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I. INTRODUCTION Figure 1 gives an example of different possible scalaegiti
) o for a video file. The scalable video file can be watched in
In recent studies on the traffic distribution in the Internef,, ..o jitferent temporal resolutions (15Hz, 30Hz, 60Hzjee
eg. [1], video streaming and especially Video'on'pemarbaﬁerent spatial resolutions (CIF, SD, HD) and three dffet
(MoD) such as off_ered by YogTube are sh_own to gain MO ality resolutions (Q0, Q1, Q2). The left bottom “subcube”
and more popularlty. The traffic share qf this appllcat|cm§sl CIF resolution with 15 Hz and quality QO, is the base layer
grows accordingly. P2P overlays are prime candidates for e{; iqh js necessary to play the video file. Based on this layer
ciently streaming yldeo content. Clients like Tribler [Itjeaady different enhancement layers permit a better video expegie
support VoD services based on well-known mechanisms frqmth a higher resolution, better SNR or higher frame rate,

traditional file-sharing. respectively. The more subcubes along any of the three axes

In parallel to this development, the number and variety ofe ayajlable the higher the quality in this respect is. If al

end user devices that can play back a video in acceptabig,cpes are available the video can be played back in highes

quallity has grown. A video may be.streamed to a mobilg, g quality. If all subcubes within quality QO are awdile,
device connected via UMTS, a laptop in a WLAN or to a LCQye yideo can be played back in HD-resolution with 60 HZ,
TV with a broadband connection to the Internet. However, d%t only with a low SNR quality.

to their different capabilities and access bandwidthsiethe
no single ideal video stream for all devices.
To be able to support heterogeneous end user devices, a 1. ARCHITECTUREDESCRIPTION

content provider might offer the same video in differentelev  The P2P VoD architecture we evaluate is based on Tribler,
of quality, resulting in one video stream per version. A MOoighich in turn is a video streaming BitTorrent adaptation.
efficient solution is the recent addition of Scalable Video \ye only consider the temporal scalability of a video in SVC.
Codecs (SVC) [3] to the popular H.264 coding standard [43asically, this means that the frames of the complete video
This codec allows for a separation of a single source vidgge separated into layers, with each additional layer dogbl

file into layers which can theoretically be extracted frore thine frame rate of the video. Since the enhancement layers are
stream with no additional coding effort. referencing all layers below them, they cannot be played out

We present a P2P VoD system based on Tribler that supithout these layers. Only the base layer contains framats th
ports a SVC video and is able to adapt to different netwodkclusively reference frames in the same layer, meaning tha
conditions. this layer can be played out by itself.

Our aim is to download chunks so that a video quality
is attained that can be supported by the network capacity.
Therefore, we prioritize lower layers over higher ones,levhi

The video codec H.264/SVC [5] [3] is based on H.264/AVGstill keeping the set separation and rough in-order dowhloa
a video codec used widely in the Internet, for instance bgwid strategy of Tribler (cf. Fig. 2). In the high-priority set,ew
platforms (e.g., YouTube, GoogleVideo) or video streamingnly download the base layer of the video to make sure we
applications (e.g., Zattoo). H.264/AVC is a so called s#gl can always play back the video and to avoid stalling times.
layer codec, which means that different video files have to Adis means we never download the enhancement layers from
provided to support different end user devices. The Saalalbhe beginning of the video, which is a minor limitation of our
Video Coding (SVC) extension of H.264/AVC enables tharchitecture and could be circumvented by a longer bufferin
encoding of a video file at different qualities within the samtime. Beginning with the second set, we first download chunks
layered bit stream. This includes besides different reégpia of the base layer according to rarest first. If all of these
also different frequencies (frames displayed per second) aare already downloaded or no chunk from that layer can
different qualities w.r.t. Signal-to-Noise Ratio (SNR)hé&se be selected, we start downloading chunks from enhancement
can be considered as a special case of spatial scalability wayer 1, also choosing the rarest chunk first. In general, we
identical picture size for base and enhancement layersserhenly download chunks from a higher enhancement layer if all
three dimensions of enhancements are denoted as spatialinks of the lower layers are locally available or cannot be
temporal and quality scalability. selected.

II. SCALABLE VIDEO CODECS
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Fig. 1. SVC Cube, illustrating the possible scalability dime Fig. 2. Adapted chunk selection priority sets
sions for a video file

Finally, we have the same selection process in the lothe average number of layers played out drops noticeably for
priority set, which is only considered if all chunks from thehe DSL1000 peers. Also, the mean stalling times increase
other two sets are downloaded or unavailable from otherspeatrastically. This effect is exacerbated after half of thevees

have failed, since then even less upload capacity is availab
IV. NUMERICAL RESULTS in the network.

Among other scenarios, we consider in our evaluation In general, however, the chunk selection strategy adapted f
scenarios where we have two classes of peers with differéC copes with the node failures and according load increase
upload bandwidths. These are based on realistic uploagsacd®Iring the swarm lifetime without any parameters needed to
speeds for DSL1000 and DSL2000 connections, and are sePgadapted to the new situation.
128kbps and 192kbps, respectively. We do not only vary the
load by changing the share of the different peer classes, but V. CONCLUSION

we also let half of the content provider streaming serveits fa The presented P2P VoD architecture supports streaming a
simultaneously after half of the steady-state simulatiotet sy video. We extended the chunk selection strategy in a
Thus, we want to see how the chunk selection process reagaightforward way to accommodate the layered structfire o
to the different load conditions, without any parameterisi®e the video file. Since Tribler is a deployed and used appbcati
changed. Fig. 3 and 4 show the results. The x-axis denotes §§§ means our approach is realistic and can be implemented
share of DSL1000 peers to DSL2000 peers as, e.g., 10/9Gnify |ive P2P VoD system.
10% of the peers are DSL1000 peers and the rest DSL200@yr performance evaluation shows that the proposed strat-
peers. egy is able to adapt to the system load and peer access capabil
We see that the peers with a higher upload capacity hay@s without having to measure network conditions or medyi
a better QOE on average than their counterparts with lesg feedback from the video player software. Additionalty, i
capacity. They can play out more layers more often, aR@nserves and even reinforces incentives generated by2Ge G

experience a much shorter mean stalling time. We also cgger selection to provide resources to the overlay.
observe the effect of changing the peer set composition to

include a higher share of peers with less upload capacity.
Since this effectively means reducing the total upload citya
available to the system while keeping the download dema
constant, a reduction in the QoE is to be expected and can
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