. Buyukkaya, R. Hamzaoui, A. Papazois, A. Shani, G. Simon, 
and F. Zhou, Peer-to-peer live streaming for massively multiplayer online games, Proc. 
IEEE P2P'12, Tarragona, Sept. 2012. 
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4 Conclusion  

The scientific activities of the CNG project were presented at major venues such as ACM 
NOSSDAV, IEEE International Symposium on Multimedia, ACM CoNEXT, IEEE P2P’12, and NEM 
Summit 2010 and 2011. In addition, three journal papers are in preparation. The first one is an 
extended version of [7]. It describes the dynamic version of the P2P system and provides 
extensive simulation results. The second paper is an extended version of [8]. It gives more 
details, especially about the implementation, adds a major contribution (the distributed algorithm 
for the fair allocation of bandwidth), and provides more experimental results. The third one is an 
extended version of [4].  
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5 Appendix 

The appendix contains the following publications.  
 
[1] S. Ahmad, C. Bouras, R. Hamzaoui, A. Papazois, E. Perelman, A. Shani, G. Simon, and G. 
Tsichritzis, The Community Network Game project: Enriching online gamers experience with user 
generated content, in Proc. 2nd Int. Conf. Creative Content Technologies (CONTENT 2010), 
Lisbon, Nov. 2010.  
 
[2] S. Ahmad, C. Bouras, R. Hamzaoui, A. Papazois, E. Perelman, A. Shani, and G. Simon, The 
Community Network Game project: Enhancing collaborative activities in online games, in Proc. 
Networked & Electronic Media Summit, Barcelona, Oct. 2010.  
 
[3] S. Ahmad, C. Bouras, R. Hamzaoui, J. Liu, A. Papazois, E. Perelman, A. Shani, G. Simon, and 
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Abstract—One of the most attractive features of Massively
Multiplayer Online Games (MMOGs) is the possibility for users
to interact with a large number of other users in a variety
of collaborative and competitive situations. Gamers within an
MMOG typically become members of active communities with
mutual interests, shared adventures, and common objectives.
We present the EU funded Community Network Game (CNG)
project. The CNG project will provide tools to enhance col-
laborative activities between online gamers and will develop
new tools for the generation, distribution and insertion of
user generated content (UGC) into existing MMOGs. CNG
will allow the addition of new engaging community services
without changing the game code and without adding new
processing or network loads to the MMOG central servers.
The UGC considered by the CNG project includes 3D objects
and graphics as well as video to be shared using peer-to-peer
(P2P) technology. We describe the concept, innovations, and
objectives of the project.

Keywords-Massively Multiplayer Online Games; user gener-
ated content; P2P streaming; graphics insertion.

I. INTRODUCTION

Massively Multiplayer Online Games (MMOGs) allow a
large number of online users (in some cases millions) to
inhabit the same virtual world and interact with each other in
a variety of collaborative and competing scenarios. MMOGs
are rapidly gaining in popularity. Data from [1] suggests that
there were over 16 million active subscriptions to MMOGs

This paper was published in Proc. 2nd Int. Conf. Creative Content
Technologies (CONTENT 2010), Lisbon, Nov. 2010. Personal use of this
material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works
for resale or redistribution to servers or lists, or to reuse any copyrighted
component of this work in other works must be obtained from the publisher.

by 2008, a figure that is growing fast and predicted to rise
to at least 30 million by 2012.

MMOG gamers can build and become members of active
communities with mutual interests, shared adventures, and
common objectives. Players can play against other players
(player versus player) or build groups (guilds) to com-
pete against other groups (realm versus realm) or against
computer-controlled enemies. This paper presents the Com-
munity Network Game (CNG) project [2], a recently EU
funded project within the Seventh Framework Programme.
The project, which started in February 2010 and has a
duration of 30 months, aims at enhancing collaborative
activities between MMOG gamers. This will be achieved
by developing new tools for the generation, distribution
and insertion of user-generated content (UGC) into exist-
ing MMOGs. This UGC may include items (textures, 3D
objects) to be added to the game, live video captured from
the game screen and streamed to other players, and videos
showing walk-throughs, game tutorials, or changes in the
virtual world to be watched on demand.

The main technologies proposed by the CNG project are
the in-game graphical insertion technology (IGIT) and a
peer-to-peer (P2P) system for the distribution of live video.
IGIT is an innovative technology of replacing or inserting
content into a game in real time without the need to change
the game code in the client or server. For example, billboards
can be inserted, tattoos can be added to in-game characters,
an area on the screen can be assigned to display user
information, and any type of window (browser, chat, etc.)
can be inserted floating on or outside the game area. The
technology can be implemented on multiple games, making
it possible to create a community that is not limited to a



specific game or publisher.
Enabling thousands of users to communicate UGC repre-

sents a significant challenge to networks already occupied
by the MMOG client-server data. The CNG project intends
to develop new techniques for UGC distribution that are
friendly (supportive and not disruptive) to the MMOG client-
server traffic. The key innovation will be a P2P system that
will allow MMOG gamers to stream live video of the game
without interrupting the MMOG data flow and the need to
upload the video data to a central server.

The remainder of the paper is organized as follows.
Section II gives an overview of the state-of-the art in the
areas related to the CNG project. Section III presents CNG’s
proposed innovations and technologies. Section IV con-
cludes the paper by discussing CNG’s benefits and expected
impacts.

II. RELATED WORK

A. UGC and Web collaboration tools

UGC refers to various kinds of media content that are
produced by end-users. In the context of a game, this may
refer to screen captures and video capture from within
the video game. Another example of UGC may be the
various mods created by the users. Furthermore, sharing and
remixing UGC is a widespread online activity that crosses
borders of age and gender. Avid players go to great lengths
in their efforts to create shared content in which they reveal
their mastery. Additional data layers are always included:
narration, animation and primarily soundtrack. UGC sharing
and remixing within game platforms, one of the most im-
portant goals of the CNG project, is currently not supported.
Most MMOG-based UGC content is confined to dedicated
player/game company sites as in World of Warcraft [3].
Many MMOG games also have their own community pages
in social networking sites such as Facebook [4]. In April
2010, Facebook released significant updates to its API by
allowing external websites to uniformly represent objects
in the graph (e.g., people, photos, events, and community
pages) and the connections between them (e.g., friend re-
lationships, shared content, and photo tags). As a result,
the Facebook API [5] can provide an unprecedented bridge
between gamespaces and the social web. Additionally, many
MMOG players use sites such as YouTube in order to
share their game-based UGC. In 2008, Maxis incorporated
YouTube APIs within their game, Spore, by enabling a
player to upload video of their creations to their YouTube
account with only two clicks [6].

Web 2.0 is a trend in the use of World Wide Web (WWW)
technology and Web design that aims to facilitate creativity,
information sharing, and, most notably, collaboration among
users. These concepts have led to the development and
evolution of Web-based communities and hosted services,
such as social networking sites, wikis, blogs, and folk-
sonomies. The Web 2.0 technologies are standardized by

Table I: GAME ADAPTATION TECHNOLOGIES IN FREERIDEGAMES
(FRG), MASSIVE INCORPORATED (MI), PLAYXPERT (PX), XFIRE

(XF), DOUBLE FUSION (DF).

Product FRG MI PX XF DF
In-game overlay Yes No Yes Yes No
Game resize Yes No No No No
Texture replacement No Yes No No Yes
Need for SDK No Yes No No Yes

the WWW Consortium (W3C) [7]. Although the Web 2.0
term suggests a new version of the WWW, it does not
refer to an update to any technical specifications, but to
changes in the ways software developers and end-users use
the web. The Web 2.0 based collaboration applications may
include instant messaging, audio and video chat, file sharing
and online voting and polling. For audio/video capturing
and playback the Flash software platform [8] is commonly
deployed. Other solutions are the Java Applet technology or
standalone applications which run on Web browser and offer
interoperability over different platforms. For instant mes-
saging, online polling/voting and file sharing, Asynchronous
JavaScript and XML (AJAX) [9] are commonly used. AJAX
allows Web applications to retrieve data from the server
asynchronously in the background without interfering with
the display and behavior of the existing page. The use of
AJAX techniques has led to an increase in interactive or
dynamic interfaces on webpages. Finally, for WWW client-
server communication, most of the Web 2.0 applications
are based on Simple Object Access Protocol (SOAP) [10].
SOAP relies on XML as its message format, and usually
relies on other Application Layer protocols, most notably
the Remote Procedure Call (RPC) and HTTP.

B. Game adaptation technologies

In-game technologies have been used in the gaming mar-
ket for several years. The gaming industry has adopted these
technologies to increase its revenue by finding more financial
sources and by attracting more users. In-game overlay allows
to view and interact with windows outside the game, but
without “Alt-Tabbing”. It does so by rendering the window
inside the game. Texture replacement enables to replace an
original game texture with a different texture. In this way,
the newly placed textures are seen as part of the original
game content. This method is commonly used for dynamic
in-game advertisement. Game size modification technology
adapts the original game by decreasing its original size and
surrounding it with an external content. The existing game
adaptation products can be divided into two groups: products
that require for the game developer to integrate the products
software development kit (SDK) and products that do not
impose this constraint (see Table I).

C. P2P live video systems

Traditional client-server video streaming systems have
critical issues of high cost and low scalability on the server.



P2P networking has been shown to be cost effective and
easy to deploy. The main idea of P2P is to encourage users
(peers) to act as both clients and servers. A peer in a P2P
system not only downloads data, but also uploads it to serve
other peers. The upload bandwidth, computing power and
storage space on the end user are exploited to reduce the
burden on the servers.

Viewers of a live event wish to watch the video as soon
as possible. That is, the time lag between the video source
and end users is expected to be small. In a live streaming
system, the live video content is diffused to all users in real
time and video playback for all users is synchronized. Users
that are watching the same live video can help each other to
alleviate the load on the server. P2P live streaming systems
allow viewers to delete the historic data after the playback,
and hence have no requirement for any data storage and
backup.

Based on the overlay network structure, the current ap-
proaches for P2P live streaming systems can be broadly
classified into two categories: tree-based and mesh-based.
In tree-based systems, peers form an overlay tree, and video
data are pushed from the parent node to its children. How-
ever, a mesh-based system has no static streaming topology.
Peers pull video data from each other for content delivery.
Over the years, many tree-based systems have been proposed
and evaluated, however, never took of commercially. Mesh-
based P2P streaming systems achieve a large-scale deploy-
ment successfully, such as PPLive [11], PPStream [12], etc.

Most P2P live video systems rely on the transmission
control protocol (TCP) (as in e.g., CoolStreaming, PP-
Stream). TCP guarantees reliable transmission of the data
by automatic retransmission of lost packets. However, as
TCP requires in order delivery of the data and keeps on re-
transmitting a packet until an acknowledgement is received,
significant delays may be introduced. Further delays are
caused by the congestion control algorithm used by TCP,
which reacts to packet loss by reducing the transmission rate,
leading occasionally to service interruption. This presents a
serious drawback for real-time video communication where
the data must be available to the receiver at its playback time.
Lost and delayed packets that miss their playback deadline
not only are useless, they also consume the available band-
width unnecessarily. An alternative to TCP is to use UDP
as the transport protocol and apply application-layer error
control. This includes UDP without error control (PPLive,
TVAnts), UDP with FEC [13], ARQ [14], and Multiple
Description Coding (MDC) [15].

III. TECHNOLOGIES AND INNOVATIONS

To achieve its objectives, CNG will rely on innovative
software technologies and a P2P live video system. While
the MMOG architecture is not modified (the game content
and the game data are still transferred through the MMOG
servers), the following components will be added (Fig. 1): (i)

Figure 1. CNG architecture.

Sandbox on the client side that is responsible for modifying
the game environment; (ii) CNG Server for monitoring the
P2P UGC communication. The CNG server acts as a tracker
for the system in the sense that it is in charge of introducing
peers to other peers. It has persistent communication with the
clients and manages the organization of the P2P exchanges.

A. UGC and Web collaboration tools

In CNG, the participation in community activities will
not require closing or resizing the screen of the game
and activating the tools’ window. Instead, the CNG tools’
window, will be integrated into the MMOG application
environment. The CNG tools will use Web 2.0 technology to
enable voice and video chat, instant messaging, polling, and
file sharing. A flash-based collaborative video editor will be
included in the CNG toolbox to allow users to edit videos
and images. The system also includes tools to enable the
upload of video files to social networking sites.

B. IGIT

The CNG project will enable to resize the game and
surround it with external content, overlay the game, and
replace an existing game texture with an external content.
This will be done in a way that does not harm the game
experience and without the need for SDK integration. Fig.
2 and Fig. 3 illustrate some of these features. Fig. 2 is a
screenshot from the MMOG game ”Roma Victor” [16] by
RedBedlam. Fig. 3 shows the same game scene with a mock-
up of CNG features. The modifications, which are numbered
in Fig. refigit, are as follows: (1) The original resolution of
the game was modified to enable an additional frame around
the game to hold the in-frame objects. IGIT uses the GPU of
the user’s machine for changing the resolution of the game to
avoid reduction in the image quality; (2) Instant messaging
window as an example of active Web 2.0 application; (3)
Web browser that presents online passive information (in this
example, a leader board); (4) Another Web browser window
that presents an updated advertisement; (5) MMOG specific
chat to enable the users in a specific scene to cooperate; (6)
In-game 3D UGC. In this example, a user added a note on
a tree to publish an eBay auction; (7) Two windows of a
video chat with casual friends or cooperative players.



Figure 2. Original MMOG screenshot.

Figure 3. IGIT-modified MMOG screenshot.

The choices of which application to use and the appli-
cations’ screen location are under the control of the user
(player).

C. P2P live video system

In existing MMOGs, a player can capture the video of the
game and send it to a central server which broadcasts it live
to other users [17]. However, this solution, which heavily
relies on central servers has many drawbacks such as high
costs for bandwidth, storage, and maintenance. Moreover,
this solution is not easily scalable to increasing number of
users. The CNG project intends to develop a P2P live video
streaming system to address the limitations of server-based
solutions. The CNG P2P live video system will allow every
peer to become a source of a user-generated video stream
for a potentially large set of receivers. While many P2P
live video systems have been proposed, none of them has
been specifically designed for the unique environment of
MMOGs. In particular, none of the existing P2P live video
systems addresses the following challenges:

• Any MMOG player should be able to multicast live
video. The video can potentially be received by any

Figure 4. P2P topology. S is the source peer.

other player in the P2P network.
• Live video streaming should not consume the upload

and download bandwidth that is necessary for the
smooth operation of the MMOG (MMOG client-server
traffic).

• Live video should be delivered at about the same time
to all peers at the same “level”. This optional require-
ment can be useful in some situations. For example, a
level can be defined as the set of all peers that are in
the same region of the virtual space.

The CNG P2P live video system is designed as follows.
A mesh-based topology is used for the P2P overlay. Peers
are organized in different levels (Fig. 4). The source peer is
placed at level 0. All peers connected directly to the source
peer are at level. In general, a peer is considered to be at
level j if its shortest route to the source peer consists of j
intermediate links.

The video is captured in real time from the source
screen, compressed, and partitioned into source blocks. Each
block consists of one GOP (Group of Pictures) and is an
independent unit of fixed playback duration (e.g., 1 s).
The UDP protocol is used as the transport protocol. The
source peer applies rateless coding on each source block
and keeps on sending the resulting encoded symbols in en-
coded packets (packets of encoded symbols) to level-1 peers
until it receives an acknowledgment. Level-1 peers forward
the received packets to other level-1 peers immediately as
instructed by the source peer. Level-1 peers also forward
the received packets to the level-2 peers that are directly
connected to them, etc. When a level-1 peer completes
the decoding of a block, it sends an acknowledgment to
all senders so that they stop sending it packets. Then it
applies rateless coding on the decoded block to feed level-2
peers. Thus, each receiving peer has two phases: forwarding
(before the decoding is successful) and encoding (after
decoding the block). In the first phase, the receiving peer
just forwards the received packets to the next level peers
connected to it, while in the encoding phase, it generates
encoded symbols from the decoded block and feeds the next-
level peers.



The source peer computes a scheduling strategy for each
source block. The strategy specifies the maximum number
of encoded packets n that can be sent for this block, and
the time ti at which packet i is sent with a hierarchical
forwarding scheme Fi, i = 1, 2, . . . , n. If the source peer
receives an acknowledgment from a level-1 peer j before
n packets are sent, it can update its scheduling strategy by,
e.g., removing peer j from the forwarding schemes of the
remaining packets. An example of a scheduling strategy for
n = 4 and four level-1 peers A to D is as follows. 1 : t1 :
A → B(→ D) + C, 2 : t2 : B → A + D(→ C), 3 : t3 :
C → A(→ B) + D, 4 : t4 : D → C(→ A) + B. For packet
1, the strategy says: transmit at time t1 to A. A forwards
the packet to B and C. B forwards it to D.

The complexity of the scheduling strategy depends on the
neighbourhood relationships. In a clustered topology (where
neighbours of a given peer are also neighbours with high
probability), the scheduling strategy can become complex
to decide. One of the challenges of the project consists of
determining topologies, which allow efficient and simple
computation of scheduling strategies.

Since a peer can have multiple neighbours, it can receive
the same packet from multiple senders. To avoid this, a
parent should know the other parents of its children. For
example, peer B should know that F is its common child
with A and not forward a packet to F if this packet
has previously visited A. In the encoding phase, receiving
duplicate packets can be avoided with high probability by
forcing peers to use different seed values for the rateless
code.

By having multiple senders, lost packets on one link can
be compensated for by receiving more packets on other links.
Players that are neighbours in the virtual world can be placed
at the same level in the mesh, so that they can watch the
video with approximately the same playback lag with respect
to the original source.

Our system extends previous ideas proposed in [18], [19].
However there are many important differences between these
works and our scheme. For example, the systems of [18],
[19] do not have the notion of scheduling strategy and use
a different approach to minimise the number of received
duplicated packets. Also in [18], [19], there is no notion of
levels within the mesh.

As UDP does not have a built-in congestion control
mechanism, a pure UDP-based application may overwhelm
the network. To address this problem, we aim to adapt
the UDP sending rate according to receiver feedback. The
feedback may consist of the average packet loss rate and the
forward trip time (FTT). If the average FTT and loss rate are
higher than threshold values, this is a strong indication of
congestion. As a result, the sender has to adapt the sending
rate accordingly.

Many peers can become a source of live content. However,
a peer cannot participate in all overlays, because some

resources are used in every overlay a peer belongs to. In
practice, a user can decide whether to receive the stream
from a given source. But an automatic management would
be more suitable. We propose to continuously adjust the set
of peers who are targeted to receive data from a source. The
goal is to obtain a fair nearly congested system, where the
peers that receive the stream are “close” to the user who
generates the content.

We use the concept of Area of Interest (AoI) [20] for
that purpose. An AoI is defined as the part of the virtual
world around a user that generates content. When a peer is
within the AoI of a user generating high-quality content, or
when it belongs to many AoIs, it may experience congestion.
The challenge is to design a mechanism for determining
the best size of these AoIs, that is, a size such that the
maximum amount of UGC is practically delivered while no
user experiences congestion. The management of the AoI
must then take into account the popularity of the virtual
place and the capacity of the devices of the players that are
located there. Such a management has been shown to be
hard in wireless sensor networks [21], but some heuristics
can perform well. For a player, the decision of increasing or
decreasing the size of the AoI should be based on feedbacks
from other nearby players in a collective manner.

Two strategies can be implemented. In the first one, one
peer is congested, and not all peers in an AoI can be served.
However, the capacity of peers in the surroundings of the
congested peers makes that a new computation of AoI for all
sources is not necessary. Instead, it is possible to “pass” one
peer from one P2P overlay to another P2P overlay, so that
the capacity provided by this peer can tackle the congestion
issue. This strategy, which avoids heavy computations can
solve local small congestion problems. The second strategy
can be implemented when this first one fails. A process
similar to the one that ensures fair resource sharing in TCP
can be used. Every source periodically tries to increase (in
an additive manner) the size of its AoI until congestion
is detected. Then, the radius of the AoI is decreased in a
multiplicative manner (see [22] for a similar technique).

In addition to designing an efficient P2P live video
streaming system for a game environment, the CNG project
proposes to contribute to a better understanding of the
general problem of the diffusion of multiple video streams
in a constrained environment. The goal is to maximize the
amount of peers receiving content in an environment where
not all peers can be reached because too few resources are
available. If we assume tree overlays and consider only one
video stream, the problem is to build a tree that spans the
maximum number of peers with the constraint that every
peer can only serve a limited number of other peers. In
the context of many concurrent video streams, the problem
becomes even harder with a constrained forest.

The building of degree-constrained trees is an NP-hard
problem [23]. We propose to contribute to the analysis of the



computational properties of this problem. In particular, the
formulation of the problem into several Integer Programming
models, and comprehensive benchmarks of these models
will enable the computation of optimal solutions on small
instances of the problem. Besides, we aim at designing
heuristic algorithms, which allow the computation of nearly
optimal solutions for large problem instances, as well as
approximate algorithms (algorithms that compute solutions
that are proved to be never far to the optimal solutions).

IV. CONCLUSION

We presented the EU funded CNG project. CNG will
support and enhance community activities between MMOG
gamers by enabling them to create, share, and insert UGC.
The UGC considered by the CNG project includes 3D
objects, graphics, and video. CNG will develop in-game
community activities using an in-game graphical insertion
technology (IGIT). IGIT allows to replace or insert content
in real time without the need to change the game’s code in
the client or server. CNG uses an architecture that efficiently
combines the client-server infrastructure for the MMOG
activities with a P2P overlay for the delivery of live video.
The video traffic represents a real challenge to the network
already occupied by the MMOG client-server data. The
project will research and develop new techniques for P2P
live video streaming that are friendly to the MMOG client-
server traffic. Since video can be resource heavy, the network
indirectly benefits from the increased locality of communi-
cation. CNG will also provide Web 2.0 tools for audio and
video chat, instant messaging, in-game voting, reviewing,
and polling. This will reduce the need for visiting forums
outside the game and diluting the MMOG experience.

CNG has the potential to provide huge benefits to MMOG
developers and operators. New community building tools
will be offered cost-effectively and efficiently, without the
need to redesign or recode the existing game offerings.
The user experience will be enriched, and the needs of the
end-users will be better addressed. The community will be
brought into the content, and the game communities will
become more engaged, reducing churn to other MMOGs.
New income streams will be delivered with the help of in-
game and around game advertising. Yet, MMOG developers
and operators will be able to maintain control over how
various commercial and UGC content is displayed, thus
keeping editorial control of the look and feel of their
MMOG.

ACKNOWLEDGMENT

The research leading to these results has received funding
from the European Commission’s Seventh Framework Pro-
gramme (FP7, 2007-2013) under the grant agreement no.
ICT-248175 (CNG project).

REFERENCES

[1] [Online]. Available at: http://www.mmogchart.com. Last ac-
cessed: 24/8/2010.

[2] [Online]. Available at: http://www.cng-project.eu/. Last ac-
cessed: 24/8/2010.

[3] [Online]. Available at:: http://www.worldofwarcraft.com/
splash-sc2date.htm. Last accessed: 25/5/2010.

[4] [Online]. Available at: http://www.Facebook.com/group.php?
gid=2210867052. Last accessed: 25/5/2010.

[5] Facebook API. [Online]. Available at: http://graph.Facebook.
com. Last accessed: 25/5/2010.

[6] Youtube API. [Online]. Available at: http://code.google.com/
apis/youtube/casestudies/ea.html. Last accessed: 30/6/2010.

[7] W3C. [Online]. Available at: http://www.w3.org/. Last ac-
cessed: 25/5/2010.

[8] Adobe Flash. [Online]. Available at: http://www.adobe.com/
support/flash/downloads.html. Last accessed: 26/8/2010.

[9] XMLHttpRequest, W3C Working Draft, 2009.
[Online]. Available at: http://www.w3.org/TR/2009/
WD-XMLHttpRequest-20091119/. Last accessed: 26/8/2010.

[10] SOAP Version 1.2 Part 1: Messaging Framework (Sec-
ond Edition), W3C Recommendation, 2007. [Online]. Avail-
able at: http://www.w3.org/TR/soap12-part1. Last accessed:
26/8/2010.

[11] [Online]. Available at: http://www.PPlive.com. Last accessed:
26/8/2010.

[12] [Online]. Available at: http://www.PPstream.com. Last ac-
cessed: 26/8/2010.

[13] V.N. Padmanabhan, H.J. Wang, and P.A. Chou, “Resilient
peer-to-peer streaming,” Proc. IEEE ICNP, pp. 16–27, Atlanta,
GA, Nov. 2003.

[14] E. Setton, J. Noh, and B. Girod, “Rate-distortion optimized
video peer-to-peer multicast streaming,” Proc. P2PMMS’05,
pp. 39–48, Singapore, Nov. 2005.

[15] E. Akyol, A.M. Tekalp, and M.R. Civanlar, “A flexible
multiple description coding framework for adaptive peer-to-
peer video streaming,” IEEE Journal of Selected Topics in
Signal Processing, vol. 1, no. 2, pp. 231–245, Aug. 2007.

[16] [Online]. Available at: http://www.roma-victor.com. Last ac-
cessed 23/8/10.

[17] [Online]. Available at: http://xfire.com. Last accessed 25/8/10.
[18] C. Wu and B. Li, “rStream: resilient and optimal peer-to-peer

streaming with rateless codes,” IEEE Transactions on Parallel
and Distributed Systems, vol. 19, pp. 77–92, Jan. 2008.

[19] M. Grangetto, R. Gaeta, and M. Sereno, “Reducing content
distribution time in P2P-based multicast using rateless codes,”
Proc. Italian Networking Workshop, Cortina, pp. 1–12, Jan.
2009.

[20] J.R. Jiang, Y.-L. Huang, and S.-Y. Hu, “Scalable AOI-cast
for peer-to-peer networked virtual environments,” Journal of
Internet Technology, vol. 10, no. 2, pp. 119–126, 2009.

[21] B. Han and J. Leblet, and G. Simon, “Query range problem
in wireless sensor networks,” IEEE Comm. Letters, vol. 13,
no. 1, pp. 55–57, 2009.

[22] B. Han and G. Simon, “Fair capacity sharing among mul-
tiple sinks in wireless sensor networks,” Proc. IEEE MASS
Conference, Pisa, pp. 1–9, Oct. 2007.



[23] J. Könemann and R. Ravi, “Primal-dual meets local search:
approximating MST’s with nonuniform degree bounds,” Proc.
35th Annual ACM Symposium on Theory of Computing, San
Diego, CA, pp. 389–395, 2003.



The Community Network Game Project: Enhancing
Collaborative Activities in Online Games

Shakeel Ahmad∗, Christos Bouras†, Raouf Hamzaoui∗, Andreas Papazois†, Erez Perelman‡, Alex Shani ‡,
Gwendal Simon §

∗Department of Engineering, De Montfort University, Leicester, UK
sahmad@dmu.ac.uk, rhamzaoui@dmu.ac.uk

†Research Academic Computer Technology Institute
N. Kazantzaki, GR26500 Patras, Greece
bouras@cti.gr, papazois@ceid.upatras.gr

‡Exent Technologies
Bazel 25, 49125 Petach-Tikva, Israel

eperelman@exent.com, ashani@exent.com
§Institut TELECOM

TELECOM Bretagne, France
gwendal.simon@telecom-bretagne.eu

Abstract: The EU-funded Community Network Game (CNG)
project aims at enhancing collaborative activities between
Massively Multiplayer Online Games (MMOG) players. This
will be achieved by developing new tools for the generation,
distribution and insertion of user-generated content (UGC) into
existing MMOGs without changing the game code and without
adding new processing or network loads to the MMOG central
servers. This UGC may include items (e.g., textures, 3D objects)
to be added to the game and live video captured from the game
screen and streamed to other players. We present the objectives
of the project, focusing on its main scientific and technological
contributions.

Keywords: Massively Multiplayer Online Games; user gener-
ated content; P2P streaming; graphics insertion.

1 INTRODUCTION

Massively Multiplayer Online Games (MMOGs) allow a
large number of online users to inhabit the same virtual
world and interact with each other in a variety of collab-
orating and competing scenarios. MMOG gamers become
members of active communities with mutual interests, shared
adventures, and common objectives. Players can play against
other players (player versus player) or build groups (guilds)
to compete against other groups (realm versus realm) or
against computer-controlled enemies.

MMOGs are rapidly gaining in popularity. Data from [1]
suggests that there were over 16 million active subscriptions

This paper appeared in Proc. Networked & Electronic Media Summit,
Barcelona, Oct. 2010. Personal use of this material is permitted. However,
permission to reprint/republish this material for advertising or promotional
purposes or for creating new collective works for resale or redistribution
to servers or lists, or to reuse any copyrighted component of this work in
other works must be obtained from the publisher.

to MMOGs by 2008, a figure that is growing fast and
predicted to rise to at least 30 million by 2012.

This paper presents on-going work within the Community
Network Game (CNG) project [2], a recently EU funded
project within the Seventh Framework Programme. The
project, which started in February 2010 and has a duration
of 30 months, aims at enhancing collaborative activities be-
tween MMOG gamers. This will be achieved by developing
new tools for the generation, distribution and insertion of
user-generated content (UGC). This UGC may include video
captured from the game screen to be streamed live for co-
operative play, coaching, and experience sharing, as well as
3D graphics and images to be inserted into the game.

The main innovations proposed by the CNG project are
the in-game graphical insertion technology (IGIT) and a
peer-to-peer (P2P) system for live video streaming. IGIT
can insert content into a game in real time without the
need to change the game code in the client or server. For
example, billboards can be inserted, an area on the screen
can be assigned to display user information, and any type
of window (Web browser, instant messaging, etc) can be
inserted floating on or outside the game area. The technology
can be implemented on multiple games, making it possible
to create a community that is not limited to a specific game
or publisher.

Fig. 1 and 2 show some possibilities of the usage of
IGIT. Fig. 1 is a screenshot from the MMOG game “Roma
Victor” [3] by RedBedlam. Fig. 2 shows the same game
scene with a mock-up of some of CNG capabilities. The
modifications, which are numbered in Fig. 2, are as follows:
(1) The original resolution of the game was modified to
enable an additional frame around the game to hold the in-



Figure 1. Original MMOG screenshot.

Figure 2. IGIT-modified MMOG screenshot.

frame objects. IGIT uses the GPU of the user’s machine
for changing the resolution of the game to avoid reduction
in the image quality; (2) Instant messaging window as an
example of active Web 2.0 application; (3) Web browser that
presents online passive information (a leader board here);
(4) another web browser window that presents an updated
advertisement; (5) MMOG specific chat to enable the users
in a specific scene to cooperate; (6) In-game 3D UGC. In this
example, a user added a note on a tree to publish an eBay
auction; (7) two windows of a video chat with casual friends
or cooperative players. The choices of which application
to use and the applications’ screen location are under the
control of the user (player).

Enabling thousands of users to communicate live in-game
video represents a significant challenge to networks already
occupied by the MMOG client-server data. The CNG project
intends to develop new techniques for live video distribution
that are “friendly” (supportive and not disruptive) to the
MMOG client-server traffic. The key innovation will be a
P2P system that will allow MMOG gamers to share video
without interrupting the MMOG data flow and the need
to upload the data to a central server. While the generic

Figure 3. CNG architecture.

MMOG architecture is not modified (the game content and
the game data are still transferred through the MMOG
servers), the following components will be added: (i) Sand-
box on the client side that is responsible for modifying the
game environment; (ii) CNG Server for monitoring the P2P
communication (Fig. 3). The CNG server acts as a tracker
for the system in the sense that it is in charge of introducing
peers to other peers. It has persistent communication with the
clients and manages the organization of the P2P exchanges.
While the CNG server is not dedicated to supply users with
content, it can in a few well-defined cases act as a backup
storage for the UGC of users, e.g., when these players suffer
from transient network troubles or when a player that holds
a specific data leaves the scene.

In addition to the IGIT technology and the P2P system,
the CNG project will offer to MMOG gamers Web 2.0 online
collaboration services and video capturing and editing tools.

The remainder of the paper is organized as follows.
Section 2 presents the IGIT technology. Section 3 discusses
the MMOG-friendly P2P live video system. Section 4 briefly
presents the CNG Web 2.0 online collaboration tools. In
Section 5, the expected impact of the project is discussed
and conclusions are drawn.

2 IGIT

Game adaptation technologies have been used in the
gaming market for several years. The gaming industry has
adopted these technologies to increase its revenue by finding
more financial sources and by attracting more users. In-
game overlay allows to view and interact with windows
outside the game, but without “Alt-Tabbing”. It does so
by actually rendering the window inside the game. Texture
replacement enables to replace an original game texture with
a different texture. In this way, the newly placed textures
are seen as part of the original game content. This method
is commonly used for a dynamic in-game advertisement.
Game size modification technology adapts the original game
by decreasing its original size and surrounding it with an
external content. Some of the existing game adaptation
products require for the game developer to integrate the



Product FRG MI PX XF DF
In-game overlay Yes No Yes Yes No
Game resize Yes No No No No
Texture replacement No Yes No No Yes
Need for SDK No Yes No No Yes

Table I
GAME ADAPTATION TECHNOLOGIES IN FREERIDEGAMES (FRG),
MASSIVE INCORPORATED (MI), PLAYXPERT (PX), XFIRE (XF),

DOUBLE FUSION (DF).

product’s software development kit (SDK). Table I lists the
main game adaptation products.

The CNG project intends to combine all the existing
methods for in-game adaption but with no need for SDK
integration. In this way, we will be able to surround the
game, overlay it or replace an existing game texture with an
external content. We will use those techniques in a way that
will not harm the game experience. The CNG project will
combine the following game adaption technologies:

1) Texture replacement. This will consist of the three
following techniques: Spots Identification - we will
identify the relevant spots in the game which are
suitable for replacement; we will enable the user to
replace 2D textures in the identified spots; we will
also enable to manipulate 3D objects in those spots.

2) Game size modification. We will provide the ability to
decrease the game window size and surround it with
new windows.

3) Game overlay. We will implement a windows system
with a predefined fixed layouts in order to give the user
the ability to manage his Web/Web 2.0 applications.
The windows system will surround the game as an
overlay.

3 MMOG-FRIENDLY P2P LIVE

STREAMING
The existing solution to stream live video of an MMOG

game is to capture the video of the game from the screen
and send it to a central server which broadcasts it live
[4]. However, this solution, which heavily relies on central
servers has many drawbacks such as high costs for band-
width, storage, and maintenance. Moreover, this solution is
not easily scalable to increasing number of users. The CNG
project intends to develop a P2P live streaming system for
MMOGs that addresses the limitations of the server-based
solution. While many P2P live video systems have been
proposed, none of them has been specifically designed for
the unique environment of MMOGs. Potential scenarios for
live video streaming in MMOGs include:

• Scenario 1: A player broadcasts live screen-captured
video of its game to any other player.

• Scenario 2: A player streams live screen-captured video
of its game to a restricted group (guild).

Figure 4. P2P topology. S is the source peer.

• Scenario 3: A player streams animated virtual 3D
objects. The “clients” are players whose virtual position
is close to the virtual position of the object.

To enable these scenarios, the P2P system needs to
address the following challenges:

• Many MMOG players can simultaneously emit differ-
ent live streams, so the P2P overlay consists of many
concurrent P2P overlays. A peer cannot participate in
all P2P overlays because some of its resources will be
used in every overlay it belongs to. The challenge for
a user is to adequately allocate its physical resources,
including upload and download bandwidth. These re-
sources are limited, so they have to be shared carefully.
Moreover, a player has additional connections with the
MMOG game server, which must be given highest
priority.

• Live video should be delivered at about the same time
for all peers at the same “level”. For example, a level
can be defined as the set of MMOG players that are in
the same region of the virtual world.

The solution proposed by the CNG P2P live video system
is as follows. The video is captured in real time from
the source screen, compressed, and partitioned into source
blocks. Each source block corresponds to one GOP (Group
of Pictures) and is an independent unit of fixed playback
duration (e.g., 1 s). A mesh-based topology is used for the
P2P network. Peers are organized in different levels of the
mesh (Fig. 4).

The source peer is placed at level 0. All peers directly
connected to the source peer are at level 1 and the peers
that are not connected to the source peer but are connected
to level-1 peers are at level 2. In general, a peer is considered
to be at level j if its shortest route to the source peer consists
of j intermediate links.

The UDP protocol is used as the transport protocol. The
source peer applies rateless coding on each source block
and keeps on sending the resulting encoded symbols in



encoded packets (packets of encoded symbols) to level-1
peers until it receives an acknowledgment from them or
a timeout occurs. As the acknowledgment needs time to
reach the sender, the sender may transmit redundant encoded
symbols, which results in significant bandwidth wastage.
Thus, a major challenge is to determine packet scheduling
algorithms that minimise this overhead. This optimization
problem was recently introduced for a client-server model
[5]. An optimal strategy typically consists of a sequence
of successive transmission bursts and waiting times. We
propose to extend this work by devising solutions for the
more challenging context of a P2P network.

The source peer computes a scheduling strategy for each
source block. The strategy specifies the maximum number
of encoded packets n that can be sent for this source block,
and the time ti at which packet i is sent with a hierarchical
forwarding scheme Fi, i = 1, 2, . . . , n.

If the source peer receives an acknowledgment from a
level-1 peer j before n packets are sent, it can update
its scheduling strategy by, e.g., removing peer j from the
forwarding schemes of the remaining packets.

An example of a scheduling strategy for n = 5 and the
four level-1 peers of Fig. 4 is as follows.

• 1 : t1 : A→ B
• 2 : t2 : B → A + C
• 3 : t3 : C → B + D(→ A)
• 4 : t4 : A→ D(→ C)
• 5 : t5 : D → A(→ B)
The strategy says that packet 1 should be sent at time

t1 to peer A, which should forward it to peer B. Packet 2
should be sent at time t2 to peer B, which should forward
it to peer A and peer C. Packet 3 should be sent at time t3
to peer C, which should forward it to peer B and peer D.
Peer D should forward it further to peer A. Packet 4 should
be sent at time t4 to peer A, which should forward it to peer
D. Peer D should forward it further to peer C, etc.

Note that the forwarding information should be included
in the packet so that when a peer receives this packet it can
forward it to the right peers. For example, when the source
peer sends packet 4 to peer A, it includes in the packet the
information→ D(→ C). When peer A forwards this packet
to peer D, it keeps only the information → C.

Level-1 peers immediately forward the received packets
to other level-1 peers as instructed by the source peer. In
addition, a level-1 peer has its own scheduling strategy for
level-2 peers. When it receives a packet from the source, it
also tries to forward it to the level-2 peers that are directly
connected to it according to its strategy.

When a level-1 peer completes the decoding of a source
block, it sends an acknowledgment to all senders so that they
stop sending it packets for this block. Then it applies rateless
coding on the decoded block to feed level-2 peers. Thus,
each receiving peer has two phases: forwarding (before the
decoding is successful) and encoding (after decoding the

source block). In the forwarding phase, the receiving peer
just forwards the received packets to the next-level peers
connected to it, while in the encoding phase, it generates
encoded symbols from the decoded block and feeds the next-
level peers.

Note that in the forwarding phase, a level-1 peer may
not be able to comply with the transmission times of the
scheduling strategy. Indeed, a level-1 peer may not have
received a packet by its transmission time. However, in the
encoding phase, the scheduling strategy can be obeyed fully.

A peer can receive the same packet from multiple senders.
For example, peer F can receive the same packet from A
and B in both the forwarding and encoding phase. To avoid
this, a parent should know the other parents of its children,
e.g., peer B should know that F is its common child with
A. In this way, peer B will not forward a packet to F if
this packet has previously visited peer A. This will avoid
receiving duplicate packets from A and B while they are
in the forwarding phase. In the encoding phase, receiving
duplicate packets can be avoided with high probability by
forcing peers to use different seed values for the rateless
code.

The proposed scheme is resilient to packet loss, bandwidth
fluctuation and peer churn. By having multiple senders, lost
packets on one link can be compensated for by more packets
on other links. Similarly, packet loss rate and bandwidth
dynamics can be averaged out smoothly. If one of the senders
churns out, it can be compensated by others before running
the neighbor-discovery mechanism.

Players that are neighbours in the virtual world can be
placed at the same level in the mesh, so that they can watch
the video with approximately the same playback lag with
respect to the original source.

Our system extends previous ideas proposed in [6] and
[7]. However there are many important differences between
these works and our scheme. For example, the system of
[6], [7] do not have the notion of scheduling strategy and
use a different approach to minimise the number of received
duplicated packets.

One important requirement is that the live video stream
should not consume the (upload and download) bandwidth
that is necessary for the smooth operation of the MMOG.
Usually, peers have much lower upload bandwidth than
download bandwidth. Therefore, protecting the upload band-
width for MMOG traffic is more crucial. One simple way to
achieve this would be to reserve a portion of the upload
bandwidth for the MMOG traffic. However, this would
result in inefficient bandwidth utilization, especially when
the MMOG traffic pattern is unknown and the upload
bandwidth is scarce. We propose instead to use priority
queues at the peer side. Each peer maintains two queues,
one for the MMOG traffic and the other for the CNG
traffic (including live video and any other user generated
traffic). The scheduler ensures that (i) the MMOG traffic



always gets higher priority over the CNG traffic by mul-
tiplexing both queues appropriately over the outgoing link
(ii) the average transmission rate on the outgoing link does
not exceed the upload bandwidth allocated by the ISP to
avoid unnecessary queuing at the first router. Note that this
technique does not need to know the pattern of MMOG
traffic generation. Protecting enough download bandwidth
for MMOG is equally important. However, since a peer
can receive traffic from multiple senders, the technique of
priority queues cannot be implemented. The only possibility
is to reserve enough download bandwidth. It can be ac-
complished, e.g., by making each peer keep track of all its
download activities actively so that there is enough download
bandwidth available for the MMOG.

As UDP does not have a built-in congestion control
mechanism, a pure UDP-based application may overwhelm
the network. Therefore, we propose an application-layer
congestion control mechanism for the P2P system. The idea
is to adapt the UDP sending rate according to receiver
feedback. For each block, the receiver sends a feedback
to the sender reporting the average packet loss rate and
the forward trip time (FTT). If the average FTT and loss
rate are higher than some preset threshold values, this is a
strong indication of congestion, and the sender decreases the
sending rate accordingly.

Since many peers may become a source of a live stream,
the P2P overlay consists of multiple P2P overlays rooted at
distinct sources. A peer cannot obviously participate in all
overlays because of its limited resources. To address this
problem, we propose to continuously adjust the set of peers
who are targeted to receive a stream from a source. The goal
is to maximise the number of users receiving the stream
from a given source, without causing network congestion
and in a way such that peers near to the source get higher
priority than distant ones. We use the concept of Area of
Interest (AoI) [8] for that purpose. An AoI is defined as
the part of the virtual world around a user that generates
content. When a peer is within the AoI of a user generating
high-quality content, or when it belongs to many AoIs, it
may experience congestion. The challenge is to design a
mechanism for determining the best size of these AoIs, that
is, a size such that the maximum amount of UGC is delivered
while no user experiences congestion. The management of
the AoI must take into account the popularity of the virtual
place and the capacity of the devices of the players that are
located there. Such a management has been shown to be
hard in wireless sensor networks [9], but some heuristics
can perform well. For a player, the decision of increasing or
decreasing the size of the AoI should be based on feedbacks
from other nearby players in a collective manner.

Two strategies can be implemented. In the first one, one
peer is congested, and not all peers in an AoI can be served.
However, the capacity of peers in the surroundings of the
congested peers makes that a new computation of AoI for all

sources is not necessary. Instead, it is possible to “pass” one
peer from one P2P overlay to another P2P overlay, so that
the capacity provided by this peer can tackle the congestion
issue. This strategy avoids heavy computations and can solve
local small congestion problems. The second strategy can be
implemented when the first one fails. A process similar to the
one that ensures fair resource sharing in TCP can be used.
Every source periodically tries to increase (in an additive
manner) the size of its AoI until congestion is detected.
Then, the radius of the AoI is decreased in a multiplicative
manner (see [10] for a similar technique).

We expect that the combination of both strategies can
guarantee that sources take profit from the capacity of
peers to diffuse content as massively as possible, without
provoking congestion in the system. Thus, a casual peer
can automatically switch from one source to another one,
depending on its distance to these sources and on the
capacity of nearby peers.

In addition to designing a practical and efficient P2P live
video streaming system for an MMOG environment, the
CNG project proposes to contribute to a better understanding
of the general problem of the diffusion of multiple video
streams in a constrained environment. In most prior works,
the system is assumed to be over-provisioned, that is, the
resources are abundant, and so the content can be delivered
on time. In the CNG context, the goal is to maximize the
number of peers receiving content in an environment where
not all peers can be served because not enough resources are
available. If we assume tree overlays and consider only one
video stream, the problem is to build a tree that spans the
maximum number of peers with the constraint that every
peer can only serve a limited number of other peers. In
the context of many concurrent video streams, the problem
becomes even harder with a constrained forest. The building
of degree-constrained trees is an NP-hard problem [11]. We
propose to contribute to the analysis of the computational
properties of this problem. In particular, the formulation of
the problem into several Integer Programming models and
comprehensive benchmarks of these models will enable the
computation of optimal solutions on small instances of the
problem. Besides, we aim at designing heuristic algorithms,
which allow the computation of nearly optimal solutions for
large problem instances, as well as approximate algorithms
(algorithms that compute solutions that are proved to be
never far to the optimal solutions).

4 WEB 2.0 COLLABORATION TOOLS

In addition to the IGIT technology and the P2P live video
system, one of the major objectives of CNG is to offer a
variety of Web 2.0 tools to the gamers. Web 2.0 tools are
widely used for collaboration activities but, for most of the
cases, the use of these tools involves closing or resizing the
screen of the game and activating the tool’s window. This is



the reason that some of the online collaboration tools have
been already integrated in MMOGs as part of the game’s
screen [12].

CNG IGIT will create floating windows for browsing,
chat and other Web 2.0 applications. These applications will
enable users to interact with other players of the game, form
communities and collaborate. Instead of having to connect to
an online collaboration application or some other community
tool outside of the game, the Web 2.0 tools offered will
allow the users to collaborate and share information without
ever leaving the game world. It is important that the tight
integration of the collaboration tools within the game will be
achieved without interfering with the development process of
the game itself. Therefore, it can be easily applied to several
different online games. The tools that are going to be offered
to the users will allow them to interact directly. For example,
when a user is playing an MMOG, she or he can instantly
broadcast a personal message with a guide or a walkthrough
using the available collaboration tool for instant messaging.
The message will be sent to all community users as a
personal message. This can be done by the player without
any need to leave the game scene. The in-game experience
will include mostly real-time communication tools like voice
and video chat, messaging and file sending. The offered
services, both synchronous and asynchronous, will create
communication channels between the members of the game
communities. The state of the art of the available frameworks
for Web 2.0 applications will be used (e.g., Mia-Chat [13]).
The tools integrated in the in-game environment will make
use of current Asynchronous JavaScript and XML (AJAX)
and Flash / Flex technologies. The CNG Server will be
the entry point to all of these online features and will
also be used for the storage of any necessary information
over the users or the collaboration activities that should be
permanently stored. The CNG Server design will be based
on the state of the art of the principles for web design and
architecture supporting modular growth and expansion of the
offered features.

5 CONCLUSION
The CNG project will support and enhance MMOG

community activities by enabling MMOG gamers to create,
share, and insert UGC. CNG will provide an efficient, cost-
effective way of enabling MMOGs to offer new community
building tools without changing the game code and without
adding new processing loads to the MMOG central servers.
Such tools and functions may include instant messaging, in-
game voting, reviewing and polling. This will reduce the
need for visiting forums outside the game and diluting the
MMOG experience. Moreover, MMOG gamers will be able
to capture live video of their game and distribute it to other
gamers using a P2P network.

CNG can provide huge benefits to MMOG developers and
operators. New community building tools will be offered

cost-effectively and efficiently, without the need to redesign
or recode existing game offerings. The user experience will
be enriched and the needs of the end-users will be better
addressed, reducing churn to other MMOGs. Other benefits
include lower network costs as well as new income streams
through in-game and around game advertising. MMOG
providers will maintain control over how various commercial
and UGC content is displayed within the MMOG, thus
keeping editorial control of the look and feel of the game.
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Abstract—One of the most attractive features of Massively
Multiplayer Online Games (MMOGs) is the possibility for users
to interact with a large number of other users in a variety
of collaborative and competitive situations. Gamers within
an MMOG typically become members of active communities
with mutual interests, shared adventures, and common objec-
tives. We present the EU funded Community Network Game
(CNG) project. The CNG project provides tools to enhance
collaborative activities between online gamers and offers new
tools for the generation, distribution and insertion of user-
generated content in MMOGs. CNG allows the addition of new
engaging community services without changing the game code
and without adding new processing or network loads to the
MMOG central servers. The user-generated content considered
by the CNG project includes 3D objects and graphics, as well
as screen-captured live video of the game, which is shared using
peer-to-peer technology. We survey the state of the art in all
areas related to the project and present its concept, objectives,
and innovations.

Keywords-Massively Multiplayer Online Games; user gener-
ated content; P2P video streaming; graphics insertion.

I. INTRODUCTION

Massively Multiplayer Online Games (MMOGs) allow
a large number of online users (in some cases millions)
to inhabit the same virtual world and interact with each
other in a variety of collaborative and competing scenarios.
MMOG gamers can build and become members of active
communities with mutual interests, shared adventures, and
common objectives. Players can play against other players
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However, permission to reprint/republish this material for advertising or
promotional purposes or for creating new collective works for resale or
redistribution to servers or lists, or to reuse any copyrighted component of
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(player versus player) or build groups (guilds) to com-
pete against other groups (realm versus realm) or against
computer-controlled enemies. MMOGs are rapidly gaining
in popularity. Data from [1] suggests that there were over
16 million active subscriptions to MMOGs by 2008, a figure
that is growing fast and predicted to rise to at least 30 million
by 2012.

This paper presents the Community Network Game
(CNG) project [2], an EU funded project within the Seventh
Framework Programme. The project, which started in Febru-
ary 2010 and has a duration of 30 months, aims at enhancing
community activities for MMOG gamers. This is achieved
by providing Web collaboration tools and developing new
tools for the generation, distribution and insertion of User-
Generated Content (UGC) into existing MMOGs. This UGC
may include textures and 3D objects to be added to the game,
live video captured from the game screen and streamed
to other players, as well as videos showing walk-throughs,
game tutorials, or changes in the virtual world to be watched
on demand.

The main technologies proposed by the CNG project are
the In-game Graphical Insertion Technology (IGIT) and a
Peer-to-Peer (P2P) system for the distribution of live video.
IGIT is an innovative technology of replacing or inserting
content into a game in real time without the need to change
the game code in the client or server. For example, billboards
can be inserted, tattoos can be added to in-game characters,
an area on the screen can be assigned to display user
information, and any type of window (browser, chat, etc.)
can be inserted floating on or outside the game area. The
technology can be implemented on multiple games, making
it possible to create a community that is not limited to a
specific game or publisher.

Enabling thousands of users to communicate UGC repre-



sents a significant challenge to networks already dealing with
the MMOG client-server data. The CNG project develops
new techniques for UGC distribution that are “friendly”
(supportive and not disruptive) to the MMOG client-server
traffic. The key innovation is a P2P system that allows
MMOG gamers to stream live video of the game without
interrupting the MMOG data flow and without the need to
upload the video data to a central server.

The remainder of the paper is organized as follows.
Section II gives an overview of the state-of-the art in the
areas of UGC, Web collaboration tools, P2P live video
streaming, and game adaptation technologies. Section III
presents the project’s concept, objectives and technologies.
Section IV concludes the paper by discussing the project’s
benefits and expected impact. The paper is an extension of
the conference paper [3].

II. RELATED WORK

In this section, we review the state-of-the art in the areas
of UGC, Web collaboration tools, P2P live video streaming,
and game adaptation technologies.

A. UGC

UGC includes various kinds of media content produced
by end-users. In a game context, for example, this may
be screen-captured video. Another example of UGC is the
various mods created by the users. Sharing and remixing
UGC is a widespread online activity that crosses borders of
age and gender. Avid players go to great lengths in their
efforts to create shared content in which they reveal their
mastery. Additional data layers are always included: nar-
ration, animation and primarily soundtrack. Most MMOG-
based UGC content is confined to dedicated game company
sites as in World of Warcraft [4]. Many MMOG games
also have their own community pages in social networking
sites such as Facebook. In April 2010, Facebook released
significant updates to its API by allowing external websites
to uniformly represent objects in the graph (e.g., people,
photos, events, and community pages) and the connections
between them (e.g., friend relationships, shared content, and
photo tags). As a result, the Facebook API [5] can provide
an unprecedented bridge between gamespaces and the social
web.

Current UGC tools can be classified into three cate-
gories: tools for capturing, for editing, and for upload-
ing/broadcasting.

Capturing: Capturing videos can be done within the
gamespace as in Spore [6]. This is not a common feature in
MMOGs. More commonly, capturing is done with external
video capture software such as Camtasia [7] or Fraps [8].
Fraps is the preferred software for users who want to capture
high quality video. However, its free version has a 30 s
recording limitation.

Editing: UGC sharing and remixing within game plat-
forms is currently not supported. To edit the video and add
effects, narration, soundtrack and text overlays, users tend
to use readily available software such as Windows Movie
Maker for Windows or iMovie for Mac that allow for the
inclusion of additional content: audio, images and other
videos. Annotations can only be added after the capture is
done and cannot include other participants’ comments.

Uploading/broadcasting: Once a user has captured and
edited the video, a final step is needed to upload it for
viewing. Many MMOG players use sites such as YouTube to
share their game-based UGC. In 2008, Maxis incorporated
YouTube APIs within their game, Spore, enabling players
to upload videos of their creations to their YouTube ac-
count with only two clicks [9]. The collaboration between
YouTube and a game creator (Electronic Arts), including
revenue share from advertisements, is unique to date. Players
of other games need to upload their video creation from their
computer and cannot do it from within the game itself [10].

A user can capture the video of the game and broadcast it
live to other users via a video server. This feature is offered
by Xfire [11], which allows anyone to watch a live feed of
a user’s game screen. When a user begins a stream, a chat
room is opened that anyone watching the live feed can join.

B. Web collaboration tools

Web 2.0 based collaboration applications may include
instant messaging, audio and video chat, file sharing and
online voting and polling. For audio/video capturing and
playback the Flash software platform [12] is commonly
deployed. Other solutions are the Java Applet technology or
standalone applications which run on a Web browser and of-
fer interoperability over different platforms. For instant mes-
saging, online polling/voting and file sharing, Asynchronous
JavaScript and XML (AJAX) [13] are commonly used.
AJAX allows Web applications to retrieve data from the
server asynchronously in the background without interfering
with the display and behavior of the existing page. The use
of AJAX techniques has led to an increase in interactive
interfaces on webpages. Finally, for WWW client-server
communication, most of the Web 2.0 applications are based
on Simple Object Access Protocol (SOAP) [14]. SOAP
relies on XML as its message format, and usually relies on
other Application Layer protocols, most notably the Remote
Procedure Call (RPC) and HTTP.

In the following, we give examples of Web 2.0 collabo-
ration software.

1) Instant messaging: Instant messaging software is
mainly based on AJAX technology. A typical AJAX chat
application uses a database (MySQL) and AJAX to store
and retrieve the users’ messages and pass them between the
client and the server. Examples of instant messaging soft-
ware include AJAX Chat [15], Google Talk [16], ChatZilla
[17], Mibbit [18], and Java/JavaScript Chat [19].



Table I: POPULAR CHAT TOOLS.

Tools Instant Messaging Audio and video chat File sharing Protocols
CGI:IRC Perl/CGI Not supported Not supported IRC
PJIRC Java Applet Not supported Not supported IRC
qwebirc Ajax Applet Not supported Not supported IRC
Parachat Java Applet Not supported Not supported Jabber/XMPP
Pichat Ajax Not supported Not supported Unknown
Facebookchat Ajax Not supported Not supported Jabber/XMPP
eBuddy Ajax Not supported Not supported Jabber/XMPP
Omegle Ajax Flash Not supported Jabber/XMPP
webcamnow Ajax Flash Not supported Jabber/XMPP
JatChat Java Applet Java Applet Not supported Jabber/XMPP
campfire Ajax Not supported Ajax Unknown
Single Operator Ajax chat Ajax Not supported Ajax Unknown

2) File sharing: Examples of popular Web2.0 file sharing
systems include Meebo [20], iGoogle [21], Orkut [22], and
FlashComs Community chat [23].

3) Audio and video chat: Audio and video chat ap-
plications are based on the Flash Platform. Some typical
examples of Web-based audio and video chat tools are
AVChat 3 [24], Red5Chat [25], MeBeam [26], Web Voice
Chat [27], and 123 Live Help Chat Server Software [28].
Table I lists some widely used chat tools together with their
underlying technology.

Table II: POPULAR VOTING AND POLLING APPLICATIONS.

Tools Technology
Poll4Web Flash
Flash Web Poll Flash
ABPollMaster Polling Java Applet
Fly06 Poll Ajax

Table III: POPULAR BLOGWARES.

Tool Technology
Kontain Flash
Blogsmith Ajax
TypePad Ajax
Gawker bespoke software Ajax

4) Online voting and polling: Examples of Web-based
collaborative voting and polling tools are VotingPoll [29],
DPolls [30], and XML Flash Voting Poll [31]. Table II
lists other examples and the technology used for their
implementation.

5) Blogging: Important tools used for the building of on-
line blogging applications are WordPress [32], and Movable
Type [33]. Table III lists popular blogwares.

C. P2P live video systems

Traditional client-server video streaming systems have
critical issues of high cost and low scalability on the server.
P2P networking has been shown to be cost effective and
easy to deploy. The main idea of P2P is to encourage users

(peers) to act as both clients and servers. A peer in a P2P
system not only downloads data, but also uploads it to serve
other peers. The upload bandwidth, computing power and
storage space on the end user are exploited to reduce the
burden on the servers.

Viewers of a live event wish to watch the video as soon
as possible. That is, the time lag between the video source
and end users is expected to be small. In a live streaming
system, the live video content is diffused to all users in real
time and video playback for all users is synchronized. Users
that are watching the same live video can help each other to
alleviate the load on the server. P2P live streaming systems
allow viewers to delete the historic data after the playback,
and hence have no requirement for any data storage and
backup.

Based on the overlay network structure, the current ap-
proaches for P2P live streaming systems can be broadly
classified into two categories: tree-based and mesh-based.
In tree-based systems, peers form an overlay tree, and video
data are pushed from the parent node to its children. How-
ever, a mesh-based system has no static streaming topology.
Peers pull video data from each other for content delivery.
Over the years, many tree-based systems have been proposed
and evaluated, however, never took of commercially. Mesh-
based P2P streaming systems achieve a large-scale deploy-
ment successfully, such as PPLive [34], PPStream [35], etc.

1) Tree-based systems: Many early P2P streaming sys-
tems use a tree-based approach that is typically based
on application-level multicast architectures. Tree-based sys-
tems, such as ESM [36] and P2Cast [37], organize peers
into a tree structure for delivering data. The data are diffused
following this well-defined structure, typically pushed from
a peer to its children. Tree-based solutions are perhaps the
most natural and efficient approach, but they face several
challenges. One major drawback of tree-based systems is
the system fragility due to peer churn. A peer departure will
disrupt data delivery to all its descendants, particularly for
the peers in the higher level of the tree. The high dynamicity
of peers in a P2P network potentially deteriorates transient
performance. Another drawback is the under-utilized upload



Table IV: TRANSPORT PROTOCOLS IN P2P LIVE VIDEO STREAMING SYSTEMS.

System Protocol
CoolStreaming [41] TCP
PPStream [64] TCP
PPLive [65] Combination of TCP and UDP
TVAnts [64] Combination of TCP and UDP
Joost [66] UDP and TCP with UDP being the dominant traffic
SopCast [65] Combination of TCP and UDP
[49] UDP with FEC
[53] UDP with ARQ
[60], [61], [67] UDP
GridMedia [68] UDP
iGridMedia [69] UDP
PULSE [70] UDP for control messages and TCP for data exchange
R2 [71] UDP or TCP when UDP cannot be used due to firewall blocking

bandwidth of the peers. The leaf nodes in the tree cannot
contribute any upload bandwidth resource to the system.
Since a majority of nodes are leaves in the tree structure, this
significantly reduces the overall efficiency. To address the
issues of leaf nodes, multi-tree structures were introduced
[38], [39]. In a multi-tree system, the source encodes the
stream into several sub-streams and diffuses each sub-stream
along one sub-tree. Each peer participates in many or all
sub-trees to retrieve sub-streams. Hence, a peer might be
deployed on an intermediate position in one sub-tree or a
leaf position in another sub-tree. Compared with the single-
tree approach, the multiple-tree solution has two advantages.
First, the system’s robustness is improved, as the failure
of a high-level node would not completely disrupt all its
descendants. Second, the upload bandwidth of all nodes
could be well utilized, since each node stands a good chance
to be both a leaf and an intermediate node. However, since
the multiple-tree approach is still a tree-based solution, the
drawbacks of tree-based systems remain basically unsolved.
First, the construction and maintenance of the multiple-
tree structure are costly because of frequent peer churn
behaviours. Second, the upload bandwidth contribution of
a node, which depends on the position in each sub-tree, is
deficient. Furthermore, the design involves overhead.

Viewers in P2P live streaming systems only focus on the
live video data that currently are output from the source.
Hence, the video playbacks for all users are synchronized.
In tree-based P2P live systems [36], all users participating in
a video streaming session can form a tree at the application
layer with the root at the video source. Each peer receives the
live video data from its parent and immediately forwards the
data to its children. Usually peers at lower levels receive the
live data after peers at upper levels. The major consideration
is to balance the depth of the tree and the out-degree of the
intermediate nodes. Multi-Tree based approaches for P2P
live systems are described in [38].

2) Mesh-based systems: In a mesh-based P2P streaming
system, peer relationships are built and terminated according
to data availability and bandwidth availability on peers. A

video is typically divided into many chunks. Moreover, a
tracker server maintains the relationship between peers and
video data. Then, a peer can dynamically connect to a peer
list that is chosen randomly from the tracker server according
to which chunk the peer requests. After that, the peer
maintains multiple neighbours and exchanges chunks with
these neighbours simultaneously. A gossip protocol [40]
is typically used for the topology management. Peers also
periodically exchange information of the chunk availability
using a buffer map. Usually, a chunk is pulled by a peer
from its neighbours who have the requested chunk. The pull
policy can avoid redundant chunk transmission.

If a neighbour leaves, the peer can continue retrieving
chunks from other neighbours. The peer also explores some
new neighbours to keep a certain number of neighbours.
Due to the maintenance of multiple neighbours, mesh-based
systems are highly robust against peer churns and fully
utilize users upload bandwidth. However, transmission delay
presents a challenge to mesh-based systems (for example,
long start-up delay and channel switching problems for live
streaming systems).

Many successful P2P live streaming systems [34], [35],
[41] use the mesh-based streaming approach. The design of
mesh-based P2P live streaming systems is relatively simple.
All users are interested in the same live data. All chunks
downloaded at a peer are always useful to other peers that
have not retrieved these chunks. Some studies investigate
the quality of peering connections. Several strategies are
proposed to construct the peer relationship. The first con-
sideration is the workload and resource availability on both
peers, such as the current number of connections, upload and
download bandwidth, and system resources. Other consider-
ations are the network condition, which includes end-to-end
delay and loss rate, and the network proximity, including ge-
ographical position, bandwidth, delay and network distance.

3) Server-assisted P2P systems: Most peer-to-peer sys-
tems rely on a server, either a bootstrapping server or a
tracker server. A bootstrapping server is only used when
a new peer joins an overlay. The bootstrapping server is



expected to give to this newcomer a list of peers that are
currently in the system. In this way, the new peer can
quickly open connections. It has been shown, however, that
a popular P2P streaming system like PPLive fails to provide
accurate information to newcomers, resulting in a too long
start-up delay [42]. Actually, a large proportion of peers
that are given by the bootstrapping server do not answer
the initial request of the newcomer, either because they are
no longer in the system, or because they do not need any
new connections. A tracker server extends the bootstrapping
function. Every peer periodically sends a message to the
tracker, which gives in return a list of peers (peerlist). That
is, the participants to a peer-to-peer system can discover new
peers on a periodic basis. The bit-torrent system has pop-
ularized this hybrid architecture, which guarantees, among
other suitable properties, that new peers can quickly find
matching peers.

In general, implementations of tracker-based peer-to-peer
systems are simple. The tracker sends to a requesting peer a
list of randomly chosen peers among the set of peers that are
expectedly active in the system. Interestingly, the resulting
topology is a random regular graph: every peer is connected
to a given number of randomly chosen other peers. This
random-like underlying topology is interesting on several
aspects, especially random regular graphs are connected with
high probability (so, any information is accessible from any
peer), and the diameter of a random regular graph is small
(therefore any information is close to any peer, if it is able
to find it).

This topology links “acquaintances”. A peer can contact
any subset of peers in the peerlist, but it is free to choose,
among them, some privileged peers with which it will
exchange data. This presents some problems. First, the
peerlist contains peers exhibiting a broad scope of capacities,
although the overlay tends to connect peers having similar
characteristics [43]. The overlay would converge faster if
the peerlist could contain preferentially the peers having the
closest characteristics to the requester. However, it would
require to authorize the tracker to determine as accurately
as possible the capacity of peers, which appears to be
impossible or costly in many cases. Second, the peerlist
topology does not take into account the location of peers.
Therefore the overlay wastes network resources.

4) Hybrid CDN-P2P systems: Peer-assisted (PAS) Con-
tent Delivery Networks (CDNs) have attracted a lot of
attention in recent years. In this section, we present the
architecture of a real-world CDN-P2P live video streaming
system called LiveSky [44], which has been deployed in
China. The system is designed to solve a set of problems in
current CDN and P2P live video streaming systems such as
scaling, fast startup and upload fairness.

Server side organization: The CDN overlay is constructed
according to a tree-based structure, where leaves are edge
servers, whose role is to serve end users. All other in-

termediate nodes are core servers, which are responsible
for delivering content to edge servers. Because of their
work load, edge servers are not allowed to transfer content
between each other. To realize a P2P organization at the
client side, an edge server has several roles: 1) a regular
server for legacy clients; 2) a tracker for the P2P operation;
3) a seed in the P2P system.

Client side organization: There are two types of clients:
legacy clients and P2P clients. Legacy clients are served in
the traditional CDN manner and receive low quality streams.
P2P clients are organized in a hybrid scheme proposed in
[45], [46] that combines the multi-tree and mesh topologies.
As usual a video is divided into several substreams. Each
substream contains nonconsecutive frames. The peers that
host the same substream compose a tree-based overlay. This
ensures upload fairness of each peer. On the other hand,
peers also use a mesh-style pull mechanism to retrieve
missing frames for continuous playback. This enhances the
robustness of the network. Moreover, P2P clients are allowed
to access high quality videos.

Adaptive scaling and improvements: In the system, each
edge server decides whether a new arrival client should be
treated as a legacy client or a P2P client independently. A
threshold is pre-configured in every edge server. When the
number of clients is below the threshold, all clients retrieve
the content directly from the edge server. If the number
of clients exceeds the threshold, new arrival clients will
be redirected to other clients to form a P2P organization.
Both the threshold and the capacity of an edge server are
calculated by some parameters, including the level of the
P2P tree overlay, peer arrival rate, peer leaving rate and peer
contribution rate. When an edge server reaches its capacity
limitation, new clients will be redirected to a less loaded
edge server.

Fast startup: Startup time is optimized in LiveSky in two
ways. First, the buffer size is reduced to 15 seconds. Second,
the first request of a client is always replied directly by an
edge server, thus it is very quick to retrieve startup streams.

5) Video transmission protocols: In private, well-
managed IP networks, the quality of service (QoS) is
maintained by calibrating the end-to-end infrastructure. This
is not possible in P2P overlays since they are built on
open IP networks, which are best-effort in nature. Real-
time video communication over P2P overlays on the public
Internet mainly relies on the transmission control protocol
(TCP). TCP guarantees reliable transmission of the data
by automatic retransmission of lost packets. However, as
TCP requires in order delivery of the data and keeps on re-
transmitting a packet until an acknowledgement is received,
significant delays may be introduced. Further delays are
caused by the congestion control algorithm used by TCP,
which reacts to packet loss by reducing the transmission rate,
leading occasionally to service interruption. This presents a
serious drawback for real-time video communication where



the data must be available to the receiver at its playback time.
Lost and delayed packets that miss their playback deadline
not only are useless, they also consume the available band-
width unnecessarily.

An alternative to TCP is to use UDP as the transport pro-
tocol and apply application-layer error control. For example,
the Darwin Streaming Server, which is the open-source ver-
sion of Apple’s QuickTime Streaming Server, uses a simple
timeout-based ARQ scheme [47]. The Helix DNA streaming
system, which is the open-source version of RealNetworks
Helix streaming suite, also uses timeout based ARQ [47].
Windows Media uses a selective retransmission scheme. If
the client detects gaps in the packet sequence numbers,
it sends a retransmission request to the server, which re-
transmits the missing packets. Packet retransmissions are
limited to a certain percentage of the available bandwidth
and packets to be retransmitted are prioritized according to
their content. Audio packets are given the highest priority.
Video packets close to their playout deadlines are given the
lowest priority, on the presumption that retransmissions are
most likely to miss the playout deadline [48]. VideoLAN, a
popular open-source streaming system, uses either TCP or
UDP without packet loss mechanisms [47]. These streaming
techniques are suitable for well-managed networks. How-
ever, they face considerable problems in open IP networks
where the packet loss rate may be significant, and the
available bandwidth may be variable. In P2P overlays, in
particular, packet loss is not only due to congestion at routers
but also to the heterogeneity in node stay-time duration.

Most P2P streaming systems use TCP (CoolStreaming,
PPStream), a combination of UDP without error control and
TCP (PPLive, TVAnts), UDP with Forward Error Correction
(FEC) [38], [49], [50], [51], [52], and ARQ [53]. Another
approach is Multiple Description Coding (MDC) [54], [55].
However, MDC schemes are rarely used in practice because
they rely on non-standard video coders.

Thomos and Frossard [56] use network coding with rate-
less codes for P2P video streaming. The technique exploits
path diversity and lessens the burden of re-encoding on an
intermediate forwarding peer.

Wu and Li [57] also use network coding based on rateless
codes for P2P live video streaming. A peer can recover the
original video source block by receiving enough encoded
symbols from multiple receivers. As soon as a receiving
peer successfully decodes the source block, it becomes a
source and applies rateless coding on the decoded source
block to generate encoded symbols for other peers. To avoid
receiving redundant symbols, each peer uses a different seed
for rateless encoding. The authors propose a distributed
algorithm for best peer selection and optimize rate allocation
to guarantee minimum delay.

Grangetto, Gaeta, and Sereno [58] propose an improve-
ment to the method of Wu and Li [57]. In their method,
called ’Relay and Encode’ (RE), a receiving peer relays

the received encoded symbols immediately. Once it decodes
the source block, a rateless code is applied on the source
block and newly produced encoded symbols are sent to its
children. The authors show that RE has a lower delay than
the method of [57]. However, the paper does not consider
the effects of varying channel conditions and does not
exploit feedback to minimize bandwidth usage. Moreover,
the protocol is not robust against failures. For example, if
one peer cannot decode the source block, all its descendent
peers are affected. A similar system is proposed by the same
authors in [59]. Here, receiver feedback is used to ask the
sender to stop sending more symbols when the source block
is decoded.

In [52], rateless coding is used to make a P2P VoD system
resilient to peer churn. The source partitions the video into
source blocks and applies rateless coding on these blocks.
During a push phase, for each source block, distinct groups
of encoded symbols are distributed among a number of
volunteering peers, which may not be interested to watch
the video. This pushing can be done during low network
utilization time. In a pull phase, a peer who wants to watch
the video needs to collect a minimum number of distinct
encoded symbols from any subset of volunteering peers.

Setton, Noh, and Girod [60] propose a system for live
video streaming over P2P networks aimed at low latencies
and congestion avoidance. Video packets are sent using
UDP/IP, and a scheduling algorithm is used to maximize
the received video quality, while minimizing network con-
gestion.

In [61], a P2P live video streaming system aimed at low
delays is presented. The system uses the Stanford Peer to
Peer Multicast Protocol to build multiple complementary
multicast trees, all originating at the source. The source
exploits path diversity and sends different packets over
different multicast trees. The video is compressed with
the Scalable Video Coding (SVC) and packets are sent
over UDP/IP. Depending on the available bandwidth and
packet loss rates, intermediate nodes decide how many layers
should be sent to their children. A simple ARQ mechanism
is used to deal with packet loss.

One limitation of the UDP protocol is the lack of a
congestion control mechanism. Congestion control with
UDP can be realized with the Datagram Congestion Control
Protocol (DCCP) [62]. DCCP uses an Explicit Congestion
Notification (ECN) bit, which is set on by a congested router.
When a receiver receives a packet with an ECN bit set on,
it asks the sender to react to the congestion accordingly.
However, most routers disable ECN [63].

Table IV gives an overview of the transport protocols used
in P2P systems.

D. Game adaptation technologies

In-game technologies have been used in the gaming mar-
ket for several years. The gaming industry has adopted these



Table V: IN-GAME TOOLS. AN X INDICATES THAT THE TOOL IS OFFERED BY THE PRODUCT.

Product XFIRE PLAYXPERT Massive FreeRideGames Double Fusion Steam Overwolf Raptr
Texture replacement x x
Game resize x
In-game overlay x x x x x x
Video capture x x x
Video edit
Video upload x x
Live video x
Instant messaging x x x x x
Audio chat x x x
File sharing
Online blogging
Need for SDK No No Yes No Yes Yes No No

technologies to increase its revenue by finding more financial
sources and by attracting more users. In-game overlay allows
to view and interact with windows outside the game, but
without “Alt-Tabbing”. It does so by rendering the window
inside the game. Texture replacement enables to replace an
original game texture with a different texture. In this way,
the newly placed textures are seen as part of the original
game content. This method is commonly used for dynamic
in-game advertisement. Game size modification technology
adapts the original game by decreasing its original size and
surrounding it with an external content.

Some of these technologies are distributed as an external
utility that can overlay a pack of games while others are part
of MMOG service features which are provided to the users.

The main available in-game adaptation products on the
market are Xfire [11], PLAYXPERT [72], FreeRidesGames
[73], Massive [74], Double Fusion [75], Steam [76], Over-
wolf [77], and Raptr [78]. Some of the products require
for the game developer to integrate the product’s Software
Development Kit (SDK) (for each game to be developed
the game developer must use the products SDK). The use
of those in-game adaptation products is not available for the
existing games catalogue. Table V lists the in-game tools
surveyed in this paper, showing those offered by existing
products.

III. TECHNOLOGIES AND INNOVATIONS

Fig. 1 shows the CNG architecture. While the MMOG
architecture is not modified (the game content and the game
data are still transferred through the MMOG servers), the
following components are added: (i) Sandbox on the client
side that is responsible for modifying the game environment;
(ii) CNG Server for monitoring the P2P UGC communica-
tion. The CNG server acts as a tracker for the system in
the sense that it is in charge of introducing peers to other
peers. It has persistent communication with the clients and
manages the organization of the P2P exchanges.

A. IGIT

IGIT enables the user to resize the game and surround
it with external content, overlay the game, and replace an

Figure 1. CNG architecture.

existing game texture with an external content. This is done
in a way that does not harm the game experience and
without the need for SDK integration. Fig. 2 and Fig. 3
illustrate some of these features. Fig. 2 is a screenshot from
the MMOG game “Roma Victor” [79] by RedBedlam. Fig.
3 shows the same game scene with a mock-up of CNG
features. The modifications, which are numbered in Fig.
refigit, are as follows:

• (1) The original resolution of the game was modified
to enable an additional frame around the game to hold
the in-frame objects. IGIT uses the GPU of the user’s
machine for changing the resolution of the game to
avoid reduction in the image quality;

• (2) Instant messaging window as an example of active
Web 2.0 application;

• (3) Web browser that presents online passive informa-
tion (in this example, a leader board);

• (4) Another Web browser window that presents an
updated advertisement;

• (5) MMOG specific chat to enable the users in a specific
scene to cooperate;

• (6) In-game 3D UGC. In this example, a user added a
note on a tree to publish an eBay auction;

• (7) Two windows of a video chat with casual friends
or cooperative players.



The choice of application and the application’s screen
location are under the control of the user (player). The
Web 2.0 applications are browser-based applications that
are downloaded from the CNG Server and run in the web-
browser instances within the CNG Client. The purpose of
Web 2.0 Applications is to offer online collaboration services
to the user. They are browser-based and downloaded from
the CNG Server and run in the web-browser instances within
the CNG Client.

Since they are web-based the CNG client retrieves all the
necessary information from the CNG Server

In addition, the CNG toolbox includes video recording
and editing tools that allow users to capture the video of the
game and

1) trim the captured game video
2) split, duplicate and sequence the recorded video cuts
3) remix trimmed cuts of the recorded video
4) upload the edited video to YouTube

Figure 2. Original MMOG screenshot.

B. P2P live video system

In existing MMOGs, a player can capture the video of
the game and send it to a central server which broadcasts
it live to other users [11]. However, this solution, which
heavily relies on central servers, has many drawbacks such
as high costs for bandwidth, storage, and maintenance.
Moreover, this solution is not easily scalable to increasing
number of users. The CNG project proposes a P2P live video
streaming system to address the limitations of server-based
solutions. The CNG P2P live video system allows every
peer to become a source of a user-generated video stream
for a potentially large set of receivers. While many P2P
live video systems have been proposed, none of them has
been specifically designed for the unique environment of
MMOGs. In particular, none of the existing P2P live video
systems addresses the following challenges:

Figure 3. IGIT-modified MMOG screenshot.

• Any MMOG player should be able to multicast live
video. The video can potentially be received by any
other player in the P2P network.

• Live video streaming should not consume the upload
and download bandwidth that is necessary for the
smooth operation of the MMOG (MMOG client-server
traffic).

• Live video should be delivered at about the same
time to all peers at the same “level”. For example, a
level can be a priority class in a multi-tiered premium
service. Peers in a higher priority class should be able
to watch the video before those in a lower priority
class. Alternatively, a level can be defined as the set
of MMOG players that are in the same region of the
virtual world.

The CNG P2P live video system is designed as follows.
Peers are organized in different levels (Fig. 4). The source
peer is placed at level 0. All peers directly connected to the
source peer are at level 1. In general, a peer is considered
to be at level j if the shortest path from the source peer to
it consists of j intermediate links.

The video is captured in real time from the source
screen, compressed, and partitioned into source blocks. Each
block consists of one GOP (Group of Pictures) and is an
independent unit of fixed playback duration (e.g., 1 s). The
UDP protocol is used as the transport protocol. The source
peer applies rateless coding on each source block and sends
the resulting encoded symbols in successive packets to level-
1 peers. Packets are sent according to a scheduling strategy.
The strategy specifies the maximum number n of encoded
packets that can be sent by the source for this block, the time
ti at which packet i is sent, and a hierarchical forwarding
scheme Fi, i = 1, 2, . . . , n. An example of a scheduling
strategy for n = 4 and the four level-1 peers of Fig. 4 is as
follows.



Figure 4. P2P topology.

• 1 : t1 : A→ B + D(→ C),
• 2 : t2 : B → A + C(→ D),
• 3: t3 : C → B(→ A) + D,
• 4: t4 : D → C(→ B) + A

The strategy says: packet 1 should be transmitted at time
t1 to A. A forwards the packet to B and D. D forwards
it to C. Packet 2 should be transmitted at time t2 to B. B
forwards it to A and C. C forwards it to D. Packet 3 should
be transmitted at time t3 to C. C forwards it to B and D.
B forwards it to A. Packet 4 should be transmitted at time
t4 to D. D forwards it to C and A. C forwards it to B.

Level-1 peers forward packets that are directly received
from the source to their adjacent level-2 peers. When a level-
1 peer completes the decoding of a source block, it sends an
acknowledgment to the source peer so that it stops sending
it packets. Then it applies rateless coding on the decoded
source block and starts acting as a source for those level-
2 peers that are its direct successors. The same procedure
applies to peers at the next levels.

Thus, each receiving peer has two phases: forwarding
(before the decoding is successful) and encoding (after de-
coding the block). In the encoding phase, receiving duplicate
packets can be avoided with high probability by forcing
peers to use different seed values for the rateless code.

One of the main challenges consists of optimizing the
scheduling strategy.

Our system extends previous ideas proposed in [57], [58].
However there are many important differences between these
works and our scheme. For example, the systems of [57],
[58] do not have the notion of scheduling strategy. Also in
[57], [58], there is no notion of levels within the mesh.

As UDP does not have a built-in congestion control
mechanism, a pure UDP-based application may overwhelm
the network, leading to packet loss and degraded video
quality. Therefore, the CNG project proposes an application-
layer congestion control mechanism for the P2P system. The

source peer adapts the video bit rate and UDP sending rate
according to feedback received periodically from all peers.
This feedback consists of the outage rate, i.e., the percentage
of source blocks that were not decoded in time.

IV. CONCLUSION

We presented the EU funded CNG project. CNG supports
and enhances community activities between MMOG gamers
by enabling them to create, share, and insert UGC. The
UGC considered by the CNG project includes 3D objects,
graphics, and video. CNG develops in-game community
activities using an in-game graphical insertion technology
that replaces or inserts content in real time without the need
to change the game’s code in the client or server. CNG
uses an architecture that efficiently combines the client-
server infrastructure for the MMOG activities with a P2P
overlay for the delivery of live video. The video traffic
represents a real challenge to the network already occupied
by the MMOG client-server data. The project proposes new
techniques for P2P live video streaming that are “friendly to
the MMOG client-server traffic. Since video can be resource
heavy, the network indirectly benefits from the increased
locality of communication. CNG also provides Web 2.0
tools for audio and video chat, instant messaging, in-game
voting, reviewing, and polling. This will reduce the need for
visiting forums outside the game and diluting the MMOG
experience.

CNG has the potential to provide huge benefits to MMOG
developers and operators. New community building tools
will be offered cost-effectively and efficiently, without the
need to redesign or recode the existing game offerings.
The user experience will be enriched, and the needs of the
end-users will be better addressed. The community will be
brought into the content, and the game communities will
become more engaged, reducing churn to other MMOGs.
New income streams will be delivered with the help of in-
game and around game advertising. Yet, MMOG developers
and operators will be able to maintain control over how
various commercial and UGC content is displayed, thus
keeping editorial control of the look and feel of their
MMOG.
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Abstract: This paper outlines user needs and initial 

stakeholder research conducted as part of the Community 

Network Game (CNG) project. CNG aims to apply new 

network technologies to support community activities, 

particularly based on user generated content (UGC) 

within (massively) multiplayer online games.  Seventeen 

interviews were conducted with multiplayer gamers to 

identify why players communicate with others, what they 

share and how, and what they find frustrating about using 

current community related tools. Analysis of the 

interviews indicated different drivers and hurdles to 

communicating with other gamers. Whilst interviewees 

used a wide range of existing community related tools, 

they expressed various frustrations about their use of them 

including reduced immersion through over-use of UGC, 

communication difficulties and privacy issues, poor 

usability of tools, and poor quality control of UGC.  In the 

second phase, an online survey (n=414) aimed to quantify 

these frustrations and interest in the functionalities to be 

offered by CNG. The results gave support to the 

development of a broad range of in-game functions, 

available without the need to minimise the game screen. 

Moreover, an initial gamer segmentation indicated that 

the key CNG functions scheduled for development in the 

project such as video sharing, chat services and in-game 

web-browsing, were particularly popular with dedicated 

online multiplayer gamers. Initial stakeholder research 

was broadly consistent with gamers’ feedback and 

considered that the in-game live video streaming tool 

would be of most interest to game developers. 
 

Keywords: User Generated Content, User needs, Massively 

Multiplayer Online Games. 

1 INTRODUCTION 

Massively multiplayer online games (MMOGs) represent a 

particular genre of the games market. Players log into and out 

of these persistent worlds, usually maintaining a character that 

develops abilities and skills and which is typically part of a 

long-term social group of other players [1]. MMOGs are 

defined by having a large number of players which can, from 

across the globe, cooperate, compete or simply co-exist in a 

persistent environment.  Players can develop relationships 

with others whether or not they know them in the real world.  

Research has found that MMOGs have wide demographic 

appeal [2].  MMOG players spend an average of 10.8 hours a 

week on any activity pertaining to the game which does not 

involve playing the game itself (on which they spend around 

22 hours) [3]. Players engage in activities such as: looking for 

game-related information (3.5 hours on average), reading 

reviews or comments on forums (3.6 hours), posting videos, 

chatting with other players, looking up strategies, managing 

guilds and so on - all activities where user generated content 

(UGC) has a core role and that are performed, in most cases, 

outside the gaming world.  

Video games are more and more becoming not just a place 

that people access to play, but a network of individuals, 

connected by interests and social identities. The sociability is 

transforming the industry, and its effects are demonstrated by 

the growth of communities and tools available for gamers that 

provide a combination of features to collaborate, create and 

share content. Some MMOGs have a modifiable interface that 

allows players to use tools that overlay the game and to 

extract information from interactions within the game. Power 

has been given to the user, who can now fashion new contents, 

be they text, audio, photos, videos, objects or a combination of 

them all.   

Some tools aim to improve in-game communication, facilitate 

game distribution or guild coordination, improve the capture 

creation and distribution of customised UGC.  

According to a recent industry report from Strategy Analytics, 

the global market for massively multiplayer online role-

playing games (MMORPGs) is expected to be worth $8 

billion in 2014 [4]. Nevertheless, despite being on the research 

agenda for many years and their high commercial relevance, 

MMOGs have been the subject of surprisingly little research 

[5]. 

1.1 The Community Network Game project 

This paper describes research on (massively) multiplayer 

online gamers‟ requirements conducted as part of the 

Community Network Game (CNG) project.  CNG is focused 

on applying new network technologies to support community 

activities over highly interactive centrally managed MMOGs. 

This will be achieved by developing new tools for the 

generation, distribution and insertion of user-generated 

content (UGC) that are friendly to the MMOG client-server 

traffic. 

In-game community activities using In-Game Graphics 

Insertion Technology (IGIT) and a peer-to-peer (P2P) 

architecture for the distribution of live video (that is streamed 

without interrupting the MMOG data flow and the need to 

upload the video data to a central server) are being developed.  

The IGIT is an innovative technology for replacing or 

inserting content to games in real time without the need to 

change the game‟s code in the client or server. For example, 

billboards can be inserted, areas on the screen can be assigned 

to display user information, and any type of window (browser, 

chat, etc.) can be inserted, floating on or outside the game area.  



 

The tools proposed for development by the CNG project 

include those relating to:  

 Video (live video streaming from one user to another user 

or from one user to many users; record video in-game; 

easy click and share; pause/rewind live action; edit and 

annotate video recordings either individually or 

collaboratively); 

 Customisation (personalise characters in video editing; 

replace/share 3D objects and textures); 

 Communication (text, voice and video chat; file sharing; 

easy in-game access to chat rooms, blogs and forums); 

 Other functions (in-game web browsing, voting polls).  

All tools will be available in-game, reducing the need for 

visiting sites or accessing applications outside the game and 

disrupting the MMOG experience 

1.2 Research aims 

Research was conducted to understand:  

 What motivates gamers to interact with others as part of 

their MMOG play?  

 What do gamers communicate or share with others, and 

how? 

 What frustrations do gamers have with regard to 

communicating and sharing with others; what are their 

unmet needs? 

 How interested are gamers in a range of community 

related tools planned for development within the CNG 

project? 

 How are the CNG tools perceived from a stakeholder 

perspective? 

2 METHOD 

Both qualitative and quantitative research methods were 

deployed to explore the research aims described above. 

2.1 Semi-structured interviews 

Semi-structured interviews were used as a project scoping tool 

to address the research aims. The discussion covered a broad 

range of activities in which gamers currently engage (or 

would like to) during their online gaming experience.  

Interviewees were prompted towards the end of the interview 

to ensure that the key benefits that CNG intends to support 

were addressed. Interviews were conducted face-to-face and 

lasted between 45 and 90 minutes; each interviewee was given 

£10 for their time and participation. 

2.1.1 Sample 

Seventeen gamers were interviewed of which ten were male 

and seven were female. The sample was aged between 18 and 

41 (mean age = 24 years). The sample reported using a range 

of gaming platforms (PC, console and handheld) and 

games/social gaming applications covering a range of genres 

such as RPGs (Role Playing Games), sports, first person 

shooters and casual. 

The analysis of the interviews is presented across all user 

research sections of the results. 

2.2 Online survey 

The qualitative research informed the development of an 

online survey. The aim was to quantify (a) the use and 

popularity of game-related community activities; (b) the 

extent of interest in CNG community tools, and; (c) how 

gamers prioritise their unmet needs, to support the 

development of CNG tools in the project. 

The CNG online questionnaire was piloted with six gamers 

and improved based on their feedback prior to its launch using 

the online survey software SurveyMonkey.  

2.2.1 Sample 

At the time of data extraction, the working dataset for this 

report totalled 414 respondents who completed at least some 

of the questionnaire. Sample data presented here and in the 

results section are reported as proportions of the valid base per 

question (i.e., excluding missing cases, which is variable 

across questions).  

The sample gave reported ages of between 18 and 99 years 

(n=302).  When the two cases reporting age 99 were removed, 

maximum reported age was 75 years.  Including this isolated 

respondent, the mean age of the sample was 28.8 years (SD = 

11 years; n = 300).  The data (with 300 cases) were skewed 

towards younger ages: almost half of the sample (47.7%) was 

aged 18-24 years; 28% was 25-34 years, 14.6% was 35-44 

years; 9% 45-64 years and only 2 cases (0.7%) reported being 

aged 65 or older. 

The majority (79%) were male and 21% were female (n=314).   

Respondents were sampled from over 40 different 

nationalities (n=303) from countries across Europe, The 

Americas, Australia, Africa and Asia. Around 40% of the 

sample was from the UK (40%) and over 10% was from The 

Americas. 

Over half of the sample (56.7%; n=312) was in employment, 

either full-time (38.8%), part-time (13.1%), or casual (4.8%). 

Students comprised more than a fifth of the sample (22.8%).    

In order to explore whether there were differences between 

gamers in their preferences for CNG functionalities, the 

sample was segmented based on the item, “How much of your 

ONLINE gaming time is Multiplayer/Massively 

Multiplayer)?”, which measured gamers' time spent on 

MultiPlayer Online games (referred to as MPO) and 

Massively Multiplayer Online games (MMO).  

Three groups of MPO/MMO of gamers were created: 

- “Non MPO/MMO” (based on those responding “None 

of my gaming time”),   

- “Medium MPO/MMO” (“Less than half/Half of my 

gaming time”),  

- “High MPO/MMO” (“More than half/All of my 

gaming time”). 

The findings from the online survey are presented in the 

results sections 3.3 (Frustrations and unmet needs) and 3.4 

(Gamer interest in CNG tools) below. All of the quantitative 



 

analyses reported in these sections will refer to this 

segmentation. 

2.3 Stakeholder feedback 

To obtain an early view from games industry representatives 

about CNG, the user research was presented at GameLab 2010, 

followed by a panel discussion with industry experts.  

2.3.1 Sample 

On the panel were four games industry experts from the 

following companies: Redbedlam, CPMStar, Enigma 

Software Productions, and GameForge. Feedback from the 

panel is presented in section 3.5 (Stakeholder views on CNG 

tools). 

3 RESULTS 

3.1 Motivation to game socially 

Interviewees discussed a number of motivations and hurdles 

to sharing and communicating with others whilst playing 

(massively) multiplayer online games.  

Some gamers either preferred the content in some genres more 

than others, or were limited in their choice of game by their 

PC specification. For either reason, genre preference had large 

implications for the extent to which, and type of, social 

interactions (communication) that gamers had in-game. For 

MMORPGs and some other MMOs, social interaction is an 

integral part of the game play.  Guilds or clans in MMORPGs 

require members to collaborate and mutual support in game 

play is commonplace.  They share various information 

including their statistics and strategy. 

Game play was often prompted by boredom and time 

availability.  The amount of time they had available clearly 

impacted on how deep they could enter into the game 

experience as social interaction with others can be a more time 

consuming element, particularly for MMORPGs.  There is 

often pressure on Guild members for whom the game play 

requires a level of inter-dependency between players, 

sometimes to the detriment of participating in everyday real 

life. Some interviewees found this high social interaction 

requirement off-putting if they had less free time. 

Playing with and against other gamers was perceived by some 

interviewees as more challenging and fun than playing against 

the computer as it enabled better skill matching, less 

predictability in game play, improved realism and it was more 

fun to work as a team. This was particularly so for highly 

skilled gamers. Conversely, interviewees with less confidence, 

experience or skill in the game, or those less attracted by the 

competitive nature of online social games, reported being 

slightly put off by the prospect of the shared online game 

experience.  They believed they were unlikely to „survive‟ for 

long in the game environment, and were less likely to enter 

the shared experience until their competence and skills had 

improved.  Some interviewees reported playing against the 

computer to improve their skills to a level that would increase 

their skill before entering the shared world. Player skill 

influenced interviewees‟ inclination to share UGC such as 

game play videos. 

Tips and cheats were liked and exchanged by some, but not all, 

interviewees.  For some interviewees, the sense of challenge 

was diminished when a player had to resort to „cheating‟ or to 

ask for someone‟s help to progress in the game. The journey 

towards the reward (the process) was more important for some 

interviewees than the reward itself.  

The degree to which interviewees reported sharing their 

performance and know-how varied.  Some enjoyed the status 

afforded by the visibility of their achievements in the game. 

Others who were more motivated to game by the personal 

challenge were less interested in „bragging‟ to players or in 

accessing others‟ clips about their performance. 

Interviewees were relatively polarised in their preference for 

playing either with people they knew in the real world, or with 

online strangers.  The size of the group or number of people 

they chose to interact with also varied in our sample.  

Some had a preference to play with familiar others, such as 

friends and family because it complemented their real world 

social interactions, and they reported having better game 

rapport with them.  Game play with friends of friends was 

viewed as a way of initiating future real-world interactions.  

The games they played were directly influenced by their peers.  

Conversely, other interviewees preferred to play with 

strangers.  One interviewee admitted that he felt stigmatised as 

a gamer, and preferred his real world friends to be unaware of 

his game play. This would restrict this type of gamer‟s 

propensity to be willing to share in-game experiences with 

real world friends out-game. Some interviewees enjoyed the 

anonymity associated with playing with strangers in that it 

enabled them to fully exploit their character – to be who they 

wanted to be without shame or embarrassment.  Playing with 

strangers could also be of benefit strategically in that their 

anonymity enhanced their confidence to interact in more 

„sneaky‟ or manipulative ways with others during game play.  

Other more social gamers in our sample enjoyed developing 

online-only friendships with other gamers.  They noted that 

trust was built over a period of time through the games they 

mutually played. This was particularly true for MMOGs, 

where players spend many hours with other members of their 

clan or Guild pursuing a common aim. Because of this, 

gamers were often able to bond with their online friends, often 

developing meaningful relationship. 

Overall social interactions were perceived positively in the 

game environment and contributed at least towards a general 

sense of in-group inclusion and belonging. Sharing 

information with others was mostly reported by interviewees 

as a positive, satisfying experience that they hoped would be 

reciprocated at another point in time. 

3.2 Communications between players 

Interviewees reported communicating and interacting with 

others for different reasons and through a range of methods.  

Information sharing was direct (ask of/respond to another 

player) and indirect (e.g., inferring a player‟s ability or 



 

potential usefulness from their character stats and qualities).  

Sharing was reported to occur in-game (whilst playing, 

without minimising the game window) and out-game, using 

other applications.  Player skill relative to others‟ often 

influenced the degree to which our interviewees reported 

asking or giving information. Text-based chat was a common 

method of communication, often enabled in the game itself, 

but applications outside of the game were also used such as 

Windows Live Messenger and Facebook chat. In contrast 

voice was used less often but where it was, applications such 

as Skype, Steam voice chat and Ventrilo were used.  Cost, 

ease of use, practicality, and anonymity were issues for users 

of voice chat.  None of our interviewees used video chat. 

Around half of our sample used or was aware of game tool set 

applications such as Xfire, PlayXpert and Steam that offer a 

range of community related functions. Guilds and (official and 

unofficial) game forums were commonly accessed spaces for 

players to exchange information.  Gamers who created content 

for others used video recordings of their game play (e.g., 

using Fraps) or constructed image (e.g., screen shots) and text 

instructional guides which they disseminated in game related 

spaces such as forums, or wider community spaces such as 

YouTube and Facebook.  Low awareness of such tools and 

poor ease of use were hurdles to interviewees‟ adoption of 

such services.  Search engines such as Google were also used 

to find game related information. 

Interviewees reported sharing different types of information to: 

(a) support their game progress; (b) enhance the game 

experience; and (c) enhance interpersonal and community 

relationships. 

3.2.1 Support game progress 

Examples of exchanges to support game progress included: 

direct in-game supportive information, such as character-to-

character exchange of help; strategy, particularly for Guilds 

and raids; tips, cheats and hints, for instance via a secondary 

out-game source; achievement and stats denoting status and 

skill which can be useful to others in deciding whether or not 

another player may be of help to them. 

3.2.2 Enhance the game experience  

To „spice up‟ their game experience, interviewees reported 

creating and/or accessing a range of customisation tools such 

as modifications (mods) or add-ons that are often installed to 

enhance or improve interaction with the game.   

However, some interviewees disliked these types of 

customisation tools particularly those that reduced the 

challenge or disrupted the original game. 

3.2.3 Enhance interpersonal and community relationships 

Finally, interviewees reported communicating and sharing 

with others for a number of interpersonal and community 

reasons.  These included: „bragging‟ (showing off) about 

performance and skills; sharing funny clips for entertainment 

and humour that bore no practical use to improving one‟s 

game play; affect and emotion to enhance the communication 

between players in game using emoticons, keycodes and 

macros; insults, which were occasionally reported by our 

interviewees in their experiences of the somewhat anonymised 

game world; their identity as a gamer as well as out-game 

interests.   

3.3 Frustrations and unmet needs 

Whilst communicating and sharing among players was 

generally viewed positively, it was also associated with a 

number of frustrations.  Insights were initially obtained from 

interviewees who were asked to indicate the reasons for any 

frustration that they experienced when using additional 

applications and tools with their MPO/MMO games.  

3.3.1 Results from the interviews 

Some interviewees noted how attempts to increase the level of 

social interaction in games by enabling UGC to be more easily 

shared in-game could easily destroy the sense of immersion 

which is fundamental to some people‟s game play. 

Minimising the game screen to do other things was a 

frequently reported frustration amongst our interviewees.  

Also noted were issues with „noise‟ in connecting with others 

using voice chat, the impact of additional applications on 

speed (e.g., of displaying elements in the environment, action-

responses), pop-ups, and advertising in general within game 

play. 

A range of communication issues were raised and there was 

large variation across interviewees in their communication 

needs. Challenges were reported in some cases in arranging 

team and Guild meetings.  Players are located worldwide, in 

different time zones, and may be online but not in the game.  

For many interviewees, poor ease of use of applications to 

enhance and expand on their game experiences (e.g., in-game 

recording) explained their non-use of them.  Many reported 

that if the process was made easier, they would be more likely 

to try it.  This was particularly evident for recording game 

play. 

Downloading game-related extras and click-throughs were 

treated with caution by some of our sample for fear of 

infecting their computer with trojans and viruses. 

3.3.2 Results from the survey 

To quantify which were the biggest frustrations, the relevance 

of these issues (outlined in 3.3.1) to gamers were explored in 

the online survey. Respondents were asked, “When you use 

additional applications and tools with your online 

multiplayer/MMO games (e.g., Instant Messaging (IM), 

video/image capture programs, etc.) which, if any, of the 

following are frustrations or concerns for you?”.  

Results revealed that, among the 152 Medium and High 

MPO/MMO players who selected at least one of the response 

options to this question, only 14.5% reported that they did not 

have any frustrations (see Figure 1).  

More than a third, however, indicated that the need to 

minimise the game screen to access community tools was 

their biggest frustration, followed by “Reduced immersion” 

and “Technical instability”, both selected by over a quarter of 

the respondents (26%). The quantitative insights also 



 

supported findings in relation to intrusive advertisements.  

Pop-ups, especially when out of context, were perceived as 

irritating by 24% of respondents. 

The survey‟s results also reflected concerns over “Security 

against trojan and viruses” and “Usability of applications”, 

both indicated as reasons for irritation by 23% of the sample.  

Gamers showed slightly less concern for issues such “Privacy” 

(18%). Only a minority of respondents indicated that 

coordination of Guilds/teams was a reason for frustration, 

whilst “Too few chat channels” was the least frequently 

endorsed frustration (3%).  

 

Figure 1: Reasons for frustration on use of additional tools 

3.4 Gamer interest in CNG tools 

Results from the qualitative research indicated that 

interviewees already used a number of tools similar to the 

ones planned for development in CNG. However, their access 

and use of existing tools was associated with a number of 

frustrations and unmet needs, which were supported by the 

quantitative findings from the online survey.   

To identify how interesting the CNG functionalities were 

perceived by gamers, respondents to the online survey were 

asked, using a 3-point scale („not at all‟, „somewhat‟, „very‟ 

interested), to indicate their level of interest  in each CNG 

function. Functionalities that were mentioned during the 

interviews (beyond CNG‟s primary scope) were also included 

in the survey. 

Before answering the questionnaire, respondents were briefed 

on the project‟s purpose (i.e., to develop a suite of functions 

that support community activities for gamers) and were 

reminded that the technology behind the project was able to 

develop functions that are available in-game (e.g., no need to 

minimise the screen to use them) and without affecting the 

game experience (e.g., no risk of slowing down the 

computer/device). 

The vast majority of the functions listed were rated as of 

interest („somewhat‟ or „very‟) to over 50% of the High 

MPO/MMO gamer sample, with a third of functions rated as 

of interest to at least 70% of these respondents.  

The functionalities or services that appealed to the largest 

proportion of High MPO/MMO gamers were: Complex game 

statistics (80%), Availability of players across games (77%) 

and Skill matching (71%); all functions that require some 

form of game integration. 

 

 
 

Figure 2: Interest in CNG functions by High MPO/MMO gamers 
 

With regard to functions that do not need such integration, 

notably more respondents reported interest in Video and 

Communication-related functions than in Customisation 

functions.  

All Video functions were described as of interest to over 50% 

of the most dedicated MPO/MMO gamers: Pause/rewind Live 

Video Action (71%), Video/Audio Record Game Play (69%) 

and Click and Share Video (63%) were the most popular 

functions, followed by Live Video Broadcast/Streaming (59%) 

and Play Recorded Video (58%). These results are consistent 

with the qualitative research which indicated that the most 

committed gamers have a need or desire, to enrich their game 

experience with videos in an easy/accessible way. However, 

Collaborative Creation of videos was a slightly less popular 

function, receiving interest from 52% of this High 

MPO/MMO sample. 

The interviews revealed that communication is central for 

gamers, particularly so for multiplayer gamers. In line with 

this finding, the online survey results showed that tools such 

as IM (71%) and Voice Chat Applications (70%), Blogs and 

Forums (63%), and Chat Room Applications (62%) were all 

of interest to the vast majority of High MPO/MMO gamers. 

The only Communication function for which gamers had 

reservations was Video Chat, with only 33% showing interest 

in it. This was not surprising and was consistent with findings 

from the qualitative data, which showed that Video Chat could 

ruin the anonymity of the game which is particularly 

important when playing with strangers.  

Despite that Customisation functions were not perceived as a 

priority, over half the sample showed interest in functions 

such as Edit/Annotate recorded Video (58%); Create/Insert 

3D Object/Textures (54%); and Personalise Characters in 

Video Editing (52%).  



 

Fewer respondents were interested in tools that allowed 

gamers to Exchange 3D Object/Textures or to create them 

collaboratively, (47% and 48% respectively). 

Other functions proposed by CNG such as In-game Web 

Browsing (71%) and Creating Voting Polls (63%) were found 

to be popular amongst the most dedicated gamers. 

3.5 Stakeholder views on CNG tools 

Stakeholders acknowledged the importance of community 

building tools in games citing an influx of new gamers drawn 

to the opportunities to socialise. They also considered there to 

be gaps in the existing market for specific community, 

particularly communication, related tools. Information sharing 

has an integral role in the online experience as the social aspect 

of games is becoming ever more important. 

One of the main issues identified by stakeholders concerned the 

impact of CNG tools on the illusion of the game; gamers enjoy 

the immersion into the fantasy environment, thus efforts to 

maintain this illusion are critical. The panel asserted that tools 

should be designed such that they do not harm the gaming 

experience and need to be carefully tested for stability and 

reliability across different games. Stakeholders noted that 

acceptance by gamers would also depend on the level of 

interaction that the tools provide. In contrast to end users of 

other services, stakeholders pointed out that gamers often 

expect to influence how the game service is run or how content 

is delivered to them. According to the experts, tools that 

support feedback from users to game developers are needed. 

The industry experts noted that when players choose their tools, 

they are driven by the freedom and control over what they see 

on the screen. Different segments of the gamer market are 

likely to want different features. Therefore it was considered 

essential for CNG to offer a versatile service that users can 

easily adapt to their specific preferences, needs or skills. 

Personalisation was identified as one of the main key elements 

for the success of CNG; both in terms of the choice of tools 

available and the design of the interface that needs to suit the 

online game world. 

The expert panel considered that the in-game video streaming 

tool would be of most interest to game developers. However to 

maximise adoption by users they indicated a need to establish 

whether or not the European games market is ready for in-game 

video streaming prior to its introduction. 

4 CONCLUSIONS 

CNG is conducting research to inform the development of in-

game community activities that enable gamers to create, share, 

and insert UGC. The UGC considered by the CNG project 

includes 3D objects, graphics, and video.  The objective of the 

research outlined in this paper was to understand gamers‟ 

current needs and unmet needs for in-game communication 

and community related tools; to quantify gamer interest in the 

range of tools proposed in the CNG project; and to identify 

initial views of the project by stakeholders.   

The interviews with gamers identified both a wide range of 

motivations to engage in community related game activities 

and various difficulties associated with existing tools. These 

qualitative findings were supported by the results of the 

stakeholder research and the online survey which found that 

amongst High MPO/MMO players in particular there is 

interest in and a need for improved tools to support 

community activities around their game use, especially in 

relation to video and communication.  Furthermore, whilst 

these needs are currently met through the use of standalone 

applications running in the background to the MMOG (e.g., 

Google talk for text chat; Skype or Ventrilo for VOIP (Voice 

over Internet Protocol), Fraps for video capture, the biggest 

frustrations reported by MMOG players were delays and 

instability caused by the need to minimise the game screen or 

to switch to an external application for community tools.  This 

is encouraging for the CNG approach which intends to offer 

such tools without the need to minimise the game screen. 

Furthermore, as identified in the interviews and confirmed by 

the survey and stakeholder results, efforts to maintain the 

game illusion are critical to avoid harming the game 

experience.  Finally, in relation to future game development 

and project partner interaction with game developers, a 

number of functions that were popular with gamers in this 

research, such as skill matching, complex statistics and 

availability of players across games, could be more elegantly 

implemented with access to the game.   
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ABSTRACT 

Most of Massively Multiplayer Online Games (MMOGs) aim to support and improve the community activities among 
their members. The Community Network Game (CNG) project has focused on services supporting players during their 
in-game community and collaboration activities. The tools we offer use an innovative technology, namely the In-game 
Graphical Insertion Technology (IGIT), which permits the addition of web-based applications without having to modify 
the game code. These tools follow a design adapted to the needs of MMOG players. They are provided by the so-called 
CNG Server and have been implemented based on recent advances in Web 2.0 technology. The in-game collaboration 
activities provided by the underlying framework are also enhanced using Peer-to-Peer (P2P) technology for the 
distribution of user-originated live video. In this paper, we concentrate our focus on the architecture of the server as well 
as on the design and implementation of the community and collaboration tools. 

KEYWORDS 

Massively multiplayer online gaming, gaming communities, user-generated content, game adaptation, system design 

1. INTRODUCTION 

The Community Network Game (CNG) [5] is a research and innovation project funded by the European 
Commission to research and develop in-game community applications for MMOGs. Currently, many 
Massively Multiplayer Online Games (MMOG) providers offer various tools for building online 
communities and for sharing User-Generated Content (UGC) as an integral part of their games. Having a 
common look-and-feel of out-of-game features for different games is a recent trend and several game-
adaptation frameworks were born for this purpose. Steam and XFire are such applications, with many 
surveys, like [4] and [8], mentioning XFire [10] to be the most important one among them. XFire provides a 
set of tools that is displayed in an overlay on top of the screen. It is a free product and does not change the 
game code. Some of the key features supported by Xfire are: text and voice chat, screenshot and video 
sharing, live video streaming, interaction with external Instant Messaging (IM) networks, web browsing, etc.. 
All these functions can be started in the game-screen without any player’s obligation to leave the game 
window. 

The progress beyond the current game adaptation products offered by CNG can be summarized in the 
following points. It should be noted that all technologies mentioned below are developed in an MMOG 
“independent” and “friendly” manner: 

 Cutting-edge network technologies for live video sharing over Peer-to-Peer (P2P) [2]. 
 Game-oriented social networking, collaboration and video-editing tools. 
 Innovative web technologies suitable for in-game rendering of online community and collaboration 

tools. 
 Advanced game adaptation technologies allowing the user to replace 2-D textures and inserting 3-D 

objects in selected game scenes. 

                                                 
*The research leading to these results has received funding from the European Commission's Seventh Framework Programme (FP7, 
2007--2013) under grant agreement no. ICT-248175 (“The Community Network Game” project). 

IADIS International Conference Game and Entertainment Technologies 2012

49



CNG makes use of In-game Graphical Insertion Technology (IGIT), which is an innovative technology 
permitting the replacement of game objects and the insertion of UGC as an overlay of the game scene in real-
time. Using IGIT external web-based applications can be rendered, as a new layer on top of the game screen. 
In this way, innovative community and collaboration activities can be easily introduced as in-game features. 
It is important that IGIT functions are offered, without changing the game application in the MMOG client or 
in the server [3]. The MMOG "independence" allows the same technology to be used in multiple games, and 
therefore CNG consists a generic application with a single installation being able to address directly to 
multiple MMOGs and MMOG operators. The provision of the new community and collaboration features 
will be provided by a deployment separate from the MMOG delivery network and thus, by moving the 
processing and network load away from the MMOG server or content delivery network, new demanding 
features and applications of can be offered to the users.  

The CNG community and collaboration tools are provided by the CNG Server, which consists the core of 
the CNG system. The implementation of the online community and collaboration applications is based on 
Web 2.0 technology, which is widely used for social and UGC-sharing activities. In this paper, we describe 
the high-level architectural design of the system components developed to support CNG community and 
collaboration tools. In addition, we provide a detailed description of the architectural elements, starting with 
details on the CNG Server’s components and continuing with the online web applications. The most 
important aspects of system’s design and implementation are described, including the used interfaces and 
protocols, the interaction of the system modules and the adopted technologies. We concentrate our focus on 
the features that distinguish the CNG services from a typical social networking system and we issue any 
design aspects that can contribute to future standardization processes for WWW and open social networking. 

2. DESIGN & ARCHITECTURE 

2.1 User Interface 

The graphical design for widgets implementing the various tools follows a simple and clear approach, so as 
not to dominate the game scene, thus avoiding to distract the users, and to affect their in-game experience. 
The tools-widgets are web pages that are rendered inside the game window, through the IGIT technology, 
which allows the in-game display of web content. 

 

 
Figure 1. RedBedlams's “The Missing Ink” game with integrated CNG collaboration tools 

The CNG tools use advanced web technologies to provide customizable layouts. This is required in order 
to allow both for different positioning options in the different games, since the CNG collaboration tools 
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should not overlap the game's on screen tools and options, and for the users' various preferences and styles. 
Different layouts can be used for different scenes of the same game and/or different views of the same scene. 

The CNG tools appear as floating windows within the game screen and can be considered as part of the 
game. Thus the tools enhance the in-game experience without requiring the players' to break their gameplay 
to access external tools. Two different positioning, transparency setting and sizing options are depicted in the 
two screenshots of Figure 1 using the CNG framework with RedBedlam's “The Missing Ink” [9]. One shows 
a vertical alignment of the panes of the blogging widget, and the other shows a horizontal alignment of the 
panes of the “Wall” widget. 

Although positioning the CNG collaboration tools outside the game window, e.g., next to right side of the 
game window, was an option, gamers strong expressed their preference for tools rendered on top of the game 
window. 

The support of multiple game resolutions and screen sizes is a big challenge for the design of the CNG 
User Interface. The CNG online community and collaboration tools have been designed independent of the 
game resolution selected by the user. The independence from the game screen configuration is not just 
limited to the size of the CNG widgets but extends to their web content. When the session is initialized, the 
CNG Server dynamically generates the appropriate dimensions for the CNG windows, as well as the proper 
Cascading Style Sheet (CSS), using information for the game screen configuration sent by the CNG Client, 
in order to achieve a consistent layout for the CNG tools' windows. 

2.2 Web Server 

The web server, as part of the CNG Server, provides the online community and collaboration services. The 
web server consists of two components: the presentation-tier, which is the UI component, and the business 
logic-tier, which is the backend component. The implementation of the web server is based on the Elgg social 
networking engine [6]. 

The UI Component is the interface of the overall web server with the CNG Client side and in particular 
with the web-browser instances in it (at this point it should be recalled that the client side of the CNG system 
is executed within a container that, using instances of a web-browser, displays web content on top of the 
game screen). The UI component serves the client side with the user interface of the CNG Web 2.0 online 
collaboration tools, as web content (HTML, JavaScript and Flash objects). The web browser instances in the 
CNG Client side communicate directly with the UI component requesting these services’ layout and content. 
Thus, the CNG user interface and the CNG Web 2.0 online collaboration tools can be updated and extended 
without the need to change the CNG Client. In addition the UI Component provides of the web-based 
interface used for the administration of the web server. This is only available to administrators of the CNG 
system (i.e. users with relevant privileges). 

The Backend component is the mid-tier between the other parts of the system, i.e., the UI Component and 
the Database and it consists the core of the web server. The Backend component provides all the functionality 
that is related to the Web 2.0 community and collaboration applications of the CNG system. This includes the 
management of these web applications, and the management of users, access groups, and. all the other 
involved entities. Finally, the Backend component is located between all other components and the Database. 
This way it hides the schema and implementation details, decoupling the Database from the rest of the 
system.  

The CNG Server component provides the ability to users to interact with their accounts in external social 
networks. Towards this direction, the system provides interconnection with Facebook and Twitter social 
networks with single sign-on functionality. An one-time setup phase has to be completed by the user in order 
to enable this feature. The user provides his credentials for his Facebook and Twitter account and authorize 
the CNG application to have access to his accounts. When completing this setup phase CNG server receives 
an access token from the external social networks and acquires permanent access. It is important to note that 
CNG Server does not store the user's credentials for obvious security reasons. Once the user authorizes the 
CNG application, then he is able to post the messages that are displayed in CNG Web tools to his his Twitter 
and Facebook walls. The server side does this posting, without prompting the user to enter his credentials. 
This procedure can be considered secure, as the access tokens are valid only for usage by the CNG 
application. 
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2.3 Chat Application 

Chat application allows users to communicate in groups using instant messaging and voice while being 
logged in to the system. It also provides private chat between two users. In group chat, the users are able to 
enter virtual rooms that others have created and communicate with all the users of the room. It is obvious that 
the users of the room have to be online. However, in the case of private messaging, the messages sent to 
offline users will be delivered when the users log back in. At this time, a notification message for new chat 
messages is presented to the user. CNG Server is responsible for room management and also for access 
management. 

The implementation of the web based Chat Application is based on Adobe Flash [1] technology. This 
technology was selected after examining the capabilities of other solutions like Java and HTML. Especially, 
the selection of HTML5 was discouraged, as it does not support voice capturing. In addition, Adobe Flash 
presented better animation quality when comparing with both HTML5 and Java applets.  

Chat services require an infrastructure, which will enable them to operate. For this purpose, a media 
server is used as an application server. Red5 Media Server [7] was selected, as it is an open source 
multimedia server that supports media streaming features. While the user is connected to the system, the chat 
application maintains a permanent connection between the user and the media server. The user can retrieve 
data asynchronously without interfering with the display and behavior of the web page within the browser. 
Chat application can be considered both transmitter and receiver of data. It is able to capture voice and text 
messages and transmits them to the media server. In parallel, it can receive voice streams and messages and 
reproduce them in the client side.  

2.4 Database 

The database is an essential part of the CNG Server’s architecture since it stores data for the CNG 
community and collaboration tools. The web server and the CNG tools are based on the Elgg social 
networking engine [6], and therefore CNG database schema is based on Elgg’s schema. This schema models 
the entities and the general entity relationships, while it allows custom entities and relationships. In addition, 
it can store access rights to objects that can be used for authorization purposes. 

The database schema provides two ways to store additional information to entities. The first way is the 
addition of metadata, which can be considered as adding attributes to an entity. This way is used in order to 
prevent altering the schema. The second way is the addition of annotations, which are generally information 
added by third parties like comments and ratings. Metadata and annotations are modeled by tables that store 
the strings of extra information, which are linked to the entities. 

2.5 Administration & Monitoring 

In online systems like CNG where many users are served at the same time, it is essential to monitor the 
system's performance and also the online tools usage using administrative and monitoring tools. There are 
many cases where administration and moderation must be applied when the users are free to interact with the 
online community. In these cases, the administrative tools are used in order to supervise the CNG community 
network and avoid the distribution of inappropriate content. Using the infrastructure of the CNG tools, the 
user can easily report to the administrator any user or content.  

The administrative tools provide an interface for the administrators to manage the CNG system. The 
management can be done using network administration tools and a control panel for users' accounts 
administration, which actually provides full access to users of the system. This control panel supports 
operations for adding, removing, activating, deactivating a user and also resetting passwords and promoting 
users as system administrators.  

Information about system usage can be considered valuable when analyzing complex online systems with 
many users. CNG monitoring tools log the users' activity within the CNG tools and intend to provide 
information on the users' behavior. These tools are able to provide detailed logs for each user or tool and 
aggregated visualized statistics. The monitoring procedure intends to analyze the traffic of the CNG tools 
usage at the highest possible level. The main functionality of monitoring tools relies on collecting real data 
and analyzing them in order to extract knowledge about the usage of CNG community tools. The system logs 
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every HTTP request and then extracts the requested URL and the HTTP request method. With this 
information it can map each request to a specific action of the user, like writing a wall post, viewing a live-
stream, upload a file, etc.. 

The implementation has been based on the Elgg [6] framework's infrastructure, so that the monitoring 
tools are used in combination with existing online verification tools in order to provide a complete view of 
the system’s behavior. CNG Server provides a system diagnostics tool that can be used for inspection of all 
the configuration information of the system, like the paths to the files installed in the web server and all the 
installed collaboration and community tools accompanied with necessary related details.  

3. CONCLUSION 

In this paper, we presented the online system that was developed as a part of “The Community Network 
Game” (CNG) project. CNG aims to provide online community and collaboration services to MMOG 
players. We presented an introduction to its key features, like the IGIT technology and the live video 
streaming over the peer-to-peer network. We described the high-level architectural design of the CNG system 
and highlighted the system's design and implementation for the provision the online community and 
collaboration tools. We showed the key features of the CNG Server and also covered some important aspects 
of the CNG Client. Our analysis included details on the user and administration interfaces, the element's 
structure and the functionality for both the CNG Server and Client.  
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Supporting collaborative activities among the online players are one of the major challenges in the area of Massively Multiplayer
Online Games (MMOG), since they increase the richness of gaming experience and create more engaged communities. To this
direction, our study has focused on the provision of services supporting and enhancing the players’ in-game community and
collaboration activities. We have designed and implemented innovative tools exploiting a game adaptation technology, namely,
the In-game Graphical Insertion Technology (IGIT), which permits the addition of web-based applications without any need
from the game developers to modify the game at all, nor from the game players to change their game installation. The developed
tools follow a design adapted to the MMOG players’ needs and are based on the latest advances on Web 2.0 technology. Their
provision is performed through the core element of our system, which is the so-called Community Network Game (CNG) Server.
One of the important features provided by the implemented system’s underlying framework is the utilization of enhanced Peer-to-
Peer (P2P) technology for the distribution of user-generated live video streams. In this paper, we focus on the architecture of the
CNG Server as well as on the design and implementation of the online community and collaboration tools.

1. Introduction

One of the most interesting potentials that Massively Mul-
tiplayer Online Games (MMOGs) developers and operator
have is that they can offer to the online players the possibility
to interact with a large number of other players as well as to
collaborate and compete in a large variety of gaming situa-
tions. The majority of these activities are made in the context
of online communities that can be built around the game
and where players of MMOGs tend to join to connect with
people with common interests and passions and to share
their in-game experience [1]. The Community Network
Game (CNG) [2] is an EU-funded research and innovation
project that researches and develops in-game activities using
the In-game Graphical Insertion Technology (IGIT) and that
proposes an architecture that combines efficiently the client-
server infrastructure for the MMOG activities with a Peer-
to-Peer (P2P) overlay for the delivery of user-generated live
video.

IGIT is an innovative technology that permits replacing
game’s objects and inserting User-Generated Content (UGC)
within the game in real time. Using IGIT, the in-game avatars

can be customized with players’ images, external 3D objects
can be inserted within the game screen, and other types of
windows, for example, external applications, can be inserted
as a new layer on top of the game screen. It is important
that IGIT’s features are offered without the need for the game
developers to change the game’s code in the MMOG client or
server [1]. This MMOG “independence” is achieved through
a game adaptation process and an integrated browser’s
rendering engine, which permits that the same technology
implementation can be used in the same way on multiple
games, and thus making CNG a generic application able to
address directly multiple MMOGs and MMOG operators.

In this paper, we describe the high-level design and the
system architecture components developed within CNG sys-
tem for the support of community and collaboration appli-
cations. Furthermore, we provide a detailed design of the
system’s architectural elements starting with details about
the CNG Server’s components and continuing with the Web
2.0 applications. The most important aspects of system’s
design and implementation are described. the used interfaces
and protocols, as well as the system modules and the
internal design specification. We focus on the features that
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distinguish CNG collaboration tools from a typical social
networking website and we highlight any design issues
that can potentially contribute in future standardization
processes for WWW and open social networking.

The remainder of the paper is structured as follows.
Section 2 reviews existing systems in the area and compares
similar systems’ achievements with those of CNG. Section 3
provides an overview of the CNG system’s architecture and
focuses on the supported community and collaboration
tools. The design of the CNG Server architecture with regards
to the online community and collaboration tools is presented
in Section 4. The first results on our collaborating experience
within CNG environment are presented in Section 5. In
Section 6 we conclude, and, finally, in Section 7 we present
our expectations as well as the planned next steps of this
work.

2. Similar Systems and CNG Progress

Currently, many MMOG creators tend to build online com-
munities around their games and to allow their players creat-
ing their own content and sharing it. In order to have a
common look-and-feel around multiple games, a new trend
towards the game adaptation frameworks and Online Meta-
Gaming Networks (OMGNs) was arisen. There are several
game adaptation and OMGN products that have been
created so far, like Steam [3] and XFire [4], with the XFire
being the most notable one among them, as mentioned in
several studies including [5, 6]. XFire achieves game adap-
tation and provides a set of tools that appear in an overlay on
top of the game screen. XFire is a free product and does not
need any modification of the game code. Some of the most
important features that XFire supports are the following:

(i) text and voice chat,

(ii) screenshot and video sharing,

(iii) live video streaming,

(iv) interconnection with external Instant Messaging
(IM) networks.

(v) web browsing.

All of the above features can be launched within the
game screen, eliminating the disruption of the player’s in-
game experience since quitting of the game application is not
needed.

Using IGIT, CNG is able to introduce innovative com-
munity and collaboration activities between gamers. MMOG
serving systems can provide only limited and low-volume
out-of-game services via their central servers. By the reduc-
tion of the processing and network load, the new game
features and applications offered by CNG are able to
overcome the limits that the majority of the current MMOG
providers face. CNG community and collaboration appli-
cations appear within the game environment and can be
accessed and manipulated by the players without the need
to interrupt their gaming experience. These services are
offered by the CNG Server (or multiple CNG Servers) which
is the core of the CNG system architecture. One of the

most important services offered by CNG is the streaming
of user-generated live video among the online players using
P2P technology. In the context of this service, CNG has
researched and developed an innovative architecture that
permits sharing of live video streams between multiple
players via P2P without interrupting the MMOG data
flow [8]. This P2P technology includes techniques for the
creation of a dynamically optimized scalable network for
the distribution of live video streamed from one player to
another or from one to many players. The generated live
stream traffic constitutes a major challenge given that it
creates flows within a network already used by the MMOG
data flows. To this direction, the project has researched and
developed new techniques for P2P live video streaming that
respect the MMOG client-server traffic (i.e., show “MMOG-
friendliness”). The corresponding P2P tracker constitutes
part of the CNG Server and has persistent communication
with the CNG Client applications (peers) being responsible
for the coordination and organization of the peers in order
to assure an efficient and “MMOG-friendly” P2P live video
communication. It should be noted that the implementation
of online community and collaboration applications is based
on Web 2.0 technology which is widely used for social and
UGC-sharing activities. Further enhancements have been
added to support the in-game activities as well as to make
use of the features offered by the IGIT technology.

Table 1 lists the CNG key features and shows whether
they are offered by the current game adaptation products
or not. The most significant in-game adaptation frameworks
have been considered in this comparison, namely, XSteam
[3], XFire [4], PLAYXPERT [9], Overwolf [10], and Raptr
[11]. It is obvious that XFire is the most notable among
the similar systems. The progress of CNG beyond the
current similar systems can be summarized in the following
directions:

(i) innovative network technologies for live video shar-
ing over a P2P overlay network,

(ii) game-oriented social networking, collaboration and
video-editing tools,

(iii) innovative web technologies appropriate for the in-
game rendering of the online community and collab-
oration tools,

(iv) advanced game adaptation technologies for 2D tex-
ture replacement and 3D object insertion at game-
spots indicated by the user.

It should be noted that all of the above technologies have
been developed in an MMOG “independent” and “friendly”
manner.

3. The CNG System

In this section we provide a high-level overview of the CNG
system’s architecture and present the online community and
collaboration tools designed to support MMOG communi-
ties.
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Table 1: CNG features support by the most significant similar systems (source: [7]).

Feature XFire PLAYXPERT Steam Overwolf Raptr

Texture replacement

In-game overlay � � � � �
Video capture � � �
Video edit

Video upload � �
Live video �
Instant messaging � � � � �
Audio chat � � �
File sharing

Online blogging

SDK free � � � �

3.1. Overview of CNG Architecture. Figure 1 provides an
overview of the CNG system’s architecture. The CNG system
consists of two basic elements, namely, the CNG Client
and the CNG Server. The CNG Client has been designed
as a framework that runs together with the game itself on
the user’s machine. On the other hand, the CNG Server
consists of a set of components providing the various services
for community and collaboration activities as well as for
live video sharing. Figure 1 also depicts the MMOG Server
entities as well as the network flows related to the CNG
and MMOG services provision. It is obvious that the generic
MMOG architecture is not modified since the game content
is still transferred through the MMOG Server(s).

The CNG Client is an application that integrates the
game application and provides the framework enabling the
user to access the MMOG as well as the CNG toolbox. This
framework is able to embrace any online game application
simply by a configuration process that can be executed easily
by an inexperienced user. The CNG Client includes all the
software that is necessary for the game adaptation, that is,
the IGIT libraries, as well as the P2P module.

The CNG Client’s P2P module is responsible for the
live video sharing over P2P among the peers. It has a dual
role based on whether it is located in a source or sink
peer. In a source peer it is responsible for the captured
video adaptation and streaming to the appropriate sink
peers. Within a sink peer the P2P module is responsible for
receiving the video streams, retransmitting them to other
peers when necessary, as well as for the adaptation of the
received video data in order to play back the video initially
captured in the source peer. In order to achieve the above
procedure in an efficient manner, the P2P module interacts
with the P2P tracker in order for the P2P tracker to build
and manipulate the P2P overlays. The P2P module also
includes mechanisms that add reliability and improve the
performance of the P2P system. These mechanisms include
schemes for congestion control, forward error detection,
and correction of packet losses. The P2P module has also
been designed to create a UDP traffic that is “friendly”
to the game’s TCP traffic. “MMOG friendliness” has been
implemented in the sense that the CNG P2P module is
able to adapt the use of network resources by identifying

MMOG CNG

Client

P2P (UGC)
Game content and data
CNG content

www

servers server

ClientClient

Figure 1: The CNG network architecture (source [1]).

the available network capacity and thus respecting the game
traffic flows [8].

Within the CNG Client framework, the various CNG
tools are offered to the players through the CNG toolbox. The
CNG toolbox is the web application that is initially rendered
within the game screen through the IGIT technology. It
provides access to the various Web 2.0 tools for social
networking, collaboration, video editing, and video sharing
over P2P, which are all developed within CNG project. CNG
toolbox also provides access to other services like access
to external IM applications and web search engines. The
IGIT module provides controls for the look-and-feel of all
the out-of-game CNG tools on the game screen including
their size, position, and transparency. A JavaScript API has
been implemented within the IGIT module to provide the
necessary IGIT functionality to the Web 2.0 tools [1].

The CNG Server is the core of the CNG system and
has a twofold role within it. First, it provides the CNG
online community and collaboration web services to the
connected CNG Clients, and, second, it monitors the P2P
communication as a P2P tracker. As a web server, CNG
Server provides all the CNG community and collaboration
services, the video and graphics tools that are provided in
the CNG set of tools. As a fully integrated and standalone
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system, web server also hosts additional applications like
media services, administration UIs, and applications for the
interaction with external social web services like Facebook,
Twitter, and YouTube. It should be noted that the CNG
Server architectural design permits that all the above services
can be hosted on the same or multiple machines. As a P2P
tracker, CNG Server is responsible to interact with the
various P2P modules within the CNG Clients, to organize
of the P2P overlays for achieving an efficient live video
diffusion. Finally, the P2P tracker hosts all the common
information entities that are to be accessed by the peers [12].

3.2. Social Networking and Online Collaboration. CNG
Server hosts various community tools that offer online
collaboration services to users. The tools are accessible to the
users through the GNG Toolbox. Since they are web based,
the CNG Client retrieves all the necessary information from
the CNG Server in order to provide these applications to the
user.

The community tools are based on the Web 2.0 technol-
ogy and are following the science-driven and interoperable
design. The users are able to interact, communicate, and
collaborate with each other in a social networking platform.
In this architecture, the users are considered to be both
consumers and producers of the generated content. As long
as the CNG Server acts as a social networking system, it
considers four different types of user-to-user relationship:

(1) idol,

(2) fan,

(3) friend,

(4) friend of a friend.

Assuming that player A adds player B to his (A’s) friend list
means that player A is now a fan of player B and player B is
an idol of player A. If player B also adds player A to his (B’s)
friend list then player A will be friend of player B and player
B will be friend of player A. Finally, if player C is a friend of
player B, he has just become a friend of a friend of player A.
The friend list can be organized by creating various groups
of friends.

Community tools provide a wide variety of interactive
applications. The members are able to interact and com-
municate to each other using many available tools, from
simple private messaging to live video streaming. The tools
are intended to be accessible within the game environment.
Taking this into account, they are having minimal style.

The design of the web tools can support and present
many forms of user-generated content. Firstly, the Wall
application is a community tool in which the users can
publish posts in a common thread. The users can view posts
made by other users and can interact by replying or republish
them to his Facebook and Twitter accounts.

The user can create his personal blog, create custom
polls, or upload files. These features are widely used in social
networks and are considered to be very essential tools for
the members of gaming communities. The proposed design
follows the principle that the user-generated content should
be exposed only to authorized groups. When uploading a

file, creating a poll, and so forth, the user specifies the access
restrictions, thus the content may be publicly available or
only available to a group of friends.

Voice chat applications are very popular to gamers as
long as they support voice conversations besides text-based
chat. CNG Server includes a voice chat tool that can be
used for real-time communication among the connected
members. Every user can create his own chat room providing
information about who are authorized to join it.

IM belongs to the real-time text-based communication
systems, between users that use any supported devices. As
the majority of The Internet users are using IM services,
the need of interconnection with such external services
arises. Following the users’ needs, CNG Server integrates
browser-based IM systems that support multiple networks,
like Windows Live Messenger [13] and gTalk [14].

4. Design and Architecture

In this section we present the architectural components
developed within CNG to provide the online community
and collaboration tools, namely, the user interface, the web
server, the database, and the chat application. We describe
the chat application separately since a large part of its
functionality has been implemented to run within the CNG
Client and because it is the sole system’s module that
interacts with the media services of the CNG Server. Figure 2
illustrates an overview of the system design for the provision
of the community and collaboration services.

Before presenting the architectural components in more
detail we summarize the user needs that led to the CNG
system and the design presented in this paper.

4.1. User Needs for Community Activities within MMOGs.
The CNG project has conducted a user needs’ analysis and
an initial research on stakeholders’ requirements. The results
are available in [15] and are outlined in [16]. This research
identifies why players communicate with others, what they
share and how, as well as what they find frustrating about
using current community related tools. Some of the main
points found in this work are summarized below.

(i) The interviewees were frustrated by the use existing
community tools, because of reduced immersion,
communication difficulties and privacy issues, and
poor usability of tools.

(ii) Some of the interviewees have used or were aware of
similar systems, low awareness and poor ease of use
being the hurdles to adoption.

(iii) Many reported that if the process of using such tools
was made easier, they would be more likely to try it.

(iv) The key social/community functions that were par-
ticularly popular include video sharing, chat services
and in-game web browsing.

(v) The results support the development of a range of
social/community function, in game, without the
need to minimize the game screen.
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Figure 2: System architecture for the provision of community and collaboration services.

These findings formed the basis for the selection of the
CNG tools to support social and community activities from
within multiplayer games and the design of the CNG system,
detailed in the following sections.

4.2. User Interface. As discussed previously, IGIT technology
permits the in-game rendering of web content and thus
the CNG online community and collaboration tools are
implemented as web pages that are rendered inside the game
window and corresponding to various independent widgets
that are offered to the players. The graphical design for these
widgets follows a simple and clear approach, so as not to
dominate over the game scene itself onto the screen and
therefore without affecting or distracting the user’s in-game
experience. Figure 3 depicts some examples of these widgets.

The CNG tools have customizable layout by making
use of advanced web technologies. This is to accommodate
both the various users’ preferences and styles, as well as the
different positioning options in the different games since the
CNG collaboration tools should not overlap the game’s on
screen tools and options. The customization options can also
be used to offer different layouts for different scenes of the
game and/or different views.

Using IGIT, the CNG tools behave as floating windows
within the game and thus achieve to appear as part of the
game. The importance of this functionality is that it enhances
the game experience without any need for the players
quitting the game and breaking their in-game experience.
It should be noted that positioning the CNG collaboration

Figure 3: Examples of CNG community and collaboration tools’
widgets.

tools outside the game window, for example, next to right
side of the game window, has also been considered but
gamers seem to prefer the tools rendered on top of the game
window. IGIT permits that the tools’ containers can be highly
customizable in terms of size, position, and transparency.
Two different positioning, transparency setting, and sizing



6 International Journal of Computer Games Technology

options are depicted in the two screenshots of Figures 4 and 5
where RedBedlam’s MMORPG, the so-called “The Missing
Ink” [17], is being used within CNG framework. The first
screenshot shows the layout of the blogging widget when
the user has expanded the widget’s height and therefore a
vertical alignment of the panes in the widget is more suitable
in terms of usability and visibility. The second one shows
the “Wall” widget layout in case the user has expanded the
widget’s width and therefore a horizontal alignment of the
panes in the widget is more suitable.

Finally, an important challenge during the design of the
CNG User Interface is the support of multiple game reso-
lutions and screen sizes. To this direction, the CNG online
community and collaboration tools have been designed in a
manner that is independent of the game resolution selected
by the user. This adaptation to the game screen configuration
is not limited to the size of the CNG tools’ windows but also
considers their web content. At the initiation of the session,
the game screen configuration is read through the IGIT
JavaScript library and communicated to the CNG Server.
Based on this input, CNG Server generates dynamically
the appropriate dimensions of the CNG windows as well
as consistent Cascading Style Sheet (CSS) files for the
various elements (including Flash objects) consisting the web
content, thus, achieving a consistent layout of the CNG tools’
windows.

4.3. Web Server. The web server is the CNG Server’s compo-
nent responsible for the provision of the online community
and collaboration services. The web server consists of two
components: the UI component, which is the part of the
web server that constitutes the presentation-tier, and the
backend component, which is the part of the web server that
constitutes the business logic-tier. The web server is based on
the the Elgg social networking engine [18].

4.3.1. UI Component. The UI Component is the interface of
the overall web server towards the web browser instances
in the CNG Client side. At this point it should be noted
that the client side of the CNG system is executed within
a container that is able to display web content on top of
the game, using web browser instances. The UI component
provides the client side with the CNG user interface and
the Web 2.0 online collaboration tools as web content, that
is, HTML, JavaScript, and Flash objects. The web browser
instances in the CNG Client side can communicate directly
with the UI component in order to be provided with these
services. With this arrangement it is possible to update and
extend the CNG user interface and the CNG Web 2.0 online
collaboration tools without changing the CNG Client.

An additional service offered by the UI Component is the
provision of the web-based interface that is necessary for the
administration of the web server. This interface is available to
the users that have privileges as administrators on the CNG
system.

4.3.2. Backend Component. The backend component is in the
core of the overall web server and it is the mid-tier between

Figure 4: RedBedlam’s “The Missing Ink” game with integrated
CNG collaboration tools, where widget panes are in vertical
alignment.

Figure 5: The same game with integrated CNG collaboration tools,
where widget panes are in horizontal alignment.

the other parts of the system, that is, the UI Component
and the Database. The purpose of the backend component
is to provide all the functionality that is related to the Web
2.0 community and collaboration applications that the CNG
system offers and integrates with the games played. This
functionality includes also the management of these web
applications, as well as the management of the involved
entities, for example, users, access groups, and so forth.

In addition the backend component also offers authenti-
cation and authorization services, to the rest of the system
that might require it. Although the authorization and
authentication is designed as part of the backend component,
since the user accounts and the access rights are a key
part of the social applications, the pertinent functionality is
provided also using a simple and clear interface that other
servers and/or modules can use. The backend component
stands between all other components and the database,
hiding the database schema and database implementation
details, from the rest of the system.

4.3.3. External Social Networks. CNG Server has the capabil-
ity to interact with other existing external social networks.
The system’s design includes interconnection with Facebook
[19] and Twitter [20] and single sign-on functionality. The
user has to follow an one-time setup phase in which he
enters his Facebook and Twitter credentials and an access
token is generated. In this setup phase, the user has to
authorize the corresponding CNG application to grant write
permissions in his account. The credentials are used only to
acquire a permanent token and are not stored in CNG Server.
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After this initialization step, the messages that are posted
using the community tools can be posted to his Twitter
and Facebook walls. This procedure is done at server side,
without prompting the user to provide his credentials for
logging in to his social networks accounts. The design of the
interconnection with the above networks can be considered
secure, as long as no credentials are stored in the CNG Server
but only the access tokens. These tokens are valid only for
usage by the declared network address of CNG Server.

4.4. Chat Application. Chat application can be considered
as a real-time communication channel which enables two
or more online users to chat using text and voice. It can
provide both private and group chat using chat rooms that
the users can create. In group chat, all the users on the chat
room must be connected to the CNG Server but in the case
of private messaging, the messages sent to offline users will
be delivered as soon as the users log back in. A notification
for new messages is presented to the user when there are any
new unread messages and the chat window is enabled but not
visible.

We have chosen Adobe Flash [21] technology for the
implementation of the CNG web-based chat application.
This choice was done by observing a lot of benefits in
comparison with other solutions like Java and HTML. The
most important are the simplicity of the implementation
that Flash offers and the client side compatibility. Flash is
a multimedia platform that is used for graphic animations
and is able to provide interactivity to web pages. Some of
its features include the support of bidirectional multimedia
streaming and capturing the users’ input devices, including
microphone and camera. The Adobe Flash Player is a
very popular multimedia and application player supporting
Shockwave-Flash (SWF) files. It is integrated as a plugin
at most web browsers and is available on many platforms.
Its efficiency relies on the fact that it uses vector graphics
to minimize file size and create files that save bandwidth
and loading time. Finally, the selection of HTML5 was
discouraged in the current implementation while it is a new
technology that supports audio (and video) playback but not
capturing and therefore it cannot adequately cover the CNG
chat application functionality.

Chat application was designed to be simple and easy to
use in order to not require a lot of resources and degrade
the gaming experience. An overview of the intefaces between
the involved system modules is depicted in Figure 6. Like
every CNG web tool it is applied as a module in CNG Server
and it is located at server side. This architecture enables the
maintenance of this tool independently from the system. A
replacement of this tool with a tool that relies on different
technology is also possible without introducing any overhead
to CNG Client software.

A media server is used as an application server for the
chat services. Flash is accompanied by open-source solutions
like the Red5 Media Server [22], which is used for the support
of the media streaming functionality. Red5 is an open-source
RTMP server written in Java that can be used for text, audio,
and video chat applications. It supports audio/video stream-
ing (FLV and MP3), client stream recording (FLV only),

Web 2.0
applications

RTMP

HTTP

CNG server

Media server

Backend server

Database

CNG chat
application

Figure 6: Overview of the interfaces for CNG chat application.

and live stream publishing. This server handles the CNG
chat application requests by implementing the Real-Time
Messaging Protocol (RTMP) protocol for all multimedia
transmissions of the chat application.

The Flash objects that are provided by the CNG Server
are intended to provide web-based text and voice communi-
cation in an asynchronous mode in order to implement an
interactive web application. The chat application maintains
a permanent connection between the user and the media
server as long as the user is connected. Thus, the user can
retrieve data asynchronously without interfering with the
display and behavior of the existing page.

The CNG chat application acts both as transmitter and
as receiver at client side. As a transmitter, it is able to capture
voice and text messages and transmits them to the media
server, while as a receiver it can receive voice streams and
messages and reproduce them in the client side. The backend
component’s role is to be responsible for room management
and also for access management in cooperation with the
media server. Users have to select from the list of the users
joined in the room, which voice streams they wish to receive.
They can also send text messages to public (in-room) chat
or to individual (private) user. The communication within
the chat service is not direct between two users, but the
messages and streams are transferred through the media
server. Figure 7 presents the operation of the CNG chat
application with respect to its interaction with the CNG
Server in the form of a sequence diagram.

4.5. Database. The database is part of the CNG Server
and constitutes the data-tier of the CNG Server’s 3-tier
architecture. The main part of the data stored in the database
are the data for the CNG community and collaboration tools.
As mentioned before, the web server and the CNG tools
are based on the Elgg social networking engine [18], and
therefore the CNG database follows the schema required by
Elgg.
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User 1 wishes
audio stream
transmission

User 2 wishes
to receive audio
stream from
user 1User 1 wishes

to send a
private text
message

User 1 wishes
to send a
public text
message

User 1 quits
the chat
application

Chat 1 Media server Backend server Chat 2

(16): disconnect chat

(15): receive public msg
(14): send public message

(13): receive private msg
(12): send private msg

(8): start audio

(6): get user list

(3): connect chat

(4): connect chat res

(9): change user status

(1): login chat

(7): get user list res

(2): login chat res

(11): get user audio res

(5): new user join

(10): get user audio

(17): change user status

Figure 7: Sequence diagram presenting the operation of the CNG chat application with respect to its interaction with the CNG Server.

In order to be extensible, this schema models the entities
and the entity relationships in general and allows specific
entities and relationships that are inherited from the general
entities and relationships. The schema for the “Entities” and
the “Entities Relationships” tables is shown in Figure 8. The
main entities used are the User Entities, The Group Entities,
and the Object Entities. The “User Entities” table and the
“Object Entities” table model the CNG system users and the
user groups defined in the CNG system, respectively. The
“Object Entities” table models the social network objects like
the video streams, the blog posts, the uploaded files, and the
bookmarks. Figure 9 shows the part of the schema for these
main entities.

Further to these entity types, the nature of an entity can
be further specified through the definition of subtypes. For
example, an entry in the Entities that is also related to an
entry in the “Object Entities” table and is related with the
subtype entry “chatRoom” is interpreted as an entry for a
chat-room object. Similar approach is followed for all the
other community and collaboration objects. The subtypes
are mainly used for the objects entities, for example, wall
posts or video streams, but can also be used for all the
other types of entities. The subtypes are modeled by the
“Entity Subtypes” table, which is related with the “Entities”
table, as shown in Figure 10.

Moreover, additional information can be added to enti-
ties in two ways. The first way is the addition of metadata,
which is information that can be added to an entity to

describe it more precisely. For example, tags, an ISBN
number, or a file would fall under metadata. The second
way is the addition of annotations, which are generally
information added by third parties. For example, comments
and ratings are both annotations. Metadata and annotations
are modeled by the “Metadata” and “Annotations” with an
additional “Metastring” table to store the actual stings of
extra information, which is linked to the entities through the
“Metadata” and “Annotations” tables, as shown in Figure 11.

Finally for granular access control every entity, anno-
tation, and piece of metadata is related to an entry in the
“Access Groups” table that models the access rights and
is related through the “Access Group Memberships” table
to the “Entities” table, thus signifying which entities, for
example, users, have access to the entity at hand, for example,
a live video stream. The relevant part of the schema is shown
in Figure 12.

This flexible design of the database schema provides
extensibility to the system, in terms of the possibility for
having additional social objects, additional relationships
between the objects, additional information to existing
objects, and so forth.

4.6. Administrative and Monitoring Tools. As the CNG Server
provides online tools to many users at the same time, it
is important to monitor the system’s performance and also
the online tools usage using administrative and monitoring
tools. The users are free to interact with the online commu-
nity using the CNG tools and it is always possible to generate
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guid bigint(20)
type tinyint(3)
subtype integer(11)

bigint(20)

bigint(20)
integer(11)
integer(11)
dinteger(11)

Entities

id integer(11)
relationship varchar(50)

bigint(20)

bigint(20)

enabled bit

owner guid
site guid
access id

time created
time update

guid one

guid two

Entity Relationships

Figure 8: The tables “Entities” and “Entity Relationships.”

guid bigint(20)
bigint(20)

title varchar(255)

description varchar(255)

Objects Entities

guid bigint(20)
name varchar(255)
username varchar(12)
password varchar(32)
email varchar(255)
language varchar(6)
code varchar(32)

integer(11)
integer(11)
integer(11)

integer(11)

Users Entities

guid bigint(20)
name varchar(255)
description varchar(255)

Groups Entities

guid bigint(20)
type tinyint(3)
subtype integer(11)

bigint(20)
bigint(20)
integer(11)
integer(11)
integer(11)

enabled bit

Entities

group guid

last action
prev last action

last login
prev last login

owner guid
site guid
access id
time created
time updated

Figure 9: The tables “Users Entities,” “Groups Entities,” and “Object Entities” as well as their relationship with the “Entities.”

inappropriate content. In these cases, the administrative
tools are used in order to supervise the CNG community
network and avoid the distribution of content that violates
the terms of service. The users can report any content that
they feel that breaches standards on social, religious, cultural,
or other grounds. Then, the administrators are finally able to
moderate and review any reported user or content.

Administrative tools include an interface for the admin-
istrators of the CNG system to manage the CNG system
using network administration tools and a control panel for
users’ accounts administration. The administrative proce-
dures provide statistics like the number of registered users,
groups, existing polls, issued blog posts, wall posts, uploaded
files, shared streams, and information about currently online
users. The administration panel provides full access to users
of the system. It supports operations for adding, remov-
ing, activating, and deactivating a user and also resetting
passwords and promoting users as system administrators.

A common usage of the users’ administration tool is when
a user generates some appropriate content and should be
banned from the administrator.

CNG Server can be configured by setting its basic proper-
ties like the URL of the website for the provision of the Web
2.0 collaboration tools, along with its name and description.
The administrator can also set the sites email address, the
sites default language, and whether secure access through
HTTPS is used or not. Apart from global configuration set-
tings, the administrator can activate or deactivate any tools
and also configure their parameters. The CNG community
network is designed to be modular and can be considered
as a compilation of different online tools. That means
that the community network can be totally changed by
enabling or disabling some tools. With this functionality the
collaboration tools could be easily extended and maintained
without affecting the whole system. Furthermore, as the
administrator is able to configure the tools’ parameters it
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id integer(11)
type smallint(3)
subtype varchar(50)
class varchar(50)

Entity Subtypes
guid bigint(20)
type tinyint(3)
subtype integer(11)

bigint(20)
bigint(20)
integer(11)
integer(11)
integer(11)

Entities

enabled bit

owner guid
site guid
access id
time created
time updated

Figure 10: The “Entity Subtypes” table.

id integer(11)

bigint(20)

integer(11)

integer(11)

bit
bigint(20)

integer(11)

integer(11)

enabled bit

Annotations

id integer(11)

bigint(20)

integer(11)

integer(11)

bit

bigint(20)

integer(11)

integer(11)

enabled bit

Metadata

id integer(11)

string varchar(255)

Metastrings

guid bigint(20)

type tinyint(3)

subtype integer(11)

bigint(20)
bigint(20)

integer(11)
integer(11)

integer(11)

enabled bit

Entities

entity guid

name id

value id
value type

owner guid

access id

time created

entity guid

name id

value id

value type

owner guid

access id

time created

owner guid

site guid
access id

time created

time updated

Figure 11: The tables “Annotations,” “Metadata,” and “Metastrings”.

means that the configuration of each tool may be changed
online at anytime by the administrators without interrupting
the other tools.

The monitoring tools log the users’ activity within the
CNG tools and intend to provide information on the users’
behavior in the form of detailed logs as well as through
visual aggregated statistics. The implementation of the tools
has been based on the Elgg [18] framework’s infrastructure.
These tools are used in combination with the other online
verification tools in order to provide a complete view of the
systems behavior. CNG Server provides a system diagnostics
tool that generates a text file with all the configuration

information of the system. This information includes all
the paths to the files installed in the web server and all
the installed collaboration and community tools and any
necessary related details. Moreover, the diagnostics tool
provides information on the global parameters of the system,
such as the Server’s environment, IP, URL, and connected
database.

Apart from generic diagnostic tools, CNG Server includes
monitoring tools that are related to specific collaboration
tools. The tool for live video streaming is considered as
one of the most important and most frequently used tool
of CNG system. The monitoring of live video streams
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id integer(11)
name varchar(16)

bigint(20)

bigint(20)

Access Groups

bigint(20)
integer(11)

Access Group Memberships
guid bigint(20)
name varchar(255)
username varchar(12)
password varchar(32)
email varchar(255)
language varchar(6)

code varchar(32)

integer(11)
integer(11)

integer(11)

integer(11)

Users Entities

guid bigint(20)

type tinyint(3)

subtype integer(11)
bigint(20)
bigint(20)
integer(11)

integer(11)
integer(11)

enabled bit

Entities

owner guid
site guid

users guid

access group id

last action
prev last action

last login
prev last login

owner guid

site guid

access id
time created
time updated

Figure 12: The “Access Groups” and “Access Group Membership” tables for the application of access controls to entities.

requires a dedicated monitoring tool that will be able to
provide detailed information. The implementation of this
monitoring tool is illustrated in Figure 13.

The monitoring tools intend to analyze the traffic of the
CNG tools usage at the highest possible level. The main
functionality relies on collecting real data and analyzing
them in order to extract knowledge about the usage of
CNG community and collaboration tools. It is obvious
that the usage of packet capturing (sniffing) software, for
example, Wireshark, is discouraged in this case, since the
desired information exists at the application layer. On the
other hand, the existing common web analytics tools (like
Google Analytics [23]) could be used for monitoring the
CNG system usage but in a generalized way. They are not
able to depict the CNG tools usage because they have no
information about CNG tools or users. Thus, the existing
common web analytics are not suitable for such in-depth
analysis. The implemented web-monitoring tools provide
this type of CNG tools analysis and of course can be used
for extracting generalized results for the system usage.

These web-monitoring tools are integrated to the CNG
Server and are fully accessible from the administration panel
of the CNG Server (of course for the CNG Server’s super-
users). They exploit the existing technology for the Web
2.0 tools. The logged information is stored in the MySQL
database of the system and the results can be viewed from
the existing CNG web interface. Moreover, the “Google Chart
Tools” [24], which is a state-of-art web-technology for data
visualization, is used for rendering charts at client side using
JavaScript.

The logging is executed at every user HTTP request
towards the CNG Server. The system parses the requested

Figure 13: Live video streams’ monitoring on the web server.

URL and then finds the referring tool. Furthermore, it
utilizes the same URL and the HTTP request method (GET
or POST) in order to identify the action of the user within
the CNG tool. The results of the web-monitoring process can
lead to a variety of conclusions. The collected information
reflects the activity of the user on the CNG tools. The results
can be organized in various ways based on the choices of
the system’s verification engineer or administrator. A filtering
procedure that organizes the results (a) per user, (b) per
tool, and (c) per action has been implemented for this
purpose. This filtering procedure is depicted at the following
flowchart.

The results are real time presented to the administrator
and they are available at three formats: tables, pie charts, and
raw logs. Each table shows the results in two columns. The
first column refers to the object that is monitored and the
second column refers to the hits. At pie chart, the objects
are coloured and labelled. This representation is used for
visualizing the table content, thus the administrator is able
to quickly identify which objects are popular.
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Figure 14: Raw logs for a specific user’s activity.

Raw logs are presented in a table with the columns: IP,
Date, Tool, Action, URL, Method. The rows represent the
users’ interaction on the CNG tools. This output format can
be used for in-depth monitoring of activity within a specific
tool or of a specific user. Next, Figure 14 displays the logs of
a specific user.

When a tool filtering is applied, then an action analysis
for the selected tool is presented. The verification engi-
neer/administrator can observe which tools are popular and
which actions are popular for a specific tool. For example,
Figure 15 shows the action monitoring for the “Blog” tool.
Finally, it is worth mentioning that special care has been
given in order for all the above tools to be automatically
extended in case additional tools/user activities are added in
the CNG Server.

5. Internal Testing

The prototype of the CNG system including the CNG
Server and the collaboration tools implemented, based on
the presented design, has undergone a testing phase, called
internal testing or closed alpha testing. During this phase
the CNG system was used together with the TMI on game,
by a small number of users, that are members of the CNG
consortium and students. Although the purpose of the
internal testing was to verify the correct operation of the
CNG system and identify problems and bugs to be fixed,
this testing gave some initial insights into the usability of the
system and its expected acceptance.

The testers found that the CNG system did not affect the
game’s responsiveness and that the CNG tools work well. The
testers appreciated the ability to change the size of the CNG
widgets and rearrange them, as to minimize interference with
the in-game experience. They also appreciated the ability to
change the opacity of the CNG widgets and render them at a
configurable level of transparency.

However, it should be mentioned that this internal
testing procedure was not meant as a large-scale verification,
and the tester demographics may not be representative of the
target group’s (the players of online games) demographics.
Therefore a more complete picture on how the users
experience CNG will be available after the completion of the
large scale CNG verification.

Figure 15: Reporting the actions usage for the “Groups” tool.

6. Conclusions

In this paper, we presented the system developed in the
context of the CNG project in order to provide online
community and collaboration services to MMOG players.
After a brief introduction of the CNG system and its key
features, which are, namely, the IGIT technology and the live
video streaming over P2P, we described the CNG system’s
high-level architectural design. Then we focused on the
system’s design and implementation for the provision the
online community and collaboration tools. We presented a
detailed description of the CNG system’s core element, that
is, the CNG Server as well as the relevant aspects of the
CNG Client. Our analysis included details on the user and
administration interfaces, the element’s structure, and the
functionality for both the CNG Server and Client. All the
relevant architectural components were described including
the web server, the CNG database, as well as the client-
side Web 2.0 components with respect mainly to the CNG
chat. It should be noted that, during the presentation of the
above aspects, we highlighted all the innovative design and
implementation features that distinguish CNG collaboration
tools from a typical social networking website.

7. Future Work

The next step of this work is the evaluation of the design
and the CNG system, during the CNG verification phase.
Tests will be conducted, with the engagement of online
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players, for an extended period of time (approximately 2
months). During this process, online users will be led to
use the TMI online game both without and with the CNG
system. The assessment of the CNG system will be performed
through the collection of feedback from the users through
online questionnaires and with the aid of the implemented
verification and monitoring tools.

As the design of the CNG system is based on real user
needs and is influenced by the user preferences, it is expected
that the verification phase will confirm the system’s usability,
and the players’ intention to use it in order to enhance their
in-game experience. It is also expected that the verification
process will produce several comments for enhancing and
fine-tuning the CNG system, making it more appealing to
the users.

In addition, since the CNG collaboration tools exten-
sively use and integrate open or de facto WWW stan-
dards, several possible contributions to the standardization
processes have been identified so far. The first possible
contribution could be to the specification of the CSS. CNG
system has been designed to support multiple MMOG
resolutions and the collaboration tools have to be rendered
consistently in all resolutions, therefore it is required to
render the content in a resolution-independent manner.
Anther possible contribution of CNG to WWW standards
could be a set of specifications for audio and video capturing
and visual effects support within HTML. Finally, a new set
of social relations, typically used within games, as well as
support for user-generated multimedia content over online
communities, can be contributed to open social networking
standards.
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Abstract—We propose a peer-to-peer system for streaming
user-generated live video. Peers are arranged in levels so that
video is delivered at about the same time to all peers in the same
level, and peers in a higher level watch the video before those
in a lower level. We encode the video bitstream with rateless
codes and use trees to transmit the encoded symbols. Trees are
constructed to minimize the transmission rate for the source while
maximizing the number of served peers and guaranteeing on-time
delivery and reliability at the peers. We formulate this objective
as a height bounded spanning forest problem with nodal capacity
constraint and compute a solution using a heuristic polynomial-
time algorithm. We conduct ns-2 simulations to study the trade-
off between used bandwidth and video quality for various packet
loss rates and link latencies.

I. INTRODUCTION

The last five years have seen the emergence of online
video platforms that enable users to broadcast their own
live video [1]–[3]. This user-generated content typically con-
sists of reality TV, shows, concerts, or, as in Xfire [4] and
TwitchTV [5], live streams from online gamers.

A major problem faced by these platforms is that not all
user-generated content is popular. Consequently, thousands of
live video streams need to be simultaneously streamed to only
a small number of clients. This poses a serious challenge to
the existing content delivery infrastructures, which have not
been designed for that purpose. An alternative solution is to
use a peer-to-peer (P2P) system.

This paper describes a P2P system developed within the
CNG project [6]. The goal is to enable Massively Multiplayer
Online Game (MMOG) players to stream screen-captured
video of their game. Players can use the system to show their
skills, share experience with friends, or coordinate missions in
strategy games. In this context, the video source is any casual
gamer, whose network and computer resources are used for
the game. It is therefore critical to minimize the transmission
rate at the source.

In addition, from discussions with stakeholders in the Inter-
net TV and gaming communities, we have identified another
requirement, which has not been addressed in previous P2P
works. The idea is that peers are arranged in levels such that

This paper will appear in Proc. IEEE International Symposium on Multi-
media, Irvine, Cal., Dec. 2012. Personal use of this material is permitted.
However, permission to reprint/republish this material for advertising or
promotional purposes or for creating new collective works for resale or
redistribution to servers or lists, or to reuse any copyrighted component of
this work in other works must be obtained from the IEEE.

Fig. 1: Video diffusion within and across levels via multicast
trees. Example where five trees are used: two in Level 1
(higher level) rooted at r1 and r2 and three in Level 2 (lower
level) rooted at r3, r4, and r5. A node must receive K = 2
packets to decode the video. A packet cannot be forwarded
more than three times in a tree (H = 3).

live video is delivered at the same time to all peers in the same
level. Moreover, peers in a higher level should be able to watch
the video before those in a lower level. This level-based model
is a generic way to implement a number of practical features:

• in a tiered or freemium service (two popular business
models where users are charged according to the quality
of service received), a level is a priority class. Users in
the same class have the same playback lag. Moreover,
users in a higher class have a lower playback lag than
those in a lower class.

• in MMOGs, a level can be defined as a virtual area
within the game. Players that are located in one particular
area watch a live stream of another player at the same
time, which ensures fairness and consistency. Moreover,
the playback lag for a player increases with increasing
distance to the source of the video.

• in eSport systems (broadcast of live sport events), a level
is associated with physical areas. Two people watching
the same event and close enough to physically interfere
have the same playback lag. This aims to prevent the
annoying situation where viewers react to an event (e.g.,
shouting “goal” in a football match) before it has occurred



on the screen of their neighbors.
We design a multi-level P2P system, which consists of peers

and a P2P server. The P2P server has persistent communication
with the peers and is responsible for building the P2P overlay.
Multicast trees are used to diffuse video data within and
across levels (Fig. 1). We use rateless codes [7] to provide
resilience against packet loss. Rateless codes are probabilistic
erasure codes that can recover k information symbols from any
received k(1+ε) encoded symbols with high probability. Here
ε is a small positive number that gives the trade-off between
the error recovery property of the code and the amount of
redundancy it introduces. Rateless codes are ideally suited
for our application as they (1) have very low computational
cost, (2) minimize delivery redundancy when a peer receives
data concurrently from multiple peers, (3) make the system
adaptive to varying channel conditions since the encoder can
generate on the fly as many encoded symbols as needed.

The use of rateless codes for P2P video streaming was
introduced by Wu and Li [8]. As soon as a receiving peer
successfully decodes the source block, it becomes a source
and applies rateless coding on the decoded source block to
generate encoded symbols for other peers. Grangetto, Gaeta,
and Sereno [9] improved this seminal work by introducing a
method, called ’Relay and Encode’ (RE), where a receiving
peer immediately relays the received encoded symbols. The
authors show that RE has a lower delay than the method
of [8]. In [10], they introduced feedback so that peers can
stop receiving symbols when a block is decoded.

We introduce two new contributions to P2P live video
systems: we design a new multi-level architecture, which
aims at guaranteeing that all peers within the same level
play the video at the same time, and we propose a novel
algorithm to efficiently schedule the rateless encoded packets
within and across levels. Our algorithm tries to build multicast
trees that minimize the transmission rate for the source while
maximizing the number of served peers and guaranteeing
on-time delivery and reliability at the peers. We formulate
this objective as a height bounded spanning forest problem
with nodal capacity constraint and compute a solution in
polynomial-time.

The remainder of the paper is as follows. In §II, we describe
the video transmission scheme. In §III, we present our tree
construction algorithm. In §IV, we use ns-2 simulations to
test our P2P system. Finally, we give our conclusions in §V.

II. TRANSMISSION SCHEME

Initialization. A peer wishing to broadcast its video requests
the P2P server to advertise it. This peer is called the source.
If another peer is interested in the advertised video, it sends
a request to the P2P server. Like a tracker (a server of
peerlists in traditional P2P systems), the P2P server is in
charge of updating the overlay information and informing the
participating peers. The overlay information consists of peer
assignments to levels and sets of multicast trees for each level
(see §III). The overall overlay is denoted by G(V,E) where
V is the set of peers and E is the set of links. An arc between
u and v is denoted by (u, v).

Fig. 2: Video coding and streaming. Node s denotes the source.
Packet 1 is sent over a multicast tree to peers 1, 2, and 3.
Packet 2 is sent to peers 2, 1, 3, and 4.

Video and channel coding. As soon as the source receives
the overlay information from the P2P server, it captures the
video and compresses it with the H.264 video coder [11]. The
resulting bitstream is partitioned into source blocks, where
each source block corresponds to one GOP (Group of Pictures)
and is an independent unit of fixed playback duration ∆.

Then the source applies rateless coding on each source block
and sends the resulting encoded symbols in successive UDP
packets. Packets are transmitted in an interval of duration ∆
with a uniform inter-departure time, and one packet is sent on
each multicast tree (Fig. 2).
Inter-level communication. A root of a Level 1 multicast
tree (r1 and r2 in Fig. 1) immediately forwards packets
directly received from the source to the Level 2 multicast trees
associated to it (one tree for r1 and two trees for r2 in Fig. 1).
Moreover, as soon as it successfully decodes a source block,
it sends an acknowledgment to the source, so that the source
stops sending it packets, and it creates new encoded packets
by applying rateless coding on the decoded source block. Then
it sends these new encoded packets to Level 2 peers over the
multicast trees associated to it (ignoring those already used).
To reduce the probability that a Level 2 peer receives duplicate
packets, Level 1 root peers use randomly chosen rateless code
seeds when they encode a source block. The value of the seed
is sent as part of the packet header. The number of packets
sent by a Level 1 root peer to Level 2 is set not to exceed the
number of Level 2 multicast trees associated to this root peer.
The procedure described above for two levels is repeated for
the next levels.
Level-Aware Timely Video Delivery. To ensure that all peers
in the same level have the same playback lag, and peers in a
higher level have a shorter playback lag than those in a lower
one, the following procedure is followed.

All peers are synchronized in time. This can be achieved, for
example, with the Network Time Protocol [12]. A time stamp
is inserted in each UDP packet to indicate the start time of
the current source block. All Level 1 peers play back the first
GOP at time 2∆+Dmax. Here Dmax = (H+1)×lmax, where
H is the maximum height of a multicast tree and lmax is an
estimation of the maximum latency between two nodes in the
overlay. Thus 2∆ + Dmax is the latest possible arrival time



Fig. 3: Transmission strategy.

for any packet from the first source block (Fig. 3).
When a Level 1 root peer completes the decoding of the first

source block, it enters the re-encoding phase up to time 2∆ +
Dmax + Ω. Here, Ω gives sufficient time to send re-encoded
packets in case the decoding of the source block is delayed.
As the packet loss rate increases, the decoding completion
time shifts towards 2∆ +Dmax and more time is needed for
sending re-encoded packets. We used Ω = pmax∆ where pmax

is an estimation of the maximum packet loss rate between two
nodes in the overlay.

All Level 2 peers play back the first GOP at time 2∆ +
2Dmax + Ω, which is the latest possible arrival time of any
packet for the first source block. More generally, all peers at
Level L play back the kth GOP at time (k+ 1)∆ +LDmax +
(L−1)Ω. Thus, the playback lag for level L is 2∆+LDmax +
(L− 1)Ω.

III. FORMULATION OF THE VIDEO DIFFUSION PROBLEM

In §III-A, we formulate the problem of constructing an
optimal forest for the diffusion of source blocks in one level.
In §III-B, we explain the inter-level interactions in a multi-
level overlay. We detail our forest construction algorithm in
§III-C.

A. Intra-Level Multicast Trees

For simplicity, we consider only one level, so our goal is to
deliver GOPs from a source s to a set of peers. The main idea
is to use a multiple-tree structure for video diffusion. Each
multicast tree (or tree, in short) is used to transmit one packet
of encoded symbols from the source to the peers. To recover
the video block, a peer should receive at least K packets of
encoded symbols. In other words, a peer should belong to at
least K trees.

There are constraints on the trees. A critical one is that
every peer v ∈ V is associated with an upload capacity,

denoted by cv , which is the number of packets the node v
can transmit. This capacity constraint limits the number of
children a node can have. In addition, to guarantee on-time
delivery and reliability at the peers, the end-to-end delay and
the packet loss rate on the path from the source to each peer
should be bounded. This requirement thus imposes a bound
on the height of each tree.

Our objective is to minimize the transmission rate for the
source while guaranteeing recovery of the video block. The
more trees are used to ensure that all peers receive at least
K packets, the higher is the source transmission rate. Thus,
minimizing the source transmission rate is equivalent to
minimizing the number of trees. In light of this, we formu-
late the video diffusion problem in the overlay as a Height-
Bounded Spanning Forest problem with Capacity constraint
(HBSFC). The goal of HBSFC is to find a forest F with
minimum cardinality such that
• the number of trees is limited by source capacity cs.
• each tree is rooted on a peer, which directly receives a

packet from the source s. In other words, we distinguish
the source from the root of each tree.

• for each node v, the sum of its out-degrees in all trees of
the forest is not greater than its capacity cv .

• each node is spanned in at least K trees. A node that
cannot be spanned in K trees is rejected from the overlay.

• the height of each tree is limited by a bound H .
These constraints are imposed on every level. Before going

into the details of the algorithm (see §III-C), we discuss inter-
level capacity issues.

B. Multi-level overlay management

When the number of levels is greater than one, we have to
make sure that the video can be relayed from one level to the
next. We create inter-level connections for that purpose.

To simplify the management of the whole system, we pro-
pose that the root peers in a level are in charge of transmitting
data to the next level. Simply put, a root peer immediately
forwards a packet it received directly from the previous level
to the next level. In other words, a root peer in level l acts as
a source for some root peers in level l + 1. This strategy has
three advantages: (i) there is no delay between the reception
of a packet and its transmission to the next level, (ii) the
inter-level connections are well distributed over peers because
root peers are well distributed over the population, and (iii)
the management of inter-level connections is easy for the P2P
server: it only has to inform the root peers of every level about
the trees in the next level.

We denote by Rl the set of Level l root peers. If there is
no capacity issue, each root peer in level l should become a
source of

⌊
|Rl+1|
|Rl|

⌋
trees in level l + 1. The remaining trees

are randomly allocated to the root peers.
Fig. 1 gives an example of a two-level overlay. Each peer

in a level is spanned in two different trees, with height no
more than three. Peers r1 and r2 are the root peers in level
1, while r3, r4 and r5 are the root peers in level 2, i.e.,
R1 = {r1, r2}, R2 = {r3, r4, r5}. Therefore, |R1| is equal
to 2, while |R2| is equal to 3. Peers r1 and r2 are the sources



Algorithm 1 Resource Allocation and Overlay Algorithm
Input: Complete graph G(V,E), a decomposition of V into L

disjoints subsets {V1, . . . , VL}, capacity cv for all v ∈ V ,
and the number of packets K

Output: Forest Fl in each level l
1: |F1| ← cs
2: for l from 1 to L− 1 do
3: Cnext ← K × |Vl+1|
4: build forest Fl with Cnext and Vl
5: while forest Fl does not cover all peers in Vl do
6: if Cnext > K then
7: Cnext ← Cnext − 1
8: else if

∑
v∈Vl

cv > K then
9: reject v ∈ Vl with minimum capacity

10: else
11: sacrifice Fl
12: re-build Vl such that Cnext =

∑
v∈Vl

cv ≥ K
13: break
14: end if
15: build forest Fl with Cnext and Vl
16: end while
17: |Fl+1| ← Cnext

18: end for
19: build forest FL with Cnext = 0 and VL

for trees in level 2. Peers r3 and r4 are connected to r1 and
r2 respectively. To be the source of r5, r2 is then randomly
selected between r1 and r2.

The management of peer capacity is a critical issue for the
inter-level links. We explain how we solve this issue hereafter.

A root peer should reserve some upload capacity to serve
some peers in the next level. For any peer v, we distinguish
the upload capacity ccurv that can be used to serve peers in the
same level from the upload capacity cnextv that is secured to
serve peers in the next level. Of course, ccurv + cnextv ≤ cv for
any peer v, and cnextv = 0 if v is not a root peer or is a root
peer at the lowest level.

The number of trees that are constructed in a level l depends
on the amount of resources that have been secured by the root
peers in the previous level. Formally, if we denote by Fl the
forest in level l, we have: |Fl| =

∑
v∈Vl−1

cnextv .
Once the number of trees for level l is given, we should

both build the trees and determine the amount of capacities
that must be secured for the next level l+1. On the one hand,
we aim to maximize the number of peers that are covered in
level l, i.e., the number of peers that are spanned in at least
K trees of Fl. This objective calls for a high

∑
v∈Vl

ccurv . On
the other hand, we have to guarantee that we reserve enough
capacities for the next level. This objective calls for a high∑
v∈Vl

cnextv . The two objectives conflict.
We propose a heuristic (see Alg.1), which is based on the

following observation. The number of trees that should be
constructed in order to serve all peers in a level is bounded:

K ≤ |Fl| ≤ K × |Vl|

We suggest the following for resource allocation at
level l. We start with the most optimistic scenario where

∑
v∈Vl

cnextv = K × |Vl|. We try to build a forest Fl with
the remaining capacities. If all peers in Vl are covered at least
K times in Fl, then both objectives are fulfilled and it ends
the algorithm for level l. Otherwise, we have to revise the
allocation of resources:

1) we reduce the amount of capacities secured for the next
level

∑
v∈Vl

cnextv as long as this allocation still enables
the construction of more than K trees in Fl+1 (lines 6-7),

2) when we reach the tipping point for which∑
v∈Vl

cnextv < K, we have to reject peers from
level l to save more capacities. We choose to reject the
peer v ∈ Vl that has the least capacity cv (lines 8-9),

3) finally, when the set of remaining peers Vl cannot gather
enough resources to serve the next level, a radical deci-
sion should be taken: either level l+ 1 cannot be served
(and all subsequent levels as well), or level l is sacrificed.
We opt for the latter choice (lines 10-13).

C. Resource-Aware Multicast Trees

We detail now the algorithm for the construction of one
intra-level overlay forest. This algorithm is a key routine called
by Alg. 1 in lines 4, 15 and 19. This algorithm should consider
the constraints described in §III-A (about the multicast trees)
and §III-B (about the sharing of physical resources). It returns
either a failed forest, or a forest containing the given number
of trees such that all nodes are spanned in at least K trees.

We give the pseudocode of our algorithm for level l in
Alg. 2. Note that our implemented algorithm contains various
slight improvements, compared to this simplified version. This
algorithm is based on two distinct steps.

First, we create the trees and we associate the roots (lines 1-
5). The number of trees to generate is based on the resources
secured by peers in level l − 1. The peers with maximum
capacities are chosen as roots. Then, we secure the capacity
for level l + 1. If the roots do not have collectively enough
capacities to secure the requested amount of capacity, then the
algorithm ends with a failure notification.

Second, we build the trees in a breadth-first manner (lines
10-21). The choice of which unspanned peer to add to the
trees (line 14) is done in two ways in our implementation:
we choose the nodes with minimum spare capacity (or empty
capacity) when the height is H , while we choose the nodes
with maximum spare capacity otherwise. The algorithm suc-
cessfully returns the forest Fl if all peers are spanned K times.

IV. SIMULATION RESULTS

We used the ns-2 network simulator to test the performance
of our system. We considered a scenario where the overlay
consists of four levels with 10 peers in each level. The encoded
symbols of the rateless code were sent in successive UDP
packets of size S bytes each. The size of an encoded symbol
was one byte. An accurate Raptor code model proposed in [13]
was used to simulate Raptor coding. With this model, a
redundancy of 5%, gives a high probability of successful
decoding [13]. The diffusion forest construction algorithm was
run with H = 3. The number of packets K used in the forest
construction algorithm was determined by K = b∆(1+ε)

8×S where



Algorithm 2 Forest construction algorithm
Input: Complete graph G(V,E), capacity cv for all v ∈ V ,

Vl set of peers in level l (initially unspanned),
Cl =

∑
v∈Vl−1

cnextv number of trees to build in level l,
Cnextl amount of resources to secure for level l + 1,
number of packets K, maximum height H

Output: Height-bounded forest Fl
1: for k from 1 to Cl do
2: u← the unspanned node in Vl with max. capacity
3: p← a root node with spare capacity in Vl−1

4: create T kl = ({u}, ∅) with p as source
5: end for
6: secure capacity cnextu from all root nodes u
7: if impossible to secure overall capacity Cnextl then
8: fail - end of the algorithm
9: end if

10: for k from 1 to Cl do
11: for h from 0 to H − 1 do
12: while ∃u at height h: cu > 0 and Vl \ T kl 6= ∅ do
13: u← a node in T kl at height h with cu > 0
14: v ← an unspanned node 6∈ T kl
15: add {v} and edge (u, v) to T kl , update cu
16: if v is spanned in K trees then
17: mark v as spanned
18: end if
19: end while
20: end for
21: end for
22: if at least one node is still unspanned then
23: fail - end of the algorithm
24: else
25: Fl ← {T kl ,∀k ∈ {1, . . . , Cl}}
26: end if

b is the source bit rate in bps, ∆ is the transmission duration
in s, and ε is the rateless code redundancy factor.

For the peer upload capacity, we used a log-normal distri-
bution with a mean of 512 kbps. The second parameter of the
distribution, σ, was 0.1. This corresponds to a homogeneous
configuration where the upload capacity of all peers is close to
the mean. The download capacity was 10 Mbps for all peers.
For the link latencies, we followed [14] and used a log-normal
distribution with mean 17.19 ms and variance 0.0029.

Fig. 4 shows the average received peak signal-to-noise ratio
(PSNR) in the P2P network as a function of the average used
upload bandwidth for two packet loss rates. When a source
block was not recovered, the last successfully received frame
was copied. Results are given for the CIF Foreman video
sequence encoded at 30 frames per second and 320 kbps.
The forest was constructed for a fixed number of multicast
trees corresponding to a maximum of 60% redundancy by
setting ε = 0.6 and S = 1000. The code redundancy was
then varied by changing the packet size S, which changed the
number of transmitted encoded symbols leading to different
used bandwidths. We used S equal to 656, 688, 750, 812,
875, 938 and 1000 bytes corresponding to code redundancy
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Fig. 4: Top: Average PSNR vs. average used upload bandwidth
for the 320 kbps Foreman video when the value of lmax was
the actual one, 100% higher, and 50% lower. Bottom: Average
PSNR vs. average used upload bandwidth for the 320 kbps
Foreman video when the value of pmax was the actual one,
300% higher, and 75% lower.

5%, 10%, 20%, 30%, 40%, 50% and 60%, respectively. The
figures present results when the maximum network latency
lmax (see §II) and the maximum packet loss rate pmax (see
§II) were set to the actual values, as well as when they were
estimated.

The results show that our system provided all peers with the
highest achievable PSNR (35.07 dB) at low bandwidth cost.
They also show that our system is robust against a mismatch
between the used values and the actual ones. We obtained
similar results for video bit rates 640 kbps and 960 kbps, as
well as for video sequences Mother and Daughter and Mobile.

Fig. 5 shows the upload bandwidth used by the source
to ensure that all 40 peers get maximum video quality. For
a given packet loss rate, we ran simulations for different
redundancies and used the one that maximized the PSNR
(Table I).

The source transmission rate depends on the redundancy,
loss rate, and the effectiveness of feedback. The source trans-
mission rate increases with the loss rate because as the loss rate
increases it delays the feedback. We also observe that when ∆
decreased, the effectiveness of feedback also decreased. The
source may have already sent all the data with the full selected
redundancy before feedback arrives.

We now study the effects of peer leaving on the PSNR of the
remaining peers. We simulated a pre-scheduled live broadcast
event announced to all peers in advance. Each peer joined
the system at the start of the event and remained online for
an exponentially distributed time τ (with probability density
function λe−λτ for τ ≥ 0 ) after which it left the system and
did not rejoin. We used λ = 0.4 to ensure that at least a few
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Fig. 5: Source transmission rate to provide maximum video
quality in the P2P network for various packet loss rates and
transmission durations.

TABLE I: Raptor code redundancy to provide maximum video
quality in the P2P network for various packet loss rates and
transmission durations.

0% 2.5% 5%
∆ = 0.25 s 5% 60% 60%
∆ = 0.5 s 5% 60% 60%
∆ = 1 s 5% 50% 60%

peers stay in the system until the end of the session.
Fig. 6 shows the average PSNR of peers as a function of

time. As more and more peers left the system, the average
PSNR of the remaining peers dropped. The drop in PSNR
is negligible after the first few departures but it increases
significantly with further leaving of peers. However, the drop
in PSNR can always be recovered by recomputing the overlay.
This is shown by the average PSNR with recomputed overlay
at times 45 s and 322 s when 7 and 30 peers had left
respectively. The PSNR for the recomputed overlay is identical
to the one where no peer leaves. The PSNR with recomputed
overlay is shown only up to the time when the next peer leaves
at which time the overlay can be recomputed.

V. CONCLUSION

We presented a P2P live video system that uses levels to
define a hierarchy among peers. The system relies on rateless
coding and multicast trees for video diffusion. Multicast trees
are built with a low-complexity polynomial-time algorithm
that tries to minimize the source transmission rate while
guaranteeing on-time delivery and reliability at the peers.
Minimizing the source transmission rate is critical for user-
generated video where the source usually has limited upload
speed. Experimental results with the ns-2 network simulator
showed that the system can offer high video quality to all
peers at low bandwidth cost. The results also highlighted the
benefits of rateless coding for fast delivery and robustness
against packet loss.

The system was designed for a static scenario where all
peers join before the start of the video session and remain
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at t=322”: P2P server reconstructs the overlay after 322 s.

subscribed until the end. Applications include team mates par-
ticipating in an MMOG quest while sharing screen-captured
video of their gameplay for coordination purposes. Since even
for such applications one cannot exclude the eventuality that
peers decide to leave, we tested the performance of the system
accordingly. Simulations showed that the system can sustain
high performance as long as the number of dropped peers is
moderate. When too many peers leave, the performance can
deteriorate suddenly because the probability that a vital peer is
dropped increases. While such cases are unlikely to happen for
the intended applications, they can always be handled by the
following procedure. Keep-alive messages are periodically sent
from the peers to the server. The server regularly checks if all
peers send keep-alive messages within a given time interval. If
a peer stops sending keep-alive messages, the server removes
it from the overlay and updates the multicast trees.
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ABSTRACT
In a multioverlay live video sharing service consisting of
multiple independent peer-to-peer live video streaming sys-
tems, a user can simultaneously watch multiple live video
streams. A major challenge for such services is the inter-
overlay bandwidth competition problem, which is to find an
upload bandwidth allocation between the overlays each peer
has subscribed to. So far, no solution has been proposed in
the literature for the important case where the overall sys-
tem is underprovisioned, that is, when peers do not have
enough upload bandwidth to ensure a distribution of videos
at full quality. We show that an allocation of upload re-
sources that minimizes the wastage of resources (i.e., min-
imizes the upload bandwidth allocated to overprovisioned
overlays) can be computed in polynomial time. Then we
present a generic model that allows the design of different
strategies for the management of the resource deficit in un-
derprovisioned systems. Finally, we provide relevant simu-
lation results to demonstrate the gains in video quality re-
sulting from the implementation of our solutions.

Categories and Subject Descriptors
C.2.4 [Computer-Communication Networks]: Distributed
Systems; H.4.3 [Information Systems Applications]: Com-
munications Applications

General Terms
Algorithms, Design, Performance

Keywords
Peer-to-Peer Live Streaming, Multioverlay, Resource Allo-
cation
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1. INTRODUCTION
The popularity of academic papers related to peer-to-peer

(P2P) systems has followed a“bubble”evolution over the last
decade. In their well-documented analysis [4], Li, Feng and
Li show that after a surge of popularity from 2000 to 2008,
P2P has become a “cold topic”. On the one hand, this sharp
decrease in scientific interest makes sense because P2P sys-
tems are now mature, well-understood, and can be fearlessly
used by industry. Moreover, compared to cloud offers, the
trade-off between operational costs and guarantee of perfor-
mance is now less favorable to P2P systems. On the other
hand, companies that implement P2P systems face new is-
sues, which are not directly related to the P2P systems, but
rather to their integration in a global system.

In this paper, we address a capacity management prob-
lem for P2P systems. This problem was brought to our
attention by an independent producer of Massively Multi-
player Online Game (MMOG). MMOGs enable users to play
against other players or to build groups to achieve missions.
Within a group, synchronisation among teammates requires
communication tools. Unfortunately, existing games offer
only a few basic communications tools (if any). Surveys [1]
have highlighted that streaming live screen-captured video of
the game is one of the most desirable communication tools.
Players can use it to show their skills, share experience with
friends, or coordinate missions in strategy games.

Existing online video platforms for gamers [9, 14] rely on
a centralized architecture. Even when the system is coupled
with a Content Delivery Network (CDN), this solution is not
cost-effective. Indeed, the popularity distribution of such
service poses a major challenge: (i) a large proportion of
players are likely to act as video sources, so there are many
live streams to deal with, and (ii) each stream is typically
watched by a small population consisting of a few friends
and teammates.

MMOG producers foresee a multioverlay P2P system con-
sisting of multiple P2P live video streaming systems [10].
Some users are sources, which emit a user-generated live
video, while the others are peers, which receive one or sev-
eral videos and participate in diffusing these videos to other
peers. Each P2P network contains one source and all peers
that have subscribed to its live stream (channel).

In the context of MMOGs, players in a team share their
videos for coordination purposes, so a peer can watch several



videos simultaneously. The fundamental problem faced by a
peer that subscribes to several P2P networks is how to share
its uplink bandwidth among these concurrent systems. Only
a few papers [10–12] have addressed this resource allocation
problem, and they focused on the case where the overall
system is overprovisioned. Our tests based on realistic set-
tings will reveal that, on the contrary, multioverlay systems
are underprovisioned, i.e., the upload bandwidth allocated
to this system is smaller than the streaming demand.

Some previous works have suggested to assist the P2P
overlays by resources from servers in datacenters [7,13]. This
solution however does not accommodate well a scenario with
many small-size overlays, as it would require reserving and
managing a large number of Virtual Machines, each gener-
ating a small amount of traffic.

The current paper makes the following original contribu-
tions to the problem of resource allocation for underprovi-
sioned multioverlay systems.

• We show how to minimize the waste of resources re-
sulting from overprovisioning some overlays although
some others are underprovisioned. We show that an
optimal solution can be found in a time that is poly-
nomial in the number of users.

• We show how to share the bandwidth deficit among
channels so that a pre-determined policy is satisfied.
We consider two policies: minimizing the number of
underprovisioned channels, and prioritizing the most
popular channels. We tackle this new problem in a
generic way. We present a polynomial-time algorithm
that finds allocations that are optimal in terms of re-
source waste and correspond to the best allocations
with respect to the policy defined by the service provider.

Note that our resource allocation strategies are compati-
ble with any P2P video streaming protocol. Some previous
works have proposed to solve the resource allocation compe-
tition and the P2P video streaming delivery all at once [12].
These approaches are not agnostic to the P2P video stream-
ing system. We believe contrarily that a clear separation be-
tween inter-overlay resource management and intra-overlay
video diffusion is crucial. Indeed, the multioverlay system
should leverage the advances in P2P streaming systems.

We compare our strategies to the algorithms presented
in [10, 11]. With simulation parameters based on previous
observations, we show that the overall system is underprovi-
sioned, which confirms our intuition that underprovisioning
is a critical issue for multioverlay systems. We implement
a mesh-based intra-overlay P2P simulator and compute the
Peak Signal to Noise Ratio (PSNR) of the received stream
for every peer. To our knowledge, this is the first time that
the quality of experience of users in underprovisioned over-
lays is studied.

2. SYSTEM MODEL
We first give the notations used throughout the paper (see

Table 1). Then, we present the bipartite graph that is the
basis for our proposals. Finally, we show that the waste of
resources can be minimized by determining the maximum
flow in this bipartite graph.

The system includes multiple P2P overlays, one for each
video stream, and a global server. The role of the server is to
authorize a peer to watch a video emitted by a source and to

P, S set of peers, set of sources
Gs, Ps overlay of source s and set of peers in Gs

Bp upload capacity of a peer p
bsp upload capacity reserved by p for Gs

G(p) set of sources to which peer p subscribed
ds video bit-rate of the video emitted by s

Ds, Cs demand and capacity of Gs

∆s,∆
r
s provisioning and relative provisioning of Gs

Table 1: Notations

compute the optimal bandwidth allocation. Peers transmit
an estimation of their available upload capacity to the server
on a regular basis. Then, based on these reports, the server
computes and sends the optimal bandwidth allocation to
each peer.

2.1 Notations
Sources. The set of sources is denoted by S. A source

s ∈ S is associated with an overlay Gs, which contains the
set Ps of all peers that have subscribed to the video emitted
by s. To avoid confusion, s 6∈ Ps.

Peer-to-Peer Live Streaming System. Our resource
allocation strategies are independent of the intra-overlay
structure. They can be used with any state-of-the-art P2P
live video streaming system.

Peer Uplink Management. The set of all peers is de-
noted by P . We denote by G(p) the set of sources from
which the peer p receives a video. Every peer uses its uplink
to transfer the chunks it received to other peers in the same
overlay. The upload capacity of p is denoted by Bp while
the upload capacity that p reserves to serve video chunks in
the overlay Gs is denoted by bsp. Clearly,

∑
s∈G(p) b

s
p ≤ Bp.

We assume that s reserves all of its upload bandwidth to its
overlay Gs.

Overlay Capacity. In an ideal system without control
messages or network overhead, the capacity of an overlay
Gs, which is denoted by Cs, would be equal to

∑
p∈Ps b

s
p +

Bs, which is the aggregate upload bandwidth allocated from
peers to s plus the capacity of s. In a real system, the control
traffic cannot be neglected, so the overlay capacity should
be reduced by a value proportional to the number of peers.

Overlay Demand. The demand of a source s corre-
sponds to the smallest overlay capacity required to satisfy
all peers in Ps. The bit-rate of the video emitted by s is de-
noted by ds. Since overhead is already incorporated in the
overlay capacity, we assume that the demand of s, denoted
by Ds, is computed as |Ps| × ds.

Overlay Provisioning. The provisioning ∆s of a given
overlay Gs is the difference between its capacity Cs and its
demand Ds, i.e., ∆s = Cs − Ds. An overlay is said to be
underprovisioned when ∆s is negative. The average upload
capacity is smaller than the video bit-rate, so some peers in
this overlay are unable to watch the video at full quality.
On the other hand, the overlay is overprovisioned when ∆s

is positive.
Overlay Relative Provisioning. The relative provi-

sioning ∆r
s of a given overlay Gs is defined as the overlay

provisioning divided by the number of peers in the overlay,
that is, ∆r

s = ∆s
|Ps| . The more negative is the relative pro-

visioning, the worse is the video quality experienced by the
peers.



2.2 Bipartite Flow Network Model
We aim at minimizing the wastage of resources caused

by allocating resources to overprovisioned overlays although
they could be allocated to underprovisioned ones. We show
that this problem can be solved by determining the maxi-
mum flow in a flow network.

We build an abstract structure, which is a flow network.
A link in this flow network is an abstract representation of
the existence of a relationship between two system elements.
Our flow network N = (V,E) is built according to source-
peer relationships (Fig. 1). The set V contains a virtual
fountain l, a virtual sink q, the set P of all peers in the
system, and the set S of all sources. Thus V = P ∪S∪{l, q}.

The set of edges E represents resource allocation. The
capacity indicates a limitation in the amount of bandwidth
resources that a node can reserve to another. The set E con-
tains three subsets. First, E1 = {(l→ p) : p ∈ P}, contains
edges from the fountain to each peer p with a maximum
capacity of Bp. Then, E2 = {(p→ s) : p ∈ P, s ∈ G(p)},
contains edges from p to s if p subscribes to s with infinite
maximum capacity. The third set, E3 = {(s→ q) : s ∈ S},
contains edges from each source s to the sink with a maxi-
mum capacity equal to Ds −Bs, the overlay demand minus
the source capacity.

Given demands and capacities, the resource allocation
should ensure that no resource is allocated to an overpro-
visioned source when it could have been allocated to an un-
derprovisioned one. Let S+ (respectively S−) be the set of
sources with a positive (respectively negative) overlay pro-
visioning. We look for an uplink sharing among the overlays
such that the sum of all negative provisionings is minimum.
Hence, our goal is to minimize

∑
s∈S− |∆s|.

Proposition 1. The total underprovisioning is minimum
iff the maximum flow is achieved in network N .

Proof. We denote by fs,q the flow on the arc (s→ q).
The cut-set between V \ {q} and {q} bounds a flow: |f | =∑

s∈S fs,q.
For each source s, the absolute underprovisioning |∆s| is

equal to Ds−Bs− fs,q. Note that, for a source s in S+, we
have that Ds − Bs − fs,q is equal to zero because the flow
fs,q cannot be greater than Ds −Bs. Thus,∑

s∈S−

|∆s| =
∑
s∈S−

(Ds −Bs − fs,q)

=
∑
s∈S

(Ds −Bs − fs,q) = A−
∑
s∈S

fs,q

where A is a constant. Minimizing
∑

s∈S− |∆s| is equivalent
to maximizing

∑
s∈S fs,q. Moreover, (i) edges from l to P

fuel the system with all capacities C =
∑

pBp, (ii) edges
from P to S respect peer subscription. Hence, the overall
underprovisioning

∑
s∈S− |∆s| is minimized iff the flow is

maximized.

3. POLICY DRIVEN BANDWIDTH ALLO-
CATION STRATEGIES

There is often more than one resource allocation that min-
imize the total underprovisioning because the maximum flow
is not unique. The service provider has here an opportunity
to design its own policy for preserving some sources to be

l

p1 p2 p3 p4

s1 s2 s3

q

9 5 8 8

12 6 12

∞
∞ ∞

∞
∞

∞
∞

∞

Figure 1: Example of the bipartite flow network
model. Numbers in the arrows are capacities, i.e.
limitations in the amount of bandwidth resources
that a node can reserve to another.

affected by the overall underprovisioning. In this section, we
present a generic way to implement such a policy.

3.1 Cost-Function Flow Network
In our flow network model, we propose to define a cost

function for edges in E3. As the minimum-cost maximum-
flow problem aims at minimizing the sum of flow cost, the
edges associated with a lower cost will be prioritized in the
bandwidth allocation. Consequently, different bandwidth
allocation strategies can be applied by using correspondingly
defined cost functions. This approach is generic in the sense
that various cost functions can be designed, which result in
various resource allocations. We present later two distinct
bandwidth allocation strategies.
Strategy I: Prioritize Channel Diversity The goal is to
satisfy the maximum number of sources regardless of their
popularity. A source is said to be satisfied when its rela-
tive provisioning is positive, or slightly negative. Thus, we
define our first strategy as one that minimizes the total rela-
tive under-provisioning:

∑
s∈S− |∆r

s|. Let us define the cost
function as:

cost1(e) =

{
1, if e ∈ E1 ∪ E2

1− 1
|Ps| , if e ∈ E3

We now show that this policy can be obtained by the minimum-
cost maximum flow corresponding to cost1(e).

Proposition 2. The minimum-cost maximum flow cor-
responding to cost1(e) minimizes the total relative underpro-
visioning

∑
s∈S− |∆r

s|.

Proof.∑
e

cost(e)× fe =
∑
e∈E1

fe +
∑
e∈E2

fe +
∑
e∈E3

(1− 1

|Ps|
)× fe

E1 and E2 are cut sets separating l and q, so
∑

e∈E1
fe =∑

e∈E2
fe = |fmax|. Thus∑

e

cost(e)× fe = 2|fmax|+
∑
e∈E3

fe −
∑
s∈S

Ds −Bs − |∆s|
|Ps|

= 3|fmax| −
∑
s∈S

Ds −Bs

|Ps|
+
∑
s∈S−

|∆r
s|



where the first two terms are constants. Thus, minimizing∑
e cost(e)×fe is equivalent to minimizing

∑
s∈S− |∆r

s|.

Strategy II: Prioritize Channel Popularity The goal
is to prioritize the most popular channels. This can be
achieved by maximizing the number of unsatisfied sources,
for example, maximizing the total relative underprovisioning∑

s∈S− |∆r
s|.

cost2(e) =

{
1, if e ∈ E1 ∪ E2

1
|Ps| , if e ∈ E3

Proposition 3. The minimum-cost maximum flow cor-
responding to cost2(e) maximizes

∑
s∈S− |∆r

s|.

Proof. The proof is similar to that of Proposition 2.

3.2 Practical Optimization
Previous strategies have a common drawback: they aim

at ensuring a zero provisioning to the prioritized sources, al-
though a slightly negative relative provisioning would have
a small impact on the overall quality of experience. To ad-
dress this problem, we introduce a tunable tolerable video
quality parameter k and say that an overlay has tolerable
video quality if its relative provisioning |∆r

s| is smaller than
k. The demand Ds of a source s can be interpreted as the
amount of upload bandwidth required by s to be provisioned
as ∆s = 0. If the system is globally very underprovisioned,
rather than requiring perfect video quality on each source,
we only require tolerable video quality. This can be done
by tuning the parameter k. Consequently, the actual Ds is
equal to (ds − k)× |Ps|.

4. IMPLEMENTATION DETAILS
This section provides practical implementation details of

the multioverlay system. The system is managed by a global
server called P2PServer. Peers send reports to P2PServer
on a regular basis, e.g., every minute. This report contains
an estimation of the peer’s available bandwidth. Based on
these reports, P2PServer computes and sends the optimal
bandwidth allocation to each peer.

4.1 Coping with Peer Dynamics
The system described above is easy to implement in a

static environment; however peer-to-peer live video stream-
ing applications face the problem of peer churn. Peers are or-
dinary users who are free to enter and leave the system, and
also to switch from one channel to another. Moreover, the
available bandwidth can vary between two measurements.
Even if the computation of bandwidth allocation can be done
in polynomial time, it is unrealistic to repeat it after every
event.

To cope with peer churn, the strategy proposed in [10,11]
can be used. The system time can be cut into sessions.
The computation of upload bandwidth allocation in a session
only involves peers and sources that exist in the system at
the starting point of that session. Every event that occurs
during a session will have an effect on the system until the
end of the session and the start of the next session. So, the
capacity of the system to handle the dynamic behavior of
peers only depends on the choice of the length of a session.
The shorter is a session, the better the system reacts to
changes, but the more computation it requires.

nb. peers 1,000 5,000 10,000 50,000 100,000
time (sec) 0.005 0.086 0.311 7.455 31.887

Table 2: Computation time for minimum-cost
maximum-flow based algorithms.

4.2 Peer-Server Communication Overhead
We are concerned about the extra-traffic generated by the

system when peers send reports to P2PServer, and when
P2PServer sends bandwidth allocation information to peers.
However, this extra-traffic has to be seen in light of the huge
amount of data needed for the live video streams. For ex-
ample, if the average number of videos watched by a peer is
three, two bytes are used to specify the upload bandwidth re-
served to an overlay, and the bandwidth allocation is recom-
puted every minute, then P2PServer needs to transmit 0.8
bps per peer. If we consider in addition the 54 bytes for the
TCP/IP/Ethernet packet overhead, then 0.8 Mbps server
upload bandwidth would be needed for 100,000 users. Simi-
larly, if the report sent by a peer to P2PServer includes four
bytes to specify the estimated upload bandwidth and four
bytes for the peer ID, then only 0.826 Mbps server download
bandwidth would be needed for 100,000 users. This example
shows that, from a network standpoint, the system can be
implemented without much fear for scalability.

4.3 Algorithm Computation Time
Another concern is the scalability in terms of computa-

tion time. We measured the exact computation time for the
centralized minimum-cost maximum-flow based algorithms.
We used the preflow maximum flow algorithm and a scaling
approximation minimum-cost flow algorithm [3]. The mea-
surement was done on a typical server (2× 4 cores Intel(R)
Xeon(R) 2.67GHz CPUs). We computed the average run-
ning time for 5 different runs. Results are given in Table 2.
We changed the instance size by increasing the number of
peers from 1,000 to 100,000. For each instance, the number
of sources was set to 10% of the population. The number
of channels a peer watches was randomly chosen between 1
and 5.

Our measurement demonstrates that a practical imple-
mentation of the minimum-cost maximum-flow algorithm
can compute the resource allocation for very large instances
(with 100,000 peers and 10,000 sources) in reasonable time.
It also demonstrates that refreshing the bandwidth alloca-
tion every minute is an appropriate choice. All in all, the
small peer to server communication overhead and the fast
resource allocation algorithm demonstrate the feasibility of
managing a centralized server to recompute periodically an
optimal resource allocation in a dynamic environment.

5. SIMULATION RESULTS
We evaluated the proposed inter-overlay bandwidth allo-

cation algorithms through simulations based on a realistic
model. The chunk diffusion of each overlay was simulated
with P2PTVSim [5]. Using these results, we evaluated the
video quality at each receiving peer by measuring the aver-
age luminance PSNR.

5.1 Simulation Setting
Our simulation is based on an MMOG video sharing ap-



plication: players publish their own videos and share them
with their friends. The Xfire measurements presented in [6]
show that these platforms are social networks. We thus look
for real traces of social networks that have the same charac-
teristics as the one exhibited in [6]. We found that the Face-
book social network of the Smith College (MA) [8] is very
close to Xfire, especially the average social degree (around
65 connections per user). This social network contains 2,970
users.

We then selected the sources. We ensured that the Pareto
rule is obeyed, that is, 80% of videos are published by 20%
of the most active peers. It means that the most socially
active peers have a higher probability to be sources. A peer
decides to become a source based on a probability equal to

e−
i
τN , where i denotes its rank in terms of social degree in

decreasing order, N denotes the total number of peers, and τ
is a parameter. We chose τ = 0.1; on average, 214 channels
are created.

We then selected the viewers. We model the peer watch-
ing decision such that the resulting video popularity follows
the same Zipf’s law as in [6]. Sources are ranked by their
social degree in decreasing order. Let si be the ith source
with nsi denoting its number of friends. We associate each
source si with an attractiveness index αi which is equal to
the probability that its friends watch this video. The index
αi is calculated such that the channel population follows
Zipf’s law:

nsi
ns1
· αi ∼ i−b. Fig. 2(a) shows the resulting

channel popularity.
For the upload capacity of peers, we followed some re-

cent works that model home upload capacity with a log-
normal distribution ranging from 256 kbps to 5 Mbps [2].
Fig. 2(b) shows the cumulative distribution function (cdf) of
the upload bandwidth distribution. Each video diffusion in
an overlay was mesh-based pull-based, and evaluated with
400 chunks. The video bit rate varied from 240 kbps (when
the system was overprovisioned) to 330 kbps (when it was
underprovisioned). The P2P system overhead (control mes-
sages and redundant transmission) was set to 50 kbps.
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Figure 2: Simulation settings

We used a 600-frame video by concatenating 300 frames
of the Foreman sequence and 300 frames of the Mother and
Daughter sequence. Both sequences are in CIF format and
have a frame rate of 30 fps. The video was compressed with
the H.264/AVC encoder at bit rates ranging from 240 to
330 kbps using the H.264 high profile. We used the GOP
structure IBBPBBPBBP (10 frames per GOP). Each chunk
corresponds to one GOP, so each GOP is played back in-
dependently of the other chunks. At the receiver side, we
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Figure 3: Amount of missing upload capacity.

used the standard frame copy error concealment technique
to deal with lost frames. With this technique, the last frame
of the last decoded GOP is used to represent all frames of a
missing chunk.

We compared the following six algorithms:
DAC: This algorithm was proposed in [10, 11]. It fairly
allocates upload bandwidth based on overlay demands, but
it is blind to the provisioning of overlays.
Diversity-based (Db): corresponds to the strategy that en-
hance channel diversity.
Popularity-based (Pb): corresponds to the strategy that
serves the most popular channels first.
Improved diversity-based (IDb) and Improved popularity-
based (IPb): include the tolerable video quality parameters
to the policies of Db and Pb, respectively. The system is
overprovisioned with video bit rate 240 kbps, then k was
set to 0 kbps. For the other video bit rates, k was set to
50 kbps. Naive (Nai): This algorithm equally divides the
upload bandwidth among the overlays.

5.2 Provisioning Results
Fig. 3 shows the total underprovisioning

∑
s∈S− |∆s| of all

algorithms for all video bit-rates. The two maximum-flow
based approaches, (Db and Pb), minimize the total under-
provisioning, producing identical curves. For video bit rate
240 kbps, the system is overprovisioned, and Db, Pb, IDb
and IPb have zero underprovisioning, which means that ev-
ery overlay in the system is well provisioned. We observe
that both IDb and IPb (which also have identical curves)
can have a slightly larger underprovisioning than their non-
improved counterparts. Indeed, the diminution of the over-
lay demand can prevent the computation of a maximum flow
in the flow network. Finding the best tolerable video quality
parameter according to the system state and the video bit-
rate is left as a future work. The DAC allocation according
to the demand favors the most demanding overlays, with
the cost that less demanding overlays are underprovisioned.
It performs almost as badly as the Nai algorithm when the
system is slightly underprovisioned, and then improves when
all demands grow.

5.3 PSNR Results
We provide objective video quality results by measuring

the average luminance PSNR at each receiving peer. To
illustrate the distribution of the PSNR, we show the com-
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Figure 4: CCDF of PSNR for video bit rate 330 kbps.

plementary cumulative distribution function (ccdf) of the
PSNR for video bit rate 330 kbps (Fig. 4). We distin-
guish three sets of allocations: the maximum-flow alloca-
tions (Db, and Pb), their improved counterparts (IDb and
IPb), and DAC and Nai. For the first two groups, lines al-
most overlap between allocations. For the maximum achiev-
able PSNR value (37 dB), we observe that a significant pro-
portion of peers experienced high video quality: 70% (re-
spectively 90%) of peers for the maximum-flow allocations
(respectively the improved ones). For DAC and Nai, this
percentage is 40% and 60%, respectively. With both IDb
and IPb, only 15% of peers get video with PSNR below
35 dB, which demonstrates the potential of these policies.
Note also that the maximum-flow allocations (Db, and Pb)
have extreme bandwidth allocation strategies that result in
around 20% of peers with PSNR below 30 dB.

6. CONCLUSION
Some (supposedly scalable and robust) technical solutions

can meet unexpected capacity issues when implemented in a
real system. In this paper, we consider the challenge of peers
contributing to several overlays. This problem is almost
ignored in the P2P streaming literature and can prevent an
efficient deployment of P2P technologies.

First, global underprovisioning can be minimized by a smart
resource allocation algorithm. Flow-based algorithms, such
as the one presented in this paper, are traditionally used
for finding efficient matching; they are appropriate for re-
source allocation problems as well. Fortunately, there exist
very efficient implementations of flow algorithms. From our
experience, a server can easily manage up to thousands of
simultaneous peers. Moreover, distributed flow algorithms
can be implemented in clusters of servers. In summary, the
implementation of optimal resource allocation is possible,
and it significantly reduces the impact of underprovisioning
compared to a naive approach.

Second, sharing the deficit in a smart way is not restricted
to fair policies. In this study, the resources are under the
exclusive control of the service provider, and it is probable
that business-oriented motivations prevail over fairness. We
made a first step in the development of such pre-determined
allocation policies with our original minimum-cost maxi-
mum flow algorithm. Note that this algorithm can apply
to other policies as well. For example, it is straightforward
to define a cost function to serve in priority a premium class
of fee-paying sources.

Third, tolerating a slight underprovisioning for everybody
is a remarkably efficient way to reduce the impact of un-
derprovisioning. Multimedia services include multiple tech-
nologies to cope with packet loss, including data redundancy
and channel coding techniques. As a matter of fact, a small
amount of packet loss has imperceptible (or negligible) im-
pact on the Quality of Experience. Our study shows that
it is possible to leverage this characteristics to reduce the
impact of underprovisioning in general. We take advantage
of internal loss correction techniques. By purposely intro-
ducing a small underprovisioning, the overall system has far
better performance. Our future works will include the devel-
opment of algorithms to set this tolerable underprovisioning
according to the context.
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ABSTRACT
Large-scale live streaming systems can experience bottle-
necks within the infrastructure of the underlying Content
Delivery Network. In particular, the“equipment bottleneck”
occurs when the fan-out of a machine does not enable the
concurrent transmission of a stream to multiple other equip-
ments. In this paper, we aim to deliver a live stream to a
set of destination nodes with minimum throughput at the
source and limited increase of the streaming delay. We lever-
age on rateless codes and cooperation among destination
nodes. With rateless codes, a node is able to decode a video
block of k information symbols after receiving slightly more
than k encoded symbols. To deliver the encoded symbols,
we use multiple trees where inner nodes forward all received
symbols. Our goal is to build a diffusion forest that mini-
mizes the transmission rate at the source while guaranteeing
on-time delivery and reliability at the nodes. When the net-
work is assumed to be lossless and the constraint on delivery
delay is relaxed, we give an algorithm that computes a dif-
fusion forest resulting in the minimum source transmission
rate. We also propose an effective heuristic algorithm for
the general case where packet loss occurs and the delivery
delay is bounded. Simulation results for realistic settings
show that with our solution the source requires only slightly
more than the video bit rate to reliably feed all nodes.

Categories and Subject Descriptors
C.2.1 [Computer-Communication Networks]: Network
Architecture and Design; G.2.2 [Discrete Mathematics]:
Graph Theory—network problems, trees
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1. INTRODUCTION
As illustrated by the recent decision from Korea Telecom

to block Samsung’s Smart TVs from accessing the Inter-
net [7], over-the-top live streaming represents a major chal-
lenge for Internet Service Providers (ISPs) and Content De-
livery Networks (CDNs). The bottleneck of large-scale live
streaming delivery platforms is no longer in the last-mile
since rate-adaptive streaming enables a match between video
bit-rate and available bandwidth [8]. It is not in the peering
link either because ISPs and CDNs develop more friendly re-
lationships, including co-location of edge servers. Today, the
bottleneck is likely located within the CDN infrastructure,
which has to cope with the tremendous growth of video traf-
fic and the multiplication of video encodings per TV chan-
nel. The (relative) failure of the latest SuperBowl streaming
confirms this trend [13].

For live streaming, the infrastructure of a CDN comprises
three distinct elements. The role of the origin server is to
forward the original stream to edge servers. However the ori-
gin server has a limited fan-out, i.e., the number of streams
it can concurrently emit is limited. The CDN thus uses
some intermediate nodes, which are called reflectors [3] or
shield caches [5]. While these intermediate nodes have to
serve a subset of the thousands of edge-servers, they have
a limited upload capacity. The bottleneck in the CDN in-
frastructure comes either from the origin server that cannot
serve the intermediates nodes, or from the intermediate node
that cannot serve the edge servers.

In this paper, we introduce the generic problem of one
source (either origin server or intermediate node) that has
to serve a small set of nodes (respectively intermediate nodes
or edge servers) in such a way that the throughput of the
source is minimized and the streaming delay stays reason-
able. We explore a solution based on rateless codes and data
exchanges among the nodes. Since the latest rate-adaptive



streaming protocols rely on a segmentation of streams into
independent chunks, the use of rateless codes on every video
chunk appears as an attractive idea. With rateless codes
(e.g., Raptor codes [12] and LT codes [9]), a video chunk
of k information symbols can be recovered with high proba-
bility if slightly more than k encoded symbols are received.
The idea is that the source applies rateless codes to every
video chunk and delivers each created symbol to only one
node, which then uses an application-level multicast tree to
deliver this symbol to some other nodes.

1.1 Related Work
The first publications about live streaming in CDNs are

ten years old (e.g., [2, 4, 11]). Most of these publications
emphasized the fan-out limitations of intermediate equip-
ments. The focus of these papers was to build on top of large
overlays a set of low-delay application-level multicast trees,
subject to the constraints of the capacity of nodes. We re-
visit this objective through more recent delivery techniques,
including rateless codes and video chunks. Moreover, we re-
strict our study to a specific local part of the whole overlay,
where the bottleneck lies.

After five years without much academic activity, the de-
livery of a live stream in CDNs has become hot again with
a series of recent publications [1,3,8]. These works consider
the equipment bottleneck as well. They aim at creating de-
livery trees but their optimization purpose is generally to
save bandwidth cost. Since we are within the CDN infras-
tructure, we neglect bandwidth cost.

Previous works related to rateless codes focus on peer-to-
peer systems (e.g., [6,14,15]). These works address problems
related to scalability and management of churn. These issues
are not major in CDN infrastructures, where the number of
nodes is typically less than one hundred, and machines are
rarely faulty.

1.2 Our Contributions
Our contributions are twofold:

• theoretical contribution: we aim at building a multi-
tree structure that minimizes the source transmission
rate. When we do not take into account the constraints
of delay and packet loss, we give in §3.1 an exact algo-
rithm (minimum source transmission rate). When we
consider the joint height constraint of the delay and
the reliability, we give in §3.2 an effective heuristic al-
gorithm.

• practical contribution: our evaluation in §4 highlights
that when the nodes can reserve an upload bandwidth
that is larger than the video bit-rate, the source needs
slightly more than the video bit-rate to transmit a
video block to up to 25 nodes in a short delay and
in a reliable way.

Our paper makes a first step toward addressing the prob-
lem of equipment bottleneck within CDN networks.

The rest of this paper is organized as follows. In §2, we
present the system model and formulate the problem of min-
imizing the throughput for live streaming in CDNs. To this
end, we propose two diffusion forest construction algorithms
in §3. Then we evaluate the performance of our heuristic al-
gorithm with simulations in §4. Finally, we conclude this
paper and mention future work in §5.

2. SYSTEM MODEL
The source is the equipment that is the bottleneck of the

CDN infrastructure. We suppose that the CDN is able to
identify it. We denote it by s. This source is expected to de-
liver a flow of video chunks to some other equipments within
the CDN networks. We denote by V this set of equipments
(|V | = n), and we denote by G = (V,E) the connected sym-
metric digraph modeling the small part of the whole CDN
network that we consider in this paper. This is the network
that is affected by the lack of upload capacity of the source.
Our goal is to prevent the bottleneck to affect the whole
CDN, thus we propose that these nodes cooperate in order
to fix the bottleneck issue. We refer to this network as the
support network. As usual, E is the set of links between
nodes (|E| = m). The source s does not belong to V . An
arc from u to v is denoted by (u, v). We assume that the
support network is fully connected.

Every node v ∈ V is associated with a support capacity
(or capacity for short), denoted by cv, which is the number
of packets the node v can relay in the support network. It
is important to understand that the equipments are not ex-
pected to re-transmit data to their sibling equipments in a
hierarchical infrastructure like today’s CDN networks. That
is, intermediate nodes do usually not transmit data to inter-
mediate nodes, and edge servers do not communicate with
other edge servers. But there is not a lot of options for ad-
dressing the equipment bottleneck. We thus consider that
the CDN has“reserved”a small fraction of the overall upload
capacity in every equipment for the support network.

The transmission delay over the link (u, v) is duv. We
assume that the transmission delay is a real value in (0, 1],
for example a fraction of the maximum Round-Trip Time
(RTT) experienced in the CDN network.

The transmission reliability over the link (u, v), which cor-
responds to the probability that a packet sent by u is suc-
cessfully received by v, is denoted by puv. It is also in (0, 1].
Note that the delay is additive while the reliability is multi-
plicative over arcs.

In the support network, we use a multi-tree structure for
the diffusion of each video chunk. Each tree is the support
for the transmission of one packet of encoded symbols from
the source to nodes. To recover the video chunk, a node
should receive at least K packets of encoded symbols. In
other words, a node should belong to at least K trees. We
illustrate our proposal in Figure 1. On the left, in the gray
box, we represent the support network. On the right, we
represent the four trees that allow each node to receive K =
3 packets of encoded symbols.
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Figure 1: Multi-tree structure for the diffusion of
each video chunk (four nodes and K = 3)

As the capacity of each node is limited, it may be im-
possible to use one tree to relay a packet to all nodes. In



addition, to guarantee on-time delivery and reliability at the
nodes, the end-to-end delay and transmission reliability on
the path from the source to each node should be bounded
to a reasonable value.

Our objective is to minimize the transmission rate for the
source. The more trees are used in order to ensure that all
nodes receive at least K packets, the higher is the source
transmission rate. Thus, minimizing the source transmis-
sion rate is equivalent to minimizing the number of trees. In
light of this, we formulate the video diffusion problem in the
support network as a Height-Bounded Spanning Forest prob-
lem with Capacity constraint (HBSFC). The goal of HBSFC
is to find a forest F with minimum cardinality such that

• each tree T ⊆ G is rooted on a node, which directly
receives a packet from s. For simplicity, we assume no
packet loss between s and a root.

• for each node v ∈ V , the sum of its out-degrees in
all trees of F is not greater than its capacity cv. Let
deg+T (v) be the out-degree of v in T ∈ F ,

∀v ∈ V,
∑
T∈F

deg+T (v) ≤ cv (1)

• each node v ∈ V is spanned in at least K trees of F .
Let F (v) be the set of trees in which v is included.
Then |F (v)| ≥ K,∀v ∈ V .

• for each tree T ∈ F , the transmission delay from the
root to each node in T is no bigger than a given thresh-
old Dh > 0. That is, the delay height of each tree is
bounded by Dh.

• for each tree T ∈ F , each node v ∈ T receives a packet
from the root with a reliability no smaller than a re-
liability bound Ph ∈ (0, 1]. Let SPT (v) be the list of
arcs in the path from the root to v in tree T . Then

∀T ∈ F,∀v ∈ T,
∏

e∈SPT (v)

pe ≥ Ph (2)

By applying logarithms on both sides, we obtain:

∀T ∈ F,∀v ∈ T,
∑

e∈SPT (v)

log(pe) ≥ log(Ph) (3)

which means that the logarithmic reliability height of
each tree is bounded by log(Ph).

3. DIFFUSION FOREST CONSTRUCTION
ALGORITHMS

We propose two polynomial-time algorithms to optimize
the diffusion forest in two models: unbounded height model
and bounded height model.

3.1 Unbounded Height Model
We first assume an unbounded height model: (i) the trans-

mission reliability is pe = 1 for all e ∈ E, and (ii) the delay
threshold Dh satisfies Dh ≥ n − 1, so that no tree will vi-
olate this constraint. Please refer to Algorithm 1 for the
pseudocode of our algorithm. Note that notation Vk stands
for V \ Vk and (Vk, Ek) represents tree Tk. We use c′v to
denote the available capacity of a node v.

This algorithm consists of two phases. First, we construct
K trees, and maximize the number of nodes that are spanned

Algorithm 1: Unbounded Height Model

Input : Complete graph G = (V,E), capacity cv of
v ∈ V , number of packets K

Output: A forest F
1 k ← 1;
2 F ← ∅;
3 for v ∈ V do c′v = cv;
4 Vc ← {v : c′v > 0, v ∈ V };
5 while k ≤ K and Vc 6= ∅ do
6 find node r ∈ Vc s.t. c′r = max{c′v : v ∈ Vc};
7 Vk ← {r};
8 Ek ← ∅;
9 Tk ← (Vk, Ek);

10 while Vk 6= V and Vc 6= ∅ do
11 find node u ∈ Vk s.t. c′u = max{c′v : v ∈ Vk};
12 pick any node w ∈ Vk ∩ Vc;
13 Vk ← Vk ∪ {u};
14 Ek ← Ek ∪ {(w, u)};
15 Tk ← (Vk, Ek);
16 c′w ← c′w − 1;
17 if c′w = 0 then
18 Vc ← Vc \ {w}

19 F ← F ∪ {Tk};
20 k ← k + 1;

21 for v ∈ V do
22 kv ← number of trees v belongs to;
23 if kv < K then
24 add (K − kv) trees

(
{v}, ∅

)
to F

in these trees. For each tree, the root r is selected as the
node having the biggest available capacity. Then, we attach
nodes to this tree starting from the nodes with biggest avail-
able capacity until either all nodes are spanned or no node
has available capacity. Second, we take care of nodes that
are not spanned in the K trees. As all nodes have exhausted
their capacities, we span them by building shallow trees con-
taining only one node. For example, the tree on the right in
Fig. 1 is a shallow tree as it contains only the node 4.

Theorem 1. In the unbounded height model, the optimal
forest has cardinality

|F | =
{
K if

∑
v∈V cv ≥ K(n− 1)

K × n−
∑

v∈V cv otherwise
(4)

Proof. Let cFv be the sum of the out-degrees of node v in
F . Then the number of nodes in F is equal to

∑
v∈V c

F
v +|F |.

In an optimal solution, exactly K × n nodes belong to F .
We have

|F |+
∑
v∈V

cv ≥ |F |+
∑
v∈V

cFv = K × n (5)

When |F | = K, the sum of capacities should thus verify:∑
v∈V

cv ≥ K(n− 1) (6)

Otherwise, the total capacity is not enough to span K × n
nodes in K trees. To minimize |F |, we should use all the
nodal capacities, i.e., ∀v ∈ V, cFv = cv. Thus, we obtain a
forest cardinality of |F | = K × n−

∑
v∈V cv.



Theorem 2. Algorithm 1 computes an optimal solution

Proof. At step (5) of Algorithm 1, the first loop termi-
nates when one of the following conditions is satisfied:

• All nodes are spanned K times in the K trees. Thus
only K trees are required, |F | = K. Every tree in F
contains n nodes, so exactly K(n − 1) out degree is
needed. Thus we have

∑
v∈V cv ≥ K(n− 1).

• All nodes have exhausted their capacity (Vc = ∅) be-
fore finishing K trees. Let k ≤ K be the number of
constructed trees. These trees contain k +

∑
v∈V cv

nodes. As no node has available capacity, all remain-
ing trees in the resulting forest are shallow trees, and
K×n−(k+

∑
v∈V cv) shallow trees are needed. Thus,

|F | = k +K × n− (k +
∑
v∈V

cv) = K × n−
∑
v∈V

cv

(7)

In short, the forest built by Algorithm 1 has minimum car-
dinality and spans each node exactly K times.

At each step of Algorithm 1, it takes O(n) time to find
the node with the biggest capacity and there are at most
K × n steps, thus the overall time complexity is O(Kn2).

3.2 Bounded Height Model
We now take into account both the delay and the reliabil-

ity constraints. We suppose that the delay and reliability are
identical over all links, i.e., ∀e ∈ E, de = d > 0, pe = p < 1.
Let h(T ) be the height of T , the delay height constraint and
the reliability constraint in equation (3) are thus simplified
into one joint tree height constraint, i.e.

∀T ∈ F, h(T ) ≤ H = min{bDh

d
c, b log(Ph)

log(p)
c} (8)

This is to say that the number of hop counts from the root
to each node is bounded by H in any tree. When H =
0, each tree contains only a node, and thus Kn trees are
required. When H is bigger than n − 1, the unbounded
height algorithm that we previously presented can be used.
For all other heights, we propose a time-efficient heuristic
algorithm, detailed in Algorithm 2. We use h(Tk) for the
height of tree Tk and hTk (w) for the depth of a node w in
Tk. In the pseudocode, VK stores the set of nodes not yet
spanned in K trees, and V +

k stores the nodes via which a
node can be added to Tk without violating the height and
capacity constraint.

Following the same idea as in Algorithm 1, our algorithm
consists of two phases. The first one exhausts node capacity
and the second one creates additional shallow trees if neces-
sary. For every tree, we select the root as the node having
the biggest available capacity, then we attach other nodes to
the tree in a breadth-first manner starting from the nodes
having biggest capacity until either the height of the tree
reaches H − 1 or no more unattached node has capacity.
Note that a node can be attached although it has already
been spanned K times. At the end of each tree, we add the
nodes that are still in VK starting from the nodes with the
smallest capacity until until either all nodes are spanned, or
all capacities of nodes with height smaller than H are ex-
hausted, i.e., V +

k = ∅. In the second phase, we build the
remaining shallow trees if VK is not empty. At most K × n

Algorithm 2: Bounded height model

Input : Complete graph G = (V,E), capacity cv of
v ∈ V , number of packets K, and height H

Output: A height-bounded forest F
1 k ← 1;
2 F ← ∅;
3 VK ← V ;
4 for v ∈ V do c′v = cv;
5 Vc ← {v : c′v > 0, v ∈ V };
6 while Vc 6= ∅ and VK 6= ∅ do
7 find node r ∈ Vc s.t. c′r = max{c′v : v ∈ Vc};
8 Vk ← {r};
9 Ek ← ∅;

10 Tk ← (Vk, Ek);
11 if r ∈ VK and r is spanned K times then
12 VK ← VK \ {r};
13 V +

k ← {v : v ∈ Vk ∩ Vc and hTk (v) < H};
14 while Vk ∩ VK 6= ∅ and V +

k 6= ∅ do
15 find w ∈ V +

k s.t.

hTk (w) = min{hTk (v) : v ∈ V +
k };

16 if hTk (w) < H − 1 and Vk ∩ Vc 6= ∅ then
17 find u ∈ Vk s.t. c′u = max{c′v : v ∈ Vk};
18 else
19 find u ∈ Vk ∩ VK s.t.

c′u = min{c′v : v ∈ Vk ∩ VK};
20 Vk ← Vk ∪ {u};
21 Ek ← Ek ∪ {(w, u)};
22 Tk ← (Vk, Ek);
23 c′w ← c′w − 1;
24 if c′w = 0 then
25 Vc ← Vc \ {w};
26 V +

k ← {v : v ∈ Vk ∩ Vc and hTk (v) < H};
27 if u ∈ VK and u is spanned K times then
28 VK ← VK \ {u};

29 F ← F ∪ {Tk};
30 k ← k + 1;

31 for v ∈ VK do
32 kv ← the number of trees v belongs to;

33 add K − kv trees
(
{v}, ∅

)
to F

trees may be computed and each tree contains at most n
nodes. It also takes O(n) time to find the node with the
maximum or minimum capacity. Thus the time complexity
is O(Kn3).

4. SIMULATIONS
We use the ns-2 network simulator to evaluate the perfor-

mance of our heuristic algorithm (Algorithm 2).

4.1 Video and Rateless Code Settings
The video was compressed with the H.264 coder at vari-

ous bitrates ranging from 320 kbps to 3.2 Mbps. The result-
ing bitstream was partitioned into chunks where each chunk
corresponded to one Group of Pictures (GOP). Each chunk
had a playback duration of 0.5 s. The source applies rate-
less coding on each chunk and sends the encoded symbols
in successive UDP packets of size 1,000 bytes. The size of
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Figure 2: Results of our evaluation

an encoded symbol was one byte. For rateless coding, the
Raptor code model proposed in [10] was used. With this
model, a redundancy of 5%, gives a very high probability of
successful decoding [10]. Thus, for a default video bitrate
of 640 kbps, a node needs about 672 kbps to recover the
original chunk.

4.2 Nodes Settings
The number of nodes varied from 5 to 25 (by default 10).

Since there is no existing solution like the one we propose,
it is hard to set the support capacity of the node. Our goal
is to explore various capacity distributions and to observe
the impact on the performance. Thus, our simulations can
guide CDNs to set the support capacity. We used a log-
normal distribution. The first parameter is the mean upload
capacity, which was chosen in the set {512 kbps, 1,024 kbps,
2,048 kbps}. The second parameter is σ, which we abu-
sively call capacity heterogeneity. We used three values for
σ: {0.1, 0.8, 1.5}. The first value σ = 0.1 corresponds to a
homogeneous configuration where the capacity of all nodes
is close to the mean. At the other end, the value σ = 1.5
generates heterogeneous configurations where a few nodes
have a high capacity while the remaining ones have a low
capacity. As we have observed a low impact of the capacity
heterogeneity, we do not present curves with distinct het-
erogeneities.

4.3 Network and Algorithm Settings
The core network of the CDN is a homogeneous network

where most equipments and links are standard. Thus, we
assume that both RTT and the packet loss probability are
identical on every link (respectively set to 50 ms, and, for

the packet loss probability to zero in Figs. 2(a) to 2(d) and
0.025, 0.05, or 0.1 in Fig. 2(e) and 2(f)). The Raptor code
redundancy was set to 5% in Figs. 2(a) to 2(d). We used
three different height bounds, H ∈ {1, 2, 3}. As for the
capacity heterogeneity, we do not present results for each
tree height bound separately because this parameter had a
low impact on the overall performance. Therefore, every
point on a curve corresponds to the average value of ten
runs for three different tree height bounds and three different
capacity heterogeneities.

4.4 Discussion
Figs. 2(a) and 2(c) show the required transmission rate

at the source to guarantee that all nodes are able to decode
the video chunk for various numbers of nodes and video bit-
rates, respectively. Figs. 2(b) and 2(d) show the average
lag between the time at which the source sends the first
packet of a video chunk and the time at which a node is
able to decode the video chunk again for various numbers of
nodes and video bit-rates, respectively. Gray vertical lines in
Figs. 2(c) and 2(d) indicate the video bit-rate for which the
support network is just-provisioned for our different mean
upload capacities. In the following, we use these four figures
to highlight that our proposal has two distinct behaviors
regarding the provisioning of the support network.

When the support network is under-provisioned, upload
resources are exhausted before all nodes are spanned K
times, so the source has to compensate for the lack of upload
capacity by directly sending the last packets of the video
chunk in shallow trees. On one hand, these shallow trees
are costly in terms of source transmission rate because each
one transmits one packet to only one node. On the other



hand, as no relay is necessary, the decoding lag is lower. The
more under-provisioned is the support network, the larger is
the number of shallow trees in the forest. Therefore in the
extreme case (video bit-rate 3.2 Mbps for mean capacity
512 kbps), the playback delay is stable around the mini-
mum transmission delay, and the source transmission rate
is roughly equal to the number of nodes times the video
bit-rate.

When the support network is over-provisioned, the source
does not need to build shallow trees. Our algorithm ensures
that the forest contains compact and well-balanced trees.
The decoding lag is less than 400 milliseconds, even when 25
nodes should be served. Our algorithm also succeeds in fully
utilizing the resources of the nodes, as demonstrated by the
source transmission rate, which is stable around the optimal
lower bound in Fig. 2(a) for a mean capacity 2,048 kbps and
never requires the transmission of more than 2.5 times the
video bit-rate in every over-provisioned configuration. Our
ability to serve a large number of nodes in a short delay
makes the case for our proposal.

We then evaluate the performances of our algorithm when
UDP packets can be lost during transmission. Rateless codes
allow the diffusion of a potentially infinite number of distinct
symbols until all nodes can decode the chunk. In our con-
text, we fix a redundancy index, which indicates the bit-rate
of the encoded stream including the redundancy in compar-
ison to the video bit-rate (e.g., a redundancy of 1.05 for
a video bit-rate of 1,000 kbps means a stream bit-rate of
1,050 kbps). Fig. 2(e) shows the outage rate, which is the
ratio of chunks that are not decoded to the overall number
of transmitted chunks. Fig. 2(f) shows the decoding lag of
the successfully decoded chunks.

Since the packets may be relayed many times before reach-
ing a node, packet loss has a dramatic impact on successful
chunk decoding. With low redundancy (less than 1.10), the
outage rate is intolerable when the network is faulty (almost
no chunk successfully decoded when 10% of transmissions
are faulty). However, the benefits of using rateless codes be-
come clearer for stream bit-rates that include a reasonable
redundancy (between 1.15 and 1.20). Here, the outage rate
falls below 0.2 in the most realistic scenarios. Finally, as
shown in Fig. 2(f), neither the redundancy nor packet loss
affect the decoding lag. When the redundancy increases,
the number of shallow trees increases, and the decoding lag
paradoxically decreases.

5. CONCLUSION AND FUTURE WORK
In this paper, we try to prevent one equipment (source)

to throttle a whole CDN infrastructure in the context of live
stream delivery. We propose the notion of support network
where the equipments that receive the video chunks from
the source cooperate in order to compensate for its missing
capacity. We study one solution for this support network,
which consists in leveraging on rateless codes. We modeled
the problem as finding a diffusion forest with guaranteed
end-to-end delay and bounded packet loss probability such
that the total number of trees in the forest is minimized.
We presented an optimal solution when both the delay and
packet loss rate are not bounded. When the delay and the
reliability are bounded and identical over all links, we pro-
posed a heuristic algorithm.

The numerical results demonstrate the performance of the
heuristic algorithm in diverse system configurations. Future

work will include a real implementation in a real CDN in-
frastructure in order to validate the practical interest of our
solution on the overall CDN.
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Abstract

Many peer-to-peer (P2P) systems have been proposed
for the provision of scalable live video streaming services
over the Internet. While the literature contains surveys of
the architectures of these systems, there is a lack of work
on methodologies for their evaluation. We identify the main
issues in the evaluation of P2P live streaming systems and
use the Community Network Game (CNG) project as an ex-
ample to illustrate them. The evaluation of the P2P sys-
tem consists of two phases: a laboratory one using the ns-2
network simulator and an online field test with Massively
Multiplayer Online Games (MMOG) players.

1. Introduction

Traditional client-server video streaming systems have
critical issues of high cost and poor scalability. P2P net-
working exploits the upload bandwidth, computing power
and storage space of the end users to reduce the burden
on the servers and has been shown to be cost effective and
easy to deploy. We identify the main issues in the evalua-
tion of P2P live video streaming systems and use the CNG
project as an example to illustrate them. The CNG project
(http://www.cng-project.eu/) is an EU-funded
research project that is focused on applying new network
technologies to support community activities over highly
interactive centrally managed MMOGs. CNG enhances
collaborative activities between online gamers and devel-

∗The research leading to these results has received funding from the Eu-
ropean Commission’s Seventh Framework Programme (FP7, 2007-2013)
under the grant agreement no. ICT-248175 (CNG project).

ops new tools for the generation, distribution and insertion
of User Generated Content (UGC) into existing MMOGs.
It allows the addition of new engaging community services
without changing the game code and without adding new
processing or network loads to the MMOG servers. In par-
ticular, CNG proposes a P2P live video system to stream
screen-captured video of MMOGs.

This paper presents the procedure that will be followed
to evaluate the P2P live streaming system. Two phases are
planned: a laboratory “offline” one using simulation soft-
ware and an online one based on a real deployment. The
online evaluation will be done by real gamers who will pro-
vide feedback through questionnaires. The performance of
the system will be monitored by software, which will col-
lect and provide useful information for further analysis.

The remainder of the paper is as follows. Section 2 pro-
vides an overview of the CNG P2P live streaming system.
The plans for CNG laboratory experiments and online eval-
uation are presented in Section 3 and 4 respectively.

2. CNG P2P Live System

Allowing MMOG players to share their live game play
with other players can have many useful applications. For
example, skilled players can showcase their game to a large
audience. Currently, the only platform that offers this ser-
vice is Xfire (http://www.xfire.com/). Xfire cap-
tures the video of the game from the screen and sends it to
a central server which broadcasts it live. However, this so-
lution, which relies on central servers is expensive due to
bandwidth and maintenance costs. To address these limita-
tions, the CNG project proposes to use a P2P system. While
many P2P live video systems have been developed, none of



Figure 1. P2P topology.

them is suitable for the specific requirements of MMOGs:

• MMOG friendliness. The game experience should not
be harmed by the P2P streaming. Thus, data commu-
nication with the MMOG game server must be given
higher priority.

• Efficient management of multiple P2P overlays. Many
MMOG players may simultaneously emit live streams,
so the P2P overlay consists of many concurrent P2P
overlays. A peer cannot participate in all P2P over-
lays because some of its resources will be used in ev-
ery overlay it belongs to. The challenge for a user is
to adequately allocate its physical resources, including
upload and download bandwidth. These resources are
limited, so they have to be shared carefully.

• Live video should be delivered at about the same time
for all peers at the same “level”. Moreover, peers in
a higher level should in general be able to watch the
video before those in a lower level. A level can be a
priority class in a multi-tiered premium service. Alter-
natively, a level can be defined as the set of MMOG
players that are in the same region of the virtual world.

In the following, we describe the CNG P2P system. The
video of the game is captured in real time from the com-
puter screen of the source and compressed. The resulting
bitstream is partitioned into a sequence of source blocks,
each of which corresponds to one Group of Pictures (GOP).

A mesh topology is used for the P2P network. This mesh
is a directed graph G = (V,E) where V is the set of peers,
and (x, y) is in E if x may directly send packets to y. Peers
are organized in levels. Level 0 contains the source. Level 1
consists of all peers that are direct successors of the source.
In general, level k consists of all peers that are direct suc-
cessors of level k − 1 peers but are not in level k − 1.

The UDP protocol is used as the transport protocol. The
source applies rateless coding on each source block and
sends the resulting encoded symbols in successive packets

to level-1 peers until it receives an acknowledgment or a
timeout occurs.

Packets are sent according to a scheduling strategy. The
strategy specifies the maximum number of encoded packets
n that can be sent by the source, the time at which a packet
is sent, and a hierarchical forwarding scheme.

An example of a scheduling strategy for the P2P network
of Fig. 1 is as follows. Packet 1 should be sent at time t1 to
A, which should forward it to B and D. Packet 2 should be
sent at time t2 to B, which should forward it to C. Packet
3 should be sent at time t3 to C, which should forward it to
B and D. Peer D should forward it further to A. Packet 4
should be sent at time t4 to D, which should forward it to
A and C. Peer C should forward it further to B.

Level-1 peers forward packets that are directly received
from the source to their adjacent level-2 peers.

When a level-1 peer completes the decoding of a source
block, it sends an acknowledgment to the source. Then it
applies rateless coding on the decoded source block and
starts acting as a source for level-2 peers that are its direct
successors. The same procedure applies to peers at the next
levels.

3. Laboratory Experiments

In the laboratory experiments, the CNG network solution
with be evaluated with simulation software.

3.1. Metrics

To evaluate the performance of P2P video streaming sys-
tems, the following metrics were used in the literature: (1)
Start-up delay: delay between the time a user joins a P2P
system and the time it starts playing back the video [1] (2)
Playback lag: time difference between the playback posi-
tion of the source and that of the receiving peer [2] (3) Fail-
ure rate: probability that a user is rejected when it tries to
join the system [1] (4) Continuity index: ratio of the num-
ber of video blocks that are available at their due playback
time to the number of blocks that should have been played
back by that time [1] (5) Peak Signal to Noise Ratio (PSNR)
[3]. The PSNR is a standard video quality metric com-
puted as: PSNR(dB) = 10 log10

2552

MSE where MSE is
the mean squared error between the original frame and the
reconstructed frame (6) Percentage Degraded Video Dura-
tion (PDVD) [4]. The PDVD is the percentage of received
frames whose PSNR is more than 2 dB worse than the
PSNR of the corresponding encoded frames.

Both the PSNR and PDVD can easily be computed in the
lab experiments as all required videos (original, encoded,
received) are available.

In addition to measuring mean values of these metrics,
we plan to divide CNG users into classes according to band-



width, and measure minimum, maximum and variance val-
ues of the metrics for each class.

3.2. Examined Aspects

Scalability: Scalable systems are characterized by the
property that the usage of resources is independent of the
size of the system. Simulations for P2P live video stream-
ing systems rarely consider more than several thousand si-
multaneous peers. Indeed, it is assumed that if the system
scales at this stage, it is highly likely that it will scale to
more peers. For the simulation of the CNG P2P video sys-
tem, we plan to consider at least 2,000 peers.

Heterogeneity: Measurements show that P2P systems are
characterized by a very high diversity of participating peers
[5]. The variability of the upload capacity is consid-
ered as the major challenge in terms of heterogeneity, be-
cause it requires specific strategies in order to leverage
the high capacity on some peers, and serve the peers with
low capacity [1]. In [6], the average upload capacity of
peers using BitTorrent has been found to be 180 kbps,
while [7] shows an average upload capacity of 150 kbps.
Two empirical distributions of peer upload capacities, one
of broadband hosts (http://www.dslreports.com/
archive) and one of BitTorrent hosts [8] are similar and
are well modelled by a log-normal distribution [9]. Taking
into account the above studies, the upload capacity in our
experiments will follow a log-normal distribution with pa-
rameters µ in {150, 500, 1000} and σ in {0.2, 0.9, 1.4}.

Churn: Based on the results from [10] and [7], we pro-
pose to use an exponential distribution of Time to Live
(TTL) to model the churn rate. The parameter of this ex-
ponential distribution should result in approximately one
tenth of the peer population refreshed at every simulation
unit (which can be fixed at 1 hour). This setting, which is
higher than what has been measured in [10], represents a
system with a high churn. We will also evaluate our system
under lower churn rates.

3.3. Simulation Tools

We considered several simulators including: ns-2, ns-3,
P2PSim, Overlay Weaver, PeerSim, PlanetSim, Neurogrid,
Query-Cycle, and Narses. We have assessed the available
simulators based on several criteria, like simulator archi-
tecture, usability, scalability, statistics, underlying network
simulation, and system limitations. We also considered
the use of a testbed, like Planetlab. However, testbeds do
not permit complete control of the system (e.g., for churn
purposes) and, additionally, the scale of the experiments is
severely limited. Taking into account the above, we decided
to use the ns-2 simulator for CNG laboratory experiments.

3.4. Simulation Environment & Settings

A network game model for Counter-Strike is proposed
in [11]. It is reported that 3–4% of all packets in a back-
bone could be associated with only 6 popular games [12].
One major concern is the upstream bandwidth. The peak
percentage of traffic contributed by clients playing Counter-
Strike to the total UDP traffic in the upstream direction can
go up to 12% [13]. The work in [11] provides a simple
traffic model for fast action multiplayer games. The game
traffic model consists of only two independent modules, the
client traffic model and the server traffic model with a burst
size equal to the number of clients participating. In [14],
the Extreme Value distribution has been identified to fit best
for Quake traffic and other measurements have shown that
newer MMOGs have bandwidth requirements that surpass
those of older games [15].

It is important to identify user behavior with respect to
network gaming. The study in [13] shows the percentages
of subscribers playing Counter-Strike in various markets
and identifies the trends in user behavior versus the day of
the week. The common trend for all the markets is that this
proportion increases as the weekend approaches, peaking
on Friday, Saturday or Sunday. Also, there is a period of
time in a day when there are very few to no users playing
games. The exact hours vary depending on the market, in-
dicating varying user behavior. The authors of [16] have
filtered and analyzed MMOG traffic of the three-day long
passive measurement, which contained about 200 World of
Warcraft (WoW) flows and 100 other MMOG flows. Fi-
nally, [17] analyses a 1,356-million-packet trace from a siz-
able MMOG called ShenZhou Online.

3.5. Comparison to Similar Systems

Comparing the CNG system to state of the art commer-
cial systems such as PPlive (http://www.pptv.com/)
would present a major challenge as an implementation of
these systems in ns-2 is not available. Moreover, the exist-
ing systems have not been designed for the CNG envisioned
application. As an alternative, we propose to compare the
CNG system to two related systems [18, 19] which although
not designed for an MMOG environment can be imple-
mented in reasonable time by making appropriate changes
in the CNG system implementation.

4. Online Evaluation

In the online evaluation, MMOG players will be asked
to answer an online questionnaire to describe their experi-
ence. In addition, the performance of the P2P network will
be monitored using online tools.

Evaluation tools will be used for monitoring the activi-
ties and the traffic generated by the CNG system. Packet



analyzers like Wireshark (http://www.wireshark.
org/) are commonly used for traffic monitoring. In [20],
Wireshark is used for analyzing and modeling the traffic
generated by WoW. In [15], Wireshark was running on a
computer along with Second Life, capturing game packets
while filtering out irrelevant packets. On the other hand,
built-in packet sniffers are useful for capturing the traf-
fic and investigating protocols or applications in a non-
intrusive way. When the source code of the application is
available, traffic analysis can be done by adding proper log-
ging and profiling functions to the source code [21].

In the online evaluation of the CNG network solution,
Wireshark will be used to monitor the MMOG and other
background traffic. On the other hand, the P2P network
will be monitored through modules that will be developed in
order to track user activities as well as the generated traffic.

For the online evaluation, a sample of 100-200 players
will be recruited through forum posts and direct invitations
to MMOG communities. An online user guide will be made
available to help the players install and use the CNG tool.
A number of evaluation measures will be used before, dur-
ing and after the evaluation trial. The evaluations will be
conducted online, allowing the project to obtain fast feed-
back. Participants will then be requested to continue their
MMOG play and to augment it where they wish to with the
CNG tools available to them. The usage period will be in
the region of 4 weeks. Online players will be able to provide
their feedback through a questionnaire where they will de-
scribe their experience with the CNG system, indicate any
technical problem they encountered and suggest any further
enhancement for the system.

5. Conclusion & Future Work

We have presented the plannning for the evaluation of the
CNG P2P live streaming system. The process consists of
two phases: laboratory experiments and online evaluation
of the integrated system. The paper also includes a survey
on the state of art for the evaluation of similar systems.

The next step of this work is the execution of the above
plans. Our goal is that the execution of CNG evaluation
will not only lead to significant results on the CNG system
performance, but it can also introduce innovative ways of
working for the evaluation of similar systems.
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Abstract—One of the most attractive features of Massively
Multiplayer Online Games (MMOGs) is the possibility for users
to interact with a large number of other users in a variety
of collaborative and competitive situations. Gamers within an
MMOG typically become members of active communities with
mutual interests, shared adventures, and common objectives.
This demonstration presents a peer-to-peer live video system
that enables MMOG players to stream screen-captured video
of their game. Players can use the system to show their skills,
share experience with friends, or coordinate missions in strategy
games.

I. INTRODUCTION

Massively Multiplayer Online Games (MMOGs) allow a
large number of online users to inhabit the same virtual world
and interact with each other in a variety of collaborative and
competing scenarios. Players can play against other players
or build groups to compete against other groups or against
computer-controlled enemies. Within a group, synchronisation
among teammates requires communication tools. Unfortu-
nately, existing games offer only a few basic communications
tools (if any). The survey we conducted in the context of the
FP7-funded CNG project [1] has highlighted that streaming
live screen-captured video of the game is one of the most
desirable communication tools. Players can use it to show their
skills, share experience with friends, or coordinate missions in
strategy games.

Existing online video platforms such as Xfire [2] and
TwitchTV [3] rely on a centralized architecture. Even when
the system is coupled with a Content Delivery Network
(CDN), this solution is not appropriate. Indeed, the popularity
distribution of our service poses a major challenge to current
large-scale delivery systems. On one hand, a large proportion
of players are likely to act as sources, so there are many
live streams to deal with. On the other hand, each stream is
typically watched by a small population consisting of a few
friends and teammates.

Within the CNG project, we have developed a P2P system
for sharing live screen-captured video of MMOGs. While

This paper appeared in Proc. IEEE P2P’12, Tarragona, Sept. 2012. Personal
use of this material is permitted. However, permission to reprint/republish this
material for advertising or promotional purposes or for creating new collective
works for resale or redistribution to servers or lists, or to reuse any copyrighted
component of this work in other works must be obtained from the IEEE.

Fig. 1: System architecture.

Fig. 2: Overlay example when K = 2 encoded packets are
needed to successfully decode the video and the maximum
height of any tree is constrained to be H = 3. There are two
trees in Level 1 (higher level) rooted at r1 and r2 and three
trees in Level 2 (lower level) rooted at r3, r4, and r5. Every
peer is contained in two trees.

many P2P live video systems are available, none of them was
specifically designed for MMOGs. In particular, no existing
P2P live video system fulfills all the following requirements:

• The video source can be a casual gamer with limited
upload bandwidth. It is therefore critical to minimize the
transmission rate at the source.

• Live video streaming should not consume the upload and
download bandwidth that is necessary for the smooth
operation of the MMOG (MMOG client-server traffic).

• Users should be able to watch several videos simultane-
ously for, for example, intra-group coordination.

We designed a multi-level multi-overlay P2P system con-
sisting of peers and a P2P server. The P2P server has per-



sistent communication with the peers and is responsible for
building the P2P overlays (Fig. 1). Multicast trees are used
to diffuse video data within and across levels (Fig. 2). We
use rateless codes [4] to provide resilience against packet
loss. Rateless codes are ideally suited for our application
as they (1) have very low computational cost, (2) minimize
delivery redundancy when a peer receives data concurrently
from multiple peers, (3) make the system adaptive to varying
channel conditions since the encoder can generate on the fly
as many encoded symbols as needed.

We propose a novel algorithm to efficiently schedule the
rateless encoded packets within and across levels. Our algo-
rithm tries to build multicast trees that minimize the transmis-
sion rate at the source while guaranteeing on-time delivery
and reliability for the peers. We formulate this objective as a
height bounded spanning forest problem with nodal capacity
constraint and compute a solution in polynomial-time.

II. CNG P2P SYSTEM

A peer wishing to broadcast its video sends a request to the
P2P Server. If the request is accepted, an overlay is created for
this video session and the video is advertised. If another peer
is interested in the advertised video, it sends a request to the
P2P Server. If the request is accepted, the P2P Server updates
the overlay information and informs participating peers. Social
relationships between peers are exploited in the management
of the available live videos. For example, peers can easily find
all videos advertised by their friends. The overlay information
consists of peer assignments to levels and sets of multicast
trees for each level. When constructing an overlay, peers’
upload capacity constraint is respected, that is, for each peer,
the capacity needed for forwarding received packets to other
peers does not exceed the peer’s upload capacity. When a
peer participates in several P2P overlays, its resource is allo-
cated among the overlays according to a bandwidth allocation
strategy. Keep-alive messages are periodically sent from the
peers to the P2P server. If a peer stops sending keep-alive
messages, the server removes it from the overlay and updates
the multicast trees. Because of the lack of space, details cannot
be included here and will be published elsewhere (check [1]).

As soon as the source peer receives the overlay information
from the P2P Server, it captures the video and compresses
it with the H.264 video coder. The resulting bitstream is
partitioned into source blocks, where each source block corre-
sponds to one GOP (Group of Pictures) and is an independent
unit of fixed playback duration ∆. Then the source peer
applies rateless coding on each source block and sends the
resulting encoded symbols in successive UDP packets. Packets
are transmitted in an interval of duration ∆, and one packet
is sent on each multicast tree.

A root of a Level 1 multicast tree (r1 and r2 in Fig. 2) imme-
diately forwards packets directly received from the source to
the Level 2 multicast trees associated to it (one tree for r1 and
two trees for r2 in Fig. 2). Moreover, as soon as it successfully
decodes a source block, it sends an acknowledgment to the
source, so that the source stops sending it packets, and it

Fig. 3: Snapshot of the CNG P2P system.

creates new encoded packets by applying rateless coding on
the decoded source block. Then it sends these new encoded
packets to Level 2 peers over the multicast trees associated to
it (ignoring those already used). The number of packets sent
by a Level 1 root peer to Level 2 is set not to exceed the
number of Level 2 multicast trees associated to this root peer.
The same procedure is repeated for the next levels.

For Network Address Translator (NAT) traversal, the Inter-
active Connectivity Establishment (ICE) protocol is used. For
efficient frame capture, the GPU is used. GStreamer is used
to encode the video and send it to the P2P application over a
local port. Video playback uses the VLC ActiveX plug-in to
play a video stream from a local port.

III. DEMONSTRATION

The scalability of the CNG P2P system and its robustness
to peer churn were successfully tested using the ns-2 simulator
with up to 1500 peers. An online version of the system was
integrated in The Missing Ink [5] MMOG and is currently
in the Alpha testing phase. A large scale Beta testing will
be conducted with The Missing Ink gamers in the summer
of 2012. Figure 3 shows a snapshot of the screen of an
Alpha tester during an online live streaming session. The
tester is using the P2P system to watch three live streams
while playing the game. The demonstration at the P2P’12
conference will use four computers and the available Internet
connection to illustrate how a user can advertise a live stream,
capture and stream a video of the game, and watch up to
three simultaneous live streams while playing The Missing
Ink game. Ten live videos will also be streamed from CNG
consortium members located in Leicester, London, Patras, Tel
Aviv, and Brest. In addition, a number of live videos from
regular The Missing Ink gamers will be available.
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