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Methodologies for Designing Video Servers
Dikran Meliksetian, Member, IEEE, Frank Feng-Kuo Yu, and C. Y. Roger Chen

Abstract—This paper proposes an approach for integrating
CPU/disk/network scheduling and memory management for sup-
porting a variety of VCR operations and dynamic service changes
efficiently. Under this approach we can optimize individual
resources, and support a maximal number of clients on a given
system. We present a framework of service modeling to charac-
terize the requested video services and identify the scheduling
parameters for supporting these services. A number of techniques
and methodologies are developed for analyzing the behaviors
of disk accesses, network operations, and CPU activities under
the loads of both single and multiple clients. We also describe
an admission control strategy that utilizes information about
all the system resources to determine if a set of video services is
acceptable.

Index Terms—Admission control, resource management, sched-
uling, video server.

I. INTRODUCTION

M ULTIMEDIA applications have received a significant
amount of attention from both academia and industry.

One important multimedia application, broadly used in en-
tertainment, business, and education, is video-on-demand. A
number of issues make the design of the video server, in a
video-on-demand application, difficult. First, a video server
needs to simultaneously provide video services to multiple
clients and guarantee the quality of service for each client.
Second, a video server needs to manage system resources,
including CPU/disk/memory, and schedule network activity so
as to utilize maximally the resources, while not overloading
the system. Third, a video server needs to be able to support
a variety of VCR operations such as playback, fast-forward,
slow-forward, pause, resume, indexing, and scrolling. Finally, a
user watching a video may change from one service to another
service—for example, from playback to fast-forward or from
playback to slow-forward. A video server should support
these dynamic service changes while efficiently using system
resources.

In order to describe precisely the activities between a client
and a server, we divide them into three levels: session, transac-
tion, and service. A session is a connection between a client and
a server, and its lifetime is defined as the duration from the login
to the logout of a video client. Within a session a user can exe-
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cute two types of transactions, query or video. A query transac-
tion asks for meta-data of the video server. A video transaction
is a sequence of video-related activities and is encapsulated by
theopenandcloseof a video file. The major difference between
a query transaction and a video transaction is that the latter in-
volves time-critical, video-related activities, whereas the former
does not. Once a video transaction is established, a user can ini-
tiate a video service, terminate a video service, or switch from
one video service to another where a video service is a playback,
fast-forward, or slow-forward operation on the chosen video.

Previous work in video server design can be categorized into
three areas: storage subsystems, communication subsystems,
and operating system support. Gemmellet al. [1] present
a survey of the design issues of digital multimedia storage
servers. This tutorial paper partially reflects research efforts
on multimedia applications and systems presented in various
publications such as [2]–[7] that concentrate mainly on storage
subsystems and assume that network subsystems deliver
continuous media to the client sites according to its real-time
specifications. Multimedia applications present challenges for
network architectures and protocols, because traffic character-
istics and performance requirements of these services differ
from those of data-oriented, nonreal-time applications [8]–[12].
A major distinguishing feature of our work is that we are
primarily interested in the workload of video services, while
previous works emphasize either general behavior or other
applications. Multimedia applications require operating system
support—for example, CPU scheduling, timer manipulation,
thread and memory management, interprocess communication,
and synchronization—in order to guarantee their performance
requirements. Efforts have been put into the development of
multimedia operating systems or the extensions to traditional
operating systems such as UNIX [13]–[15]. Many papers pub-
lished in the field of operating system support for multimedia
applications benefit from previous research work on real-time
system design. One important issue shared by these two areas
is scheduling theory [16]–[19].

One major contribution of our work is the integration into
a single scheduling framework, under which we can system-
atically manage system resources and optimize individual re-
sources. We achieve this by separating the retrieving task and the
sending task in a video service and selecting the optimal sched-
uling parameters for each. The retrieving task and the sending
task are scheduled with temporal and precedence constraints
so that both timing requirements and data synchronization are
guaranteed. Our admission control strategy considers all the
system resources to determine whether a set of video services
is acceptable.

Another contribution of this work is a model for eval-
uating the performance of a disk subsystem in supporting
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multiple video clients. Our model covers a wide range of
issues, including the data size of individual requests, the
order/number/distribution of requests, the data layout, and the
characteristics of a disk such as seek time, rotational latency,
transfer rate, disk cache, disk scheduling algorithm, and the
size of the command queue. In addition, we consider the impact
of resource contention on I/O performance when both disk and
network operations are active concurrently. In contrast, many
previous works dealt only with a subset of these factors. A
major distinguishing feature of our work is that we investigate
the performance of network subsystem in a server under the
workload of video services.

The remainder of this paper is organized as follows. Section II
presents a model for specifying a video service, and investigates
scheduling issues for both a single video service and multiple
video services. Section III presents the general issue of resource
management for video services. Sections IV and V describes
the procedures of parameter selection and resource estimation
for retrieving tasks and sending tasks, respectively. Section VI
proposes an admission control strategy that considers system
scalability and resource contention to determine if a set of video
service is acceptable. Section VII describes the implementation
status and concludes the paper.

II. M ODELING AND SCHEDULING VIDEO SERVICES

This section presents a model for specifying a video service
and investigates the scheduling issues for both a single video
service and multiple video services. The objective of modeling
a video service is to formalize an approach to deriving a set of
scheduling parameters for a video service based on which the re-
source requirements can be estimated and the required resources
can be scheduled. The modeling task is divided into multiple
phases as follows.

In the first phase, a video service is treated as a user re-
quest and is characterized by two components, a VCR opera-
tion and a video file, where the VCR operation can be normal
playback, fast-forward or slow-forward. In the second phase, a
video service characterized by an operation-file pair is converted
into a display policy that specifies both the data and timing
requirements for providing the video service. Display policies
of different video services with regard to the same video file
must be carefully specified so that the desired visual quality of
each video service can be satisfied and service changes during
a video transaction can be smoothly supported. Note that dif-
ferent display policies associated with a given video service
would have different bandwidth and resource requirements. The
display policy is controlled through selective frame dropping
and variation of the frame display rate. Selective frame drop-
ping has been proposed as a means for bandwidth control in
networked video applications and has been implemented in a
number of commercial products. The argument behind it is that
visual quality is minimally impacted by selectively dropping
frames. As described in the next paragraph, we use selective
frame dropping within the context of the fast-forward service,
where the visual quality requirements are orders of magnitude
lower than regular service.

Because the basic video service provided by a video server is
the playback of a video, the display policy assigned to a play-
back video service is essentially the entire data set, i.e., all the I,
P, and B frames, displayed at the recording rate of a video file,
e.g., 30 frames per second (fps). Our video server reserves the
system resources for the playback video service for the lifetime
of a video transaction. The reserved system resources are also
used to provide slow-forward and fast- forward video service.
Slow-forward video service can easily be supported, because it
requires less of the systems resources than the playback video
service. The fast-forward video service is supported by speci-
fying a display policy that requires no more system resources
than the playback video service. To do so, both the data and
timing requirements of a fast-forward display policy must be
precisely specified. Notice that the conventional schemes that
support fast-forward either by displaying frames at a rate higher
than normal playback, for example, all frames at 90 fps or by
skipping a limited amount of frames, for example, only I and
P frames at 30 fps for the same fast-forward service, might be
unacceptable, because both would require a higher bandwidth
than the playback video service. Feasible display policies for
the fast-forward video service might include skipping all the B
frames and sending all the I and P frames at 18 fps, or skipping
all the P and B frames and sending all the I frames at 12 fps for
a video captured at 30 fps. The idea behind our approach is to
provide the common case, i.e., the playback video service, with
good visual quality and minimal startup latency, and make the
other cases such as the fast-forward video service acceptable.

The display policy is an abstraction for specifying the data
and timing requirements of a video service. To schedule all the
system resources, a display policy has to be mapped into a set
of scheduling parameters as the third phase of service mod-
eling. A video service is accomplished by scheduling two pe-
riodic tasks, i.e., a retrieving task and a sending task, with tem-
poral and precedence constraints so that both timing require-
ments and data synchronization are guaranteed. The retrieving
task is responsible for reading the video data from a file on disks
to memory, and the sending task is responsible for sending the
video data from memory to the network. The motivation for sep-
arating the sending task and the retrieving task is to explore
the opportunity for overlapping the disk/network activity and
optimizing the utilization of individual resources. We use the
common dual-buffer design that utilizes separate buffers for a
sending task and a retrieving task so that parallelism can be
achieved. The purpose of scheduling these two periodic tasks
with precedence constraints is to maintain the producer-con-
sumer relationships between them and guarantee data synchro-
nization.

The distinguishing feature in our scheduling model is that it
allows us to incorporate retrieving/sending tasks for a variety
of video services into a single scheduling framework with the
opportunity to optimize individual resources. We achieve flexi-
bility by allowing a retrieving task and a sending task for a single
video service to perform at different paces. By doing so, we can
select scheduling parameters for tasks that minimize their re-
spective resources. Under this scheme the data retrieved by a
retrieving-task instance may support one or more sending-task
instances, and special attention to precedence constraint must
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be taken into consideration. Definitions of the sending task, the
retrieving task, and the precedence constraint are as follows.

A. Sending Task

A sending task of video service , denoted by ,
which sends data from memory to the network periodically,
is characterized by: , the start time; , the sending
period; , the total number of sending-task instances;
and , the network transfer unit in period, where

.
The parameter NTU specifies the data that should be

sent within a sending period. From the point of view
of memory access, an NTU is logically contiguous in
memory and can be defined by its memory address and
its length. For a sending-task instance of video service

, denoted by , , which
sends from the memory to the network, we define
its ready time as ,
its completion time as , and its deadline as

. Task
instance meets its deadline if its completion time is
earlier than its deadline, i.e., .

B. Retrieving Task

A retrieving task of video service , denoted by ,
which retrieves data from a file on disks to the memory, is
characterized by: , the total number of retrieving-task
instances; , the ready time ofth retrieving task instance,
where , and

, the data access unit in
period , where ; , the address of
buffer for , where .

The parameter DAU specifies the data that should be retrieved
within a retrieving period. From the point of view of file access,
a DAU is logically contiguous in a video file and can be de-
fined by its file offset and its length. The parameterBUF spec-
ifies a general strategy of memory management. Because the
retrieving task depends on the sending task ,
the ready times of the retrieving-task instances form a subset
of the ready times of the sending-task instances, except for the
ready time for the first retrieving-task instance. This arrange-
ment implies that a DAU is an integer multiple of NTU’s, which
simplifies the synchronization between a retrieving task and
a sending task. For a retrieving-task instance of video service

, denoted by , , which retrieves
from a file on disks to the memory, we define its comple-

tion time as , and its deadline as , where
and is the ready time of the first sending-task in-

stance that uses the data retrieved by task instance .
Task instance meets its deadline if its completion time
is earlier than its deadline, i.e., .

C. Precedence Constraint

In order to maintain the producer-consumer relationships and
guarantee data synchronization between a retrieving task and a
sending task, the following conditions must be satisfied. The

relation “ ” in the following conditions means that task
instance finishes before task instance.

1) The first condition specifies the constraint for the start
time of a sending task with regard to data prefetching.
That is, , where is the initial
delay of the sending task and .

2) When the disk subsystem of the video server presents
transient overload, the retrieving-task instance that misses
its deadline is allowed to run to completion, but no corre-
sponding sending-task instances are allowed to proceed.
That is, , , if

.
3) When the network subsystem of the video server presents

transient overload, the sending-task instance that misses
its deadline is allowed to run to completion, but no succes-
sive retrieving tasks are allowed to proceed so as to avoid
the violation of buffer usage. That is,, ,

if .

In addition, the following two conditions must be satisfied.

1) All the retrieving-task instances must be performed in se-
quence. That is, , .

2) All the sending-task instances must be performed in se-
quence. That is, , .

The reasons for adopting the run-to-completion policy are as
follows. First, both retrieving-task instances and sending-task
instances are I/O activities supported by operating systems,
device drivers, I/O buses, network adapters, and disk devices.
The mechanism, or the application programming interface,
for aborting I/O activity may not be supported by the system.
On the other hand, the cost of aborting an I/O activity may
be very expensive so that the termination operation itself
may further violate the timing constraint. Second, Section VI
presents a strategy for employing admission control to deter-
mine whether a new service can be supported. Consequently,
transient overload of system components that causes timing
violation is rare under the protection of admission control. Data
synchronization with the run-to-completion policy serves only
as our strategy for handling exceptions. Finally, one aspect of
scheduling video services at a video server is its soft real-time
requirement. Unlike hard real-time applications that require
strict guarantees concerning deadlines, a video client can
tolerate the data delivery delay introduced by either the server
or the networks with the help of data buffering. Such delays
are essentially absorbed by the client-side buffer and will not
create a dramatic impact on visual quality.

The scheduling model for a single video service leads us to
a timer/event-driven I/O scheduling for multiple video services.
Because of the properties of device hardware and software, I/O
activities such as retrieving tasks and sending tasks are nonpre-
emptive. The scheduling of multiple retrieving tasks, specifi-
cally DAU requests, depends on the disk-scheduling algorithms
implemented by the underlying disk controllers. Notice that, in
the case of a video server with multiple disks, DAU requests
can be distributed among different disks where each disk may
have different characteristics and its own scheduling algorithm.
Multiple sending tasks are scheduled on a first-come-first-serve
basis.
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III. RESOURCEMANAGEMENT FORVIDEO SERVICES

In order for a video server to support the maximum number of
video services under the limited resources available on a given
system, three major design issues are

1) efficiently supporting individual video services;
2) correctly estimating system scalability;
3) employing admission control algorithms to determine

whether a new service can be supported without affecting
services already being supported.

For any given system, the fewer resources a single video service
requires, the more video services a video server can support si-
multaneously. Issues of scalability are examined along two di-
mensions, i.e., as the number of video services and the number
of resources involved increase. For a particular resource, the
scalability as the number of video services increases evaluates
the resource requirements as a function of the number of video
services. The characteristics of resources and video files, as well
as their relationships, are taken into consideration when scala-
bility is assessed. We also evaluate the impact of increasing the
number of system resources (for example, adding more disks)
and integrating different system resources (for example, con-
sidering the disk and network subsystem as a whole) on the
number of video services. Both positive and negative effects of
using multiple resources are quantitatively measured. The neg-
ative effect of using multiple resources is due to the contention
of system resources that occurs when multiple retrieving and
sending tasks are performed simultaneously. A video server can
accept a new video service only if its resource requirements,
together with those of existing video services, are within the ca-
pability of the system. Our admission control strategy is based
on the capability of disk/network subsystems, the impact of re-
source contention on I/O performance, and the characteristics of
requested video services. The major criteria of admission con-
trol are the estimated aggregate resource utilization demanded
by a set of video services and the utilization bounds of the indi-
vidual system resources for given miss ratios.

IV. PARAMETER SELECTION AND RESOURCEESTIMATION FOR

RETRIEVING TASKS

We first consider parameter selection and resource estimation
for executing a single retrieving task from a single disk. We then
study the scalability issue of executing multiple retrieving tasks
from a single disk. The major goals of investigating the execu-
tion of a single retrieving task on a single disk are 1) to identify
the appropriate range for scheduling parameters of all retrieving
tasks from that particular disk and 2) to derive a method for
estimating the resource requirements of a given retrieving task
whose scheduling parameters are in that range. A video server
has a wide range of alternatives when scheduling a given re-
trieving task. Specifically, what we want to identify is an appro-
priate range of DAU sizes—subject to a set of performance and
system constraints imposed by MPEG compression, timer reso-
lution, buffer requirement, and NTU/DAU relationship—for all
the video files stored on a particular disk. Because the variety of
video contents and the quality of compression schemes produce
variations of data size, an appropriate range rather than a single

optimal value for DAU sizes is preferred. Once an appropriate
range of DAU sizes is identified, a given video is decomposed
into DAU’s accordingly and a DAU index is created. At run-
time a retrieving task accesses DAU’s based on the DAU index
within which the temporal requirement is embedded. The major
criterion for evaluating a specific set of scheduling parameters
assigned to a given retrieving task is the disk utilization, which is
defined as the fraction of total disk access time spent in the entire
duration or the fraction of a single DAU access time spent in ex-
ecuting a retrieving- task instance. The smaller the disk utiliza-
tion per retrieving task, the more retrieving tasks the server will
support. Two important issues that can affect the reading of data
from a disk are the disk cache and the data layout. Although the
read-ahead performed by the disk drive may improve the perfor-
mance of executing a single retrieving task, it has a negative im-
pact on the overall I/O performance under the workload of mul-
tiple video streams. In the latter scenario the read-ahead of mul-
tiple retrieving tasks can interfere with each other and create dif-
ficulty in estimating system scalability and guaranteeing timing
requirements. Thus, we turn off the read-ahead feature of the
disk cache. Because a noncontiguous DAU may cause an un-
predictable positioning delay within the access of a DAU, we
require that a DAU be contiguous on a disk, we store the video
files such that the DAU’s are contiguous. The reading time for a
contiguous DAU may depend on its position on a disk because of
the variation of the transfer rate, particularly between the inner
tracks/zones and the outer tracks/zones. To accommodate this
problem, we consider both the mean and the standard devia-
tion of the execution time for reading a contiguous DAU. Thus,
the performance of accessing a DAU is statistically predicted.
Our methodology for identifying an appropriate range of DAU
sizes is to choose an initial range of data sizes based on the typ-
ical workload of an MPEG video/audio stream, and to conduct
a set of experiments and analyze the performance of measure-
ments. The measurement results suggest a set of guidelines and
performance information for decomposing a video into DAU’s
and scheduling retrieving tasks. These guidelines include, for
example, an appropriate range for DAU sizes and retrieving pe-
riods with lower disk utilization, and the corresponding buffer
requirement per task. In addition, the functions of the mean and
standard deviation of DAU read time, i.e.,
and are also concluded from the measurement
results.

When serving multiple retrieving tasks, the overall perfor-
mance is affected by the data size of individual requests, the
order and number of requests, the distribution of requests on
a disk, and the characteristics of a disk such as seek time, ro-
tational latency, transfer rate, disk scheduling algorithm, and
the size of command queue. Our initial step toward deriving
the execution time and disk utilization is to estimate the over-
head of the seek time as a function of the number of requests.
Modern SCSI disks support multiple read requests via command
queuing, which allows the video server to issue multiple read re-
quests and allows the disk controller to determine the execution
order based on a disk-scheduling algorithm. For the workload of
multiple video services, the length of the command queue is typ-
ically not a bottleneck. Consequently, we assume that the com-
mand queue can hold all the requests from multiple retrieving
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tasks and the disk controller can perform request reordering on
all these requests. The estimation of the seek time per request
is achieved by using a simulation model. For a given number of
requests, the variation of the seek time represents the effect of
the distribution of requests on a disk. Such variation becomes
less as the number of requests increases due to the seek opti-
mization by the native disk scheduling algorithms. The simu-
lation results produce the mean and standard deviation of seek
time per request as a function of the number of requests, i.e.,

and .
The final issue we consider is the relationships between the

miss ratios and the disk utilization. The experimental measure-
ment of such relationships, i.e., , is accom-
plished by evaluating the performance of executing multiple re-
trieving tasks; an example is shown in Fig. 1. The miss ratio is
the metric for evaluating the quality of a disk for supporting a set
of retrieving tasks. Given a specific value of the miss ratio that
is acceptable by video clients and end users, the corresponding
disk utilization is the maximum utilization possible for a given
set of retrieving tasks. The estimated aggregate disk utilization
and the disk utilization bound, i.e., the corresponding disk uti-
lization for a given miss ratio, provides the basis of our admis-
sion control strategy with regard to disk subsystems.

V. PARAMETER SELECTION AND RESOURCEESTIMATION FOR

SENDING TASKS

This section first describes our methodology for identifying
an appropriate range for scheduling parameters of all sending
tasks. We use this information to guide NTU decomposition and
estimate the CPU utilization dedicated to a sending task without
the concern of scalability. We then present system scalability
as the number of sending tasks increases. Finally, we discuss
the relationships between the miss ratios and the CPU utiliza-
tion when a set of sending tasks is supported by a network sub-
system.

Our first issue is to identify an appropriate range of NTU
sizes, the corresponding range of sending periods, and the
packet size for all video files, where an NTU is the sending
unit within a sending period and a packet is the basic unit for
sending an NTU. Similar to the issues of parameter selection
for retrieving tasks, parameter selection for sending tasks
is also subject to performance and system constraints. One
network-specific issue is to reduce the burstiness of network
traffic via parameter selection. Usually, a larger NTU is more
likely to produce bursty traffic that may cause the congestion
of the network and degrade the reliability of data received by a
video client. The major criterion for evaluating a specific set of
scheduling parameters assigned to a given sending task is the
CPU utilization dedicated to the sending task that is defined
as the fraction of total send time spent in the entire duration
or the fraction of a single NTU send time spent in executing
a sending-task instance. The smaller the CPU utilization per
sending task is, the more sending tasks a server will support.
The CPU utilization also indicates the trend of the network
utilization that is the ratio of achievable throughput to network
bandwidth. Our methodology is first to choose an initial
range for NTU sizes and the packet sizes based on the typical

Fig. 1. Miss ratio versus disk utilization.

workload of an MPEG video/audio stream and the system
constraints, and second to conduct a set of measurements
on the experimental environment. The measurement results
suggest a set of guidelines and performance information for
decomposing a video into NTU’s and scheduling sending tasks.
These guidelines include, for example, the percentages for the
send time due to packet sizes and NTU sizes, an appropriate
range for NTU sizes, an appropriate range for packet sizes,
and the corresponding CPU utilization, as well as the mean
NTU send time as a function of NTU size and packet size,
i.e., are also concluded from the
measurement results. Further details of our approach are given
in [20].

When serving multiple sending tasks, the overall perfor-
mance may be subject to the degradation due to the congestion
of I/O path between the main memory and the network interface
card. In order to quantify the overhead of executing multiple
sending tasks, we measure the performance of scalability as the
number of sending tasks increases. The measurement results
conclude the maximum utilization overhead as a function of
the total bandwidth, i.e., ; an example is shown in Fig. 2

The last issue we investigate is the relationships between the
miss ratios and the CPU utilization. The experimental measure-
ment of such relationships, i.e., , is accom-
plished by evaluating the performance of executing multiple
sending tasks. The estimated aggregate CPU utilization and the
CPU utilization bound provide the basis of our admission con-
trol strategy with regard to network subsystems.

VI. A DMISSION CONTROL

We first introduce the notions of theresource profileto repre-
sent the information of disk/network resources of a video server
and theservice profileto represent the information of a set of
video services. The resource profile consists of three parts: the
first and second part describes the characteristics of disk and
network subsystems, respectively, and the third part describes
the characteristics of resource contention. Consider that a video
server has disk devices , and network
devices . A disk device and a network device
are characterized using the attributes shown in Table I.

Resource contention among resources is characterized using
an pair-wise contention matrix, where the
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Fig. 2. Network scalability.

element for represents the overhead
of resource due to the contention with resource.

The service profile presents the characteristics of a set of
video services. Assume that a video server is serving a service
set consisting of video services , and .
Each video service is characterized using the attributes listed in
Table I.

The resource profile models the system resources based on
the off-line measurement/simulation/analysis as described in the
last two sections, and the service profile models the video ser-
vices demanded at runtime. To present our admission control
strategy, we begin with theoccurrence vectorthat indicates the
subset of disk/network resources involved by a service set. The
occurrence vector for a given service set, , is a

vector of 0’s and 1’s, where theth element,
[ ], , is 1 if and only if there is at least
one video service in service set that requires resource. In
an occurrence vector, the first elements are used to indicate
the disk devices and the lastelements are used to indicate the
network devices. For a given service set, its occurrence vector
serves two purposes. First, the occurrence vector for a given ser-
vice set indicates which resources should be examined by the
admission control strategy. Second, the product of the occur-
rence vector for a given service set and the pair-wise contention
matrix, calledcontention vector, represents the utilization over-
heads of resources due to the inference of other resources used
by the given service set. For a given service set, let be
the contention vector, then .

Based on the above assumption, we define the formulas for
estimating the resource utilization and propose our admission
control strategy as follows. For a given service setwith
video services, an upper bound on the utilization of disk device

, , is

where is the number of video services that involve disk de-
vice . Notice that in the above formula per-device attributes
are associated with left subscript. There are several sources

TABLE I
ATTRIBUTES OF DEVICES AND

SERVICES

of variability when measuring disk utilization: the variation of
DAU sizes (due to the characteristics of a video file and its DAU
decomposition), the variation of read times (due to the location
of data on a disk and the intrinsic transfer rate of a disk), and
the variation of seek times (due to the number and distribution
of DAU requests). Because we want to derive an upper bound
on the disk utilization, we use maximum DAU sizes rather than
average DAU sizes. Since an appropriate range for DAU sizes
is suggested, the variation of DAU sizes for a retrieving task is
small. Consequently, the usage of a maximum DAU size actu-
ally produces a tight upper bound. On the other hand, the varia-
tions of transfer rate and seek time are significant. For example,
for a Seagate ST32550W [21] the ratio of the maximum transfer
rate to the minimum transfer rate is Mbps Mbps

, while the maximum seek time is ms ms
times larger than the minimum seek time. To consider the

variations of read times and seek times, we resort to a statistical
approach and introduce the parameteras the precision level
for estimating the read time, , and the parameter as the
precision level for estimating the seek time per request, .
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In other words, the value of parameterestimates the varia-
tion of the read time, and the value of parameterestimates the
variation of the seek time per request. Based on Chebyshev’s
theorem [22], the proportion of values from a data set that will
fall within (or ) standard deviations of the mean will be at
least (or ).

An upper bound on the CPU utilization to serve network de-
vice , , is

Notice that in the above formula per-device attributes are asso-
ciated with left subscript . Because we want to derive an upper
bound on the CPU utilization, the maximum NTU sizes, instead
of the average sizes, are used. Since an appropriate range of
NTU sizes is suggested, the variation of NTU sizes for a sending
task is small. For example, [20] shows that the maximum NTU
size is only 12.5%, on average, more than the average NTU size
for a set of five video files. As a result, using the maximum NTU
size actually produces a tight upper bound.

A given service set is accepted if and only if all the partic-
ipating resources are within their respective utilization bounds.
That is,

and

This admission control policy guarantees with a level of con-
fidence determined by the parametersand that no service
exceeds its prespecified miss ratio.

VII. CONCLUSIONS

This paper addresses some issues for designing a video server
with the capability of supporting a variety of VCR operations.
We have implemented a video server using a Pentium II 266
MHz running Windows NT. Different versions of video clients
are available on Windows 95/98/NT. The underlying network
between the server and the clients is a 100 Mbps Fast Ethernet.
The results of simulation and measurements indicate that up to
40 MPEG-1 clients can be supported simultaneously. We also
developed server-side utilities for preprocessing MPEG videos,
configuring SCSI disks, and customizing the data layout on
SCSI disks. Three specific objectives, i.e., performance, func-
tionality, and reliability, were taken into consideration during
the life cycle of design, implementation, and validation of a
video-on-demand system. The concern for performance leads
us to fully explore such issues as resource estimation and ad-
mission control. It also forces us to reconsider important is-
sues such as the policy and mechanism for dynamic mapping
of the on-disk file structure onto the in-memory data structure.

In order to support a wide range of VCR operations, we iden-
tify a set of primitives between client and server as the foun-
dation and develop corresponding mechanisms to handle these
primitives and operations efficiently. We achieve system relia-
bility in several ways. A video client can tolerate severe data
losses and recover by synchronizing the delivered video/audio
data with the display schedule. On the server side, the excep-
tion handling strategy for managing session/transaction/service
and synchronizing retrieving/sending tasks of video services en-
hances server robustness. In addition, system reliability is ac-
complished by conducting a comprehensive test plan to validate
and verify all the functionality, service changes, and boundary
conditions of all the operations.
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