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Abstract congestion within five minutes of my route”),
emergency response (“Dispatch the nearest five

This paper presents PALBS, a preferencePO"CG cars to the crime seen”), safety assurance
aware location-based services system. PALBGAlways ensure that there are at least k
provides scalable personalized location-base@mbulances within certain areas of interest), and
services to users based on their preferencestore finders (“Where is my nearest restaurant”).
Unlike existing location-based service system&he flood of information generated by location-
that answer queries based solely on proximity ifletection devices, along with the large number of
distance, PALBS considers user preferences fMobile users of location-based services, calls for
determining the answer to location-basedhe integration of location-based service
queries. To this end, PALBS does not aim tBinctionality with database systems.
define new location-based queries; instead, it Figure 1 gives a high level overview of
aims to redefine the answer of existing locationlocation-based services where users issue various
based queries. In this system, user requests thcation-based queries through their personal
available service via mobile devices and thélevices. Mobile devices are connected to a
system return the optimal answers related to usétatabase server to submit their queries along
preferences. Within the framework of PALBSWith their locations that are retrieved through
based on Simp|e tree matching' a tree matchin@cation' detection devices. Fina”y, the database
method is proposed by analyzing the structurgerver evaluates the user query based on the user
and content of query tree to efficient match anépcation, the underlying map, and the locations
extract user preferences query. And also, thef objects of interest (e.g., hotels). At the user
proposed system use a label order rooted trelevel, the users see the answer of their queries on
data structure to efficienty match userthe handheld devices guided by the map layout.
preference query based on the user preferences.
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1. Introduction

S o) T
Location-based services are viewed as the QJ @
4

convergence of mobile device technologies,
GlS/spatial databases, and the Internet. Location}
based services aim to provide new services td
their users based on the knowledge of their
locations. Examples of these services include
live traffic reports (“Let me know if there is

Figurel. L ocation-based service



Unfortunately the current state-of-the-location-based Services system (PALBS, for
art location- based services are rigid as theghort) that delivers personalized services to its
cannot make good use of contextual informatiorcustomers based on the user preference query.
Services are provided at inappropriate tim&ALBS will replace the database server depicted
without considering user's intention andin Figure 1 and will go beyond the traditional
changing environment. Also services are rigid ascheme of “one size fits all” of existing location-
processing completely isolates various forms cdware database systems. Instead, PALBS tailors
user “preferences”. For example in a hotel findeits functionalities and services based on the
application users actually want to find the “best'preference of each customer. To show the
hotel according to their current preferences andapabilities of PALBS, consider the example of
context. Existing location-based queryhotel finder application. The user requests the
processors reduce the meaning of “best” to bavailable services via mobile device as his/her
only the “closest” hotel. Any query processingpreferences. Before reporting the query answer,
that produces results based on preference andPALBS will check the user preferences and
context is applied after the location-basediesired location .The system maps user
database operations. In other words, preferenpeeference query and extract the optimal answers
and context are considered afterthought problemmslated to user preference query. Then, the
in terms of query processing. The rigidness ofystem returns most relevance query answers to
such an approach is due to two main reasons: (e users. Thus the proposed system would not
The lack of personalized customer services. Faeport expensive hotel, hotels without user
example, if two persons are asking the samiaterest amenities, nor hotels with conflicting
query in the same location, they will get the samdietary dferings and hotels without desired
answer, even if their personal preferences atecation.
different. (2) The lack of context awareness as
the only considered context is the user location, The rest of this paper is organized as follows:
while other kinds of context (e.g., personaection 2 presents proposed tree matching

preference) are completely ignored. algorithm to efficiently mapping preference
queries. Section 3 covers proposed system

This paper aims to raise the challengearchitecture. Related work is highlighted in
and provide research directions to enablsection 4. Finally, Section 5 gives the conclusion.
practical realization of preference-aware

location-based services. The main idea is tQ, Optimal answers querying based on
embed various forms of preferences in cor?mme-'—ree M atching

processing of location-based queries. To this end,

the proposed system is not aiming to define NeWq eral algorithms have been proposed to

Iocati_on-based queries, instgaq, the system aim Jdress the problem of finding the minimum set
redefine the answer of existing location-base f operations (i.e., the one with the minimum
queries. As the query answer may be returned {0,y 1o match one tree with another. In general,

the users OB.I.tpe'r .T.Ob"fe dewcest W|tth|m|tet he minimum cost of mapping between two trees
screen capabilities, it is of essence to enharee thy " pe crose layer matching and  nodes

quality of the answer and limit the answer toreplacement. Al the formulations have

only those tuples that are of major interest to th@omplexities above quadratic. In [7], a solution
users according to their preferences (e.g., dieta%sed on dynamic programming i:5 presented
restriction, range of price, and acceptable ratinﬂ/ith the complexity ofO (n1n2h1h2)wherenl

for hotel services). andn2 are the sizes of the trees amilandh2

are the heights of the trees. In [6], Yang et al.

Towards the goal of realizing a context roposed a simple tree matching algorithm
and preference-aware location-based servicedOP P . g algo '
hich makes use of dynamic programming to

the system architecture of a preference-awal . )
calculate the maximum number of node-pair



between two trees. This algorithm does not allowhich has the maximum number of matching
cross-layer matching and nodes replacemerpairs.

Compared with the general tree matching

algorithms, this algorithm significantly reduced Let A=R, < Ay,.....,Ay> and B=R <
the time complexity. This system use the simpl&u1....,B:> be two trees, where,Rand R are the
tree matching algorithm to calculate theroot of A and B, respectively;;and B be the ith
maximum mapping between use preferencénd jth node of the first-level subtrees of A and

query tree and database record tree. B, respectively. If the symbols ofsRand R are
the same, then the maximum matching of A and

Tree matching algorithm call the simple treeB (i.e. W (AB) is M ( < AA,....Ay>, <
matching to get optimal answers based on us&i,B,,...,.B,> )+1 , where M ( < AA,,..,A>, <
preference query. Finally, algorithm showsB,B,,...B,> ) = max (M ( < AA,...,An>, <
optimal k-answers from the result set. LetB,,B,,..B..1>) +W( An, Br), M ( < ApAz..., A1
P=R.:<Py,P,,...,Py> and D=R:<D4,D,,....,D> >, <Bl,Bz,...,Bn>), M (< A, Ayl A, < B
be preference query tree and database recdsd, ..., B,>)). If Ry and R contain distinct
tree, where Rand R, are the root of P and D symbols, then W (A,B)=0.
respectively. Let R be the result sets of the retur
value from simple tree matching. The algorithmAlgorithm2: SimpleTreeMatching (A, B)
is shown in figure 2.

1 .if the roots of the two trees A and B contain

Algorithm 1: TreeMatching distinct symbols then

1. Initialization: m= number of preferences in B 2- return 0;

A,
2. R=0

4, n = the number of first-level subtrees of |B
3.forj=1to L do 5

Initialization: M[i, 0] =0 fori=0, ... m;

4. r=SimpleTreeMatching (P;P M[O, ] = 0 for = 0
,j]=0forj=0, ..., n;

5. R{r}=R{r} UD; 6. fori=1tomdo

6. end for

7. forj=1tondo

Figure 2. Tree matching algorithm . . S D
8. MIi, j]=max (M [i, j-1], M [i-1, j], M [i-1,

Simple tree matching algorithm calculates thd] + W [ii j) where W [i, ] =
similarity by using dynamic programming f{o SimpleTreeMatching (AB);
produce the greatest matching, the algorithm

complexity isO(mn),where m and n are the size9- endfor
of A and B. The specific algorithm [6] is shown df
in figure 3. 10.  endfor

Let's write A and B for two trees, i an i
j for two nodes in A and B, respectivel .11' return(M[m, n}+1);
Following [6], a mapping, M, between two treps;5 angit
as follow: For any node pa(ri , j)€ M( (neither i

nor j is root), let Parent(i),parent(j) € M .The  Figure 3. Simple Tree Matching Algorithm
maximum matching of two trees is the matching




First, the roots of two trees are compared. If they 0]N18|N18-N19 0]N20
contain distinct symbols, the two trees totally[do | © [0| 0 0 N18/N19 0 0] 0
not match. If they contain the same symbols,|the | N6 |0f 1 1 Ne| 1| 0 N0 [0] 2
algorithm recursively to find the maximum |ne-N7[0] 1 2 N7| 0 | 1 || N10-N11 [Of 2
matching between the first-level subtrees of fthe
two trees, and save the matching in the| W (€)M215 (d)W5 15 (e)Ms 16
matrix. Then, we calculate the value of matrix|M
according to W. To better understand the 0 | N22| N22-N23 | N22-N24
algorithm, this paper presents a running example | n2o 0 0 0 0 N22| N23| N24
(the maximum matching between two trees showio [ 2 N12 | 0 1 1 N2l o | 1] o
in Figures 4(a) and (b)) to explain the algorithfRaa 1 o | [Niz~13| 0 1 1 Nzl ol o
implementation.
o (AHWs 1¢ (9)M10.2¢ (Wi 2
Xl oa

. B NIS b NI6 ¢ g N

Mo o - Figure 5. (a) M matrix for the first-level

c e+ e ¢ ¢ ¢ s e | subtreesof N1and N14; (b) W matrix for the

N6 NT NS No NIs N19 first-level subtrees of N1 and N14; (c)-(h) M

o o TNl matrix and W matrix for the lower-levels
w12 NI WIFoan
subtrees.

Figured. (a)Tree A (b) TreeB

First, the roots, nodes N1 and N14 are compared. .

Since they contain identical symbol a,g' System Ar chitecture
M1,144,3]+1, the maximum matching value of A
and B is returned. M1,14 is calculated based an
Wy 14 matrix. Each elementWi,j] of W14 is
the maximum matching of thd"iand |" first-
level subtrees of A and B, respectively.; Mi,j]
is recursive calculations based on its M matriy.
For exampleW,45,16] is calculated recursively
by building matrixes (e)-(h), and all the relevan|
elements have been marked with a shadow. T
0" row and & column of the matrix M are
initialized to 0. The construction of matrix,Jy
and W, are shown in Figure 5, where x and
represent the matched node of A and B,
respectively.
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Figure 6. System Architecture

0 [N15 N 15-N16| N 15-N17
o lol o 0 0 nisIN16INi7| | Figure 6 gives the system architecture. It can be
N2 1ol 3 3 3 n2| 3 | o| o|| divided into four parts which are user query
Nznalol 3 2 2 nal o | 1| o|| component, query mapping component, opt|_mal
answers extracting component and return optimal
N2-N4| 0| 3 4 6 N4| O 0 2
sl 3 . . o T3 o top-k answers component. The work flow of the
_ system is shown as follow:

(@M1, (b)W1 1,




(1) In user query component, user requests tf&2 User Preference Query
available services via mobile device as his/her
preferences. A preference query, or simply a query for short,
Q = (V, E, C) is a rooted directed graph with
(2) The query mapping component matches thiabeled variables (i.e., nodes) V, edges E and
user preference query with the service databasenstraints C. The set C contains constraints.
using Simple Tree Matching algorithm (STM).  Each constraint c is either simply true or is @& th
S form vO s whered € {=,#, », ~, <, >, <,>}and s
(3) STM calculates the similarity between usefs 5 constant. Constraint C useg+) to denote
preferences and the available services from th@on-ycontainment of the value s in the textual
system and then, extracts the optimal answegg)ntent of a node.
relevance to the user preference query.
] ) For example, Sam finds a hotel to stay at
(4) Finally, the system ranks the optimal answergangon, Myanmar. Ideally, Sam would like a
according to descending order of similaritycheap (at most 1000$ per night), 5-star hotel in
values returned from STM and then returns th‘?angon, Myanmar. Since he would like to taste
most relevance top-k answers to the user. the eastern cuisine, he would like Chinese food
) to be served at the hotel. Sam needs an Internet
3.1 Service Database Structure connection, to keep in touch. Finally, Sam wants
A database D is a directed, labeled tree. Thgpa and Gym to be at the hotel.Query Q1 in

system use N(D) and E(D) to denote the nodeslgure 8 expresses Sam'’s hotel desires precisely.

and edges, respectively, of D. We use I(n) ] City —vanaon
denote the label of a nodeenN(D). A node n ’ 1 '
can have textual content, denoted tc(n). Givgn hotel
n,me N(D), mis a child of n if (n,m§ E(D). S S

Price (-ml:uitius stars
Figure 7 contains database that use in the REL
proposed system. Database contains informatipn .-~ o
about hotels. In Database, the data is grouped py '00¢  Memer avm spa
city, i.e., underneath each city node is a set pf

hotels located in that city. Figure 8.User preference query

hatels

V (Q)denotes the variables of Q, E (Q) denotes

the edges of Q and C (Q) denotes the set of

constraints in Q. If E (Q) forms a tree, then @ is

hater - tree query. Let D be a database and Q be a query.
- Let y be a mapping of the variables in Q to the

nodes in D.

Ty =Mardalay ... cvecaena O SYANEOS i City =PyinOalwin)

Price MName  gmemites  Star

Prce Name  aeianities  Star
E hotel 900 Panda 3

2000 sedona

rood gy spaiaternet | Given a database D and a query Q, the result of
crina et e M0 applying Q to D is the set Ans (Q, D) of
mappingsy: V (Q) — N (D) that satisfy all

Foud gy internet variables, edges and constraints in Q.

talian

amenities  tar

Figure 7. Database containing hotel 33 Préference Querying

information . )
The system considers the result of evaluating Q1

over database D based on simple tree matching



algorithm. At first, Q1 looks for a node labeledtraveler helper system based on Naive Bayes
city that is the parent of a node labeled hotel. Aslassification. The system just learns the user’s
shown in figure 7, city node “Mandalay” and preferences based on user browsing history from
“PyinOoLwin” are not identical with the city web server and classify user preferences and
preference query city. Thus, the system discardsher information. And then, the system returned
that city, and then city node “Yangon” is thethe filtered preference information to the user.
same with query. The system uses simple trdeXiDong, Y. Ghoashi and T.Hai [4] proposed
matching algorithm to look for the relevantandroid based wireless location and surrounding
hotels as user desires. As a user preference quesarch system design for finding the banks,
in figure 8, the price of hotel must be less thasupermarkets, gas stations and other places
1000, food must be Chinese, and hotel must haweound user and providing navigation function.
internet, gym and spa and then the hotel ratinfhe system searched user query based on
must be five stars. The system matches uskrcation and did not consider user preferences.
preference query tree with database record tree @Ahn and Y.Nah [5] designed location based
figure 7. At first, the Sedona hotel returns fiveweb-service framework for providing users to
similarity values because food, gym, spa, internetccess desired services by interacting with
and hotel rating are the same as user preferencesrvice providers at any places using mobile
Then Micasa hotel returns two values and foudevice. But, the system did not consider user
values return by Panda hotel and so on. Thareferences. Therefore, the returned query
optimal query answers {Sedona, Micasa, Pandanswers from service provider contain
for hotel in Yangon extract as the maximuminformation that users are not interested in. The
mapping of user preference query. Finally, th@roposed system distinguishes itself from all of
system ranks the optimal answers according tihe previous systems. The system considers user
descending order of similarity values as {Sedongreferences to serve the most relevance
Panda, Micasa} and returns the most relevant tapformation to the user according to user
k-answers to the wuser according to usepreference query and then use tree structure
preferences. database for efficient mapping between user
preference query and database record trees.

4. Related Work

5. Conclusion
With the explosive growth of location

based services, several systems have bebnthis paper, the rigidness in current location-
developed for location based queries.M.Pannevizased applications that provide services based
and M.Marx [1] designed context-aware locatioronly on the location context while ignoring
and time based system on a normal mobile phonarious forms of user preferences have
for providing services to the users using welliscussed. To overcome such rigidness, this
sources. The system returned possible quepaper presents the system architecture of a
answers for user requests based on location. TReeference-Aware Location based service system
user get too many results returned from the wefPALBS) that delivers personalized services to
sources because the system did not consider u#srcustomers based on the user preference query.
preferences. T.Zhi, C. Wang, G. Jia and J.HuarlgALBS tailors its functionalities and services
[2] presented context-aware location basetlased on the preferences of each customer.
services which support context awareness. Th#ithin the framework of the PALBS, based on
system used pre-defined rules to do contexdimple tree matching, propose an extended tree
reasoning and solve conflict. And then, itmatching to find optimal answers according to a
deduced user preferences after user histonser preference query. Then, the proposed
checked. L.M.Wang, M.Qi and C.E.Lin [3] system used tree structure database to improve
presented user preference awareness in ciperformance of extracting possible answers with



user preferences. Finally, the system serves users
most relevant optimal k-answers according to a
user preference query efficiently and accurately.
So PALBS are useful for users who want to get
the most relevant services as their desires at
anywhere and/ or anytime.
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