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Abstract

The required real-time and high-rate transfers for mul-
timedia data severely limit the number of requests that can
be serviced by Video-on-Demand (VOD) servers. Resource
sharing techniques can be used to address this problem.
We evaluate through extensive simulation major resource
sharing techniques, considering both the True Video-on-
Demand (TVOD) and Near Video-on-Demand (NVOD) ser-
vice models. Moreover, we propose a statistical approach
for cache management and derive analytical models for op-
timal cache allocation to reduce the demands on the disk
I/O when various resource sharing techniques are used.

1 Introduction

Driven by the increasing expectations of customers for
fully customizable and more convenient services, yet at
low prices, Video-on-Demand (VOD) is expected to replace
both broadcast-based TV programming and DVD movie
rentals at stores. The market has already prepared for such
a change, and some landmark steps have been taken.

Unfortunately, the number of concurrent video streams
that can be supported is highly constrained by the re-
quired real-time and high-rate transfers. These require-
ments quickly consume server resources, including network
bandwidth and disk I/O bandwidth. Resource sharing tech-
niques face this challenge by utilizing the multicast facil-
ity. Resource sharing can be achieved by stream merg-
ing [5, 15, 4, 8, 20, 2], periodic broadcasting [10, 14, 16,
17, 23], and composite techniques [12]. Stream merg-
ing techniques combine streams when possible to reduce
the delivery costs. These techniques include Stream Tap-
ping/Patching [5, 15], Transition Patching [4], and Earliest
Reachable Merge Target (ERMT) [8, 9]. Periodic broad-
casting techniques, such as Skyscraper Broadcasting (SB)

[16], Greedy Disk-conserving Broadcasting (GDB) [10],
Harmonic Broadcasting (HB) [17], and Fibonacci Broad-
casting (FB) [14], divide each supported video into multi-
ple segments and broadcast them periodically on dedicated
channels. Composite techniques, such as Catching [12] and
Selective Catching [12], combine the advantages of stream
merging and periodic broadcasting.

The literature lacks detailed comparative analysis of var-
ious resource sharing strategies. With the many available
resource sharing techniques from different classes, it is un-
clear which one is the best to use in a target environment.
For example, it is unclear how ERMT performs in compar-
ison with Selective Catching and Transition Patching and
how periodic broadcasting techniques perform compared
with stream merging techniques. Moreover, only limited
performance metrics, workloads, and service models were
considered.

Furthermore, there is very little work on cache manage-
ment for reducing the demands on the disk I/O when re-
source sharing techniques are applied. This is, however,
an important issue for designing cost effective and scal-
able VOD servers, especially because of the widening gap
between technology improvements in the capacities and
speeds of hard disk drives [13].

This paper addresses those limitations. The main con-
tributions of this study can be summarized as follows.
(1) We evaluate through extensive simulation major re-
source sharing techniques under both the True Video-on-
Demand (TVOD) and Near Video-on-Demand (NVOD) ser-
vice models. (2) We develop analytical models for optimal
tuning of design parameters for Transition Patching and Se-
lective Catching. (3) We propose a statistical approach for
cache management and derive analytical models for allocat-
ing cache space for various resource sharing techniques. (4)
We introduce the load on the underlying storage subsystem
as an additional dimension to the comparisons among vari-
ous resource sharing techniques and examine the impact of



caching on reducing these requirements.
The performance evaluation considers four target envi-

ronments: mixed-video workload and TVOD, mixed-video
workload and NVOD, hot-video workload and TVOD, and
hot-video workload and NVOD. The first two environments
are suitable for analyzing only stream merging and compos-
ite techniques, whereas the other two can be used to com-
pare all techniques, including periodic broadcasting.

The rest of this paper is organized as follows. Section
2 discusses major resource sharing techniques. The issue
of cache management is discussed in Section 3. Section 4
shows how design parameters can be tuned optimally. Sec-
tion 5 discusses the performance evaluation methodology
and workload characteristics and presents the main results.
Finally, conclusions are drawn in the last section.

2 Resource sharing

Let us now discuss the main resource sharing techniques
analyzed in the paper: Stream Tapping/Patching, Transition
Patching, ERMT, Selective Catching, FB, SB, GDB, and
HB. To conduct fair comparisons and account for limita-
tions in client bandwidth, we do not consider techniques
that require client download bandwidth more than double
the video playback rate, except for HB-based techniques for
their effectiveness in reducing the server bandwidth require-
ments.

Stream Merging Techniques
Stream Tapping/Patching expands the Batching multicast
tree dynamically to include new requests. A new request
joins the latest regular (i.e., full) stream for the object and
receives the missing portion as a patch. Hence, it requires
two download channels (each at the video playback rate)
and additional client buffer space. To avoid the contin-
uously increasing patch lengths, regular streams are re-
transmitted when the required patch length exceeds a pre-
specified value called regular window (Wr). Transition
Patching allows some patches to be sharable by extending
their lengths. It introduces another multicast stream, called
transition patch. The threshold to start a regular stream is
Wr as in Patching, and the threshold to start a transition
patch is called the transition window (Wt). ERMT is a near
optimal hierarchical stream merging technique that requires
two download channels (each at the playback rate). A new
client or newly merged group of clients snoops on the clos-
est stream that it can merge with if no later arrivals preemp-
tively catch them.

Periodic Broadcasting Techniques
SB, GDB, and FB divide each video into a number of non-
equal segments and broadcast each segment periodically
on a dedicated channel at the video playback rate. The
client waits until the beginning of the next broadcast of the

first segment and then receives data concurrently from two
broadcast channels. The relative length of the nth segment
compared to the first segment is determined using a parti-
tioning series. Each protocol has a different series as shown
in Table 1. On the other hand, HB divides each video into a

Table 1: Segment Partitioning in Periodic Broadcasting
Technique Partitioning Series

SB 1, 2, 2, 5, 5, 12, 12, 25, 25, 52, 52, 105, 105,...
FB 1, 2, 3, 5, 8, 13, 21, 34, 55, 89, 144, 233, 377,...
GDB 1, 2, 2, 5, 5, 12, 12, 25, 25, 60, 60, 125, 125,...
Modified GDB 1, 1, 1, 2, 2, 5, 5, 12, 12, 25, 25, 60, 60,...

number of equal segments and broadcasts them periodically
on channels with decreasing bandwidth. The bandwidth for
channel i is b/i, where b is the playback rate. The client
has to receive data concurrently from all broadcast channels
allocated for the requested video. HB has a continuity prob-
lem, which was resolved by Cautious Harmonic Broadcast-
ing (CHB) and Quasi Harmonic Broadcasting (QHB) [19].
Both still require clients to receive data from all broadcast
channels.

Composite Techniques
Catching uses a modified version of GDB (whose series is
shown in Table 1) to deliver the hot videos, but instead of
making the client wait until the beginning of the next broad-
cast time, the client receives the small missed portion by a
patch. A client initially listens to one broadcast channel and
its own patch, and then to two broadcast channels. Selective
Catching extends Catching by delivering the cold videos us-
ing Controlled Multicast [11], which works essentially the
same as Patching.

3 Cache Management

The goal of cache management is to reduce the load on
the storage subsystem and thus reduce the cost of the overall
solution by caching selected data in the main memory. For
VOD servers, a caching technique, called Interval Caching
[6], was proposed. This technique exploits the locality of
reference by caching intervals between successive streams.
It is effective in reducing the I/O load, but unlike other re-
source sharing techniques, it does not address the problem
of the limited network bandwidth. In fact, cache manage-
ment can be used with any resource sharing technique, but
there has been very little work on that. In [3], the impact
of caching was reported by actual measurements for only
limited caching schemes and limited resource sharing tech-
niques.

We investigate here a statistical approach for cache man-
agement. With this approach, the server periodically com-
putes video access frequencies and determines the data to
be cached based on these statistics. Besides being perfor-
mance effective, this approach is easy to implement and



incurs small overhead as updates are triggered only when
the workload varies considerably. This work differs sig-
nificantly from previous work on proxy caching [18] (and
references within), which has different objectives and fac-
tors affecting the allocation decisions. In addition, our ap-
proach differs from low-level caching techniques, such as
Least Recently Used (LRU), Least Frequently Used (LFU),
and Interval Caching [6, 21], whereby the content of the
cache changes frequently, incurring significant overheads.

In this section, we first derive the access distribution
equations for videos served by various techniques and then
use these equations to determine the optimal cache alloca-
tion. For ease of reference, Table 2 describes the main pa-
rameters used in the subsequent analysis.

Table 2: Main Parameters
Parameter Name Symbol

Request Arrival Rate for the jth Video (Req/s) λj

Inter Arrival Time for the jth Video (s) = 1/λj ∆j

Access Frequency Distribution for jth Video (Req/s) Fj(t)

Cache Size (s) S

Size of Cached Portion from the jth Video (s) Sj

Number of Videos V

jth Video Duration (s) Dj

Regular Window for the jth Video (s) Wrj

Transition Window for the jth Video (s) Wtj

Number of Requests per Video Length Nj

for the jth Video = λj × Dj

3.1 Video Access Distributions

We derive next the access distribution equations for each
playback point in a video delivered using various tech-
niques. We assume here a TVOD model where every re-
quest is served immediately (except for Periodic Broadcast-
ing). Hence, the average service rate of video j is the same
as its average request arrival rate (λj). We also assume
that Fj(t) is the rate (frequency) by which the tth point of
time of video j is requested from the disks when there is no
cache. The derived equations were validated by simulation.

Patching and Controlled Multicast
Because of having two types of streams in Patching (and
Controlled Multicast), and having a limit on the maximum
patch length (Wrj), the video can be divided into two re-
gions: [0,Wrj ] and [Wrj ,Dj ]. Since every regular stream
delivers the full video data, all points in the second region
will be requested with an equal rate: 1/Wrj . The situation
is different for the first region because the patches vary in
length. The closer the point to the beginning of the video,
the more likely it will be missed and requested by patches.
The access rate approaches the video request rate (λj) as
the point becomes closer to the beginning. Consequently,

the access distribution can be formulated as follows:

Fj(t)=

8><
>:

λj − ( λj

Wrj
− 1

(Wrj)2
)t 0 ≤ t < Wrj ,

1
Wrj

Wrj ≤ t ≤ Dj .
(1)

Transition Patching
Transition Patching has three types of streams: patches
with maximum length of Wtj , transition patches with
lengths between 3Wtj and Wrj + 2Wtj , and the regu-
lar streams with full video length. Therefore, the region
[Wrj + 2Wtj ,Dj ] is delivered by only regular streams at
an access rate of 1/Wrj . As in Patching, the rate for re-
gion [0,Wtj ] decreases linearly from λj to 1/Wtj . The
region [Wtj , 3Wtj ] is delivered by every transition patch
and regular stream, and thus the rate is 1/Wtj . The region
[3Wtj , 4Wtj ] is delivered by every transition patch and
regular stream except the first transition patch in every reg-
ular window (Wrj). The region [4Wtj , 5Wtj ] is delivered
by every transition patch and regular stream except the first
two transition patches in every regular window. The pat-
tern continues up to the region [Wrj +Wtj ,Wrj +2Wtj ],
which is delivered by only regular streams and the last tran-
sition patch in every regular window, leading to a stair shape
curve. Consequently, the access distribution can be formu-
lated as follows:

Fj(t)=

8>>>>>>>><
>>>>>>>>:

λj − ( λj

Wtj
− 1

(Wtj)2
)t 0 ≤ t < Wtj ,

1
Wtj

Wtj ≤ t < 3Wtj ,
1

Wtj
− n

Wrj
3Wtj ≤ t < Wrj + 2Wtj ,

1
Wrj

Wrj + 2Wtj ≤ t ≤ Dj ,

(2)
where n = � t

Wtj
� − 2.

ERMT
Under a uniform arrival process, where the inter-arrival time
between successive requests for video j is ∆j , the length of
streams in ERMT have the following pattern: Nj/2 streams
have the length of ∆j , Nj/4 streams have the length of
4∆j , Nj/8 streams have the length of 10∆j , etc. Generally,
Nj/2i streams have length L(i) × ∆j , up to i = log2(Nj),
where L(i) = 2L(i − 1) + 2, and L(1) = ∆j . In real-
ity, a customer does not arrive every exactly ∆j , but this
will be the average behavior over a long period. Hence, the
first part of the video from the beginning to ∆j is delivered
(i.e. requested) by every stream, with a request frequency
equal to λj . The second part from ∆j to 4∆j is requested
by Nj − Nj/2 streams. The third part from 4∆j to 10∆j

is requested by Nj − Nj/2 − Nj/4 streams, and so on. To
generalize, the access frequency for the tth point of time in
the jth video is given by Fj(t) = λj

2(1+�log2 ((t/∆j+2)/3)�) .

Catching and Selective Catching
In Catching, each video is divided into Kj segments, and
each segment is broadcast periodically on a dedicated chan-
nel. Thus, the access frequency for any point in a segment is



equal to the inverse of its length. Catching also uses patch
streams to service requests immediately. Patches produce
additional accesses to the data points of the first segment.
The request frequency due to patches decreases linearly up
to the last point in the first segment. Consequently, the ac-
cess distribution is given by

Fj(t) =

{
λj + h(Kj)

Dj
− λj

h(Kj)
Dj

t 0 ≤ t ≤ Dj

h(Kj)
,

h(Kj)
f(n)Dj

Dj

h(Kj)
< t ≤ Dj ,

(3)
where h(m) = Σm

i=1f(i), f(i) is the ith-segment’s relative
size compared to the first segment in the modified GDB par-
tition series, and n can be found using the inverse of func-
tion h(m) as n = h−1(h(Kj)

Dj
t). For Selective Catching,

Equation (3) can be used for hot videos while Equation (1)
can be used for cold videos.

Periodic Broadcasting
The access distribution function Fj(t) is very simple in the
case of periodic broadcasting. For each video segment, it is
the inverse of the segment repeat time. The segment repeat
time is simply the segment length with GDB, SB, and FB
and the segment length divided by the segment allocated
bandwidth with HB-based techniques.

3.2 Cache Allocation Model

The derived access distribution models in the previous
subsection exhibit the following property: Fj(t1) ≥ Fj(t2)
for all t1 < t2. If the optimal cached size for the jth video
is found to be Sj seconds, then we simply cache from the
beginning of the video till the Sj

th second. To allocate
the available cache optimally among all videos under such
property, we simply need to solve two equations:

S =
V∑

j=1

Sj and Fi(Si) = Fj(Sj),

for all i, j ∈ V ideosSet with Si and Sj > 0. The sec-
ond equation means that for all videos with cached portions
greater than zero, the request frequency of the last cached
frame for every video must be equal (or very close).

4 Tunings of Design Parameters

In this section, we derive equations for determining opti-
mally the values of Wr and Wt for Transition Patching. For
Selective Catching, we present an approach for deciding on
what videos to serve with Catching and what videos with
Controlled Multicast when the server resources are limited.
No approach was provided in [12] for such situations.

Transition Patching
The objective here is to derive simple equations for Wr and

Wt, which minimize the number of required server chan-
nels. The number of required channels (chj) with any tech-

nique is given by chj =
∫ Dj

0
Fj(t)dt, where Fj(t) is the

request distribution for the chosen technique. For Transi-
tion Patching, chj = 1

2λjWtj + 1
2

Wrj

Wtj
+ Dj

Wrj
−2 Wtj

Wrj
+1.

By optimizing the number of channels with respect to Wrj

and Wtj , and assuming Wtj << Dj , we obtain:

Wrjopt
=

√
2Wtj(Dj − 2Wtj)

and

Wtjopt
≈ 3

√
2∆2

jDj/
3

√
1 − 2 3

√
2∆2

j/D2
j .

Catching and Selective Catching
In [11] and [12], the optimal number of server channels re-
quired for Controlled Multicast/Patching and for Catching
were shown to be chj =

√
2λjDj + 1 − 1 and chj =

K∗
j + λjFSj/2, respectively. Where FSj is the first seg-

ment length of video j and K∗
j is the optimal number of

broadcast channels. By comparing the required channels by
both, the technique that results in smaller value is chosen for
service [12]. Unfortunately, in many situations the number
of server channels is not sufficient to satisfy the Catching
requirement for every hot video. In that case we need to de-
termine the subset of the hot videos to be served by Catch-
ing. We introduce the following additional test: video j is
served by Catching if ServerChannels × λj

λ ≥ chj . The
idea here is to serve by Catching, among the hot videos,
only the videos whose numbers of required channels are
not greater than their fair share, determined by their con-
tributions to the total number of requests.

5 Performance Evaluation

5.1 Evaluation Methodology

We have developed a simulator for VOD that models var-
ious resource sharing techniques and captures the derived
analytical models for cache management. We consider two
service models: True Video-on-Demand (TVOD) and Near
Video-on-Demand (NVOD). We also consider two video
workloads: mixed-video and hot-video. The mixed-video
workload contains videos with popularities varying from
cold to hot, and the hot-video workload contains only hot
videos. The two service models and the two video work-
loads lead to four target environments: mixed-video work-
load and TVOD, mixed-video workload and NVOD, hot-
video workload and TVOD, and hot-video workload and
NVOD. The first two environments are suitable for analyz-
ing stream merging and composite techniques but not pe-
riodic broadcasting techniques, which are suitable only for



hot videos. By contrast, the third and the fourth environ-
ments can be used to compare all techniques.

In the TVOD model, we compare the server resources
required to service all requests immediately. In the NVOD
model, however, we fix the server resources and compare
the customer defection probability (defined as the proba-
bility that customers leave the server without being ser-
viced because of waiting times exceeding their tolerance)
and the average waiting time. Two types of server resources
are considered: server channels and disk channels. Server
channels represent the requirement in network bandwidth,
whereas disk channels represent the disk I/O bandwidth re-
quirement. A channel is capable of supporting only one
stream at a time.

The results for interval caching are not shown to main-
tain the clarity of the figures because it (combined with
Batching) performs very poorly compared with stream
merging techniques.

5.2 Workload Characteristics

In accordance with most prior studies, we assume that
the arrival of requests follows a Poisson Process with an
average arrival rate λ and that the accesses to videos follow
a Zipf-like distribution with skewness parameter θ. Table 3
shows the default values of the input parameters.

We consider two models of customer waiting tolerance.
For the mixed-video workload, we assume as in prior work
that the tolerance follows the exponential distribution with
a mean value of 2 minutes. For the hot-video workload,
however, we borrow the Time of Service Guarantee (TSG)
model [22, 24], which was used in a different context, since
broadcasting techniques can provide time of service guar-
antees by upper limiting the waiting times by the length of
the first segment. With TSG, customers who receive time of
service guarantees shorter than 2 minutes will wait to be ser-
viced, whereas the waiting tolerance of all other customers
follows the exponential distribution with a mean value of 2
minutes.

For scheduling, we use Maximum Queue Length (MQL)
[7] and First Come First Serve (FCFS) [7]. The results
for Maximum Factored Queue Length (MFQL) [1] are not
shown because it performs poorly in the stream merging
environment (despite its relatively good performance with
Batching).

5.3 Result Presentation and Analysis

5.3.1 Environment I: Mixed-Video and TVOD

This environment helps in comparing stream merging and
composite techniques in terms of the number of server and
disk channels required to achieve TVOD (i.e. zero defection
and waiting time). Let us start by varying the arrival rate

Table 3: Default Parameter Values
Parameter Default Value(s) Default Value(s)

(Mixed-Video) (Hot-Video)

Arrival Rate (Req/min) 30 upto 2400

Number of Videos 120 1, 10, 20

Video Duration (min) 120 120

Video Skewness (θ) 0.271 0.271

Scheduling Policy MQL MQL, FCFS
Waiting Tolerance Model Exponential TSG

while fixing the cache size at 5% of the total size of videos.
Figures 1 and 2 plot the average value results, whereas Fig-
ure 3 plots the maximum (actual) required disk I/O band-
width. The average results represent the average require-
ments over long periods, while the maximum results rep-
resent the actual required number of channels for provid-
ing TVOD for all requests. As expected, the gaps among
the techniques widen as the arrival rate increases because
the workload offers increasingly higher degrees of resource
sharing, which are exploited to different levels by different
techniques. Generally, ERMT has the lowest requirements,
and Patching the highest. Whereas ERMT requires consid-
erably less average disk bandwidth than Transition Patch-
ing, they both require comparable disk I/O bandwidth to
provide TVOD all the time. Interestingly, Selective Catch-
ing does not perform relatively well. The figures also il-
lustrate that resource sharing can achieve significant reduc-
tions in network bandwidth requirements. Compared with
the simple unicast scheme, the reductions with ERMT ap-
proximately range from a factor of 3 to a factor of 15.

Let us now discuss the effectiveness of caching in re-
ducing the disk I/O requirements and examine how various
techniques benefit from caching. Figure 4 depicts the ac-
tual numbers of disk channels that must be available to pro-
vide TVOD for all requests. Whereas ERMT requires the
smallest number of disk channels with no cache, the situ-
ation changes when the cache is introduced. With a cache
size greater than 5% of the total size of videos, Transition
Patching starts requiring fewer disk channels than ERMT.
With a cache size greater than 12%, all the other techniques
require fewer disk channels than ERMT. ERMT benefits the
least from the cache and Patching benefits the most because
of their access distributions in Subsection 3.1. In partic-
ular, as the cache size increases from 1% to 2%, ERMT
reduces the average disk channel requirement by approxi-
mately 7% to 10% and the actual disk channels required to
provide TVOD by 4% to 5%, compared with 11% to 16%
and 12% to 16%, respectively, with Patching.



5.3.2 Environment II: Mixed-Video and NVOD

By varying the number of server or disk channels, we can
use this environment to compare stream merging and com-
posite techniques in terms of the achieved average customer
defection probability and waiting times. Figures 5 and 6
plot these two metrics versus the number of server channels
for various techniques. The results here demonstrate once
again that ERMT performs the best and Patching the worst.

The results are different when limited resource is the
number of disk channels. Figures 7 and 8 show that Tran-
sition Patching performs the best and ERMT performs the
worst, when the limited resource is the disk bandwidth,
in terms of both the defection probability and the waiting
times, except when the cache size is very limited and less
than 2% of the total size of videos. Interestingly, with no
cache, Transition Patching requires about 700 disk channels
while ERMT requires only 580 disk channels to provide a
TVOD service. With 12% of the video data in the cache,
however, Transition Patching can provide TVOD with the
400 available disk channels, whereas ERMT needs more
than double that cache. These results are consistent with
the results in Figure 4. The reason is that even with a small
cache, Transition Patching (and the other two patching-
based techniques: Patching and Selective Catching) can
serve a large fraction of the requests fully from the cache.
With ERMT, however, disk channels will be required by
long streams and also indirectly by a large number of short
streams because they will likely cause previous streams in
the hierarchy to get extended. As discussed earlier, Patch-
ing benefits the most from the cache, but its stream merging
ability is lower than Transition Patching, and thus its overall
performance is worse.

5.3.3 Environment III: Hot-Video and TVOD

In this environment, we compare the performance of var-
ious periodic broadcasting techniques (SB, GDB, and FB)
and the best performer in Environment I (ERMT). Since pe-
riodic broadcasting cannot provide a zero waiting time, we
assume that a maximum waiting time below 2 seconds con-
stitutes a TVOD service.

Figure 9 plots the average and maximum required server
channels per video to provide TVOD for the different tech-
niques. Note that unlike periodic broadcasting, the number
of server channels per video with ERMT depends on the
arrival rate and the number of supported videos. Whereas
periodic broadcasting techniques reserve channels for each
video, ERMT deals with all the resources as one pool and
distributes them dynamically to the requests. While the av-
erage helps in understanding the overall system load, the
maximum indicates the actual bandwidth to be reserved to
achieve TVOD. The distinction between the two metrics
was ignored in previous studies, where only the average re-

sults were usually reported. The results demonstrate that
ERMT scales very well with the request rate even in terms
of both the average and actual (maximum) required band-
width. For a workload of 20 2-hour videos, the request rate
must be constantly over 900 requests/minute for the best
periodic broadcasting technique (FB) to be a better choice
than ERMT. Even when that is the case, while ERMT re-
quires more guaranteed bandwidth, it does not consume it
all the time, which may enable the system to face short pe-
riods of drops in server capacity. Since the required band-
width with ERMT is a function of the number of requests
per video length (i.e., N = λD), the breakpoint is higher
than 900 requests/minute when the videos are shorter.

To highlight the effect of the difference between the av-
erage and actual required number of channels, Figure 10
plots the average and maximum customer waiting times if
only the average required bandwidth is provided. Therefore,
the number of provided channels varies with the request rate
and with the number of videos as well. The service is ob-
viously not TVOD, especially for the relatively low request
rates since some customers had to wait few minutes for ser-
vice. Since scheduling policies can impact the performance
of ERMT compared with periodic broadcasting, both MQL
and FCFS are examined. MQL achieves higher throughput
and shorter average waiting time, whereas FCFS is fairer
and can significantly reduce the maximum waiting time.

5.3.4 Environment IV: Hot-Video and NVOD

In this environment, we can also compare the performance
of various periodic broadcasting techniques with ERMT.
Figures 11 and 12 compare various techniques in terms of
the defection probability and average waiting time. The re-
sults demonstrate that broadcasting techniques can achieve
much lower defection probabilities than ERMT, especially
when the available server bandwidth is not very limited.
With only 8 server channels per video, all broadcasting
techniques cause no defections, whereas ERMT causes
more than 20% defections. However, ERMT achieves
shorter average waiting time for those clients who were ser-
viced, partially due to the high defection percentage.

Finally, let us compare the techniques with Cautious
Harmonic Broadcasting (CHB). Despite its high effective-
ness in reducing server bandwidth, CHB requires high client
bandwidth. The required number of client channels is equal
to the number server channels allocated for the video. In
contrast, FB, SB, GDB, and ERMT always require only two
channels. Moreover, CHB partitions each supported video
into a very large number of segments.
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Figure 1: Effect of Request Rate on
Average Server Channels [Env I]
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Figure 2: Effect of Request Rate on
Average Disk Channels [Env I]

10 20 30 40 50 60 70 80 90 100
200

300

400

500

600

700

800

900

1000

1100

 Request Arrival Rate (Request/Minute)

 M
ax

im
u

m
 R

eq
u

ir
ed

 D
is

k 
C

h
an

n
el

s

  ERMT
  Patching
  Selective Catching
  Transition Patching

Figure 3: Effect of Request Rate on
Maximum Disk Channels [Env I]
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Figure 4: Effect of Cache Size on
Maximum Disk Channels [Env I]
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Figure 5: Effect of Server Channels
on Defection Probability [Env II]
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Figure 6: Effect of Server Channels
on Average Waiting Time [Env II]
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Figure 7: Effect of Cache Size on De-
fection Probability [Env II, 400 Disk
Channels]
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Figure 8: Effect of Cache Size on Av-
erage Waiting Time [Env II, 400 Disk
Channels]
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Figure 9: Effect of Request Rate on
Required Server Channels [Env III]
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Figure 10: Effect of Request Rate on
Waiting Time [Env III, Average Re-
quired Channels Provided]
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Figure 11: Effect of Server Channels
per Video on Defection Probability
[Env IV, TSG, 240 requests/min]
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Figure 12: Effect of Server Channels
per Video on Average Waiting Time
[Env IV, TSG, 240 requests/min]



6 Conclusions

This study has provided three main contributions. First,
we have conducted a detailed analysis of major resource
sharing techniques, spanning different classes, and have de-
veloped analytical models for optimal tuning of design pa-
rameters for some techniques. Second, we have proposed
a statistical approach for cache management and have de-
rived analytical models for optimal cache allocation to re-
duce the demands on the disk I/O when various resource
sharing techniques are used. Third, we have introduced the
load on the underlying storage subsystem as an additional
dimension to the comparisons among various techniques
and have examined the impact of caching on reducing these
requirements. The main results can be summarized as fol-
lows: (1) The proposed statistical cache management ap-
proach is very effective in reducing the disk I/O bandwidth
requirements further: with a cache size of only 2% of the
total size of videos, these requirements can be reduced by
up to 16% for systems with moderate request rates. The re-
duction can be much higher for systems with high request
rates. (2) ERMT is the best candidate for a TVOD service
model. (3) In a NVOD service model, ERMT can lose that
lead to Transition Patching when the limited resource is the
disk I/O bandwidth and to FB when the server capacity is
very limited or the number of videos in the workload is very
small and all videos are extremely popular.
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