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Abstract. Broadcast strategy is known as an effective mechanism to dissemi-
nate database information to mobile clients. However, with a very large data-
base items, the access time of mobile client increases accordingly due to high
waiting time to find their data of interest. In this paper, we propose analytical
models for both query access times over broadcast channel and on-demand
channel. We examine the analytical model to find optimum number of broad-
cast items in a channel while utilising query access time over on-demand chan-
nel as a threshold point. The optimum number indicates a point to split the
broadcast cycle and allocate the data items in the new channel. Several factors
are taken into account, which includes request arrival rate, service rate, number
of request, size of data item, size of request, number of data item to retrieve,
and bandwidth. A simulation model is developed to find out the performance of
the analytical model, and it is found the model is close to accurate.

1 Introduction

Broadcast strategy refers to periodically broadcasting database items to mobile clients
through one or more broadcast channels. Mobile clients filter their desired data on the
fly. This strategy is known as an effective way to disseminate database information to
a large set of mobile clients. In this way, mobile client enables to retrieve information
without wasting power to transmit a request to the server. Other characteristics of data
broadcasting includes scalability as it supports a large number of queries, query per-
formance is not affected by the number of users in a cell as well as the request rate,
and effective to a high-degree of overlap in user’s request.

With the increase number of data items to be broadcast, the access time' also in-
crease accordingly as access to data item is sequential. This situation causes some
mobile clients to wait for a substantial amount of time before receiving desired data
item. Consequently, the advantages of broadcast strategy will be diminished.

Alternatively, mobile client can send a request via point-to-point channel or on-
demand channel to the server. The server processes the query and sends the result
back to the client. However, this situation severely affects the query response time

1 Access time is defined as elapsed time from the time a request is initiated until all data item
of interest are received.
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and power consumption of mobile clients, as it involves queuing and cannot scale
over the capacity of the server or network. Thus, in this paper we try to outperform
the query access time over on-demand channel in any situation by optimizing the
utilization of broadcast channel.

Figure 1 illustrates two mechanisms of mobile clients to obtain desired data. Fig-
ure 1 (a) is utilizing on-demand channel, while Figure 1 (b) is through broadcast
channel. These two mechanisms are also referred as pull-based and push-based ap-
proach respectively.
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Fig. 1. The architecture of on-demand channel and broadcast channel

To meet our objective, we propose analytical models for both on-demand and
broadcast channel and they are considered as independent model. Subsequently, we
use simulation model to verify the results of our analytical models in finding the op-
timum number of broadcast items in a channel. This paper focuses on request that
returns multiple data items that is an extension of our previous work, which relates to
a single data item [9]. The term ‘data item’ corresponds to database record or tuples,
and data segment contains a set of data item. A complete broadcast file is referred as a
broadcast cycle [8].

The rests of the section in this paper are organized as follows. Section 2 describes
the background of mobile databases; section 3 contains the related work of the pro-
posed technique. It is then followed by the description of the optimal broadcast chan-
nel, analytical models for both broadcast and on-demand channel, and its application
in section 4. Section 5 introduces parameters of concern, performance results as well
as the performance analysis. Finally, section 6 concludes the paper.

2 Background

In general, each mobile user communicates with a Mobile Base Station (MBS) or also
known as Mobile Support Station (MSS) to carry out any activities such as transaction
and information retrieval. Activities that focus on query to central database server
referred as mobile databases. MBS has a wireless interface to establish communica-
tion with mobile client and it serves a large number of mobile users in a specific re-
gion called cell. Mobile units or mobile clients in each cell can either connect to the
network via wireless radio or wireless Local Area Network (LAN).



Optimizing Query Access Time over Broadcast Channel 441

Wireless radio bandwidth has asymmetric communication behavior in which the
bandwidth for uplink communication is smaller than downlink communication [4]. In
mobile environment architecture, each MBS is connected to a fixed network.

3 Related Work

Strategies to broadcast data through wireless channel have been introduced in the past
few years [1, 2, 3 5, 8]. Broadcast strategy is known to be effective when involving a
large number of users in the cell, which corresponds to a high frequency of requests.

Hybrid and dynamic channel allocation method, which manipulates both the on-
demand channels and broadcast channels, has been presented in [2, 3]. However, in
this scheme, a vigorous cost calculation introduces a high degree of complexity in the
algorithm before it can decide the best channel allocation. Furthermore, the utilization
of on-demand channel forces the client to consume large amount of energy especially
after considering the asymmetric communication cost as indicated earlier. Thus, it is
desirable to have a better strategy in utilizing broadcast channel.

Another strategy has been proposed by [5], in which the data are broadcast based
on replication and partition technique through multiple channels. The data items are
replicated and organized in a way that reflects the distribution of the data. Thus each
channel can have different distribution pattern. This technique is made to overcome
problems such as data distortion and data distribution. However, the number of
broadcast channels used in that case was static. Consequently, when there are very
large numbers of database items, the length of the broadcast cycle increases. This
situation causes some mobile clients to wait for a substantial amount of time before
receiving desired data item even with the help of different pattern of data distribution
over multiple channels.

4 Optimal Broadcast Channel: Proposed Method

In general, the data items are broadcast over a single channel with underlying reason
that it provides the same capacity (bit rate/bandwidth) as multiple channels, and it is
used to avoid problems such data broadcast organization and allocation while having
more than one channel [4]. Nevertheless, the use of single channel will show its limi-
tation when there is a very large number of a data item to be broadcast. However, it is
also not appropriate to simply utilize all available channels to broadcast a set of data
items as it will cause a waste of bandwidth and resources.

The proposed strategy is used to split the length of the broadcast cycle when the
number of broadcast items reaches an optimum point. This process continues until the
access time is above the optimal point. To determine when and which channel the
data item of interest will be broadcast, we assume to utilize Global Index, a multi
channels indexing technique that we have proposed in [10].

Figure 2 illustrates a situation when the optimum number of items in a channel is
known. A simple example, assume the size of the each data items are: 50 bytes. Con-
sider a mobile client who wants to retrieve data item #8. The following two cases
analyze the access time of mobile client when the data is broadcast over a single
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channel as compared to two channels. It is assumed that the client probes into a first
data item in a channel. Case I: Data items (1-10) are broadcast in a single channel.
With this case, all data items are available in a single channel. Client who wants to
retrieve data item #8, has to wait until the desired items are arrived. The total access
time required will be (50 x 8) = 400 bytes. Case 2: Data items (1-10) are split into
two broadcast channels: channel one and channel two with 6 and 4 data items respec-
tively. Since data items are split into two broadcast channel, the access time will also
be different. In this case, client can switch to another channel and wait for the data
items of interest to arrive. The total access time for client to retrieve data item #8
would be (50 x 2) = 100 bytes. Thus, as compared to the first case, this time client can
have a much more efficient data access.
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Fig. 2. Optimal Broadcast Channel

To find the optimum number of broadcast items, we develop analytical models to
calculate average access time of broadcast and on-demand channel. In this context, a
mobile client can only initiate a single request at a time; the next request has to wait
until the first request has been completely responded.

4.1 Multiple Data Item Request

This category involves a request that returns multiple data items. However, the order
of the data retrieval is made arbitrary, which means first arrival of any data item of
interest will be firstly retrieved. We left the data ordering retrieval for future work.
Letd, d,... d,, specifies the number of relevant items for a request. We classify the
number of relevant data items into uniform request that is when the occurrence rate of
d, d,...d, is equally distributed and non-uniform request, when the occurrence rate is

max

otherwise. The non-uniform request is indicated by the corresponding frequency of
occurrence f, for each d, Z S=f+ o+ f1ma =1 We define the frequency of

request for each d, and then we calculate its average d . Similarly, for server service
rate /., we determine the service rate for each request, and find the average service
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rate /7 . The same process also applies to the size of request r. The formulas in table 1

are employed to find d .7, and M for uniform and non-uniform request.

Table 1. Uniform and Non-Uniform Formulas

Uniform Request Non Uniform Request
d max d max
i Yixf,
j — i=1 J — i=1
d max d max
dfx rz‘min +rimax dmax v. . +r. .
_ ‘O 2 Z 5 X f
v = di = i=
max d max
d max
#i d max
_ IZ:,: > %,
H=—" =
d max U=
d max

4.2 Analytical Model of Broadcast Channel

To calculate the average access time for retrieving data (7,) using broadcast channel,
we consider the following scenario:

Xt
e
Data Data Data Data Data Data  |.......... Data
Item 1 Item 2 Item 3 Item 4 Item 5 Item6 |.......... Item i
A B C

Fig. 3. Broadcast Cycle Partitioned Area

In Figure 3, the broadcast cycle is partitioned into three areas: area A contains data
items preceding data items in area B, area B contains the number of desired data
items, and area C includes the rest of data items in the cycle. x,is the total number of
broadcast items that makes up of A+B+C. There are three different scenarios when
mobile client probe into one of these area. s corresponds to the size of data item, we
consider the size is uniform, and the downlink bandwidth is denoted by b..

Probe A: When mobile client probes into area A, the total access time is given:
A-1

Z(A—i+B)><s

i=0 or similarly [Ax(4+2B+1)]xs (D
b 2xb,

s
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Probe B: When mobile client probes into area B, then the total access time is equal to
the total length of broadcast cycle (A+B+C): (A+B+C)xBxs 2

s

Probe C: When mobile client probes into area C, the total access time can be calcu-
C-1
D (C—i+A4+B)xs
lated from: i=0 or equally Cx(24+2B+C+1)xs 3)
b, 2xb

We need to calculate the average access time from equation (1), (2), and (3) as fol-

lows:

[(Ax(A+2B+1))+(2Bx(A+B+C))+(Cx(2A+2B+C+1))|xs
2 XX, sz

“)

If d substitutes for B and X, for A+B+C, then equation (4) can be rewritten as below:

[(xt —d P+2xd xx, )+ @xd x(x, —d)) +(x, —d_)]Xs
T, = )
2th><bs

4.3 Analytical Model of On-Demand Channel

As mentioned earlier, mobile clients can send their request to be processed via point-
to-point or on-demand channel. Thus, the average access time of on-demand channel
(T,) is made for comparison. A comparison is made to locate the optimal point where
the average access time of broadcast channel is equal or less than on-demand channel.
To calculate the average access time of on-demand channel, we classify the analytical
model into the following categories:

a. Pre-determined Number of Request
In this scenario, the total number of request has been known. The average access time
can be calculated using the following analytical model:
n 1
— iX— d_
o L = H o dXs (6)
b, n b

s

The analytical model to calculate the access time of on-demand channel in equa-
tion (6) is based on the architecture that is depicted in Figure 1(a). The access time of
on-demand channel comprises of the time needed to transmit a request to the server,
process the request that involves the time spent in the server queue and retrieve the
relevant data, and send the result back to the client. The transmission of request to the
server is affected by uplink bandwidth, .. n denotes the total number of request, and i
reads the request number. However, in real situation the number of requests is hardly
known. Thus, we consider arrival rate of request, which is described in the subsequent
strategy.
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b. Request Arrival Rate

We replace the determined number of request with the arrival rate of request ().
Thus, the average access time of on demand channel (7)) is now calculated using the
following analytical model:

If the server is at light load 5, — (2 < 1) , which means there is no waiting time then:

To.| Ly Llydxs %
b u b

r 5

Else if the server is at heavy loads , _ [i S 1) , then:
u

A 2] g,

Tp =~

+
- { max b s

The average time in server queue and average processing time by the server are
dynamically changed depending on the arrival rate of request ( ) and service rate. The
maximum number of request in the server queue is defined by gmax.

5 Performance Evaluation

In this section, we introduce three cases, and employ the analytical model to deter-
mine the optimum number of broadcast data items. We develop some simulation
models to verify the results of our analytical model. The simulation is carried out
using a simulation package Planimate, animated planning platforms [7].

5.1 Simulation Setup

The simulation environment is set to apply exponential distribution for both arrival
rate and server service time with given average value. In the simulation model we
incorporate three facilities as multi client environment, we run the simulation process
for five iterations and derive the average result accordingly. In each case, we consider
request that return one or more number of items. Subsequently, we classify the re-
quest into two scenarios, one is uniform request and the other is non-uniform request.
Uniform request is when the frequency of occurrence for all type of request is equal.
Whilst, non-uniform request is when the frequency of occurrence varies. Table 2 and
3 contains a set of parameter used in the simulation. The bandwidth values are deter-
mined according to common transmission rates for packet-switching in GSM cellular
network [6].
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Table 2. Parameters of Concern

A.B. Waluyo, B. Srinivasan, and D. Taniar

Parameter | Description | Initial Value
Broadcast channel
X, | Total number of Broadcast Items | 450
On demand channel
n Number of request (pre-determined number) 50
b, Uplink Bandwidth 9600 bytes
Broadcast and On demand channel
b Downlink Bandwidth 19200 bytes
s Size of each data item 1000 bytes

Table 3. Set of Parameters for Uniform and Non-Uniform Request

Number of Returned Data 1 2 3 4
items (d)
Non-Uniform Request
Frequency of Occurrence () | 0.4 0.3 0.2 | 0.1
Uniform Request
Frequency of Occurrence () | 0.25 0.25 0.25 | 0.25
Non-Uniform and Uniform Request
Size of Request (r) 50-100 101-150 151-200 201-250
bytes bytes bytes bytes
Service Rate (u) 4 request 3 request 2 request 1 request
per sec per sec per sec per sec

5.2 Performance Results

Case 1: To find the optimum number of broadcast items with pre-determined number

of request (uniform and non-uniform request).

Optimum Number of Broadcast Items (Simulated & Analytical)
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(a) Pre-determined Nurrber of Request with Uniform Request

(b) Pre-determined Nurmber of Request with Nor-Uniform Request

Fig. 4. Optimum Number of Broadcast Items with Pre-determined Number of Request (Uni-
form and Non-Uniform request)

This case is categorized into pre-determined number of requests with uniform and
non-uniform request. As shown in Figure 4, we try to find the cross line of on-demand
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channel and broadcast channel. The average access time of on-demand channel is the
threshold point, which appears in a straight line since the number of broadcast items
does not affect its value. The intersection point indicates the optimum number of
broadcast items.

Case 2: Introducing a new parameter, arrival rate of request (). We specify A = 1 per
two seconds, to obtain server utilization p < 1. As shown in Figure 5, the on-demand

channel performs well when the traffic request is low. The broadcast channel seems to
have to allocate its data items in every 10-15 data items to a new channel to keep up
with the performance of on demand channel. However, this is not a good sign since
the number of channels may be excessive and the bandwidth may be well wasted.
Thus, on-demand channel in this case is a better way. Figure 6 denotes optimum
number of items when the server is at heavy load.

Optimum Number of Broadcast Items (Simulated and Analytical) Optimum Number of Broadcast Items (Simulated and Analytical)
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Fig. 5. Optimum Number of Broadcast Items with Server Utilisation © < 1 (Uniform and Non-
Uniform Request)

Case 3: In this case, we specify request arrival rate, A = 4 per second to obtain server
utilization p > 1.
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Fig. 6. Optimum Number of Broadcast Items with Server Utilisation © > 1 (Uniform and
Non-Uniform Request)
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5.3 Performance Analysis

Table 4 shows the optimum number of broadcast items derived from our analytical
and simulation results on the three cases. Our analytical calculation differs about 5
percent in average from the simulation result. Thus, the analytical models are consid-
ered very close to accurate. Having known the optimum number of items in a broad-
cast channel, we can decide how many channels are required to broadcast a certain
amount of data items. Consequently, the average access time of broadcast channel is
minimized.

Table 4. Simulated and Analytical Performance

Optimum Number of Broadcast Items
Uniform/Non Analytical | Simulated | Difference Error
Uniform Rate
Case 1 Pre-determined Uniform 391 400 9 2.3%
Number of
Request Non Uniform 325 311 14 45%
Case 2 Server Utiliza- Uniform 15 16 1 6.2%
tion
<1 Non Uniform 12 12 0 0%
Case 3 Server Utiliza- Uniform 300 305 5 1.6%
tion Non Uniform 170 205 35 17.1%
> 1
Average Error Rate: 5.28%

6 Conclusions and Future Work

We have introduced analytical models for both broadcast and on-demand channel to
find the average query access time over the channel. To locate the optimum value of
broadcast items, we utilize the access time of on-demand channel as a threshold point.
We conduct a simulation model to see the performance of our analytical model in
determining the optimum broadcast items. The optimum number is used as an indica-
tion of when the broadcast cycle needs to be split into different channel, forming
multiple channels. It is found that our analytical model is considerably very close to
accurate as compared to the simulation results. For future work, we will vary the size
of broadcast data items, and ordered the items in a way to meet majority requests.
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