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Abstract: Wireless data broadcast is an efficient way of disseminating data to users in the mobile computing environments.

From the server’s point of view, how to place the data items on channels is a crucial issue, with the objective of minimizing the
average access time and tuning time. Similarly, how to schedule the data retrieval process for a given request at the client side
such that all the requested items can be downloaded in a short time is also an important problem. In this paper, we investigate the
multi-item data retrieval scheduling in the push-based multichannel broadcast environments. The most important issues in mobile
computing are energy efficiency and query response efficiency. However, in data broadcast the objectives of reducing access
latency and energy cost can be contradictive to each other. Consequently, we define a new problem named Minimum Cost Data
Retrieval Problem (MCDR) and Large Number Data Retrieval (LNDR) Problem. We also develop a heuristic algorithm to
download a large number of items efficiently. When there is no replicated item in a broadcast cycle, we show that an optimal

retrieval schedule can be obtained in polynomial time.
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1. INTRODUCTION

BROADCAST is a means by which a single server can
transmit data to an unlimited number of clients in a scalable
way [3], [4]. Unlike unicast transmission, broadcast is
scalable because a single transmission of an item satisfies all
outstanding requests for it Generally, there are two types of
broadcast systems: push-based and pull-based.

In a push-based system, the server will broadcast
a set of data items to the clients periodically according to a
fixed schedule; while in a pull-based system, the clients will
first send requests to the server and the server will provide
timely broadcast according to the requests received.
Response time is the time interval between the moment a
client tunes in a broadcast system with a request of one or
more data items to the moment all requested data are
downloaded. It is obvious that shorter response time is more
desirable. On the other hand, in wireless communication
environments, most clients are mobile devices operating on
batteries. The smaller the amount of energy consumed
during retrieving data is, the longer the battery life of a
mobile device will be. Therefore, saving energy is another
important issue for designing wireless data broadcast
system. The fast development of wireless communication
technologies such as OFDM (Orthogonal frequency division
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multiplexing) makes efficiently broadcasting data through
multiple channels possible [25]. How to allocate the data
onto multiple channels to minimize the expected response
time has become a hot research topic and lots of scheduling
algorithms are proposed [11], [19], [21]. When a query
requests only one data item, to schedule the retrieving
process is straightforward. However, it is common that a
query requests multiple data items at a time [9], [15], [18]
(e.g., a user may submit a query of the top 10 stocks). In such
cases, different retrieving schedules may result in different
response time. Moreover, in a multi-channel broadcast
system, retrieving data will probably need switchings among
the channels, which not only consumes additional energy,
but also causes possible conflicts [17], [22], [26]. The LNDR
problem takes the ‘“deadline” into consideration and
therefore also describes the time-critical scenario. For push-

based broadcast, we derive a polynomial time (1 —i—e)-

approximation scheme for LNDR, and we also propose a
heuristic algorithm for it based on maximum independent
set. For the case that all channels are synchronized, we
propose a polynomial time optimal algorithm for LNDR.
When channels are unsynchronized, we prove LNDR is NP-
hard. When all the requested data items have to be
downloaded, we formulate another problem, namely
minimum cost data retrieval (MCDR), with the objective of
minimizing the response time and energy consumption .We
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investigate the approximability of MCDR in push-based
broadcast. Due to the strong in-approximability, we develop
a heuristic algorithm for MCDR.

2. RELATED WORKS

Scheduling is an important issue in the area of
wireless data broadcast. Acharya et al. first proposed the
scheduling problem for data broadcast [1], and Prabhakara
et al. suggested the multi-channel model for data broadcast
to improve the data delivery performance [14]. Since then,
many works have been done for scheduling data on multiple
channels to reduce the expected access time [20,22,2].
Besides, some researches began to study how to allocate
dependent data on broadcast channels (see, e.g.,
[10,19,21,5,6]). With respect to index, many methods have
been proposed to improve the search efficiency in data
broadcast systems (see, e.g., [8,16,18,19,21]).

Jung et al. proposed a tree-structured index
algorithm that allocates indices and data on different
channels [11]. Lo and Chen designed a parameterized
schema for allocating indices and data optimally on multiple
channels such that the average expected access latency is
minimized [12]. In terms of data retrieval scheduling,
Hurson et al. proposed two heuristic algorithms for
downloading multiple data items from multiple channels [7].
As both push-based and pull-based approaches have their
own strengths and drawbacks [15,16], hybrid scheduling is
regarded as a prospective approach to better scheduling.

N. Saxena et al. [17] proposed a probabilistic
hybrid scheduling, which probabilistically selects push
operation or pull operation based on the present system
statistics. Their results show that hybrid scheduling
generally outperforms other purely push-based or pull-based
algorithms in terms of access time. However, the above are
all non-real-time scheduling. Huang and Chen proposed a
scheme based on a generic algorithm to handle a similar
problem [5].

3. PROPOSED WORK

In graph theory, an independent set or stable set
for a graph G is a subset of vertices that are pairwise non-
adjacent. A maximum independent set is an independent set
with the maximum cardinality. As we mentioned in Section
2, a valid retrieval schedule for an LNDR instance is a set of
triples without conflicts. Thus, finding a valid schedule with
the largest number of requested data items is equivalent to
finding a maximum independent set, considering conflicts as
edges and triples as vertices. Although finding a maximum
independent set is NP-hard, we still can devise heuristics that
provide solutions not necessarily provable, but usually
efficient for practice. We next present a sequential greedy
heuristic that guarantees a maximal valid retrieval schedule
(i.e., avalid set of triples that is not a subset of others).

Heuristic Algorithm:
1. Input: an LNDR instance which is represented by
a set of triples.
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2. Construct a graph G of triples and add edges
between conflicted triples;
3. Let P<-@ (P denotes the set of triples selected);
4.  While G is not empty do
select a triple in G with the minimum degree;
put it in P and delete its neighbors;
5.end while
6.output P;

Generally, when a subset of elements need to be selected, a
greedy based algorithm will construct a solution by adding
elements sequentially. Decisions on which element is to be
added is based on certain rule. In SGH each time we add a
triple with the minimum degree. It can be shown that
choosing a vertex and removing its neighbors repeatedly will
achieve a maximal independent set. Thus, the solution
resulted by SGH is maximal. Moreover, based on our
observation, SGH is very efficient in practice, e.g., in Fig.
2a, data item d1 appears twice and SGH will select the one
at time 5, because of its relatively low degree. As a result,
data item d2 can also be downloaded (the number below a
data item indicates its vertex degree). In Fig. 2b, SGH will
select data items in channel c1. As a result, three data items
can be downloaded. If selecting data items in channel c2, at
most two data items can be downloaded. We will
demonstrate the efficiency of SGH through simulation in
Section 6. Since we convert LNDR into MIS only based on
the conflicts, it is clear that SGH can be applied for non-
uniform size data items and non-uniform bandwidth
channels.
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Fig 2: Two examples

MCDR Greedy Heuristic:
1. Input: a broadcast schedule with requested data
item d1,dz,...,dx and two parameters p and ¢ (p<qQ).
2. LetP—@;
3. construct a set Tqi for each data item d;
4. while |P|< kdo
5.

let T < max ;
lsisk<t7~rf(Tdi)>

6.if there exist a channel ¢ and a time interval [x,y] such
that |c[x,y]| > p .y-x<qandy <t
then
7.Put that triples in c[x,y] into P and delete the conflicted
triples;
8.else
let Tr be the triple with the maximum e(Tr);
9.put Tr into P, and delete the conflicted triples;
10.end if
11. end while
12. output P;
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1) Let [x,y] be a time interval and c be a channel, define
c[x,y] to be the set of data items in the time interval [x, y] of
channel c.

2) For each triple Tr= (dr; crr; trr), define e(Tr) to be the
earliest time that data item drr is downloadable if we do not
download Tr at time trr.

3) For each requested data item d, define T d to be the set of
triples of d.

4) Let T be a set of triples, define Tr«(T) and Tre(T),
respectively, to be the first and last triples in T according to
the broadcasting time.

In MGH (Algorithm 5), P holds the triples selected and t is
the earliest possible time that all the requested data items can
be downloaded. Each time MGH searches for a channel
broadcasting a significant number of data items during a
short time interval before t. If there exists such a channel, it
downloads those data items; otherwise, it selects a triple Tr
greedily with the maximum e(Tr). The two parameters p and
g would be chosen according to a, Aactive, ADoze and Aswitch.
When o=0 and Apoze=0, we can ignore the response time and
set g to be greater than the cycle length, which converts the
MCDR problem into a set cover problem, and thus brings an
O(log k)-factor approximation solution. When o=1, we can
decrease g and increase p to minimize the response time,
regardless of the energy consumption.

4. CONCLUSION

In this paper, the data retrieval scheduling for
multi-item requests over multiple channels is studied. Two
optimization problems, LNDR and MCDR, are defined and
some approximation and heuristic algorithms are proposed.
The algorithms are analyzed both theoretically and
practically. Their efficiencies are also demonstrated through
simulation. For LNDR in push-based broadcast, MM can
download the maximum number of data items when the
channels are synchronized. When the channels are
unsynchronized, SGH always achieves a better solution with
respect to GL, NO, MM and RS, and it scales well. AS is
slightly better than SGH but it cannot be applied to download
a large number of data items. For LNDR in pull-based
broadcast, GL is better than NO, and other algorithms cannot
be applied. For MCDR, MGH always outperforms MH, GL,
NO and RS.

RS is also an efficient scheduling when a large
percentage of data items have to be downloaded. To the best
of our knowledge, we do not find any algorithms in the
literature which are designed for pull-based data scheduling
at the server side over multiple unsynchronized channels. As
a direction for further research, one can study the data
scheduling problem for unsynchronized channels from the
server’s point of view.
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