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Abstract

Scalable encoding scheme enables the player or streaming
server to adaptively change the playback rate of multimedia
content. However, in scalable streaming of layer encoded
content, sequential playback of content does not necessarily
coincide with the sequential scan of a file. This property in-
troduces another dimension of complexity in the scheduling
of data block retrieval. In this work, we develop a novel file
organization strategy, Harmonic Interleaving, which can ef-
fectively handle the dynamically changing playback rate of
multimedia data retrieval. The proposed scheme not only
eliminates the retrieval of unnecessary blocks but also min-
imizes disk head movement. Via experiment, Harmonic In-
terleaving exhibits superior disk utilization on a moderately
loaded network.

1. INTRODUCTION

Due to the sequential access nature of real-time multimedia
playback, file system puts great emphasis on placing data in
seekoptimized fashion. Hence, file systems support for real-
time multimedia playback has been the subject of intense re-
search recently. Some of these studies strive to find the rela-
tionship between real-time requirements of individual play-
backs and file system level data retrieval scheduling[1, 3, 4].
Others exploit the variability in linear bit density of the hard
disk track in placing the multimedia blocks[6, 7].

However, those works do not consider the disk access
pattern under scalable streaming service. When the file is or-
ganized as a sequence of logical units, e.g. frames, playback
of a single layer multimedia file yields a simple sequential
scan. However, when content is created with a layered en-
coding scheme, playback no longer yields a sequential scan.
This is because only a subset of individual frame informa-
tion may be selected for transmission. The subset selected
for transmission dynamically changes as a function of net-
work bandwidth availability. Therefore, a layered encoding
scheme introduces another dimension of complexity from the
file system’s point of view. A legacy file system model and a
disk scheduling strategy do not incorporate the characteristic
of layered encoding and leaves much to be desired.

In this work, we propose a novel file organization tech-
nique,Harmonic Interleavingwhich effectively exploits the
access characteristics of layer encoded multimedia content.�Corresponding author

Table 1: Notations
Parameters Descriptionn number of layersm number of segments in a media file (m = T=Tseg )Bi data rate ofith layerBmovie total data rate(B1 +B2 + : : :+Bn)�i transmit ratio of layeriLij data unit forj-th segment ofi-th layer (1 � i � n; 1 � j � m)Li set of data units belonging toi-th layerT playback length of movieTseg playback time of a segment(eg. 1sec)l number of low layersCmovie number of cylinders that movie occupyT
yl time to read a single cylinderTtotal time of reading data from diskTdata time of reading data purely ofTtotalToverhead disk overhead

Harmonic Interleavingcombines advantages of the above
mentioned two file organization types.

The rest of the paper is organized as follows. In section
2, we present three different file organization techniques.In
section 3, we develop the performance model for each file or-
ganization scheme. In section 4, we examine the efficient of
individual file organizations via simulation as well as physi-
cal experiments. In section 5, we conclude the paper.

2. LAYER ALLOCATION STRATEGY

In this section, we present three file organization strategies
for scalable streaming. We view a media file as a collection
of logical storage units, calledsegments. A segment can be a
frame or group of pictures. Table 1 illustrates the notations
used in this paper.

The first file organization strategy isProgressiveplace-
ment. InProgressiveplacement, as in legacy file organiza-
tion, the file is physically organized as a sequence of logical
units (frames) and each logical unit is organized as a collec-
tion of a layers. Fig. 1 illustrates theProgressive Placement
strategy.
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Figure 1: Progressive Placement Scheme



The second file organizationstrategy isInterleavedplace-
ment. InInterleavedplacement, a file is physically organized
as a sequence of layers and each layer consists of the data
blocks of the respective layer for each logical unit. Fig. 2 il-
lustrates theInterleaved Placementscheme for scalable coded
data.

TheProgressiveplacement andInterleavedplacement strate-
gies are two extremes in a wide spectrum of file organization
techniques. Neither of these organizations yields satisfac-
tory efficiency under dynamically changing network condi-
tions. Hence, we propose a novel file organization strategy,
Harmonic Interleaving. Fig. 3 illustrates the file organiza-
tion under theHarmonic Interleavingplacement strategy. In
Harmonic Interleaving, data blocks are partitioned into two
groups based upon the layers which they belong to. The
layers are categorized into two groups: a set of lower lay-
ers,Llower and a set of upper layers,Lupper . For exam-
ple, with five layers, the layers can be partitioned as fol-
lows: Llower = fL1; L2; L3g andLupper = fL4; L5g. In
this case, we assume that up to layers 3 are frequently re-
quested and layer 4 and layer 5 are hardly requested.Har-
monic PlacementadoptsProgressive Placementfor inter-
groupplacement and Interleaving forintra-groupplacement.
Using this scheme, we can reduce disk seek time by increas-
ing the physical continuity of data blocks belonging to fre-
quently serviced layers. Hence, when only lower layers of
information is streamed in most of the time and information
in the upper layers is rarely used, this scheme outperforms
other schemes. However, if the upper layers are accessed fre-
quently, the required disk seek overhead can result in lower
performance. Therefore, the boundary of the layer groups
needs to be carefully determined by considering both net-
work bandwidth and the client device. The effectiveness of
Harmonic Interleaving is subject to the layer partitioningpol-
icy and the variability in network bandwidth availability.We
will explore this issue more formally in section 3.

3. MODELING OF DISK RETRIEVAL OPERATION

We use disk utilization,�, to quantify the effectiveness of
the placement strategy. Disk utilization,�, is a ratio between
total elapsed time to read data and the time spent on read-
ing the actual information from the disk excluding the disk
overhead. Total elapsed time,Ttotal, consists of the time to
read the data,Tdata, and overhead,Toverhead. Toverhead
consists of seek, rotational latency, head switch, command
processing, etc.Tdata depends upon the amount of data to
read.Toverhead is governed by the data placement strategy.
Let �i(0 � �i � 1) be the fraction of playback duration
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Figure 2: Interleaved Placement

during whichL1; : : : ; Li are presented. LetDi andB be
the amount of data blocks inLi (Byte) and maximum disk
transfer rate(Bytes/sec), respectively. Then, the amountof
time spent on reading data blocks, excluding disk overhead,
during the entire service time can be calculated asTdata =Pni=1 �Pnj=i �j� DiB .

3.1. Modeling Progressive Placement Scheme

Let Ci be the number of cylinders occupied byLi. Then,Ci = d BiBmovie � Cmoviee. Let Tseek(i) be the seek time fori cylindrical distance. Let us assume that the disk retrieves
data for the loweri layers. The overhead incurred in retriev-
ing a single data unit is the sum of seek times between ad-
jacent layers and the seek time returning to the lowest layer
from layeri, i.e.

Pi�1j=1 Tseek(Cj) + Tseek(Pi�1j=1 Cj). The
total overhead in playback can be formulated asToverhead =mPni=2 �i �Pi�1j=1 Tseek(Cj) + Tseek(Pi�1j=1 Cj)�.

As we can see from the equation,Progressive Placement
scheme results in large disk overhead when�1 is small and�i; (2 � i � n) is large. On the other hand, if�1 is very
large, e.g. due to poor network bandwidth, then this file or-
ganization scheme yields efficient disk utilization.

3.2. Modeling Interleaving placement Scheme

In Interleaving Placementscheme, segments are placed with
respect to their temporal order. For a segment, the data blocks
are placed with respect to their layers. If the application
needs to retrieve all layers for a segment, it will simply yield
a sequential scan. A problem may occur when the appli-
cation retrieves data blocks in a proper subset of all layers.
When we do not need data blocks in all layers, there can be
two retrieval strategies: (i) we can either read all layers and
discard unnecessary data blocks (blind scan), or (ii) we can
read only the data blocks in the selected layers (selected re-
trieval). In this paper, we assumeblind scanstrategy. Using
blind scan, the total time to read data blocks can be modeled
asTtotal = Cmovie � T
yl + (Cmovie � 1) � Tt, whereTt
represents the seek time between adjacent cylinders.

3.3. Modeling Harmonic Interleaving Placement Scheme

BothProgressiveandInterleavedfile organization have their
own advantages and disadvantages. InProgressive Place-
ment, inter layer data block accesses can cause excessive disk
seek. On the other hand, Interleaved placement can cause re-
trieval of unnecessary data blocks. LetClower andCupper
be the number of cylinders occupied by the layers inLlower
andLupper , respectively. Fig. 4 shows the general data re-
trieval sequence in Harmonic Interleaving scheme. In this
figure,Llower = fL1; L2g andLupper = fL3; L4g. We are
to read segment 3. Based upon the current network band-
width availability, data blocks inL1; L2; L3 andL4 are se-
lected for transmission. The total time for data read here
consists of (i) time to read lower layer blocks (T1), (ii) seek
time from the end of segment 3 in a lower layer to the start of
segment 3 in an upper layer (Ti), (iii) time to read upper layer
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Figure 3: Harmonic Interleaving Placement
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Figure 4: Retrieval Sequence in Harmonic Interleaving

blocks (T2) and (iv) seek time from the end of segment 3 in
the upper layer to the start of segment 4 in the lower layer
(To). i ando is used to representin-sweepandout-sweepof
the disk head. If only lower layers are requested,Ti; T2 andTo are not necessary. Since the disk head skipsm � 1 seg-
ments duringTi andm segments duringTo, Ti andTo are
approximately the same. LetCo andCi be the cylindrical
distance inTo andTi. Then, the expected value ofCo andCi is (Clower + Cupper)=2. Subsequently,Ti andTo can be
formulated asTi � To = Tseek(Clower+Cupper2 ). Assuming
that up to theith-layer belonging toLupper are selected for

transmission, we can calculateT2 asT2 = (Pij=l+1Dj)=mB =Pij=l+1DjmB . Throughout the playback, data blocks belonging
to layers inLlower are retrieved once and only once. Hence,
the aggregated time ofT1 can be calculated asClower�T
yl.
Therefore, the total time to read a file in theHarmonic Inter-
leavingplacement scheme is computed as follows:Ttotal =m�T1 +Pnj=l+1 �j(Ti + T2 + To)� = Clower � T
yl +mPnj=l+1 �j �Pik=l+1DkmB + 2 � Tseek(Clower+Cupper2 )�

As we can see from the above formula, when layers inLupper are frequently selected for transmission the Harmonic
Interleaving placement scheme is expected to show large over-
head, while only layers inLlower are selected mostly it is
expected to show little overhead.

4. PERFORMANCE EXPERIMENT

We examine the efficiency of each file organization tech-
nique. We generate synthetic trace for network bandwidth
variability and transform the trace into a sequence of lay-
ers. This sequence ofselectedlayers are fed to the disk. We
examine the utilization of the disk under different file orga-
nization techniques. It is very important that the analytical

0
 1


2


4


6


8


Bottleneck Link


3


5


7


9


RAP Sink
RAP source


TCP source
 TCP Sink


Figure 5: Network topology

model for each file organization technique properly reflect
the behavior of the physical disk. We examine the disk uti-
lization obtained from the analytical models as well as the
physical experiment. The disk model used in this experi-
ment is the IBM ultrastar 36LP DPSS-309170. To obtain the
bandwidth variability, we used network simulator,ns. Fig. 5
illustrates the network topology in our network simulation.
There are four sources and four sinks. Two sources gener-
ate TCP flow. The two network pairsf6; 8g andf7; 9g are
ftp server and ftp client pairs. The other two sources gener-
ate real-time video traffic. The two sources which generate
the multimedia streaming traffic adaptively change the num-
ber of layers to cope with the congestion status of the sub-
net. We assume that these nodes control the transmission
rate using RAP protocol[5]. To examine the network band-
width trace under various different network conditions, we
use three different bottleneck bandwidths: 6,000 Kbits/sec,
2400 Kbits/sec and 1440 Kbits/sec. TCP Sack1 protocol is
used. Drop tail management is used in the bottleneck queue.
The file used in our experiment is 40 min long and parti-
tioned into 5 layers. The bandwidth requirement for each
layer should be carefully chosen so that the file can support a
wide variety of connection bandwidth. Table 2 shows the
bandwidth requirement for each layer used in our experi-
ment. This partition strategy is based upon Helix Producer
user’s guide[2]. We compare the disk utilization of indi-



(a) 6,000 Kbps (b) 2,400 Kbps (c) 1,440 Kbps

Figure 6: Disk utilization under different bottleneck links

Table 2: Partition of Layers
Layer B/W Cumulative B/W Network Medium

1 34 Kbps 34 Kbps 56 Kbps Dial-up
2 46 Kbps 80 Kbps 128 Kbps Dual ISDN
3 270 Kbps 350 Kbps 384 Kbps DSL or Cable Modem
4 350 Kbps 700 Kbps 768 Kbps DSL or Cable Modem
5 800 Kbps 1500 Kbps 1.5 Mbps or over DSL

vidual placement strategies under different network settings.
We use three different bottleneck bandwidths between node
0 and node 1 in Fig. 5: 1440 Kbits/sec, 2400 Kbits/sec and
6,000 Kbits/sec. InHarmonic Interleaving, layers are parti-
tioned into two groups. To examine the performance ofHar-
monic Interleaving, we examine the performance under three
different layer grouping policies:H2, H3 andH4. H2 parti-
tions the layers into two groupsfL1; L2g andfL3; L4; L5g.H2 is intended to be used for 120k Dual ISDN connections.H3 partitions the layers into two groupsfL1; L2; L3g andfL4; L5g. H3 is used for 384 Kbits/sec DSL connections.H4 partitions the layers into two groupsfL1; L2; L3; L4g
andfL5g. H4 is used for 768 Kbits/sec DSL connections.

Fig. 6 illustrates the relationship between the placement
strategy and disk utilization under different bottleneck band-
widths. When network capacity is 6000 Kbits/sec, Interleav-
ing exhibits the best disk utilization. This is because there is
sufficient network bandwidth availability and thus most lay-
ers are transported. When the bandwidth of a bottleneck link
is 2,400 Kbps, each of the four sessions is allocated on aver-
age 800 Kbits/sec data rate and hence up to layer 4 is trans-
ferred most of the time. In this case, placement strategyH4
yields the best performance. When the bandwidth of a bot-
tleneck link is 1,440 Kbps, placement strategyH3 yields the
best performance.

5. CONCLUSION

Legacy file organization of multimedia contents places the
data blocks in a temporal order. This placement strategy may
not yield optimal performance in a scalable streaming envi-
ronment. We find that organizing the file data blocks solely
in a temporal order or via layer major order does not prop-
erly exploit the disk performance. In this work, we propose a

novel file organization technique,Harmonic Interleavingand
developed an elaborate model to capture the behavior of the
disk. In our experiment, we examine the disk utilization via
a physical experiment and verify that our disk model closely
captures the physical behavior. Via simulation and physical
experiment, we show that harmonic placement scheme yields
superior disk utilization on a moderately loaded network.
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