Mobile Information Systems 7 (2011) 107-122 107
DOI 10.3233/MIS-2011-0113
I0S Press

Semantic file annotation and retrieval on
mobile devices

Sadagat JanMaozhen Li, Ghaidaa Al-Sultany, Hamed Al-Raweshidy armdil&li Shah
School of Engineering and Design, Brunel University, Udbd, Middlesex, UB8 3PH, UK

Abstract. The rapid development of mobile technologies has fadditaisers to generate and store files on mobile devices
such as mobile phones and PDAs. However, it has become aiohialg issue for users to efficiently and effectively sedoch
files of interest in a mobile environment involving a largenher of mobile nodes. This paper presents SemFARM framework
which facilitates users to publish, annotate and retrides fivhich are geographically distributed in a mobile netnemabled

by Bluetooth. The SemFARM framework is built on semantic wethnologies in support of file retrieval on low-end mobile
devices. A generic ontology is developed which defines a murobkeywords, their possible domains and properties. @ase
on semantic reasoning, similarity degrees are computedtomuser queries with published file descriptions. The S¢RNF
prototype is implemented using the Java mobile platforrvil@R The performance of SemFARM is evaluated from a number
of aspects in comparison with traditional mobile file systeand enhanced alternatives. Experimental results areiaging
showing the effectiveness of SemFARM in file retrieval. We canclude that the use of semantic web technologies have
facilitated file retrieval in mobile computing environmemhaximizing user satisfaction in searching for files ofiese.
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1. Introduction

Mobile phone usage has grown exponentially in recent yeatdacame an essential part of our daily
life. Mobile phones are not only used for communication jsgs, their usage can also be for our daily
health, business and entertainment purposes. Its usage firetd of education is prevalent [40] and
different aspects of its importance are evident in world oamity. Once users start using these devices
and their applications, it generates a large number of fAéthough these hand held devices are limited
in computational resources they are still commonly avéglatith larger memory sizes to store audio,
video, image, text and other types of files. These files aredtwith application specific default naming
settings; for example, a mobile phone camera generatesaayeifilte and usually names it as image001
and video recorder names its file as video0O01 which are noerigége. These files are usually stored
in hierarchical directory structures and then searcheautiir browsing and navigated through these
directories. This file retrieval approach becomes lesstffeand more time consuming as the number
of files grow on devices with limited user interface capaieti. As a result, users will no longer be able
to easily know where to find the required files and must brovigdbadirectories and open files to find
their contents. The issue can be dealt with by annotating ¥ilgh associative tags and user-entered
keywords which can later be used for searching. Keywora:théige searches have proven to be more
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efficient only if a user remembers any associated keyworadwisi highly unlikely when the number of
files on a storage device grows.

However, in similar situations, semantic technologiegaay a vital role and offers a feasible approach
to knowledge management and information processing. ihdhse, it makes it possible to retrieve a
file even if a user does not exactly remember any associaieudokd. Inspired by semantic web, we
extended the approach to manage and retrieve files and datsiorelocal devices and specifically on
low-end devices where resources are limited especiallgring of input (keypads) and output (smaller
screen sizes).

This paper presents a framework named SemFARM, which pes\ddmantic based search by imple-
menting semantic web technologies for use on low-end dsvilfea user does not type even an exact
keyword, SemFARM still might be able to retrieve the reqdifiee. Ontology can be used to deal with
the management of keywords which are associated with fibeedbn a device. A conceptualization of a
domain related to relations and concepts can be defined bytalogy to efficiently manage and process
the knowledge, as advocated and explained in [14]. For tipgse, a general ontology is developed
which concerns general common keywords, their domains eopepties using Web Ontology Language
(OWL) [17]. The search module of SemFARM dynamically creatdResource Description Framework
(RDF) schema extracted from an Extensible Mark-up Lang@8lyk.) file which contains meta-data of
the files of a device. In this way the structure of the XML fileiged to define the relationship amongst
different tags. The XML file is created in an annotation psscand explained later in Section 4.1. The
RDF schema and ontology definitions are bind to get infernddrination from the reasoner used in
SemFARM. The search module sends results back to the quiugstng device after completing the
search process on a network server as explained in SecBo®8mFARM is also capable of searching
a particular file of interest in networked environment whewides are connected through Bluetooth.
Recent advancements in mobile technology enabled its tsslwre several types of contents through
various interfaces in a range of environments. Researcti@relopmentin the field of mobile platforms
and software are equally growing for diverse applicatiortduding operating systems, user interfaces
and audio/video applications in standalone or networke@d@mment. Some efforts can also be seen to
enhance video streaming in Vehicular Ad Hoc Networks whar@wus obstacles arise due to multi-hop
routing and mobility patterns [35]. In this paper, our maitds is to deal with the file on low-end
devices and their efficient retrieval.

The rest of the paper is structured as follows. Section Zntsghe relevant research work. Section 3
gives an overview of kXML parser. An introduction to FARM isggented in Section 4. SemFARM
implementation, its working model and its use in a case studyexplained in Section 5. Performance
evaluationis presented in Section 6, and finally, Sectiantkudes the paper, followed by the references.

2. Related work

Scientists and researchers have adopted and proposeal sgm@paches towards efficient file retrieval.
Most of these efforts aim at the retrieval of documents/Veégje? on the internet because of the larger
volume of information [30,39]; however, as the informatislume increases on local resources like
the Personal Area Network (PAN), desktop computers and lmglhiones, efforts can now be seen
towards efficient information retrieval on all such envinoents. For example, a semantic file system is
proposed for file retrieval using virtual directories andeexiable UNIX based file system integrating
search functions [37]. Similarly, for supporting semastic file systems, TagFS is proposed which
allows file tagging and the tag-based browsing of infornmatibjects on top of an underlying file
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system [42]. Information retrieval becomes more challegdask as the restrictions increases in any
mobile computing paradigm. A.B. Waluyo et al. presentedraesuin which they differentiate the query
optimization and processing mechanisms in mobile datatjd$and presented a state-of-the-art in data
management for location-dependent query and processihgitpies [5].

Various studies show the importance of tagging [32], cadicly that annotation makes the retrieval
more efficient, not only for images and videos but for any tgpaformation including files retrieval.
Flickr [15] is a special purpose web service for sharing ugdoaded photos and ZoneTag [48] is a tool
to annotate camera photos. The ZoneTag mobile applicatibich is also supported and analyzed by
Naaman et al. [34], suggests context based tags and sontieadidiags when a photo is take on mobile
phone camera. The importance of tags and annotation cantéenileed when retrieving a required
photo on Flickr where a photo with more tags can easily beexetd compare to a photo with fewer
tags. Furthermore, another approach was proposed by Kisydial. [1] to annotate photos taken by
mobile phone cameras by adding contextual information ¢éontland devices were allowed in PAN to
maintain a shared perception regarding the context to atefiles. The context information was stored
on a common repository with the file annotation process bairigmatic. In order to utilize tagging in
image retrieval , A. Wilhelm et al. [8] proposed a system to@ate images at the capture time by adding
Phone ID, username, date and time. Similarly, a frameworkdescribed by Monaghan et al. [31] to
use web services, sensors and ontologies to create mealrangbtations.

The semantic approach is also extended to mobile devicgsidarre retrieval, where pictures are
annotated with contextual information and used to indehaddhem [47]. Similarly, the contextual
ontology was introduced and successfully implementedverse research efforts for example, context
ontology for mobile devices was developed from embeddedlmebnsors [2] for using the resources
efficiently, the FLAME2008 platform was successfully depsd to support mobile users with person-
alized context-aware services [33], the context ontologg wsed in a prototype to supervise the health
condition of elderly people in runtime [41]. Iwamoto et atoposed a design calladPhotq in which
context based annotation was implemented by extractimgnmdtion automatically from embedded
sensors and use them as image annotation [44]. Howevere tbetkt of our knowledge no such real
efforts have been made to annotate or develop ontology Iftypas of stored files on a mobile phone or
other hand held device. Semantic technologies are usesenaeesearch studies supporting pervasive
and ubiquities mobile computing. For example, Izumi et 8] [examined the design of social context-
awareness ontology for their implementation of a prototigpeupervise elder people in a ubiquitous
computing environment and Guo et al. [16] used ontology fmlithg with objects in order to search
physical artefacts and detect hidden objects in a smarbineiovironment.

3. kXML

kXML is a lighter compact version of XML parser, specificatlgsigned for low-end devices, and
is exclusively used on the J2ME platform. XML is a meta markamguage which was endorsed by
W3C [46] and became a universally supported specificatipeXohanging documents and data across
applications and platforms [13]. It has a standard syntaxhfeta-data and a standard structure for
document and data. The human readable plaintext form of XNMkes it application independent and
readable to everyone. In addition, it provides a simple daaddard syntax for encoding [25]. XML
documents need to be accessed and manipulated by a procaledrXML parsers which tends to
be bulky and requires heavy runtime memory. User Interfaegklp Language (UIML) is a dialect
of XML language that allows expressing user interface argtrabts it generating user interfaces for
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Fig. 1. FARM main menu.

platforms, like PDA etc. [3]. Further down the course A. Saugielo et al. proposed the eXtensible
Presentation Language (XPL) which is based on design paitgadigm that differentiate keep separate
the presentation layer from the programming logic [9].

kXML is widely used pull parser adopting the Mobile Inforrmat Device Profile (MIDP) require-
ments [23]. There are three types of parsers which includéetpush and pull. Model parsers create
a representation of the whole document after reading ith@mde, require more memory than the other
types of parsers [36]. Push parsers always process datétidarbefore the document and a complete
tree structure is created in the memory. The generation®frée is memory expansive and thus makes
this category unsuitable for low-end devices. On other tredh pull parsers read the data first before
parsing it from definition. These parsers structure the dwsu tree using recursive functions.

4. FARM implementation

The FARM framework, which is implemented in the J2ME platfipconsists of several MIDlets that
support file annotation and search functionalities [20]e Tlamework automatically annotates each file
with three basic attributes in addition to two optional keyds. The search module provides various
search functionalities on a device itself or on other cotetdevices. The Bluetooth module is provided
and used when a file is intended to be searched or transfeztegén connected devices. The FARM
search-module match keywords associated with file, thexefm exact match is required to retrieve a
file. The main menu of the application MIDlet developed forfM can be seen in Fig. 1 which shows
various options including file sharing, transfer, annotatind search options.

4.1. Annotation process
The Annotation process automatically traverses the diresst for stored files, and for each file three

basic attributes are extracted from the underlying opagatystem of the device. Figure 2 explains the
logical work flow of the annotation process in FARM and the sgrocess is used in SemFARM also.
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Fig. 2. Annotation process.

Three attributes, which include file-name, file-size an@d#tcreation are then parsed through kXML
and stored in an XML file locally. In addition to automatigadireated three attributes, the framework
also allows to associate two optional keywords with each fllee Update/Refresimodule is used to
recreate the XML document when the whole meta-data is imgnid be refreshed. This module is
also used to update a single or multiple attributes of arviddal or multiple files by parsing the XML
documentthrough kXML. As an example, the attributes of afmed 14.txt are shown in Fig. 3a, and
the same meta-data can be seen as a view option in Fig. 3b.s€haf kXML parser allows the MIDlet
to easily process the XML file for an update or searching fggecHic tag on a resource limited device.
Once the XML file is created, MIDlet also provides functidtias to edit, refresh or view complete
XML file as a continuous list on screen. Users can edit the fdata of any single file, or any single
field, as shown in Fig. 3c and 3d respectively.

4.2. File searchin FARM

A file search in FARM is performed with different functiortgdis which include, viewing a whole list
of meta-data of all files on a device, using advance optioasdnch by a specific field, or sending queries
to all devices connected through Bluetooth. All searcha@imake use of kXML parser to parse the
XML files and search for a specific field match. If the searcheuested from a nearby connected
device, the result is sent back to the requesting device.

5. SemFARM implementation

SemFARM is built in J2ME platform which facilitates file artation, sharing and semantic based file
search. SemFARM uses the same annotation process expiaiSedtion 4.1 where user can associate
and edit metadata of files.

Several implementations and context-aware systems hame developed through Semantic Web
technologies [45], such as ontology, RDF and OWL [27,38] & standard model for data interchange
which is widely used to share and communicate ontology amdsi offers common properties and
syntax for describing information. OWL was designed to bedusy applications which need to process
information contents and represent its machine interpletontents on the web. Comparatively, OWL
also adds more vocabulary with formal semantics and allowsenexpressive power. OWL itself
is an evolution of DAML+OIL [28] which is divided into three sub-languages: OWL4,itwhich
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<? xml version="1.0" 2>

- <start>

- <File>
<FileName>/4.txt</FileName>
<FileSize>67</FileSize>
<FileCDate>Sun Jun 27 18:15:34 UTC
2009</FileCDate>
<KeyWord>kw7</KeyWord>
<Description>presentation file for next

=

week
demonstration</Description>
</File>
</start>
(a) Meta-data of a single file (b) Meta-data view
NO
NO ful @ # \a Abc
Tl @ &
» ;resentaion.ppt
Sun Jun 27 18:15:34
uUTC 2010
(c) File selection for annotation (d) Annotating fields

Fig. 3. Annotation functionalities.

provides a hierarchy of classification and constraints; GLwhich has maximum expressiveness
with computational completeness; and OWL Full which giveaximum expressiveness with-out a
computational guarantee. The jena2 [19,21] toolkit presithe ability to parse and performs reasoning
based on real standards, and it has been implemented in S&hHA is a leading toolkit for Java
programmers in semantic web [10] and gives access to a rdnigieience capabilities. The reasoning
subsystem of Jena2 allows various inference engines talggedt-in which are used to derive additional
information from base RDF combined with ontology definisohe types of inference can be divided
into two main types: standard and rule based. Standarceiméerincludes RDFS and OWL reasoners
while in rule based inference, jena allows programmers fmeéeheir own rules using jena APIs. The
Jena2 inference structure [22], shown in Fig. 4, explaiastiie reasoner is accessed through a model
factory to associate data, developing a new model whichlisctan inference model.

The collection of RDF statements, sometimes referred toraghg, are associated with ontology
definitions which gives additional statements that canivettly be derived from RDF alone. We used
the OWL reasoner which binds our ontology definitions with Xhetadata dynamically converted to
the RDF schema, as explained in the following section.
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Fig. 4. Jena inference structure.
5.1. Use case study of SemFARM

Files are usually stored on mobile devices with the appticatefault settings which are not descriptive
enough to be used for file retrieval. The case worsens if us®rs larger storage capacities on their
devices, which is very likely. A similar scenario is preshtvhere a mobile phone user, assuming his
name isMichael,took a few snapshots of family members using his mobile plsdnélt-in camera on
a birthday party for his niece. On the same occasion, his aifit son also took snapshots using their
own mobile phones.

Four months later, Michael wanted to view one of the groupupés taken at the party but he forgot
the file name as the pictures were stored with applicatioaudehame settings. Michael had to browse
and view all the stored pictures on his mobile phone with 1@BBemory making his job more tedious,
particularly on a limited keypad and screen. SemFARM cailit@e users in similar situations by
providing various search options. It is expected that a caereven forget keywords associated with a
file; but still the semantic support enables the frameworkutcessfully accomplish the retrieval. User
can utilize the search options of SemFARM by simply entethrggdate, the keyword associated with
that particular file or any similar keyword for examgiethday, birthdayparty party, nieceetc. The
SemFARM will first search those files which have exact matemesthen the ontology will be used to
find similar keywords or meaning of the keyword which the Uses entered to find the required file. If
Micheal's phone is connected with mobile phones of his wifd son using Bluetooth, SemFARM wiill
automatically perform the same search operation simustasig on all mobile phones provided his son
and wife have authenticated the connection and operation.

5.2. SemFARM search module

To perform a file search, the XML data created in the annatatiocess is sent to the search agent
where the file is parsed to create an RDF document dynamidaltiie creation of RDF model process,
the XML structure is strategically dealt and exploited icls@a way that tags associated with a file, are
used as relationships in the RDF schema for a particular Tilke RDF schema is then passed to the
search Jena Inference engine along with the OWL ontologyitiefis to derive additional statements
as depicted in Fig. 5.
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Fig. 5. SemFARM Search Module.

All statements and resources are searched for the requofadiation about a file in query. The search
is performed by navigating the inference model using Jenia AP a specific property associated with
a resource. The same process is repeated for all connectegglen which the search is intended.
SemFARM supports Bluetooth connectivity to share and featfites between connected and authorized
devices. The reasoning task is performed on a network sawdow-end devices are unlikely to
perform reasoning in rational time because of their limtethputing resources. Therefore, an XML file
containing the meta-data of files is sent to the server wierestasoning is performed by binding it with
ontology definitions. The search agent handles all reqdegieries independently and the results are
automatically sent back to the requesting device. This reociurrently support to use single ontology
but another module can be integrated to map more than ongptor to extract information from other
ontologies developed in similar domains.

M. Bhatt et al. proposed and demonstrated the prospect obstdiogy extraction from a base-
ontology [29]. Similarly, A. Flahive et al. demonstrateae tbub ontology extraction and extending it
with new features through service oriented architectur@fid also proposed a distributed framework
for ontology tailoring [6].

5.2.1. Matching degree in SemFARM
The matching degree can be computed between propertighiaddo files with the properties used in
file retrieval queries based on ontology definitions. Let

— pg is a property used in a file retrieval query
— p4 is a property associated with a file.

The following relationships betweei andp 4 are based on the work proposed by Paolucci et al. [26].
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— Exact match:pg andp4 are equivalent, opg is a subclass gf 4.
— Plug-in match:p subsumesgg.

— Subsume matchig subsumes 4.

— Nomatch:There is no subsumption betwegg andp 4.

Li et al. [24] further defined match degrees by considerimgsbmantic distance between properties
in an advertisement and query, which they used for serviseodlery to quantify the relationships.
Similarly, we can also quantify the match degrees betweeropepty associated with a file and the
properties used in a file retrieval query. For this purposejraerical degree is assigned for each match
to quantify the relationship betweeg andp4. To consider the semantic distance betwggrandp 4
in assigning a match degree, Let

—dom(pg, pa) be the degree of a math betwgenandp, and
— ||Pg, Pa|| be the semantic distance betwegnandp 4 in terms of domain ontolog2.

Following the proposed work in [24dlom(pg, p4) is defined for a match degree calculation as follows:

1 exactmatch,
2 + 730\1’@ A=y Pluginmatch, |PQ,PA| > 2,
dOm(PQ,PA) = 2><6(HPQ—PAH1) subsumematch HPQ PAH 2 1, (1)
0.5 uncertainmatch,
0 nomatch.

According to (1), for a plug-in match betwegp andp 4, dom(pg, pa) (0.5, 1). For a subsume match
betweerpg andp 4, dom(pg, pa) (0, 0.5).

6. Performance evaluation

Various tests and comparisons are outlined in the follovginigsections to measure the efficiency of
SemFARM in terms of file retrieval and search accuracy. Galyeit is expected that file retrieval will
be more convenient in terms of effort and time, using a kegvmased search compared to manually
browsing all directories.

6.1. Computing matching degree

The match degrees used for relationships between propgstiandp 4 to retrieve a file in SemFARM
can beexact plug-in or subsumevhich are described in Section 5.2.1.

Figure 6 shows the ontology definitions used in this caseysiedcribing the classifications of health,
entertainment, academic, event, health properties astparproperties fragments.

Each file on a device is annotated with two keywords. To evalttee match degree we performed
two groups of tests; nameget landset 2 In the first group of tests all queries were relevant to healt
related files to find the matching degree in one fragmentenhithe second group of tests, queries were
related to the personal related fragment. The queriestedidar the first group includes the keywords

“treatment”, “gp”, "hospital”, “ tablets” and“health”. It can be seen in Fig. 6 that properties having
an exact match to these queries includ8sc4, c2, ckandcl. The match degree can be calculated
between the associated keywords and query keywords usiragieq (1) described in Section 5.2.1 and
in Fig. 6. Table 1 shows the matching degree calculated farreturned files as an example.
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Table 1
Match degrees calculations for test set-1
Properties c3 c4 c2 c5 cl
Files names
filel0 87%(P) 18%(S) 50%(S) 100%(E) 50%(S)
filell 50%(S) 87%(P) 100%(E) 18%(S) 87%(P)
filel2 87%(P) 100%(E) 50%(S) 18%(S) 50%(S)

file13 1009%(E)  87%(P)  18%(S)  50%(S)  87%(P)

file (al)

‘ entertainment (a4) ‘

health (a2)
personal (a3)

event (a7)

academic (a5)

work (a6)

| watch | [ games |
‘ indoor ‘ ‘ outdoor ‘

personalproperties (bl)‘ | healthproperties (c1) |

| hospital (C2)| | treatment (C3)I

prescription (c6)

[house ®2)] | bank (63)] | car (b4) |

gas (b3 | oil (b6) | mileage (67)

Fig. 6. Ontologies used in SemFARM.

tablets (c5)

Similarly, in the second group of tests, the selected kegiwas a query werémileage”, “car”,
“bank”, “house” and“personal”. Figure 6 shows the matching properties which inclodeb7, b3, b2
andbl. The matching degree calculated matching degree in thgsrfeat of personal related keywords
can be seenin Table 2.

6.2. Calculating precision and recall

Precision and recall are widely used in information retledo evaluate the accuracy of a search
mechanism [11,12,43]. To evaluate the precision and rat&8emFARM, we randomly selected 15
files and annotated them with relevant keywords which weteneoessarily defined by our ontology.
After executing a search query, the list of returned files ebacked for relevant files and the number of
relevant files was noted. The process was repeated, vargsigilar search queries to ensure a different
number of returned files for calculating the recall valuerfrf.1 to 1. The same test was repeated for
10 and 12 randomly selected files and the final precision aradlfer SemFARM was calculated by the
mean values of all three tests.

The precision and recall for untagged systems was calcligtéormulating tests in which two sets of
filenames, namely target-set and retrieved-set, were ralykelected. The target-set had 10 filenames
while the number of files in the retrieved-set varied from 1@ For each retrieved-set, the relevance
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Table 2
Match degrees calculations for test set-2
Properties b4 b7 b3 b2 bl
Files names
filel 100%(E) 87%(P) 18%(S) 18%(S) 50%(S)
file2 50%(S) 100%(E) 6%(S) 6%(S) 50%(S)
file3 18%(S) 18%(S) 100%(E) 50%(S) 87%(P)
filed 18%(S) 6%(S) 18%(S) 100%(E) 87%(P)
file5 87%(P) 64%(S) 87%(P) 87%(P) 100%(E)
1.2
—a— SemFARM
11 ~ —= —FARM
——+-- Untagged
0.8 \‘\ - - ntagge:
s NN \\.\‘
2 06 ~—
2 ~o S~ .
g e, T e—
. 04 R e e ey
-,,._“’____h_-*“_
0.2 t====e
0
1 2 3 4 5 6 7 8 9 10
Recall

Fig. 7. Precision and Recall for Untagged, FARM and SemFARM.

was checked by comparing both sets of files. At least one fiekeat relevant for all groups of tests to
make sure the number of retrieved files would not be zero. &$igprocess was implemented through
a Java program and an average was taken for the 1,000 testsalEolating precision and recall for
FARM, we slightly changed the process used for calculatiothe untagged system. The number of
comparison of both sets was extended to three times, iex.thft first comparison of both sets, another
retrieve-set was picked up and compared with the same tsegeind then a third set was picked up and
compared. As discussed in Section 4.1, the annotation gs@rotates each file with 5 tags, in which
3 of them are annotated automatically. For this reason wepaosa the target-set three times with the
retrieve-set for FARM as it has at least three more chancestrieve a relevant file than the untagged
system.

Let Retrel be the number of relevant files retrieveekl be the total number of relevant files aRd¢
be the number of retrieved files, then recall{ and P R Eccan be calculated as:

| Retrel| | Retrel|
Re = 229 prpe = 22
¢ Rel|] ¢ | Ret|

All results are plotted in Fig. 7, which shows that precis® for all three systems at 10% of recall;
however, the precision is higher at most values of recalsSemFARM followed by FARM and the
untagged systems. For example, the precision of SemFARRMFANnd the untagged systems are 0.81,
0.62 and 0.46 respectively at the recall of 30%.

6.3. Probabilistic evaluation

A generalized comparison is carried out by computing thdalpdity of a successful file search for
the following approaches:
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Table 3
Geometric distribution
X 1 2 3 4 5

gu (zu;ps) 052 02496 01198  0.0575  0.0276
gs (xs;pf) 082 01476  0.0265  0.0047  0.0008
ger (Topipsy) 0.88 0.1056  0.01267  0.00152  0.00018

0.9
0.8 % —a&— SemFARM
' —a —FARM
> 0.7
= \ --o-- Untagged
S 06
3 -
° 0.5 ~<
& 04 \-\
7] . N\
3 N\
o 03
2 N
@ 02 \ S~z
0.1 == — e --
-_— 2  vrrccccacaca
0 . , . ; — : 2 ,
1 2 3 4 5
Number of Trials

Fig. 8. Success probability of trials.

() SemFAR:semantic-based search is performed using ontology defigiton metadata which
consists of file attributes and keywords.
(i) FARM search is performed on metadata which consists of fildates and keywords.
(i) Untagged search is performed on metadata consists of filenames only.

To compare the number of searches a user has to make in ogirttee desired file let andg as the
probability of success and failure farindependent trials, the distribution for the number ofi$riantil
the first success occurs is given by

g(x;p) = pgw — 1V = 1,2,3... @

where g is geometric distributed variable.

If psy andq, s are the success and failure probabilities, thgnis the distribution for the probability of
«!/; trial being the first successful search for SemFARM. Sirtyijdor (2) the notationgpy, gy, 2, g7}
and{p.,qu, zu, 9.} are used for FARM and untagged systems respectively. Iir ¢odend the success
probability, 100 file search trials were carried out for eatlthe three systems in which SemFARM,
FARM and untagged system returned 88, 82 and 52 queriesssfallg Table 3 presents the geometric
distribution calculated for first 5 trials of each system.

It is evident from Fig. 8 that the success probability of SARNM is higher when the number of trials
is less i.e. the area under the curve is more during the firsettrials as compared to the area under
curve for FARM and untagged systems. This indicates thaptbbability of success for SemFARM is
higher for lesser number of trials as compared to the resvofstystems. In other words, the chances
for getting a successful query lasser number of trialare greater for SemFARM when compared to
FARM and untagged approaches.
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The geometric distribution presented in Table 3 is basedioness probability, which can be used
to symbolize the general perception about the performah&emFARM by calculating its maximum
likelihood estimation.

6.3.1. Parameter estimation for geometric distribution

The maximum likelihood estimator gf for geometric distribution is based on results presented in
Table 3. For a random sample, x-, x3. ..z, from a geometric distribution, the likelihood function is
given by

Lp) = (1 —p)" Tp (L —p)= o (1= p)

Taking the natural logarithm (9)

=InL(p) = nlnp + (sz - n) In(1-p), (0<p <1)
i=1

After taking the derivative with respect to

n
dinL(p) n zron .
dp p 1—p
After solving forp, we get
n 1
p = oy = —_
> Ti v
=1
The maximum likelihood estimator gfis
R n
p = n
> T
=1

p = 1/ and therefore,
z=1/p )

Using Eq. (3), we can calculate the required number of taalsvhich the first success is expected.
For example, the value gf is 0.88 for SemFARM which means the first success is expentddli3
trials. Similarly the first successis 1.21 and 1.92 for FARM antagged systems respectively.

7. Conclusion

SemFARM is presented in this paper to implement a semansiedaearch mechanism on mobile
devices with limited user interface capabilities. SemFARA been tested and validated on the J2ME
platform. The annotation process automatically colletgsdfitributes from the file system of the device
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and uses them as meta-data through the implementation ot kXkt metadata is stored locally which
is then used in search for the retrieval of a required file. Viiglet was extended to support a J2ME
Bluetooth stack for searching files on other connected dsvicThe results and analysis prove the
effectiveness and high efficiency of SemFARM. We are culyeamalysing the implementation of light
version of a reasoner which can be integrated in SemFARMowttbompromising on its efficiency. The
implementation of a light version reasoner can lead us tausemplete framework without depending
on any network medium, because the reasoning tasks can foenped by the device itself instead
of sending information to a server. We are also in the prooészrutinizing the ontology used in
SemFARM to add more classes to broaden the keywords rangé@indefinitions.
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