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Intelligent Semantic Universal Search in Mobile Platform
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Abstract: Problem statement: As the performance of mobile devices is gettinghbig a large
guantity of information is stored and managed irbileodevices. Therefore, the precise and intelligen
universal search becomes the most important issne the smart mobile platform.
Conclusion/Reommendation: In this study, we suggest the semantic universaich in smart mobile
platform facilitated by the ontology; ontology mdidg, ontology learning and ontology reasoning.
Through the suggested system, we can enhanceitysalitl convenience compared to conventional
universal searches.

Key words: Data Dependency (DD), Data Function (DF), Data Sesir(DS), universal search
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INTRODUCTION The universal search application just allows uders
o ~enter some keywords to retrieve data that contaén t
As a specification (ex. CPU speed, storage capacit given keyword. Therefore, this search method canno
memory capacity) of mobile phone is getting higherretrieve more exact and diverse results. For exampl
revolutionarily, current mobile phones manage \#®io «central park” is given as a keyword, then contacts
kinds of data in the phone such as contacts, catend jmage, music data including given keyword are vigwe
email, schedule, multimedia (ex. image, music, 8)de as a search result. However, if we want to search a
application lists. In 20 years, mobile processorswa picture with my friends at the central park andtects
progressed from 1MHz to 1GHz and the storage cBpaci ahout those friends, the traditional universal cledn
was developed more than 100 times. However, precisgmart mobile platform cannot support them. Many
searching of requested information is becoming morginds of data in mobile device are related eactemth
difficult since there is a considerable increasetiB  search function for semantically related term is
volume of data in mobile phones. Precise informmatio jmportant feature. Therefore, we believe that the
retrieval of the requested information is more in@ot  aqddition of explicit semantics can improve seansh i

than just fast search of the data (Kim, 2011; K&mal.,  smart mobile devices.
2009; Chaisatien and Tokuda, 2011; Sagayesta., For Realizing above improvement, we suggest the
2009; Bellavistat al., 2006). semantic universal search in this study. The Semant

For overcoming above limitation, many platform ynjversal search is an ontology-based applicatam f
companies support a universal search in smart mobilsupporting search about relationships between afset
platform for ease to search about diverse dataobil®m  terms and concepts. We construct additional ontolog
phones. Most of mobile platform suppliers made arfor consisting relationship among various kindslafa
effort for effective search. The universal searchin OWL format (Cristani and Cuel, 2005; Noy and
application of many platforms provides an integiate Hafner, 2007; Garcia-Castro and Gomez-Perez, 2010;
search view about many kinds of data in the mobileBackett and McBride, 2004; Macguinness and
phone. Given a keyword, the universal searctHarmelen, 1976; Rest al., 2003). Then, the semantic
application execute search various kinds of dath 8  universal search includes all of related data asche
contacts, schedule, email, image, video, music smd results by using that ontology. In addition, thenaatic
on. Then, the universal search application provities universal search provides a graph view for seagshlit
integrated view about unified search results. display. This view is superior to traditional lis&sed

However, universal search applications mentionedearch result view in user convenience and aestheti
above are based almost purely on the occurrence @Rich, 1983; Trajkova and Gauch, 2004; Gaetlal.,
words in documents as the traditional information2003; Razmeritaet al., 2003; Mikroyannidis and
retrieval (Chen and Koskela, 2011; Xuaral., 2011). Theodoulidis, 2005 Markelloet al., 2005).
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Specint 2000 score Data Function (DF) ontology: The DF ontology
processor speed Vs year includes functions information of each data sowand

10000 inter-operations among several applications. The DF
L, Rt ontology supports the definition about propertieghie

10 g ® ontology. The DF ontology is based on functions and

operation of several applications. The Fig. 3 shaws
part of the DF ontology. Each applications and
application data have ‘DF:ManageFunc’ property and
‘DF:ProvideFunc’ property. The ‘DF:ManageFunc’
property can be defined many sub-properties based o
characteristics of each application. Charactesst¢
each application are based on functions and opesati
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—— & Intel 486 N — supported by applications. For example, the
* Intel pentivm 2 'I”fe:"i"fg}ﬁl; + Intel pentium 4 ‘DF:ManageFunc’ property between the contacts
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= Alpha21264 & Sparc < Super spar ¢ appllcatlon and contact_ data has_ five sub prom?rne
* Spar c64 @ Mips f HP PA which represents typical function or operation.
Pomell TEELD AMD K7 Generally, the contacts application supports stprin
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delete, modification, search and move data function
addition, the search function provides three detail
search functions: search by name, phone number and
group. The move data property also has additiomad s

e o : properties: download and upload functions.
Data modeling: For overcoming limitations of services Excent for property between the specific
supported by conventional universal searches and .~ P property W pecih
realizing intelligent and semantic services forrasthe application and appllcatpn Qata, there are propert
data modeling based on ontology must be performsed aPetW_eef? different apphcaﬂor_ws o the _specific
the first priority. In this study, we construct Btologies ~ aPPlication and the other application data. The SMS
for more precise and semantic search servicesDete ~and MMS applications have property with the corstact
Sources (DS) ontology, the Data Function (DF) agpl ~data. Additionally, every application is controlléy
and the Data Dependency (DD) ontology. the application manager. The red lines in the Big.
represent the specific application and the other
Data Sources (DS) ontology: The DS ontology applicaFion data and_the blue Iin_e in the Fig. 8veh
includes relationship and hierarchical information Properties between different applications
among data sources applications such as contadts, S
MMS email, music picture, video,. The DS ontology i Data Dependency (DD) ontology: The DD ontology
focusing on the definition about classes in thelogly.  represents dependency between applications and
The data source class is based on various kinds @nvironment. For example, there can be following
applications in the smart mobile platform and can b restrictions. (1) The application manager can etecu
divided four typical sub data source classes: tg k ‘DF: delete data’ operation about application data
data sources class, the message data sourcesthbtass, restrictively. When some application has no apfitica
multimedia data sources class and the web datae®ur data, the application manager can delete that
class (Fig. 1). The key data sources class includeapplication. (2) If some contacts information ideded,
indispensable instances such as contacts data atfie SMS and the MMS application cannot perform ‘DF:
application data. The data sources in the key dataearch by name’ operation by that name. (3) Ifahsr
source class affect many other data sources. Theot the SD card or the smart platform does not stpp
contacts data affects information stored in the SMSthe SD card, the application manager cannot execute
MMS, Email and the application data affects all of ‘DF: Move to SD’ operation. (4) If the smart platfio
application information in the smart mobile platforlf ~ does not support network communication at sometpoin
any of data in the key data sources class is clianige  the contact application cannot perform ‘DF: movéata
data affected by those data must be modified. Asveh operation. Except for (1), (2), (3) and (4), theam be
in the Fig. 2, the contacts data and the applicadiata several another restrictions regarding operation of
included in the key data sources class have ma®y ‘D application in the smart mobile platform. These
Affected By’ relationships with many instances u#d  restrictions are considered when the services are
in other classes. recommended and provided to users by the devices.
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Fig. 1: Mobile CPU progress

Semantic data modeling:
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Fig. 2: Data sources ontology
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Fig. 3: Data functions ontology
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Fig. 4: User profile ontology

Table 1: Axioms in ontology comparison * Service: Service name which the user used

Axioms Description «  Function: Function name which the user used for

Axioms 1 Regarding user WU is interested . .
to resources R, then is certainly getting the S.erVICe . .
interested to the lower « Data: Data list related to the function and service
_ concer:jt?on resources o_f R g which the user used
Axioms 2 R e e +  Preference: Application use weight for each user
higher position of R by certain proportion » Restriction: Specific restriction about application
Axioms 3 Regarding user interested in resourceR'R, or service which user used
lower position concept is more close to
. the user's interests compared to higher position Figure 4 shows ontology structure for user profile
Axioms 4 Regarding resource R, deeper . . .
depth is suitable to more users When provides information to the user, compares use

profile ontology, DS ontology, DF ontology and DD

User profile modeling: The representation method of ontology then provides the similar one. If thesauser
user profile refers to how to save the user’s dehfan interested information in the system, provides this
formation and it's closely related to Web knowledgeresource. Otherwise gives its lower position resesir
expression method sometimes. There are mangccording to the axiom 1 and 3 in the Table lhéflower
representation methods for user profile nowadaysh s position resource does not exist, provide the highe

as keyword vector, semantic network, XML or RDF nosition resource according to the axiom 2 in tabld 1.
and so on. However, conventional methods for

representation of user profile cannot satisfy teers U file sdlection:

semantic and intellectual demand, so it is impeeatd Ser protiie on.

use new methods to express users informationC!asSfying and clustering: At present there are

Ontology has good conceptual hierarchical structurénainly two methods to obtain user's characteristic

and support logical reasoning well, thus use usafilp  information: the explicit and the implicit methodghe

based on the ontology is kind of new attempt. explicit methods is that users provider their own
User profile ontology includes following 7 classes correlative information of interest. This methodah caflect

user information, application, service, functiorgtal  the user's need and interest change quite acoyrétat

preference, restriction: require the direct participation of users. The igiipl

method carries on the analysis of user’s informagiaved
» User Information: Basic user information including by the system, namely the web mining. The reatimatif

name, phone number this method is complex, but the implicit method sloet
» Application: Application name which the user usedneed user's participation. This point has a vital
or related applications significance in the practical application.
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For realization of the implicit method, we dig reasoning. In this study, we perform ontology redsg
user's use pattern and preference, pick up concefty Using equivalence relation of ontology such as
subject corresponding to each pattern and anahgset symmetric, inverse, transitive, hierarchical praijest
concept subjects to obtain the relativity betwebke t Symmetric relation:
concept and user. This is a kind of classificatidth
completely no information of category. In realipati  {ClassA, PredC, ClassBg {ClassB, PredC, ClassA}

process, may first carry on the cursory clustefind The symmetric relation means that the class A is

the bas!s_ of_classmcatlon and re_d uce the S?"*"a"‘e? equivalent to the class B. The symmetric relatian be
of classification, then user supervised clusteriregghod represented as above.

to improve the precision further. The software wect
machine and unsupervised clustering method would bgyersereation:

taken as an example. {ClassA, PredC, ClassB& {ClassB, PredD, ClassA}
In training stage, assign cluster radius r and fin
each center of positive example set and countengbeam The inverse relation means that if the class A is

set with unsupervised clustering method. Inputt@si related to the class B with the specific predictite,class
example set and counterexample set of class B has relationship with A by the particular pretica he
separately and seek their respective center, among:  inverse relation can be illustrated as above.
In the DF ontology, we can reason the typical
Q+={xi|(xi,yi) e E,yl =1} inverse relation. Each application class has aaiatiip
Q- ={xi| (xi, yi) € E, y1l = -1} with application data class by 'DF:ManageFunc’
predicate. In addition, Each application data cless
The center of)+ is O1+, O2+,..., On+, the center connected to the application class with the
of Q- is O1-, 02-,... Om-. ‘DF:ProvideFunc’ predicate. As a result, we carscea
Then choose some training example and give it ¢o ththat if two classes has relationship by
soft vector machine to study. Its principle is thla¢ DF:ManageFunc’ predicate, the inverse relationship
training set contains all positive examples and esomhas ‘DF:ProvideFunc’ predicate
counterexamples that are close to the center dfiyms o ]
examples. We choose these counterexamples becaukeansitiverelation:
they are more likely elected for the support vecidre

given cutting radius R (R > r), soft vector machine{ClassA, PredC, ClassBj
training set may reduce to: {ClassB, PredC, ClassD% {ClassA, PredC, ClassD}

Q+U{X|XEQ-AXE (Oi+)} The transitive relation means that if the classA
related to the class B and the class B is relatetthe
Among this, Oi+ is the circle center of BR (OiR) class. C the c_Iass A is also related to the clas§h@é
' ' transitive relation can be represented as above.

's the radius. In the DS ontolo e can extract new ontolo
In recognition stage, regarding random vector x gy, w X W 9y

g : : information by using the transitive relation. ThMS
+ - XX- | > .
and decision making threshold valuef | dx+ - xx- | data class is connected to the contact data clasiseb

€. It is greater that x is away from distance diéfece . X .
most close to center of pros and cons examples, theDS.AffectedBy predicate and the contact data slas

use the unsupervised clustering method to clastss ~ 2nd the application data class ~with ‘DS:AffectetBy
x. Otherwise, making use of the high separatin redicate. Through above relationships, we canoreas

capacity characteristic in two boundaries, use so hat the.SI\‘/IS c.iata class 'S,, relatgd to the appicatata
vector machine to make decision. class with ‘DS:AffectedBYy” predicate.

Properly combining classifying and clustering
algorithm can enhance the speed and the precidion

the classifier and compute interest change of user.  (cjassA, PredC, ClassBj {ClassB, PredE, ClassD}

. o ~ {PredE, OWL:subPropertyOf, PredC}
Ontology reasoning: Ontology reasoning is a behavior ., {ClassA, PredE, ClassD}

to reach to the conclusion based on the alreadykno

facts (proposition), or a procedure logically lewdihe The hierarchical relation is similar to the trdivei

process. Reasoning in the ontology field includeselation. The transitive relation is that the thidasses

description logic based DL reasoning and rule basetlas relationship with the same predicate, but the
800

b—Herarchical relation:



J. Computer i, 8 (5): 796-803, 2012

hierarchical relation represents that the thressela has
relationship with a different predicate and twosskes
have ‘OWL: instace of' relationship. The hierarclic
instance relation can be illustrated as above. !
In the DS ontology, we can perform ontology Search
reasoning by using the hierarchical relation. Th&$1 ‘ Kevpap, || catecoRY
data class is related to the contact data claskeb{DF: :
affected by’ predicate and the MMS data class is
connected the datatype class with the specific
predicate. Finally, we can reason that the datatiges
is related to the contact data class with
‘DF:AffectedBYy’ predicate.

A& 7:31 pm
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19343

Birthday Party
System implementation: For implementation of the © Newvork Meeting
suggested system including the ontology modelirg id @ TeamMT

and user profile selection idea, we use the snfahe
with Android OS. The smart phone for experiment has
following specifications. The phone has 1Ghz Cortex
A8 processor, PowerVR SGX530 GPU and Tl OMAP _ )
3630 chipset. Additionally, the phone has 512MB RAM Fig. 5: Search result list
and Android 2.2 OS, namely FROYO.

Snapshots: The Fig. 5 shows the search result list of the
suggest system. The most different point compaoed t
conventional universal searches is the semanticisea 4 _ AR @ 7:31 P
The existing universal searches are based on kelywor B —
based search, so those search only search contents
including the given keyword in the contents tiths
already mentioned, keyword-based universal seaash h
serious limitation. The most important feature bé t
universal search is that user wants to search fall o
related contents about a specific keyword. Thatven
though contents are related to some person or some
topic, if they include same keyword as title, usannot
find those contents simultaneously. However, the
suggested system can search all of related congnts
using ontology learning and reasoning. As shown the
Fig. 5, user input ‘Sunryang Kim’ as keyword, blé t
system also provides contents which do not incliée
given keyword in the title such as video contents,
named ‘Birthday Party’ and photo contents, named
‘NewYork Meeting’. For complete realization of the Fjg. 6: Search Result Graph
universal search in the smart mobile platform, the
system must support not only keyword-based searth b As shown in the Fig. 6, the SMS and contact infdiona
also semantic search like the suggested system. including ‘Sunryang’ is result by the keyword-based
The Fig. 6 shows the graph view of search resultsearch. The ‘Birthday Party’ video and the ‘New Kor
about the given keyword. By the graph view, we canMieeting’ image is the secondary information exeect
enhance understandability about all of relatedby ontology reasoning. In addition, we can readmn t
information and relationship among them. Additidyial tertiary information based on the secondary infdioma
even though users cannot know the title of someThe ‘Tom Wilson’ contacts, the ‘Jenifer contactse
contents, users can search those contents by usirgp110321°' image, ‘sub workshop’ schedule and
related information. The graph view shown in thg.ld  ‘Jonathan Lee’ contact are included in the tertiary
is created by ontology modeling, ontology learnamgl  information. We can perform ontology reasoning
ontology reasoning. Through ontology techniques, wecontinuously based on the latest reasoned infoomati
can support not only keyword-based search buttalso but the over-many reasoning may extract information
reasoned secondary and tertiary information. unrelated to the given keyword.
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suggested system supports semantic search fotivedfec
information retrieval and includes additional prsEsuch

as the user profile analysis and the ontology réago
Nevertheless, the suggested system contains aditio
operations, the suggested system shows better query
processing time than the unified search B.

CONCLUSION

In this study, we proposed the ontology-based
intelligent universal search system in the smarbitao
platform. For semantic universal search, we execute
ontology modeling about data sources, data funstion
data dependency and user profiles. Then we adopt
classification and clustering method for user peofi
selection and the ontology reasoning technologyufmr
profile analysis based on user preferences. Irtiaddb,
we execute the comparative evaluation with conueati
universal searches. The result of experiment reptes
that in spite of additional processes, the sugdeststem
shows better performance than the other univeesathk
based on same OS.

As future works, we will execute the usabilityttes
for users by a focus group interview or an online
survey. Additionally, we execute the additional
performance test in ontology construction and agy!
reasoning aspect.
Therefore, in this system, we impose restriction on
reasoning level as maximum 4 levels. However, if
users want to search the related information of the
quaternary information, user can execute re-searcBackett, D. and B. McBride, 2004. RDF/XML syntax
based on the quaternary information by clickingttha  specification. W3C Recommendation.
information. Bellavista, P., A. Corradi, R. Motanari and A. Tioglii,

The Fig. 7 shows user preference of search resudts 2006. Context-aware semantic discovery for next
timeline information. The x-axis represents timeliand generation mobile system. IEEE Commun. Meg.,
the y-axis describes user preference about eaah dseér 44:62-71. DOI: 10.1109/MCOM.2006.1705981
preference is calculated based on search frequesage Chaisatien, P. and T. Tokuda, 2011. A description-
frequency and users private preference information based approach to mashup of web applications,

Preference and timeline of search results

Fig. 7:
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Fig. 8: Query processing time
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