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Location-Based Services for Dynamic Range Queries

Kwangjin Park, Moonbae Song, and Chong-Sun Hwang

Abstract: To conserve the usage of energy, indexing techniques have
been developed in a wireless mobile environment. However, the use
of interleaved index segments in a broadcast cycle increases the av-
erage access latency for the clients. In this paper, we present the
broadcast-based location dependent data delivery scheme (BBS)
for dynamic range queries. In the BBS, broadcasted data objects
are sorted sequentially based on their locations, and the server
broadcasts the location dependent data along with an index seg-
ment. Then, we present a data prefetching and caching scheme,
designed to reduce the query response time. The performance
of this scheme is investigated in relation to various environmental
variables, such as the distributions of the data objects, the average
speed of the clients, and the size of the service area.

Index Terms: Air indexing, caching, data broadcasting, location-
based services, range queries.

L. INTRODUCTION

Recently, the efficient storage and retrieval of moving objects
in database management systems has attracted considerable at-
tention. In location-aware mobile services (LAMSs), the server
is characterized by the large number of mobile clients and sta-
tionary objects that they have to manage. In this environment,
both mobile and stationary clients have the ability to issue spa-
tial queries. The broadcasting of spatial data is an effective way
of disseminating data in a wireless mobile environment, since
this method can be scaled up without any penalty being incurred,
when the number of users grows. However, performance of the
query processing obtained with a broadcasting method is highly
dependent on the order in which the data is broadcasted. There-
fore, the question of how to organize the sequence of the broad-
cast data is a very important issue [1].

In the broadcast-based model, the broadcasting of data to-
gether with an index structure is an effective way of disseminat-
ing data in a wireless mobile environment [2]. Using an index
can help the client to reduce the amount of time spent listen-
ing to the broadcast channel. However, the average time which
elapses between the request for the data and its receipt may be
increased as a result of these additional messages. Air indexing
techniques can be evaluated in terms of the following factors.

e access latency: The average time elapsed from the moment
a client issues a query to the moment when the required data
item is received by the client (see Fig. 1).

» tuning time: The amount of time spent by a client listening
to the channel (see Fig. 1).

The access latency consists of two separate components,
namely,
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e probe wait: The average duration for getting to the next in-
dex segment. If we assume that the distance between two
consecutive index segment is L, then the probe wait is L/2.

s Bcast wait: The average duration from the moment the index
segment is encountered to the moment when the required
data item is downloaded.

The access latency is the sum of the probe wait and Bcast wait,

and these two factors work against each other [3], [4].

In general, the fastest access time in a broadcast cycle is ob-
tained when there is no index, but this increases the tuning time.
On the other hand, increasing the number of index segments in a
single broadcast cycle reduces the tuning time, but increases the
access latency [3], [4]. Therefore, the number of indices in the
broadcast cycle has to be optimized by taking into consideration
the access latency. Consequently, in order to achieve efficient
indexing on air, it is necessary to simultaneously minimize both
the probe wait time and access latency by adjusting the number
of indices in the broadcast cycle.

In this paper, we aim to provide research directions towards
reducing both the tuning time and access latency for LAMSs.
Let’s consider an example in which a user driving in his or
her car and sends a query, such as, “As I am moving in a cer-
tain direction, show me all gas stations within 10 km of my
location.” According to the user’s location and the size of the
query range, the result will be dynamically changed. To han-
dle such a query, the positions of the objects and the mobile
client must be found. For location-aware range queries, we first
introduce the broadcast-based location dependent data delivery
scheme (BBS). In this scheme, the server periodically broad-
casts reports, which contain the IDs of the data objects (e.g.,
building names) and their location coordinates, to the clients.
These broadcasted data objects are sorted sequentially based on
their location before being broadcasted. Then, we introduce
a prefetching scheme for use with dynamic range queries in
LAMSs. The main contributions of our work can be summa-
rized as follows.

o The client can perform range query processing, even if the
desired data objects arrive before the associated index seg-
ment is received. This technique significantly reduces the
latency in broadcast-based location-aware query processing.

o The client simply adjusts the value of » when performing
dynamic range query processing.

o The client can also perform range query processing without
an index segment. In this case, the best access time is ob-
tained, since no index is broadcast along with the file [3],
[4].

The remainder of the paper is organized as follows. Section II
provides background information on the index model and cache
maintenance scheme. Section III discusses the problem descrip-
tion and Section IV describes the proposed BBS scheme and
prefetching method. A performance evaluation is presented in
Section V. Finally, Section VI concludes this paper.
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Fig. 1. access latency and tuning time in wireless broadcast.

II. BACKGROUND

With the advent of high speed wireless networks and portable
devices, data requests based on the location of mobile clients
have increased in number. However, there are several challenges
to be met in the development of location aware query process-
ing [S], such as the constraints associated with the mobile en-
vironment and the difficulty of taking the user’s movement into
account. Hence, various techniques have been proposed to over-
come these difficulties.

A. Spatial Data Services

In [2], authors present a new index structure, called D-tree,
which indexes spatial regions based on the divisions that form
the boundaries of the regions. Different from the existing ap-
proaches, the D-tree neither decomposes nor approximates data
regions; rather, it indexes them directly based on the divisions
between the regions. The basic idea of the D-tree is to in-
dex data regions based on their boundaries. In [6], authors
present new index technique and search algorithms to fit the se-
quential access property of wireless data broadcast. The pro-
posed scheme replicates multiple search trees into linear struc-
ture and distributes index structure over the whole broadcast cy-
cle. The main idea is to allow a client to start query processing
as soon as possible in order to reduce the access latency. In
[7], authors present algorithms to perform KNN search on con-
ventional sequential-access R-tree. Authors point out that com-
monly employed depth first tree results in reading many nodes
and thus, causing higher energy consumption. They present al-
gorithms to adapt and KNN search on R-tree family, instead of
introducing another indexing structure. Furthermore, they in-
vestigate the use of histograms as a technique to improve tune-
in time and memory requirement of KNN search. In [8] and
[9], a linear index structure is proposed based on the Hilbert
curve, in order to enable the linear broadcasting of objects in
a multi-dimensional space. They address the issues involved
with organizing location dependent data and answering spatial
queries on air. However, the Hilbert curve needs to allocate a
sufficient number of bits to represent the index values, in order
to guarantee that each of the points in the original space has a
distinct value. If £ is the number of bits used for a coordinate

in the ith dimension of the targeted m-dimensional space and
n is the number of bits assigned to represent the coordinates,
then a total of )., k bits need to be allocated to represent the
coordinates and the expected time for the conversion is O(n?).
Besides, with this scheme, in order to identify the sequence of
the broadcast data items, the clients have to wait until the in-
dex segment is arrives, even if the desired data is just in front
of them. In [10], authors discuss the specific characteristics of
broadcast environments and conclude that existing index struc-
tures are unsuitable for wireless broadcast environment, since
the most of the previous studies do not consider the time-series
characteristics of the air index. Authors address the issues in-
volved with organizing location dependent data and answering
KNN queries on air. Then, a new index structure, called sorted
fistis proposed to enable a linear transmission of location depen-
dent data and processing of KNN queries. However, they only
provide approximate search techniques. In [11], authors present
techniques for scheduling a spatial index tree for broadcast in
a single and double channel environment. The algorithms exe-
cuted by the clients aim to minimize latency and tuning time.

In the mobile computing environment, caching data at the
client’s side is a useful technique for improving the perfor-
mance. However, the frequently disconnection and mobility of
the clients may cause cache inconsistency problems. In [12],
authors propose location dependent cache invalidation schemes
for mobile environments. In this scheme, they use bits to indi-
cate whether the data item in the specific area has been changed.
For instance, if there are eight service areas and the values of
the bit vector are 00010011, this means that the data item is
valid in 4-th, 7-th, and 8-th only, and they organize each service
area as a group in order to reduce the overhead for scope in-
formation. In [13], authors proposed a polygonal endpoint (PE)
and approximate circle (AC) schemes. The PE scheme records
all the endpoints of the polygon representing the valid scope,
while the AC scheme uses an inscribed circle from the polygon
to represent the valid scope of the data.

B. Broadcast Model

Disseminating data through a broadcast channel allows simul-
taneous access by an arbitrary number of mobile users and thus
allows efficient usage of scarce bandwidth. In [14], authors in-
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troduce a technique for delivering data objects to the clients in
asymmetric environments. In this scheme, groups of pages, such
as hot and cold groups, with different broadcast frequencies are
multiplexed on the same channel. Then, items stored on the
faster disks are broadcast more often than items on the slower
disks. The broadcast disk technique has two main components.
First, multiple broadcast programs with different latencies are
superimposed on a single broadcast channel, in order to provide
improved performance for non-uniform data access patterns and
increased availability for critical data. Second, the technique
integrates the use of client storage resources for caching and
prefetching data that is delivered over the broadcast.

C. Index on Air

Data broadcasting in a wireless network constitutes an attrac-
tive approach in the mobile data environment. However, the
wireless broadcast environment is affected by the narrow net-
work bandwidth and the battery power restrictions of the mobile
clients. The broadcasting of spatial data together with an index
structure is an effective way of disseminating data in a wireless
mobile environment. This method allows mobile clients request-
ing data to tune into a continuous broadcast channel only when
spatial data of interest and relevance is available on the channel,
thus minimizing their power consumption. Broadcasting meth-
ods that properly interleave index information and data on the
broadcast channel can significantly improve not only energy ef-
ficiency, but also access latency. Let data be the number of the
data objects and C be the download time for required records.
There are two parameters that need to be optimized in the one
dimensional space of the access latency and the tuning time [3],
4].

e Optimal Latency: The best latency is obtained when no in-

dex is broadcast along with the data. In this case, the size of
the entire Bcast is minimized, and the average latency time
is @;—“ + C, however the worst value of the average tuning
time is obtained, since it is equal to i“;—“ + C, as shown in
Fig. 2(a).

o Optimal_Tune: This parameter allows the best tuning time
to be obtained, while increasing the access latency. The
server broadcasts the index at the beginning of each Bcast,
as shown in Fig. 2(b). In this case, probe wait is equal to
datatindez and the Beast wait is equal to detetinder 4 ¢,

o (1,m) index: In this method, the index is broadcast m times
during a single broadcast cycle. The broadcast index is
broadcasted every fraction (%) of the broadcast cycle. In or-
der to reduce the tuning time, each index segment and each
data contains a pointer pointing to the root of the next index.
In case of Optimal_Tune and (1, m) indexing, selective tun-
ing is accomplished by multiplexing an index with the data
items in the broadcast. The clients are only required to oper-
ate in active mode when probing for the address of the index
and downloading the required data items, while spending the
waiting time in power save mode (see Fig. 2(c)).

Since the latency is the sum of the probe wait and the Bcast

wait, the average latency time is equal to (%)2 +C =

data + index + C. There are several indexing techniques such
as the distributed indexing approach [4], the signature approach

[15], and the hybrid approach [16]. In this paper, we employ the

(1,m) interleaving technique, in order to interleave the index

and the data on the broadcast channel.

III. PROBLEM DESCRIPTION

An index gives the ability of selective tuning. By accessing
the index segment, the client is able to predict the arrival times
of the desired data items. Then, the client tunes into the broad-
cast channel when the desired data items arrive and downloads
the data items. With this purpose, the client search the sparse
index tree to obtain the approximate location information about
the desired data items. However, existing indexing structures
are unsuitable for LAMSs in wireless data broadcast. The ma-
jor problems which we have to consider are three-fold. First,
the broadcast cycle is lengthened due to the additional mes-
sages. The longer broadcast cycle increases, the average access
latency. Second, the effort of searching for retrieving the arrival
time of the desired data items increases the tuning time and ac-
cess latency. The existing search algorithms are designed for
traditional spatial database and do not consider the time-series
characteristics of the air index. For example, R-tree and its vari-
ant such as R+-tree or R*-tree have been widely used to support
various spatial queries. Thus, mostly existing algorithms pro-
posed for location-based query processing are based on R-tree,
However, backtracking may incur significant access latency. R-
tree-based methods are better supported by random access stor-
ages, such as memory and disk, but not the wireless channels.
Third, although D-tree [2], Hilbert-curve index structure [8], [9],
and distributed spatial index (DSI) [6] alleviate backtracking
problem, this method has the worst latency because clients have
to wait until the beginning of the next broadcast cycle in order to
obtain index segment, even if the desired data is just in front of
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Fig. 3. One dimensional data broadcast: (a) (1, m) index, (b) BBS with opt_access, (c) BBS with opt_tune.

them. Thus, search algorithms need to be revised to fit the linear
streaming property of wireless data broadcast. The client unable
to process spatial queries without an index segment. If the client
trying to process spatial queries without index segment, it has
to tune the whole broadcast cycle. Therefore, this methods have
the worst possible latency, because the clients have to wait un-
til the beginning of the next broadcast cycle, even if the desired
data is just in front of them. Thus, we conclude that the existing
indexing methods are unsuitable for LAMSs.

Let’s consider the three examples of Fig. 3, in which the client
is desired to obtain the data item e, f, g.

Example 1: We assume that an index is broadcast along with
data items and the client begins to tune the broadcast channel
at 7. In this case, the client has to wait until the next broad-
cast cycle (e.g., Beast cycle 2 in Fig. 3(a)), even the desired data
items e, f, g (i.e., 11-th, 4-th, and 15-th data items, respectively)
are broadcasted in the current broadcast cycle. Since the access
latency is the sum of the probe wait and the Bcast wait, we ob-
tain following result for Example 1: probe wait = 13 and Bcast
wait = 15, then the total access latency = 28.

Example 2: We assume that no index is broadcast along with
data items and the client begins to tune the broadcast channel
at T as shown in Fig. 3(b). In this case, the client simply tune
into the broadcast channel and filter all data till the required data
items are downloaded. Since the client dose not need to wait and
tune into the broadcast channel to receive an index, it dose not
need to add the probe wair to calculate the total access latency.
Bcast wait = 4, then total access latency = 4.

Example 3: This is the same as the Example 1, except the

broadcast data items are sequentially ordered based on their lo-
cation as shown in Fig. 3(c). The client has to wait for an index,
in order to process the range queries in the same way of the Ex-
ample 1. Since the access latency is the sum of the probe wait
and the Bcast wait, we obtain following result for Example 3:

probe wait = 13 and Bcast wait = 7, then total access latency
= 20.

IV. PROPOSED ALGORITHMS

In this section, we describe two schemes for use in conjunc-
tion with LAMSs. We first introduce the broadcast-based lo-
cation dependent data delivery scheme (BBS). In this scheme,
the server broadcasts reports which contain the IDs of the data
objects (e.g., building names) and the values of the location co-
ordinates. The data objects broadcast by the server are sorted
based on the locations of the data objects. Then, we present a se-
quential prefetching scheme and object boundary circle (OBC),
in order to reduce the client’s tuning time. In this paper, we as-
sume a geometric location model, i.e., a location is specified as a
two-dimensional coordinate and the broadcasted data objects are
static, such as restaurants, hospitals, and hotels. Mobile clients
can identify their locations using systems such as the global po-
sitioning system (GPS).

A. Broadcast Based LDIS (BBS) Scheme

Through the insertion of an index in the broadcast cycle, the
mobile client is able to predict the arrival time of the desired
data object, as well as being able to perform selective tuning.
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Fig. 4. Example of horizontal broadcasting: (a) Minimun boundary rect-
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The drawback of this solution is that the client has to wait and
listen for an index segment, in order to identify the desired data
object. As stated earlier, when without an index, the average
time of latency is d“;a . However, to handle the nearest neighbor
(N N)-search and the range query processing, average time of
latency is equal to data, since the client has to check the whole
data objects to identify the NV [V data. In this section, we propose
a technique designed to reduce the access latency.

In the BBS method, the sever periodically broadcasts the IDs
and the coordinates of the data objects, along with an index
segment, to the clients, and these broadcasted data objects are
sorted sequentially according to the location of the data objects
before being sent to the clients. In the BBS method, since the
data objects broadcasted by the server are sequentially ordered
based on their location, it is not necessary for the client to wait
for an index segment, if it has already identified the desired data
object before the associated index segment has arrived. In this
method, the structure of the broadcast affects the distribution of
the data object. For example, as shown in Fig. 4, if the data ob-
jects are horizontally distributed, the server broadcasts the data
objects sequentially, from the leftmost data object to the right-
most data object. A simple sequential broadcast can be gener-
ated by linearizing the two dimensional coordinates in two dif-
ferent ways, i.e., horizontal broadcasting (HB) or vertical broad-
casting (VB). In HB, the server broadcasts the LDD (location
dependent data) in horizontal order, that is, from the leftmost
coordinate to the rightmost coordinate, as shown in Fig. 4. On
the other hand, in VB, the server broadcasts the LDD in vertical

order, that is, from the bottom coordinate to the top coordinate.

In order to decide whether to broadcast the data using HB or

VB, the server uses the following algorithm.

Notations:

o leftmost_P: A point that is located at the leftmost extremity
in the map (e.g., object ‘e’ in Fig. 4)

o leftmost_P’: The z-axis coordinate of a point that is located
at the leftmost extremity in the map with the exception of
leftmost_P, where the value of the coordinates of leftmost_P’
> leftmost_P (e.g., object °b’ in Fig. 4)

o x-dist: Distance between leftmost_P and leftimost_P’ based
on z-axis

e y-dist: Distance between leffmost_P and leftmost_P’ based

on y-axis

x-dist_counter: Initial value is 0

y-dist_counter: Initial value is 0

MAX: Number of data objects

NOC: Number of compares (initial value is 0)

Algorithm 1. The server decision algorithm for VB or HB data broadcasting

Input: Data objects’ IDs and locations;
Output: Selection result for HB or VB;

Procedure:

1:  find leftmost_P

2:  while(NOC <= MAX){

3: do: {

4: find leftmost_P’ (if more than two points have same x-axis value,

select upper point first)
5 compare x-dist and y-dist
6 if x-dist>y-dist
T then x-dist_counter++
8: else y-dist_counter++
9: leftmost_P= leftmost_P’
10: NOC + +

12: }
13: if x-dist_counter > y-dist_counter

14: then select HB for the broadcast data object
15: else select VB for the broadcast data object

The server decides the sequential order of the broadcast data
objects based on the above algorithm. If the final value of the
counter, x-dist, is bigger than that of y-dist, that is, the data ob-
jects are horizontally distributed, the server broadcasts the data
objects in horizontal order. On the other hand, if the value of
y-dist is bigger than that of x-dist, that is, the data objects are
vertically distributed, the server broadcasts the data objects in
vertical order. In this paper, we assume that the server broad-
casts the data objects using HB.

In order to identify the desired data object using the BBS
scheme, the client has to check whether or not the current broad-
cast data object is inside the query range during the funing time.
Let the client’s current location be point q and the object’s loca-
tion be point p. Let point ‘¢’ be the center of a circle from the
query range and ‘r’ be the radius of this circle (see Fig. 5). From
point ‘g’ if the point p is located inside the circle, then p is lo-
cated inside the query range. The client may change the value of
‘r’, in order to adjust the size of the search scope. We denote the
Euclidian distance between the two points p and g by dist(p, q).

In the map, we have dist(p,q):=v/(pz — ¢=) + (py — qy)>.
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The client uses the following algorithm to identify the desired
data object.

Notations:

o 5 Server data set

O: Broadcast data object, where O ¢ S

O,: Current broadcast data object, where O, € S

O_outside: Data object that is located outside of the search

range

e S_range: Set of data objects inside the search range, where
S_range c S

e min_bound: Minimum boundary of the z-coordinate (when
the server broadcasts data using HB) of the search range
from the query point ‘¢’ (see Fig. 5)

o maz_bound: Maximum boundary of the z-coordinate
(when the server broadcast data using HB) of the search
range from the query point ‘¢’

Algorithm 2. The client algorithm used to identify the object inside the
search range

Input: Locations of the clients and the data objects;
Output: Set of data objects inside the search range;
Procedure:

if(current data object is an index segment)

I:

2: then find objects inside of the search range using an index segment

3:  else

4: for each data object O € S {

5: if(z-coordinate of O.. is smaller than min_bound)

6: then O, = O_outside

7 else if(min_bound < z-coordinate of O. < maz_bound)
// when broadcast using HB

8: then compare dist(q, O.) and dist(q, )

9: if dist(q, O.) < dist(q, )

10: then O, € S_range

11: else O. = O_outside

12: else

13: stop tune and return the S_range

Lemma 1: If z-coordinate of O. < min_bound, then O, is
located outside of the search range.

Proof: Given a query point ‘g” and the search range radius
‘r’,let O, is an object ‘b’ in Fig. 5. Since the z-coordinate of O,
is outside of the circle, then O. is located outside of the search
range. 0O

Lemma 2: When the data objects are sequentially broad-
casted in horizontal order, that is, from the leftmost coordi-
nate to the rightmost coordinate, if the z-coordinate of O, >
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max_bound, then O, and the rest of the broadcast data objects
in the cycle are located outside of the search range.

Proof: Given a query point ‘g’ and the search range ra-
dius ‘r’, let O, be an object ‘A’ (see Fig. 5). Since O. and
the rest of the broadcast objects’ z-coordinates are greater than
max_bound, object ‘h’ and ‘i’ are located outside of the search
range. Thus, the client no longer needs to tune into the broadcast
channel, and return S_range = {e, f, g}. O

Lemma 3: The results of the Lemma 1 and the Lemma 2 lead
us to the conclusion that if O, satisfies the following steps, then
O. € S_range.

Step 1: The z-coordinate of O, satisfies: min_bound < x-
coordinate of O.< mazx_bound
Step 2: dist(q, 0.} < dist(q,r)

The following shows comparison of the probe wait and the
Bcast wait between BBS and previous index method [3], [4].
Let m denote the number of times broadcast indices.
probe wait:

Previous index method: 3 (index + 4t
+ BBS method: None
Bcast wait.
e Previous index method: 1 ((m x index) + data) + C
e BBS method: 1((m x index) + data) + C
Since the access latency is the sum of the probe wait and the
Bcast wait, average access latency for

¢ Previous index method is %(index + datay 4 1((m x
index) + data) + C' = 3((m + 1)inder + (5 +
1)data) + C.

e BBSis i((m x index) + data) + C.

B. Sequential Prefetching and Caching Method

The result of the S_range may be changed if the client moves.
Thus, the client has to tune its broadcast channel every time it
moves. Data prefetching and caching has been proposed as a
method of hiding the access latency of a data object. In this sec-
tion, we present a sequential prefetching and caching method for
use in LAMSs. In this method, the client prefetches and caches
the data object according to the locations of the data objects for
future use. Since the data objects are sequentially ordered, this
scheme can significantly increase the cache hit ratio. Let w, be
the size of the cached data. The client adjusts the size of w,
according to the client’s speed and the size of the cache. Let
P:={p pn,--,0—2,P-1,P0,P1,P2, > Pn} be a set of n dis-
tinct points that represents the data objects, and g represents a
query point.

Notations:

e w,n>0and{w—n)>0

e NN: An object pg, where dist(py,q) < dist(¥p_,,q) or
dist(po,q) < dist(Vpn,q)

e Pmin: An object p_, where dist(p_(y_n),q) <
dist(pfw, Q) < diSt(p——(w—{rn) y Q)

e Dmax: An object p,, where dist(py—n,q) < dist(py,q) <
dist(puwins>q)

Since the broadcast data objects are sorted sequentially based
on their location, the client can easily identify the NN. After
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the client identifies the NN, it prefetches a data object from
Pmin 10 Pmax. We assume that the each client has a queue, in
order to maintain previously broadcasted data objects. Let S,
be the set of data objects in the queue. Then, the number of
returned data objects depends on the value of w,. If we regard
the value of w, as n, the number of returned objects is 2n + 1.
Hence, if the value of n is 0, the number of returned objects is
1 (nearest neighbor), or if the value of n is 3, the number of
returned objects is 7 (7-nearest neighbors).

Lemma 4: Given a point ‘q’, w. contains k — N N query set,
if Sy is sorted according to the distance between the ‘g’ and p;,
where p; € S,.

Proof: Let S; = {pi,pit1,Pi42, **,Piqn}. If Sy is
sorted ascending order according to the distance between the
‘q’ and p;, then dist(p;,q) < dist(piy1,q) < dist(piy2,q) <
-+ < dist(pitn, q). Hence, if the value of k — NN is n, set of
k— NN = {p;,pit1,Pi+2, -+, Pitn . Therefore, w, contains
k — NN query set from a query point ‘q’. [
The sequentially prefetched data objects are cached on the client
side, and the client checks the validity of each cached data object
using the following algorithm.

Notatious:
e O° Object in the cache
o S°%range: A set of cached data objects partially inside the
range, where S°_range € S_range € S

Algorithm 3. The client’s validity checking algorithm for the cached data
objects

input: Data objects in the cache;
output: Data objects inside the search range;
procedure:

1: foreachdata 0. € 5 {

2 if(xz-coordinate value of O, is smaller than min_bound)

3: then O, = O_outside and arked as invalid

4 else if(min_bound < x-coordinate of O, < maz_-bound)
/f when broadcast using HB

5: then compare dist(q, O.) and dist(q, r)

6: if dist(q, O.) < dist(g, 1)

7: thenO° € S°_range and marked as valid
8: else O° = O_outside and marked as invalid
9: else

10: O°¢ = O_outside and marked as invalid

1.}

12: return the S¢_range

Lemma 5: If O¢ € S°.range , then O° € S_range. Thus,
O°¢ is inside the search range.

Proof: Let S = {a,b,c,d,e, f,g,h,i}, S-range =

{e, f, g}, and S°_range = {q} (see the Fig. 5). If we assume

that the object ‘¢’ is cached on the client side and ¢ € S°_range,

then the object ‘g’ is inside the search range, since 5°_range €

S_range € S. a

Table 1. Simulation parameters.

[ Description ] -Setting |
Service area 1000 x 1000 (km?)
% of service area 30-100
No. data objects 10-1000
Size of data object 256-8192 bytes
Broadcast bandwidth 144 kbps
No. of clients 0-90
Minimum moving speed of the client 10 (kmv/h)
Maximum moving speed of the client 90 (km/h)
Distance of move 5-50
size of w, 0-5
No. of broadcast period 50-100
Size of maxz_OBC longer than 900 m

V. PERFORMANCE EVALUATION

In this paper, we evaluate the performance with various kinds
of parameters settings such as the client’s speed, the size of the
service area, and the distributions of the data objects. Then,
we evaluate the cache hit ratio with parameters such as the size
of w, and the service coverage area. Finally, we compare the
performance of the BBS scheme, the R-tree index [17] scheme,
and the D-tree index [2] scheme. We assume that the broadcast
data objects are static such as restaurants, hospitals, and hotels.
We use a system model similar to that in [13] and [18]. The
whole geometric service area is divided into groups of mobile
supporting stations (MSSs). In this paper, two datasets are used
in the experiments (see Fig. 7(a)). The first data set D1 contains
data objects randomly distributed in a square Euclidian space.
The second data set D2 contains the data objects of hospitals in
the Southern California area, which is extracted from the data
set at {19]. Table 1 shows the notations and default parameter
settings used in the simulation.

A. Latency

In this section, we evaluate the access latency for various pa-
rameter settings, such as the client’s speed, the size of the ser-
vice area, and the number of clients. In this paper, we present
the object boundary circle (OBC) which represents the distance
between the objects, as shown in Fig. 7(b). The radius of this
circle represents the distance between the objects, and the circle
with the longest radius is selected as a hot data object such as C
and D in Fig. 7(b). The server broadcasts data objects with dif-
ferent frequencies, such as hot and cold data objects [14]. The
data objects that are selected as a hot data is broadcasted more
frequent than others in a single broadcast cycle.

A.1 Effect of the Size of the Service Area

In this section, we study the effect of the size of the service
area according to the client’s speed. We vary the service cover-
age area from 5% to 100% of the whole geographic area. The
query arrival time decreases as the size of the service area de-
creases, since the size of the entire broadcast is reduced. How-
ever, the query arrival time is significantly increased when the
client’s speed increase and the client goes outside of the ser-
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(a)

[ S —

D

OBC (object boundary circle)

()

Fig. 7. Scope distributions and OBC: (a)Two scope distributions for per-
formance evaluation, (b) OBC; (1) Min.OBC: Minimum boundary cir-
cle is picked as a hot data object, such as object A (2) max_OBC:
Maximum boundary circle is picked as a hot data object, such as

object D (3) uniform: All data objects are broadcasted in same fre-
quency.

vice coverage area, as shown Fig. 8(a). In this case, the client’s
cached data items become invalid and the client has to tune the
broadcast channel again.

A2 Effect of the Client’s Speed

In this section, we study the effect of the client speed. First,
we vary the client’s speed from 5 to 50 in D1. When the client’s
speed is the lowest, broadcast size of 10% (of the coverage area)
is the best. However, as the client’s speed increases, its perfor-
mance is degraded in comparison with that of the other clients,
since for most values of the client’s speed, the client is out-
side of the service coverage area, as shown in Fig. 8(b). Sec-
ond, we study the performance for different parameters such as
min_.OBC, maz_OBC, and uniform (see Fig. 7(b)) in D2. In
this experiment, we assume that the clients are uniformly dis-
tributed in the map. Fig. 8(c) shows the result as the client speed
increases from 5 to 50, and Fig. 8(d) shows the result as the
number of clients increased from 15 to 90. As shown in figure,
max_OBC outperforms compare to others.

A.3 Effect of the Distribution of Data Objects and the Clients’
Location

In this section, we study the effect of the distributions of the
data objects and the clients’ location. First, we assume that
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Fig. 9. Compare the muning time of BBS with D-tree and Hilbert-curve
index.

the clients are crowded in a specific region such as downtown.
Those data objects which are located in such a region are se-
lected as hot data objects. In this experiment, we evaluate the
performance in relation to four different parameters as shown in
Table 2.

Fig. 8(e) shows the result as the number of client is increased
from 15 to 90 in D1. As shown in figure, the hot_50% out-
performs compare to others as the number of client increases.
Second, we assume that the clients are uniformly distributed in
D2. Fig. 8(f) shows the result as the number of client increases
from 15 to 90. As shown in figure, in this case, the broadcast
hot data object does not affect the query response time since the
clients are uniformly distributed in the map. However, the size
of the service area affect the query response time.

B. Comparison of the Tuning Time of the BBS with the D-Tree
and Hilbert-Curve Index

In this section, we we compare the BBS scheme with the D-
tree and the Hilbert-curve index schemes. Let HC denote the
Hilbert-curve index. In BBS, no index is interleaved in a broad-
cast cycle with the data items. On the other hand, BBS with
(1,m), D-tree with (1, m}, and HC with (1, m) methods inter-
leave an index m times in a broadcast cycle with the data items.
As shown in the Fig. 9, the BBS with (1,m) index outperforms
compare to others, since the sequential access property of the
wireless broadcast. As shown in the figure, tuning time of the
BBS significantly increases compare to others as the number of
data increases. The reason is the client tune into the broadcast
channel and filter all data till the required data items are down-
loaded.

C. Comparison of the Performance of the BBS Scheme with the
D-Tree and the Hilber-Curve Index

In this section, we compare the BBS scheme with the D-tree
and the D-tree index schemes. First, we vary the number of
the data objects from 100 bytes to 500 in D2. Since the clients
do not need to wait and tune into the broadcast channel to re-
ceive an index segment, if they have already identified the de-
sired objects, the BBS scheme shows increasingly lower latency
compared to the D-tree and the Hilbert-curve index scheme.
Fig. 10(a) shows the result as the number of data increases.



486

JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 7, NO. 4, DECEMBER 2005

access latency
access latency

20 40 60 80 100 10 20
% of service area

(@ (b

Speed (km/h)

access latency

30 40 50
Speed (km/h)

—— min_OBC 404
009 max_OBC

Uniform 364

80 30

40

20 / 54

— uniform_100%

—— hot_100%
uniform_50%

—— hot_50%

access latency

access latency
N
8
access latency

No. of client

(@ (e)

No. of clients

No. of clients

®

Fig. 8. access latency: () access latency as the % of servece area increase, (b) access latency as the client speed increase, (c) access latency as the
client speed increase, (d) access latency as the number of client increase, (e) access latency as the number of client increase, (f) access latency as

the number of client increase.

Table 2. Broadcast environment setting.

| Description

-

Setting |

uni form_100%

The server broadcasts data objects with the same frequency such as flat broadcast in
[14] and the service coverage area is the whole geographic area.

hot_100%

geographic area.

The server broadcasts data objects with different frequencies such as those corre-
sponding to hot and cold data objects and the service coverage area is the whole

uni form_50%

The server broadcasts data objects with the same frequency and the service coverage
area is set to 50% of the whole geographic area.

hot_50%

of the whole geographic area.

The server broadcasts data objects with different frequencies such as those corre-
sponding to hot and cold data objects and the service coverage area is set to 50%

Then, we vary the number of clients from 50 to 300. Fig. 10(b)
shows the result as the number of client increases. In this ex-
periment, the server periodically broadcasts 506 data objects to
the clients. Figs. 10(c) and 10(d) show the results of the access
latency as the client’s moving distance and the size of the search
range increases, respectively.

D. Cache Hit Ratio

This section evaluates the cache hit ratio for various param-
eters settings such as the size of w,, the client’s speed and the
size of the service area. First, we vary the client’s speed from
10 to 50 in D2. As shown in Fig. 11(a), the number of cache
hits decreases as the client’s speed is increased. The broadcast
hot data object does not affect the client’s cache hit ratio. In this
case, the uni form_100% outperforms the uni form_50% since

clients discard the cached data object if they move to the other
service area. Second, we vary the client’s speed from 10 to 50 in
D1. As shown in Fig. 11(b), the number of cache hits decreases
as the client’s speed is increased. Third, we vary the value of w,
from 1 to 5 in D1. As shown in Fig. 11(c), the number of cache
hits increases as the client’s speed is decreased and the size of
w, Increases.

V1. CONCLUSION

In this paper, we studied the different broadcasting and
prefetching schemes which can be used for LAMSs. For the
purpose of broadcasting in LAMSs, we present the BBS and se-
quential prefetching and caching methods. In these methods,
we do not modify the previous index scheme. Rather, we sim-
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ply sort the data objects based on their locations, and the server range query processing without having to tune into the broadcast
then broadcasts them sequentially to the mobile clients. The channel, in the case where the desired data objects have already
BBS method attempts to reduce the access latency for the client.  been identified or prefetched into the cache.

Furthermore, the proposed sequential prefetching and caching
method can also reduce the query response time and funing time,
respectively. With the proposed schemes, the client can perform

The proposed schemes were investigated in relation to vari-
ous environmental variables, such as the distributions of the data
objects, the average speed of the client and the size of the ser-
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vice area. The experimental results show that the proposed BBS
scheme significantly reduces the access latency compared with
the R-tree index and D-tree schemes, since the client does not
always have to wait for the index segment.

In this paper, we did not consider the case of moving data
objects in LAMSs. Hence, we are planning to extend this study
to the case of a moving object database. Finally, we are also
planning to investigate the issue of cache replacement in a future
study.
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