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INTRODUCTION

The existing wireless network infrastructure
and communication protocols provide mobile
users limited Internet-based services including
Web browsing, short message service (SMS),
and emails [1]. This is mainly because of the low
bandwidth capacity and high error rates associ-
ated with wireless networks. However, with
rapid advances in wireless technologies and the
emergence of third-generation (3G) systems
that can support data rates up to 2 Mb/s [1], the
service spectrum for mobile users is being
widened to include novel multimedia applica-
tions such as e-commerce, distance learning,
videoconferencing, digital libraries, online
TV/radio, and many others.

The future network system can be envisioned
as a global network with a high degree of het-
erogeneity, providing advanced Internet services
to users irrespective of their points of connectivi-
ty to the network. To accommodate mobile

users, a wireless network must provide continu-
ous and mobility-independent connectivity.
Mobility is a generic term and does not fully
characterize users’ roaming behavior. For
instance, a stock broker can have high indoor
mobility in a stock exchange building. On the
other hand, commuters driving on interstate
highways have long-range mobility, and passen-
gers on a plane have global mobility. The future
network system is expected to integrate all these
levels of mobility and will provide ubiquitous
access to users as depicted in Fig. 1.

The support of multimedia applications over
a heterogeneous network requires communica-
tion protocols and networking infrastructure
capable of providing high-quality services. Prior
to connection establishment, such services need
to specify connection requirements in terms of
network resources, and the duration for which
these resources are needed. Multimedia applica-
tions in general are not monolithic in nature,
and can consist of several objects integrated
together such as video clips, images, text, and
audio segments. A multimedia application con-
sisting of multiple objects can be represented as
a multimedia document [2]. An example of a
multimedia document is an MPEG-4-based
application. MPEG-4 encompasses all types of
media, and uses scene and object descriptors
(SDs and ODs) to define the spatiotemporal
features of the component media objects [3].
Figure 2 shows a collection of multimedia docu-
ments organized for a Web-based browsing envi-
ronment. Typically, such an environment consists
of a collection of documents or SDs for MPEG4-
4-based applications, integrated to allow random
browsing by viewers.

In this article we consider resource manage-
ment issues in supporting Web-based multime-
dia document services in a heterogeneous mobile
networking environment shown in Fig. 1. In par-
ticular, we formulate the wireless resource man-
agement problem as an optimization problem
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ABSTRACT

Recent advances in wireless technology and
availability of portable devices with networking
capabilities have enabled ubiquitous Web acces-
sibility. This has created the need to provide
advance Internet services to mobile users with-
out causing service failures due to connection
migration or handoffs. However, scarcity of wire-
less resources restricts the provision of multime-
dia services in wireless networks. In this article
we address the issue of managing wireless
resources to support Web-based multimedia
document services including MPEG-4-based
applications, in wireless networks with a high
degree of user mobility. In particular, we formu-
late the resource management problem in wire-
less networks as an optimization problem with
an objective function comprising different quali-
ty of presentation parameters.
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for which solutions can be developed and uti-
lized in designing base stations for future mobile
networks. Another key issue addressed in this
article is mobility management of users as they
roam from cell to cell, as depicted in Fig. 1.

NETWORKING CHALLENGES FOR
MULTIMEDIA SERVICES IN

MOBILE NETWORK

Conceptually, a multimedia mobile network is
similar to a cellular communications system in
which a given geographical area is divided into
multiple cells. Each cell has its own base station
that communicates with the mobile users in that
cell on an RF channel. The base stations can be
connected to a backbone land-based network
consisting of high-speed routers/switches and
multimedia database servers as depicted in Fig. 1
[4]. Like cellular phone systems, a user in this
network can roam in any direction and migrate
to any of the neighboring cells. Typically, the
lifetime of a multimedia session involving brows-
ing through the multimedia Web environment
can be greater than the residency time of a
mobile user in a single cell. In other words, a
mobile user subscribing to a multimedia service
in some cell is likely to migrate to a different cell
during the session. In that case, the land-based
route needs to be established to the new cell so
that the multimedia session can continue. How-
ever, if sufficient RF bandwidth resources are
not available in the new cell, the session may be
terminated. To avoid such handoff failures,
admission control and advance resource reserva-
tion must be performed based on the long-term
availability of resources.

Another major challenge is the characteriza-
tion of the bandwidth requirements of multime-
dia documents. Different objects such as video
clips, text, and images in a multimedia document
can have different bandwidth requirements.
Depending on the concurrency level of objects,
the quality parameters associated with individual
multimedia objects, and the presentation dura-
tion of these objects, the overall bandwidth pro-
file of a multimedia document may change
considerably over a period of time. Accordingly,
the resource requirements also vary. In order to
provide quality-based multimedia services, the
underlying network must accommodate such
changes by allocating bandwidth resources in an
efficient and timely manner.

MULTIMEDIA BANDWIDTH PROFILE
Traffic patterns generated in a multimedia Web
environment are different from the traffic varia-
tions exhibited by a monolithic multimedia
object such as a variable bit rate (VBR) video
stream. In this case bandwidth variations are due
to interframe compression. Object data streams
generated by a multimedia document server, on
the other hand, can have drastic variations due
to the presence of multiple objects as well as due
to random browsing of documents by a user, as
depicted in Fig. 2. As mentioned earlier, docu-
ment-level variations are due to changing levels
of concurrency and characteristics of the compo-
nent objects within the multimedia document.
Figure 3a illustrates the bandwidth profile of a
multimedia document represented as a node in
the browsing graph of Fig. 2. Effective capacity
approximation can be used to estimate the band-
width profile at the object level. Objects within a
multimedia document can generate diverse traf-
fic patterns. Such approximation, however, can-

� Figure 1. A heterogeneous wireless network with mobile users.
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not fully characterize document-level variations.
In addition, bandwidth variations at the brows-
ing level are the most difficult to characterize, as
these variations are dependent on the random
browsing activity by the user. In summary, the
random nature of the browsing process, the
changing level of concurrency, and the quality
and time attributes of the component objects
within a multimedia document result in a statis-
tically varying workload.

Various document specification models, such
as XML [5] and graphical models [2], exist in lit-
erature for specifying temporal, synchronization,
and quality parameters for  all objects in a docu-
ment. One such model is object composition
Petri-net (OCPN), which uses Petri-net-based
formalism. Figure 3a shows OCPN specification
of a multimedia document consisting of multiple
objects with their temporal synchronization and
presentation requirements. In addition, the
model allows specification of quality of presenta-
tion (QoP) attributes specific to a particular
object, as depicted in Fig. 3a. The QoP attributes
may include resolution, frame rate, reliability,

and synchronization requirements. The reliability
requirement specifies the maximum percentage
of multimedia data that can be dropped if the
allocated link capacity is limited. Synchroniza-
tion is required for isochronous objects, such as
audio and video, to have meaningful presenta-
tion. In addition to this interobject synchroniza-
tion, intra-object synchronization is also needed
to avoid any glitches and discontinuity in the
playout process.

Given a document specification model, the
bandwidth requirement of the component
objects can be extracted by either using some
effective bandwidth approximation method or
specifying the peak and/or the average band-
width requirement. The bandwidth profile,
shown in Fig. 3b, can be stored in the document
schema at the time of creation of a multimedia
document [2, 4], and can be provided to the
wireless network and end terminals at the time
of connection establishment. Since the presenta-
tion schedule is available a priori, the wireless
network can allocate resources efficiently by
evaluating the bandwidth profile in a manner

� Figure 2. A browsing graph of multimedia.
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that maintains the desired QoP within accept-
able bounds. An example of such a scheme for a
land-based network is described in [4]. This
scheme relies on pre-orchestrated and prestored
information for dynamic resource reservation.

USER MOBILITY
In a wireless network, the land-based route
between the Web server and the wireless client
may not remain fixed and can change with the
movement of users across multiple cells, as
depicted in Fig. 1. To ensure continuous delivery
of multimedia objects to mobile users irrespec-
tive of their mobility patterns, dynamic admis-
sion control and resource reservation
mechanisms can be used to establish land-based
routes[4] from Web servers to all the cells a user
may visit during the course of his/her session.
The mobility pattern of a user can be estimated
using the cell-specific or user-specific handoff
history [6]. Admission control and resource allo-
cation schemes that rely on mobility estimation
keep an aggregate pool of resources (bandwidth,
buffer) reserved for handoff connections, and
can dynamically assign resources to migratory
connections from this pool. This approach can
support multimedia applications consisting of a
single data stream whose traffic profile can be
statistically characterized (e.g., a VBR video
stream). However, for composite multimedia
documents that have both object-level and docu-
ment-level variations in their traffic patterns, this
approach is not viable. Even for a single multi-
media stream this approach does not guarantee
zero handoff drops, as resources are not allocat-
ed on a per user basis [6].

A service model for mobile hosts in an inte-
grated service packet network that offers zero
handoff drops is presented in [7]. This model is
based on the assumption that the mobility pro-
file of a user is known a priori. A user specifies
his/her traffic characterization and mobility pro-
file at the time of connection request. Accord-
ingly, the network allocates resources in all cells
included in the user’s mobility profile. In [8], an
adaptive resource management scheme has been
described that uses a range of values of band-
width and delay. The network guarantees rate
and jitter of admitted flows to remain within a
specified range. Both of these schemes are
designed for multimedia applications involving
single media. These schemes, however, cannot
manage multimedia connections for document
communication where bandwidth and delay
requirements vary significantly over longer peri-
ods of time.

RESOURCE MANAGEMENT FOR
QOP-BASED

MULTIMEDIA APPLICATIONS

To support multimedia document applications
with guaranteed QoP, resources must be
reserved at each node along the land-based
route and the base stations that serve as an
interface between the land-based network and
mobile users. For simplicity of discussion, we
assume that the land-based network is a

resource-sufficient system in the sense that it has
enough resources to guarantee QoP required by
the multimedia application. The resource man-
agement problem is then primarily confined to
the base stations that transmit multimedia data
to mobile users. We assume that the reverse
channel from mobile user to base station is pri-
marily used for communicating control signals
for browsing and require negligible bandwidth.

To synchronize multimedia objects within a
document, their data streams can be divided into
fine-grained data units. The smallest unit is
referred as a synchronization interval unit (SIU)
[4]. For example, the synchronization interval for
a video object can be taken as 1/30 of a second,
which corresponds to the playout duration of a
single video frame. For audio data, the smallest
unit can be an audio sample.

For synchronization, one option is to cache
enough multimedia data to compensate for a
slower transfer rate. However, for mobile
devices, providing a large buffer for multimedia
data caching may not be feasible. Due to limit-
ed buffering capability and restricted bandwidth
capacity at the base station, objects can be
delivered partially by dropping some SIUs at
the base station. For concurrent object data
streams, determining the number of SIUs for

� Figure 3. a) The effective bandwidth profile of a multimedia document; b)
the OCPN representation of the multimedia document.
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each object to be dropped by the base station is
equivalent to distributing some data reliability
penalty among these objects. Criteria for such a
decision can be based on the user’s specified
reliability parameter for multimedia objects.
This parameter indicates the maximum accept-
able loss of SIUs for different multimedia
objects so that compensation for slow data
streams can be provided.

TRAFFIC LOAD AT THE BASE STATIONS
The traffic load at each base station can change
dynamically due to various factors such as the
number of connections concurrently served by
the base station, the changing level of concur-
rency of objects in a document, requests for new
connections, and the migration of connections
from/to other cells.

Newly originated connections are less sensi-
tive to initial setup delay. Therefore, they can
be handled in such a way that other ongoing
sessions are not disturbed by them. Depending
on the availability of RF channel bandwidth,
the possibility of denying a new connection
request cannot be ruled out. When a base sta-
tion receives a request for a new connection,
the request can be denied if sufficient band-
width is not available to accommodate it with-
out degrading the presentation quality of the
already established connections beyond an
acceptable level.

Another factor that determines the channel
requirements at the base station is the migra-
tion of users among cells. In order to avoid
handoff drops, the new cell must accommodate
the migrating connection. One possible way to

handle a handoff connection is to treat it as a
new connection request and invoke a band-
width assignment procedure in the new cell.
However, a migratory connection may be termi-
nated if sufficient resources are not available. A
viable solution to this problem is to reserve
enough resources for mobile users in advance
in all the cells to be visited by a mobile user
during his/her connection lifetime. Advance
reservation of resources in multiple cells for the
entire duration of a multimedia session can be
achieved using a priori information of the
mobile user’s arrival and departure times in
each cell. Such a mobility profile of a user can
contain estimated time of arrival and departure
within a cell, using already known information
such as the connection initiation point, size,
structure, and geographical location of cells,
and the maximum speed of mobile users. Ref-
erence [9] discusses a probability distribution
function for the cell residence time for a mobile
user. If the connection duration is assumed to
be greater than the residence time in a single
cell of radius R, and the mobile user is assumed
to be travelling in a cell at a constant speed,
which is uniformly distributed in the interval [0,
Vmax], the density function of the residence
time TR in the cell in which the connection is
originated is given by  

In addition, the probability density function
of the TR in a cell in which a connection hand-
off occurs is given by [9]
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� Figure 4. a) The predicted path of a mobile user; b) the bandwidth profile of the mobile user in the predicted path.
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Using this function, the arrival and departure
times of a user in a cell can be estimated. Such
an estimate can be based on some function of
the average residence time ŤR and its standard
deviation. Accordingly, the mobility profile M of
a user is a set of tuples consisting of the cell id
and the estimated residence time in the corre-
sponding cells. The tuples in the set M appear
in the order in which the cells are expected to
be visited by the user. Table 1 shows an example
of a mobility profile M of a user during a multi-
media session involving communication of a
document viewed from the browsing graph of
Fig. 2 while travelling through a set of four
cells, predicted by his/her mobility profile. Fig-
ure 4a depicts the predicted path of this user,
and Fig. 4b illustrates the user’s bandwidth pro-
file in four cells.

If the user browses through a different node
of Fig. 2 and opens a new document, the band-
width profile of Fig. 4b may change. A new
resource assignment will be required to match
the new bandwidth profile for the remaining
span of the session while the user continues to
travel through the rest of the cells. Such resource
reassignment does not have any real-time con-
straint in the sense that opening a new docu-
ment can take place momentarily after

requesting that document. However, the
response time in opening this document should
be as minimal as possible. The resource alloca-
tion request for the new document should be
treated with high priority if there are competing
fresh requests.

RESOURCE ALLOCATION POLICY
Given the document traffic and mobility profile
of a user, the wireless bandwidth resource allo-
cation problem can be formulated as an opti-
mization problem with an objective function
comprising QoP parameters. As mentioned ear-
lier, several QoP parameters can be considered
for formulating the resource management policy.
In this article we take reliability as an example
to illustrate such formulation. In addition, we
discuss numerous issues that arise in developing
a resource management policy and briefly out-
line approaches to tackle these issues.

The aggregate bandwidth requirement in a
cell, depicted in Fig. 5a, is used in our formula-
tion. The bandwidth is aggregated over multiple
objects that need to be transmitted for multiple
users’ sessions. Let O1

(k), …, On
(k) represent the

concurrently transmitted objects with bandwidth
requirements r1

(k), …, rn
(k) in a base station of

cell k. In addition, the objects O1
(k), …, On

(k)

have reliability requirements ω1
(k), …, ωn

(k),
respectively, as part of their QoP attributes. It
can be noticed from Fig. 5a that the aggregate

f t fT T tR n
( ) .( ) ( )for handoff cell = 3

2

� Figure 5. a) Aggregate bandwidth profile in a cell; time line representation of RADPs using b) a transi-
tion-based policy; c) a partial transition-based policy; d) a periodic policy.
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bandwidth requirement changes with time with
random transition points T1, T2, T3, and so on.
Such variations occur due to the changing band-
width profile of concurrent documents. The base
station can determine resource requirements at
these transition points, which can be called
resource allocation decision points (RADPs).
However, this is an expensive approach with
tremendous overhead. At the end of this section,
we describe several techniques for selecting
RADPs. We first describe how the problem of
optimization can be formulated using ωi

(k)s and
provide a mechanism for allocating resources to
each object. Such a mechanism needs to be
invoked at each RADP.

Let I(k) be the length of interval between two
consecutive RADPs i and i + 1, whereby the
resource allocation mechanism is invoked by the
base station in cell k at RADP i for interval
I(k).The base station is responsible for assigning
appropriate bandwidth capacity for every object
in this interval. The length of interval I(k)

depends on how frequently resources are allocat-
ed and is discussed in detail later in this section.
The total bandwidth requirement γ(k) in interval
I(k) is given by

If the total bandwidth capacity C(k) in cell k is
less than γ(k),then at least (γ(k) – C(k)). |I(k)|
amount of information in concurrent objects
need to be dropped during interval I(k). Let θi

(k)

denote the dropping ratio of the object Oi
(k).

A fair channel allocation policy requires that
if transmission needs to be degraded, degrada-
tion should be uniformly spread across all objects
being transmitted concurrently. The problem of
uniformly spreading data degradation in interval
I(k) can be represented as the following nonlin-
ear programming (NLP) problem:

(1)

(I)

0 ≤ θi
(k) ≤ 1 – ωi

(k),        for i = 1, …, n (II)

(III)

where [Td
(k–1),Td

(k)] are the interval points asso-
ciated with residence time TR in cell k of the
mobile user for which the above bandwidth
assignment procedure has been invoked.

Constraints (I) and (II) in the above NLP
specify that data degradation should be spread

across the objects in accordance with their relia-
bility requirements. Constraint (III) states that
resources for a given mobile user are only allo-
cated in cell k for time interval I(k), provided this
interval overlaps with the user’s expected resi-
dence time ŤR in cell k.

The solution to the above NLP may not be
feasible, which implies that the reliability
requirement cannot be met with the given chan-
nel bandwidth capacity. In that case, one possi-
ble option for the base station is to override the
specified reliabilities. A binary search in an
appropriate subinterval of [0,1] could determine
the maximum reliability the base station can
deliver. Once the largest value of ω that makes
the constraints feasible at each switch is deter-
mined, the values of the ωis are replaced by ω,
and the NLP is solved with the newly assigned
reliability requirements. Although the above for-
mulation uses a reliability parameter, the formu-
lation is general enough to incorporate other
QoP parameters such as resolution, jitter delay,
and synchronization.

Selecting RADPs — As mentioned in the previ-
ous section, the time markers at which the base
station uses the NLP-based resource allocation
procedure are the RADPs. The frequency of
RADPs directly affects the network performance
in terms of resource utilization and computa-
tional overhead associated with the execution of
the NLP-based resource allocation process.
Using RADPs at every transition point of Fig. 5a
can result in high computational overhead asso-
ciated with the execution of the NLP-based
resource allocation procedure. In the following,
we briefly describe three approaches for select-
ing RADPs.

Transition-Based RADP Policy — In this poli-
cy, every transition of Fig. 5a represents an
RADP. These transition points are the union of
all the transition points of OCPNs representing
documents that are concurrently being commu-
nicated in cell k. This policy achieves high
resource utilization by allocating the resources at
each transition point in the bandwidth profiles of
all the documents. However, in a heavily loaded
environment, there can be a large number of
transition points. Executing the computationally
intensive NLP-based capacity assignment proce-
dure at these transition points increases the
overall time complexity.

Partial Transition-Based RADP Policy — One
way to reduce the computational overhead asso-
ciated with the transition-based RADP policy is
to invoke the NLP-based resource allocation
procedure only at those transition points that
correspond to a significant change in the band-
width profile of a document. In other words, the
base station executes the NLP-based resource
allocation mechanism only if the difference in
bandwidth requirements exceeds a certain
threshold value ∆. Alternatively, the multimedia
document server can quantize the original band-
width profile of a document with a step size of
∆. As a result, a subset of transition points corre-
sponding to the modified bandwidth profile is
chosen. This approach leads to a fewer number
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of RADPs, as shown in Fig. 5c. The approach,
however, may decrease the resource utilization
or degrade the multimedia data quality due to
the discrepancy between the actual and quan-
tized bandwidth profiles. To compensate for
such degradation, data buffers can be employed
at the base stations and in mobile devices.

Periodic RADP Policy — In this scheme,
resources are allocated periodically by the base
station. Figure 5d depicts RADPs for the peri-
odic policy. Note that the RADPs resulting
from this policy may not correspond to the actu-
al transition points. Two design issues need to
be addressed in this scheme. First, we need to
select an appropriate value for period T, as it
affects the computation overhead associated
with the NLP-based policy. Second, within T a
document profile must have a single value, even
if there exist several transitions in the actual
document bandwidth profile within that period
T. Effective or average capacity approximation
can be used to represent the bandwidth require-
ment of the users in the time interval T [10]. As
stated earlier, a single scalar value cannot char-
acterize document-level variations. However, if
interval T is small, the mismatch between the
actual bandwidth requirement and the approxi-
mated bandwidth is expected to be small. Simi-
lar to the transition-based policy, this scheme
also requires data prefetching to compensate for
the rate mismatch.

Several variations of the above mentioned
policies can be designed. There exists a trade-off
between the computational overhead in solving
the NLP problem and possible degradation of
QoP as well as utilization of bandwidth
resources.

CONCLUSION
In this article we address the issue of managing
wireless resources to support Web-based multi-
media document services. There is a growing
need to support such multimedia services. The
resource management problem has been formu-
lated as an optimization problem based on some
QoP parameters. Due to the dynamic nature of
bandwidth requirements and mobility of users,
several resource allocation policies can be devel-
oped. There exists a trade-off between the com-
putation overhead associated with the scheduling
mechanism and possible degradation of QoP as
well as utilization of resources.

REFERENCES
[1] J. Kim and A. Jamalipour, “Traffic Management and

QoS Provisioning in Future Wireless IP Networks,” IEEE
Pers. Commun., Oct. 2001, pp. 46–55.

[2] T. D. C. Little and A. Ghafoor, “Multimedia Synchroniza-
tion Protocols for Integrated Services,” IEEE JSAC, vol.
9, Dec. 1991, pp. 1368–82.

[3] M. E. Zarki, L. Cheng, H. Liu, and X. Wei, "An Interactive
Object-Based Multimedia System for IP Networks," Proc.
IEEE WORDS, Jan 2003, pp 326–32.

[4] S. Baqai, M. Woo, and A. Ghafoor, “Network Resource
Management for Enterprise-Wide Multimedia Services,”
IEEE Commun. Mag., Jan. 1996, pp. 78–85.

[5] L. H. Hsu, P. Liu, and T. Dawidowsky, “A Multimedia
Authoring-in-the-Large Environment to Support Com-
plex Product Documentation,” Multimedia Tools and
Apps., vol. 8, Jan. 1999, pp. 11–64.

[6] S. Choi and K. G. Shin, “A Comparative Study of Band-
width Reservation and Admission Control Schemes in
QoS-Sensitive Cellular Networks,” ACM Wireless Nets.,
vol. 6, no. 4, 2000, pp. 289–305.

[7] A. K. Talukdar, B. R. Badrinath, and A. Acharya, “MRSVP:
A Reservation Protocol for an Integrated Services Packet
Network with Mobile Hosts,” ACM/Baltzer J. Wireless
Nets., vol. 7, Issue 1, Jan. 2001.

[8] S. Lu and V. Bharghavan, “Adaptive Resource Manage-
ment Algorithms for Indoor Mobile Computing Envi-
ronments,” Proc. ACM SIGCOMM, Aug. 1996.

[9] D. Hong and S. S. Rappaport, “Traffic Model and Perfor-
mance Analysis for Cellular Mobile Radio Telephone Sys-
tems with Prioritized and Non Prioritized Procedures,” IEEE
Trans. Vehic. Tech., vol. 35, Aug. 1986, pp. 77–92.

[10] J. Y. Hui, “Resource Allocation for Broadband Networks,”
IEEE JSAC, vol. 6, no. 9 Dec. 1988, pp. 1598–608.

BIOGRAPHIES
BASIT SHAFIQ (shafiq@ecn.purdue.edu.) received a B.S.
degree in electronics engineering from GIK Institute of
Engineering Sciences and Technology, Pakistan, in 1998,
and an M.S. degree in electrical and computer engineering
from Purdue University, West Lafayette, Indiana, in 2001.
He is currently working toward a Ph.D. degree in the
School of Electrical and Computer Engineering at Purdue
University. His research interests include distributed multi-
media systems and wireless networks.

SHAHAB BAQAI (baqai@ece.uic.edu) received a B.S. degree in
aeronautical engineering from the College of Aeronautical
Engineering, NED Engineering University, Pakistan, and an
M.S. degree in electrical engineering from the University of
Southern California, Los Angeles, in 1994. He received a
Ph.D. degree in electrical and computer engineering from
Purdue University in 1998. He has been director of soft-
ware engineering at Pakistan Aeronautical Complex,
Kamra, Pakistan, since 1998. During Spring 2002 he
worked as a visiting assistant professor in the Department
of Electrical and Computer Engineering, University of Illi-
nois, Chicago.  His research interests include distributed
multimedia systems, high-speed networking, and image
and video representation formats.

HUSNI FAHMI (fahmi@inn.bppt.go.id) is a research staff
member at the Center for Assessment and Application of
Information Technology and Electronics, the Agency for the
Assessment of Technology (BPPT) in Indonesia. His research
interests include multimedia networks and information sys-
tems, network security, QoS management, and streaming
media. Fahmi received a Ph.D. degree in electrical and
computer engineering from Purdue University in 2002.

ASHFAQ A. KHOKHAR [SM] (ashfaq@cs.uic.edu) is currently an
associate professor in the Department of Computer Science
and Department of Electrical and Computer Engineering at
the University of Illinois at Chicago. He received his B.S.
degree in electrical engineering from the University of
Engineering and Technology, Lahore, Pakistan, in 1985 and
his Ph.D. in computer engineering from University of
Southern California in 1993. He was a recipient of the NSF
CAREER award in 1998. His paper entitled "Scalable S-to-P
Broadcasting in Message Passing MPPs" won the Outstand-
ing Paper award at the International Conference on Parallel
Processing in 1996. His research interests include search
and retrieval for Internet data, multidimensional spatial
databases, data mining, and high-performance computing.

ARIF GHAFOOR [F] (ghafoor@ecn.purdue.edu) is currently a
professor in the School of Electrical and Computer Engi-
neering at Purdue University and director of the Distributed
Multimedia Systems Laboratory. He received a Ph.D. degree
in electrical engineering from Columbia University, New
York, in 1984. His research interests include: multimedia
information systems, database security, and distributed
computing. He is a recipient of the IEEE Computer Society
2000 Technical Achievement Award.

There exists a

tradeoff between

the computation

overhead

associated with

the scheduling

mechanism

and possible

degradation of

QoP as well as

utilization of

resources.


