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Abstract: Problem statement: Currently advertising networks connects Web siteens (Publishers)
that want to host advertisements with advertisérs want to run advertisements. Advertising networks
reliance on only the keywords in the content witheuaccurate interpretation of the context ofithge,
results in displaying irrelevant and unappealing ad the web pagépproach: Ontologies provided a
shared and common understanding of a domain tllmbeacommunicated between people and across
application systems. Our objective was to crealeraain-dependent Ontology to play a major role in
supporting information exchange processes in sémadvertising networksResults: Results for the
prototype of matching ads with publishers had beersented in terms of precision and recall. High
precision was shown and analysis of results wasmngim detail.Conclusion: The proposed Ontology

is effective for advertising networks at a semalgieI.
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INTRODUCTION general-purpose (domain-independent) and domain-
dependent Ontologies served the same purposeisthat
Ontologies play a major role in supporting developing a common vocabulary for application to
information exchange processes in various areashare information.
(Fensel, 2001). Many definitions of Ontologies have One of the main application areas of Ontology
been given in the last decade. Ontologies were bestchnology is Electronic Business (e-commerce).
defined by (Gruber, 1993): Ontology is an explicit Ontologies have been used in e-commerce and by many
formal specifications of the terms in the domaird an providers such as Amazon (www.amazon.com) and
relations among them. Ontologies were developed i®Bay (www.ebay.com) for categorizations of products
Artificial Intelligence to facilitate knowledge stiag  for sale and their features. Advertising networks
and reuse. Recently the use of Ontologies movau fro represent the most sophisticated application afriat
Artificial Intelligence laboratories to real-world database capabilities to date (Laudon and Traver,
applications. 2008). In advertising networks or ad networks,ediht
Ontologies applied to the World Wide Web advertisers need to extract information from dfer
creating what is called the semantic web (Bernexs;L Web sites, called publishers. “Ad networks are
2000). General-purpose Ontologies were developedompanies that pay software developers as welleds w
such as WordNet (Fellbaum, 1998) and UNSPSGites money for allowing their ads to be shown when
(www.unspsc.org). General-purpose Ontologies contaipeople use their software or visit their sites”
mistakes in specialized domains (McCrae and Collier(Wikipedia, 2009). In advertising networks, softear
2008), causing some researchers and applications &ments are used to extract information to identifget
construct their own domain-specific Ontology. Many publishers to publish their ads on
disciplines have developed standardized Ontologiehttp://www.emarketer.com). A common use of
where domain experts can use to share and annotaBntologies is necessary for sharing common
information in their fields, such as in Medicine understanding of the structure of information among
SNOMED (Price and Spackman, 2000) and thepeople or software agents (Musen, 1992; Gruber3)199
semantic network of the Unified Medical Language In addition, the Ontology serves the purpose of
System (Humphreys and Lindberg, 1993). Bothseparating the domain knowledge from the operation
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where programs can be implemented independent of @mputers (Allemang and Hendler, 2008). Unlike
product (McGuinness and Wright, 1998). In thisdgtu humans, computers do not possess a range of
we develop a domain-dependent Ontology ofvocabulary understanding. The computer itself canno
advertising in the education domain. This Ontolegn  understand the information; it cannot read, see
then be used as a basis for other applications. Omelationships, or make decisions like a human can.
application could be building online shopping People see connections between different words and
aggregators, another is online retail stores. concepts and infer meanings based on contexts.

It is impossible to cover all the issues that an  The introduction of semantics into the Web will
advertising network may need to deal with in onesolve some of Advertising Networks’ failed attempts
Ontology. Instead, we try to provide an initial Oleigy ~ reaching target audiences. Briefly defined, senarnis
specialized in education advertising domain. Emapli a field that studies the meaning of words, phrases,
reuse of domain knowledge was one of the drivingsentences and larger units of discourse. The Sémant
forces behind recent surge in ontology researchy (Notechnology will improve the current Advertising
and McGuinness, 2000). Others can simply reuse thBetworks by adding semantics into Web Sites and Ads
developed Ontology and extend it to describe theithereby enabling machine-to-machine exchange and
domain or serve their application of interest. automated processing in a way that computers can

understand. The added Semantics is expressed as
Semantic-based advertising networks: In the early structured information that can be read and undedst
years of ecommerce, firms placed ads on few populdoy computers (Wilson, 2009). However, in order to
Web sites in existence. With the increased numifer cunderstand what words mean and what the relatipashi
Web sites, firms do not have the capability to plads between words are, it is not enough to upload a
and marketing messages on the millions of sites thalictionary or a set of encyclopedias and let the
exist now and monitor them. Ad networks, such ascomputer learn all this on its own. A computer bas
GoogleAdSense (https://www.google.com/adsensehave documents that describe all the words and kogi
DoubleClick  (DoubleClick.com) and aQuantive make the necessary connections (Wilson, 2009).

(http://advertising.microsoft.com/aquantive), appeea These tools pose a paradigm shift in advertising
to assist forms take advantage of the potentiabptimization because Web 3.0 technology will beeabl
marketing opportunities on the Internet. to discover more accurate information on the Web

Context-based Ad Networks presents user withithrough proper interpretation of context. WhereasbwW
banner advertisements and marketing messages bas2® emphasizes factors like keyword matching, W.éb 3
on the publisher’'s context. Nevertheless, it isistake will tap into more important elements like
for these Ad networks to think that users are mgllto  understanding how an audience thinks and behaves
sift through web pages before they stumble oronline and latent or hidden relationships betwelas
appealing ads. Ad networks can only be effectivewh and the ways people express those ideas (Marshall,
they are able to bring resources and productsatteatf ~ 2009).
interest to the web user. However, ad networks’  With the aid of Semantic technology, the corporate
reliance on only the keywords in the content withmu ~ community stands to benefit by spending less energy
accurate interpretation of the context of the pagetime and money pursuing the wrong prospects and
results in displaying irrelevant and unappealing ad  marketing to the wrong channels. The goal of the
the web page (Allemang and Hendler, 2008). This igleveloped Ontology is to increase the precisioraaf
unfortunate because with the amount of informatan networks’ matching results by; developing a context
the Internet continuing to increase at an enormmates  based ad network that incorporates the semantic Web
it is imperative that businesses, organizations andéiechnology and importing an ontology that describes
associations find better approaches for reachindy anthe concepts and relationships from an educational
attracting people who use computers for shoppingperspective.
browsing the Internet, or interacting with others. Currently, only a few advertising networks utilize

In most cases, the Web is a vast set of static ansemantic technology. Two examples are PEER39
dynamically generated Web pages linked together(https//www.peer39.com/) and iSense, both developed
Pages are written in HTML, a language that is dsefuin 2009 (http//www.isense.net/). The former hasltbui
for publishing information intended only for human technology that automatically connects content to
consumption. Humans can read Web pages anddvertisement. It takes into account the meaninthef
understand them, but the inherent meaning is nogntire web page instead of portions of it. It referes a
available in a way that allows interpretation by virtual database of potential meanings and literal
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connections for the keyword. PEER39 does not deahdividual instances of classes constitutes a kadge
with RDFs or Ontologies. Instead, it implements thebase. In reality, there is a fine line where théotmygy
idea of Natural Language Processing (NLP) andends and the knowledge base begins (Noy and
Machine Learning which builds algorithms that McGuinness, 2000).
simulate humans’ minds by allowing computers to A further definition of Ontology given by
process and understand human languages, in order ¢8mith et al., 2006) constitutes additional important
achieve the desired semantics. elements for discussion in relation to the word
iSense, too, moves beyond keywords by analyzingrepresentational”: “An Ontology is a representatib
and understanding the entire content and sentimint artifact whose representational units are intentted
the page in order to direct highly relevant designate universals in reality and the relaticgtsvben
advertisements. iSense has extensive machinengaini them.” This definition has two parts. The first idiéies
to identify relationships between terms. It takesan Ontology as a representational artifact comsgjstif
advantage of expert linguistic knowledge to identife ~ representational units, while the second has tevido
context on any given page. what the representational units in such an artifaet
intended to refer to or be about. However,
Ontologies: In the philosophical domain, the word representations by themselves are not yet Ontaogie
ontology has been defined as the philosophicalystid Rather, Ontologies have the important further featf
what exists: The study of the kinds of entitiegeality = being representational artifacts. A representationa
and the relationships that these entities bearrn® o artifact is an entity which makes pre-existing dtige
another (Spear, 2006). Philosophers since Plato an@presentations from the minds of its author plyplic
Aristotle have been greatly concerned about knowingvailable (Spear, 2006). Thus an important dititinc
what exists and how to describe it and once it bexs0 in developing an EAO is not to accurately represesat
known that something exists, the next step isrid @ publicly accessible way the cognitive representestior
place for it among all other things. In the domain concepts that exist in the minds of the authord, bu
philosophy, this effort is called ontology. rather the things in reality that these represemtatare

But ontology is not restricted to philosophersrepresentations of.
alone-computer scientists have also realized its When such a representational artifact is formdlize
significance. The term had been adopted by earlyhat is, when such an artifact is expressed irgecéb or
Artificial Intelligence (Al) researchers, who regoged  programming language of some sort, it can be called
the applicability of the work from mathematical iog “formalized representational artifact.” Formalized
and argued that Al researchers could create newepresentational artifacts have the advantage, abrm
Ontologies as computational models that enablaicert of being both rigorously formulated and computer
kinds of automated reasoning. In the 1980’'s the Aimplementable (Smitkt al., 2006). Thus Ontologies, in
community came to use the term ontology to refer tdhe sense of formalized representational artifacts,
both a theory of a modeled world and a component oénable computers to help human researchers ddal wit
knowledge systems (Liu and Ozsu, 2010). the constant growth of information.

Two types of Ontologies exist: (i) General-purpose  The goal of this study is to create order and
Ontologies and (ii) domain-specific or material describe relationships of things important to thebw
Ontologies. General-purpose Ontologies aim to pl®vi application-namely to build an Education Advertisin
conceptualizations of general notions. Since valrtic Ontology (EAO) that will advance the potential for
applications on the Web are gaining lots of attenti semantic advertising networks’ capabilities. Depéig
lately, domain-specific Ontologies form the majpiif ~ the EAO includes; defining classes, arranging the
Ontologies: They are intended for sharing concapts  classes in a hierarchy, defining properties, dbsuwi
relations in a particular area of interest. Comrtiesiof  allowed values for these properties and fillingthe
practice in many domains have published sharedo$ets values for properties (instances).
concepts in the form of vocabularies and thesauri
(Schreiber, 2008). MATERIALSAND METHODS

Ontology is a formal explicit description of
concepts in a domain of discourse (sometimes callethe Educational Advertisng Ontology (EAO)
classes), properties of each concept describingpusar model: EAO was implemented based on WSMO
features and attributes of the concept (sometiralsdc  (Fenselet al., 2001) framework for modeling semantic
slots) and restrictions on properties (sometimdkeda web services. A model driven architecture is used
role restrictions). Ontology together with a set of(Miller et al., 2001) and forward engineering approach
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was adopted where we started by modeling thesketch pad. Existing Ontologies have not been
ontology first and then using this ontology as andm  developed with advertising in mind. Although thése
model to form the basis of the generation of theno complete or all-inclusive ontology, it must be
Semantic Advertising Network. Since the Ontology iscomplete in the sense that it can serve its ¢lbgedn
the core element, this study was dedicated to sésthe  our case anything in the field of education that ba
modeling approach that was adopted to cover alhdvertised and ultimately sold. Below is an Edwrati
possible aspects needed in creating the Semant{@ntology that emphasizes the classes and sub-slagse
Advertising Network that is based on this modeleTh a person in a university. There is little here that
Ontology contains all needed concepts and logidakr advertiser can benefit from Fig. 1.
and requirements that form the basis of the apjbica EAO not only had to focus on education, but had to
The core of any ontology language is its hierarchyfocus on it in such a way that had to substantially
of class-declarations, stating for example thatbenefit advertising. What was considered to beveaie
University is a sub-class of Institutions. Classas be to the education ontology determined what and how
defined, which indicates that the stated properfii@s much information about this given domain had to be
membership of the classes. Instead of using siggkes  included. Indeed, one major consideration regardin
in expressions, classes can also be combined icalog relevance was that what was relevant to the omyolog
expressions indicating intersection, union andshould be determined by the purpose for which it wa
complement of classes. For example: A Phone PDA ibeing designed. This ontology is designed with two
both a phone and a Computer and consequently faherivery distinct disciplines in mind-education and
the properties from both these classes. Propaxdiede commerce. The former has to benefit the latter.
declared and range restrictions can be statedrasfpa The general method followed in constructing the
property-declaration, as well as the number ofitist EAO can be summarized in the following steps:
values that a property is allowed to have. Propgrtan
be further restricted by value-type or has-valuee
restrictions. For example the Size of any PDA is
restricted to be 102400.

Explicitly determining and demarcating the
subject-matter or domain of the ontology, in this
case education

« Explicitty determining the objective of the
ontology, in this case advertising and selling
Gathering information and consulting a domain
expert to determine what the concepts and relations
amongst concepts dealt within this subject-matter a

Creating an Educational Advertising Ontology
(EAOQ): The first step taken in constructing the ontologye.
was to explicitly determine its intended domain, to
answer the question “what part of reality is thisotogy
an Ontology of?” Providing an explicit statementtloé

Berson®

intended subject-matter of the ontology at the etuts
helped to focus the effort of constructing the tody by
indicating what principles and information needecé
included while at the same time ruling out other
information as un-important and un-necessary for
constructing an Ontology of the given domain.

At the beginning, the authors expected the refise
an existing ontology in the education domain
knowledge while implementing the semantic ad
network. On the Web, there are more than 1500
available Ontologies in the education domain
(swoogle.umbc.edu). Existing education Ontologies
proved to be unsatisfactory for the specific pueptist
centers on advertising. They were deemed inadequate
because they did not enable the reuse of domain
knowledge. They had been developed for their own
specific purpose. For instance, they are mainly
concerned with universities and the internal strect

Enployee®
Faculty
Frofessor
AssistantProfessor
AssociateProfessor
FullProfessor
VisitingProfessor
Lecturer
FostDoc
Lesistant
ResearchiAssistant
TeachingAssistant
BdministrativeStaff
Director
Chair {Professoxr}
Dean {PFrofessozxr}
ClericalStcaff
SystemsStaff
Student
UndergraduateStudent
GraduateStudent

1: Sanpshot of an existing education ontology
(obtained from:
http://www.cs.umd.edu/projects/plus/SHOE/)

and division of these institutions. They give no Fig.
consideration to educational concepts that ardéeelio
writing instruments such as pencil, notebook, stuaty
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thesaurus was important because it helped in findin
more suitable words for the terms already founde Th
process gained momentum after subscribing with
Visualthesaurus.com, an interactive tool that shows
| connections between words. We also looked at sites
i that specialize in stationery and office/school igs

like Staples.com, Officedepot.com, Officemax.cord an
Myschool.co.nz. These sites proved quite useful
because they not only sorted most of the wordsadire
found under specific categories, but they provideen
more concepts for the education ontology.
Nevertheless, the terms and definitions in theiahit
terminology did not represent the final state oé th
terms and definitions that were included in the diom
ontology. They were rather a first-draft or gloss the
sake of getting the relevant information organized
assembled in a single place.

The next two steps are developing the class
hierarchy and defining properties of concepts.
Typically, we create a few definitions of the coptsein
the hierarchy and then continue by describing
properties of these concepts and so on.

Fig. 2: Part of the tree representational artiEddAO

- L _ Step 2: Define the classes and the class hierarchy:
*  Concretizing this information in the form of a There are several possible approaches in develaping
representational artifact, in this case a tree.(B)g (|55 hierarchy:  Top-down, Bottom-Up and
* Organizing the information contained in the compination development process (Uschold and
representational artifact in order to ensure: Gruninger, 1996). A combination development process
* Logical coherence is used in developing the EAO class hierarchyslai
*  Human intelligibility combination of the top-down and bottom-up
+ Implementing the representational artifact in aapproaches: We define the more significant concepts
specific computing context, in this case usingfirst and then generalize and specialize them
Protégé accordingly. We can begin with a few top-level
concepts such as Classroom_supply and a few specifi
The maximum amount of clarity and precision is concepts, such as study or notebook. We can thete re
maintained throughout each step in the process ahem to a middle-level concept, such as Stationery.
identifying and defining concepts and the relations It is both a necessary and important step to teek
amongst them in the given domain. Such careful anddvice of domain experts. The goal of consulting a
thorough organization ensures all of the informatio domain expert is to both assist in establishing the
can be kept track of and be understood by computerisiaximum amount of clarity, consistency and cohezenc
(Spear, 2006). Ontologies required an ongoing eevis in the domain information that is to be represeraed
Below we describe the methodology adopted forto determine the relevant relationships among the
developing EAO. concepts. Our expert helps to ensure that the ayyab
maximally effective in representing the conceptsl an
Step 1: Listing important terms in the EAO  relationships that exist in the domain that itriehded
ontology: Developing the ontology started by listing all to be about. For instance, in an ontology of edanat
terms an advertiser would look for to explain a Vé#b  concepts include “school,” “department,” “science,”
content without worrying about the relations amdémg  etc., while relations of interest include the rielatof
terms, or any properties that the concepts may,l@ve has_a when we say “school” has_a
whether the concepts are classes or properties. “Science_department.” Our expert makes the
EAO relevant terms were gathered from sourcesbservation that writing  “Science”  without
like Merriam Webster's Collegiate Dictionary and “department” is incorrect because it would make our
Merriam Webster's Collegiate Thesaurus. Theeducation ontology unintelligible-the relation “sci’
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has_a “science” makes no sense. Therefore, tht®epso
includes a great deal of fact-checking and extensiv
consultation with the domain expert in order toelep Haseited Hierarchy ¢ g
a logically coherent and unambiguous ontology. - sl e r————
9 Country_of_origin

Step 3: Define the properties of classes. Once we e
have defined the classes and the class hierarbley, t | '
internal structure of concepts must be defined. tNbS | @ sace_or e Wl mm & @
the remaining terms from previous steps are likelpge sl o o
properties of these classes, for example, coldcepr v e o —————
model and size. For each property in the list, westm > @ Fcton book [ s
determine which class it describes. These propertie o | e
become properties attached to classes. ® s

@ Dictionary
Step 4: Createinstances: The last step is creating e e
individual instances of classes in the hierarchy. @ Tesauus s -t LE Jsumereh
Defining an individual instance of a class requires | " & )
choosing a class, creating an individual instarfcinat > 5 e
class and filling in the property values. For exéampre @ spee |
can create an individual instance BlackBerry to | =™ : =]
represent a specific type of Phone PDA and supglyin |b——"% & #H & [& & @

data for Size, model and price. )
Fig. 3: A Screenshots from the Protégé ontology
Ontology editors: Ontology editors help ontology editing tool developed (Protége, 2000)
designers and developers to build Ontologies. ©gjol
editors support the definition of concept hieraeshithe
definition properties for concepts and the defimitiof
constraints. Ontology editors provide graphicatiféces
and must confirm to existing standards in web-based
software development. They enable inspecting, <=
browsing, codifying and modifying Ontologies and D ey D e s
supports in this way the ontology development and atypes o
maintenance task (Fensthl., 2001).

wl:
<owl:DatatypeProperty
<rd: |

Currently, a number of ontology editors are

available: Ontolingua (1997) and McGuinness al. e rdta:donain
(2000) (http://ontoserver.aifb.uni- e e one hasDimensionts
karlsruhe.de/ontoedit), Protégé (2000). We buildCEA o D D IafiEesoureeTtSEreductt />

using Protégé (2000) as ontology-editing envirorisien
Protégé (2000) is used to describe Ontologie%ig_ 4: A snippet of OWL specification of EAO
declaratively, stating explicitly what the claserairchy

is and to which classes individuals belong. Fig8re
below illustrates a screenshot of EAO using Protég%ro
Ontology editor.

Since each concept is characterized by several
perties, these properties have to be further
explored by advertises and publishers within the
Form generation: Relevant input form used to generated form. . .
transform the input data into relevant semantic For each concept n the generated form a button is
representation. In our prototype application, theaj 2dded to further specify the related concepts. By
library WSMO4] (details see clicking such a button, another form with all prdjes
http://wsmo4j.sourceforge.net) was used to access t Of the previously selected concept is generated. As
created Ontology. We have used Java Server Fac&§0wn in Fig. 4 a “pen” product is characterized by
(JSF) as our web technology. Figure 4 describes EA®rice and color. Thus, Fig. 5 shows the represiemtat

in OWL language. of the concept pen.
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Check the properties that match your ad's concepts and fill the feilds according: Semantic advertising networks applications on the
Pen: Web. We listed the steps in the Ontology-develogmen
p‘d‘: process and the unsuitability of general education

is manufactured by: Ontology for the advertising application. Some loé t
is dimensioned : most important things to remember is that it is not
[Creata | enough to check the domain knowledge, but to also

understand the purpose of the Ontology, the tyges o
Fig. 5: A snapshot of form representation of EAOquestions the information in the Ontology should
properties provide answers for, and who its users will bee Th

otential applications of semantic web in the
Table 1: Precision and recall for a semantic adsieg hetwork P PP

Sample No. Actual Num. True False Precision (%) aReg) advertising domain will undoubtedly affect Ontology

S1 8 3 1 857 750 design cho.ices.. An application is as good as the
S2 11 9 1 90.0 81.8 Ontology it is built for.

S3 5 3 0 1000 60.0 In order to create a domain-dependent Onjofog

e Z P 299 advertising network, OWL is used for Ontology
S6 9 7 1 87.5 778 description language. The Ontology is constructed

using Protégé for demonstrating the validity of the
After the user has filled in all required dataubs proposed Ontology.

graph of EAO is generated and existing axioms are

used to validate its correct state. CONCLUSION

RESULTS Experiments have shown the proposed Ontoisgy
effective for advertising network at the semangeell.
The proposed Ontology was designed andResults for the prototype for matching ad with
constructed to describe knowledge of the assoaiatiopublishers have been presented in terms of precisio
rules for the application of advertising in the and recall. High precision but relatively low rdcate
educational domain. For creating Ontology, the &ét shown and analysis of results is given in detail.
Ontology engineering environment was used. OWL  Future work includes the enhancement of the
was used as the output language. domain Ontology with more complex model
This study focuses on detection of classed anrepresentations and the definition of semanticaltyre
properties. For testing, we have developed anhmportant and complex events in the domain of
Ontology-based prototype to demonstrate the vgliofit ~educational advertisement, as well as the use of
the proposed Ontology. So the experiments describe@utomatically determined low level features.
here used a manually annotated Web sites and adt se
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