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I. INTRODUCTION

Streaming of high-quality video over the Internet is a
research field with a long history. One of the more recent
developments is in the adaption of techniques from Peer-to-
Peer (P2P) based file distribution networks, to reduce resource
requirements. We have examined different design alternatives
for such a system and show through simulations that a
streaming system can perform well even with a very simple
infrastructure.

The system allows content providers to offer content from
their own servers, in a way similar to the WWW. As a result
there can be ongoing downloads of a large number of different
files, in addition to users viewing the same file, but at different
points in the file.

Files are divided into blocks for which clients make re-
quests, either directly to the server or to hosts which has previ-
ously downloaded them. Each client application is responsible
for making requests in a timely manner to ensure that the data
is presented to the user without delays or interruptions.

The basic design goals of the system are to reduce the cost
of serving for the content providers and to reduce traffic at
sites with many users, or ISPs. The system allows for the use
of proxy caches at ISPs and large sites, to reduced resource
requirements through caching. These proxies also reduce the
negative effects on the network when a large number of clients
are unable to accept incoming connections, typically due to
firewalls[1].

II. REQUEST MODELS

In our system, clients make requests in a way comparable
to how a browser works in the WWW; either directly to a
server, or alternatively, for users at large sites or ISPs, via
a content cache. However, instead of always returning the
requested data, the client might be redirected to a peer which
has previously downloaded the requested content. We have
examined different ways of managing the information in these
redirection lists.

The simplest approach adds entries to this list in a FIFO
manner, after a client has successfully downloaded a file block.
A problem with this approach is the quality of the entries; if
old peers are removed when new ones are added, there will
likely be hosts in the network with the content available, but
these will never be used after they have been removed. Hosts

which are on the list might also have left the network. An
improved version of this model uses techniques such as adding
peers which upload data to ensure that long-lived hosts are kept
on the list, and not adding hosts which are behind a firewall.
The effects of varying the size of the list were also examined.

We compared these simple variations to a more comprehen-
sive system where knowledge about the network is perfect,
and downloads can be made from any available host with
the required block. Requests are still done in the same way,
but the redirection list returned is based on complete and
updated knowledge of the network. The infrastructure cost for
maintaining this information would likely be much higher, and
the infrastructure more complicated. In the real world it would
not be possible to have a perfect overview of the network
all the time, but we use this model to simulate the best case
performance of this approach.

III. SIMULATION RESULTS AND DISCUSSION

We simulated the performance of the request models un-
der different conditions and measured resource usage. The
simulations used a request pattern spanning seven days, for
a streaming server containing ������� different files, generated
with MediSyn[2]. The requests were distributed randomly
among roughly ������� clients in a network created with Inet[3].
The network had ��	 subnetworks with a large number of client
hosts, which we defined as ISPs, and where we placed caching
proxies. We evaluate the efficiency of the request models
by the reduction in resource requirements. The load on the
server should be reduced by having clients upload previously
downloaded content. A consequence of of moving the load of
serving to clients is an increased load on ISPs, but it should
be reduced when possible through caching.

The final results are presented in Figure 1. Of the request
models we examined, the most interesting are shown in the
figure; the unimproved simple request model, the improved
simple model (Simple), and the ideal design (Ideal). The
first column of numbers shows the basis for comparison; the
total amount of data transmitted for the simple, unimproved
request model. The other columns show the changes compared
to these values. The other columns shows the percentage of
reduced bandwidth requirements. The bandwidth requirements
are shown for four different points in the network; data
downloaded from the server (Server), data entering the ISPs
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due to downloads by internal clients (ISP - down), data leaving
the ISP networks due to requests made by external clients (ISP
- up), and the total amount of data uploaded by all clients in
the network (Clients - up). The load on the ISP caches is also
shown (Cache load). One of the more significant parameters
is the time clients stay connected. The figure shows the results
when clients leave immediately after completing a download,
when they stay for an additional 90 minutes, and when they
stay for an extra 6 hours. The total amount of data received
by clients is ��

� ��
�������������� .

+0 +90 min +6h
TB/week Simple Ideal Simple Ideal

Server 1.86 0.54 0.53 0.52 0.52
ISP - down 2.88 0.69 0.66 0.46 0.38
ISP - up 6.70 0.67 0.70 0.36 0.31
Clients - up 5.26 1.78 2.13 2.31 2.64
Cache load 6.70 0.67 0.63 0.36 0.24

Fig. 1. Simulation results

There is no big change in the server load; both designs
roughly halve this value. For the load on the ISPs there is
a slightly difference, especially when clients stay for a long
time. The variation is not so big however, and as can be seen
in one case, the ISP load is not necessarily lower even with
better information about the network. The clients ultimately
select which peers to connect to, and this choice affects the
load on the ISPs. The most significant difference is in the
load on the clients; there is a bigger potential for increasing
the amount of sharing done by the clients when the location
of all clients is known. The load on the caches can also be
significantly reduced by having clients bypass the ISP cache.
This will however not be possible if these hosts are behind
a firewall, and would also make it more difficult to control
bandwidth usage.

The simulations also show that the factor which has largest
influence on the resource requirements is the time clients stay
in the network. The benefits of increasing this time by an extra
90 minutes after completing a download are larger than the
effects of any of the different design variations we examined.
The size of the peer list was also found to have a significant
influence on the performance of the system in the simple
request model.

A. Alternative download locations

We have so far mainly been looking at resource require-
ments. There are other factors which also are important,
especially the service quality experienced by users. Variations
in connection quality means that having multiple download
locations for a block would be beneficial. If performance from
one is too low, another can be used.

To see how well the two alternatives would perform in
this regard, the number of possible download locations for
each request was examined. With a complete overview of the
network, we find that the median value of available download

locations lies between 10 and 15 peers. The simple approach
has information on around 4 of these. Network conditions and
peer quality would determine the ideal number of peers. The
size of the peer list could be adjusted as appropriate.

B. Firewalls

In the results above we used a network where ����� of the
hosts were behind a firewall[4]. A higher number of hosts us-
ing firewalls reduces the potential for resource sharing. Fewer
hosts can contribute resources and the difference between the
design alternatives examined here also diminishes. When all
hosts are behind firewalls, only the ISP caches remain.

With fewer hosts behind a firewall, there is increased re-
source sharing from the P2P techniques. Our design addresses
this problem by allowing external hosts to connect to the
cache, even when internal hosts are unavailable; the number
of hosts using firewalls is only likely to increase in the future.

IV. CAVEATS

The behavior of clients is difficult to model, since variations
in implementations, network conditions, and user actions are
possible. This does not affect the server load, but the traffic in
and out of ISP networks. The values returned in the redirection
list does however provide a limited means of influencing this,
by for example favoring new, rather than long-lived hosts in
the list of hosts which is returned to clients.

V. CONCLUSIONS

We have examined different design alternatives for a stream-
ing service. Our results show that even with a simple in-
frastructure, it is possible to significantly reduce resource
requirements, almost to the level of an approach requiring a
more complicated infrastructure.

The size of the list used to keep track over available peers
was found to be an efficient way of tuning the performance of
the simple model. Allowing for the cache to be bypassed was
also identified as a way to reduce server load on caches, should
they prove to be a bottleneck in the system. However, the
most important factor for reduction of resource requirements
is the time clients stay in the network. Any design should
allow for freeloader prevention techniques to be used, but it
is difficult to measure the efficiency of these in simulations,
since they depend upon human behavior. We are now working
on implementation, to better measure factors like these in the
real world.
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