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ABSTRACT

Web services such as YouTube which allow the distribution of user-produced media have recently become very
popular. YouTube-like services are different from existing traditional VoD services because the service provider
has only limited control over the creation of new content. We analyze how the content distribution in YouTube
is realized and then conduct a measurement study of YouTube traffic in a large university campus network. The
analysis of the traffic shows that: (1) No strong correlation is observed between global and local popularity; (2)
neither time scale nor user population has an impact on the local popularity distribution; (3) video clips of local
interest have a high local popularity. Using our measurement data to drive trace-driven simulations, we also
demonstrate the implications of alternative distribution infrastructures on the performance of a YouTube-like
VoD service. The results of these simulations show that client-based local caching, P2P-based distribution, and
proxy caching can reduce network traffic significantly and allow faster access to video clips.
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1. INTRODUCTION

During the past two years YouTube has become a very popular web application. Viewers around the world
request millions of videos every day*. So far, there is no indication that this popularity will decrease in the near
future.

YouTube represents a service that is different from the traditional VoD systems. On one hand, traditional
VoD systems usually offer professionally produced video content like movies, news, sport events or TV series.
The quality and popularity of these content can often be controlled and predicted. In contrast, YouTube video
contents can be uploaded by virtually anyone with access to the network. The content and quality of these video
clips vary vastly. As a consequence, predicting how many new videos will be uploaded and their popularity
within the YouTube community is very hard. The manner in which content spreads from these two systems to
the public is also different. In the VoD system, either the viewers expect regular updates on the content (in the
case of news or TV series’) or the content provider can announce new content (e.g., the upcoming of the latest
block buster). In the YouTube system, it is often the case that a video clip has become extremely popular after
viewers became aware of the clip and told their friends about it, discussed it in BLOGs, and put embedded links
to the clip on their own web pages.

These distinct features of YouTube type service lead to many interesting questions. In this work, we focus
on how the user request characteristics of YouTube could potentially affect the effectiveness of various content
distribution paradigms. Content distribution systems have been thoroughly investigated for traditional VoD
systems in the past. For example, for CDNs, it was assumed that the expected popularity of the content in the
VoD system is high so that this content should be available from a large portion of content servers in the VoD
system. However, in the case of YouTube, the unpredictability of YouTube content popularity invalidates this
assumption.
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*http://news.zdnet.com/2100-9588.22-6094687.html ”YouTube serves up to 100 million videos a day”

"Many TV channels already make a large portion of their TV series available via their web sites after they have been
originally broadcast on traditional TV. In this case, viewers know when a new sequel will be available.

Multimedia Computing and Networking 2008, edited by Reza Rejaie, Roger Zimmermann,
Proc. of SPIE-IS&T Electronic Imaging, SPIE Vol. 6818, 681805
© 2008 SPIE-IS&T - 0277-786X/08/$18

SPIE-IS&T/ Vol. 6818 681805-1



CDN server located in YouTube or

YouTube Web serve
i 3 Limelight network

(www.youtube.com)

T
"l (3) HTTP
. — ot Get

;*‘ [Example of (17]
~ / Gt fgel_videoPvideo _id=G_¥3ySesemd
/}- HTTPA.]

[Example of (2)]
HITP/ILI 303 See other

Client | Location: http-sic-v] 10 sic voutube.com
fget_videoPvideo_id=G_YiySescmd

Figure 1. Video retrieval in YouTube

Our work begins with a measurement study of YouTube traffic. The measurement study utilizes network
traces that were collected by monitoring traffic at the interconnection between a University campus access
network and the Internet. We looked into the time series of user requests for YouTube videos and investigated
how video clips are requested by the viewers. We also obtained the global popularity of video clips from the
YouTube web site and compared that with the popularity obtained from the local network trace. Our study
reveals that local and global popularity information is uncorrelated. Thus, global popularity information from
YouTube does not necessarily reflect the popularity of video clips in a local access network and might not be used
to support local caching mechanisms. A significant number of video clips are requested twice or more during
a short time span and caching in the local access network can reduce overall network load. The result from a
trace-driven simulation shows that, in the case of local caching with a cache size of 50 MByte, 84% of request
for video clips with multiple requests from the same client can be served from the client’s local cache. In the
case of proxy caching, the theoretical upper limit for the cache hit rate can almost be reached.

The rest of the paper is structured as follows. Section 2 describes the basic interaction between a YouTube
server and a client browser. The monitoring environment and the monitoring procedure of YouTube traffic are
described in Section 3 and an analysis of the trace data is presented in Section 4. In Section 5, the impact
of alternative distribution infrastructures on the performance of YouTube is investigated via a trace-driven
simulation study. Section 6 presents related work. Finally, we conclude the paper in Section 7.

2. HOW YOUTUBE WORKS

YouTube is a web-based service that allows the sharing of videos via the Internet. Clients can upload their
own videos and make them publicly available. Viewers can search for videos and then watch these videos on
their computer or a mobile device. This section gives an overview on how the YouTube system works. We
describe from the perspective of a client who requests a video from the YouTube web site with an emphasis on
the communications between the client and YouTube servers. Figure 1 illustrates the communication between
the client, YouTube server, and the CDN server. When a client has chosen a specific video, an HTTP GET
message is sent from the client to the server. The following gives such an example:

GET /get_video?video_id=G_Y3y8escmA
This message indicates that the client is requesting a specific video which is identified via a unique video identifier,

in this case G_Y3y8escmA. After receiving the GET message, the web server replies with an HTTP 303 See
Other message, namely the redirection message:

Location: http://sjc-v110.sjc.youtube.com/get_video?video_id=G_Y3y8escmA
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