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Abstract—We present a proxy-assisted video delivery architec-
ture that can simultaneounsly reduce the resources requirements at
the central server and the service latency experienced by clients
(i.e., end users). Under the proposed video delivery architecture, we
dE‘FE]ﬂ[II- and analvze two novel proxy-assisted video streaming tH:]]-
niques for on- demand deliv erv of video objects to a large number
of clientz. By taking advantage of the resources available at the
proxy servers, these techniques not only significantly reduce the
central server and network rezource requirements, but are alzo ca-
pable of providing near-instantaneous service to a large number of
clients. We optimize the performance of our video streaming archi-
tecture by carefully selecting video delivery technigques for videos of
Various pnpnlarln and intelligently allocating resources between
proxy servers and the central server. Through empirical studies,
we demonstrate the efficacy of the proposed proxy-aszisted video
streaming technigues.

I. INTRODUCTION

HE past few vears have seen a dramatic growth of multi-

media applications which involve video streaming over the
Internet. Server and network resources (in particular, server I'O
bandwidth and network bandwidth) have proven to be a major
limiting factor in the widespread vsage of video streaming over
the Internet. In order to support a large population of clients,
techniques that efficiently utilize server and network resources
are essential. In designing such techniques, another important
factor that must be taken into consideration i3 the service Ja-
fericy, 1.e., the time a client has to wait until the object he/she
has requested is started to playback. The effectiveness of a video
delivery technique must be evaluated in terms of both the server
and network resources required for delivering a video object and
the expected service latency experienced by clients. Clearly, the
“populanty™ or access pattern of video objects (Le., how fre-
quently a video object 1z accessed 1n a given time period) plays
an important role i determining the effectiveness of a video de-
livery techmque.
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In this paper, we propose a proxy-assisted video streaming ar-
chitectore that takes advantage of the resources (processing and
dizk storage) available at proxy zervers to significantly reduce
the server and (backbone wide-area) network resource require-
ments. while at the same time providing near-mnstantaneouns ser-
vice to clients. The central server multicasts video objects pe-
riodically, using, for example [13], source-specific multicast.
Proxy servers are strategically placed between, zay, local access
networks and the backbone wide-area network. A proxy server
stores a fixed number of initial frames or a “prefix”™ of the mul-
timedia stream [12] 30 as to serve the future requests: when a
new request arrrves, the client joins an on-going multicast group
to retrieve the multicast stream from the central server and re-
trieves the missing initial frames from the proxy szerver. The
mizzing portion of the prefix 1z delivered by the proxy using
a unicast channel and played back immediately by the client.
Hence, the proxy server reduces the service latency expenienced
by the vser by vnicasting a prefix of the multimedia stream.

This proxy-assisted video delivery environment has several
advantages over the traditional stand-alone video server envi-
ronment. First, since 1t requires only network rezources between
the proxy and the client, latency reduction 1s achieved without
increasing the demand on backbone network resources. Second,
unlike the proxy caching schemes proposed for conventional
Web objects such as text and image objects, the proxy needs to
store only prefixes of the multimedia streams_ Thus it is feasible
even with the larpe data volume typically associated with mul-
timedia objects. Third, zince the proxy server delivers only the
prefixes and is only responsible for a limited number of clients,
the I'O bandwidth requirement imposed on the proxy server 1s
not significant

Under the proposed proxy-assisted video delivery archi-
tecture, we develop a novel video delivery technmique called
proxy-assisied caiching, which can efficiently uvtilize server
and proxy resources while providing near instantanecus service
to clients. This technique 1z particuolarly suitable for “hot”™
(1e., frequently access) video objects. The effectiveness of the
technique 1z achieved through the intellizent integration of
the “server-push™ and “client-pull™ video delivery paradigms.
Using thiz technique, the server periodically “broadcasts™ a
video object via a number of dedicaied muliicasi charnels.
A chent who wishes to watch the video immediately joins
an appropriate multicast channel without waiting for the
beginning of the next broadcast period. At the same time, the

client sends a request to a proxy server to retrieve the missing
prefix of the video object. Using a smart broadcast scheme

such as the Greedy Disk-conserving Broadcast (GDB) scheme
[7], we prezent an analvtical framework to determine design
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parameters such as the size of the prefix stored in the proxy
server. Furthermore, we show that the total resource required
by the central server and proxy servers combined 1s close to the
minimum achievable by any broadcasting scheme that supplies
near-instantaneous service.

In order to account for the diverse access patterns for a col-
lection of video objects in a video server, we design an efficient
video delivery scheme called proxy-assisted selective caiching
which combines proxy-assisted catching with another video de-
livery technique—vcontrolled multicasi [8]. Controlled multicast
15 a “client-pull” technique which 1z most effectrve in delivering
“cold” video objects. Based on video access patterns, we intro-
duce a sumple policy for classifying “hot™ and “cold”™ video ob-
jects and apply catching and controlled multicast accordingly to
deliver the video objects to clients. Through empirical studies,
we demonstrate that, in terms of both network resource require-
ments and service latency, proxy-assisted seleciive caiching out-
performs etther proxy-assisted catching or controlled multicast
applied alone.

The remainder of thiz paper 13 crganized as follows. The re-
lated work 13 briefly surveyed in Section I-A_ Section II prezents
the proxy-assisted video delivery architecture. In Section III,
we describe a specific proxy-assisted video delivery technique
called proxy-assisted catching. Section I'V introduces proxy-as-
s1sted selective catching and evaluates the scheme via empirical
studies. The paper 1z concluded 1n Section V.

A. Related Work

In recent yvears, a variety of multicast techniques for video
delivery have been proposed (zee, e.z.. [1], [3]. [4]. [6]. [7].
and [18]). These techmiques can be broadly classified into
etther “client-pull” or “server-push.”™ The simplest “client-pull”
technique iz to deliver a separate video stream upon each
client request. Thiz technique, while providing minimal ser-
vice latency to a client, 13 obvionsly not efficient in terms of
server and nmetwork resource utilization. Clever “client-pull”
techniques such as baiching [1], [6] and paiching [5]. [8], [15],
[16] have been proposed that take advantage of the underlying
network multicasting capabilities to reduce zerver and network
resource requirements. In the case of batching, this reduction in
server and network resource requirements is achieved through
increased service latency, as it delays earlier requests for a video
object until a certain number of requestz for the same object
armive before the video object 13 scheduled to be delrered.
Hence, batching is less effectrve for “cold” video objects. On
the other hand, “patching ™ which allows multiple clients to

share a multicaszt channel whenever poszible, 13 most effective
in reducing the server and network resource requirements for

“cold” video objects without introducing service latency. A
similar techmque—the split and merge (SAM) protocol—s
proposed in [14] for inferactive VOD zystems, where a unicast
stream 13 scheduled on demand upon a client’s request.
“Berver-push” techniques [3], [4]. [7], [17]-{19] are typically
designed for “hot™ video objects. They employv a fixed number
of multicast channels to periodically broadcast video objects
to a group of subscribers. The difference between varouns
“server-push” techniques lies in the broadcast schemes used.
These broadcast schemes determine the server and network re-

sources required for broadcasting a video object. “Server-push”™
techniques have the advantage that they uvtilize zerver and
network resources more efficiently. But this efficiency 1s
achieved through increazed service latency, as a client can only
start recenving a video object at the beginning of next broadeast
period.

The problem of delivering continuous media streams using
proxy servers has been stodied in a number of contexts. In [11],
Wang af al. develop video staging techniques to store a pre-de-
termined amount of video streams in strategically placed proxy
servers to reduce the backbone network bandwidth requirement
for delivering variable-bit-rate {VBE) video streams across a
wide-area network. In [12], a prefix caching scheme 13 pro-
pozed to reduce the latency while delivering smoothed VBE
comtinuous streams between the proxy and clients. Proxy-as-

sisted video delivery 13 also proposed in the context of the dy-
namic skyscraper delivery scheme 1n [9].

II. PROMY-ASSISTED VIDEO DELIVERY ARCHITECTURE

In thiz section we propoze a proxy-assisted video delrvery
architecture that employs a central-zerver-based peniodic broad-
cast scheme to efficiently vtilize central zerver and network re-
sources, while in the same time exploiting proxy servers to sig-
nificantly reduce service latency experienced by clients. Under
the proposed proxy-assisted video delrery architecture, we de-
velop two novel video streaming techmiques—proxy-assisied
catching and proxy-assisied selective caiching. The proxy-as-
sisted catching technique eliminates the shortcoming associ-
ated with peniodic-broadcast-based “server push™ techniques,
namely, the increased szervice latency, by taking advantage of
the resources available at the proxy servers. The proxy-assisted
selective catching technique further improves the overall per-
formance by combining proxy-assisted catching and controlled
multicast to account for diverse user access patterns. In addition,
unlike [9]. our video streaming techniques can handle vanable
s1ze video objects, and 15 based on formal analyz1z of multicast
scheduling policies. From this analysis, the design parameters
can be derived in a straightforward manner. Az a result, our solu-
tion can be optimized accordingly. In the following we describe
the proposed proxy-assisted video delivery architecture and in-
troduce the necessary notation and terminology. The proxy-as-
sisted catching and proxy-assisted selectrve catching techniques
are presented and studied in Sections III and IV, respectively.

Fig. 1 shows a simple example of a proxy-assisted video de-
livery system. A central video server delivers video streams
from a video object repository to a large number of clients across
an inter-network (e.g., the Internet). A number of proxy servers
are strategically placed between the wide-area backbone net-
work and the local access networks where clients reside. The
central server organizes the central server and network rezources
required to deliver a video stream' mnto a data chanrel. The
server uses a multicast channel to deliver a video stream peri-
odically to a group of clients (thiz group of clients iz referred to

IIn thiz paper we use the term vidse stream to denote a confmmuous flow or
“stream” of v1deo data (belonzing to a certamn v1deo oyect) delrered from the
sarver to a client or 2 group of chents. As will be clear later, a single video object
can be parhboned mnto segments and delrvered usimg rultiple video streams v1a
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Fie. 1. An overview of proxy-assisted video dalreery architecture.

as a multicast group). In addition to the logical channels uzed
for delivering video streams (1.e., the data channels), we also
asznme that there are confro/ channels to deliver zignaling mes-
sages to a client or a group of clients and wvice versa for con-
trol purposes (e.g., which video object 1s requested by a client,
which data channels a client zhould tune 1n to, when to start
video play-back, etc.). The video server haz a scheduler which
recerves client requests for video objects via control channels,
processes them and determines when and which video delrvery
channels to deliver requested video objects to clients. Since the
bandwidth required by control channels iz negligible comparing
to that required by data channels, we concern ourselves only
with the bandwidth required by the data channels throughout
thiz paper.

The proxy servers siage (1.e., pre-store) a fixed number of

initial framesz of (some) video objects. When a client requests
for a video object, it tunes to the central server to fetch its de-

sired video data. However, to ensure near-instantanecus play-
back, the central server directs client to immediately fetch the
initial frames of the video object that 15 staged at a proxy server
that 1z “clozest” to the client* Thesze initial frames are deliv-

-The 1zzue of how to locate the “closest” prosy server 1s outzids the zcope
of this paper. Such 1ssue has been studied by a2 number of researchers, ez, n
the context of replicated servers [2{)]. Other related 1zzues such as proxy server
placement. 1.2, the number of proxy servers requurad and where to place tham
over the Infernet are also important to the deplovment of the proposed proxy-
azzisted video delrrery architecture; hikewise, they are bevond the scope of this
paper. Some proposals can be found m ez, [21}-23].
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ered from the proxy server by initiating a vnicast channel By
staging a small amount of video data at the proxy, we zee that
proxy servers can effectively reduce the zervice latency experi-
enced by the client withouvt increazing the server network band-
width requirement. In other words, the proxy-assisted video de-
livery architecture leverages the strategical location of the proxy
servers and their storage and processing capacity by appropri-
ately distributing the responzibility of video delivery between
the central video server and the proxy servers.

In our work, we assume that each client contains a disk and
a video display monitor. A client zelects one or more network
channelz to recetve a requested video object according to the
mstructions from the server. The recerved video data are either
sent to the dizplay monitor for immediate playback, or tem-
porarily stored on the dizk which 1z retrieved and later played
back onthe display monitor. The clignt storage space is the max-
imum disk space required throughout the client playback period.
For ease of exposition, we assume that the client disk space 1s
sufficiently large to store at least half a video® The client nei-
work bandwidih 15 the maximuem client network bandwidth re-
quired to receive video data from the network throughout the
client playback period. We alzo assume that a client has the ca-

“This assumphon 15 not essenhial smee our proposed schemes can be eazihy
axtendad fo 2 ganeral caze where clients have amy grven amount of dizk storage
space, as we will point out 1n Sechon II1. In all of cur empimeal studies, the
amount of chent dizk storaze space used 15 actually only at most one thard of 2
video ohject.



