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Abstract

In several mobile applications, the data items broadcast
are dependent upon one another. However, most prior stud-
ies on broadcasting dependent data mainly consider single
broadcast channel environments. In view of this, we explore
in this paper the problem of broadcasting dependent data
in multiple broadcast channels. By analyzing the model of
dependent data broadcasting, we derive several theoretical
properties for the average access time in a multiple channel
environment. In light of the theoretical results, we develop
a genetic algorithm to generate broadcast programs.

1 Introduction

Most prior works about broadcast program generation
were under the premise that each user requests only one data
item at a time and the requests for all data items are inde-
pendent. However, in many real applications, there exists
dependency among data items. Consider a Web page con-
taining some images as an example. Once the user requests
this Web page by a browser, the browser will request these
images automatically after receiving this Web page. In this
example, data allocation algorithms assuming independent
data are not able to effectively optimize the performance of
the broadcast programs. This phenomenon attracts a series
of studies [1][3] on solving the problem of broadcasting de-
pendent data.

In this paper we first model the problem of broadcast pro-
gram generation for ordered queries in multiple channels.
By analyzing the model of dependent data broadcasting, we
derive several theoretical properties for the average access
time in a multiple channel environment. In light of the the-
oretical results, we then formulate the fitness functions and
design a genetic algorithm (abbreviated as GA) [2] to gen-
erate broadcast programs for ordered queries.

2 Preliminaries

It is assumed that the databaseD contains|D| data items,
D1, D2, · · · , D|D| and each data item is read-only and of
equal size. From the users’ perspective, a query is an in-
divisible request of single or multiple data items as defined
below.

Definition 1: An ordered query Qi =
{Dqi(1), Dqi(2), · · · , Dqi(|Qi|)} is an ordered, non-empty
subset of all data items where|Qi| represents the number
of required data items inQi. Note that1 ≤ qi(j) ≤ |D| for
all j where1 ≤ j ≤ |Qi|, andqi(j) = k represents that the
j-th accessed data item inQi is Dk.

The query profile is the aggregation of the access behavior
of all users. Formally, we have the following definition.

Definition 2: A query profile Q consists of a set of
〈Qi, P r(Qi)〉 pairs where|Q| indicates the number of
queries inQ. Pr(Qi) represents the probability that a query
issued by users isQi, and

∑|Q|
i=1 Pr(Qi) = 1.

Let n be the number of broadcast channels andL be the
length of the broadcast program. The broadcast program
can be defined as follows.

Definition 3: A broadcast program without replication1 P
is a placementof all data items inD into ann by L array

whereL =
⌈
|D|
n

⌉
.

We assume that|D| = L × n without loss of general-
ity. To facilitate the further discussion, we define a function
f1 : {1, 2, · · · , |D|} → {1, 2, · · · , L} for each broadcast
program to be an onto function which maps each data item
into its placement in the broadcast program. We also define
the functionDIST (i, j) to represent the distance fromDi

1A broadcast program without replication indicates that each data item
is broadcast with equal frequency.
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Figure 1. An example of broadcast program

to Dj in a broadcast program.DIST (i, j) can be deter-
mined as follows.

DIST (i, j)

=

{
0, if i = j ;
f1(j)− f1(i)− 1, if i 6= j andf1(j) > f1(i) ;
L− f1(i) + f1(j)− 1, if i 6= j andf1(j) ≤ f1(i).

We take the access time as the measurement for the qual-
ity of broadcast programs. Consequently, given the number
of broadcast channels, the databaseD and a query profile
Q, the problem of broadcast program generation for ordered
queries is to determine a broadcast programP which mini-
mizes the average access time of the query profileQ.

Denote the average access time of a queryQi as
TAccess(Qi) and the average access time of a query pro-
file Q asTAccess(Q). The average access time of the query
profileQ can be formulated as the following equation,

TAccess(Q) =
|Q|∑

i=1

[
TAccess(Qi)× Pr(Qi)

]
. (1)

3 Analytical Models

The access time of an arbitrary queryQi can be decom-
posed into three parts:startup time, wait timeandretrieval
time. When a mobile user submits a queryQi, the mobile
device should wait until the system starts to broadcast the
first required data item ofQi (i.e.,Dqi(1)). This time inter-
val is called the startup time. The wait time is defined as the
summation of the time intervals between the moment that
the mobile device completes the retrieval of the data item
Dqi(j) and the moment that mobile device starts to retrieve
the next data itemDqi(j+1). The retrieval time is the aggre-
gated time while the mobile device indeed reads data items
from broadcast channels. It is noted that the retrieval time
of a query is proportion to the number of data items required
by the query.

Without loss of generality, we assume that the user sub-
mits a query on them-th broadcast cycle. We also assume
that the offset between the start time of them-th broadcast
cycle and the moment of the mobile user submits a query
is a uniform distribution over(0, L). Then, we have the
following lemma.

Lemma 1: Denote the average startup time of a queryQi

in a broadcast program asTStartup(Qi). We have

TStartup(Qi) =
L

2
× s

B
. (2)

Similarly, we have the average wait time of the queryQi

in a broadcast programTWait(Qi) below. According to the
definition of wait time, we have

TWait(Qi) =

[|Qi|−1∑
k=1

DIST (qi(k), qi(k + 1))

]
× s

B
. (3)

Since the retrieval time is the aggregation of the time
when the mobile device indeed reads data items from broad-
cast channels, the corresponding average retrieval time of
the queryQi, TRetr.(Qi), is

TRetr.(Qi) = |Qi| × s

B
. (4)

By the definition of the average access time, the average
access time of the queryQi (denoted asTAccess(Qi)) can
be formulated as

TAccess(Qi) = TStartup(Qi) + TWait(Qi) + TRetr.(Qi).

Thus, Eq. (1) is rewritten as

TAccess(Q) = TStartup(Q)+TWait(Q)+TRetr.(Q), (5)

where

TStartup(Q) =
|Q|∑

i=1

TStartup(Qi)× Pr(Qi), (6)

TWait(Q) =
|Q|∑

i=1

TWait(Qi)× Pr(Qi), (7)

TRetr.(Q) =
|Q|∑

i=1

TRetr.(Qi)× Pr(Qi). (8)

Lemma 2: With a query profileQ, according to Eq. (2),
Eq. (6) can be formulated as

TStartup(Q) =
L

2
× s

B
. (9)

Similarly, according to Eq. (3), Eq. (7) can be also for-
mulated as

TWait(Q) =

|Q|∑
i=1

|Qi|−1∑
j=1

[
DIST (qi(j), qi(j+1))×Pr(Qi)

]
× s

B
.
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Figure 2. The flowchart of a genetic algorithm

Consider a pair of data items(Dx, Dy) and a queryQi.
(Dx, Dy) is said tooccur in Qi if there exists at least one
value ofj so thatqi(j) = x andqi(j + 1) = y. The num-
ber of possible values ofj is said to be the number ofoc-
currencesof (Dx, Dy) in Qi. In order to facilitate the cal-
culation ofTWait(Q), an auxiliary tableAT is defined as
follows.

Definition 4: An auxiliary table (referred to as tableAT )
of a query profileQ is a |D| by |D| array whereAT (x, y)
is defined as

AT (x, y) =

|Q|∑
i=1

[
the number of occurrences of

(Dx, Dy) in queryQi × Pr(Qi)
]
.

With tableAT , we have the following lemma:

Lemma 3: With the tableAT for the query profileQ,
TWait(Q) can be formulated as

TWait(Q) =

|D|∑
j=1

|D|∑
k=1

[
AT (j, k)×DIST (j, k)

]
× s

B
. (10)

By Lemma 3,TWait(Q) can be calculated by traversing
the non-zero cells in tableAT instead of scanning the whole
query profile. It will greatly reduce the calculation time of
TWait(Q) especially when there are many queries which
require only a few data items.

In addition, according to Eq. (4), Eq. (8) is formulated
as below,

TRetr.(Q) =




|Q|∑

i=1

[
|Qi| × Pr(Qi)

]


× s

B
. (11)

Finally, according to Eq. (5), the average access time of
the query profile on a broadcast program can be obtained
from the summation of Eqs. (9), (10) and (11).

4 Design of Genetic Algorithm

The flowchart of GAs is presented in Figure 2. By the
definitions in Section 2, a broadcast program can be trans-
formed into a list. As described before, fitness is the mea-
surement of the quality of the chromosomes, and the GA is

designed to search the chromosome with the highest fitness
(i.e, maximize the fitness). Since the goal of broadcasting
dependent data is to minimize the average access time of
the given query profile, the fitness function is defined as
Fitness(P ) = 1

TAccess(Q) .
In accordance with Eqs. (9) and (11), the values of

TWait(Q) andTRetr.(Q) are independent of the broadcast
programs, and therefore, they can be calculated in advance.
Similarly, according to Definition 4, tableAT only depends
on the query profile and can also be constructed after read-
ing the query profile. Finally,TAccess(Q) can be calculated
by the following procedure.

Procedure CalAccessTime(Q,P )
Input: A query profileQ and a broadcast programP .
Output: TAccess(Q) over the broadcast programP .

1: TWait(Q) ← 0;
2: for j = 1 to |D| do
3: for k = 1 to |D| do
4: TWait(Q) ←

TWait(Q) + AT (j, k)×DIST (j, k);
5: end for
6: end for
7: TWait(Q) ← TWait(Q)× s

B ;
8: returnTStartup(Q) + TWait(Q) + TRetr.(Q);

With above procedure, one can effectively optimize
broadcast programs without replication for ordered queries.
In some prior works of broadcast program generation for
independent data, it has been shown that broadcasting fre-
quently accessed data items with high frequencies will be
able to further optimize the broadcast programs. As a re-
sult, broadcast program generation for ordered queries with
replication is a problem worth study.
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