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Abstract

Due to the periodic nature of media playback, a multimedia
server can service multipleclientssimultaneously by proceed-
ing in rounds, retrieving a fixed number of media units (eg.,
video frames) for each client during each round. Inthispaper,
we analyze the performance of a conservative and an aggres-
sive policy for retrieving media units from an asynchronous
diskarray. Inthe conservative servicing policy, a server com-
pletely retrieves all the required media units during a round
prior toinitiatingthe next round. A server employing the ag-
gressive servicing policy, on the other hand, requires thedisks
to synchronize only over a finite sequence of rounds. e have
carried out extensive simulationsto measure the effectiveness
of the conservative and the aggressive servicing policies on
the utilization of asynchronous disk arrays. We present and
analyze our simulation results.

Keywords: multimedia storage servers, asynchronous disk
arrays, scheduling algorithms

1 Introduction

Recent advances in computing and communication technolo-
gies have made it feasible to design high performance, scal-
able multimedia servers which can provide a wide range of
servicesto alarge number of clientsover high speed networks
[1]. Due to the immensity of the sizes and the data transfer
requirements of multimediaobjects, such multimedia servers
will undeniably be founded on large disk arrays. Disk arrays
achieve high performance by servicing multiple I/O requests
concurrently, as well as by utilizing severa disks to service
a single request in parallel. The performance of a disk ar-
ray, however, is criticaly dependent on the distribution of
the workload (i.e., the number of blocks to be retrieved from
the array) among the disks. The higher the imbalance in the
workload distribution, the lower is the throughput of the disk
array. Consequently, designing scalable multimedia servers
will require the development of techniques that achieve an
equitable distribution of workload among &l the disksin the
array.

Most of the existing analytical as well as simulation mod-
els for analyzing the performance of synchronous and asyn-
chronous arrays have presumed conventiona workload (i.e.,

successive retrieval requests generated by the same process
are assumed to be independent of each other) [2, 3, 4, 5, 6, 7].
On the contrary, since digital audio and video playback is
inherently sequential, the set of disks accessed by aretrieval
request is related to the one accessed by the previous request
from the same client. Additionally, since media streams may
be encoded using variable rate compression techniques, the
amount of information retrieved from the server during each
round may vary from one client to another. Although sev-
eral media compression algorithms have been proposed in
the recent past [8], very little work has been done in devel-
oping techniques for efficient retrieval of compressed multi-
media objects from disk arrays. Techniques for improving
the throughput of asynchronous disk arrays for multimedia
retrieval isthe subject matter of this paper.

2 Multi-Disk Multimedia Servers

Digitizationof audioyieldsasequence of samples, and that of
video yieldsasequence of frames. We refer to a continuously
recorded sequence of audio samples or video frames as a
strand. A multimedia server can organize the storage of such
media strands on a disk array in terms of fixed size media
blocks [9]. A media block is the unit of data interleaving
among disks, and denotes the maximum amount of logicaly
contiguous data that is stored on a single disk (this has aso
been referred to as the striping unit in the literature [2]).
Successive media blocks are stored on consecutive disks in
the array.

Due to the periodic nature of media playback, a multi-
media server can service multiple clients ssmultaneoudy by
proceeding in rounds. During each round, the server may
retrieve afixed number of media units(e.g., video frames) for
each client by accessing aseguence mediabl ocksfrom aset of
consecutive disksinthearray. A round issaid to be complete
when al the required media blocks have been retrieved from
the array.

If media strands being requested by the clients are en-
coded using variable bit rate (VBR) compression techniques,
the number of media blocks that may contain the required
number of media units may vary from one round to another.
Furthermore, since the arrival of client requests at the server
arelikely to be independent of each other, the set of disksac-



cessed by different clients during around may be completely
uncorrelated. Hence, the number of media blocks to be ac-
cessed during a round may vary from one disk to another.
Furthermore, since the time spent in retrieving a sequence of
media blocks from a disk (referred to as the service time) is
dependent on the number of media blocks being accessed as
well astheir rel ative placement on thedisk, service times may
also vary from one disk to another.

In such a scenario, a multimedia server may employ var-
ious policies for initiating the retrieval of media blocks of
successive rounds. In the simplest case, a server may require
all the disksto synchronize at the end of each round. Specif-
ically, a multimedia server that employs such a conservative
servicing policy requirestheretrieval of all mediablocksto be
accessed duringaround prior toinitiatingthenext round. This
will requirealightly loaded disk to remain idle until aheavily
loaded disk completestheretrieval during each round, thereby
[imiting the performance of the array to that of the most heav-
ily loaded disk. At the other extreme, the server may exploit
the sequentia nature of media playback and may initiate the
retrieval of media information scheduled to be accessed in
future rounds from a disk as soon as it becomes idle. The
improvement in the utilization of the disk array yielded by
such an aggressive policy may, however, occur at the expense
of increased buffer space requirement at the server.

To precisdy quantify the effects of the conservative and
aggressive servicing policies, consider a multimedia server
that is servicing n clients, each retrieving a video strand
(say 51,954, ..., Sy, respectively). Let f1, fo, ..., fn denote
the number of frames of strands S, s, ..., S, retrieved dur-
ing each round. Assume that each mediastrand is stored on a
disk array of size V.

2.1 Conservative Servicing Policy

A multimedia server employing the conservative servicing
policy requires media blocks from all the disks to be com-
pletely retrieved prior to initiating the next round. Specifi-
cally, if 7/ denotes the time spent in retrieving media blocks
from disk ¢ during round r, then the server may initiatethere-
trieval of theset of blocksto be accessed during round (» + 1)
only after:

units of time have elapsed. Consequently, al the disks with
1] < 1) . Will berequired to remain idle until the disk with
the maximum workload completes the retrieval. Formaly, if

7. denotes the minimum service time for a disk in round
r, then the minimum utilization of a disk (denoted by /¢

during round » can be defined as: e

T
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Similarly, the average utilization of the disk array bandwidth
during round » can be defined as:

In praectice, the difference between ;.. and 7., may de-
pend on the correl ation between the set of disks accessed by
each client during round . In fact, the higher the imbal-
ance in the number of media blocks being a:cessed from the
disks, the greater isthe difference between 7, .. and 77, and
hence, lower istheutilizationof disk array bandwidth. Hence,
maximizing the utilization of the disk array requires that the
number of media blocks being accessed during roundsto be
equitably distributed among al the disksin the array.

2.2 Aggressive Servicing Policy

In order to improve the utilization of the disk array, a server
may employ an aggressive servicing policy in which the re-
trieval of blocks required to be accessed from disk ¢ during
round (r + 1) can beinitiated as soon as disk ¢ completesthe
retrieval of media blocks required for round ». In addition to
improving the utilization of the disk array, such an aggressive
policy enables the server to balance the cumulative service
times of disksinthe array over a sequence of rounds.
Toillustrate, consider amultimediaserver that isretrieving
n mediastrands, each of which isencoded using a constant bit
rate (CBR) compression technique. Let & denote the number
of media blocks accessed for each strand during each round.
In such ascenario, dueto the sequential nature of media play-
back, disks which are k-apart may retrieve exactly the same
number of media blocks during successive rounds. Specif-
icaly, if b7,8%, ..., 6% denote the number of media blocks
required to be accessed from the disks during round r, then

vjie[l,N]: b =bit

where j/ = (j + k) mod N. Consequently, although the
workload may not be equitably distributed among all the disks
during each round, the total number of blocks accessed from
each disk during a sequence of consecutive rounds will be
identical.

If, however, media strands are encoded using variable bit
rate encoding schemes, the number of media blocksthat may
contain f; frames of strand S; may vary from one round to
another. Consequently, contrary to the previous scenario,
the cumulative workload imposed by al the strands may not
be equitably distributed across the disk array within a finite
number of rounds. Theimbalancein the aggregate number of
media blocks retrieved from various disks in the array over a
finite number of rounds, however, islikely to be significantly
smaller than the accumulation of the imbalances in each of
therounds. Thus, if 7;(r) = >77_, 7 7 denotesthe cumulative
servicetimeincurred while accessi ng media blocksfrom disk
i over  rounds, and if 7,40 (r) = max;ep Ny 7i(r) and
Tmin(r) = min;ep Ny 73 (r), then we get:

— Tnin(r) < Z ( Thaw —

Furthermore, we can define the minimum and the average
utilizationyielded by the aggressive servicing policy as:

Uiinlr) = 740 )

Vr>1: Tmax( mzn) (3)



Disk capacity 2 GBytes
Number of disksin the array 16

Bytes per sector 512KB
Sector per track 99
Tracks per cylinder 21
Cylinders per disk 2627
Minimum seek time 1.7ms
Maximum seek time 225ms
Maximum rotational latency | 11.1ms

Table 1 : Disk Parametersof the Seagate-Elite3 disk assumed
in the simulations

and v
Uz () = s (% : ;mm) 5)

Hence, due to Equation (3), the utilization yielded by the
aggressive policy isguaranteed to be significantly higher than
its conservative counterpart.

Observe that theimprovement in the utilization of the disk
array, however, is a the expense of increased buffer space
requirement at the server. Specificaly, if B; denotes the
maximum number of media blocks that may be required to
be accessed for strand S; during any round, then, whereas
the conservative servicing policy requires buffer spaceto hold
only 2 x B; blocks of strand .S; at the server, the aggressive
servicing policy which synchronizes all the disks at the end
of r roundswill require buffer space to accommodate at | east
2% 7+ B; blocksof strand S;.

3 Empirical Evaluation

To measure the effectiveness of the conservative and the ag-
gressive servicing policies, we have carried out extensive sim-
ulationsin an environment consi sting of an asynchronousdisk
array with 16 disks. For the purposes of simulations, each me-
diastrand isassumed to be striped acrosstheentirearray. The
characteristics of each disk are shown in Table 1. A pois-
son arrival of client requests is assumed (i.e., the arrivals of
clients are independent of each other). Furthermore, each
video strand requested by clients is assumed to be encoded
using a Variable Bit Rate (VBR) compression technique. The
conventional SCAN disk scheduling algorithm is employed
for retrieving media blocks from a disk during each round.
The playback rate of each video strand is assumed to be 30
frames/sec, and 15 frames of each video strand are retrieved
during each round. Hence, rounds are repeated every 0.5 sec-
onds. Thetrace datafor frame size variation yielded by VBR
encoding techniques was obtained from Bellcore, University
of Californiaat Berkeley, and ColumbiaUniversity.

Recall that the conservative servicing policy requires al
thedisksin thearray to synchronize at the end of each round.
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Figure 1 : Variation in therate of change of utilization with
increase in the synchronization interval

The aggressive servicing policy, on the other hand, attempts
to improve the utilization of the disk array by synchroniz-
ing the retrieval process only after every » (» > 1) rounds.
Clearly, the higher the value of r, the greater is the likeli-
hood of balancing workload across al the disksin the array,
and hence, the greater isthe utilization. Figure 1 depictsthe
rate of change of in the utilization with increasing values of
r. Itillustrates that the improvement in the utilization of the
disk array saturates once the synchronizationinterval exceeds
about 10 rounds.

In figure 2, we analyze the effects of increasing the num-
ber of clients as well as the media block sizes on the disk
array utilization yielded by the conservative and aggressive
policies. It illustrates that the average utilization yielded by
the conservative servicing policy improves initidly with in-
crease in number of clients, but saturates at about 75%. On
the other hand, for al values of » > 5, the aggressive policy
yields a utilization of about 95%, and is independent of the
number of clientsbeing serviced. Figure2 asoillustratesthat
the utilization yielded by the conservative servicing policy
decreases with increase in the media block size. Thisis be-
cause, for higher mediablock sizes, smaller number of disks
may be accessed by each client during a round, thereby in-
creasing the potential for imbalance in workload distribution.
The utilization yielded by the aggressive servicing policy, on
thecontrary, isfound to beindependent of the choice of media
block size.

Asafina cavesat, observe that if a server contains enough
buffer space to implement the aggressive policy which syn-
chronizes the disks in the array at the end of » rounds of
durationD unitseach, it can also implement the conservetive
policy with the round duration of » * D. In such a scenario,
since the conservative policy with round duration of r x D
units enables the server to retrieve all the media blocks from
disk during asingle scan (as compared to the r scans required
by the aggressive policy), its throughput (measured in terms
of bytes/sec) is likely to be dightly higher (see Figure 3).
However, since new clients can be admitted for service by a
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Figure 2 : Effects of increasing the number of clients and the media block size on the utilization of the disk array
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Figure 3 : Variation in Throughput with increase in Syn-
chronization Interval

multimediaserver only at round boundaries[9], increasing the
duration of around significantly increases the response time.
Whereas such an increase in response time may be tolerable
for multimedia servers providing video-on-demand services,
it may beintolerablefor awide range of applicationsinadis
tributed multimedia computing environment (e.g., initiating
playback of avideo clip in a hypermedia document). Conse-
quently, in practice, duration of a round may be determined
by the response time considerations of target applications, and
the length of the synchronization interval may be determined
by the buffer space availability at the server.

4 Concluding Remarks

In this paper, we have analyzed the performance of a conser-
vative and an aggressive policy for retrieving media blocks
from an asynchronous disk array. We have demonstrated that
the aggressive policy, for various combinations of number of
clients as well as media block sizes, consistently achieves a
higher utilization of disk array ascompared toitsconservative
counterpart. The improvement in the utilization of the disk

array yielded by such a policy, however, is at the expense of
increased buffer space requirement at the server. A prototype
multimediaserver, based ontheservicing policiespresented in
this paper, isbeingimplemented at the UT Austin Distributed
Multimedia Computing Laboratory.
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