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Abstract {Concurrent retrieval of continuous media from a physical terage device can be
achieved by interleaving data and providing a suitable scdeling algorithm. Scheduling

approaches that exploit gains from statistical multiplexng are susceptible to a non-zero
probability of frame loss due to the variable-bit-rate chaacteristic of compressed video.
With interframe encoding schemes (such as speci ed by the NB& standard), the losses
propagate, resulting in a net loss of frames that exceeds thaction of missing data.

In this paper we describe a mechanism for the storage and rietral of MPEG-encoded
video from a single disk storage system. The scheme balanties need for the reliable
delivery of MPEG frames with the desire to support the largesnumber of sessions. Our
approach reorganizes the MPEG-encoded video stream basedtioe relative importance of
the frames and maps them to the storage device geometry. Theorganization reduces the
impact of frames lost due to missed deadlines and distribigghe frame losses over time and
among sessions. Simulation results show that the new appobamproves performance when
compared to conventional storage and scheduling schemes.
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1 Introduction

Multimedia data di er signi cantly from conventional data types due to their strict timing
and large bandwidth requirements. Table 1 illustrates somkeandwidth and storage needs
for several continuous-media data types. Typically, videdata require more storage and
communication bandwidth than text les do. When users requ& interactive on-demand
sessions from a multimedia server, the system must ensuretalaelivery at the speci ed
rate; the le system must ensure the availability of su cient bu er space for the playback
process. For example, to ensure the delivery of jitter-fred¢TSC-quality video, the le system
must deliver data at a rate of 30 frame/s.

Data Type Bandwidth | Storage for 1 Hour
Voice-quality audio (8 bits @ 8 KHz) | 64 Kb/s 28.8 Mbyte

CD quality audio (stereo @ 44.1 KHz)| 1.4 Mb/s 630 Mbyte
MPEG-I-compressed NTSC video = 1.5 Mb/s | 675 Mbyte
MPEG-II-compressed video 10 Mb/s | 3,600 Mbyte

Table 1: Storage and Communication Requirements for Multiedia Data

Unlike traditional le systems, the goals for designing a mitimedia system are not just
the maximization of utilization and throughput, but also the maintenance of temporal rela-
tionships among multimedia data. However, a storage subsgm? accesses stored data by
positioning its read heads at the desired location for a datillock. A random allocation ap-
proach, regardless of the time-dependency for multimediatd, increases the disk head seek
switching frequency and the resulting access latency. In dition, the electro-mechanical na-
ture of secondary-storage devices requires the use of schieg disciplines modi ed to meet
the throughput and real-time requirements of multimedia dta delivery [1]. Furthermore, it
is desirable to design a multimedia-on-demand system tha&ie support several concurrent
interactive sessions from the same physical device.

The ability of the multimedia system to meet session timingequirements becomes di -
cult due to the unpredictable nature of disk seek latenciePue to the time-varying charac-
teristics of compressed video it is di cult to predict disk production and display consumption
rates. Without proper scheduling, systems cannot supportoatinuous playback for an un-
limited number of sessions. The result is the inability to met session deadlines and the
subsequent loss of data. Scheduling is more critical for ertframe encoding schemes such as

2In the rest of the paper we use the term \storage" to refer to anelectro-mechanical storage device.
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MPEG because even the loss of a small portion of data in retved can result in signi cant
losses in the number of dropped frames at playout time.

In this paper we focus on data placement strategies within angle disk storage system
and propose a new approach that improves a disk's ability taupport multiple sessions. Our
approach is suitable for video data compressed and storedings an inter-frame encoding
scheme as speci ed by the MPEG (Motion Picture Experts Groupvideo compression stan-
dard. The proposed scheme employs a non-preemptive xedwgh-period exible-service-
time round-robin scheduling discipline to support multipé time-varying MPEG-compressed
video sessions from a single physical device. This approgarmits the disk to switch alter-
nately between tasks to take advantage of the gains o ered Istatistical multiplexing.

The remainder of this paper is organized as follows. In Semti 2 we investigate the
characteristics of MPEG-compressed data including decadj dependence and time-varying
behaviors. In Section 3 we develop a physical disk schedglischeme which supports multiple
real-time temporal data streams. In Section 4 we propose afteanate storage scheme for
MPEG data and propose a priority access scheme for retriegndata. In Section 5 we
evaluate the performance gains from our approach. We dissuselated work in Section 7.
Section 8 concludes the paper.

2 MPEG Video Characteristics

In order to understand the e ects of MPEG-encoding on disk $&duling, we begin by ex-
amining inter-frame dependencies in an MPEG-compressedigd stream. In MPEG com-
pression, frames are typically arranged in xed-size grogpfor the entire video stream [9].
Each group represents a logical entity for decoding purpasand are decompressed indepen-
dently. Frames within a group are also considered logical it& and depend on each other
for decoding. Fig. 1 shows a sequence of MPEG encoded |, P anétr@nes for a group size
of 10. As a result, losses are sensitive to the particular free that is corrupted or dropped.
For example, if an | frame at the head of a group is lost, all fraes within its group must
be discarded as they are dependent on the | frame for decodintherefore, frame losses in
MPEG-encoded video are correlated within groups.



group size =10

Figure 1. MPEG Frame Dependencies
2.1 Time-Varying MPEG Trac

MPEG compression also yields video streams that exhibit Hidy time-varying bandwidth
characteristics [7, 15]. In our example the video sourcesngeate 30 frame/s with an image-
aspect ratio of 320 240 pixels. The size (in bits) of a video frame depends on thenspression
algorithm and the activity within the video sequence. Fig. Xhows the characteristics of
video tra ¢ for 1,500 frames sampled as groups containing 1dames. The average rate
over all 1500 frames is 8369 Mb/s and the standard deviation for the trac rate is
0:2305 Mb/s with a sampling interval of 10 frames.
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Figure 2: Tra c Rate for MPEG Video

The burstiness of MPEG-compressed tra ¢ and interdependery among frames a ect
the ability of a disk to support concurrent access. This inteframe dependency can cause a
disk to perform poorly when it supports several concurrentessions. In the next section, we
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examine the impact of disk scheduling and its e ect on MPEG da.

3 Disk Access Scheduling and Bandwidth Requirements

In this section we describe the scheduling constraints fané acceptance of a set of multimedia
sessions and the accompanying disk bandwidth requirement#/ithout any loss in generality,
we choose the round-robin service scheme to support reah multiple stream retrieval for
a set of multimedia tasks as shown in Fig. 3.

For round-robin scheduling, we de ne a xed length working priod Tperios during which
the scheduler switches among all multimedia sessions [5].rétrieves the exact amount of
data necessary for each session to ensure continuous playoto the bu er. This keeps each
session busy until the next retrieval period when the bu ers ready to be relled. (The
bu er management policies to ensure continuous playout amescribed elsewhere [8, 13].) If
sessiork displaysm frames per second, the le system must read exactty  Tyeriod frames
for sessionk. Let S(k) be the size of thesan  Tperioq frames. If R is the entire disk I/O
bandwidth available, each sessiok shares an intervalT (k) where T (k) = %. As shown in
Fig. 3, the total interval used for multimedia sessions pluthe disk seek latency should be
less than the working periodTperioq t0 accommodate the variances due to disk seek latencies
and MPEG trac. In other words, the preset period Tyeriog Must be greater than the time
needed to transfer data from the disk for all sessions.

- Tperiod >
session 1 session 2 session n
leftover
<—>| |<—>| |<_> [ I | |
Tlatency(l) Tlatency(z) T(@)

e

Figure 3: Round Robin Scheduling Model

To prevent starvation, the requirements for the length off yerioq are [5]:

X' S(k X0
Tperiod % + Tlatency (k): (1)
1 1



In Eq. 1, n is the number of concurrent sessions from the disKaency (K) is the switching
latency from sessiork to k+1. We can rewrite Eq. 1 and derive the bandwidth requirement
R for retrieving n simultaneous sessions of time-dependent data as [5]:

FEQ
Tperiod ; ?_ Tlatency (k) .

R (2)
Eqg. 2 represents an estimate of the sustained bandwidth thtosage system must support
in order to support the n sessions.

To guarantee the delivery of an MPEG stream without losseshe scheduling algorithm
must reserve resources at the peak bandwidth. This approadh ine cient as it leads to
wasted disk bandwidth. However, a scheduling approach thaixploits gains from statistical
multiplexing of sessions at the average bandwidth can su drom missed deadlines and lost
data. Because MPEG frame losses tend to propagate, the fremt of frames that cannot
be decoded is greater than the fraction of lost data. Theseskes are estimated in the next
section.

3.1 Frame Loss Estimation for MPEG Data

Consider an MPEG sequence in which frames are grouped basedagpredetermined order.
To simplify analysis, we assume that this group order is xedor the stream under consid-
eration. Let S, Sp, and Sg represent the average frame sizes aml, Np, and Ng be the
number of I, P, and B frames within a group, respectively. Als, the total number of frames
in a group is

N:N|+NP+NB

and the group size is given by

G=N;S + NpSp + NgSg:

Losses within the MPEG bit stream due to missed deadlines ametwork errors are bursty
by nature due to frame interdependency and the inability to xactly predict the beginning
of a loss. Letk represent the size of a burst loss. The number of groups spadnby a burst
is dependent on the rst a ected frame within the group in addtion to the size of the burst.
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The probability that a particular frame-type within a group is at the head of a burst depends
on two factors: The frame type (I, B, or P) and its ordering wihin the group. From the
discussion above, frame sizes within a group can be de ned ayector Vg,

Ve =[S1;Ss; Ss; i SN S 2 (Si;Sp;Sg):

If we assume that the occurrence of losses cannot be predicie advance, then the
probability that a burst begins at framej within the group can be speci ed as

S X
p = 6’; wherej:l p =1:

For a burst of sizek beginning at framej, the number of groupsy, spanned by the burst
depends on the group siz&. We derive the value ofg to be

& P '
k NVt
t=j G[]+1 :

G

g = (3)

In Eq. 3, the fraction denotes the number of groups spanned Ibige burst excluding the
beginning group. The unitary term is added to account for thenitial group a ected by the
burst.

From Eq. 3, the number of frames lost in the burst can be detelimed as

n=(g IN+N | (4)

For groups in which the leading | frame is lost, the entire gnap is unrecoverable, ac-
counting for the rst term in Eq. 4. The second term represert the frames lost within the
group at the beginning of the burst. The average number of fraes lost in burstk is then
given by

X
pin;: (5)
j=1
When the number of groups spanned by a burs; 2, all leading frames in the sub-
sequent burst-a ected groups are lost. The frame loss valugven in Eq. 4 is accurate to



within a single frame. However, wherg, = 1, data loss takes place within a single group.
Depending on the particular frame lost, some or all of the reamning data in the group can
be recovered. For example, if an | frame is corrupted, all datwithin the group are lost.
However, if data within a single B frame are corrupted, only e frame is lost and the re-
maining data can be decoded. The following analysis addresghis scenario and determines
frame dependencies within a group and their e ects on framesgs.

To account for intra-group losses we de ne a vector

whered; =0 if j isan | ora P frame. For a B framed; equals the sum of the sizes of
any immediately following B frames. For example, for the MPE group shown in Fig. 1,
d, is the size of the third frame andds is 0. If we assume that all burst errors occur at the
beginning of a frame boundary, the number of intra-group fraes lost for bursts of sizek
starting at frame j is given by

@ .k g (6)

The rst part of Eq. 6 represents the case when an | or P frame isorrupted, thereby
making the entire group useless. The second part accounts tbe case when only B frame
is lost, and the remainder of the data in the group can be recered. Eq. 6 can then be
used to compute the average frame loss by substituting for in Eq. 5. Our assumption
simpli es the analysis and can yield reasonable results thaelp us understand the e ects of
data loss on an MPEG stream. In reality, the actual frame loswill be the weighted average
of the values provided in Egs. 4 and 6. However, this overly mplicates analysis and is not
considered further in this paper.

The aforementioned analysis demonstrates the disadvan&agn organizing MPEG data
in a contiguous fashion on a storage device. If the disk schier misses a deadline in the
scheduling cycle, the number of lost frames is usually greatthan the fraction of lost data.
In the next section, we describe an MPEG stream reorganizati and storage approach that
reduces these e ects of missed server deadlines.



4 Disk Storage Organization and Access Scheme

In this section, we propose a storage reorganization appabaand access scheme that is
adapted to MPEG stream dependencies and time-varying cha@ristics. The proposed

mechanism provides a priority access mechanism that impmes disk performance and mini-

mizes the probability of frame loss.

4.1 Storage Pattern Reorganization

To improve disk performance and accommodate the MPEG decadi algorithm, we propose
a xed service period, Tperiog Which is a multiple of the playout-time for an MPEG group.
For example, for a group containing 10 frames (Fig. 1) and adeéo source that generates 30
frames per second, the length Ofperiog is @ multiple of 10=30 second. The le system will
read 30 Tperioa frames or 3 Tperioa MPEG groups per session.

123 456 7 8 91011121314151617 1819 20

MPEG Stream BBPBBPBBPIBBPBBPBBP
Reorganized | H| A PIP PP PPBBB|BBBBBBEBPBSEB
MPEG Stream

111 4 710141720 212 515818 313 6 16 9 19

Figure 4: Storage Pattern for the Reorganized MPEG Frames

We can prede ne a xed length scheduling periodTl,eiog for a disk by analyzing the
tra ¢ characteristics of the supported video streams.® Once the appropriate period length
is determined, we can de ne the number of frames or MPEG grospo be read every period.
We reorganize the MPEG frame sequence as shown in Fig. 4. Iretheorganized storage
pattern, the most important data are placed at the beginningof the sequence.A denotes
the audio data andH denotes a header containing information about the subsequestorage
pattern (i.e., size of each frame). The reorganized pattens then stored contiguously on
the disk. The contiguous layout reduces seek latencies dugi continuous retrieval of video
data. The header information helps the disk scheduler predithe access loads for subsequent

3This approach is reasonable for read-only VOD applicationsn which extensive preprocessing and analysis
can be applied prior to rendering of storage organization
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working periods and allows the scheduler to adapt quickly tany load changes and provide
the best service.

4.2 Priority Access Scheme

To take advantage of the MPEG stream reorganization we proge a disk scheduling ap-
proach. As shown in Eq. 1, the xed periodTerios Must be greater than the time necessary
to transfer data for all sessions from the disk to prevent staation. From Section 2 and Fig.
1 we know that the amount of data the must be read iMperiod , P 1 S(i) is not constant. To
ensure continuous playout, we can assign the peak rate foreey session and guarantee that
starvation will not occur. However, as shown in Fig. 1, the MBEG video tra c is highly
time varying. In this example, the peak rate is almost 1.5 Mg but the average rate is
only 0.6369 Mb/s. It is ine cient to assign the peak rate for eery session due to the high
peak/average ratio for bandwidth consumption.

The proposed le system can accept a set of sessions as longhassum of their average
rates does not exceed the data rate of the disk subject to thertstraints of Tyeriog. This means
that several time varying MPEG video streams are multiplexg¢ during the disk retrieval
phase. However, occasionly the combined rates of the mulgged streams can exceed the
I/O rate of the disk. This results in some data starvation dugo missed scheduler deadlines.
If pis the maximum starvation frequency that can be tolerated, & have

XSGy X .
P I’Od( . ? + . Tlatency (')) > Tperiod] <p: (7)

This means the probability that the preset periodTerioq IS l€SS than the time to transfer
data from disk is less thanp. Tiaency (i) represents the seek latency when the disk switches
the service from session 1 to session. Because the subsequent data for sessiboan be
placed anywhere on the diskTiaency IS also a random variable. Chen and Little [5] derive
the average seek latency and the variance of the seek laterasyfollows. LetE (Tiaency) b€
the average seek Iatency,f.ﬂency be the variance of seek latenc¥ (S) be the average size of
storage pattern, and 2 be the variance of the size of storage pattern. The time to tresfer
data from the disk Tyanster 1S then

XS X .
Twansfer = % + Tlatency (i): (8)
1 1
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The meanE (Tyanster ) and variance 2(Tyanster ) Of time Tyansier  Can be derived as fol-

lows:

E (Tramstor )= 1 (C + E(Tieney) ©
2
(Toarser )= 1 (2 4 (Tiaarey ) (10

From Egs. 9 and 10, we know thallyansfer 1S @ sum of random variables. By the Central
Limit Theorem, if the number of sessions is large enough, we know that the distribution of
Tyanster Can be approximated by a Normal distribution. We can plot theprobability density
of Tyanster (Fig. 5) with a mean value E (Tyanster ) @and standard deviation (Tyansfer ). If
the xed length working period Tyeriog @nd the number of session are given, we can predict
the frequency of starvationp, as shown in Fig. 5.

frequency of
starvation

1-p /
| p >

E(T

transfer ) Tperiod

Probability

Figure 5: Distribution of Tyanster

4.3 Disk Scheduling in the Priority Access Scheme

As described in Section 4.1, we measure the size of every fea@ncapsulate this information
in a header and place it in the storage pattern for the previaigroup. With the reorganized
storage layout, as soon as a period is complete the le systemas su cient information
about the requirements for the next period. The le system aathen calculate the total size
of the data that need to be read for the next period and predidheir total retrieval time. If
starvation will occur in the coming period, it is known befoehand and the system can make

adjustments.

When starvation occurs, priority access can be provided asltbws. We rst calculate
the time for the le system to transfer data from a disk as deried in Eq. 8. If the transfer
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time Tyanster IS less than the xed length working periodTyeiod there is no starvation for
the next period and the le system has su cient time or bandwdth to retrieve data for all
existing sessions. In this situation the le server schedualy process can ask the le system
to read S(i) of data for sessioni. S(i) is the size of the data for session in this period
and the characteristics ofS(i) are already known by the scheduler at the end of previous
period. If the transfer time Tyanster IS greater than the working periodTyerioq, We predict the
occurrence of a starvation for the coming period. We then aallate the shortage time for
the le system for which it is unable to transfer data from thedisk. We de ne the shortage
time Ty as

Ttail = Tiranster Tperiod: (11)

If the amount of data the le system fails to read isS;,; , we determineSi,; = Tra =R.
From Egs. 8 and 11, we have

X X
Stail = . S(i)+ R . Tiatency (i) R Theriod: (12)
We can then reschedule the access scheme by dropping framgsitably among all n
sessions. As a result, any sessiaoris allowed to read onlyS(i) St =n amount of data.
This means that every session drof&,; =n of data and shares the impact of starvation. Since
we use a reorganization of the storage pattern on the disk,dhle system will automatically
drop the less important frames. As shown in Fig. 4, the less portant frames are placed at
the end of each storage pattern. Therefore, B frames will beapped rst, and the dropped
frames will be uniformly distributed across all retrieved lmcks and among sessions.

5 Performance Evaluation

In this section we evaluate our proposed model by performirgyseries of experiments on a
set of video data. We encoded a video clip with an image-aspeatio of 320 240 pixels and
without audio at 15 frame/s and extraploated the resulting &atistics to create a 30 frame/s
MPEG-I stream. The size of each MPEG frame was measured forethiest set. Table 2
illustrates the video characteristics and the disk devicegrameters used in the experiments.
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Symbol Identi cation Value | Units
E (Tiaency ) || average disk seek latency 35.9 ms
fatency variance of disk seek latency 201.6 | ms

R normalized disk bandwidth 8 Mb/s

average data rate for MPEG video 0.6369| Mb/s

standard deviation of MPEG video tra c rate | 0.2305| Mb/s

Table 2: Simulation Parameters

5.1 Performance Evaluation and Comparison

We rst xed the working period Tyeriod 10 be 6 seconds, yielding storage patterns containing
180 MPEG frames each. We then measured the time for the le dg¢sn to transfer data
from the disk by changing the number of sessions from 9 to 12 800 periods. For each
case we measured and plotted the value ®fansier USed to readn video sessions from disk
(Fig. 6). We found that whenever more sessions were acceptbd le system required more
time to transfer the data. For example, if the le system supprts 8 or 9 sessionS[ianster
was always less than our preset working periotherioq. Therefore starvation never occured
when there were 9 or fewer sessions supported. As we incrda® number of sessions to
11, the average disk transfer tim&ansfer  remained between 5.4 to 5.8 seconds. However,
on occasion,Tyansfer  €Xceeded the preset working period and starvation occured.

Using the same data set we also studied the e ects of increagithe number of supported
sessions on starvation frequency (Eq. 7). Figs. 6 and 7 shohetfrequency of starvation
for a range of supported sessions. Fig. 8 shows the averagertstge time and the data loss
percentage for di erent number of sessions.

Additional simulations were performed to understand the eects of data loss on video
playback. For the MPEG encoding scheme, we know that B framase decoded by referenc-
ing the previous and following P or | frames and have a higheompression ratio than P and
| frames. In our priority access scheme, we only drop B frameden starvation occurs. Typ-
ically, with MPEG-compressed video, we can expect the franiess percentage to be higher
than the data loss percentage. Fig. 9 illustrates the averagrame loss under starvation for
a range of supported sessions.

If the le system accepts 9 or fewer sessions there was no sttion. When the number of
sessions increased to 10, starvation occured about 0.15 %heftime. This implies that there
is a starvation every 667 periods (4,000 seconds) and thersttion is distributed across the

13
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entire period. During this starvation period three frames pr session are lost as the video
object is played back at 30 frame/s. Because the storage paith is reorganized, the three
lost frames are uniformly distributed across the 6 second ped. In this case the le system
loses only one frame in two seconds.

For 13 sessions the average video rate was 0.6369 Mb/s and the normalized disk
bandwidth was 8 Mb/s. The total bandwidth requirement for 13sessions was 8.2797 Mb/s
which was higher than the available disk bandwidth. In this ase the starvation frequency
was 55.17 % and starvation occured every two periods. Durirtge starvation period 44
frames are lost over 6 seconds. This means that the le systeran still provide 30 frame/s
45 % of the time and 23 frame/s 55 % of the time.

5.2 Considerations for the Selection of  Tyeriod

Fig. 3 and Eq. 1 show that the working periodlpeiog Must be greater than the sum of all
individual session retrieval times and seek latencies indar to transfer data from the disk
for all sessions. From Eqg. 11 and Fig. 5, we know that Fyanster IS l€ss than the xed
length working period Tyeriod there is no starvation. However, this does not mean that we
can extend the length of the working period to the maximal vaile of transfer time Tyansfer
to prevent any starvation. Since the value offyanster depends OnTyeriod, if We extend the
length of period Tyeriod, the le system needs to transfer more data for every sessiovhich
increases the length of transfer tim@anster - AS shown in Fig. 3, if we extendTyerioq the
probability density of Tyanster Will shift to the right. In other words, when we change the
length of period Tperioa the shape forTyanster 'S probability density will change and a ect the
starvation frequency.

Fig. 10 shows a comparison of starvation frequency and franhesses for a range of
scheduling periods. We nd that if Tperioq iS Very small (for example, less than one second), no
matter how many sessions there are, the starvation frequgnand frame losses are extremely
high. As we increase the duration off,eioq the starvation frequency and frame loss rates
diminish. The total latency P =1 Tiatency i) for switching the disk head between sessions is
primarily dependent on the number of sessions rather than the duration of Tperioq. This
means that there is no change to the total IatencyF/) L1 Tatency (i) With Tperiog being 1 second
or 10 seconds. Most of the disk bandwidth is wasted on switdy the disk head wherl eriog
is very small. This will introduce frequent starvation and fame losses.

We can improve the quality of video presentation for the sysm by decreasing the
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Figure 10: Starvation Frequency and Average Frame Loss Und8tarvation

throughput or by extending the length of the scheduling peod. When the length of period
is su ciently long (e.g., greater than 6 seconds) the starvion frequency and frame loss rate
do not change signi cantly. At this point, even if we extendTerioq, the improvement in the
quality of the video stream is limited because disk seek lateies become less important and
the variance in video data rates is reduced.

6 Discussion

Our earlier work demonstrated that a longer scheduling perd requires more memory for
bu ering data and introduces a larger response time. Our gb# to minimize the total cost
of such a system and still provide an acceptable level of see quality. We can improve
the loss behavior by extending the length of a period, but tkileads to a longer response
delay. From the system's perspective, the gains resultingoin accepting more sessions by
extending the length of a period is o set by the increased bwering requirements. If a local
le server is expected to providen sessions for one particular movie, the interesting problem
is to balance the di erent resources to minimize operationaosts [11]. Our proposed model
provides an option that allows the le system the exibility of tolerating some data loss
during the disk retrieval phase without degrading the quaty of service dramatically. This
is impossible with conventional access schemes due to thareltteristics of MPEG data.

With the proposed mechanism, we can optimize the length Qfyeioq to yield reduced
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bu ering costs and improved performance. For example, in i 10, supporting 10 sessions
without starvation requires a Tperiog Of 6 Seconds using the traditional allocation scheme.
Using the priority access scheme we can tolerate some datad@nd still provide acceptable

service. If we set the length of a period to be 3 seconds we oakperience 10 % starvation

and lose only 2 to 3 frames per second. In this example, we cawves 50 % of memory costs
and reduce the response time o ered to the user to 3 seconds.

Our priority access scheme also provides a service scalingamanism. If the le system
bandwidth is su cient, we can provide the desired resourcefor all sessions. Whenever the
bandwidth is insu cient, the le system still has an option t 0 accept new service requests
by linearly degrading the quality of existing sessions to t@ advantage of the gains from
statistical multiplexing. This means that the quality of the existing sessions will not degrade
abruptly when the le system has transient bandwidth shortges.
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Figure 11: Frame Loss Per Period without Priority Access Seimne: Tperiod

With the proposed storage reorganization and priority ac&s schemes, the le system
has su cient information to predict any starvation in advance. Without this scheme the
le system switches service among sessions period by peridfithere is no starvation (the
length of period is enough to transfer data for all sessionghere are little performance gains
from the proposed approach. With starvation, however, whea period elapses the current
session must be preempted by the following session. All dhsal frames must be dropped.
Since the le system cannot predict starvation, the last fevgessions in the period will absorb
any starvation. We illustrate this behavior in Fig. 11. In this example, if there are 10
sessions in a disk when starvation occurs, the last sessioitl Wose 16 consecutive frames
during the 6 second period while the other 9 sessions do notdoany frame. Moreover,
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the lost frames are contiguous, i.e., the last session suser blank period of @ seconds.
As we increase the number of supported sessions to 13, the sgstem will lose 216 frames
during a period. One session will lose everything (180 fras)eand another session will lose
36 contiguous frames. Even if these losses are distributedr@ss all sessions, frame loss
propagation without reorganization causes the number of$b frames to be higher than with
reorganization and priority access.

7 Related Work

The problem of building storage systems for continuous medhas seen a great deal of re-
cent research activity. Lougher and Shepherd [12] have dabed the general principles in
designing a continuous media le system. Gemmell and Christloulakis [8] and Anderson
et al. [1] have established some basic principles for retra and storage of delay-sensitive
multimedia data. These principles can be used by a system dg®er to estimate hard-
ware requirements and to evaluate design strategies. Ramget al. [13] have developed an
admission control algorithm for determining when a new comerent access request can be
accepted without violating the real-time constraints of eisting sessions. Chen et al. [6] show
an optimum grouped sweeping scheduling (GSS) procedure wapport heterogeneous video
streams. Reddy and Wyllie [14] proposed a SCAN-EDF algorith which can support larger
numbers of video streams. Related work on storage systems éontinuous-media data on
disk arrays includes Keeton and Katz's [10] placement schenfor multi-resolution video on
disk arrays for providing scalable services. Chang and Zakh2] have proposed a placement
strategy and an admission control strategy that provides stable MPEG video service from
disk arrays.

Our work is most closely related to the work of Chang and Zhakd2] on the storage
of MPEG compressed video on disk arrays. The authors use a MBElata reorganization
access scheme similar to ours. However, our scheduling atmtagye policies make information
about the possibility of missed deadlines known a priori tohe scheduler using an additional
header. This allows the scheduler to scale all sessions anifly. Furthermore, it is signi cant
to study the performance of a single disk from the perspecéwof providing scalable services.
Our work complements the earlier work in this respect.
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8 Conclusion

When a video-on-demand le server transfers data from a disk must guarantee that real-
time multimedia data can be read at a sustained rate and safisthe timing requirements.
Disk seek latencies and time varying tra ¢ characteristicstypical of VOD have a signi cant
impact on these systems.

In this paper we have proposed a MPEG frame storage reorgaaiion to complement a
priority access scheme for video delivery from a single disktorage system. In the proposed
placement scheme, MPEG data are prioritized and organizedmtiguously on the disk. The
new placement policy enables the retrieval process to ensuhat the most important frames
are delivered during periods of disk overload, improving ghquality of video presentation.
Such a scheme is useful in building a le server that is tolenh of data losses and still
providing an acceptable quality of service. Moreover, thischeme can be easily extended to
support VCR-like functions such as fast-forward and fastdckward [4].

Performance evaluation indicates that the proposed mechiam reduces bu ering require-
ments and improves response times signi cantly. Test redal show the proposed scheme
yields a better throughput, and increases the quality of psentation. It is an e cient means
for supporting multiple sessions from a disk.
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