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ABSTRACT

ONTOLOGY CONSTRUCTION FOR THE HARMONIZED COMMODITY
DESCRIPTION AND CODING SYSTEM USING NATURAL LANGUAGE
PROSESSING TECHNIQUES

Akgiir Fal, Funda
Ph.D., Modeling and Design of Engineering Systems Department

Supervisor: Asst.Prof.Dr. Cigdem Turhan

July 2016, 128 pages

World Custom Organization (WCO) is an interdependent intergovernmental
organization whose mission is to improve the effectiveness and efficiency of customs
administrations. WCO provides a shared code system for foreign trade namely,
Harmonized Commodity Description and Coding System (HS) which is an
international trade classification system including 5000 different code numbers. This
system is used by custom’s officers and traders who may or may not be expert users.
The main problem of the existing system is that HS Code determination process can

only be done by experts and not by non-specialists.

Ontologies are strong tools for representing the semantic structure. However,
constructing large scale ontologies is hard and time consuming. Using Natural

Language Processing (NLP) is an efficient way to construct ontologies.

In this study, the main goal is to develop an ontology for HS codes using Turkish
natural language processing. The constructed ontology is expected to provide three
vital benefits for users in determining the correct HS code. Since the constructed
ontology defines the HS code with respect to the definition of the products, any user
will be able to identify any products’ HS code using Turkish language. Second, using

an ontology behind the system provides flexibility and cost efficiency where all the
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products and their relations are processed and recognized by the ontologys’ natural
framework. Third, in the literature there have not been any studies that have

developed such a search system for Turkish customs.

This thesis provides new perspective for ontology construction and searching using
Turkish NLP that is a promising novel method and a flexible approach for any

querying systems.

Keywords: Ontology, Natural Language Processing, Protégé¢, Harmonized

Commodity Description System.
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ARMONIZE MAL TANIMI VE KODLAMA SISTEMI iCIN DOGAL DIL
ISLEME KULLANARAK ONTOLOJi OLUSTURULMASI

Akgiir Fal, Funda
Doktora, Miithendislik Sistemlerinin Modellenmesi ve Tasarimi Bolimii

Tez Yoneticisi: Yar.Do¢.Dr.Cigdem Turhan

Temmuz 2016, 128 sayfa

Diinya Giimriik Orgiitii (DGO) giimriik idarelerinin etkinligini ve verimliligini
artirmay1 hedef edinmis hiikiimetler aras1 bir kurulustur. DGO dis ticaret icin ortak
bir kod sistemi saglamaktadir. Armonize Mal Tanimi1 ve Kodlama Sistemi (Armonize
Sistem-AS) diye adlandirilan bu sistem, 5000 farkli kod numarasi igeren uluslararasi
bir ticari smiflandirma sistemidir. Sistem uzman ya da uzman olmayan giimriik
memurlar1 ve ticaret yapmak isteyen insanlar tarafindan kullanilmaktadir. Mevcut
sistemin temel sorunu; AS kodu tespiti islemlerinin ancak konu uzmanlari tarafindan

yapilabilmesi ve uzamn olmayan kisilerce yapilamamasidir.

Ontolojiler semantik yapiyr gosteren giiclii araclardir. Biiyiik 6l¢ekli ontolojilerin
yapilandirilmasi zor ve zaman alicidir. Dogal Dil isleme (DDI) kullanimi ontolojileri

olusturmak i¢in etkili bir yoldur.

Bu calismada, ana ama¢ AS kodlar1 i¢in Tiirk¢e dogal dil isleme yapilarak ontoloji
olusturmaktir. Olusturulan ontolojinin AS kodlarimin tespit edilmesinde ii¢ hayati
fayda saglamasi beklenmektedir. Olusturulan ontolojide AS kodlar1 {iriinlerin
tariflerinden yola ¢ikarak tanimlanmis, boylece uzman olmayan kisilerin Tiirkge

kullanarak AS kodlarini tespit etmeleri saglanmistir. Ikinci olarak, sistemi bir

v



ontoloji iizerine kurmak ontolojilerin dogal yapilar1 sayesinde, iriinler ve
aralarindaki iligkilerin tanimlanmasiyla sistemin esneklik ve diisiik maliyet ile
caligmasini saglamaktadir. Son olarak, literatiirde, Tiirk glimriiklerinde kullanilan

boyle bir arama sistemi bulunmamaktadir.

Bu tez, ontoloji olusturma ve Tiirk¢e dil isleme kullanarak aramada yeni bir bakis
acis1 saglarken, oldukc¢a kullanighh yeni bir metod ve esnek bir arama sistemi

yaklagimi sunmaktadir.

Anahtar Kelimeler: Ontoloji, Dogal Dil Isleme, Protégé, Armonize Mal Tanimi1 ve

Kodlama Sistem
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CHAPTER 1

INTRODUCTION

1.1 Overview

World Custom Organization (WCO) is an interdependent intergovernmental
organization whose mission is to improve the effectiveness and efficiency of customs
administrations (World Customs Organization, 2015). The Harmonized Commodity
Description and Coding System (HS) is the most important tool for standardization
of the international trade. HS is used by WCO member countries as international
trade classification system that provides common codes for all tradable goods.

Member country's HS code is the same as the code of other member countries.

Individuals and institutions engaged in foreign trade need to have HS code of the
target product, therefore determining correct code of the good of interest is extremely
important. In order to own the HS code, the subject product has to be known by the
customs officers. Moreover, it is also important for the traders to import or export the

product.

Giving or finding an exact code for a desired product is not an easy task. In order to
define a code, customs officers have to be familiar with the product and product
characteristics. This kind of determination or classification is difficult to generate for

non-expert officers or non-expert traders.



The HS system currently consists of 5000 groups of products consisting of twelve
digits. The first six-digit codes belong to the product is identical for all countries,

whereas the last six digits define the product for each country differently.

The existing system does not meet the needs of non-specialists to determine the
correct HS Code for a given product. Currently, HS Code determination process can
only be done by experts. Therefore, it is necessary to develop a system to improve
the efficiency and accuracy of HS Code determination process. Additionally, the

system should eliminate the need of human intervention.

In order to satisfy the goals above, such a system should accomplish the following
minor goals. This system has to keep all the products' code and all the products
description; must relate each description to its own unique code. Furthermore, this
system needs to store the relationships between the products properly. Note that, in
the HS Code system products are being represented in a hierarchical structure.
Therefore, utilizing an ontology for representing HS Code system can prove to be

efficient and appropriate.

The idea of the ontologies emerged with the Semantic Web. The focus of the
Semantic Web is, developing a technology for linking data in meaningful manner. In
short, an ontology is a hierarchically constructed set of concepts (Blomqvist et al.,
2006). As a state of the art, there are number of searching mechanisms based on
ontologies which are seen as the next generation of search engine tools. Therefore,
using an ontology is the better way to develop a content classification application.
Using an ontology in the searching mechanism supports an improvement for

keyword-searching with the help of class hierarchy, rules and relationships.

Since HS Code system represents a number of related products, the products are
obviously linked based on their simple linguistic descriptions. Based on this
framework, ontology construction using natural language processing techniques is
proposed for the thesis. There are number of theories and techniques that researchers
have studied for developing a system which automates ontology construction with

the help of NLP techniques. Since HS Code system is a set of entities described by a



natural language, constructing an ontology using NLP techniques will provide a

better way to reach the mentioned minor goals.

1.2 Contributions of the Thesis

In this study, a system is developed to terminate the human intervention for querying
process of HS codes. Application of this thesis will contribute to research on Turkish
NLP as well, since in previous research, there has not been any example for
constructing an ontology using NLP for the Turkish language. This thesis hopefully
is expected to bring a new perspective to Turkish researchers focusing on searching

mechanisms.

In fact, the developed system has a few numbers of instances for the maintenance of
customs’ information in several countries. However, all of these systems have
different coding strategies. This divergence with respect to coding occurs because of
the language which is used for the description of domain data. In detail, the reasons

of divergence are because of the followings:

e Each language has its own semantic structure,
e Languages can have different syntactic structures,

e There are number of morphological architectures.

Therefore, these types of systems diverge generally at the point of language analysis
of the target domain. Parsing, finding the related roots and understanding the
semantic relation of the words can only be done by language analysis. Consequently,
similar examples to this study can actually be completely different than each other.
From this aspect, this study is entirely novel and proposes a framework for Turkish

querying systems.

This study has a number of contributions to literature. Firstly, this is an original and a
new approach for ontology construction with NLP for the Turkish language.
Moreover, the developed application is an appropriate and effective tool to improve

the search quality of the users.



Also, this thesis is a promising study to reveal new development trends especially for

similar needs.

1.3 Organization

The organization of the thesis in the following chapters is as follows:

Chapter 2 provides background information about ontologies. Moreover, different
ontology tools, different perspectives and basics of ontology are presented.

Additionally, this chapter gives related information on natural language processing

where all the information about Turkish NLP tools is explained.

Chapter 3 presents information about understanding HS code domain and designing

NLP techniques on this domain.

In Chapter 4, the implementation of the application is given. The system architecture

and the queries supported by the system are described.

Chapter 5 includes the evaluation of the overall system, followed by Chapter 6 which

concludes the thesis and provides some possible future work.



CHAPTER 2

LITERATURE REVIEW

2.1  Background on Ontologies

Ontology is expressed as a formal representation of knowledge. This formal
representation consists of a set of concepts within a domain and the relationship

between these concepts (Subhashini & Akilandeswari, 2011).

2.1.1 Semantic Web

“I have a dream for the Web [in which computers] become capable of analyzing all
the data on the Web— the content, links, and transactions between people and
computers. A "Semantic Web", which makes this possible, has yet to emerge, but
when it does, the day-to-day mechanisms of trade, bureaucracy and our daily lives
will be handled by machines talking to machines. The "intelligent agents" people

have touted for ages will finally materialize”

Tim Berners-Lee (1999)

“The Semantic Web provides a common framework that allows data to be shared and
reused across application, enterprise, and community boundaries" (“W3C Semantic

Web Activity”, 2013). The goal of semantic web is, developing a technology for
5



linking data in an effective and meaningful manner. This technology deals with the
knowledge, not the data itself. Semantic Web presents a network for defining, storing
and representing the meaning of the data. Semantic Web also reasoning by using

some rules for knowledge representation.

Knowledge representation is an essential need for knowledge-based systems. Yet,
representation is also a challenging task for knowledge-based systems and the users.
Semantic Web serves and organizes data in a machine understandable format. This
format provides a way for sharing and using information between users and
automated tools (Baader et al., 2001). To aid knowledge representation, semantic
description languages/standards have been developed. Some of these languages are
RDF, SPARQL, OWL, and SKOS which are used for the integration of data (“W3C
Semantic Web Standards”, 2014).

Main focus of developing semantic web languages is, finding a point between the
expression ability of a language and flexibility of reasoning services. Importantly, the
point must be in balance (Gentner et al., 2012). In this aspect, ontologies play a
central role for the development of semantic application. In order to provide a formal
model for descriptive and semantic information technologies, ontologies are essential

(Knublauch et al., 2004).

2.1.2 Ontologies

“An ontology is a hierarchically structured set of concepts describing a specific
domain of knowledge that can be used to create a knowledge base. An ontology
contains concepts, a subsumption hierarchy, arbitrary relations between concepts,

’

and axioms. It may also contain other constraints and functions.’

(Blomgvist et al., 2006)

Ontologies define a shared vocabulary to share information in a specific domain
(Noy & McGuinness, 2001). In the book by F. Baader (2003), ontologies are
mentioned as description of logic. In addition, ontology is also expressed as a formal

representation of knowledge. This formal representation consists of a set of concepts

6



within a domain and the relationship between these concepts (Subhashini &
Akilandeswari, 2011). By constructing a model, providing a shared and common
understanding is the main outcome of ontologies (Nguyen, 2011). The only
limitation about the ontologies is the computational power. Domain wideness is only

correlated by the computation power of the host system.

Basic Ontology Primitives

Following expressions are the logical categories of an ontology:

o Entities: every class, individual and property is accepted as an entity
in an ontology,

e C(Classes: are set of collection, concepts, objects, etc.,

e Relationship: the relation between two entities,

e Attributes: properties, characteristics of an object,

e Restrictions: Described assertions,

e Axioms: rules that are described in logical form,

e Data range/domain: definition of an entity that can be represented in
a class,

e Functions: stand for representing complex relations that can be used
instead of a term in a statement,

e Rules: also statements that can identify logical inferences,

e Events: modification of relation or attributes.

These categories are used for logical description and these elements are interpreted

and used for meaningful interpretation (Motik et al., 2009).

2.1.2.1. Ontology Architecture

In the process of ontology construction, an ontology should not over commit on
representational choices. Ontologies should be extensible based on needs during the
actual use. Organizing principle should be used to structure an ontology (Swartout et

al., 1996). Wache and his friends’ article (Wache et al., 2001) claims that there are



three general ontology construction architectures. These architectures can be

identified as:

e Single ontology,
e Multiple ontology,
e Hybrid ontology.

Single Ontology

Single ontology approaches take into account only one global ontology. This type of
ontology provides a shared lexicon for the determination of semantics. All the
information origin is described by only one ontology. Furthermore, information
providers can also be some other ontologies but there are important restrictions. In
such an ontology, information provider must have nearly the same view of the
domain. Consequently, the multiple ontology structure is developed to solve this

integration problem (Wache, et al., 2001). Single ontology approach is depicted in

( global W
ontology
L "y
S
7 ':£:' \E\:r

J

Figure 1. Illustration of single ontology architecture (Wache et al., 2001).

Figure 1.

—

single ontology approach

Multiple Ontology

In this type of ontology, each information origin is defined by its own ontology. This
combination namely source ontology consists of several separate ontologies. In fact,

for this perspective, information sources, other ontologies in this case are not



assumed to be ontologies. Instead of assuming these information sources as
ontologies, whole structure can be seen as an ontology that shares the same
vocabulary. Multiple ontology sources should have different views and details of a
domain. In this perspective, each ontology in the system can be developed separately
from each other. Developing new data sources or modifying the existing data sources
are advantages. However, comparison of ontology sources with each other may cause

problems in the multiple ontology approach (Wache et al., 2001).

Multiple ontology approach can be seen in Figure 2.

- \ Y
local local local
ontology ontology oatology
M » oo Y Zat

multiple ontology approach
Figure 2. Illustration of multiple ontology architecture (Wache et al., 2001).

Hybrid Ontology

This approach was developed to get rid of the disadvantages of single and multiple
ontologies. Although the structure is similar to the multiple ontology, the difference
comes from the single ontology approach. In this architecture, vocabulary is sourced

by only one global ontology (Goh, 1996). Hybrid approach is presented in Figure 3.
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Figure 3. Illustration of hybrid ontology approach (Wache et al., 2001).
2.1.2.2  Ways of Constructing an Ontology

In the literature, there are mainly three ways to construct an ontology (Subhashini &

Akilandeswari, 2011).

Manual ontology construction requires domain expertise, time and much effort. It is

reliable, but difficult to construct.

Semi-automatic that is an ongoing process construction which means that the
construction is done with human intervention (Jaimes & Smith, 2003). Since the
developed application includes a semi-automatic ontology, detailed explanation of
this construction approach and the reason of why this approach adapted to this study
can be found in Chapter 4.

Fully-automatic construction is responsible for all the construction processes. In this
type of construction, processes of constructing relations, injecting examples,
keywords, etc are only performed by the ontology itself. Since semi-automatic
construction approach also has an ability to construct an ontology, the difference
with respect to fully-automatic ontology construction is that automatization is
somehow done by identifying patterns and using these patterns to construct the

ontology (Blomgvist, 2005).

10



2.1.2.3 Ontology Conceptualization

Ontology types can be summarized with respect to their conceptualizations. The

following Figure visualizes the dimensions of levels.

top level ontology - .DOLCE"
domain-independent (e.g. process, agent, cbject, ... )

T

inherits from

|
core ontology —
documentation, DSS, manageameant
indepandeant of thematic domain
(e.g. problem, method, objective, task, role ...)

f

inherits from

domain ontology — (natural) disaster
domain dependent (e.g. risk, avalanche,...)

Ontological

Figure 4. Illustration of ontology levels (Mayer et al., 2008).

Top level ontology: Concepts of ontology are independent from the domain. It is the
highest level ontology. Top level ontologies can be used for getting answers to the

following questions:

How can the top level be presented if this top level is a general class of all

classifications?

What is the most general class?
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Figure 5. Sowa Diamond a top level ontology illustration (“Top-Level Categories”,

2001).

Generally, top level ontologies are constructed for representing general knowledge

for common sense reasoning (Jansen, 2008). An example can be seen in Figure 5.

Mid level ontology: In this level, ontologies stand like a bridge between top level and
domain ontologies. Mid level ontologies generally provides more concrete
representations to the upper level ontologies. This concrete representation is

abstraction of concepts found in upper ontology (Moller & Sintek, 2007).

Domain ontology: Concepts of ontology and their relationships describes the domain.
It is the most common ontology. Basically, it describes concepts of domain of

interest and their relations (Moller & Sintek, 2007).

Task ontology: Concepts of the ontology describes the structure of performing the
tasks domain. It is designed for a specific task. These type of ontologies supports
terms specifically for a particular task. For example, the word hypothesis belongs to

the diagnosis task ontology (Fensel, 2001).
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Application ontology: Concepts of this type of ontology are domain specific
(Nguyen, 2011).

2.1.2.4  Ontology Construction Approaches

There are two more approaches in constructing ontologies. An ontology can be
constructed according to the direction of knowledge extraction. The type of
directions can be seen in Figure 6. According to the direction of knowledge
extraction, these two construction approaches are called top-down and bottom-up.

Figure 6 can perfectly depict these approaches.

Top-Down Approach

Wisdom z

Knowledge

Information

’ Data

Bottom-Up Approach

Figure 6. Illustration of Top-Down Vs Bottom-Up Approach (Gandon, 2011).

Top down approach can start with the definition of the top concept. Specialization
also needs to be done at the starting point. In this approach, the highest level of an

ontology includes the most generic concept (Gandon, 2011).

Bottom up approach is sourced by atomism that notion perceive every entity as
composed of other entities. The lowest level of each object includes a set of
indivisible atomic units and their relations. An ontology constructed by the bottom-
up approach can be defined as a concept described by its examples. In this ontology,
each example differs from its superconcept and also these examples differed by its

sub concepts. Therefore it is obvious that descriptive atomism means that the bottom-

13



up approach also classifies any object by its own instance objects (Van & Mars,

1998).

Moreover, an ontology can be constructed according to the starting point of

information extraction that is namely concept-driven or a data-driven approach.

Data-driven approach requires a specific domain data to construct ontologies and
uses domain knowledge with human intervention. (Jaimes & Smith, 2003). As a data
driven approach ontology, Public Procurement Services of Korea built an ontology

based e-catalog system named KOCIS (Lee. et. al., 2006).

Concept-driven approach is for constructing ontologies with general domain
knowledge, not with specific data. This type of ontologies allows the user to define
specific internal structure, for example, type of data or particular conditions etc.
(Dautov et al., 2012). In the concept-driven approach, the prior knowledge of the
designer is vital (Swaak & Jong, 2001).

There exist a number of ontologies in the literature constructed by different
approaches. In Bruckschen and his friends’ study (Bruckschen et al., 2010); an
ontology is constructed for domain specific knowledge in the legal domain.
Moreover, Witte and his friends (Witte et. al., 2010) have constructed an ontology
using NLP which can be considered as a good example for domain specific and fully
automatic ontology. In this study, they have created a tool, OwlExporter, which was

used to map entities, and also for analysing OWL ontologies.

In broad perspective, there is not an exact model in ontology construction, so there
can be many different ontology designs even for the same data in any domain. This
gives a freedom in ontology construction but it is also a confusing step for the
ontology designers. Therefore, the constructor must decide about an efficient and
reliable ontology structure according to the goal of the system but still considering

the domain data.

Analysing present ontologies from different domains also provides better

understanding for constructing a class structure and their relations. In this study,
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many constructed ontologies from different domains have been analyzed to decide on
a proper ontology construction, and developing an intuition for the current study.
Some of the analyzed ontologies were Wine ontology (Noy & McGuinness, 2001),
Pizza Ontology (“Pizza Ontology”, 2015), eClassOWL Product and Services
Ontology (“eClassOWL”, 2015), Travel Ontology (Choi et al., 2006) and a similar
Customs Ontology that China has developed, named CIQ2000, to facilitate

inspection, quarantine and custom processing. (Zang et al., 2008).

2.1.2.5 Ontology Construction Steps

Ontologies are constructed in six basic steps as mentioned below:

e identifying the need and purpose source of the ontology,

e capturing the concepts and their relationships that need to be identified,

e deciding about the representational language for the ontology construction,

e implementation of the ontology,

e ontology evaluation that means each ontology must be evaluated with respect
to an evaluation criterion,

e ontology documentation where all the related knowledge of the ontology has

to be documented for reuse (Subhashini & Akilandeswari, 2011).

Furthermore, there are four main components of the ontologies that are used for

representing a domain:

e (Concepts can be classified as entities in a domain,
e Relation is the relationship between these concepts,
e [nstance means instance of the concepts,

e Axioms that are representational axioms which are always true.

2.1.2.6 Ontology Representation Languages

Ontology languages can be classified as:
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Frame-based languages (OKBC, Ontolingua, OCML, XOL, etc.) which represent
objects and concepts as frames and build relationships of frames (Lenzerini et al.,

2004),

Description Logics-based languages (KIF, OWL, DAM+OIL etc.) which represent
concepts and classes as well as their relationships in a well-defined structure and in a

basic way (Lenzerini et al., 2004),

XML-related languages (RDF, RDFS, etc.) use XML documents to represent data by
using tags in XML syntax (Lenzerini et al., 2004).

The Resource Description Framework (RDF) is a structure that provides a way to
encode, exchange and use the metadata again and again. RDF is an XML application
that pushes data in a strict structural form. In addition, it provides certain methods for
expressing semantics. This constrained and standardized form supports the

interchange of metadata between different resource description communities (Miller,

1998).

Resource Description Framework Schema is used for declaring lexicon, semantic
properties' type identified by a certain communities. Definition of RDF schemas

stands for the valid properties of the provided RDF description (Miller, 1998).

The Web Ontology Language, OWL, is one of the most popular semantic mark-up
languages that simply work on the World Wide Web for sharing and publishing
information. OWL is developed by the W3C Web Ontology Working Group. The
first level of RDF schema was not enough to extract meaningful information for the
machines. Therefore, there had to be a language which can go beyond the RDF
Schema. OWL simply was developed to satisfy this need. The basic growing
structure which is named as Web Stack that carries OWL on its shoulder and Web

Stack can be described in five bullets (also see Figure 7):

e XILM is the first level of Web Stack that is the surfaced syntax where the
documents need to be structured to be processed. Note that at this level, there

is nothing related to semantic constraints on these documents.
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e XML Schema is a language that restricts the structure of XML documents.
e RDF is basically a data model for resources and relations between these

resources.

e RDF Schema is used for identification of properties and classes of RDF
objects.

e OWL is the extended vocabulary for describing classes and properties. In this
vocabulary, there are number of specific expressions for defining relations

and properties. Some of the examples are given in Table 1.

Trust
Prool
Logic

Iramework E
Rules "-é

L.

T

Ontology -

RDF Schoma

RDF MA&AS

URI Unicoda

Figure 7. Illustration of the Web Stack (Horrocks et al., 2005).

Table 1. Some examples from OWL vocabulary.

Definition Expression
Relations Disjointness
Union

intersection of

Cardinality Only

Some

exactly one
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Table 1 (Continued).

Characteristic Property Symmetry

Transitive

Functional

OWL is relatively powerful in expressibility; however, it is highly complex for

computability. Under OWL there are three sub languages. These languages are:

e OWL Lite supports the most basic needs for classification and simple
constraints. For example, there is only one definition for cardinality that can
be defined by 0 or 1. OWL Lite is the simpler sub language of OWL family.

e OWL DL provides maximum expressivity. However, there are some
restrictions about this expressivity. For instance, a class can be a subclass of
many classes but it cannot be an instance of another class. Therefore, because
of these description logics, this sub language of OWL is named as OWL DL.

e OWL Full can be used for maximum expressiveness and maximum syntactic

flexibility of RDF. Nevertheless, there is no computational guarantee.

In this study, OWL DL is used for the querying of the constructed ontology.
Although OWL DL is the most accurate and the most expressive sub language, it
brings a number of restrictions for the usage of OWL. In OWL DL, all classes,
properties, data types and instances need to be accepted as a pairvisely disjoint

(Zhang & Miller, 2005).

2.1.3 Ontology Tools

Since constructing an ontology for huge amount of data is time consuming and
difficult, there are many powerful tools developed for ontology construction. The
main goals of these tools are, providing an easy way for the construction of
ontologies. There exist several types of ontology tools. The main concept is
providing a system for building a new ontology from scratch or reuse of previously
developed ontologies. The purpose can also be a merging and alignment of an

ontology. In addition, it can be used as ontology evaluation tool, ontology-based
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annotation tool, ontology querying service or an ontology learning tool.

With the strong capabilities of ontology construction tools, in ontology operations,
developers and also domain experts have gained a powerful skill in ontology

construction, manipulation and querying (Horridge et al., 2006).

These tools can be classified into two main groups as language specific and language

independent ontology tools. Examples of these tools are given below:

Apollo

Apollo is the user friendly ontology tool. The modelling of the tool is based on
fundamental primitives such as classes, relations, functions etc (Kapoor & Sharma,
2010). This application stands on the OKBC frame system that is the extension of the
Frame Ontology. In this system knowledge organization used is frame-based

representation (Goémez-Pérez et al., 2004)

Ontolingua

This system provides a portable ontology where multiple languages can be used for
representation. Since the application converts the definitions into a basic syntax,
these syntactic forms are taken as an input to the several implemented representation.
Therefore, Ontolingua can be used by multiple users and groups so that they can
choose their representational system and they can move it from one system to

another system easily (Gruber, 1992).

WebOnto

WebOnto is an application that provides visualization, browsing and editing options
for constructing and editing ontologies. This system models the information based on
OCML which is a language that can be used for knowledge modelling, providing a
representational system and knowledge bases. OCML is also developed using

WebOnto itself (Domingue et al., 1999).
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WebODE

This tool supports a way for the integration of several ontologies. Besides, it also
provides ontology design, management, browsing and other standard ontology tool
abilities. Within the system, middleware service of the tool stands for the integration

of ontologies into information systems (Arpirez et al., 2001).

Protégé

As a language independent ontology tool, Protégé, is a popular tool. It is an open
source ontology editor which is suitable for building intelligent systems. Protégé is
developed at Stanford Centre of Biomedical Informatics and Research at the Stanford
University School of Medicine. It is made available under the BSD 2-clause license.
Protégé is defined in its web source as a tool for modeling ontologies in order to
connect data integration with business supporting algorithms (“Protégé”, 2016).
Protégé has a strong ability and knowledge modeling. The following features are the

capabilities of Protégé:

e Loading, editing and saving OWL and RDF ontologies,

o Constructing ontologies,

o Storing ontologies in different formats such as XML, RDF and OWL,
e QGraphical representation of ontologies,

e Populating ontologies,

o Reasoning ontologies. (“Protégé”, 2016)

Protégé is developed based on two different components, namely model components
and view components. Model components were developed for ontology and
knowledge representation that is processed in the background. It provides a Java
based API. By the help of this API, querying and editing the ontology and its entities
for OWL 2.0 can be performed. View component of Protégé is used for a user
friendly graphical user interface. This interface supports the creation or manipulation
of ontology entities. Via this interface, classes, individuals, objects, data properties
and relations between them can be created and manipulated. Protégé also supports
several formats such as CLIPS, RDF, XML, UML and relational database access.
20



Protégé users are also able to develop new features and plugins. Additionally, they
can use these plugins integrated with the tool Protégé, dynamically (Knublauch et al.,
2004). Protégé has many plugins and libraries for different purposes of ontology
construction (“Protégé Plugins Library”, 2015). For instance, using the OWL plugin,
Protégé gains the capability of editing ontologies by multiple users simultaneously.
With reasoner plugins, Protégé has the capability of reasoning ontologies from the
user interface. Moreover, for ontology visualization, several graph representation
plugins can be used within Protégé (Knublauch et al., 2004). In order to export

ontologies, there is an ontology export plugin.

There are several ways of constructing and storing an ontology using Protégé.
Designers can either build their ontologies using Frames, RDF(S) and OWL and can
also store the constructed ontologies into databases or files. With Protégé's capability
in interoperability, Protégé can also be used in a client/server architecture or stand
alone architecture. The client—server architecture of Collaborative Protégé is depicted

in Figure 8:
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Figure 8. Illustration of architecture of Collaborative Protégé (Tudorache et al.,
2008).

Protégé environment is in a tabular style that supports users to define entities,
classes, individuals, object and data properties, annotation properties, relations and

the types of relations. The environment also supports ontology reasoning.
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Furthermore, it supports many other abilities with its downloadable plugins

(Saripalle et al., 2013). The Protégé ontology construction environment is illustrated
in Figures 9 and Figure 10.
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Figure 9. Classes in Ontology in Protégé Ontology Editor.
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Figure 10. Example of Relations in the Protégé Ontology Editor.

Comparison of Ontology Tools

The even construction of ontologies depends on the domain itself and its complexity

and ontology tools provide a graphical user interface and many features to ease the

process of ontology construction (Khondoker & Mueller, 2010). There are number of

different ontology construction tools. In broad perspective, the ontology tools can be

compared according to:

e General descriptions in architectures, extensibility, storage and backup

features,

e [nteroperability features in import and export format,

o Knowledge representation features in KR paradigm, axiom language

methodology,

e [nference capabilities as built-in and attached inference engines,

e Usability features in collaborative working capabilities, GUI and ontology

libraries (Alatrish, 2013).
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The comparison of ontology development tools is presented in Figure 11.

Apollo Ontolingua | Ontosauru | WebOnto | WebODE | Protégé OntoEdit | OILEd
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Language C+ CARIN | Schema FLogic, DAML+
DAML+ OIL
OIL
Export OCML KIF-3.0.CLIP | LOOMIDL | OCML, | XMLRD | XML RDEF(S) | XMLRDF( | OIL RDE(S)
Format S ONTO KIF | Ontolingu | F(S),0L, | XML S).FLogic, | DAML+OI
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Figure 11. Comparison of the ontology development tools (Singh & Anand, 2013).
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2.14 Reasoners

Semantic applications are widely in use. Accordingly, reasoners play a key role in
knowledge representation and reasoning capability of applications. (Bock et al.,
2008) Reasoners check the existence of logical contradictions and consistency of the
ontology. If the ontology is certain and consistent, (Abburu, 2012) they provide class
hierarchy and reproduce information from the assertions of the defined ontology
(Antoniou & Harmelen, 2004). As ontology sizes and their complexity grow in time,

the need for logical reasoners increased accordingly (Tsarkov & Horrocks, 2006).

Description Logics (DL) reasoners are logic-based reasoners used for knowledge
representation. DL Reasoners are used with many tools and API’s. They support
reasoning operations, for the capability of evaluating three main taxonomic errors of
the ontology, which are inconsistency, incompleteness and redundancy (Gémez-

Pérez, 1999)

The following inferences are evaluated by reasoners:

e Consistency of ontology,

e (lass hierarchy,

e Object property hierarchy,
e Data property hierarchy,

e (lass assertions,

e Object property assertions,
e Data property assertions,

e Same individuals,

e Different individuals,

e Disjoint classes.

There are a number of DL reasoners of OWL that can be used with Protégé. These
are Pellet, RACER, FaCT++, Snorocket, HermiT, CEL, ELK, SWRL-IQ and
TrOWL. The most popular reasoners are Pellet, FaCT++ and HermiT. Detailed

descriptions of the popular reasoners will be presented in the following section.
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FaCT++

FaCT++ (Fast Classification of Terminologies) is an open-source C++ based DL
reasoner that supports OWL API, DIG and lisp-API, and has a tableau-based
decision procedure for subsumption, satisfiability, classification and retrieval (“Old
list of reasoners”, 2016). FaCT++ reasoner has a powerful ability in ontology
reasoning on OWL ontologies that it firstly optimizes and preprocesses the
representation of the ontology to determine inconsistency and entities, checks
realizability of the rules and then it computes the classification of entities (Tsarkov et

al., 2006).

Although FaCT++ determines the inconsistency in ontologies, it cannot present the
reason of inconsistency. It can automatically determine possible inconsistency even

in large scale ontologies.

FaCT++ performs two different practices in reasoning. Persistent reasoning practice

is done by FaCT++ in three steps:

e Initialization of the reasoned,
e Application of the classification process,
e Recording of the gained information and internal state and modules them to

be used in reasoning.

Most time-consuming part of this practice is the initialization process. At the second
step, FaCT++ applies incremental reasoning. Rather than loading and classifying the
ontology, it only collects information about a change in ontology. Moreover, it
determines the variation of the ontology and computes these changes. These
practices provide efficiency both for usage of resources and time in reasoning

process. (Tsarkov, D. [Incremental and Persistent Reasoning in FaCT+], n.d.)

Pellet

Pellet is an open-source Java-based tableau reasoner available under license of MIT
(“Old list of reasoners”, 2016). It supports OWL API, Jena and DIG, and provides

subsumption, satisfiability, classification, retrieval and conjunctive query answering
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of ontologies. Pellet has many features such as analyzing and repairing the
ontologies, reasoning the data types, implication and querying. Pellet supports
inconsistency checking and provides information about the reasons of inconsistency.
Pellet also has a repairing process. Ontologies are parsed into RDF triples by
RDF/XML parser, parsed ontology is processed for axiom specification and
validation, and at this point, if it is needed, Pellet repairs the ontology. After
specification process, axioms of classes are recorded into T-Box, and individual
assertions are saved into A-box components. By using tableau approach, an XSD
reasoner processes the reasoning. It is also compatible and efficient to use Pellet for
developing ontology based applications that supports OWL API by its OWL API
library or Jena by its Jena toolkit. Architecture of the Pellet reasoner is pictured in

Figure 12. (Parsia & Sirin, 2004).
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Figure 12. Illustration of Pellet architecture (Parsia & Sirin, 2004).
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HermiT

HermiT is an open-source Java hypertableau based reasoner interface. Hermit is
compatible with OWL API 3.0 and available under LGPL license (“Old list of
reasoners”, 2016). Hermit uses all features of OWL 2.0 standards and provides many
reasoning practices in classification and reasoning. Hermit supports SPARQL and
DL-safe SWRL rules and graphs for representing the relationships. Hermit reasoner
can be used through a Java interface for hypertableau based reasoning. In the
interface a command line is used for basic reasoning. Hermit also provides the OWL
API for integration to an application. Loading, classification and realization is
performed by HermiT and a hypertableau process takes place for reasoning.
Reasoner interface converts OWL API data structures into its own data structure for
the representation of ontologies. Furthermore, it also can convert its own data
structure into OWL API data structure for ontology representation. Hermit also uses
individual reuse and blocking practices for decreasing and optimizing the size of pre-
models and detecting the cyclic blocks for improving its capability of consistency

inspection. Architecture of Hermit is depicted in Figure 13 (Glimm et al., 2014).

In this thesis, Hermit, a popular and common tool, is used for consistency checking
and reasoning processes with OWL API and Protégé. Relevant information is

detailed in Chapter 5.
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Comparison of Reasoners

There are many different and popular methodologies and reasoners in semantic web

reasoning capabilities and also features are discussed in the Figure 14.
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community developed in many different structures and programming languages,

having compatibility with different tools and APIs. Some of the reasoners and their
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= based based based 1 rules mules ubased nles 1 mules e based
Soundness Yes Yes Yes Yes Yes Yes Yes Yes Yes
Completeness Yes Yes Yes Yes No Yes Yes Yes Yes
Expressivity SROIQD | SHIQ | SROIQD | EL+ SROIQD) EL+ SROIQ EL
Native Profile DL EL DL DL EL DL EL DL EL EL
Incremental | Additio Yes No No Yes YN No Yes No Yes
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2 Remova | Yes No No No YN No No No Yes
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source 1 Source 1 source 1
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Figure 14. Comparison of Reasoners (Abburu, 2012).

As mentioned in the previous section, the most popular open source DL reasoners are
Pellet, FaCT++ and Hermit. The following Figure shows the ontology classification
times over several classified ontologies using OWL API. The charts show the
number of ontologies at the vertical axis. The horizontal axis shows the time for

different reasoners. As displayed in the chart, even though HermiT does not perform




better than other reasoners, it performs over complex ontologies systematically

(Glimm et al., 2014).

B HermiT
B HermiT-IR
= Pellet

B FaCT++

100ms 500ms 55 1min 30mins timeout

Figure 15. Reasoners comparison graphs (Glimm et al., 2014).

2.1.5 Knowledge Access

Ontologies can be accessed through APIs which are interfaces for the applications
based on ontologies and used for loading, constructing, reconstructing, manipulating,
saving and reasoning ontologies. The most popular open source APIs Jena and OWL

API are explained in the following:

Jena

Jena API is a popular open source Java API based on the RDF platform. Jena models
through RDF graphs which are interfaces to support RDF triples, and it also supports
OWL. Jena is a language independent API, supporting many programming languages
and an interface for ontology application development. Additionally, it also supports
RDF/XML parsers and many reasoners for querying ontologies. Jena creates RDF
models with the help of reasoners and injects these models into base RDF graphs.
Jena is also capable of manipulating the RDF graphs. The components of Jena are

illustrated in Figure 16 (“Jena Ontology API”, 2016).
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Figure 16. Jena components (“Jena Ontology API”, 2016).

Two main aims of Jena are providing a framework for ontology application
development, and conformity to the statements of RDF. Jena supports both in
statement and resource centrical approximations. Jena has many interfaces in
accessing the resources, supporting connections between the resources, reasoning
and representing the RDF graphs by its promising layered architecture (McBride,
2001).

Jena consists of three layers interacting with the interfaces which are called graphs
for supporting RDF triples as a set of expressions. In Jena, Model layer is for
accessing ontology applications through OWL, DAML+OIL and RDFS which
support many features for resource accessing, viewing the graphs and graph nodes;
Enhanced Layer stands for providing graph and graph nodes views, also provides
polymorphism and inheritance of graphs; and Graph Layer works for providing an
interface through the graphs. Java also provides a query language RDQL for the
reasoning (Carroll et al., 2004). Jena architecture is presented in the following

Figure:
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Figure 17. Illustration of Jena Layers (Carrol et al., 2004).

OWL API

The OWL API is an open source Java API that is focused on OWL 2 and is used for

loading, constructing, reconstructing, manipulating, saving and reasoning ontologies.

OWL API is available under either the LGPL or Apache Licenses. It is maintained

by University of Manchester and is developed by the contributors as Clark & Parsia
LLC and University of Ulm (Horridge & Bechhofer, 2009). OWL API supports
manipulation of OWL ontologies but not in RDF level. OWL API is directly based

on the OWL 2, as a set of axioms and annotations, and access to OWL ontology

using interface for entities and class definitions. The names and hierarchies of
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axioms, interfaces and class definition are similar to the specification structure

(Horridge & Bechhofer, 2009). Design of OWL API is depicted in Figure 18.

OWLOnologylD
antokegyiAl - A
varsionIR| : 17
1

1 0..* 0.°
OWLOntologyManager |#—— OWLOntology }07 OWLANnotation ‘

I::lln

OWLAxlom ‘

Figure 18. OWL API design illustration (Horridge & Bechhofer, 2009).

Due to the flexible design of OWL API, ontology management is done by Ontology
Manager. Ontologies are created or loaded by OWLOntologyManager, which
provides a centralized access and a centralized management on loading, customizing
and monitoring of ontologies. Ontology change is done by OWLOntologyChange to
change ontologies by adding, removing axioms and annotations through an ontology
manager. Ontology parsing and rendering is done by OWL API parsers (Horridge &
Bechhofer, 2009)

The OWL API uses the following components for parsing and rendering and

supporting the OWL ontology using within applications:

e An API for OWL 2 and an efficient in-memory reference implementation,
e RDF/XML parser and writer,

e OWL/XML parser and writer,

e OWL Functional Syntax parser and writer,

e Turtle parser and writer,
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o KRSS parser,
e OBO Flat file format parser,
e Reasoner interfaces (“The OWL API”, 2016).

OWL API uses reasoner interfaces to check inconsistency in ontology design,
compute relations between entities, query ontologies and search for the extracted

information from the ontology. OWL API uses the following reasoners:

e Chainsaw,

e FaCT++,
e JFact,

e HermiT,
o Pellet,

e RacerPro (“Reasoners, OWL API support”, 2014).

With its support on loading, constructing, reconstructing, manipulating, saving,
reasoning and managing ontologies with its interfaces, OWL API is a cornerstone in
ontology-based applications. In fact, OWL API is also popular between the
developers of ontology-based applications because of its flexibility in design,
supporting different types of implementations with its components (Horridge &

Bechhofer, 2009).

There are many open-source resources such as codes and documentation about OWL
API. Many ontology-based applications are using OWL API. A popular tool Protégé
also uses the OWL API for ontology operation using the functionality of OWL API
on ontologies (Horridge & Bechhofer, 2009). Protégé OWL API is an open-source
Java library for OWL and RDF(S). Besides providing classes and methods for
ontology operations, the API uses Description Logic engines for reasoning and also
provides a graphical user interface by using user interface components of Protégé

(“Protégé OWL API Programmers Guide”, 2010).

In this thesis, OWL API is used for ontology operations such as loading,

manipulating and reasoning for the developed ontology application.
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Structural Search

As studied before ontologies are the base structures for the semantic web. In order to
make efficient reasoning, expressive querying is the main challenge in knowledge
reasoning and still this issue is a hot problem in the field. The idea of the structural
search is easy where the statement of the user is converted into an expressive
representation language that can be complied into a restricted language where this
system provides a useful interface to user (Pan & Thomas, 2007). In Figure 19, this

structure is illustrated:

User Query rewriting

Query Translation (DL —> Calculus)

Calculus
Query

Query Translation (Calculus —> Alge

Logical Logical Optimization
Algebra

Physical Optimization
Y
Physical
Algebra Query Evaluator

Figure 19. Illustration of DL Query (Peim et al., 2002).

Normalisation/
Semantic Optimization

SPARQOL

SPARQL is a recommended querying system by W3C for RDF. SPARQL is used for
bindings of RDF terms to querying from a set of RDF graphs. It is a simplified the

query sentence as shown below:



SELECT variables
FROM data
WHERE {patterns}

It also provides filter expression such as union, disjunction, etc. (Euzenat et al.,

2008).

SWRL

SWRL is used for rule interpretation on the Web. It is a combination of OWL DL
and OWL Lite. SWRL provides to write horn-like rules that describe the OWL
domain for reasoning about OWL individuals. These rules can be used for extracting
new knowledge from the existing knowledge base. SWRL specification provides
designers to use a number of rule engines freely to reason with the SWRL rules that

recorded in an OWL knowledge base (O'connor et al., 2005).

DL-Query

As mentioned in the previous section, DL query has high level of expressivity.
Nevertheless, it brings some restrictions with respect to this expressivity such as in
order to use DL query, designer must be aware of these restrictions (Zhang & Miller,

2005).

2.2 Background on Natural Language Processing

Natural Language Processing (NLP) is a field of computer science, artificial
intelligence (AI) and linguistics. Main concern of the branch is to develop an

interaction between computers and humans using natural language (Reshamvala et

al., 2013).

2.2.1 Natural Language Processing (NLP)

As a standard definition, NLP is a computer program which understands human
language in written or spoken form. NLP is an approach for analyzing text where the

analysis is based on the language rules such as the syntactic and morphological
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structures. NLP is a multidisciplinary area that covers computer and information
science, mathematics, linguistic, psychology and several engineering fields

(Chowdhury, 2003).

NLP takes place in many researches for different purposes. Some of the research

areas that NLP is used are:

e Machine translation,

e Morphological analysis,

e Automatic summarization,
¢ Question answering,

e Information extraction,

e Information retrieval,

e (lassifiers,

e Text similarity (“Introduction to Natural Language Processing”, 2015).

NLP also takes place in Speech Synthesis where text to speech transformation and
speech recognition works for simultaneous transformation from speech to semantic
information using grammatical rules and syntactical analysis of the related language

(Reshamvala et al., 2013).

In literature, there are a number NLP tools and algorithms developed for different
purposes. These tools, named NLP software, can be classified as, general information
tools, taggers and morphological analyzers, information retrieval and filtering tools,
machine learning tools, finite state automata tools, Hidden Markov Model tools,

language modeling tools, corpus tools, etc (Liddy et al., 2000).

Levels of NLP

NLP has to analyze the given sentence on different levels, such as semantic,
morphological, lexical, etc. and to reach the content of the text. In addition to these,
NLP is also directly related to computational linguistics which is mainly related to

Cognitive Science and is seen as a plausible way to understand the human cognitive
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system to model language usage; and a way to understand cognitive processes of the

human mind (Liddy, 2001).

In the notion of language processing, there are multiple levels, such as semantic,
morphological, lexical, etc., in analyzing any natural language. It is commonly
known that all these levels are taken into account when an NLP system is to be
designed. However, there are various NLP systems where some systems analyze all
of these levels; on the other hand some only use one of these or a combination of
levels. As a result, the only difference between NLP systems is whether the system

uses weak NLP or strong NLP (Liddy, 2001).

As a rule of natural language of humans, every level of natural language consists of
some information used from extracting meaningful knowledge from the natural
language. The deeper level of language used in NLP means, the more capable system
can be designed (Liddy, 2001). At the center of any NLP, main issue is the
understanding of the natural language and the core task of the NLP programs is to
solve three main challenges. The first is the thought (meaning of a set of input), the
second is meaning of input and its representation and the last one is the world
knowledge. In this context, inevitably, all NLP system must have different levels to
solve the mentioned issues. The levels of NLP are presented below (Chowdhury,

2003):

Phonology consists of meaning about the sound of each word.

Morphology is the multicomponent structure of the input word. Morphology provides
convenient and practical information for parsing and finding lemmas (Daille et al.,
2002). As general information, words can be in root form, or can include some other
suffixes. For instance, computer can be divided into two parts as compute and er
where the first part compute is the root of the word, and er is the suffix of the word.
The small units of the word are mentioned as morphemes, compute and er. As a
result, a given word conveys other meanings when compared to the sum of its parts.

Another example in Turkish can be seen in Figure 20.
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I*t morpheme 2"¢morpheme 3™ morpheme 4™ morpheme
word | hasta -lan ~di -m
hastalandim
word 2 yas -lan -di -m
yaslandim

Figure 20. Morphological analysis of words in Turkish (Yavuz, & Balpinar, 2011).

Word 1: Hastalandim meaning [ got sick, and word 2 yaslandim meaning I grew old.

Another Turkish word oliimsiizlestiriveremeyebileceklerimizdenmissinizcesine can

break down into morphemes as follows (Sak et al., 2011):

Oliim+stliz+les+tir+iver+eme+yebil+ecek+ler+imiz+den+mis+siniz-+cesine.

Intuitively, each morpheme is recognized with human cognition and its meaning is
understood. Similarly, the NLP system needs to find all morphemes and extract
information about the words from these morphemes. At this point, availability of a
computational tool for morphological analysis of any language may be the first

building block of any higher order NLP application (Pretorius & Bosch, 2003).

Lexical means interpretation of each word’s meaning. This meaning representation
can differ according to the semantic theory of the developed NLP system. On the
other hand, in the light of the generative grammar and structuralism, it is stated that
lexical meaning is a starting point of any semantic theory (Katz & Fodor, 1963).
Therefore, the core paradigm is the decomposition of all lexicons into basic logical

primitives. For example, apple can be given in such logical form (Table 2).

Table 2. Logical representation of apple.

Apple ( an organic entity that can be eaten by human, grows on tree, has color, has
round shape)

((CLASS FRUIT) (PROPERTIES(COLOR(RED,YELLOW,GREEN))

(USAGE(PREDICATION(CLASS(FOOD)(OBJECT HUMAN))))
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As seen in the given table above, finding a finite set of primitives for a large number
of lexicons is the central difficulty of the theory. On the other hand, recognizing the
verb functionality of the verbs and their thematic roles is the most influential part of
the theory (Ovchinnikova, 2012). Furthermore, in the framework of Pustejovsky
(1991), there are additional challenges with respect to meanings of lexical items.
First, there is no way to understand the meaning of word, if the syntactic structure of
the given sentences is not taken into consideration. Even if the syntactic structure is
taken into consideration, the biggest problem is, each lexical item has its own deeper
meaning that may change its own meaning according to the system and the domain it
operates in (Pustejovsky, 1991). Consequently, lexical analysis cannot be done
without syntactic analysis. Therefore, it is necessary for any NLP tool that lexical

analysis must be done in light of the syntactic analysis of a given sentence.

Syntactic analysis, is analyzing the words in the sentence for extracting information
about the dependency and relationship of the words in the given sentence. Therefore,
any NLP system has to have information about the grammar of the related language
and appropriate parsing of the sentences. For example, the following sentences have
different syntactic structures. You can see two different structures in Figures 21 and

22.
Sentencel: “Kim wrote that book with the blue cover”

[npKim [vpwrote [npthat book with the blue cover]]]

S

/\

NP VP
v NP
Kim wrote that book with the blue cover

Figure 21. Syntactic structure of Sentencel (Tallerman, 2014).
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Sentence 2: “Kim bought that book with her first wages”

[npKim [vpbought [npthat book][ppwith her first wages]]]

5
/\

NP VP

/\
VP PP
/\ //\
Vv NP with her first wages
2%
Kim bought that book

Figure 22. Syntactic structure of Sentence2 (Tallerman, 2014).

There are numbers of rules which identify the syntactic structure of the sentences. In
the above sentences, different syntactic structures can be seen in Figure 7 and 8. Yet,

sometimes syntactic analysis is difficult due to ambiguity. For example:
Sentence 3: I saw a man with a binocular

The above example is famous since is impossible to resolve the ambiguity. The
ambiguity of the given sentence can be defined as, “I saw a man who has a
binocular” vs. “I saw a man with a binocular”. Nevertheless, using an analysis of
discourse or context can solve the ambiguity. As a result, syntactic analysis of the
sentence is the only way to get the difference between the sentences even if they
have the same words. However, using an additional level of NLP analysis is

necessary in ambiguous situations.

Semantic analysis describes the meaning of the sentence by detecting the relations of
the words of the sentence with each other. The semantic process is necessary for

pragmatics level in providing the meaning of the sentence and it also has an essential
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role in the disambiguation of the words by detecting the meaning from the whole

sentence.

Discourse is another level of an NLP system that stands for dealing with a unit of
text which is longer than a sentence. Discourse of the sentences in the text
determines the function of the sentences in the given text. For example, in a regular
magazine text, discourse elements can be classified as identification of the sentences’
function such as, main story, evaluation, attribute, and expectation of the text. In
order to reach the correct interpretation of the meaning, it is necessary to make
discourse analysis of the given clauses in the text. In short, the most vivid

explanation can be given in a short discourse such as:

Sentence 4: Mary and John only go to cinema when a Turkish movie is playing.

In the Sentence 4 discourse, we infer the conditional relation between two different
events. Even if there are number of interpretations for a continued event, with the
help of the discourse analysis there is further information can be extracted (Gardent

& Webber, 1998) such as:

Sentence 5: John and Mary go to cinema rarely.

As a result, discourse analysis stands for the relation of clauses rather than the

smaller unit of a language.

The last level of the NLP system is pragmatic. Analyzing the context dependency of
the text, usage of this level is especially important for solving the disambiguation
where similar morphemes may convey different meanings. For example, the Turkish
word yiiz can convey meaning of swimming activity but also has a different meaning
such as the number hundred. These different meaning can be extracted with respect

to context of the text (Liddy, 2001).

In light of the information above, all these levels are not necessary for every NLP
system; using appropriate level or levels can improve the effectiveness of the system.

Since rule governed levels are more structured and efficient to use in limited domain,
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it is claimed that the lower level of analysis are effective for dealing with the smaller

units of analysis (Liddy, 2001).

Approaches of NLP

There are typically three main approaches developed by researchers with respect to

NLP systems.

Connectionist approach is one of these approaches where connectionist networks
learn from experience rather than the predetermined rules. Here, large data set are
used which includes a number of examples from the target language. The
connectionist NLP system can be classified as a system which can learn from
previous experiences (Reilly & Sharkey, 1992). From a general perspective,
language is taken into account as a product of cognitive processes. The main aim of
this school is to find evidence that not only the form but also the meaning of any
expression cannot be enough to explain the knowledge of a person. In this school, all
the mental models of the person, the person's ability such as projection of the
physical model to abstract model, usage of super-positional representation and
constraints satisfaction schemes of the person are, taken into account and integrated

as a multiple source of information (Sharkey, 1992).

Statistical approach uses mathematical techniques in order to extract information
from a large corpora where statistical methods are used in order to develop a
generalized model of the linguistic phenomena, which is based on instances of the
phenomena, that is taken from the processed corpora without any addition about
linguistic knowledge (Liddy, 2001). Statistical NLP can be defined as a quantitative
approach to automated language processing where quantitative means using
probabilistic modeling, information theory and linear algebra (Manning & Schiitze,

1999).

Symbolic approach is the last approach which is used in the developed system.

Symbolic approach is a type of top-down approach which extracts information from

text using known grammatical patterns and meaning of associations of the text

(Jackson & Moulinier, 2007). Without any doubt, this type of NLP is one of the most
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obvious NLP approaches that dominated by 20™ century structuralism. This approach
considers the center of the study as a matter of strings where each text is actually a
sequence of sentence, each sentence is a sequence of words, and each word can be
decomposed to a letters sequence. In this aspect, each contributor has to be
processed; continuous information can be predicted with the existence of what is
already known. And in second place, symbolic approach works at least in several
ways where the analysis is not performed on the whole text but can be managed as a

set of strings (Laporte, 2005).
2.2.2 Turkish NLP

Turkish is one of the most common languages all round the world with its variety of
dialects, and accents. Turkish is an extremely different language compared to Indo-
European languages. The first reason of this difference comes from the
morphological structure of Turkish. Turkish is an agglutinative language, therefore,
in Turkish, inflectional and derivational word alternation can be done by suffixes.
Furthermore, in a sentence, relations between words are given by suffixing (Carki et
al., 2000). Although it is a common language, there are a limited number of
researches that has been done in Turkish Natural Language Processing (Orhan et al.,
2011). Many academic researches have been done for the analysis of Turkish but few
commercial tools exist. Some of the implementations, dictionaries and morphological

analysis tools presented in the academic research are given below:

e An online Turkish dictionary provided by Turkish Language Foundation
(Orhan et al., 2011),

e Turkish WordNET, Turkish common sense database (Amasyali, 2012),

e Implementation of two-level morphological description of Turkish word
structures (Oflazer, 1994),

e An affix stripping morphological analyzer for Turkish (Eryigit & Adali,
2004),

e Zemberek, An open source NLP framework for Turkic languages (Akin &
Akin, 2007; “Zemberek Contributors”, 2013),
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e TRmorph, A freely available morphological analyzer for Turkish (Coltekin,
2010),

e Two-level Turkish morphological analyzer (Sahin et al., 2013),

e [TUmorph, A Turkish morphological analyzer (Sahin, 2014),

e Implementations of a morphological parser, morphological disambiguator
and web corpus as Turkish language resources. (Sak et al., 2008),

e ITU Turkish NLP Web Service, A Turkish NLP platform, (ITU) (“ITU
Turkish NLP”, 2015); (Eryigit, 2014).

Some of these tools will be explained below.

TRMorph

TRMorph is a Turkish morphological analyzer that can analyze the morphemes of a
given input text based on rules. As a general approach, TRMorph uses finite state
transducers (FSTs). It is stated that this tool was initiated for reducing morphological
analysis' time cost, as the nonexistence of free Turkish morphological analysis tool

opportunity (Coltekin, 2010).

Turkish WordNet

WordNet is a project where the system provides an efficient integration of traditional
lexicographic information and modern computing. Basically, it is an on-line database
controlled by a program where the database consists of verbs, adjectives, nouns and
adverbs organized and defined as a set of synonyms that stand for lexicalized
concepts. Each semantic relation is connected to a synonym set (Miller, 1995).
Turkish WordNet is a project which is actually connected to WordNet online
database. There are six different languages that connect to the WordNet, and Turkish
WordNet is one of these languages. Turkish branch of the WordNet is participated
with the Sabanci University, The Human Language and Speech Technologies
Laboratory within the participation of Balkanet Project (Bilgin et al., 2004).
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Zemberek

Zemberek is the most reliable and popular Turkish NLP tool that is an open source
code where a number of contributors can access and develop the system (“Zemberek
Contributors”, 2013). Zemberek provides spell checking, morphological analysis,
word derivation, word suggestion, word construction and translation of the special
Turkish characters into English form using ASCII similarities, and spelling of the

given text (Akin & Akin, 2007).

Zemberek provides a class of lexemes such as verb, noun, adjective, and reduces the
word into smaller units such as root and affixes. Zemberek is chosen as the symbolic

analysis tool for the developed application.

The library of Zemberek consists of a core and some special language structure
information. Core has been developed especially for Turkish language; however, it is
useful for other languages; there is no need to change the coding in the core structure
of the system. All language implementation can be done from the user interface

(Akin & Akin, 2007).

A morphological analysis example using Zemberek for the Turkish word

“Oltimstizlestirmek™ is illustrated in Figure 23:

L | 1 1 1 | 1 ]

Islem yapilacak yaziyi asagidaki alana giriniz.
dlimsiizlestirmek

glumsizlestirmek:

[ Kok:dlam, Tip:ISIM | Ekler:ISIM_KOK, ISIM_YOKLUK_SIZ, ISIM_DONUSUM_LES, FIIL_ETTIRGEN_TIR,
FIIL_MASTAR_MEK]

[ Kok:dl, Tip:FIIL | Ekler:FIIL_KOK, FIIL_DONUSUM_IM, ISIM_YOKLUK_SIZ, ISIM_DONUSUM_LES,
FIIL_ETTIRGEMN_TIR, FIIL_MASTAR_MEK]

Figure 23. A morphological analysis example using Zemberek.
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223 Ontology Construction Using NLP Techniques

Ontologies have a common and an extensive role in knowledge representation. There
exist many theories on ontology construction, ontology reuse, ontology mapping,
ontology learning, etc. Definition and creation process of a knowledge base is named
ontology population and automation of ontology construction, is named ontology
learning (Buitelaar et al., 2005). Many engineers and researchers are still trying to
develop systems which learn from texts, focused on ontology learning theories and
techniques as a study of NLP, and most are still trying to extract information to
ontologies by using automated ontology learning powered with NLP techniques. On
the other hand, there are many research and engineering efforts in developing new

ontology construction techniques and processes using NLP.

Using NLP while constructing an ontology is a known procedure where there are a
number of examples such as, Copestake and her friends (2006) built a semi-
automatically extending ontology in the chemistry area using NLP techniques for

scientific texts.

The difficulty in ontology construction arises because of the diversity in the
description of the domain from many different perspectives, domain data and
techniques which force the constructors to make a construction decision from this
diversity. The difficulty may be mostly overcome by constructing the ontologies
according to purpose of the ontology, data relevant to ontology construction and

users (Jaimes & Smith, 2003).

To have a complete and reliable ontology construction, there are three ways to

construct ontologies (Subhashini & Akilandeswari, 2011).

Manual ontology construction requires domain expertise, time and much effort. It is

reliable but difficult to construct.

Automatic ontology construction is the most common way of constructing ontologies
for time and money reasons. Statistical approaches are used in learning from domain

texts, corpus, documents and extracting the relevant information and relationships to
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ontologies. The more effort in automatic ontology construction is required in

selecting the necessary concepts and relationships.

Semi-automatic ontologies constructor extracts the information with human

intervention to have a complete and reliable ontology (Jaimes & Smith, 2003).

The aim of the literature review was to identify potential concepts and perspectives
about ontologies and NLP. In the end, the reviewed articles presented clear sense
about how to build an ontology with an NLP tool. To sum up, review of the literature
can be separated into two parts. The first part provides general concepts of ontologies
and different types of ontology construction methods. The second part gives broad
information about natural language processing and particularly Turkish NLP tools.

Theoretical framework of the developed application is explained in Chapter 4.
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CHAPTER 3

ANALYSIS AND DESIGN OF THE SYSTEM

As mentioned in Chapter 2, ontology construction for a domain can be done from
many different perspectives, according to the domain data and techniques used for
ontology construction. Here, the main point is making a decision by focusing on the
purpose of the ontology by considering the domain data for a descriptive and

meaningful ontology construction.

Consequently, in this thesis, to decide on the ontology design, the domain data is
analyzed first. Secondly, according to domain data analysis; entities, relations, data
properties and NLP techniques are also decided and the ontology is constructed.
After the ontology construction, a system is developed which inputs user product
description sentence and outputs the searched G.T.I.P. number by a GUI. The steps
followed and the implementation details of analysis and design of the system are

presented in the following sections:

3.1  Ontology Design

The declared goals of the thesis are the analysis of domain data, modeling and
construction of the product ontology and testing of the constructed ontology. The
following sections present detailed information about all the related work for a

reliable and a useful ontology design with the help of Turkish NLP.
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3.1.1 Analysis of Domain Data

Analyzing the domain data is essential for ontology construction. Classes, subclasses,
entities and their relations, objects and data properties cannot be specified without a
detailed domain data analysis. At this point, detailed information about our domain,

namely, HS coding system, is provided.

HS coding system currently consists of 5000 groups of products each described by
six-digit codes that are similar in all countries, then an additional six-digits, refers to
a particular product from the referred group that varies between countries. In total, it

is a twelve-digit HS code.

HS codes are specified according to 21 main sections called Béliim in Turkish
Foreign Trade. Each main section has chapters called Fasi/ and each chapter has
product groups and products specified by different HS codes for each category of
product.

In this study, a part of the current HS coding system, namely Section 11 is chosen as
the subdomain of our ontology. This main section is defined within the HS coding
system as “Dokumaya Elverisli Maddeler ve Bunlardan Mamul Esya”. One of the
chapters of Section 11, namely Chapter 50 which is defined as “Ipek™ is chosen as
point of interest; and Chapter 50’s position in HS coding structure is presented in the

following Figure:

Figure 24. Position of Chapter 50 in HS coding system.

The general structure of the HS coding subsystem is given in Tables 3, 4 and 5.
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Table 3.

Chapter list of the Section 11

(DokumayaElverisliMaddelerveBunlardanMamulEsya).

Fasil
No |Boliim 11 - Dokumaya Elverisli Maddeler ve Bunlardan Mamul Esya
50 |Ipek
yapagl ve yiin, ince veya kaba hayvan kili; at kilindan iplik ve dokunmus
51 mensucat
52 Pamuk
dokumaya elverisli diger bitkisel lifler; kagit ipligi ve kagit ipliginden
53 dokunmus mensucat
54 sentetik ve suni filamentler
55 sentetik ve suni devamsiz lifler
vatka, kece ve dokunmamis mensucat; 6zel iplikler; sicim, kordon, ip, halat
56 ve bunlardan mamul egya
57 halilar ve dokumaya elverisli maddelerden diger yer kaplamalari
0zel dokunmus mensucat; tufte edilmis dokumaya elverigli mensucat;
58 dantela, duvar halilari; serit¢i ve kaytanci esyasi; islemeler
emdirilmis, sivanmig, kaplanmis veya lamine edilmis dokumaya elverisli
59 maddelerden mensucat, dokumaya elverisli maddelerden teknik esya
60 Oorme mensucat
61 Orme giyim esyasi ve aksesuari
62 Oriilmemis giyim esyasi ve aksesuari
dokumaya elverisli maddelerden diger hazir esya; takimlar; kullanilmig
giyim esyast ve dokumaya elverisli maddelerden kullanmilmis esya;
63 pacavralar

Table 4. Product Groups list of Chapter 50 (ipek).

G.T.I.P. |FASIL 50-ipek
5001 Cekilmeye elverisli ipek bocegi kozalari
5002 Ham ipek (biikiilmemis)
Ipek dokiintiileri (gekilmeye elverisli olmayan kozalar, iplik dokiintiileri
5003 ve ditme suretiyle elde edilen dokiintiiler dahil)
Ipek ipligi (ipek dokiintiilerinden elde edilen iplikler harig) (perakende
5004 satilacak hale getirilmemis)
Ipek dokiintiilerinden elde edilen iplikler (perakende satilacak hale
5005 getirilmemis)
Ipek ipligi ve ipek dokiintiilerinden elde edilen biikiilmiis iplikler
(perakende satilacak hale getirilmis); misina (ipek bdcegi guddesinden
5006 elde edilen)
5007  |Ipek veya ipek dokiintiilerinden dokunmus mensucat
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Table 5. Product list of product group 5007

(Ipekveyaipekdokiintiilerindendokunmusmensucat).

G.T.L.P.

5007 — Agiklama

Seviye

5007

Ipek veya ipek dokiintiilerinden dokunmus mensucat

5007.10

Buretten mensucat

5007.10.00.00.11

El tezgahlarinda dokunanlar

5007.10.00.00.19

Digerleri

NN —

5007.20

Diger mensucat (agirlik itibariyle % 85 veya daha
fazla ipek veya ipek dokiintiisii icerenler) (buret harig)

Krepler

5007.20.11.00.00

Agartilmamis, temizlenmis veya agartilmis

5007.20.19.00.00

Digerleri

W W|IN|—

Saf ipekten ponje, habutai, honan, santuk, korah ve
benzeri diger Uzak Dogu kumaslar1 (buret ve diger
ipek dokiintiileri veya dokumaya elverisli maddeler
karigtirilmamis)

[\

5007.20.21.00.00

Bez ayagi (diiz dokunmus) (agartilmamis veya
temizlemeden daha ileri bir islem gérmemis)

Digerleri

5007.20.31.00.00

Bez ayagi (diiz dokunmus)

5007.20.39.00.00

Digerleri

Digerleri

5007.20.41.00.00

Seyrek dokunmus

Digerleri

5007.20.51.00.00

Agartilmamais, temizlenmis veya agartilmis

5007.20.59.00.00

Boyanmig

Farkl renkteki ipliklerden

5007.20.61.00.00

Genisligi 57 cm. yi gegen fakat 75 cm. yi gegmeyenler

5007.20.69.00.00

Digerleri

5007.20.71.00.00

Baskili

5007.90

Diger mensucat

5007.90.10.00.00

Agartilmamis, temizlenmis veya agartilmis

5007.90.30.00.00

Boyanmig

5007.90.50.00.00

Farkl renkteki ipliklerden

5007.90.90.00.00

Baskili

NN =AW PR WV |W[W

In Turkish Foreign Trade product structure, all sections are classified according to
their chapters and are different from each other such that their chapters and products
are not related to any other section. This means, there is no relation between

chapters, and also no relation between products of different chapters.
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In the HS coding system each product has its own G.T.LP. (HS code), A¢ctklama
(explanation of product) and Seviye (to describe the sub-class level of product in
class structure) data. In the detailed analysis of product groups and their products, as
listed in Table 4, some of the products do not have G.T.I.P. numbers (e.g. Krepler)
but they have Seviye data. Seviye data enforces the creation of class structure
according to Seviye value and this is a challenging issue. Also, some of the products
have same or common names (e.g. Digerleri). In other words, the product

“Digerleri” can be a member of any chapter or any class.

The result of the detailed analysis of the domain data implies a systematic class
hierarchy that needs to be kept as it is already inherent in HS coding system but
additional classes and relations are needed in the ontology model. Furthermore, each
class of the ontology has a unique name and these names need to be represented in
our ontology. Using keywords (AnahtarKelime) which are descriptive words of the
related product appeared as a possible solution. It is thought that producing keywords
using NLP techniques is a necessary operation to improve the querying quality and
increase the accuracy of the system. Note that, in order to find an HS code, user will
query the system with a product's description where the description is done by the
users’ daily language. Therefore, related keywords are specified using NLP

techniques.

As a result; analyzing the name and related information of products with an NLP tool
will systematize our keyword production which will increase the reliability of our

novel approach.
3.1.2 Modeling and Construction of Ontology

Since our domain is wide, and it almost defines all the things (living animals, textile,
etc.) it is difficult to design an ontology using regular aspects. Note that, silk can be
used to describe animals, textiles, adjectives and specifications. Therefore, instead of
using regular relational definitions, different approaches such as using class
restrictions and data property descriptions need to be used together for relating

objects.
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In this study, decisions about ontology model and specifications of ontology
structure, classes, entities, relations, data properties and construction of the relations

are detailed in the following sections.

Specifying the Ontology Structure

As mentioned in the previous chapters, in Turkish Foreign Trade products structure,
all sections are different from each other such that their chapters and products are not
related to any other section. This means that, there is no relation between sections. So
in the constructed ontology, each section is defined as a class. And these classes are
given the name used in the HS coding system which is also important for traceability
of the classes in the ontology. In the ontology, chapters of each section are defined as

sub-classes of their sections meaning there is no relation between chapters.

The challenging work in defining the product groups and their products is, as listed
in Table 4, that some of the products do not have G.T.I.P. but they have a Seviye data
(e.g. Krepler: no G.T.1.P, Seviye:2). In addition, some of the product names are the
same (e.g. Digerleri) as different products of different chapters. According to all
these restrictions, products of the chapters are defined as sub-classes of their chapters
by considering their Seviye data and G.T.I.P. numbering structure in the constructed
ontology. As an example, the class hierarchy graphs of ipek class are illustrated in
Figure 25 and 26; and class hierarchy of the ontology from Protégé defined in Figure
27.
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Figure 25. Class hierarchy graph of Ipek class.
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Class higrarchy | Class hierarehy (infemad)

¥ 0 Thing
-0 Boliim
-0 'Dokumaya elverisli maddeler ve bunlardan mamul egya’
-0 'Dokumaya elverisli diger bitkisel lifler; kagit ipligi ve kagit ipliginden dokunmus mensucat'
-0 'Dokumaya elverisli maddelerden diger hazir esya; takimlar; kullanilmis giyim esyasi ve dokumaya elverisli maddelerden kullamlms esya; pacavralar'
“““ ‘Emdirilmis, sivanmis, kaplanmis veya lamine edilmis dokumaya elverisli maddelerden mensucat, dokumaya elverisli maddelerden teknik esya’
-0 "Halilar ve dokumaya elverisli maddelerden diger yer kaplamalan’
-Eipek
---- *Ham ipek (bikilmemis)'
b &'ipek dokiintileri (cekilmeye elverisli olmayan kozalar, iplik dokiintiileri ve ditme suretiyle elde edilen dokiintiiler dahil)'
-0 'ipek dokiintilerinden elde edilen iplikler (perakende satilacak hale getirilmemis)'
‘Ipek ipligi (ipek dkiintilerinden elde edilen iplikler haric) (perakende satilacak hale getirilmemis)'
‘Ipek ipligi ve ipek dikiintiilerinden elde edilen biikiilmiis iplikler { perakende satilacak hale getirilmis); misina (ipek bicegi quddesinden elde edilen
‘Ipek veya ipek dikiintilerinden dokunmus mensucat'
)= "Buretten mensucat’
b2 'Diger mensucat’
¥--£'Diger mensucat{agirhk itibariyle %85 veya daha fazla ipek veya ipek dokintiisi icerenler){buret harig)’
¥ 0 Digerleri
»-EKrepler
-2 "5af ipekten ponje, habutai, honan, santuk, korah ve benzeri dijer Uzak Dogu kumaslar (buret ve diger ipek dikintileri veya dokumaya elven
-0 "Cekilmeye elverisli ipek bicedi kozalar'
-0 Pamuk
-0 'Sentetik ve suni devamsiz lifler’
-0 'Sentetik ve suni filamentler, seritler ve benzeri sentetik ve suni dokumaya elverisli maddeler’
-0 "vatka, kece ve dokunmamis mensucat; ozel iplikler; sicim, kordon, ip, halat ve bunlardan mamul esya’
“““ “Yapadi ve yiin, ince veya kaba hayvan kili; at kiindan iplik ve dokunmus mensucat®
-0 'Orme giyim esyasi ve aksesuart’
-0 'Orme mensucat'
- *Oriilmemis giyim esyasi ve aksesuarr'
-0 '6zel dokunmus mensucat; tufte edilmis dokumaya elverisli mensucat; dantela, duvar halilarr; seritci ve kaytanci esyasi; islemeler'
b 0 Elektronik
Qiiriin

Figure 27. Class hierarchy of Ontology from Protégé.

As shown in Figure 27 above, there is also another class defined, named, Uriin. The
need for defining the Uriin class is to have a super-class that serves as a collection of
all classes and individuals of the ontology, in other words, serves as a pool of classes
and objects. Definition of Uriin class is necessary and also supports flexibility for
querying by using short query sentences for any product that is having any
individual, data property or relation; and it is also necessary for assigning data
properties or relations for all or classes and their individuals at one time. For
example, searching for any class having Seviye value “2” or a relation like hasTip or
a keyword data as ipek will be an easy task by querying only the Uriin class. Class
type definitions are done on class individuals which mean that defining an individual
type also defines the class type. Due to the mentioned advantage of the Uriin class,
each individual is defined in its own type and Uriin class type, by this way; classes
are also defined in both their own class types and Uriin class type. Individual type

definition which is also the class definition is pictured in the following Figure.
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Figure 28. Individual/Class type definition.

Complexity of the ontology increases with the number of classes, individuals,
properties and relations. This kind of class type definition, described above, also
keeps number of classes, individuals, relations and properties at a minimum number
which decreases complexity. Therefore, by using minimum number of entities,
efficiency in traceability on ontology entities is gained and efficiency in querying

system is also supported.

In addition, two types of relations and their inverses are decided to construct between
the classes and the subclasses. hasUye relation with its inverse isUyeof, and hasTip
relation with its inverse isTipof which are all transitive. The relations hasUye and
hasTip relate the individual to the individuals of its subclasses; and isUyeof and

isTipof relations relate the individuals to the individual of its superclassses.

The constructed ontology design for this study is figured by VoWL plugin of
Protégé tool and displayed in Figure29, 30 and 31.
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Figure 29. Ontology structure graph-1.

As depicted in Figure 2, the root class is Bolim 11 namely Dokumaya Elverigli
Maddeler ve Bunlardan Mamul Esya. Chapters of Dokumaya Elverigli Maddeler ve

Bunlardan Mamul Egya are defined as subclasses like Ipek class.
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Figure 30. Ontology structure graph-2.

As pictured in the following Figure, the product groups of Chapter /pek such as
Cekilmeye elverisli ipek bocegi kozalari and Ham ipek (biikiilmemis) are defined as
subclasses of the Ipek class. The products and sublevel products are also defined in a

hierarchy of subclasses.
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Figure 31. Ontology structure graph-3 / Ipek Chapter hierarchy.
3.2 Studies on NLP

In this thesis, the Zemberek tool is used for the application of NLP techniques to
extract keywords. Keyword injection to the ontology is another important issue
where different methods and four different ways are applied to inject the keywords.
The work on keyword extraction and keyword injection is detailed in the following

sections:
3.2.1 Keyword Extraction using NLP
In order to satisty the thesis objectives, understanding the morphological structure of

Turkish NLP tools and particularly Zemberek, are the main steps of this thesis.
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Constructing an ontology with the integration of an NLP tool for morphological
analysis is the novelty of this thesis. Inevitably, this approach also supports the
ontology querying where extracting information from the query supports structure
providing a special solution for the challenges of querying. This perspective will
hopefully provide a new understanding and viewpoint for the Turkish ontology

designers.

Recall that the system (HS) currently consists of 5000 groups of products each
described by six-digit codes, then an additional six-digits, refers to a particular
product from the referred group, totaling to a twelve-digit HS code (G.T.1.P.). In this
study, the constructed ontology consists of classes and individuals which have their
own keywords, namely AnahtarKelime, that are descriptive words of the related
product. As an example the product Cekilmeye elverisli ipek bocegi kozalari is
defined with the keywords cekilme, elveris, ipek, bocek and koza. Determining
keywords using NLP techniques is also a necessary operation for improving the
querying of the ontology and finding the correct G.T.I.P. code for the users. In order
to specify the keywords, The Turkish NLP tool called Zemberek is used for the
morphological analysis of Turkish keywords. Keywords are extracted from the name

of classes and description of the products represented by the classes.

Challenges in Keyword Specification

Because Turkish is an agglutinative language, Turkish words are made up of roots
and affixes which need to be morphologically analyzed by extracting the different
suffixes to reach the root. As stated before, morphological analysis of the words is
done by using Zemberek. Some examples of the morphological analysis results are

presented in Table 6:

Table 6. Example of morphologically analyzed keywords.

Word Morphological Analysis

agartilmamis [[Kok: agar, FIIL] Ekler: FIIL OLDURGAN T +
FIIL EDILGEN IL  +  FIIL OLUMSUZLUK ME  +
FIIL DONUSUM MIS]

dokiintiileri [[Kok:  dokiinti, ISIM]Ekler: ISIM _COGUL LER +
ISIM_BELIRTME 1]
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Table 6. Continued.

FIIL EDILGEN IL  +
FIIL_ DONUSUM MIS]

biikiilmemis [[Kok: biik, FIIL] Ekler: FIIL EDILGEN IL +
FIIL OLUMSUZLUK ME + FIIL DONUSUM MIS]

cekilmeye [[Kok: ¢ekil, FIIL] Ekler: FIIL OLUMSUZLUK ME +
FIIL ISTEK E]

renkteki [[Kok: renk, ISIM]Ekler: ISIM_ KALMA DE +
ISIM BULUNMA KI]

Ponje [ [ Kok: ponje, ISIM ] ]

temizlemeden |[[Kok: temizle, FIIL] Ekler: FIIL OLUMSUZLUK ME +
FIIL OLUMSUZLUK DEN]

boyanmis [[ Kok: boya, FIIL ] Ekler: FIIL EDILGENSESLI N +
FIIL DONUSUM MIS]

dokunmus [[Kok: dokun, FIIL] Ekler: FIIL. GECMISZAMAN MIS]

karistirlmamig | [ [ Kok: kans, FIIL ] Ekler: FIIL ETTIRGEN TIR +

FIIL OLUMSUZLUK ME +

The challenges of Turkish and the solutions presented are given below:

Negative suffix of words:

The suffix —me/ma can be seen in Turkish grammar sometimes as a negative suffix

that gives negative meaning, or as a derivative suffixes that changes the root meaning

to a passive form, or to change a verb to a noun. This causes an ambiguity in Turkish

NLP. Some examples are listed in Table 7, in which the word column represents

some examples of words used for the input, and Morphological Analysis column

stands for the output of Zemberek. The third column, Zemberek Root column, shows

the roots suggested by Zemberek, and the last column named Suggested Root

includes the keyword constructed by human intervention

Table 7. Morphologically analyzed word examples.

Word Morphological Analysis Zemberek Root Keyword
cekilmeye | [[Kok: ¢ekil, FIIL] cekil cekilme
Ekler: (reeling + | (Passive)
FIIL. OLUMSUZLUK ME + | negativity)
FIIL ISTEK E] (reeling)

64




Table 7. (Continued).

Ditme [[Kok: dit, FIIL] dit (verb) ditme
(noun)
Ekler: (comb-+negativity)
FIIL_OLUMSUZLUK ME] combed

In order to resolve the ambiguity mentioned above, that if the —me/ma suffix gives
the negative meaning or changes the meaning of root to a passive form, given in
Table 6, the suffix —me/ma is considered as a part of the root, and the root is injected

in keywords in the following form:

[[Dit]+[me]]=[ditme]. Additionally, this ambiguity resolution is taken into account

when the possible user queries are being parsed by the developed system.
Passive root meanings:

Since, each keyword is directly produced from the entity names of the ontology, no
matter what the structure of the root is, such as root+me/ma (negativity), root+me/ma
(passive form), it is related to an entity of the ontology. Therefore meaning of —
me/ma, as a suffix, is ignored and considered as part of the root as shown in Table 8
where the word column represents some example words of the input, and
Morphological Analysis column stands for the output of Zemberek. The third
column, Zemberek Root column, shows the roots suggested by Zemberek, and the
last column named Suggested Root includes the keyword constructed. Note that, for
any word which does not include any ambiguous suffixes, Zemberek’s suggestion is

taken into account.

Table 8. Morphologically analyzed word examples.

Word Morphological Analysis Zemberek | Keyword
Root

agartilmamus | [[Kok: agar, FIIL] agar: agartilma

(Passive)

Ekler: FIIL OLDURGAN T + |(going
FIIL_EDILGEN IL + | white) (being bleached)
FIIL OLUMSUZLUK ME +
FIIL DONUSUM_MIS]
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Table 8 (continued).

biikiilmemis | [[Kok: biik, FIIL] biik biikiilme
(Passive)
Ekler:  FIIL EDILGEN IL  + | (twist)
FIIL OLUMSUZLUK ME + (being twisted)
FIIL. DONUSUM MIS]

3.2.2 Keyword Injection

As stated before, Protégé defines relations (object properties) and data properties
only for individuals, not for classes. As classes do not have any relations with each
other directly, they relate by their individuals using object properties. On the other
hand, the other property definition, namely, data property is used to relate individuals
to literal data (strings, numbers, integers, etc.). Two more definitions exist for
relations and literal data that are Equivalent class definition and SubClassOf

restriction which are also restrictions in class definition.

In ontology construction, locating any entity in the ontology or specification of any
entity can take place in a number of different ways. For example, locating an entity
under a specific class or giving a value to this entity will differentiate the individual

from the others.

In the study, a lexicon of 136 keywords which is presented in Appendix G is injected
into the ontology. The keywords are used in a number of different ways; using
keywords as class restrictions; using keywords as identifier for subclasses and
superclasses of the target entity. Furthermore, the keywords are injected as data
property. Usage of these keywords is the most critical part of the study. Therefore, a
number of ontology designs are analyzed and constructed and also four different

approaches are used for keyword injection. These approaches are detailed in Chapter

4.
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CHAPTER 4

IMPLEMENTATION OF THE SYSTEM

4.1 Implementation

In this thesis, two different applications which are working separately are developed
for the HS coding system. The first application focuses on keyword creation using
Turkish NLP, and the second is developed for integration of three modules, namely,

NLP libraries, ontology and user interface.

The first application is developed for creation of the keywords. Since the domain
data has its own specific hierarchy due to the HS coding system, product specific
keyword creation is done by analyzing the product names and description
morphologically using Zemberek. The outcome of the application is related roots and
affixes of the products names. Later, the roots are classified and the keywords are
defined and injected to the ontology manually based on the hierarchical structure of

the product groups.

The second application is developed for querying the constructed ontology by user’s
natural language. User inputs the description of the product in Turkish from the GUI,
Parser function takes the input words, parses the keywords into the QueryBuilder
function. QueryBuilder function analyses the keywords morphologically, processes

some rules on the input words, creates a query sentence and sends it to QueryEngine
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function. QueryEngine function uses HermiT reasoner for loading and querying the
ontology with the inserted keywords. After reasoner gets the query result,
QueryEngine function sends the result to the Printer function. Printer function
analyses the result, checks for the special keywords in the result, removes unwanted
products. At the end, results are served to the user by GUI. Each function of the

application is explained in detail in the following sections:

System design is pictured in the following Figure and detailed information about the

modules is presented in the following sections:

Eeyword Creation Application

Zentences l + | Fentherek
keyword ugection
H‘“\\
Parser QueryBuilder 0 Engi “‘\
uerykEngine
; Keyword ~y Ontology
gt Brray Eleyarond + Cuery
" | Zemberek » '“n-H_Ehlxpression Fesoner
H\_ Search
""'H-\._\_‘ »
| Resat 3
Special Keywords -
- o
" Baslt
otpt
Search Application

Figure 32. Components of the system.
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4.1.1 Keyword Creation Using Turkish NLP

In this study, a Java application is developed to use Zemberek libraries to perform
morphological analysis. Zemberek libraries are used for decomposing sentences into
words and analysing words morphologically, where the outcome of this process is

the root and suffixes of the words.

All class names and related information as explanation of products are listed in a text
file in separate lines. The application reads each line from the input text file and
outputs morphological analysis of each word into an output text file. Analyzing the
output text file of the morphologically analyzed words and specifying the keywords
from the analyzed words was challenging. Only using roots of the word as keywords
is not a solution since suffixes change the meaning of the roots, so human

intervention becomes a necessity about making decision of the keywords.

The following Figure depicts the data flows through the application:

Application

Text File
Text File

/| analizDizisiOlustur |

Sentences / wL' Keyword

kelitneCozumle /

W

Root
Feader Writer Suffiz
Fetmherel

Figure 33. Data flow diagram of Keyword Creation application.

Firstly, a text file is created including all class names and related information such as

the description of products, which are listed in Tables 3, 4 and 5 in Chapter3, in
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separate lines. And also an output text file is created for the morphological analysis

results. The application is developed in mainly six functions explained below:

e The Reader reads each line from the input text file and sends it to the function
analizDizisiOlugtur for morphological analysis of the sentence.

e analizDizisiOlustur function reads each line coming from the reader and
splits the input sentence into its words and puts each word into a list for
analysis using the Zemberek libraries.

e kelimeCoziimle function takes each word from the list and checks for the
conjunctions and pronouns, then removes them from the list of words, since
the conjunctions and pronouns are common words and are not specific
keywords to any product. After words, kelime(Céziimle function fires kokBul
and ekBul functions.

e kokBul function inputs each word, finds root of word and put them into an
array of roots.

e ckBul function finds affixes of each word and puts these affixes into an array.
ekBul function also analyzes types of the words and give special definitions
to special affixes. As mentioned before, for the keyword creation, using only
root of the word is not sufficient; affixes and the special descriptions are also
necessary for making correct decisions about the keywords. An example

about the affixes and their special definitions is provided below:
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Word: “olmayan”

Affix: “-me/ma" affix

Affix output: "FIIL_OLUMSUZLUK_ME"
Special description: NEGATIVE

Word: “ipekten”

Affix: “-den” affix

Affix output: "ISIM_CIKMA DEN"
Special description: MADE OF

Word: “ipekli”

Affie “-Ii" affix

Affix output “ISIM_BULUNMA_LI"
Special description: HAS

Word: “suretiyle”

Affix: “-le” affix

Affix output "ISIM_BIRLIKTELIK_LE"
Special description: MADE BY

Word: “renkteki”

Affix: “-ki” affix

Affix output "ISIM_BULUNMA_KI"
Special description: HAS

Figure 34. Affixes and their special definitions in the application.

Writer function outputs each word, its root and affixes into another text file in

different lines. An example of application outcome which is the morphological

analysis of the words is presented in Figure 35 below. The first line indicates line

number and the sentence in the input text file, the second line indicates root and

affixes of the first word, the third line indicates root and type of root, fourth line

writes the type of root only, fifth line indicates the special description of the affixes

and the other lines indicate the other affixes.
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15: Cekilmeye elverisli ipek bdcegi kozalara
[ Kok: ¢ekil, FIIL ] Ekler: FIIL OLUMSUZLUK ME + FIIL ISTEK E .
. ¢ekil FITIL
.. FIIL_KOK ...
.. FIIL OLUMSUZLUK ME ... -»> NEGATIVE
o ETTLTSTER B

. [ Kok: elveris, ISIM ] Ekler: ISIM BULUNMA LI .
. elveris ISIM
.. ISIM KOK ...
. ISIM BULUNMA LT ... -»HAS

. [ Kok: ipek, ISIM ]
. ipek ISIM YUM
. ISIM KOK ...

. [ Kok: bécek, ISIM ] Ekler: ISIM TAMLAMA I .
. bdcek ISIM YUM
. ISIM_KOK ...
. ISIM TAMLAMA I ...

Figure 35. An example of morphological analysis of the words.

At the end of morphological process, the next step is the investigation of the output
file by analyzing root of the words to see whether they represent the correct meaning
for the keyword. As mentioned in the previous Chapter, investigating the output text
file for the morphologically analyzed words, and specifying the keywords was
challenging. Only using roots of the words as keywords is not a solution since
suffixes change meaning of the roots; so human intervention becomes a necessity
about making decision of the keywords. Roots and the suffixes are investigated
together to form keywords to overcome the challenges as negativity and —me/ma
suffixes that change the meaning of the roots. Finally, keywords that represent the

products are created as mentioned in Chapter 3.
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4.1.1.1 Keyword Injection

Keywords are injected to the ontology manually after the creation of keywords.
Keyword injection is the most important part of this study. As the HS coding system
has its own specific hierarchical structure, all classes, subclasses were individuals are
kept as they are, but defining relations between these entities, and inheriting the
keywords to the subclasses and individuals is also challenging. To inject the
keywords; entities, relations and data properties are specified firstly, secondly
relations between the entities are constructed and finally the keywords are injected.
Detailed information about keyword injection process is explained in the following

sections:
4.1.1.2 Specifying Entities, Relations and Data Properties

Ontology construction is done using Protégé 4.3 which defines relations as object
properties and data properties are defined only for objects, called individual, and not
for classes. So, after long hours of study and many trials of ontology construction, it
is decided that, each class must have its own individual for defining the relations and
data properties of the class. If individuals of the same class are different and not

related to each other, this is also defined in ontology.

Firstly, each individual is defined with the same name of its own class; this avoids
confusion in connecting an individual to its own class as a member and also it is easy
to trace entities in the ontology. A label containing the name of the individual is also
inserted as annotation to the individual, and this is also done for classes. Secondly,
each individual is defined both in type of its own class and Uriin class for keeping
the number of individuals of ontology at a minimum as mentioned in the previous
section. Finally, relevant data of classes are defined for the individuals as data
properties which are used to define and relate individuals to literal data (e.g., strings,
numbers, integers, etc.). There are three data properties defined for each individual,
namely AnahtarKelime is defined for keywords for describing the product, GTIP for
HS code and Seviye for level of product in the hierarchy. AnahtarKelime and GTIP
data properties are defined as string type and Seviye data property is defined as

integer type. Defined data properties are shown in Figure 36.
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Data property hierarchy: Anaht DB EE

E@ @ Annotations: Anahtarkelime

rAnnotations |/Llsage |

""'_-tDDDEItEIF'I’DDEFtY Annotations
-~ m AnahtarKelime label [type: Literal]
- mGTIP

Anahtarkelime

Characteris| IEE

Description: Anahtarkelime

|| Functional Equivalent To
SubProperty Of
Dornains {ntersection)

Ranges

@ string

Disjoint With

Figure 36. Data property definitions of individuals.

Data properties are defined on individuals, besides they are also defined by

SubClassOf restriction, and are explained in the following sections.
4.1.1.3 Constructing Relations

The ontology tool Protégé has two types of property definition: Object property and
Data property. As mentioned in the previous chapter, classes do not have relations
with each other directly, they relate to each other with their individuals. To relate an
individual to the other, object properties are used. As shown in Figure 3, four
relations are defined for each individual. The relations hasTip (hasType) and isTipof
(isTypeof) are inverses of each other and both are transitive such that subclasses also
have the same relation. Domain and range values are also defined. The other
relations hasUye (hasMember) and isUyeof (isMemberof) relation, are inverses of
each other and are both transitive. The relations hasUye and hasTip relate the
individual to the individuals of its subclasses; and isUyeof and isTipof relations relate
the individuals to the individual of its superclass. These relations are shown in the

following Figure:
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Annotations Usage

Annotst sTip

Annotations
lahel [language: tr]
hasTip

|:| Functional Equivalent To

I Inverse functional
SubProperty Of

Tranzitive

D Symmetric Inverse Of
] szymmetric misTipof
] Reflexive

Dornains (intersection)

[ Irretlexive @ iriin

Ranges (intersection)

@iiriin

Disjoint With

SuperProperty Of (Chain)

Figure 37. Object property definitions of individuals.

In the following Figure, description, label, types, object and data properties of the

individual named Buretten mensucat is presented:
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@ 'Diger mensucat’
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@ Digerleri
@ Digerleri
@ Digerleri
(] 3

Megative object praperty assertions

4]

Figure 38. An individual definition and its data properties.

4.1.1.4 Keyword Injection as Data Property

Keywords of each individual are defined as AnahtarKelime data property.
AnahtarKelime value is defined as string type as shown in Figure 36. After the
injection of keywords, the number of entities and relations of the ontology are not
changed; only the number of literal information for each individual is increased.
Complexity and scale of ontology also stands the same. Query response time is the
best of all four types of constructed ontologies and query results were correct. As
AnahtarKelime values are specific to its individual, the information inheriting from
the superclasses cannot be reached directly. On the other hand, there is a limitation in
this type of design such that, each keyword belonging to a superclass should be
defined over again for its subclasses. This means, number of a subject keyword
definition in superclass is also multiplied by the number of subclasses since that it is
also defined in the subclasses. As an example represented in Figure 39, although the
keyword ipek is defined as AnahtarKelime data property in Ipek class, it is defined in

its subclasses additionally. To overcome this restriction, besides using data properties
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for keyword injection, SubClassOf restrictions are also used and will be explained in

the following sections.
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Figure 39. Keywords defined as data property.

4.1.1.5 Keyword Injection as Object Property

To inject the keywords using object property definition, an Anahtar class is defined
and all the specified keywords are defined as individuals, as members of Anahtar
class which is shown in Figure 40. The Object properties hasAnahtar and
isAnahtarof are defined for relating each individual to the keyword individuals.
Defining keywords as individuals increases the number of entities and number of
relations in the ontology according to the number of keywords so complexity of the
ontology is increased. The newly constructed ontology is queried by the developed

system, and as the query results were correct, the query response time increased.
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Figure 40. Anahtar class and its members.

As a result, according to the query response time, injecting keywords as object

property is not efficient for our ontology structure and this design is disregarded.

4.1.1.6 Keyword Injection as Equivalent Class Definition

Equivalent class definitions are for defining the classes having the same individuals
and constructing the relations as restrictions. They are implied to inherit the subclass
relationship in both directions between superclass and the subclasses. This means,
AnahtarKelime definition of a superclass inherits to the subclasses as though they
have the same defined AnahtarKelime value, reciprocally, AnahtarKelime defined in
the subclass as Equivalent class description is also AnahtarKelime value of the
superclasses. An individual has many different AnahtarKelime values, besides, an
AnahtarKelime value can be defined in different individuals that mean,

AnahtarKelime values are not specific to individuals, and they are common for use.
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Equivalent class description is efficient in ontology construction, but is not
appropriate for our ontology. Because this approach presumes all individuals as the
same individual, if they have the same AnahtarKelime value. So all individuals are
supposed as the same, as if there is only one individual, this means relating each

individual to each other and query on all individuals who is not efficient.

An example of Equivalent class definition is represented in Figure 41. As pictured in
the Figure, Buretten mensucat class has equivalent class definition with
AnahtarKelime value buretten, and AnahtarKelime values related to Equivalent class
definition of BurettenMensucat class are inferring from its superclasses which are
displayed in SubClassOf (Anonymous Anchestor) part in the Figure. AnahtarKelime
values infers to the subclasses of Buretten mensucat with the AnahtarKelime value

buretten inserted to this class as equivalent class description.

Equivalent class definitions support querying individuals, equal classes, super and
subclasses of a class directly without doing computation, keeps the number of
entities the same but increases complexity and reasoning time. As a result, this

design is also discarded.
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Figure 41. An example of Equivalent class definition.

4.1.1.7 Keyword Injection as SubClassOf Restriction

SubClassOf restriction is used for defining the classes as subclass of defined class as
expression and constructing the relations as restrictions. SubClassOf restrictions are
implied to infer the subclass relationship in one-way direction from superclass to its
subclasses. This means, AnahtarKelime definition of a superclass inherits to the
subclasses as though they have the same defined AnahtarKelime value, but
AnahtarKelime defined in the subclass is not AnahtarKelime value of the
superclasses. Contrary to Equivalent class description, SubClassOf restriction does
not relate all individuals to each other as the same individual; it only relates all

individuals of the superclass to the individuals of the subclasses.

An example of SubClassOf restriction is represented in Figure 42. As pictured in the
Figure, Buretten mensucat class having SubClassOf restriction with AnahtarKelime
value buretten and buret; and AnahtarKelime values related to SubClassOf

restriction of Buretten mensucat class are inherited from its superclasses which are
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displayed in Subclass of (Anonymous Anchestor) part in the Figure. All the
SubClassOf restrictions on AnahtarKelime value, both from the super class and from

Buretten mensucat class, also infers to the subclasses of Buretten mensucat.

SubClassOf restriction supports reasoning individuals, superclasses and subclasses of
a class directly without doing computation, keeps the number of entities the same
and has fewer but beneficial relations. Complexity and reasoning time are satisfying
so this approach is chosen for the system. As inferring keywords from superclasses
to subclasses by SubClassOf restriction, some more keywords are also defined to the
classes that do not have any subclass. To overcome this difficulty, keywords are

defined as Data property to these classes.

Finally, in this study, both SubClassOf restriction and Data property definitions are

used for injecting keywords as AnahtarKelime values.
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- Y- ipek b 0 'ipek veya ipek dokintilerinden dokunmus mensucat'

: “- @ 'Ham ipek (biikiilmemis)'

V- "pek dikiintiileri {cekilmeye elverisli olm

'Ditme suretiyle elde edilen dikiintiiler’

'Diger Dikiintiler'

-0 'Ipek dikiintiilerinden elde edilen iplikler

“ipek iplidi (ipek dikiintilerinden elde edil .

"ipek ipliidi ve ipek dokintilerinden elde eq| | o.ope o

"ipek veya ipek dokintilerinden dokunmu

* 'Buretten mensucat'

Digerleri

'El tezgahlarinda dokunanlar’ Anahtarkelime value "buretten”

- B0 'Diger mensucat'

i b 0'Difer mensucat (agirlik itibariyle % 8

“- 0 'Cekilmeye elverisli ipek bocedi kozalar'
Pamuk AnahtarKelime value "mensucat”
'Sentetik ve suni devamsiz lifler' Anahtarkelime value "dokun”
‘Sentetik ve suni filamentler, seritler ve benz
"Yatka, kece ve dokunmamis mensucat; dzel i
"Yapad ve yiin, ince veya kaba hayvan kili; al— AnahtarKelime value "ipek”
‘Orme giyim esyasi ve aksesuar'
"Orme Mensucat' ||
(:Jrulmemlg giyim esyasi ve aksesuan : bi_ 'Buretten mensucat

»

Equivalent To

"ipek veya ipek dokiintiilerinden dokunmus mensucat'
AnahtarKelime value "buret”

SubClass OF (Anonymous &ncestar)
Anahtarkelime value "dokiinti"

llembers

4]

Figure 42. As an example of SubClassof restriction.
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In the following section, the second application which is the main outcome of the

thesis is explained:
4.1.2  G.T.L.P. Search Application

As a part of the thesis, G.T.I.P. Search Application is developed in Java in Eclipse
Mars.2 Release (4.5.2) on Windows 8. Zemberek is used for parsing the input
sentences and the words, HermiT 1.3.8. is used as reasoner and OWL API is used for

loading and querying the ontology.

This application is developed in mainly six parts. The following sections are going to
present detailed information about the implementation; however, giving an overview
will provide better understanding for the novel structure. The part of the system is

given as follows:

e The user interface where the user queries are accepted and results are
presented.

e The Parser where user input is reduces to its roots and checked to see
whether the given sentence has a particular negative word such as “olmayan”,
“hari¢” and etc. Additionally, parsed words are checked for any negativity
suffixes such as “siz”, “me/ma” and etc.

e Query Builder which uses parsed words and creates a query sentence for the
ontology.

e Query Engine where the incoming query sentence is used for reasoning the
ontology.

¢ Ontology module.

e Printer where all the result are checked for special words, the results are

ranked and sent to the user interface.

The following Figure depicts the data flows through the application.
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Parser QueryBuilder

QueryEngine

) Kewarord Omniology

imprat Array Keyword + Cruery
% | Zemberek o Expression Feasomer

\ Search.
Fesult
Special Kewwords
s _
Femlt
. ontpt
Search Application

Figure 43. Data Flow Diagram of Application.

The main goal of the developed application is querying the constructed ontology
with user’s natural language which describes the products appearance. As pictured in
Figure 43 above, by using a GUI, user inputs the description of the product in
Turkish; Parser function takes the input words, parses the keywords into the
QueryBuilder function.  QueryBuilder function analyses the keywords
morphologically, processes some rules on the input words, creates a query sentence
and send it to QueryEngine function. QueryEngine function uses HermiT reasoner
for loading and querying the ontology with the inserted keywords. After reasoner
gets the query result, QueryEngine function sends it to Printer function. Printer
function analyses the result, checks for the special keywords in the result, removes
unwanted products. At the end, results are served to the user by GUI. Each

component of the application is explained in detail in the following sections:

4.1.2.1 Parser

In Figure 6 above, the search sentence of the user as input data is processed in the
Parser function. Using Zemberek libraries, Parser inputs each line into a list for
analysis by analizDizisiOlugtur function. kelimeCoziimle function splits sentence into

words. kokBul functions inputs each word, finds root of word and ekBu/ function
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finds suffixes of the word. The outputs of this process are, root and affixes of the
input sentence. Mainly, two different arrays are constructed by the Parser and the

following processes take place:

e Affix checking:

Affix -me/ma is checked for ambiguity such that if the affix -me/ma exists

then it is added to root and root is replaced to [root + me/ma] in input array.

Affix -siz is checked for negativity of word meaning. If -siz affix exists, the
root of the word is stored in special keywords array where it is used in the
process of Printer function. The words having -siz affix is are eliminated in

Print function so they are not displayed in the result.

e Extracting Negativity Information: If the root array includes specific words
such as hari¢ and o/ma then the previous word’s root is added to the special

keywords array for not being displayed in the Print function.

After the processes take place, the input array is sent to QueryBuilder function for
querying. Special keywords array is sent to the Print function for not displaying the
entities having keywords listed in the special keyword array. At this point, giving
additional information about the special issue of NOT querying will be informative

and can indicate one of the key points of this thesis.

Firstly, there is no chance to make a query to the ontology for an entity that is not
represented in ontology, meaning, non-existing entities cannot be queried. More
technically, querying using NOT expression is not possible. As a result, the algorithm
is developed to exclude entities from the result. Note that information of NOT comes
from the morphological analysis of the sentence given by the user. So with the help

of morphological analysis and an additional algorithm, NOT problem is resolved.

Data flow fragment of the Parser can be seen in Figure 44.
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Word

Zemberek
Cleantext Dictionary Dictionary Transformation
/~ Analysis & Formatting
Binary Dictionary Root Trees & Fxceptions Special Word Checking
» —
oot & Affives
Letters Alphabeth & Phonetic & Rules
» |
) Grammatical Sequence & Affix
Afix Producer & Affix Exceptions
> —
Roat & Affives Special Words

Figure 44. Data Flow Fragment of Parser.

4.1.2.2  QueryBuilder

QueryBuilder takes inputs as the input array and constructs a proper DL query
sentence by appending specific query expressions; and sends the DL query sentence
to the QueryEngine. Data flow fragment of QueryBuilder can be seen in Figure 45.
In Figure 46, the procedure of the query sentence creation with input keywords is

given as pseudo code:

Query Builder

Roots & Affixes Keyword + Query Expression

Figure 45. Data Flow Fragment of QueryBuilder.
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Begn
Initialize OQueryText
Compare Inputhrray with SpecialE evwords Array
For each keyword Inputirray[1] |
I (Inputdrrayv[i]=3pecial K evwords Arrav[])

{
Inputdrray[i]=null;
EBreal:;
}
It (Inputfrrav[i]l=null)
{
IF (QueryText 1z not empty)
CueryTextappend (" or" ),
Create Querysentence
}

Cutput CueryText
End

Figure 46. Pseudo Code of QueryBuilder.

As stated before, ontologies cannot be queried for non-existing entities, meaning

NOT expression cannot be used in query sentences. That is why in the developed

application, all the keywords in the input array are queried using OR operator and the

classes having the keywords in the special keywords array are filtered out by Printer

function. This is the only way to eliminate the entities that are not to be taken as the

result.

4.1.2.3 QueryEngine

QueryEngine firstly connects to ontology and loads the ontology from file, and then

initializes HermiT reasoner, precomputes interferences and checks for inconsistency

in the ontology. As the ontology is consistent, HermiT reasoner processes the query
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sentence and searches for the entities in the ontology. Ontology responds to the query
with a set of entities/individuals which have the keywords corresponding to the input
query. QueryEngine sends the matching entities to Printer function for printing and
filtering the exceptional entities. Data flow fragment of query engine can be seen in

Figure 47.

Query Engine Ontology

Reasoner

Keyword + Query Expression Search

>

Y

Result

Result

Figure 47. Data Flow Fragment of QueryEngine.

4.1.2.4 Printer

Printer gets the query result from QueryEngine and also special keywords array is
sent to Printer by the Parser. Main function of Printer is taking the query result,
comparing and filtering out the result with the special keywords array and sending
the result to the GUI. Additionally, Printer computes matching keyword’s counts as
Rank to display in descending order with respect to Rank. Furthermore, this function
calculates the processing time, total number of matching entities, subclasses and
superclasses of entities and displays this information in the user interface, the reason
for displaying superclasses and subclasses of entities is that; some of the product
classes do not have G.T./.P. number and also some of the products have the same
name such as Digerleri; so user can define the G.T.I.P. number for the product that
they are searching for, by checking superclass G.T./:P. numbers or the subclass

G.T.LP. numbers. Data flow fragment of Printer can be seen in Figure 48.
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Printer

Special Keywords
Array Query Result

A
Fy

output

Figure 48. Data Flow Fragment of Printer.

As mentioned in the previous chapters, ontology hierarchy and keyword inheritance
is provided by using SubClassOf restriction. SubClassOf restriction is also in simple
text format as restriction; as an example [AnahtarKelime value “ipek”] class
expression is added to the relevant class as restriction so that the keyword value ipek
is inferred to the subclasses. Also some keywords are inserted as data property into
the classes which do not have subclasses and have special keyword values unique to

them.

In this study, using SubClassOf approach provides advantages which decrease the
number of inserted keywords and relations, and also scale of the ontology. Although
using this kind of approach is effective and easy to trace the keyword specifications
and their inheritance in the ontology, it is not that easy to retrieve keyword
information from class definition and filter them out. This kind of approach is newly
used, and there exists no similar ontologies represented in this way. With this
approach, the study diverges from the other studies on ontologies especially in
research on Turkish ontology creation with NLP. This is the main point and the

contribution of the thesis.

As mentioned before, each class has its own individual and keywords inserted to this
individual. Using SubClassof restriction, keywords inherit to the subclasses and their
individuals. Eventually, retrieving keyword value from the SubClassOf restrictions is
a challenging issue. The Printer function overcomes this challenge with the

following steps:
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e Printer gets query result which is collection of individuals from the
QueryEngine.

e For each individual, retrieves all superclasses of these individuals.

e Checks for the inherited keywords and special keywords of the superclasses.

e Checks for keywords of the individual, if the keywords do not infer from the

superclasses.
Prints the matching individuals and keywords and prints Rank.

The sequence diagram is figured in Figure 49 and pseudo code of Printer is pictured

in Figure 50.
Parzer GuerEngine Prirter GUI
getiSpedalieynordsirray)
zeno(CueryR esult) '
Guery(SuperC lasses
w Py (EUp )
Fend(SuperClasses)
P
Gueryinferreddeynards)
senc]nfetredi<eyaris)
P
GueryDataP roperties)
sendDaapropetties)
' ProcezsResult Rark)

Figure 49. Sequence diagram of Printer.
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Begin
Loop individuals

{
Loop superclasses of individuals
{
Get direct individual of each superclass
if (individual keywords==SpecialKeywordsArray[i])
{
break;
}
if (individual keywords==InputArrayl[i])
Add class and keyword to Result
}

Get keywords as dataproperty
if (keyword=Inputarray)
Add class and keyword to Result
Send Rank, class, superclasses and subclasses to GUI

¥
End

Figure 50. Pseudo code of Printer.

4.1.2.5 Graphical User Interface

GUI is the interface in which the user inputs product descriptions in natural language
and with the Parser within the GUI; GUI sends the search keywords to the
QueryBuilder. After QueryEngine and Printer processes the query and query result,
GUI outputs the results back to the user. User also has three options to view the
result: first view is the all returned products, second view is the top five products,

and the last view is the top 10 products of the result.

In this chapter, the developed applications and their fundamentals as well as keyword
creation and injection are explained. In the following chapter, the evaluations of the

ontology and test results of the system are presented.
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CHAPTER S

EVALUATION OF THE SYSTEM

5.1. Evaluation of Ontology

Ontology evaluation is defined as the ontology quality according to some criteria in
fitting the purpose of the ontology construction (Brank et al., 2005). The main goal
of ontology evaluation is to determine if the ontology defines the real world
completely, consistently and concisely. Consistency is satisfied by consistent
definitions; completeness is satisfied by complete definitions that fully define the real
world and serves the explicit information from the definition itself or from the other
related definitions; and conciseness is satisfied by the removal of redundancy and

unnecessary information in the ontology (Gémez-Pérez et al., 2006).

Ontology verification and ontology validation are two main aspects of ontology
evaluation. Ontology verification can be defined as implementing the ontology
requirements and construction of the ontology correctly; and ontology validation can
be defined as modeling the real world in the ontology and constructing the correct
ontology. The assessment of ontology is also done by the users for the ontology

definitions and relations constructed in the ontology (Gémez-Pérez et al., 2006).
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Ontology evaluations are conducted on several different levels where ontologies can
be evaluated by themselves or can be evaluated within some context (Vrandecic,
2009); can be evaluated within an application, called application-based ontology
evaluation (Brank et al., 2005), and lastly, in the context of an application and a task,

called task-based ontology evaluation (Porzel & Malaka, 2004).

The DL reasoners evaluate three main taxonomic errors of the ontology, which are
inconsistency, incompleteness and redundancy (Gomez-Pérez, 1999). The
constructed ontology for the thesis is evaluated using two different DL reasoners

called HermiT 1.3.8.and FaCT++1.6.2.

The result of the reasoner evaluations by HermiT and FaCT on taxonomic error

checking is presented as follows:

e Consistent: The ontology is consistent with no contradiction. Ontology does
not have any circulatory errors, partition errors and semantic inconsistency
errors

e Complete: All classes and properties are defined in the ontology, no
incomplete relation or data property assertion or description.

e No Redundancy: there are any inferred information from the relations, classes

and instances of the ontology. All information is defined only once.

Ontology evaluation is also carried on application evaluation level and user
evaluation level, as well. The developed application is used for evaluation by
searching the classes, relations and data properties, then checking the results, to see
whether the results show the correct entities and are in the correct class hierarchy.
Query results of the ontology are also checked from the ontology itself using Protégé

which is presented in the following sections.

Testing

In this study, the constructed ontology which is based on a part of HS coding system
is manually queried for five target keywords ipek, dokiintii, iplik, koza and misina as

a test case. In this case, Ipek ipligi ve ipek dokiintiilerinden elde edilen biikiilmiis
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iplikler (perakende satilacak hale getirilmis); misina (ipek bocegi guddesinden elde
edilen) is the target product with G.T.I.P number 5006.00. Since the keywords ipek,
dokiintii and iplik are inherited keywords, most of the products have these keywords.

The number of the correctly matched keywords always leads the target product into
the higher Rank. Here, ipek as the most common keyword of ontology is queried

first, and the target product is at 19" order as presented in the following Figure.

Aranan Uriin Bilgisi |ipek | ‘ GTIP ARA |
Anahtar Kelimeler: |[ipek‘] ‘ @ Timii O ilks Ok 10
5007.10.00.00.18: Diderleri =
LIST FABIL:

4007; ipek veya inek dikintilerinden dokunmug mensucat

a0: [pek

A007.10: Buretten mensucat

Bolim 11: Dokumaya elverigli maddeler ve bunlardan mamul egya

19. Anahtar Kelime Eslegme Dederi:[1] Eglegen Anahtar Kelimeler: [ *ipek]

*OMERILEN FASIL
A006.00: ipekiplidi ve ipek dikiintilerinden elde edilen bilkilmig inlikler (perakende sabilacak hale getiriimis); misina (ipek boe
efi guddesinden elde edilen)
UST FAGIL:
a0: ipek
Balim 11: Dokumaya elverigli maddelerve bunlardan marmul egya

20. Anahtar Kelime Eglegme Dederi:[1] Eslegen Anahtar Kelimeler: [ *ipek]

* GNERILEM FASIL
5001.00.00.00; Gekilmeye elverigliipek hicedi kozalan
UST FAGIL:
a0: ipek
Balim 11: Dokumaya elverigli maddelerve bunlardan marmul egya

4]

Figure 51. Query result of target product for keyword ipek.
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Secondly, ipek and dokiintii keywords are queried and the target product is at 171

order as presented in the following figure:

Aranan Uriin Bilgisi ‘ipek dkiinti | |

GTIP ARA ‘

Anahtar Kelimeler: |[ipek,d'0k[]ntu‘] ‘ ® Timi O ks O ik 10

[»

16, Anattar Kelime Eglegme Defieri: [2] Eglegen Anahtar Kelimeler: [ *dikiinti, *ipek]

* OMERILEM FASIL :
5007.10.00.00.19: Digerleri

UST FASIL
5007 Ipek veya ipek dikintilerinden dokunmusg mensucat
a0: Inek
5007.10: Buretten mensucat
Béilim 11: Dokumaya elerigli maddelerve bunlardan mamul egya
17. Anantar kelime Eglesme Deferi: [2] Eglegen Anahtar Kelimeler: [ *ipek, dikinti ] ]

*OMERILEN FASIL:

5006.00: ipek iplidi ve ipek dokintilerinden elde edilen hilkiilmis iplikler (perakende satilacak hale getirilmig); misina (ipek hic
edi guddesinden elde edilen)

UST FASIL
50: ipek
Bélim 11: Dokumaya elerigli maddelerve bunlardan mamul egya
18. Anantar kelime Eglesme Deferi: [2] Eglegen Anahtar Kelimeler: [ *dikinti, *ipek]

* OMERILEM FASIL :
5007.20.51.00.00: Adariimarnig, temizienmig veya adartilmi

Figure 52. Query result of the target product for keywords ipek and dékiintii.
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The other inherited keyword iplik is queried with the keywords ipek and dokiintii.

The target product is 5" order as presented in Figure 53.

Aranan Uriin Bilgisi |ipek dikintil iplik | | GTIP ARA |
Anahtar Kelimeler: |[ipekldﬁkumu,ip|\k,] | ® Timi Ciks  Oik10
*ANERILEN FASIL ]
5003.00.00.00.28: Dider Dokintiler
UST FASIL: ||
a0 Ipak L
Bilim 11: Dokumaya elverigli maddelerve hunlardan marmul egya il
A0.03; Ipek dikintileri (cekilmeye elverigli olmayan kozalar, iplik dakintiileri ve ditme suretiyle elde edilen dokintler dahil)
A, Anahtar Kelime Eglesme Dederi: [3] Eslegen Anahtar Kelimeler: [ *inek, iplik, ddkinti ]
*(NERILEN FASIL
S006.00; Ipek ipligi ve ipek dikintilerinden elde edilen bikilmis iplikler (perakende satilacak hale getitilmis); misina (ipek hic
efi guddesinden elde edilen)
USTFASIL:
a0: ipek
Bilim 11: Dokumaya elverigli maddelerve hunlardan marmul egya
6. Anahtar Kelime Eglesme Defderi: [3] Eslegen Anahtar Kelimeler: [ *ipek, iplik, ddkinti ]
*(GNERILEM FASIL :
A004.00 - ipek ipligi (ipek dakintilerinden elde adilen iplikler harig) iperakende satilacak hale getirilmermig)
UISTFASIL:
A0 Ipek
Bilim 11: Dokumaya elverigli maddelerve bunlardan marmul egya
|

Figure 53. Query result of the target product for keywords ipek, dokiintii and iplik.
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Koza keyword is also queried with the keywords ipek, dokiintii and iplik. As a result,

the target product is at 3 order in 39 returned products as presented in the following

Figure:
P x
Aranan Uriin Bilgisi ||pek diikiintil iplik koza | | GTIP ARA |
Anahtar Kelimeler: ‘[ipek,dikumu,iplik‘kuza‘] ‘ ® Timii Ciks  Cilk10
5003.00.00.00.29: Diger Dokintller ez
UST FASIL [
a0 ipek =
Bilim 11: Dokumaya elverigli maddelerve bunlardan mamul egya
50.03: [pek déikintileri (zekilmeye elverigli olmayan kozalar, iplik dikiintiler ve ditme suretivle elde edilen dikintiler dahil)
3. Anahtar Kelime Eglesme Deferi [4] Eglegen Anahtar Kelimeler: [ *ipek, koza, iplik, dokinti ]
= OMNERILEN FASIL :

S006.00: Ipek ipligive ipek ddkuntilerinden elde edilen bikilmog iplikler (perakende satilacak hale getirilmig); mising (ipek boc
edi guddesinden elde edilen)

UST FASIL
a0 ipek
Bilim 11: Dokumaya elverigli maddelerve bunlardan mamul egya
4. Anahtar Kelime Eglegme Deferi:[4] Eglegen Anahtar Kelimeler: [ *ipek, koza, Iplik, dokintil]

*(QMERILEM FASIL:

60.03: [pek dikintileri (gekilmeye elerigli olmayan kozalar, iplik dikiintiler ve ditme suretivle elde edilen dikintiler dahil)
UST FASIL

a0 ipek

Bilim 11: Dokumaya elverigli maddelerve bunlardan mamul egya
ALT FASILLAR

AA003.00.00.00.18: Ditme suretiyle elde edilen dikintiler

.5003.00.00.00.29: Difer Dokintiler

4]

Figure 54. Query result for the target product queried with keywords ipek, dokiintii,
iplik and koza.
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In the following Figure, the result of the query with the keywords ipek, dokiintii,
iplik, koza and misina are represented; and the target product is at the first order with
the higher Rank.

Aranan [riin Bilgisi |ipek dikiinti inlik koza misina | ‘ GTIP ARA |
Anahtar Kelimeler: ‘[ipek,dhkﬂntu,iphk,koza,miaina,] | @ Timi ks Ok
ARAMA SONUICLE el
1. Anahtar Kelime Eslegme Deferi [5] Eglegen Anahtar Kelimeler: [ *ipek, koza, iplik, misina, dikinti]

* OMERILEN FASIL :

5006.00: Ipek iplidi v ipak dikintdlerinden elde edilen biikilmis iplikler (parakende satilacak hale getirilmig; misina (ipek hic
edi guddesinden elde edilen)

UST FASIL
a0: ipek
Bilim 11: Dokumaya elverigli maddeler ve bunlardan mamul egya
2. Anahtar Kelime Eglegme Degeri: [4] Eglegen Anahtar Kelimeler: [ *ipek, *koza, =iplik, *dikinti ]

= ONERILEN FASIL :
5003.00.00.00.18; Ditme suretiyle elde edilen dokintler
ST FASIL
a0: ipek
Bilim 11: Dokumaya elverigli maddeler ve bunlardan mamul esya
50.03: ipek dikantdler (pekilmeye elverigli olmayan kazalar, inlik dokintdleri ve ditme suretivle elde edilen dakintiler dahily

3. Anahtar Kelims Eglegme Dederi: [4] Eglagen Anahtar Kelimeler: [ *ipek, *koza, =iplik, *dikinti ]

* OMERILEN FASIL :

4]

Figure 55. Query result for the target product queried with keywords ipek, dokiintii,

iplik, koza and misina.

Additionally, in this study, using o/mayan and hari¢ keywords or —siz suffix,
elimination can be done in the query result for the unwanted products. The following
test case in the following Figure represents the query result of the products not
having lif keyword is queried using —siz suffix, that means querying with [lifsiz
keyword.
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x

Aranan Urin Bilgisi |Iifsiz sentetk dokuma ‘ ‘ SHEA ‘
Anahtar Kelimeler: |[semetik,d0kuma‘] ‘ ® Timi Oiks Ok 10
ARAMA BONUGCL ||
1. Anahtar Kelime Eglegme Dederi: [ 2] Eslegen Anahtar Kelimeler: [ dokuma, sentetik ]

* OMERILEN FASIL
54: Sentetik ve sunifilamentler, seriler ve benzer sentetik ve suni dokumaya elverigli maddeler
(ST FASIL: 1
Biliim 11: Dokumaya elverigl maddeler ve bunlardan mamul egya

2. Anahtar Kelime Eglegme Dederi: [ 1] Eslegen Anahtar Kelimeler: [ *dokuma]

* GMERILEN FASIL
5007.20.39.00.00: Diderleri
(ST FAZIL :
[ GTIF MOsu YOKTUR |: Diderleri
5007: ipekveya ipek dékintilerinden dokunmug mensucat
[GTIP NOsu YOKTUR | Safipekten ponje, habutai, honan, santuk, karah ve benzeri dider Uzak Dofu kumaglan (buretve dider i
pek dakintileri veya dokumaya ebverigli maddeler kangtinimarmig)
5007.20: Difer mensucat (adirik tibariyle % 85 veya daha fazla ipek veya ipek dokintiisd icerenlar) (uret haric)
a0: [pek
Bliim 11: Dokumaya ebvetigli maddeler ve bunlardan mamul egya

3. Anahtar Kelime Eglesme Dederi: [1] Eglegen Anahtar Kelimeler: [ dokuma]

Figure 56. Query result of the product using —siz suffix.

In the following Figure, products having keywords /if and dokuma but not sentetik is
queried with the keyword olmayan. As represented in the Figure only one product
matches two keywords dokuma and [if.
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Aranan Uriin Bilgisi |sentet\k almayan lifli dokuma | ‘ GTIP ARA ‘
Anahtar Kelimeler: |[|if,d0kuma,] ‘ ® Timii O k5 O ik10
ARAMA SONUCU =]
1. Anahtar Kelime Eglesme Dederi: [2] Eslesen Anahtar Kelimeler: [ dokuma, lif] L
* OMERILEM FASIL
53: Dokumaya elverigli dider hitkisel lifler kadit inligi ve kadrt iplifinden dokunmug mensucat
(ST FASIL =
Bidltim 11: Dokumaya elverigli maddelerve bunlardan mamul eg:ya|
2. Anahtar Kelime Eglesme Dederi:[1] Eslesen Anahtar Kelimeler: [ *dokuma]

* OMERILEM FASIL
5007.20.38.00.00: Diferleri
0STFASIL
[GTIP NOsu YOKTUR : Diderleri
5007: ipekveya ipek dokintilerinden dokunmug mensucat
[GTIP NOsu YOKTURT: Safipekten porje, habutai, honan, gantuk, karah ve benzeri diler Uzak Dodu kumaglan (huretve dider i
pek dakintileri veya dokumaya elverigli maddeler kangtnimamig)
5007.20: Dider mensucat (adirk itibariyle % 85 veya daha fazla ipek veya ipek dokintdsi iperenler) (buret harig)
50: Ipek
Bidltim 11; Dokumaya elverigli maddelerve bunlardan mamul esya

3. Anahtar Kelime Eglesme Dederi:[1] Eslesen Anahtar Kelimeler: [ dokuma |

4]

Figure 57. Query result of the product using o/mayan keyword.
5.2. Query Response Time Comparison

In this study, products in the ontology are queried with different number of
keywords, 1 up to 5 keywords. Queries are carried out on the computer with AMD
64X2 2GHz processor, 2GB RAM and Windows 8 operating system. Following

Table 9, represents five trials with different number of words and response times.

Table 9. Query response time for different number of keywords in seconds.

Trial | 1 keyword | 2 keywords | 3 keywords | 4 keywords | 5 keywords
No

1 2.71 2.86 2.63 2.79 2.76

2 2.88 2.84 2.51 2.60 2.59

3 2.90 2.57 2.65 2.53 2.79

4 2.87 2.81 2.81 2.76 2.52

5 2.84 2.90 2.85 2.88 2.72
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In Appendix A and B, the given ontology metrics indicates the scale of the
constructed ontology on subdomain. The following Figure depicts time changes with
respect to different number of keywords. Since the queried number of the keywords
are different, and even negativity has been tried for five keywords. As seen in the
Figure, there exists no significant difference in query response times. Note that, this
is not a statistical report but Figure obviously represents that the number of queried

keywords has no effect on the query response time of the system.

m 1 keyword

B 2 keywords
m 3 keywords
M 4 keywords
m 5 keywords

m 5 keywords 2 negatives

Figure 58. Illustration of keywords query for different number of keywords. Y-axis
shows time in seconds and X-axis show number of trials that each trial
represents the queries for different number of keywords from 1 up to 5

keywords.

For the evaluation of the system, 100 queries have been tested, 25 with 1 word
keyword, 25 with 3 keywords, 25 with 5 keywords, and the last 25 with negativity
components such as a negativity suffix —me/ma or words that imply negativity
olmayan, harig etc. For all categories the results of the query are ranked, and the rank

of the correct G.T.I.P. number is checked to see if it is found in 1% ranked result, in
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the first 5 result or in the first 10 result. The table below gives the summary of the

results.

Table 10. Query result for 1 keywords search.

Query

1% ranked

First 5 ranked

First 10 ranked

1 keyword

5

11

14

Table 11. Query result for 3 keywords search.

Query

1% ranked

First 5 ranked

First 10 ranked

3 keywords

11

15

15

Table 12. Query result for 5 keywords search.

Query

1% ranked

First 5 ranked

First 10 ranked

5 keywords

16

23

23

Table 13. Query result for 3 keywords with negative component search.

Query

1% ranked

First 5 ranked

First 10 ranked

3 keywords with
negative

5

16

21

As seen in the above table, the accuracy rate increased when the number of keywords

is higher. And also Queries with the specific keywords to the products increases the

rank order. The following table presents the results for all of the 100 queries. In order

to have more accurate results, synonyms and number of keywords for the products

must be increased. Queried sentences and their corresponding results is given in

Appendix C, D, E and F.

Table 13. Query result for 100 queries.

Query

1% ranked

First 5 ranked

First 10 ranked

100 queries

37

65

73
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CHAPTER 6

CONCLUSION AND DISCUSSION

In this thesis, an ontology based on the Turkish HS coding system is constructed.
Turkish HS coding system is a part of customs international HS coding system where
some part of the codes are identical between nations but the rest differs with respect
to countries. Originality of this thesis comes from the special integration of a Turkish
NLP tool with ontology construction and searching modules. Although there are
some examples in previous research that also integrate such components, this is the

first approach for the Turkish language.

In the first phase of thesis, HS coding system and its specific structure is analyzed
and keywords of the products and their groups are determined using Turkish NLP.
Deciding about the NLP tool and the level of analysis are important parts of this
thesis, such that using more levels does not increase the effectiveness or efficiency.
For example, rather than using only morphological analysis, using discourse analysis
additionally may provide better information about the given input but it will also
increase the cost of the application where 5000 different entities need to be

represented and queried efficiently.
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Integration of a Turkish NLP tool and an ontology was relatively easy part of the
study where Java provides useful libraries for both. However, querying the ontology
and reducing the query costs were the most complicated part of the study. There are
number of ways to construct an ontology and querying it. Nevertheless, it is not
always useful and cheap, so there are plenty of hours and thousands of lines of codes

produced to reduce this cost.

As a result of this thesis, a new perspective for ontology design especially for
Turkish language is presented. Querying of this ontology considers the
morphological information of input sentences, extracts meaningful interpretation
from the sentence, supports a query based on this information and presents the result

via the user interface.

Last but not least, before the result is presented to the user, morphological
information is reused by the application for some additional comparisons. Since
Protégé does not provide the NOT operator for querying, an algorithm is developed
which uses morphological information and eliminates related results. This is also a
novel approach that supports the querying quality for the user where redundant

outputs are eliminated.

Reliability and validity analysis of the developed ontology have been performed.
Since all the manual search results and the results of the application are the same,
this study satisfies its goal which is querying in ontology with the natural language
where hopefully will enable non-expert users to find the G.T.L.P. number of any

product, given its Turkish characteristics.

At the end, this study provides a flexible and efficient querying method for
particularly the Turkish HS coding system. Since the ontology domain can easily be
changed, this structure can be used for other domains as well. In order to use this

approach, designers must be aware of some restrictions.

The first restriction is the target domain to be queried must have a similar class

hierarchy. Recall that in Turkish HS coding system; each division has its own special
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family and under it, each entity has its own unique name, in other words, each entity

in the domain must be unique and all the classes must be disjoint.

The second restriction belongs to the language dependency; to be clearer, language
can be same but the used words in the domain may differ. Note that, we highlight the
Parser module at the Chapter 3 that identifies some special words such as hari,
disinda and also some affixes such as siz, -me/ma. Anyone who may use this
approach needs to consider these special words and affixes used in Turkish language

which changes the meaning of the word in question.

In this study, the keyword creation is done by analyzing the sample domain data.
Since the system’s accuracy and seach quality depends on the keywords, the
constraints of the system is dependent on the number and representational power of

these keywords.

Another constraint related to this study can be seen in the future. If the number of the
products increases enourmously, then system response time may increase
accordingly. So in such a scenario, multiple ontology structure can be a solution

where chapters of products can be represented in multiple ontologies.

To conclude, this study provides a new and promising tool for Turkish querying
systems. Integration of the NLP tool with the ontology, and creation of such a
querying system may become a new trend in the research on Turkish language. This
approach may lead to researchers to use such a structure to improve the quality of

Turkish searching mechanism.

This study supports users to describe the entities with their natural language as they
do not need to be aware of the entities description in the domain. In this aspect there
is only one limitation for the system that the keywords injected into the ontology

must cover the description of the target entities in natural language.

To be more specific, during the ontology construction expert or non-expert users do
not need to know the HS code of the target product or its name while using this new

system, only its basic description is required. For example, searching for a product
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named ipek can be queried simply with parlak ince kumas. If any of these words are
injected to the system as keywords for the product ipek, the system will respond with
the name of the entity ipek and its unique HS code. Additionally, system will also
bring other similar entities which have some of these keywords. Note that number of
keywords correspondence to the input sentence will be represented with a ranking
system where the more matching input with the keywords will result in a higher rank.
Hopefully, any user, expert or non-expert, will be able to search for any products’
G.T.LP easily, effectively and efficiently in Turkish from the developed HS code

ontology.
Future Work

As future work, the system can be tested by customs officers to receive feedback and
to improve the system. Efficiency of querying can be increased with more keywords
related to the target products. In order to define more expressive and frequent
keywords, a survey can be done with respect to the domain. Designer can also
process the corpus of the target domain that can provide useful keyword candidates
for the system. Moreover, after the application of this system, all the queries and the
results can be recorded and used for new keyword identification. Additionally,
integrating a synonym dictionary module into the system may be useful. For
example, if the input sentence does not include any word which is being represented
in the ontology, the parsed sentence elements can be replaced with the synonyms and
queried again. It will obviously bring additional cost but inevitably will increase the
efficiency of the application. At the end, Turkish semantic search engines based on
ontology in different domain could be constructed based on a similar Turkish NLP

tool.
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APPENDICES

APPENDIX A

Ontology metrics:

Metricz
Axiam van

Logical sxiom court 550
Class count 54
Oibject property count 4

Diata property count 3
Incliviciual count a1

DL expressivity el |(a]]

Class Axioms:

Claz=s axioms

SubClass0f axioms court 86
EquivalertClasses axioms count
DizjoirtClaszes axioms count
FC1 count

Hidden GCI Count

[ T s S o o N s |

Object property axioms:

Object property axioms
SubObjectPropertyOf axioms count
EquivalertObjectPropeties axioms count
InverzeObjectProperties axioms count
DigjoirtOhjectProperties axioms count
FunctionalObjectProperty axioms count
InverseFunctionalhjectProperty axioms count
TranzitiveObjectProperty axioms count
SymmetricObjectProperty sxioms count
AsymmetricObjectProperty axioms count
ReflexiveOhjectProperty axioms caurt
IrretexiveObjectPropenty sxioms count
ObjectPropertyDomain axioms court

ObjectPropertyRange axioms court

o e Ao O O O oo O O kRO O

SubPropertyChainOf axioms count
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Data property axioms:

APPENDIX B

Drata property axioms
SubDataPropertyOf axioms count
EquivalentDataProperties axioms count
DizjoirntDetaProperties axioms count
FunctionallataProperty axioms count
DataPropertyDomain axioms count

DataPropertyRange axioms count

L0 S s Y e [ e [ o R s |

Individuals’ axioms:

Individual axioms

Clazstzzertion saxioms count
OhjectPropertyAszertion axioms count
DataProperty Azzertion axioms count
MegativeObjectProperty Azzertion axioms count
MegativeDataProperty Az=ertion axioms count
Samelndividual axioms count

Differertindividuals axioms count

101
B3
v

| 0 T e T e [

Annotation axioms:

Annaotation sxioms
Annctationdzsertion axioms count
AnnotationPropertyDomain axioms court

AnnotationPropertyRangeCf axioms count

G

116




APPENDIX C

1 keyword Query Results

No

Query
Sentence

Target Product

Matched
Keywords

Rank

iplik

5006.00: Ipek ipligi ve ipek
dokiintiilerinden elde edilen biikiilmiis
iplikler (perakende satilacak hale
getirilmis); misina (ipek bocegi
guddesinden elde edilen)

iplik

12

kumas

5007.10.00.00.11: EI tezgahlarinda
dokunanlar

kumas

24

(O8]

orgu

60: Orme Mensucat

orgii

dokuma

58: Ozel dokunmus mensucat; tufte
edilmis dokumaya elverisli mensucat;
dantela, duvar halilari; serit¢i ve kaytanci
esyast; islemeler

dokuma

10

dokiinti

50.03: Ipek dokiintiileri (¢ekilmeye
elverisli olmayan kozalar, iplik
dokiintiileri ve ditme suretiyle elde edilen
dokiintiiler dahil)

dokiintii

24

ipek

50: Ipek

ipek

koza

5001.00.00.00: Cekilmeye elverisli ipek
bocegi kozalar

koza

bez

5007.20.31.00.00: Bez ayagi (diiz
dokunmus)

bez

kiyafet

63: Dokumaya elverisli maddelerden
diger hazir esya; takimlar; kullanilmig
giyim esyasi ve dokumaya elverisli
maddelerden kullanilmis esya; pacavralar

kiyafet

10

dokiinti

5003.00.00.00.18: Ditme suretiyle elde
edilen dokiintiiler

dokiintii

11

naylon

54: Sentetik ve suni filamentler, seritler
ve benzeri sentetik ve suni dokumaya
elverisli maddeler

naylon

12

ipek

5005.00: Ipek dokiintiilerinden elde
edilen iplikler (perakende satilacak hale
getirilmemis)

ipek

35

13

ipek

50.03: Ipek dokiintiileri (gekilmeye
elverisli olmayan kozalar, iplik
dokiintiileri ve ditme suretiyle elde edilen
dokiintiiler dahil)

ipek

27
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1 keyword Query Results (Continued)

No | Query Target Product Matched | Rank
Sentence Keywords
14 5006.00: Ipek ipligi ve ipek
dokiintiilerinden elde edilen biikiilmiis
iplikler (perakende satilacak hale
getirilmis); misina (ipek bocegi
iplik guddesinden elde edilen) iplik 11
15 8: Ozel dokunmus mensucat; tufte
edilmis dokumaya elverisli mensucat;
dantela, duvar halilar; serit¢i ve kaytanci
mensucat | esyast; islemeler mensucat | 29
16 | buret 5007.10: Buretten mensucat buret 2
17 | krep [ GTIP NOsu YOKTUR ]: Krepler krep 1
18 51: Yapagi ve yiin, ince veya kaba
hayvan kili; at kilindan iplik ve
tily dokunmus mensucat tily 1
19 5007.90.50.00.00: Farkl renkteki
iplik ipliklerden iplik 12
20 51: Yapagi ve yiin, ince veya kaba
hayvan kili; at kilindan iplik ve
iplik dokunmus mensucat iplik 10
21 51: Yapag ve yiin, ince veya kaba
hayvan kili; at kilindan iplik ve
yiin dokunmus mensucat yiin 1
22 5007.20.31.00.00: Bez ayag: (diiz
dokuma | dokunmus) dokuma 11
23 5007: Ipek veya ipek dokiintiilerinden
tekstil dokunmus mensucat tekstil 4
24 5005.00: Ipek dokiintiilerinden elde Ipek 32
edilen iplikler (perakende satilacak hale
ipek getirilmemis)
25 | ipek 5007.10: Buretten mensucat ipek 23
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APPENDIX D

3 keywords Query Results

No | Query Target Product Matched Rank
Sentence Keywords
1 58: Ozel dokunmus mensucat; tufte
edilmis dokumaya elverisli
dokuma mensucat; dantela, duvar halilari; hali, duvar,
duvar halis1 | seritci ve kaytanci esyast; islemeler | dokuma 1
2 tekstil,
batik kumasg kumas,
tekstil 5007.90.90.00.00: Baskili batik 1
3 | degisik kumas,
renklerde renk,
kumaslar 5007.90.50.00.00: Farkli renkteki degisik 1
4 | buretten
yapilmig tekstil,
tekstil 5007.10: Buretten mensucat buretten 2
5 | pamuk
ipliginden
esya 52: Pamuk pamuk 1
6 51: Yapagi ve yiin, ince veya kaba
kegi tliyli hayvan kili; at kilindan iplik ve
kil1 dokunmus mensucat tily, kil 1
7 58: Ozel dokunmus mensucat; tufte
edilmis dokumaya elverisli
dokunmus mensucat; dantela, duvar halilari; dantel,
ipek dantel | serit¢i ve kaytanci egyast; islemeler | dokun 25
8 63: Dokumaya elverisli
maddelerden diger hazir esya;
takimlar; kullanilmis giyim esyasi ve
kullanilmis | dokumaya elverigli maddelerden kiyafet,
kiyafet giysi | kullanilmis esya; pacavralar giysi, kullan | 1
9 | kullanilma
mis
oriilmemis | 62: Oriilmemis giyim esyasi ve kiyafet,
kiyafet aksesuari Oriilme 1
10
ipek
kumaslar 5007: Ipek veya ipek tekstil,
tekstil dokiintiilerinden dokunmus mensucat | kumas 4
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3 keyword Query Results (Continued)

No | Query Target Product Matched Rank
Sentence Keywords
11
baskili
renkli kumas,
kumas 5007.20.71.00.00: Baskili baski1 5
12 | ham saf 5002.00.00.00.00: Ham ipek
ipek (biikiilmemis) ipek, ham 2
13 | biikiilmemis | 5002.00.00.00.00: Ham ipek ipek,
ipek lifleri | (biikiilmemis) biikiilme 1
14 | kimyasal
maddeden
lif 55: Sentetik ve suni devamsiz lifler | lif, kimyasal | 1
15 [ GTIP NOsu YOKTUR ]: Saf
ipekten ponje, habutai, honan,
santuk, korah ve benzeri diger Uzak
Dogu kumasglar1 (buret ve diger ipek
korah veya | dokiintiileri veya dokumaya elverisli | korah,
santuk maddeler karigtirilmamig) santuk 3
16 kumas,
diiz dokuma | 5007.20.31.00.00: Bez ayag: (diiz dokuma,
kumaslar dokunmus) diiz 1
17 [ GTIP NOsu YOKTUR ]: Saf
ipekten ponje, habutai, honan,
santuk, korah ve benzeri diger Uzak
dokiintii Dogu kumaslari (buret ve diger ipek | dokiinti,
karistirllma | dokiintiileri veya dokumaya elverisli | ipek,
mis ipek maddeler karistirilmamais) karistirtlma | 15
18 | orgii aksesuar,
aksesuar siis | 61: Orme giyim esyasi1 ve aksesuar1 | drgii 1
19 |islenmemis | 5001.00.00.00: Cekilmeye elverisli
ipek kozast | ipek bocegi kozalari ipek, koza 4
20 | yumusak
parlak parlak,
kumas 50: ipek yumusak 29
21 | dokunmus | 5007.20.51.00.00: Agartilmamas, dokun,
kumas ince | temizlenmis veya agartilmis kumas, ince | 13
22 ipek,
ipek bocegi | 5001.00.00.00: Cekilmeye elverigli | hayvan,
hayvan ipek bocegi kozalari bocek 2
23
50.03: Ipek dokiintiileri (gekilmeye
elverisli olmayan kozalar, iplik
ipek ¢opii dokiintiileri ve ditme suretiyle elde
kirpik edilen dokiintiiler dahil) ipek 27
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3 keyword Query Results (Continued)

Query Target Product Matched Rank

Sentence Keywords
5007.20:Diger mensucat(agirlik

parca itibariyle % 85 veya daha fazla ipek

ipekten veya ipek dokiintiisii icerenler)(buret

yapilmis haric) ipek 12

yillanmig pamuk

pamuktan

kumas 52: Pamuk 17
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APPENDIX E

5 keywords Query Results

No | Query Target Product Matched Rank

Sentence Keywords
1 t1g is1 yumusak tg,

ortil siis 60: Orme Mensucat yumusak 1
2 | beyazlatilmis

agartilmis krep | 5007.20.11.00.00: Agartilmamis, | kumas,

kumastan esya | temizlenmis veya agartilmis krep, agar 1
3 | sisile oriilmiis | 61: Orme giyim esyasi ve kiyafet,

kiyafet giysi aksesuari giysi, §is 1
4 | beyazlatilmis

yikanmis ipek

ipliginden 5007.90.10.00.00: Agartilmamis, | ipek, beyaz,

esyalar temizlenmis veya agartilmis yik 1
5 | degisik renkli

dokuma kumas,

kumaslar [ GTIP NOsu YOKTUR |: Farklt | renk, iplik,

iplikler renkteki ipliklerden (5007 altinda) | degisik 2
6 | ipekipligiile | 5007: Ipek veya ipek

dokunmus dokiintiilerinden dokunmus ipek, dokun,

kumaglar mensucat kumag 2
7 el dokun,

tezgahlarinda kumas,

dokunmus ipek | 5007.10.00.00.11: El ipek, dokun,

kumaslar tezgahlarinda dokunanlar el, tezgah 1
8 58: Ozel dokunmus mensucat;

el tufte edilmis dokumaya elverisli

tezgahlarinda mensucat; dantela, duvar halilari;

dokunmus serit¢i ve kaytanci esyast; hali, dokun,

duvar halis1 islemeler duvar 2
9 | kirpilmig

hayvan 51: Yapag ve yiin, ince veya

kilindan kaba hayvan kili; at kilindan iplik | kirp, kil,

dokuma esya ve dokunmus mensucat hayvan 1
10 | suni

malzemeden

yapilmis 55: Sentetik ve suni devamsiz

iplikler lifler lifler suni, lifle 1
11 | suni dokuma 54: Sentetik ve suni filamentler,

icin kullanilan | seritler ve benzeri sentetik ve suni | dokuma,

ipler dokumaya elverisli maddeler suni 3
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5 keywords Query Results (Continued

No | Query Target Product Matched Rank
Sentence Keywords
12 | dokumaya
elverisli suni 54: Sentetik ve suni filamentler,
akrilik seritler ve benzeri sentetik ve suni | dokuma,
maddeler dokumaya elverisli maddeler suni, elveris | 2
13 | g ile 6riilmiis | 61: Orme giyim esyas1 ve
dentel aksesuar | aksesuari t1g, aksesuar | 1
14 | sis ile Oriilmiis
gevsek kumas | 60: Orme Mensucat or, sis 1
15 51: Yapag ve yiin, ince veya
yapagi ve yiin | kaba hayvan kili; at kilindan iplik | iplik, yiin,
iplikten atki ve dokunmus mensucat yapagi 1
16 | hayvan
postundan 51: Yapag ve yiin, ince veya
kirpilmis yiinlii | kaba hayvan kili; at kilindan iplik | kirp,
kiyafet ve dokunmus mensucat hayvan, yiin | 1
17 | bitkisel lif ve 53: Dokumaya elverisli diger
ipliklerden bitkisel lifler; kagit ipligi ve kagit | bitkisel,
yapilma giysi | ipliginden dokunmus mensucat iplik, lif 1
18 63: Dokumaya elverisli
maddelerden diger hazir esya;
takimlar; kullanilmig giyim esyasi
ve dokumaya elverisli
hal1 ve yere maddelerden kullanilmis esya;
serilen esyalar | pagavralar hali, yer 1
19 | kullanilmamais
dokunmus giyim,
giyim giysi 62: Oriilmemis giyim esyas1 ve kiyafet,
kiyafet aksesuari giysi 1
20 [ GTIP NOsu YOKTUR ]: Saf
ipekten ponje, habutai, honan,
santuk, korah ve benzeri diger
saf ipekten Uzak Dogu kumaslari (buret ve kumas,
kumaslar diger ipek dokiintiileri veya ipek,
bezler dokumaya elverisli maddeler dokuma,
dokumalar karistirilmamig) saf, kumas | 2
21 | tgile yapilmis | 61: Orme giyim esyas1 ve
aksesuar siis aksesuari aksesuar, t1g | 1
22 | at kilindan 51: Yapag ve yiin, ince veya
dayanikli ip kaba hayvan kili; at kilindan iplik
iplik ve dokunmus mensucat iplik, kil, at | 1
23
tiftik kegisi 51: Yapagi ve yiin, ince veya tiftik, keci,
yiiniinden iplik | kaba hayvan kili; at kilindan iplik | ylin, iplik,
ip ve dokunmug mensucat ip 2
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5 keywords Query Results (Continued

Query Target Product Matched Rank
Sentence Keywords

kumas ip

parlak ince kumas,

pahali 5007.10: Buretten mensucat parlak, ince | 17
ipekten dokun,

dokunmus ince | 5007.10.00.00.11: El kumas,

kumas dokuma | tezgahlarinda dokunanlar ince, ipek 30
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APPENDIX F

3 keywords with 1 negativity Query Results

No | Query Target Product Matched | Rank
Sentence Keyword
1 ipek 51: Yapag ve yiin, ince veya kaba
olmayan hayvan kili; at kilindan iplik ve
iplik dokunmus mensucat iplik 3
2 | ipek
olmayan
kiyafet 61: Orme giyim esyas! ve aksesuari kiyafet 3
3 | dokiintii
olmayan 5001.00.00.00: Cekilmeye elverisli
ipek ipek bocegi kozalar ipek 3
4 53: Dokumaya elverigli diger bitkisel
dokiintii lifler; kagit ipligi ve kagit ipliginden
harig iplik dokunmus mensucat iplik 3
5 | hayvansal 53: Dokumaya elverisli diger bitkisel
olmayan lifler; kagit ipligi ve kagt ipliginden
iplik dokunmus mensucat iplik 2
6 | dokiintiistiz | 5002.00.00.00.00: Ham ipek
ipek (biikiilmemis) ipek, ham | 2
7 56: Vatka, kece ve dokunmamis
elverisli mensucat; 6zel iplikler; sicim, kordon,
olmayan ip | ip, halat ve bunlardan mamul esya Ip 1
8 | iplik
olmayan
ipek 5007.20.41.00.00: Seyrek dokunmus | ipek 7
9 |iplik
olmayan 5002.00.00.00.00: Ham ipek
ipek (biikiilmemis) ipek 14
10 [ GTIP NOsu YOKTUR ]: Saf
ipekten ponje, habutai, honan, santuk,
korah ve benzeri diger Uzak Dogu
kumaglar1 (buret ve diger ipek
iplik harig dokiintiileri veya dokumaya elverisli
ipek maddeler karistirilmamais) ipek 15
11 | parekande 5001.00.00.00: Cekilmeye elverisli
hari¢ ipek ipek bocegi kozalari ipek 18
12
53: Dokumaya elverigli diger bitkisel
sentetik lifler; kagit ipligi ve kagit ipliginden
olmayan lif | dokunmus mensucat lif 1
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3 keywords with I negativity Query Results (Continued)

No | Query Target Product Matched | Rank

Sentence Keyword
13 54: Sentetik ve suni filamentler,

lif olmayan | seritler ve benzeri sentetik ve suni

sentetik dokumaya elverisli maddeler sentetik 1
14 | aksesuar

olmayan

orgii 60: Orme Mensucat orgii 1
15 | kullanilmis

olmayan

kiyafet 61: Orme giyim esyasi ve aksesu kiyafet 2
16 | bitkisel 51: Yapagi ve yiin, ince veya kaba

olmayan hayvan kili; at kilindan iplik ve

iplik dokunmus mensucat iplik 9
17 5004.00 : Ipek ipligi (ipek

mensucat dokiintiilerinden elde edilen iplikler

olmayan hari¢) (perakende satilacak hale

ipek getirilmemis) iplik 7
18 | mensucat 5005.00: Ipek dokiintiilerinden elde

olmayan edilen iplikler (perakende satilacak

ipek hale getirilmemis) ipek 9
19 53: Dokumaya elverisli diger bitkisel

tiily olmayan | lifler; kagit ipligi ve kagit ipliginden

iplik dokunmus mensucat iplik 3
20 5005.00: Ipek dokiintiilerinden elde

tily olmayan | edilen iplikler (perakende satilacak

iplik hale getirilmemis) iplik 8
21 | koza

olmayan 5002.00.00.00.00: Ham ipek

ipek (biikiilmemis) ipek 15
22 | iplik

olmayan 5001.00.00.00: Cekilmeye elverisli

koza ipek bocegi kozalari koza 4
23 | ipek

olmayan

koza 52: Pamuk koza 1
24 | ipek

olmayan 57: Halilar ve dokumaya elverisli

dokuma maddelerden diger yer kaplamalari dokuma 2
25 | ipek

olmayan

mensucat 60: Orme Mensucat mensucat | 3
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APPENDIX G

Keywords extracted from the sample domain data

Letter | Noun Verb keywords | Adjective Keywords created
keywords keywords by the designer

A agir agar Akrilik

aksesuar agartilma

at

ayak

B baski biik beyaz

benzer bukilme bitkisel

bez Bursa

bitkisel

boya

bocek

cm

cekilme cOp

olialle

daha ditme diiz dayanik

dahil dokun dogal

dantel

dantela

devam

diger

dogu

dokuma

dokiintii

duvar

E el emdir elastic

elveris elbise

esnek

fark fazla

Q™

gecen gecme giysi

geniglik getirilme

giyim gorme

gudde

H halat hafif

hali

hayvan

hazir

honan

I ileri icer ince igne

islem isleme ilme

127




Keywords extracted from the sample domain data (continued)

Letter | Noun

Verb keywords

Adjective
keywords

Keywords created
by the designer

keywords
ip

ipek

iplik

islem

kagit

kaplama

kaba

kirp

il

kaytan

Kaplan

kirpint1

kege

karistirilma

kiyafet

kil

kullan

kimyasal

kordon

koza

krep

kumas

L lamine

Lifle

lateks

Iif

M mamul

mensucat

misina

naylon

Q=

ozel

or

Orilme

P pacavra

parlak

pamuk

pacavra

perakende

polyester

parekende

ponje

R renk

S santimetre

saf

singer

sentetik

seyrek

S1va

sicim

suni

S serit

Seritle

sis

T takim

temizle

temiz

-

t1g

teknik

temizleme

tiy

tekstil

Tiftme

tezgah

tufte

uzak

vatka

~ISIS

yapagi

yumusak

yer

yun

Special Keywords for NOT Querying: haric, olmayan, -siz suffix, -me/ma suffix
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