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Class-Based Access Control for Distributed
Video-on-Demand Systems

Padmavathi Mundur, Arun K. Sood, and Robert Simon

Abstract—The focus of this paper is the analysis of threshold-
based admission control policies for distributed video-on-de-
mand (VoD) systems. Traditionally, admission control methods
control access to a resource based on the resource capacity.
We have extended that concept to include the significance of
an arriving request to the VoD system by enforcing additional
threshold restrictions in the admission control process on re-
quest classes deemed less significant. We present an analytical
model for computing blocking performance of the VoD system
under threshold-based admission control. Extending the same
methodology to a distributed VoD architecture we show through
simulation that the threshold performance conforms to the an-
alytical model. We also show that threshold-based analysis can
work in conjunction with other request handling policies and are
useful for manipulating the VoD performance since we are able to
distinguish between different request classes based on their merit.
Enforcing threshold restrictions with the option of downgrading
blocked requests in a multirate service environment results in
improved performance at the same time providing different levels
of quality of service (QoS). In fact, we show that the downgrade
option combined with threshold restrictions is a powerful tool for
manipulating an incoming request mix over which we have no
control into a workload that the VoD system can handle.

Index Terms—Distributed video-on-demand (VoD) system, mul-
tirate service model, resource allocation, threshold-based admis-
sion control.

I. INTRODUCTION

THE RAPID advances in storage and compression tech-
nology along with the evolution of standards and proto-

cols for high speed, integrated services networks has spurred
interest in distributed multimedia systems. Of the many appli-
cations for distributed multimedia systems, video-on-demand
(VoD) has much appeal because of its on-demand nature. Using
a distributed VoD system, a client will be able to request a video
from anywhere and at any time. In response to a client’s request,
VoD systems will deliver high quality digitized video directly to
client set-top boxes or workstations. A typical VoD architecture
consists of three subsystems: storage, network, and client. In
such an architecture, admission control tests are employed on
all subsystems before admitting a new request to check whether
resources are available to provide guaranteed service. Tradition-
ally, the concept of admission control takes into account only
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the resource capacity. We extend that idea to include situations
where a request may not be admitted into the system even if ca-
pacity is available so that the unused capacity is conserved for
use by more lucrative requests.

The focus of this paper is to design admission control and
request handling policies which take into account the inherent
nature of an incoming request. For instance, a request for a more
popular video might bring in more revenue and therefore, more
such requests should be allowed into the system. In that case,
we may want to conserve resources by rejecting requests for
less popular videos in anticipation of popular video requests.
We can accomplish that by limiting access to video requests for
less popular videos by enforcing thresholds in the VoD admis-
sion control process. To induce a preference order among re-
quests we introduce the idea of threshold-based admission con-
trol. In the first part of this paper, we develop an analytical model
for computing blocking probabilities under threshold-based ad-
mission control in a single resource such as a video server. In
the second part, we extend the threshold-based analysis to a
distributed VoD architecture using simulation. The threshold-
based analytical model at the video server gives us a quick and
easy way to accurately assess different threshold-based policies.
However, there are limitations to an analytical approach when
we consider extending it to the distributed architecture and the
large scale of a VoD system.

The following major factors complicate the development of
an analytical model of the distributed VoD architecture: 1) mul-
tiple resources on multiple hierarchies and a large video col-
lection; 2) large number of videos and request classes, each dif-
fering in its relative popularity and significance; 3) blocking and
not queueing requests for service; 4) redirection of blocked re-
quests to other parts of the VoD system; and 5) multiple classes
of requests with one class being transformed into another for
service after being blocked. For instance, a high bitrate request
gets downgraded to a low bitrate request. Reflecting all these
features in a blocked queueing system of the Erlang loss type
[1] is difficult and may even be impossible, necessitating a sim-
ulation study to model the full complexity of a distributed VoD
architecture. The goal of this paper is to address some of these
limitations by using an extensive simulation. Toward that end,
the main contributions of this paper are as follows.

1) We show that it is advantageous to distinguish between
request classes in the admission control process in a VoD
system based on their merit. We validate the simulation
results through analytical modeling and show that the
VoD performance behavior is the same under threshold-
based admission control.

1051-8215/$20.00 © 2005 IEEE

Authorized licensed use limited to: University of Maryland College Park. Downloaded on November 12, 2008 at 16:42 from IEEE Xplore.  Restrictions apply.



MUNDUR et al.: CLASS-BASED ACCESS CONTROL FOR DISTRIBUTED VIDEO-ON-DEMAND SYSTEMS 845

2) Through analytical means, we show that we can compute
blocking probabilities under threshold-based admission
control efficiently.

3) Through simulation, we implement the threshold-based
admission control process in the complex VoD architec-
ture consisting of server hierarchies and network paths.
We use multiple classes for requests with different play-
back rates and a large video collection with differing pop-
ularity of videos.

4) We explicitly model the network for providing guaran-
teed services essential for multimedia data transfer. We
use Weighted Fair Queueing (WFQ) [2] scheduling to de-
rive reserved rates at the network.

5) We propose several request handling policies, the most
significant of which is the policy that allows downgrading
a blocked request to lower bitrate service. We show that
the downgrade option combined with threshold restric-
tions results in improved performance and at the same
time acts as a powerful tool for manipulating an incoming
request mix over which we have no control into a work-
load that the VoD system can handle.

This paper is organized as follows. In Section II, we discuss
related work. In Section III, we present the distributed VoD ar-
chitecture and define admission control conditions at the server
and the network. In Section IV, we develop a computationally
efficient analytical model to compute blocking probability under
threshold-based admission control. A comprehensive simula-
tion of the distributed VoD architecture is presented in Section V
along with significant results. We conclude the paper in Sec-
tion VI.

II. RELATED WORK

Admission control algorithms at a video server determine
whether a new client can be admitted without violating the
continuous playback requirements of the clients already being
served; that is, the time needed to retrieve the blocks for ex-
isting clients should not exceed the minimum playback duration
of the blocks retrieved for an existing client. Two classes of
admission control strategies are discussed in other researches:
deterministic and statistical [3]–[7]. All these and other related
works focus on enforcing capacity-based admission control
in the disk subsystem and do not consider different requests
classes or the distributed VoD architecture.

In [8], Chen introduces the idea of distinguishing between
high and low priority classes, but the resource capacity is
partitioned between the two classes. Admission control is en-
forced on the dedicated partition for each class. The loss rate is
found by modeling each dedicated partition of server capacity
as a separate M/M/C/C queue. In this paper, the admission
control scheme discussed in [8] is called complete partitioning
admission control. Aein refers to it as dedicated access in [9].
Blocking in dedicated access is easily computed using Erlang
loss model whereas computing blocking for complete sharing
or partial sharing based on thresholds requires computational
algorithms. Distinguishing between request classes for pro-
viding access based on their merit is advantageous. Some of the
research in resource allocation algorithms [9], [10] mention this

Fig. 1. Hierarchical VoD architecture.

advantage in the context of a single resource but computation
of blocking probabilities for threshold-based resource usage
has not been done before. More recently, Chan and Tobagi
[11] discuss the profitability of batch arrivals to a central video
server and enforcing threshold restriction on some arrivals to
maximize profits.

This work is different from other works in VoD research
for the following reasons. We extend the concept of ca-
pacity-based admission control to include additional attributes
of request/video classes in the admission control process.
We present both analytical and simulation models and show
where former fails, we can use latter to analyze the complex
VoD architecture. We also explicitly model the network in the
simulation using fair queueing algorithms to provide service
guarantees. We experiment with several request handling poli-
cies that include threshold restrictions and evaluate them using
global metrics.

III. DISTRIBUTED VOD ARCHITECTURE

A typical VoD architecture consists of three critical subsys-
tems: single or clusters of video servers, high speed wide-area
and local distribution networks, and many user populations. The
hierarchical VoD system architecture used in this analysis con-
sists of local and remote sites. Each site is characterized by a
cluster of video servers. The video servers deliver high quality
digitized multimedia data to clients over local distribution net-
works from local sites or over high speed networks from remote
sites. The set-top boxes at the client site provide the decoding
and display functionality, in addition to providing buffers for
periodically delivered video segments from the video servers.
A typical organization of local and remote clusters in reference
to a single user population referred to as the reference user pop-
ulation is shown in Fig. 1.

Each local cluster is dedicated to its reference user popula-
tion. The local cluster may store a complete or a partial set of
videos from the video collection. The service from the local
cluster is provided over a local distribution network, such as an
ATM LAN or xDSL. The requests originating from a reference
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user population are best served by the local site because of the
absence of network contention. However, clusters of servers
have limited bandwidth and therefore reject requests when
there are not enough resources to serve them. The local cluster
of servers administers admission control tests before accepting
new requests.

A capacity-based admission control test at the server deter-
mines if the arriving request can be admitted into the system.
The server is able to serve a maximum of requests in a round
and is the number of requests currently in service. A round
is defined as the playback duration of the data sent to the client
periodically. The request will be admitted into the system if the
following condition holds:

(1)

Remote servers also provide video delivery service over high
speed networks. The network context in our proposed model is a
packet switching, IP-based network. The underlying scheduling
scheme at the network is required to provide bounded delays
with respect to a minimum reserved rate at the network. In the
simulation, weighted fair queueing (WFQ) scheduling scheme,
a well understood and most widely used scheme is assumed to
be implemented in the network. In [2], it is shown that WFQ
provides a firm per-packet end-to-end delay bound on a per-link
and per-routing path and ensures that all transmitted packets will
be able to meet this bound. The network model based on WFQ
used in the simulation is briefly described below (see [12] for
more details).

Using the WFQ model, the required minimum rate, is de-
rived corresponding to an input delay bound , in the fol-
lowing way. This required minimum rate which is at least as
large as the playback rate is used in the admission control test
before admitting a new request on the network

(2)

where is the maximum size of a packet permitted in the
network (MTU), is the overall bandwidth on th link or hop
on a routing path with links, is the size of the data sent
per round to the receiver, is the maximum packet size for the
flow.

Admission control tests for new flow requests are run on a
link by link basis over the routing path. If enough resources are
available, they are reserved for the new flow using a signaling
protocol, such as RSVP [13]. Admission control condition for
setting up a new flow is as follows. Suppose that link has cur-
rently accepted flows . The th flow has a reserved
rate of computed using (2). If the flow requests a rate
of , it will be admitted only if the following relation holds:

(3)

IV. THRESHOLD-BASED ADMISSION CONTROL AT A

VIDEO SERVER

In this section, we develop an analytical model for evaluating
the performance of a single video server under threshold-based
admission control. An admission control policy determines
whether an arriving request for a certain class of video should
be admitted given the current state of the VoD server. Three
types of class-based admission control are defined: complete
partitioning, complete sharing, and threshold type. A complete
partitioning policy means that the server capacity is completely
partitioned and every class of request has access only to a
dedicated set of resources. A complete sharing policy is one
where requests of all classes are always accepted if there is
available capacity. A threshold type policy allows requests
of classes up to the thresholds assigned to those classes. A
threshold class-2 policy limits class 2 requests up to a specified
threshold whereas always accepting class 1 requests if there is
available capacity. Threshold type policies are useful because it
may not be desirable to share all of the server capacity equally
among classes. For instance, requests for certain classes of
videos might bring in more revenue.

For simplicity, we explain our model using two classes.
Without loss of generality, suppose there are two classes of re-
quests and the vector describes the state of the system
in terms of the number of class 1 requests, and the number of
class 2 requests, . The state of the VoD server is describable
as a state space constrained by capacity. A capacity constraint is
defined by where is the maximum number
of simultaneous requests that a video server can handle. The
state space can further be constrained by other restrictions, such
as when the admission control policy favors one class more
than the other by enforcing a threshold restriction on one of the
classes.

Given a state space of the system based on the admission
control policy, we can identify those states where an arrival
will be blocked either because of the capacity constraint or the
threshold. Blocking probability is computed using this informa-
tion. For example, Fig. 2 illustrates the situation for two classes
of requests and maximum capacity of five requests at the video
server. The policy illustrated in the figure is to allocate no more
than 60% of the resources at the video server to class 2 requests.
Therefore, only a maximum of three class 2 requests are allowed
in the system. There are no restrictions on class 1 requests other
than the capacity of the system. Because of capacity and policy
restrictions, arrivals of the pertinent classes are rejected when
the VoD system is in one of the blocking states.

The state space, , for the example in Fig. 2 is defined by
and and

Blocking states for class 1 requests,
and blocking states for class 2

requests, .

A. Analytical Model

Two classes of videos, popular and unpopular are assumed
to be stored on the video server. Each class consists of many
videos of different duration. The duration of the video playback
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Fig. 2. Planar states for distribution q .

TABLE I
MODEL PARAMETERS FOR THRESHOLD ANALYSIS

defines the service time for a video request. The service time is
assumed to be exponentially distributed. The steady state distri-
bution provided in this section, however, holds for any arbitrary
service time distributions [14]. The arrival rates of requests per
class are based on Poisson process. All incoming requests are
blocked if the video server capacity is not available or if there
are requests up to the threshold for that class. The admission
control policy used is threshold type. Blocking probability for
class 1 (popular) and class 2 (unpopular) requests are now com-
puted using the approach below. Model parameters and defini-
tions are shown in Table I.

As shown in [9] and [14], the equilibrium probability,
, of finding the video server in the state has

the following product form:

(4)

where the normalization constant is given by

and the traffic intensity is given by

The blocking probability for the th class is given by

(5)

where where
is a vector equal to either (0,1) or (1,0), where the 1 is in the

th position. represents the set of blocking states and
is the sum of unnormalized probability of blocking states in .

and are the set of blocking states for class 1 and class 2
requests respectively.

The state enumeration technique discussed above for com-
puting blocking probability is computationally very expensive.
The need for computational efficiency arises because the cardi-
nality of grows roughly as . Hardware limitations rule out
computing G for even moderate sized problems. Some previous
studies in finding computationally tractable solutions for com-
puting G were done in the context of multirate circuit switched
networks [14], [15] and multiprogramming [16]. For instance,
Kaufman [14] and Roberts [15] independently developed recur-
sive relations to compute the G factor. All these recursive so-
lutions including Buzen’s in [16] refer to the complete sharing
policies where requests of all classes are always accepted if there
is available capacity. In contrast, under threshold-based admis-
sion control, requests of certain classes are not admitted into the
system beyond a threshold even if there is available capacity. We
present a modified recursion-based result for threshold-based
sharing policies in the following paragraphs.

1) Blocking Probability Using Recursion: We develop an
efficient way of computing blocking probabilities for a single
resource, multiserver, two-class threshold type system here.
Our approach follows the Kaufman/Roberts recursion [14],
[15] modified to compute blocking probability for a multirate
tree network in [17]. In a multirate tree network, both access
link and common link capacities have to be available for
call establishment. The proposed threshold-based admission
control situation can be analyzed based on the same logic. For
instance, a video request with threshold restriction can only
be admitted if there is capacity and if the number of requests
currently being served is less than the threshold. Therefore,
threshold type policies introduce additional blocking states
that should be included in the computation of blocking proba-
bilities. Also, the state space is now truncated according to
the threshold values. A new function has to be included in the
Kaufman–Roberts recursion to reflect additional blocking from
the threshold blocking states.

The basic idea behind the recursion is summing
over recursively along disjoint parallel planes on the diagonal,
as shown in Fig. 2. From this summing technique, we get a dis-
tribution in terms of the total number of requests being served.
Denote the total number of requests served as ,
and define a state space
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The distribution , indicates the total number of requests being
served at the video server from all classes

for

(6)
Define the unnormalized probability of finding requests
in the VoD server, as

otherwise.

Multiplying (6) with G and substituting for from (4)
we get the expression above for

(7)

To handle threshold type policies, we define a threshold value
which is less than to limit the number of requests for those
classes. Define as the threshold for class k requests.
Define for

if
otherwise.

(8)

is the unnormalized probability of being in one of the
additional blocking states due to the threshold. If no threshold is
defined for a particular class, for that class is 0. Blocking
probability for th class under threshold-based restrictions is
given by

(9)

To compute blocking probability, we need only calculate the
factor and , , for . We use the
following recursion to accomplish that.

Theorem 1:

for and

The proof of Theorem 1 is contained in the Appendix.
Computing for a threshold class-2 system is presented

next. A threshold class-2 system allows class 2 requests up to
a threshold and always accepts class 1 requests if capacity is
available. In the analytical model, it is reasonable to limit class
2 (unpopular) requests and allow more of class 1 (popular) re-
quests to be accepted into the system. Therefore, a threshold
restriction is not assumed for class 1.

Similar to [17], a function is defined to compute
using the same recursion from Theorem 1 but on class 1 dimen-
sion. The function represents the resource usage from class

1 in excess of the class 2 threshold. Notice that the resource
usage for class 2 is already at its threshold

for and (10)

Since we do not have a threshold restriction for class 1, by defi-
nition we have, . The equation above for becomes

We use the function to compute as follows:

(11)

Stripping off the recursion in (11) we have

which can be proved from equilibrium conditions, the product
form expression (4), and the definition of .

2) Remarks: The threshold-based analysis need not be lim-
ited to a two class model. The model can easily be extended to
classes. The recursion in Theorem 1 is straight forward enough
in that the summation will include classes. The analysis gets
complicated in the computation of s. The presence of in-
terference between threshold planes requires further recursion
in when computing a certain , . If there is no
interference, the computation of is as shown below because
all s will be zero.

(12)

B. Numerical Results

In this section, we demonstrate how we can rapidly assess
different threshold policies for a VoD server with two classes
of requests, class 1 (popular) and class 2 (unpopular), and an
overall capacity of using the results from the previous
section. No threshold restrictions are assumed on class 1 except
the capacity of the server; but there is a threshold restriction
on class 2. The recursion is used to
compute all s and (11) is used to compute . Once all

s are determined, Theorem I is used to compute .
Using (9), blocking probability for both classes is then calcu-

lated as follows:

(13)

(14)
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Fig. 3. Class 2 threshold versus blocking probability.

A computer program was written to compute blocking prob-
abilities using (13) and (14). Fig. 3, shows the effect of varying
the admission threshold for class 2 while and are held
constant. In this analysis the capacity C is set to 500 (simulta-
neous requests), the threshold for class 2 ranges from 0 to 165,

is set to 450 and is set to 150. As the threshold for class 2
is increased allowing more class 2 requests into the system, the
blocking probability for class 1 increases as a result of increased
sharing of resources. Eventually, we have a situation similar to
complete sharing policy, where each class has the same blocking
probability.

V. VOD SIMULATION AND RESULTS

In this and the following sections, we extend the threshold
based analysis to a distributed VoD system using a simulation
and show that the simulation results conform to the analytical
behavior under threshold restrictions. The simulation was con-
ducted using the CSIM simulation package [18].

A. Global Performance Metrics

In the VoD system, a request that gets rejected by the
end-to-end admission control test is said to be blocked. The
number of blocked requests forms the basis for developing
global performance metrics such as overall blocking probability
for the entire VoD system. Blocking probability per class is
defined as the ratio of the total number of blocked requests in
that class to the total number of arrivals at the VoD system for
that class.

The performance metric for threshold-based analysis is the
class-based blocking probability. In generating class-based per-
formance analysis, we distinguish between single-rate and mul-
tirate service. For single-rate service, as the name implies all
requests for any video in the video collection are served at a
known, single rate. We define request classes for a single-rate
service based on video popularity. To simplify the analysis for a
large video collection, we divide the collection into a few classes
based on video popularity. For instance, requests for the top 20%
of the video collection can be thought of as a distinct class from
the bottom 20% or the middle 60%.

For a multirate service, threshold-based analysis is conducted
by defining classes based on a set of playback rates that the ser-
vice provider offers. For instance, in a given user population,

we can estimate 60% of the users requesting 16 Mb/s playback
rate, another 20% requesting 8 Mb/s rate and the remaining 20%
requesting a 4-Mb/s rate. Given this request mix, an arriving
request for any video has 0.6 probability of requesting a 16
Mb/s playback rate. Threshold-based analysis using class-based
blocking is conducted based on classifying an arriving request
on the requested playback rate. The class-based blocking prob-
ability for the th class of requests is defined as the ratio of the
total number of blocked requests to the total number of arrivals
for all videos in the video collection from th class of requests
at the VoD system.

The overall blocking probability for the VoD system is de-
fined as follows. The request arrival rate at the VoD system is

. Let the probability of a request for th video be which for
instance, can be determined using Zipf distribution [19]. The ar-
rival rate for th video is . Let be the probability
that a request is from the th class which can be determined
from the given request mix of the user population. The blocking
probability of a request, for the th video from th class is
defined as the ratio of the total number of blocked requests to the
total number of arrivals for that video from that class at the VoD
system. The total number of blocked requests is the difference
between the total number of arrivals and the total number of re-
quests served at all resources in the VoD system. The overall
blocking probability at the VoD system, is the weighted
average over all videos and classes , of the blocking prob-
ability of a request for th video from th class

(15)

B. Simulation Setup

The simulated VoD architecture consists of three levels: local
cluster, remote cluster1 via network1, and remote cluster2 via
network2 over a set number of hops (see Fig. 1). The routing
paths, network1 and network2, leading to remote cluster1 and
remote cluster2 respectively are fixed. Requests are generated
by a single user population associated with the local cluster
which is labeled as the reference user population. The request
arrival process is assumed to be a Poisson process.

Each local cluster server is modeled after a 500 GBytes
RAID-style server that can simultaneously serve 150 request
streams of 8 Mb/s. The remote clusters are archival in nature
and store all videos. The network characteristics are based on
high speed, integrated services, packet switching network and
network related data are shown in Table II along with other
details. The video collection consists of 150 videos and the
demand for each video depends on the popularity of the video.
Zipf distribution is used to find the probability of choosing th
video from a collection of videos.

The following request handling policies are defined for evalu-
ating the performance in this simulation. Evaluating VoD perfor-
mance in terms of these policies is a way of quantifying resource
usage and the resulting blocking performance. The significance
of such an approach in our simulation is the evaluation of several
alternative operational conditions under a unified framework.
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TABLE II
SIMULATION DATA

• Redirect—Blocked requests at the local cluster are redi-
rected to remote cluster1 and blocked requests from re-
mote cluster1 are redirected to remote cluster2.

• Split-redirect and Split—The incoming request traffic
for videos common to local and remote clusters is first
split between local and remote clusters. The remote
cluster traffic is again split between remote cluster1 and
remote cluster2. In addition, all blocked requests from
local cluster are redirected to remote cluster1. Under
split-based policies blocked requests at local cluster are
not redirected to remote clusters.

• Redirect with downgrade—Blocked requests under redi-
rect policy are downgraded to the lowest bitrate where
possible.

C. Threshold-Based Performance Evaluation

In this section, we present results of performance evaluation
from three experiments.

• In the first experiment, we serve all requests at the same
playback rate of 8 Mb/s leading to single rate service.
The request classes are defined based on the popularity
of videos that the requests are for. For instance, a client
request can be for a video in the top 20% popularity and
will be served at a standard playback rate of 8 Mb/s.

• In the second experiment, requests are served at different
playback rates, each rate defining a class of requests
leading to multirate service. Video popularity still deter-
mines the demand for videos. But the client is able to
specify a playback rate for the video request.

• The third experiment is in the context of multirate ser-
vice where we introduce the option of downgrading
a blocked request to a lower bitrate service with and
without threshold restrictions.

1) Single Rate Service: The goal of this experiment is to
show that the performance results from the simulation are sim-
ilar to the analytical results from Section IV-A. Request classes
are defined based on the popularity of videos. Since we have an
ordered list of videos based on popularity, a class 1 request is
defined as a request for any of the top 20% of the videos; a class
2 request as a request for any of the middle 40% of the videos;
a class 3 request for the bottom 40%. The threshold values for

Fig. 4. Class 2 threshold versus blocking probability: redirect policy.

class 2 and class 3 are in the range of 0%–5% of the capacity.
A 0% threshold restriction for class 2 means that all class 2 re-
quests will be blocked.

In Fig. 4, the effect of threshold blocking under redirect policy
is shown. Class-based blocking is evaluated as a function of
threshold restrictions on either class 2 or class 3 requests. The
behavior shown matches that of the analytical model from Sec-
tion IV-A. The threshold experiments are conducted at a request
load of 850 requests per hour. Requests for class 2 and class 3
consisting of the less popular videos are subjected to threshold
restriction. In Fig. 4, class 2 threshold restriction results in 0%
to 5% blocking for class 1 and class 3 videos. Blocking for class
2 is at 100% at 0 threshold, meaning that no requests of class 2
are accepted into the system. Blocking levels off around 5% for
all three classes at about 3% threshold when the threshold has no
effect since the arrival rate is below the threshold anyway. Per-
formance impact is similar when class 3 threshold restrictions
are enforced. Similar analysis is applied to split and split-redi-
rect policies and the behavior shown conforms to the analytical
model from Section IV-A (see [20]).

The relative performance order among the three policies is
that the redirect policy has the best performance with the split-
based policies having the worst blocking performance (see [12],
[20] for further details). The threshold-blocking performance
for the redirect policy stabilizes well before either of the split
or split-redirect policies. The implication of this is that for the
same threshold value, blocking for all requests will be higher
for split-based policies.

2) Multirate Service: The classes for this experiment are de-
fined based on the requested playback rate of an incoming re-
quest. We assume three classes based on the playback rates: re-
quests are served at three different playback rates—4, 8, and 16
Mb/s. A request at 4 Mb/s playback rate is regarded as a class 1
request, at 8 Mb/s as a class 2 request, and at 16 Mb/s as a class
3 request. We estimate that percent of the user population re-
quests 4 Mb/s and percent requests 8 Mb/s and the remaining,

percent requests 16 Mb/s giving us a certain request
mix. The request handling policy used in these experiments is
the redirect policy since it exhibits the best performance among
request handling policies.

In Figs. 5 and 6, we show blocking under class 3 threshold re-
strictions for request mixes (20,20,60) and (20,40,40) for a load
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Fig. 5. Multirate results for class 3 thresholds at (20,20,60) request mix.

Fig. 6. Multirate results for class 3 thresholds at (20,40,40) request mix.

of 800 requests per hour. At 0 class 3 threshold, blocking prob-
ability for class 3 is equal to one because no class 3 requests are
admitted into the system. As we relax the threshold restriction
on class 3 requests, we observe that class 3 blocking decreases
but blocking for other two classes increases. Threshold restric-
tions are applied to only class 3 requests since they have the
highest resource requirement.

The performance behavior is the same as the analytical
model from Section IV-A but with one key difference. Because
of the different resource requirements of these classes, we see
that each class levels off at different blocking performances as
shown in Figs. 5 and 6 at class 3 threshold 1. We notice that
class 3 requests at 16 Mb/s rate experience more blocking than
class 1 requests at 4 Mb/s.

Imposing thresholds on a class simply blocks a percent of
the traffic from that request class and for beneficial effects to
be realized on other classes there must be commensurate de-
mands from those classes. For a highly skewed request mix of
(20,20,60), blocking a large portion of class 3 requests will only
marginally benefit class 1 or 2 requests. In the next experiment,
we show how downgrading a blocked high bitrate request to a
low bitrate service enhances the VoD performance.

3) Performance With Downgrade Option: In this experi-
ment, we explore the option of downgrading a blocked request
from class 2 at 8 Mb/s and class 3 at 16 Mb/s to a class 1
request at 4 Mb/s in the context of the redirect policy. Class

Fig. 7. Multirate results with downgrade option, (20,20,60) request mix.

definition is based on request playback rate and remains the
same from previous experiment. Several scenarios where we
combine downgrade option with different threshold values on
class 3 requests are presented. The request arrival rate is varied
between 500 and 1000 requests per hour. A threshold of up to
30% and 60% capacity for the high bitrate requests are enforced
along with a downgrade option. The performance metric used is
the overall blocking probability for the VoD system. The results
are shown for a highly skewed request mix of (20,20,60).

In Fig. 7, blocking probability of the overall VoD system
is shown as a function of varying load under various options:
1) downgrade with 30% threshold; 2) downgrade with 60%
threshold; 3) downgrade with no threshold. These results are
compared with three other scenarios: no threshold with no
downgrade option and 30% and 60% threshold with no down-
grade option. Under 30% threshold, for example, only 30% of
the capacity is allowed for high bitrate requests which means
that a higher number of high bitrate requests are downgraded
than compared to a 60% threshold or no threshold. Therefore,
the downgrade option with a threshold at 30% has the least
blocking because a large percentage of the blocked requests are
now converted to class 1 requests for service. The other two
scenarios namely the 60% threshold with downgrade and no
threshold with downgrade, show similar performance but differ
drastically from the 30% threshold with downgrade option. If
there was no downgrade option at 30% or 60% threshold for a
highly skewed request mix such as (20,20,60), it simply means
that a large portion of the request population was blocked with
only marginal improvement in blocking performance for class 1
and class 2. This result is discussed in the previous experiment
and is illustrated by the top three curves in Fig. 7 which indi-
cates unacceptable high overall blocking for the VoD system.
This underscores the importance of the downgrade option for
highly skewed request mixes under high threshold restrictions.

When comparing the three scenarios without the downgrade
option (the top three curves in Fig. 7), we note that the option
with 30% threshold has the worst blocking performance. The
two scenarios, 60% threshold and no threshold, show compa-
rable performance. In fact, scenario with 60% threshold per-
forms better than no threshold scenario at high loads as shown in
Fig. 7. The reason for this switch over is that with 60% threshold
restrictions on class 3 requests, more capacity is available to
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class 1 and class 2 requests which have appreciable demand at
high loads.

4) Policy Guidelines: The significance of the analysis and
the results presented in the previous sections comes from the fact
that similar methodology can be employed by a service provider
to set policy guidelines. The importance of threshold-based ad-
mission control as analyzed in this paper is that we can clearly
associate the effects of different threshold levels with the re-
sulting blocking performance. Generally, for threshold-based
restriction to work well there should be a sizeable demand from
all request classes. If it is a highly skewed request mix then re-
stricting the request class that has the most demand will only
result in a marginal benefit to other classes. This is where the
downgrade option will help in setting appropriate policies and
ensuring superior performance. With the downgrade option and
threshold restriction, the service provider can actually tailor the
highly skewed request mix into a workload that the VoD system
can handle. Not withstanding the obvious conclusion that the
downgrade option will result in better performance, the more
important observation from this paper is that it gives the service
provider the flexibility to modify an incoming request mix into
a workload that the VoD system can handle. Sizing and resizing
the VoD system in response to fluctuating demand is not an ac-
ceptable solution and the merit of the study presented in this
paper is that it provides a policy guideline to the problem of re-
source allocation and performance.

VI. CONCLUSION

In this paper, we analyzed the performance of a VoD system
in the context of differential treatment of video requests. We pre-
sented a methodology using which we can distinguish between
the merits of different classes of requests and incorporate that
in a standard admission control policy. Through analytical and
simulation means we showed that threshold-based admission
control is a useful tool for manipulating performance for some
of the request classes. We showed that enforcing threshold re-
strictions with the option of downgrading blocked requests in a
multirate service environment results in improved performance
at the same time providing different levels of QoS. This work
has important implications in the areas of system design and
signaling protocols. We addressed the issue of admission control
and request handling with a broad focus on a distributed VoD ar-
chitecture and showed how performance can be improved. We
showed that redirection based request handling policies along
with the option of downgraded service and threshold restrictions
have superior performance. This important result points to the
need for including such features in signaling protocols for dis-
tributed VoD systems.

APPENDIX

PROOF OF THEOREM 1

Let be (1,0) or (0,1), where the 1 is in the th position.
Under equilibrium conditions, we have

(16)

Fig. 8. One arrival backward in the 2nd dimension.

Fig. 8 illustrates (16) for class 2 requests. The left-hand side
(LHS) indicates the set of states belonging to and the state
probabilities from which we can get to the states in and
their probabilities by moving one arrival backward for class 2.
But this set of states in does not include the blocking state
as indicated on the right-hand side (RHS)

Consider resources used and multiplying (6)
with and substituting for and rearranging on the RHS, we
have

Substituting from the balance equation,
we have

Substituting from (16) for we
have

Multiplying with and using (7) and moving to RHS we have
the recursion in Theorem 1

and for and 0 for negative .
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