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ABSTRACT

In this paper, we propose a novel adaptive admission con-
trol algorithm, in which a client is admitted for service by a
multimediaserver only if the extrapolation from the past mea-
surements of the storage server performance characteristics
indicate that the service requirements of all the clients can
be met satisfactorily. Each client may request the retrieval
of a variable bit rate (VBR) encoded media stream and may
require a different quality of service. We also present a disk
scheduling algorithm that minimizes both seek time and rota-
tional latency incurred while accessing a sequence of media
blocks from disk. We examine the effects of a finite read-ahead
on the quality of service provided to each admitted client. The
effectiveness of the admission control and disk scheduling al-
gorithms is demonstrated through extensive simulations.

Keywords: Multimedia servers, admission control algo-
rithm, disk scheduling algorithm, quality of service

1 Introduction

1.1 Motivation

Recent advances in computing and communication technolo-
gies have made it economically viable to provide on-line
access to a variety of information sources (such as refer-
ence books, journals, newspapers, images, video clips, sci-
entific data, etc.) over high speed networks [5, 6, 16]. In
its simplest configuration, the architecture of such systems
will comprise of multimedia information servers (which we
will henceforth refer to as multimedia servers) connected
to client sites via high speed networks (e.g., ATM) [12].
Multimedia servers will digitally store information such as
proceedings of tele-conferences, educational documentaries,
entertainment movies, advertisements, etc., on a large ar-
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ray of extremely high-capacity storage devices (e.g., optical
or magnetic disks). On receiving a playback request from a
client, a multimedia server will service the client by retrieving
the chosen media segments from disk, and then transmitting
them to the client’s site.

The fundamental problem in developing such multimedia
servers is that video, audio, and other similar forms of data
differ from numeric data and text in their characteristics, and
hence, require totally different techniques for their organi-
zation and management. The most critical of these charac-
teristics is the continuity requirement. Since digital audio
and video streams consist of a sequence of media quanta
such as audio samples or video frames, which convey mean-
ing only when presented continuously in time (unlike text in
which spatial continuity is sufficient), a multimedia server
must ensure that recording and retrieval of media streams
to and from disks proceed at their real-time rates. Whereas
designing a dedicated, single-client multimedia server does
not offer very many design choices and is relatively straight-
forward, the design of a multimedia sever that is capable of
servicing multiple clients simultaneously poses interesting
research challenges. The techniques that enable a multime-
dia server to service a large number of clients simultaneously
is the subject matter of this paper.

1.2 Relation to Previous Work

Digitization of audio yields a sequence of samples, and that
of video yields a sequence of frames. We refer to a contin-
uously recorded sequence of audio samples or video frames
as a strand. A multimedia server can organize the storage
of media strands on disk in terms of fixed size media blocks
[13]. Due to the periodic nature of media playback, a multi-
media server can service multiple clients simultaneously by
proceeding in rounds, retrieving media blocks for each client
during each round. The number of media blocks of a strand
retrieved during a round is dependent on its playback rate
requirement, as well as the buffer space availability at the
client [19]. Ensuring continuous playback for each strand
requires that the service time (i.e., the total time spent in re-
trieving media blocks during a round) does not exceed the
minimum of the playback durations of the blocks retrieved for
each strand during a round. Hence, before admitting a new



client, a multimedia server must employ admission control
algorithms to decide whether a new client can be admitted
without violating the continuous playback requirements of
the clients already being serviced.

The formulation of the admission control algorithm is de-
pendent on the quality of service requirements of the clients.
If the entire clientele of a multimedia server desires deter-
ministic service guarantees (i.e., their continuous playback
requirements should never be violated for the entire service
duration), the corresponding admission control algorithm
will be characterized by worst-case assumptions regarding
service time [1, 7, 8, 14, 18, 19, 21]. Notice, however, that
due to the human perceptual tolerances as well as the inherent
redundancy in continuous media streams, most clients of a
multimedia server are tolerant to brief distortions in playback
continuity as well as occasional loss of media information.
Therefore, providing deterministic service guarantees to all
the clients is superfluous. Furthermore, the worst-case as-
sumptions that characterize deterministic admission control
algorithms needlessly constrain the number of clients that
can be serviced simultaneously, and lead to severe under-
utilization of server resources. Hence, in order to improve
the utilization of server resources, a multimedia server must
employ an admission control algorithm which exploits the
variation in the access times of media blocks from disk, and
provides varying quality of service to the clients.

1.3 Research Contributions of This Paper

In this paper, we propose an adaptive admission control al-
gorithm, in which a client is admitted for service only if
the extrapolation from the past measurements of the storage
server performance characteristics indicate that the service
requirements of all the clients can be met satisfactorily. A
multimedia server that employs such an algorithm is referred
to as providing predictive service guarantees to clients [3, 10].
Such an algorithm offers fairly reliable service but no abso-
lute guarantees. We demonstrate that a read-ahead of a finite
number of frames of a strand enhances the reliability of the
algorithm as well as improves the quality of service provided
to each client.

Most of the conventional disk scheduling algorithms (such
as, SCAN, Shortest Seek Time First (SSTF), etc.) have ad-
dressed the problem of optimizing the total seek time incurred
while accessing a sequence of blocks from disk. The funda-
mental limitation of these algorithms, however, is that they
optimize only the seek time, and completely ignore the rota-
tional latency. To address this limitation, Seltzer et al. [15]
have recently proposed a Shortest Access Time First (SATF)
algorithm, in which data blocks are accessed from disk in
a order that simultaneously minimizes both seek time and
rotational latency. In this paper, we propose a near optimal
algorithmfor derivingsuch a retrieval sequence. We compare
the performance of our algorithm with the SATF algorithm.

Finally, since the adaptive admission control algorithm
admits clients based on observed performance characteris-

tics of the server, rather than theoretical worst-case bounds,
simultaneous servicing of multiple clients may lead to oc-
casional violation of the continuity requirements of some of
the clients. In order to enable a multimedia server to meet
the requirements of clients as closely as possible, we pro-
pose a technique for minimizing as well as distributing such
violations among multiple clients.

We have carried out extensive simulations to measure
the effectiveness of the adaptive admission control and disk
scheduling algorithms. We have also measured the effects
of read-ahead and policies for enforcing predictive service
requirements of clients on the performance of multimedia
servers. We present and analyze our simulation results.

The rest of the paper is organized as follows: Techniques
for servicing multiple clients simultaneously are presented in
Section 2. In Section 3, we present the adaptive admission
control algorithm. The disk scheduling algorithm and the
technique for minimizing and distributing violations in play-
back continuity are outlined in Sections 4 and 5, respectively.
Our simulation results are described in Section 6, and finally,
Section 7 summarizes our results.

2 Servicing Multiple Clients

Consider a multimedia server that is servicing n clients, each
retrieving a video strand (say S1; S2; :::; Sn, respectively).
Let nd and np denote the number of clients that require
deterministic and predictive service guarantees, respectively
(i.e., n = nd + np). Without loss of any generality, let
us assume that clients retrieving strands S1; S2; :::; Snd

re-
quire deterministic service guarantees, and those retrieving
Snd+1; ::::; Sn are tolerant to brief violations in playback
continuity. Let the total number of frames contained in
strand Si be denoted by Fi. Furthermore, let the service
requirement of client i be characterized by �i, which de-
notes the minimum fraction of the frames of strand Si that
must be retrieved from the server in time for their contin-
uous playback. Clearly, since the clients retrieving strands
S1; S2; :::; Snd

require deterministic service guarantees, we
get: 8i : i 2 [1; nd] : �i = 1. On the other hand, for all the
tolerant clients, 0 < �i < 1.

Let us assume that the server is servicing all the n clients
simultaneously by proceeding in terms of periodic rounds,
retrieving a fixed number of frames of each strand during
each round. Let R1

pl;R
2
pl; :::;R

n
pl denote the playback rates

(expressed in frames/sec) of strands S1; S2; :::; Sn, respec-
tively. Then, the number of frames of strands S1; S2; :::; Sn
to be retrieved during each round (denoted by f1; f2; :::; fn,
respectively) can be derived such that:

f1

R1
pl

=
f2

R2
pl

= � � � =
fn

Rn
pl

We refer to fi
Ri

pl

as the duration of a round, and is denoted by

R.



The time spent in retrieving these frames from disk (re-
ferred to as service time � ) is dependent on the number of
media blocks being accessed during a round as well as their
relative placement on disk. Since each media strand may
be encoded using a variable bit rate compression technique
(e.g., JPEG, MPEG, etc.), the number of media blocks that
contain fi frames of strand Si may vary from one round to
another. This variation, when coupled with different relative
placements of blocks, yields different service times across
rounds. We refer to rounds in which � < R and � > R as
underflow and overflow rounds, respectively. For rounds in
which � < R, the server may continue to retrieve additional
blocks for clients as long as the service time does not exceed
R. On the other hand, for rounds in which � > R, main-
taining playback continuity for intolerant clients (i.e., ones
requiring deterministic service) will necessitate the server to
delay the retrieval of some of the frames of tolerant clients
until the next round.

Notice that, delaying the retrieval of a frame from disk by
the duration of a round may or may not result in a playback
discontinuity depending on the read-ahead Ai (defined as
the number of frames accessed from disk prior to playback
initiation) for strand Si. Whereas delaying the retrieval of
a frame during overflow rounds depletes the read-ahead, ac-
cessing additional frames during underflow rounds augments
it. Hence, conservatively, ifAi exceeds the number of frames
of strandsSi whose retrieval is delayed, client iwill not expe-
rience any playback discontinuity. Thus, the desired service
requirements of all the tolerant clients can be guaranteed to
be met if the server ensures timely retrieval of at least b�i �Fi

frames, where:

b�i = �i � Fi � Ai

Fi

(1)

Clearly, the value of b�i computed in Equation (1) is conser-
vative. In what follows, we present an adaptive admission
control algorithm, in which a client is admitted for service
only if the measured characteristics of the current load on the
server indicate that, for each admitted client i, at least b�i �Fi

frames of strand Si will be retrieved on time over the entire
service duration.

3 Formulating the Admission Control
Problem

An adaptive admission control algorithm admits clients
based on observed performance characteristics of the server,
rather than theoretical worst-case bounds. Although such an
algorithm may, in practice, provide fairly reliable service to
tolerant clients, its inability to provide absolute guarantees
may render it inadequate for intolerant clients. Hence, in
the following sections, we separately formulate the admis-
sion control criteria for tolerant and intolerant clients, and
then present an integrated admission control algorithm for
multimedia servers.

3.1 Providing Predictive Service Guarantees

Since the retrieval of a few frames may be delayed during
overflow rounds, ensuring that the service requirements of
the tolerant clients will not be violated requires the server to
limit the occurrence of overflow rounds. To do so, the server
must first estimate the number of media blocks to be accessed
as well as the corresponding service time for each round:

� Estimating the number of blocks accessed dur-
ing a round: To estimate the number of blocks of
strand Si that may have to be retrieved during a round,
the server can utilize the values of the mean (�i) and
the standard deviation (�i) (computed at the time of its
storage) of the number of media blocks that contain fi
frames. Specifically, the number of blocks, bki, of strand
Si to be retrieved during a round can be estimated as:

bki = �i + �1 � �i

where �1 is an empirically derived constant.

� Service time estimation: IfK denotes the aggregate
number of media blocks accessed during a round, the
average amount of time spent in retrieving each media
block (which includes seek time, rotational latency, and
transfer time) during the round can be computed as:

� =
�

K

The adaptive servicing policy is based on the assumption
that the average amount of time spent for the retrieval of
each media block (i.e., the value of �) does not change
significantly even after a new client is admitted by the
server. In fact, to enable the multimedia server to ac-
curately estimate the amount of time spent in retrieving
media blocks during a future round, a history of the
values of � observed during the most recent W rounds
(referred to as the averaging window) can be maintained.
Thus, if �avg and �, respectively, denote the average and
the standard deviation of � overW rounds, then the time
required to retrieve a block in future rounds (b�) can be
estimated as: b� = �avg + �2 � � (2)

where �2 is an empirically derived constant.

Notice that positive values of �1 and �2 enable the estima-
tion process to take into account the second moments, and
hence, can be used to make the estimates conservative and
limit the occurrence of overflow rounds. Using the values ofbki and b�, thus derived, the admission control criteria can be
stated as follows:

Since b�i denotes the percentage of frames of strandSi that
must be retrieved on time so as to meet the requirements of
client i, the average number of blocks of strandSi that must be
retrieved by the multimedia server during each round can be
approximated by bki�b�i. Consequently, given the empirically



estimated average access time of a media block from disk,
the requirements of tolerant clients will not be violated if:

b� � nX
i=1

bki � b�i
!
� R (3)

We refer to this as the adaptive admission control criteria.

3.2 Providing Deterministic Service Guaran-
tees

For the set of clients that desire deterministic service guar-
antees (i.e., their continuous playback requirements should
never be violated for the entire service duration), the admis-
sion control criteria will be characterized by the worst-case
assumptions regarding the service time. To illustrate, con-
sider a multimedia server that employs a SCAN disk schedul-
ing algorithm [4, 17]. Let 8i 2 [1; n] : kmax

i denote the max-
imum number of media blocks that may contain fi frames
of strand Si. Hence, the server may be required to retrieve
kmax = (kmax

1 +kmax
2 + :::+kmax

n ) media blocks from disk
during a round. Since, in the worst-case, each media block
may be placed on a different track, the disk head may have to
be repositioned onto a new track at most kmax times. Further-
more, while accessing these blocks, the disk head may have
to move from the inner-most track to the outer-most track, or
vice versa. Hence, assuming that the disk contains T tracks
and the seek time incurred while moving the disk head from
track t1 to t2 is given by lseek(t1; t2) = a + b � jt1 � t2j
where a and b are constants, the upper bound on the to-
tal seek time incurred during each round can be computed
as: (a � kmax + b � T ). Moreover, once the disk head is
positioned on the track containing a media block, the total
rotational latency and transfer time incurred while accessing
the block is bounded by the maximum rotational latency (de-
noted by lmax

rot ). Hence, the total service time for each round
can be computed as:

� = b � T + (a+ lmax
rot ) � kmax (4)

Consequently, to ensure that the continuous playback require-
ments of all the clients are strictly met for the entire service
duration, the server must verify that:

b � T + (a+ lmax
rot ) �

nX
i=1

kmax
i � R (5)

We refer to this as the deterministic admission control crite-
ria.

3.3 Admission Control Algorithm

Consider a multimedia server that is servicing n = nd +
np clients, where nd and np denote the number of clients
that require deterministic and predictive service guarantees,
respectively. Now, consider a scenario that the server receives
a new client request for the retrieval of strand Sn+1. Let

fn+1 denote the number of frames of strand Sn+1 that need
to be retrieved during each round. Furthermore, let �n+1,
�n+1, and kmax

n+1 , respectively, denote the mean, the standard
deviation, and the maximum number of media blocks that
may contain fn+1 frames of strand Sn+1.

If the new client desires deterministic service guarantees,
then before admitting the client, the multimedia server must
ensure that neither the deterministic nor the predictive ser-
vices being provided to the existing clients will be violated
after the new client is admitted:

1. To verify that the deterministic service guarantees pro-
vided to nd clients as well as the requirements imposed
by the (n + 1)th client will not be violated, the multi-
media server must ensure that:

b � T + (a+ lmax
rot ) �

 
kmax
n+1 +

ndX
i=1

kmax
i

!
� R (6)

2. To verify that the predictive service being provided to
the np = n � nd clients will not be violated after the
admission of the (n+1)th client, the server must ensure
that the service requirements of all the (n+1) clients can
be met satisfactorily. Specifically, if bkn+1 = �n+1 +
�1��n+1 denotes the estimated number of media blocks
of strand Sn+1 to be retrieved during a round, then the
requirements of the tolerant clients will not be violated
if:

b� � bkn+1 +
ndX
i=1

bki + nX
i=nd+1

bki � b�i
!
� R (7)

Hence, a multimedia server will admit a new client requiring
deterministic service guarantees if and only if Equations (6)
and (7) are satisfied.

On the other hand, if the new client requires predictive
service, let b�n+1 (derived using Equation (1)) denote the
minimum fraction of the frames of strand Sn+1 that must be
retrieved on time. Since admitting a tolerant client cannot
violate the requirements of intolerant clients (because in the
case of an overflow, media blocks of only tolerant clients
are delayed), the multimedia server can admit the new client
if its admission will not violate the predictive service being
provided to any client. Specifically, the server must verify
that the following condition is satisfied:

b� � ndX
i=1

bki + n+1X
i=nd+1

bki � b�i
!
� R (8)

Notice that the adaptive admission control criteria (utilized
in Equations (7) and (8)) is a heuristic that enables a mul-
timedia server to increase the number of clients that can be
serviced simultaneously. The effectiveness of such a criteria,
however, is dependent on:



� The values of b�: smaller the value of b�, greater is the
number of clients that can be serviced simultaneously by
the server. Hence, the multimedia server must employ
disk scheduling algorithms that minimize the total time
spent in retrieving media blocks from disk (Section 4).

� The ability of the algorithm to meet the requirements of
clients as closely as possible. This requires that the mul-
timedia server employ policies for judiciously selecting
the additional frames to be retrieved during underflow
rounds, as well as the frames to be delayed during over-
flow rounds (Section 5).

4 Techniques for efficient retrieval of me-
dia blocks

Consider a multimedia server that is expected to retrieve N
blocks during each round. Let the position of each media
block on disk be denoted as zi = hxi; yii, where xi and yi
denote the track number and the block number on that track,
respectively. The goal of the disk scheduling algorithm is
to find the optimal access sequence for blocks z1; z2; :::; zN,
assuming that the head is initiallypositioned at location z0 =
hx0; y0i. Formally, if  (zi; zj) denotes the cost function
characterizing the overhead in positioning the disk head at
location zj starting from location zi, then a sequence for
retrieving N media blocks can be considered optimal if it
minimizes the sum:

	 =  (z0; !1) +  (!1; !2) + � � �+  (!N�1; !N )

where 8i 2 [1; N ] : !i 2 fz1; z2; :::; zNg, and 8j 2
[1; N ]; j 6= i : !i 6= !j. The sequence !1; !2; :::; !N de-
notes the retrieval sequence.

Most of the conventional disk scheduling algorithms (such
as, SCAN, Shortest Seek Time First (SSTF), etc.) have
addressed the problem of optimizing the total seek time
incurred while accessing a sequence of blocks from disk
[4, 9, 17, 20]. That is, the cost function is defined as
 (zi; zj) = lseek(zi; zj) = a + b � jxi � xjj. The fun-
damental limitation of these disk scheduling algorithms is
that they optimize only the seek time, and completely ig-
nore the rotational latency. In most of the state-of-the-art
disks, however, the values of maximum seek and rotational
latencies are comparable (typically, the maximum rotational
latency is about half of the maximum seek time). Conse-
quently, disk scheduling algorithms which optimize only the
seek time (e.g., SCAN, SSTF, etc.) may incur significant ro-
tational latencies during the retrieval of a sequence of blocks
from disk.

To address this limitation, Seltzer et al. [15] have re-
cently proposed a Shortest Access Time First (SATF) disk
scheduling algorithm that derives a sequence for accessing
media blocks from disk by simultaneously minimizing both
seek and rotational latency incurred during retrieval. Specif-
ically, using this algorithm, a retrieval sequence is derived as

follows: Given the location of the disk head as well as the lo-
cations of all the blocks to be retrieved, first access the block
that will incur minimum seek time and rotational latency,
and then repeat the procedure. Since this heuristic derives
a retrieval sequence by chaining together “locally” optimal
choices, the resulting retrieval sequence may not yield glob-
ally optimal service times.

In this paper, we propose a near optimal algorithm for
deriving retrieval sequences. In what follows, we first for-
mulate the problem of finding an optimal sequence for re-
trieving media blocks from disk as a graph theory problem,
and then present a simple heuristic which is extremely easy
to implement, and yet achieves significant performance im-
provements over the conventional SCAN and the SSTF disk
scheduling policies.

4.1 An efficient disk scheduling algorithm

Consider a fully connected directed graphG= (V;E), where
V = fz0; z1; z2; :::; zNg. Let each edge (zi; zj); i 6= j in
G be labeled with weight  (zi; zj). Notice that since the
rotational latency incurred while moving the disk head from
node zi to zj , in general, is not equal to that incurred while
moving the disk head from zj to zi, the graphG contains both
the edges (zi; zj) and (zj ; zi), each with a different weight.

Having constructed this graph, the problem of minimiz-
ing the total cost of retrieving media blocks during a round
starting from node z0 can be reduced to the traveling sales-
man problem, a classical graph theory problem known to be
NP-complete [20]. Hence, instead of deriving an optimal
sequence for accessing media blocks, we present a greedy
algorithm which, in practice, derives near-optimal retrieval
sequences.

Given the graph G = (V;E), the goal of the greedy algo-
rithm is to construct a minimum cost sub-graphG0 = (V;E0),
such that edges in E0 constitute a simple path of length N
starting from z0. In order to do so, the greedy heuristic evalu-
ates and selects edges in the increasing order of their weight.
An edge (zi; zj); j 6= 0 is included in E0 if it does not create
a cycle amongst already selected edges, and if out-degree(zi)
= 0 and in-degree(zj) = 0 (i.e., ensure that at most one edge
is incident upon and emanating from each node). Notice that
since the edges are chosen in the increasing order of weight,
the heuristic may initially create a disconnected set of frag-
ments (i.e., a chain of edges), which are eventually connected
to form a path that connects all the nodes in the graph. Con-
sequently, this heuristic is also some times referred to as the
multiple fragment heuristic [2]. The algorithm terminates
when jE0j = N . The complete algorithm for deriving graph
G0 is described in Figure 1.

As is evident from Figure 1, the greedy algorithm first sorts
all the edges in the increasing order of weight, and then con-
structs G0 by sequentially considering edges from the sorted
array. In order to ensure that at most one edge is incident
upon and emanating from each node in G0, the algorithm
maintains the values of in-degree and out-degree for each



sort all edges in increasing order of cost;
edgesPicked = 0;
G0 = NIL;
While (edgesPicked < N) do
f

select the next edge (zi; zj); j 6= 0;
if (in-degree(zj ) = 0 ^ out-degree(zi) = 0

^ tail(zi) 6= zj) then
f

G0 = G0 + (zi; zj);
edgesPicked = edgesPicked +1;
in-degree(zj) = 1;
out-degree(zi) = 1;
MaintainTail();

g
g

Figure 1 : Greedy disk scheduling algorithm

node. Furthermore, cycles are detected by maintaining the
tail array (through the MaintainTail() procedure) to identify
the first node in each fragment. A straightforward analysis
of this algorithm will reveal that the overall complexity of
the algorithm is O(N2logN ). It can also be shown that, if
the range of values for edge weights is countably finite, the
complexity of the above algorithm can be reduced toO(N2)
by employing bucket sort for ordering the edges in the in-
creasing order of weight. In comparison, the complexity of
the SATF algorithm is O(N2).

Observe that the greedy algorithm is an off-line algorithm.
Hence, it requires that the set of blocks to be retrieved from
disk be known a priori. The sequential nature of audio and
video playback enables a multimedia server to predict the set
of blocks that need to be accessed during successive rounds.
Consequently, during each round, a multimedia server can re-
trieve media blocks from disk while concurrently computing
the retrieval sequence for the next round, and so on. Hence,
employing this algorithm is not only feasible, but also effi-
cient.

5 Enforcing Predictive Service Guaran-
tees

Since the sequential nature of media playback enables a mul-
timedia server to precompute the retrieval sequence for round
iwhile accessing media blocks during round (i�1), an over-
flow or an underflow in a round can be detected prior to its
initiation. For underflow rounds, the server may retrieve ad-
ditional blocks for clients as long as the service time does not
exceed R. For overflow rounds, maintaining the playback
continuity for intolerant clients will necessitate the server to
delay the retrieval of some of the frames of tolerant clients
to subsequent rounds. Consequently, to meet the service re-

quirements of clients as closely as possible, the server must:
(1) maximize the number of additional frames retrieved dur-
ing each underflow round, (2) minimize the number of frames
whose retrieval is delayed during each overflow round, and
(3) equitably distribute the additional frames retrieved dur-
ing underflow rounds as well as the frames delayed during
overflow rounds among all the clients.

5.1 Scheduling Frame Retrievals During Un-
derflow Rounds

During an underflow round, a multimedia server can schedule
the retrieval of additional media blocks for each client as long
as the service time does not exceeds R. Clearly, the first
block to be accessed for each client during the next round is
an eligible candidate for retrieval during an underflow round.
However, the selection of a subset of these blocks may be
governed by the increase in service time resulting from their
retrieval, and the service requirements of the clients.

Formally, let bi denote the block of strand Si eligible for
retrieval during an underflow round j. Clearly, if c(bi) de-
notes the increase in the service time yielded by scheduling
the retrieval of block bi in round j, the server must schedule
the retrieval of those media blocks during round jwhich max-
imize the value of 1

c(bi)
. Similarly, the server must distribute

the number of additional blocks being accessed during the
underflow round among all the tolerant clients proportional
to their service requirements. Hence, a server may define an
objective function Ii;j as:

Ii;j = �i �

�
1

c(bi)

�
(9)

and then schedule the retrieval of additional blocks in the
decreasing order of Ii;j as long as the resulting service time
does not exceed R. Since �i denotes a client parameter spec-
ified at the time of their admission, evaluating the objective
function, for each eligible block bi, will require the server to
compute the value of c(bi).

Since the addition of block bi to the set of blocks to be
retrieved in round j may alter the retrieval sequence, de-
termination of c(bi), ideally, requires the server to derive a
new retrieval sequence, and then compute the difference be-
tween the new and the old service times. If, however, the
server is employing the greedy disk scheduling algorithm
(presented in Section 4), the computational complexity of
deriving the retrieval sequence may render the above ap-
proach for computing c(bi) for each block bi infeasible. To
avert the recomputation of the retrieval sequence, the server
may approximate the overhead of retrieving block bi during
round j by scheduling its retrieval between two blocks in the
original sequence, and then computing the new service time.
Formally, if !0; !1; ::::; !N denotes the original retrieval se-
quence, then the server can first compute the overhead (i.e.,
the increase in service time) yielded by inserting block bi



between each pair of (!j�1; !j), and then compute c(bi) as:

c(bi) = min
j2[1;N ]

( (!j�1; bi) +  (bi; !j)) (10)

where  (zi; zj) denotes the overhead of positioning the disk
head at location zj starting from location zi.

5.2 Scheduling Frame Retrievals During
Overflow Rounds

During an overflow round, maintaining the playback conti-
nuity for each of the intolerant clients, will necessitate the
server to delay the retrieval of some of the frames of tolerant
clients until a subsequent round. Notice, however, that de-
laying the retrieval of a frame of strand Si may or may not
yield a discontinuity in its playback. This is because, occa-
sional delay in retrieving a frame from disk can be absorbed
by the frames buffered at the client. In fact, a discontinuity in
playback will be observed only if the retrieval of a frame of
strand Si is delayed when all the frames in the client buffer
have already been consumed. Formally, if the retrieval of
�fi; �fi � fi frames of strand Si have been delayed to a sub-
sequent round as a result of an overflow in round j, and if
Ai;j�1 denotes the number of frames buffered at client i at
the end of round (j � 1), then a playback discontinuity will
be observed during round j if �fi > Ai;j�1. In fact, the num-
ber of frames of client i whose playback has beed delayed
during the first j rounds of service (denoted by di;j) can be
computed as:

di;j = di;j�1 +max
�
0; �fi � Ai;j�1

�
(11)

where di;0 = 0 and Ai;0 = Ai.
Thus, given that �i denotes the minimum fraction of the

frames of strand Si that must be retrieved from the server
in time, if Ai frames of strand Si are read-ahead prior to
initiating its playback, then the maximum number of frames
whose playback can be delayed without violating the service
requirements of client i is bounded by:

Di = b(1� �i) � Fi + Aic (12)

In the simplest case, to reduce the service time during an
overflow round j, the server may first delay the retrieval of
frames of the client with the highest value of Di, until no
more frames of that client can be delayed during round j. If
the resulting round continues to yield an overflow, then the
retrieval of frames of the client with the second largest value
ofDi can be delayed, and so on. Notice that, such a simplistic
policy may cluster the violations in playback continuity for
clients over relatively short periods of time, and hence, may
make them highly perceptible.

In order to achieve an equitable distribution of playback
continuity violations throughout the playback duration of a
strand, we define delay affordability of client i (measured in
terms of number of frames) at the end of round j as:

�i;j = Di;j � di;j (13)

where Di;j = bj � (1� �i) � fic + Ai;j. The server can
then select a set of frames whose retrieval can be delayed
to subsequent rounds based on the values of �i;j . Clearly,
since Di;j gradually increases from one round to the next,
employing such a policy will enable the server to disperse
the frames whose retrieval is delayed throughout the service
duration.

Once the delay affordability of each client has been com-
puted, the server must determine a subset of media blocks of
the clients with �i;j > 0 whose retrieval could be delayed to
a subsequent round. The algorithm for determining such a
subset consists of the following two steps:

� In the first step, based on the delay affordability of each
client, media blocks to be retrieved during an overflow
round are labeled as either can-be-delayed or can-not-
be-delayed. For each strand Si, due to the sequential
nature of its playback, only the last block (defined with
respect to their order of consumption at client i) being
retrieved in the round is eligible to be delayed. Given
such a block bi for each strand Si, it is labeled as can-
be-delayed only if the number of frames contained in
the block is smaller than the delay affordability of client
i. All the other blocks being retrieved during the round
are labeled as can-not-be-delayed.

� Once all the blocks have been labeled, to minimize the
number of blocks (and hence, the number of frames)
whose retrieval is delayed, the server must select blocks
in the decreasing order of the reduction in service time
per delayed frame yielded by their exclusion from the
retrieval sequence. Specifically, if �(bi) and f(bi) de-
note the reduction in service time yielded by excluding
media block bi from the retrieval sequence, and the num-
ber of frames contained in block bi, respectively, then a
gain function g(bi) can be defined as:

g(bi) =
�(bi)

f(bi)

The server can then delay the retrieval of can-be-delayed
media blocks in the decreasing order of g(bi).

Notice, however, that for each block whose retrieval can
be delayed, computing the value of g(bi) may require the
server to recompute the retrieval sequence as well as the cor-
responding service time, after excluding that block from the
path selection process (see Section 4). Furthermore, after
delaying the retrieval of a block that maximizes the value
of g(bi) to a subsequent round, if the service time continues
to exceed R, then the server is required to repeat this entire
procedure until the resulting service time is smaller than R.
Whereas such an algorithm may be appropriate for conven-
tional disk scheduling algorithms (e.g., SCAN, SSTF, etc.) in
which recomputation of retrieval sequence is relatively inex-
pensive, the high computational complexity of determining
the retrieval sequence using the greedy disk scheduling algo-
rithm makes this approach virtually infeasible.
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Figure 2 : Variation in the average reduction in service time
yielded for each delayed media block with the subsequence
length

To avert such recomputations, a multimedia server may
just approximate the reduction in service time yielded by
delaying the retrieval of a media block located at !i as
 (!i�1; !i)+ (!i; !i+1)� (!i�1; !i+1), where!i�1 and
!i+1 denote the predecessor and successor nodes of !i in the
original retrieval sequence. Conceptually, this is equivalent
to replacing edges (!i�1; !i) and (!i; !i+1) from graph G0

by edge (!i�1; !i+1) (see Section 4.1). However, our anal-
ysis has demonstrated that since the greedy disk scheduling
algorithm optimizes both seek time and rotational latency,
employing the above heuristic to approximate the reduction
in service time yielded by excluding an isolated media block
from the retrieval sequence is not very beneficial. In fact, the
average reduction in service time yielded for each delayed
media block is higher if a sequence of nmedia blocks, rather
than n isolated media blocks, are excluded from the retrieval
sequence (see Figure 2). Consequently, rather than delaying
isolated media blocks which maximize g(bi), a server that
employs the greedy disk scheduling algorithm may deter-
mine maximal length subsequences of can-be-delayed media
blocks, and then delay the retrieval of subsequences in the
decreasing order of G(s), where:

G(s) =
�(s)P
b2s f(b)

where �(s) denotes the reduction in service time yielded by
excluding subsequence s from the retrieval sequence.

As a final caveat, if, even after delaying the retrieval of
all the can-be-delayed blocks (defined using the delay af-
fordability criteria defined in Equation (13)), the service time

� continues to exceed R, the server may repeat the above
process by using Di instead of Di;j in Equation (13). A
proper choice of values for �1 and �2 in the admission control
criteria can limit the number of admitted clients, and hence,
can virtually ensure that the server will always be success-
ful in determining a subset of can-be-delayed blocks whose
exclusion will yield � � R.

6 Experimental Evaluation

In this section, we demonstrate the viability of the adap-
tive admission control algorithm through trace-driven simu-
lations. The simulations were carried out in an environment
consisting of a synchronous disk array with 128 disks, each
with a storage capacity of 0.5 GBytes. The storage capac-
ity of the disk is assumed to be partitioned into 1024 tracks
of uniform capacity (namely, 0.5 MBytes/cylinder). For the
sake of simplicity, the disk is assumed to consist of only one
platter1, and that the capacity of each track is assumed to be
partitioned into disk blocks of size 4 KBytes each. For com-
puting rotational latency incurred while accessing a block,
we have assumed the disk head to move only radially. The
characteristics of each disk are summarized in Table 1.

For the purposes of the simulations, each video strand
is assumed to be encoded using a Variable Bit Rate (VBR)
compression technique. Furthermore, each media block is
assumed to be striped across the entire array, yielding a media
block size of 512 KBytes. Due to variable rate compression,
the number of frames contained in a media block may vary
from one media block to another. Successive blocks of a
strand are assumed to be stored on disk using the random
placement model [11]. The greedy disk scheduling algorithm
(presented in Section 4) was employed for all the simulations.
The playback rate of each video strand is assumed to be 30
frames/sec. Furthermore, 30 frames of each video strand are
assumed to be retrieved during each round, yielding R = 1
sec. The trace data for frame size variation yielded by VBR
encoding techniques was obtained from Bellcore, University
of California at Berkely, and Columbia University.

6.1 Evaluation of the greedy disk scheduling
algorithm

Recall that the greedy algorithm presented in Section 4 de-
rives a sequence of accessing media blocks from disk so as
to simultaneously minimize both seek and rotational latency.
In contrast, conventional disk scheduling algorithms (such
as, SCAN) optimize only the seek time. Figure 3 shows

1In fact, we have assumed a multi-platter disk in which all the
platters of the disk spin at a constant rate, each platter is associ-
ated with a read/write head that is attached to a common actu-
ator, and that data can be read and written by all the disk heads
simultaneously. Conceptually, such a multi-platter disk con�gu-
ration is logically equivalent to a disk with only one platter such
that the capacity of each track on the single-platter disk is equal
to the capacity of a cylinder in the multi-platter disk.



Disk capacity 0.5 GBytes
Number of cylinders per disk 1024
Disk block size 4 KBytes
Rate of disk rotation 3600 RPM
lseek(t1; t2) 4 + 0:02 � jt1 � t2j ms
Maximum seek time 24.48 ms
Maximum rotational latency 16.66 ms

Table 1 : Disk parameters assumed in the simulation
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Figure 3 : Comparison of SCAN and greedy disk scheduling
algorithms

the variation in the ratio of the service times derived for the
SCAN and the greedy algorithms with increase in the number
of blocks, n, retrieved during each round. Observe that the
performance of the greedy scheduling technique improves
with increase in n. This is because, at smaller values of n,
the total seek time incurred during their retrieval dominates
the performance (and hence, SCAN performs as well as the
greedy algorithm). However, as the value of n increases,
the cumulative rotational latency starts dominating the total
service time, thereby enabling the greedy algorithm to out-
perform SCAN. Figure 3 also indicates that even at higher
values of rotational rate, the gain in performance yielded by
the greedy algorithm is significant.

In order to demonstrate the viability of employing the
greedy algorithm for determining the retrieval sequence dur-
ing each round, we compared the time required to derive the
sequence with the service time. Whereas the time to compute
the retrieval sequence shows a quadratic dependence on the
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Figure 4 : Evaluation of the greedy algorithm - comparison
of time to derive a retrieval sequence with the service time.
The time to derive the retrieval sequence was measured on a
moderately loaded SPARCstation 10 - Model 30.

number of blocks being retrieved, the time spent in retriev-
ing the blocks increases almost linearly with increase in the
number of blocks. Figure 4 illustrates this behavior. It also
illustrates that as long as the number of blocks being retrieved
in a round is less than 650, the time to derive a retrieval se-
quence is less than the service time. However, forR = 1, the
number of blocks required to be accessed during a round, is in
the range [100; 200]. Hence, although theoretically possible,
the time required to compute a retrieval sequence, in practice,
does not exceed the service time. In fact, at n = 150, the
time to compute the retrieval sequence is only 18% of the
total service time.

Finally, we have also compared the performance of the
greedy disk scheduling algorithm proposed in this paper with
the Shortest Access Time First (SATF) algorithm proposed by
Seltzer et al. [15]. Although the computational complexity
of both algorithms is O(N2), where N is the number of
blocks being accessed from disk, Figure 5 illustrates that the
greedy algorithm yields consistently lower service times than
the SATF algorithm.

6.2 Evaluation of the admission control algo-
rithm

In order to enable the multimedia server to accurately predict
the access time of a media block from disk, we maintain a
history of the values of � observed during the most recent
W = 100 rounds (an empirically derived value), and com-
pute the values of�avg and� overW rounds. Figure 6 depicts
the variation in �avg with the number of blocks retrieved dur-
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Figure 5 : Comparison of the greedy and the SATF disk
scheduling algorithm

ing a round. It demonstrates that �avg decreases very slightly
with increase in the number of blocks accessed during a round
(and thereby verifies our assumption that the amount of time
spent for the retrieval of each media block does not change
significantly even after a new client is admitted by the server).
Furthermore, for our simulation environment, the values of �i
and�were observed to be significantly smaller than the corre-
sponding values of �i and �avg, respectively. Consequently,
increasing the values of �1 and �2 only marginally affects the
number of clients admitted by the adaptive admission control
algorithm. Higher values of �1 and �2 do, however, yield a
more robust admission control criteria. Hence, throughout
our experiments, we have used �1 = �2 = 0:5.

The performance of the adaptive admission control algo-
rithm was evaluated for various values of �i. Figures 7(a)
and 7(b) depict the variation in the number of admitted clients
and the server utilization with �i. As is evident from the fig-
ure, the number of clients admitted by the server as well as
the server utilization increase slowly with decrease in �i.
Figure 7(a) also illustrates that there is no gain in the num-
ber of admitted clients when number of read-ahead blocks
is increased from 0 to 1. This is because, b�i decreases very
slowly with increase in read-ahead (see Equation (1)). The
only exception is the scenario in which the entire clientele
requires �i = 1. Since the adaptive admission control al-
gorithm offers fairly reliable service but no absolute bounds,
it is pertinent only when �i < 1. Hence, without any read-
ahead, clients requesting �i = 1 must be admitted using the
deterministic admission control criteria. However, even a
small read-ahead yields b�i < 1, thereby enabling the server
to employ the adaptive admission control criteria, and provide
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Figure 6 : Variation in the average access time per media
block with increase in the number of media blocks

effective deterministic service to clients.
The effectiveness of the adaptive admission control algo-

rithm is also demonstrated by the fact that for all values of
�i in the range [0.9, 1.0), the utilization of the server is at
least 96%. Moreover, the quality of service requested by the
clients is empirically satisfied with a probability greater than
0.999. This indicates that employing any other admission
control criteria will not yield any significant improvement in
the number of clients admitted by a multimedia server.

As we had outlined in Section 2, read-ahead of a finite
number of frames of a strand, prior to the initiation of its
playback, enables the clients to absorb transient violation
in the continuous retrieval of media information from disk.
Consequently, a client with a finite read-ahead perceives a
better quality of service as compared to a client with no read-
ahead. Figure 8 depicts this variation in the effective quality
of service provided to clients with increase in read-ahead.
Figure 8 also demonstrates that the rate of improvement in
the effective quality of service provided to clients decreases
with increase in read-ahead. In fact, most of the gain is
achieved with a read-ahead of only one media block.

Notice that if the server employs the deterministic ad-
mission control criteria (Equation (5)) to admit and service
clients with �i = 1, then the maximum number of clients
that can be serviced simultaneously by the server is bounded
by 16. On the other hand, with a read-ahead of 1 media
block, the adaptive admission control criteria can provide
an effective ‘deterministic’ service to 84 clients simultane-
ously. Thus, in comparison with the deterministic admission
control algorithm, the adaptive admission control algorithm
increases the number of clients serviced simultaneously by
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Figure 7 : Variation in the number of clients admitted and server utilization with �

about 400% (200% increase due to the difference in the worst-
case and average-case data transfer requirements of clients,
and another 200% due to the difference in the worst-case and
average-case access times).

7 Conclusion

In this paper, we have presented an adaptive admission con-
trol algorithm, in which a client is admitted by a multimedia
server if the extrapolation from the past measurements of the
storage server performance characteristics indicate that the
service requirements of all the clients can be met satisfac-
torily. The main goal of our admission control algorithm is
to accept enough number of clients to efficiently utilize the
server resources, while not accepting clients whose admis-
sion may lead to the violations of the service requirements of
clients. The greedy disk scheduling algorithm as well as the
technique for minimizing and distributing the discarded me-
dia blocks presented in this paper significantly improve the
performance of the admission control algorithm. Further-
more, a read-ahead of a small number of frames significantly
improves the quality of service provided to each admitted
client.

We have demonstrated the effectiveness of the adaptive
admission control algorithm and the greedy disk schedul-
ing algorithm through simulations. Our simulations reveal
that the greedy disk scheduling algorithm yields an 80% im-
provement in performance over the conventional SCAN disk
scheduling algorithm. Furthermore, employing the greedy
disk scheduling algorithm in conjunction with the adaptive
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admission control algorithm yields a server utilization of
about 97%, and a 400% increase in the number of clients
serviced simultaneously by the multimedia server. A proto-
type multimedia server, based on the algorithms presented in
this paper, is being implemented at the UT Austin Distributed
Multimedia Computing Laboratory.
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