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Abstract: Problem statement: As performance of mobile devices is developed kigbdveral kinds

of data is stored in mobile devices. For effectilada management and information retrieval, some
researches to apply ontology concept to mobile adsviare progressed. However, in conventional
researches, they apply conventional ontology sorstgucture used in PC environment to mobile
platform. Conclusion/Recommendations. Therefore, performance of search about data isaledvnot
effective. Therefore, we suggested new ontologyag® schema with ontology path for effective
hierarchical information in mobile environment.

Key words: Ontology path, hierarchical information, mobileveanment, information retrieval

INTRODUCTION 45
40 =
As a specification (ex. CPU speed, storage capacit zz - =

memory capacity) of mobile phone is getting higher Ef 25 e o
revolutionarily as Fig. 1, current mobile phonesnage L ] Sl
various kinds of data in the phone such as contacts = 15 _/:/"M
calendar, email, schedule, multimedia (ex. imagesion u e
video), application lists. In 20 years, mobile pssor ; P

was progressed from 1MHz to 1GHz and the storage
capacity was developed more than 100 times. However
precise searching of requested information is béugpm
more difficult since there is a considerable insecim the
volume of data in mobile phones. Precise infornmatio
retrieval of the requested information is more intgat
than just fast search of the data (Herman, 2008ké&ret
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Fig. 1: Mobile multi-core processor progress

Therefore, in this study, we suggest new ontology
storage schema for effective information retriesfadut

al., 2[900; Shadbo_Hzt al.,b2006?.. itati th ontology data in the mobile platform. Additionalkye
or overcoming above limitations, there are many,q ¢, 4 comparative  evaluation regarding

researches regarding ontology modeling and ontology . s . :
construction in the mobile platform (D’Aquigt al., lerarchical information retrieval.
2008, Carrollet al., 2004; Carroll and Stickler, 2004; . .
Beckett and McBride, 2004). By the ontology modglin MOntoRath: Basically, the MOntoPath model is bgsed
and construction in the mobile platform, we can agen  ©" relational database as ontology storage (Koféina
mass data effectively and support rich information@- 2005; Lauseret al., 2008; Zhuan and Yuanzhen,
retrieval for users. However, because mobile device2006; McKenzieet al., 2006; Parlet al., 2007; Liu and
have lower processing capacity than PC and laptog;: 2008). The MOntoPath .model consists of a class
effective  information  retrieval or information table, a property table, a triples table and ataime
recommendation services based on the ontology tanntble. The storage schema of the OM-HI model is
be provided in performance aspect until now. Thestmo similar to that of Sesame, excluding the class_path
important thing in the information retrieval based  prop_path attributes, which include hierarchical
ontology is fast and precise information searchusibo structural information. The class and property dabl
hierarchical structured information. include an ID attribute for classes/properties
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identification and a name attribute for specifienes of following elements. Definition 1 presents the node
classes/properties. The class and property tablgsio  constitution in the data graph.

a path attribute and a root_id attribute, for infation

about hierarchical structure between classes anbefinition 1 (Node constitution in the data graph)
properties. In the path attribute, information abou Each nodein the data graph is denoted by a 5-tuple:
hierarchical structure is stored in path form (e.9. Npamer(Na Nu Vi, G, S§), where N represents a
Student/Graduate School Student/Ph.D. Student). Thepecific name for each node, Kepresents a specific
instance table includes an inst_id attribute f@atance node number assigned by DFS searching when the data
identification, an inst name attribute and a clasgraph is created, \fepresents whether a node has been
attribute, in which instances are included. Theldés  visited and a path has been created for the nodetor
table contains relationships among classes, instanc C; represents whether a node has child nodes omglot a
and properties. In the subject and object attrdgute S represents whether a node has sibling nodes offnot
values of class_id and inste_id can be stored. In a node has been visited and a path has been cffeated

predicate attribute, values in prop_id can be store the node, the visiting_flag of this node is 1, otfise O;
a node that has no child nodes has a flag set to O,
MOntoPath model schema: otherwise 1; a node that has no sibling nodes Hizga

set to O, otherwise 1.
» T ={Class, Property, Instance, Triples}
*  Auass= {Class_id, class_name, class_path, root_id} Definition 2 (Case definition in the path creation)

© Apopery = {property_id, property_name, When we create a path for each node from a data
property_path, root_id} B - graph, there are two representative cases (1 and 2)
. Ainstance= {inst_id, inst_name’ ClaSS} and four detailed cases (1, 2-1,2-2 and 2'3):

*  Auipies = {SUbject, predicate, object} c 1: Node.visiting flan=0 and Node.child flag=1
* R(Class, Instnace): {instantiation}, F%Class, Triples): ase . N0 e'VISItIng_ ag=han ode.chiid_llag=1.

{Subject || Object} Case 2: Node.visiting_flag=0 and Node.child_flag=0.
R — (Predi _ Case 2-1: Node.sibling_flag=1 and Sibling_node.
® (Property, Triples) — { redlcate}, Rnstance, Triples) — visiting flag=0
{Subject || Object} 9_flag=u. . _
. C e (4 C - {19 Case 2-2: Parent_n(_)d_e_.S|bI|ng_ﬂag—0 and
(Class, Triplesy™ 1 » J» ~ (Class, Instancey™ 17 Parent_node.sibling_nod e.visiting_flag=0.
* Ceeropeny, Triplesy™ {1."}, C nstance, Triptesf= {*,"} Case 2-3: Ascendant_node.sibling_flag=0  and

Above formal description represents the storagé‘Scendant_node.sibling _node.visiting_flag=0.
schema for the MOntoPath model. T describes table
lists and A illustrates attributes lists in a sfiediable. Definition 2 defines various cases of path creatio
R means a relation name between two tables and €ases 2-1, 2-2 and 2-3 are backtracking cases,vedte
represents cardinality information between twoeabl ~ search leaf nodes. Case 2-1 illustrates the caseewh

For extraction of information about the hierarehic leaf node has sibling nodes that have not beetedlisi
structure between classes or properties from OWILN this case, we perform backtracking to a paremten
documents, the following processes are neededt, Firsand search sibling nodes in the next ordering. Qa2e
we analyze the schema for the OWL document andepresents the case where a leaf node does not have
create a data graph with a hierarchical relatignshi sibling nodes that have not been visited. In thsec we
between classes and properties (Jahgal., 1999; perform backtracking to a parent node that hasngbl
Kobayashiet al., 2005; Zhotet al., 2006; Hepp, 2006). nodes that have not been visited and search sibling
Second, we perform a depth-first search from roonodes of the parent node. If there are no siblioges
classes/properties to leaf classes/properties,dbase Of the parent node that have not been visited, we
the created data graph and create paths for eatdr no perform backtracking to the ascendant node. If the
When we create paths for each node, we search frogscendant node has unvisited sibling nodes tha¢ hav
root nodes to leaf nodes. Then, if we arrive aeaf | not been visited, we search these nodes, as in28se
node, we create a path for the leaf node and thé&his process is iterated until we have searchedyeve
intermediate nodes. However, we create paths foRode in the data graph and path creation is coegblet
intermediate nodes just once and thus we can avoi¢hen there are no nodes in cases 1, 2-1, 2-2 &d 2-
duplicate path creation. Extracted path informatien In addition, we store the ID of the root
stored in a path attribute in the class and prgpertclass/property in the root_id attribute in the slasd
tables. In the data graph, each node consists ef tHproperty tables, for efficient access and searctuhg
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ontology data. If several ontologies are includedhe = SPARQL representations used for comparative
OWL document, information about the root_id atttdou performance. Query 1 is a query for search allubfs
enables us to search and modify the ontology easilyclasses of the MobData class and Query 2 seardhes a
Also, when we modify or reconstruct the ontologye w of sub-classes of the Mobdata class and all ine&anc
check the root class/property of the ontology. The® included in each subclasss. Query 3 is a query for
just modify or reconstruct classes/properties idetli  search all of instances as object when all instamde
in the root class/property. Using the root_id atite, the Mobdata and subclasses are subject. As dedcribe
we can reduce ontology modification and before, all queries in performance evaluation afated
reconstruction time. to search about hierarchical structure betweersetas
However, recently, terabyte or petabyte volumes offherefore, we execute experiment focusing on
data are being stored and managed in a databass. M@omparative evaluation regarding the query proogssi
data storage can be very complicated and dataaan h performance difference among storage systems which
a high level of depth. Therefore, mass data stocage have difference storage structure about hierarthica
result in a storage capacity problem, in terms athp structure information.
attributes. Nevertheless, information stored in plah
attribute in the class and property tables is singling  Performance evaluation: In this study, we execute
data and the capacity of mass data storage isasetdo comparative performance evaluation with 3 storage
on the complexity of the structure, but the qugntit  structure: Sesame structure (Broekstra and Harmelen
instance values. Therefore, we will consider tleeage  2001), Dual (Data Info. + Hierarchical Info.) sttue
capacity problem concerning the path attributehie t (Wooetal., 2008) and suggested structure.

class and property tables as a part of future studi Sesame structure stores hierarchical information
_ into relational database as additional table. Tdidet
Per formance test: consists of super-class and sub-class attributethis

Ontology modeling for test dataset: The ontology
includes relationship and hierarchical information
among data sources applications such as contad, S

case, searching all of hierarchical information dzee
many repeat operations. Dual structure stores ,class
MMS. email, music. picture, video. The ontology is instance information and hierarchical informatioh o

focusing on the definition about classes in theology.  cass and property separately. That is, classrstdrice

The data source class is based on various kinds dpformation is stored in relational database and th
app”cations in the smart mobile p|atform and can b hierarchical information is stored in an additioXallL
divided four typical sub data source classes: tag k file. In Dual structure, for a query processing, meed

data sources class, the message data sourcesthtass,access the relational database and XML file.
multimedia data sources class and the web dat@e®ur Additionally, user queries must be converted SQH an
class. The key data sources class includes indispé  XQuery format. Results from two databases also have
instances such as contacts data and application dato be merged. However, because the suggested system
The data sources in the key data source classtaffegoniains hierarchical information as a Path forhe t

many other data sources. The contacts data affeCl§qiem can recoanize hierarchical location and
information stored in the SMS, MMS, Email and the.g%/ 9

L L & S information of a specific class easily.
application data affects all of application infotina in Thouah the size of the dataset increases. the
the smart mobile platform. If any of data in the kiata 9 . Ny
sources class is changed, the data affected by thata number of classes remains constant. The experilnenta
must be modified. As shown in the Fig. 2, the cotsta results of query 1 are unrelated to the size oftés¢
data and the application data included in the katad dataset. To process query 1, in Sesame structure we
sources class have many ‘DS: Affected By’ perform an iterative search of sub-classes, tockear

relationships with many instances included in othersub-classes of the MobData class. In the dual tstreic
classes. The dataset for the experiment is contactwe access the XML file acquire hierarchical struatu
SMS, MMS, music, image, video, schedule data. Wenformation. Then, we search class informationtia t
perform experiment from 1,000-10,000 data (ShoaiRe|ational database. However, in the case of the
adn Basharat, 2010; Stuckenschmigit al., 2004;  \jontoPath structure, we can search sub-classes by
Uanhui et al., 2009; Valencia-Garcia and Garcia- ; ; :
Sanchez 201’1). ' searching the path attribute in the class tablerdfore, _

’ the suggested system shows the best performance in
Test SPARQL queriess We use 3 queries for terms of the processing time of query 1, because of
performance experiment. Every query is related tcgsearching only one table without any join operation
hierarchical information retrieval. Table 1 repm#se performing query 1.
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Table 1: SPARQL queries for experiment
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Fig. 2: Test dataset ontology

SPARQL query

Query 1

Query 2

Query 3

select ?class
where {
{?class MO::http://www.w3.0rg/2000/01/rdf-schemal#SlassOf ?x.
?x MO::http://www.w3.0rg/2000/01/rdf-schema#subG@s?y
?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montopetti#MobData }union all
{?class MO::http://www.w3.0rg/2000/01/rdf-schema#SlassOf ?y
?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montopetti#MobData }union all
{?class MO::http://www.w3.0rg/2000/01/rdf-schemal#SlassOf
MO::http://software.korea.ac.kr/koolmania/montopati#MobData }
Query for all of sub-classes of the MobData class
select ?instance
where {
?instance MO::http://www.w3.0rg/2000/01/rdf-schemmatanceOf ?class {
{?class MO::http://www.w3.0rg/2000/01/rdf-schemal#SlassOf ?x.
?X MO::http://www.w3.0rg/2000/01/rdf-schema#subGas ?y
?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montopatti#MobData } union all
{?class MO::http://www.w3.0rg/2000/01/rdf-schema#SlassOf ?y
?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montdpatvi#MobData} union all
{?class MO::http://www.w3.0rg/2000/01/rdf-schema#SlassOf
MO::http://software.korea.ac.kr/koolmania/montopatti#MobData }
Query for instances in MobData and sub-classesaifata
select ?x
where {
?x ?y ?instance {
?instance MO::http://www.w3.0rg/2000/01/rdf-scheinatanceOf ?class {
{?class MO::http://www.w3.0rg/2000/01/rdf-schema#SlassOf ?x.
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Table 1: Continuous

?X MO::http://www.w3.0rg/2000/01/rdf-schema#subGas ?y

?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montopetti#MobData} union all

{?class MO::http://www.w3.0rg/2000/01/rdf-schema#SlassOf ?y

?y MO::http://www.w3.0rg/2000/01/rdf-schema#subGlas
MO::http://software.korea.ac.kr/koolmania/montopatti#MobData }

Query for instance as a subject when instancesoinData and sub-classes of MobData is object

2500 16000 7
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2000 =—— - =
- 12000
1500 10000 -+
——— Sesame structure 9000 ====QSesame structure
== == Dual structure = = Dual structure
1000
s MOntoPath structure Sl == MOntoPath structure
500 — e e 4000
2000
0 0
1000 5000 10000 1000 5000 10000
Fig. 3: Test result of query 1 Fig. 5: Test result of query 3
e The results of the aforementioned experiments for

14000 -~
12000 -
10000 -

queries 1~3 prove that the performance of the
MOntoPath model for searching hierarchical struatur
information is superior to that of Sesame and thel d
structure. Sesame structure must perform an ierati
search of sub-classes in the subClassOf table duak
structure accesses the XML file and always perfaams
XPath query for extracting hierarchical structural
: : information. In addition, the dual structure hastzess
1000 5000 10000 RDBMS and search ontology information based on the

Sesame structure

8000 -
6000 +

= = Dual structure

e MOntoPath structure
4000

2000 -
O -

_ extracted hierarchical structural information. Heee
Fig. 4: Test result of query 2 in the MOntoPath structure only values of the path

attribute in the class and property tables to ektra
As the size of the dataset increases, the nunfoer dierarchical structural information. Therefore,térms
instances also increases; if the size of the datasef query processing performance with respect to
increases, the query response time for query 2 alsgierarchical structure, the MOntoPath model always
increases. In the Sesame structure and the MOittoPaghows better performance than the other two systems
structure, we retrieve instances by searching the

instanceOf/instance table, based on the resuligiefy CONCLUSION
1. However, as shown Fig. 3, the system requiree mo
iteration for searching sub-classes in Sesametsteuc In this study, we suggested the new ontology

than the MOntoPath structure. Therefore, querystorage model for effective hierarchical informatio
processing performance for query 2 of the MOntoPathetrieval in mobile platform. In mobile platform,
structure is better than that of Sesame structiféigh 4.  because fast and precise information retrievalhis t
However, in the dual structure, the system requiresnost important factor, the suggested model is fiogus
many more join operations because instances aredsto on those points. Additionally, we performed the
in many classes and property tables. comparative performance evaluation among diverse

In case of query 3, we need execute query 2 andntology storage structures such as Sesame stuctur
additional operation for search triple data. Tripleand dual structure. As shown in the performancg tes
information in stored separately in all of struetur the suggested MOntoPath model shows the best
Therefore, result of query 3 is almost similar hatt  performance regarding hierarchical information
of query 2. Fig. 5 shows the result of query 3. processing.
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For future studies, we need to consider the tradeKobayashi, K., W. Wenxin, D. Kobayashi, A.
off between storage efficiency and query processing Watanabe and H. Yokota, 2005. VLEI code: An
time for hierarchical structural information. Inrgeal, efficient labeling method for handling XML
if the storage efficiency is good, the query preoes documents in an RDB. Proceedings of the 21st
time is long because it does not consider hieraathi International Conference on Data Engineering,
structure in detail. Conversely, if the query pgiag Apr. 05-08, IEEE Xplore Press, pp: 386-387. DOI:
time is short the loading time is long because this  10.1109/ICDE.2005.153
system has complex pre-processing steps. Therefor&pffina, I., G. Serfiotis, V. Christophides, V. Tiaen
we must research both of these cases, with and A. Deutsch, 2005. Integrating XML data
consideration of the trade-off between storage  sources using RDF/S schemas: The ICS-FORTH

efficiency and query processing time.
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