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ABSTRACT

An ontology aims to provide people and software agents with a common
understanding of the structure of information that describe a domain of interest, with
a set of concepts and the relations between them, making it similar though not the

same as conceptual data schemas.

An upper ontology, and sometimes called a foundation ontology, is an ontology that
formally defines the most top level concepts among other ontologies. Upper
ontologies are domain independent and intend to capture and represent the semantics
of the real world to support large applications. Obviously, and since they only capture
the most general concepts, upper level ontologies have less concepts than other
domain specific ontologies. But on the other hand, upper level ontologies are not easy
to build. They require deep understanding, analysis and realizing for which might be
considered an upper concept to be included in the upper ontology and which might
not. Thus constructing an upper ontology is a multidisciplinary issue, concerning not

only computer science, but philosophy and linguistics as well.

This thesis aims to contribute to the construction of the Top-Levels of the Arabic
language ontology. The proposed methodology includes studying existing other
upper-level ontologies, especially DOLCE, BFO and SUMO, as well as briefly
reviewing literature of some Arab Philosophers. The Arabic concepts will be chosen
in a way to assure that the top levels of the Arabic ontology are completely based on
the conceptualization of the Arabic language. The importance and the use of these top
levels is that they govern the quality of the lower levels, as well as they help (i.e.
from a methodology point of view) in the building process of the lower levels. As
explained earlier, the complexity of deciding the top level concepts, is that these
concepts are more abstract, and thus more application (and maybe) language
independent, and require deep investigation in order to be agreed upon. Such



investigations need philosophical sense, rather than linguistic knowledge. Also, a
background in first-order-logic and set theory is necessary to precisely and formally

specify the top level ontology. Technical IT knowledge is also important to

understand how the ontology might be applied in practice.
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GLOSSARY

Arabic Ontology:

Concept:

Conceptualization:
Domain Ontology:
Distinguishing
properties:

Exclusion criteria:

Extrinsic properties:

Intrinsic property:

Intensional semantics:

Extensional semantics :

A formal representation of the concepts that the Arabic terms
convey [1].

A set of rules in our mind about a certain thing in reality. [2]
An intensional semantic structure, which encodes the

implicit rules constraining the structure of a piece of reality.[3]
An ontology that models a specific domain, which represents
part of the world [3].

Properties that identity and characterize things, but are not
necessarily intrinsic properties.

A set of predefined definitions that is used to identify things,
which will not be included as instances of certain concepts.*

A property that depends on a thing's relationship with other
things. For example, weight is an extrinsic property that varies
depending on the strength of the gravitational field in which
the physical object is placed.?

A property that an object or a thing has of itself, independently
of other things, including its context. For example, mass is an
intrinsic property of any physical object.’

The intensional semantics (or intension) of the expressions of a
logic are independent of any specific interpretation, model, or
situation, but are dependent only on the domain being
conceptualized [2].

The extensional semantics (value or denotation) of the

expressions of logic are relative to a particular interpretation,

! http://en.wikipedia.org/wiki/Exclusion_criteria
2 stanford Encyclopedia of Philosophy.
% stanford Encyclopedia of Philosophy.
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Linguistic Ontology:

Ontology:

Meronymy (Part of)
relation:

Subtype:

Synonym:

Term:

Top Levels of the
Arabic Ontology:

Upper Ontology:

model, or situation [2].

A formal representation of the meanings (i.e., Semantics) of
terms of a given natural language. [1]

A particular system of categories that accounts for a certain
vision of the world, i.e. it is a simplified view of a certain
portion of the domain that needs to be represented for some
purpose. [3]

A semantic relation used in linguistics. A meronym denotes a
constituent part of, or a member of something.*

A secondary or subordinate type or genre, which inherits all its
properties from its parent, while having more distinguishing
properties to catheterize it from other subtypes of the same
parent’.

A term that shares the exact concept with another term [4].

A word (or common phrase) used to denote or express a
concept

The most top levels of the linguistic Arabic Ontology (i.e., the
highest levels of the ontology tree), which might not be upper
concepts, but are concepts of Arabic terms.

An ontology that describes very general concepts that are the

same across all knowledge domains®.

* http://en.wikipedia.org/wiki/Meronymy
® http://www.thefreedictionary.com/subtype
® http://en.wikipedia.org/wiki/Upper_ontology
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CHAPTER ONE: INTRODUCTION

The main goal of this thesis is to contribute to constructing the top levels of the
Arabic language Ontology. Section 1.1 introduces the scope of work and motivation
of the thesis. Section 1.2 presents the research problem and the research objectives,
and section 1.3 summarizes the main contributions of this thesis. The last section of

this chapter provides an overview of the thesis structure and outline.

1.1 Scope and Motivation

Every day, hundreds of millions of people access the World Wide Web for a wide
variety of reasons, and this number is increasing rapidly’. People are becoming
dependent on the internet in their daily activities more than on the old classical
means, starting from simple mailing systems, up to advanced e-commerce and e-
health applications. This evolution in the internet usage led to an explosion in the
amount of data distributed among this network, and opened the doors to easier
knowledge sharing and data reuse. But if we looked deeper, we would notice that this
knowledge sharing need a pre-agreement on the meaning of the shared data, to allow
the sharing parties to communicate effectively with a reduced amount of
misunderstood and mismatching information. Another thing to be observed is that
internet users, when searching for content on the internet, they have to exactly specify
what data they are looking for; data that is ubiquitously available on the internet in
many forms, such as: text, tables, videos, images etc. which sometimes might be a
problem for many of them, due to lack of experience or even lack of knowledge of
the content they are looking for. One of the solutions for these issues is using
ontologies to formally define concepts in a form that could be interpreted by

machines, to allow the sharing parties to use these pre-defined concepts to

" http://www.internetworldstats.com/stats.htm
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communicate efficiently [5][6]. For that, Ontologies are quickly becoming a key
technology for integrating heterogeneous knowledge coming from different sources.
They may be used by different parties in knowledge integration as a semantic
reference. For that, there has been a growing interest in developing and using

ontologies, and especially upper ontologies.

1.1.1 What is an Ontology?

An ontology is a formal definition for common vocabulary needed for sharing
information in a domain, that includes machine-interpretable definitions and relations
among them [7]. An ontology, in general, is a shared understanding (i.e. semantics) of
a certain domain, formalized and represented as a logical structure [2]. By sharing an
ontology, autonomous and distributed applications can meaningfully communicate to
exchange data and make transactions interoperate independently of their internal
technologies [8]. In this way, heterogeneous and distributed information resources

can be integrated and searched through mediators, using an ontology [2].

Dealing with semantics is an important matter, and sometimes could even be
considered as a problem, so ontology is suggested to be a solution for such problem
as a reference for meanings being dealt with [9]. In other words, an ontology could
provide a detailed definition for things to be represented in a way that
systems/machines can understand its semantics [2]. Hence, defining the ontological
terms must be represented in formal logic to make it possible for their meanings to be

deduced by machines [2].

To sum up, and as Guarino states in [3] “An ontology is a particular system of
categories that accounts for a certain vision of the world, i.e. it is a simplified view of
a certain portion of the domain that needs to be represented for some purpose”; it is a
formulation of objects, concepts, and entities that are presumed to exist in a specific
domain of interest to be represented [5], and a representation for the relations

between them.



A linguistic ontology, on the other hand, (e.g., WordNets and the Arabic Ontology)
focuses on defining and classifying the meanings of terms in a given language.
Constructing a linguistic ontology is based on gathering all the terms of a certain
language and then semantically defining all meanings of each of these terms. After
that, all the meanings are classified based on a type-of relation®, producing a tree of
meanings [1][10].

Ontologies are a solution for managing the heterogeneity in knowledge from different
sources available on the internet, by providing a common understanding of
vocabulary to be shared and interpreted by both humans and machines. But one might
face a case where there is a need to link two different domain ontologies. In that case,
a new ontology must be constructed to govern both domain ontologies. The resulting
ontology obviously would be more general than the two domain ontologies, to enable

shared understanding between both communicating domains.

Thus, one could think of constructing one general ontology that could govern in one
way or another all the domain ontologies constructed to serve various domains. This

general ontology is what is called an Upper-Level Ontology.

1.1.2 Upper Ontology vs. the Top Levels of the Arabic Ontology

An upper level ontology, and sometimes called a foundation ontology [11], is an
ontology that formally defines the most abstract concepts among other ontologies
[12]. Upper ontologies are claimed to be domain independent and intend to capture
and represent the semantics of the real world to support and govern large domain
ontologies [13]. However, concepts of the upper level ontologies appear to be more
stilted; i.e. they are chosen to be philosophical and might not be commonly used by
speakers of the language, and not necessarily named concepts in this language, for
example, a concept called “Region” in DOLCE means “Any region in a dimensional

space (a dimensional space is a maximal Region), which can be used as a value for a

8 A relation that defines the type of and type for relation for the meanings of the defined terms.



quality of an Entity. For example, Timelnterval, SpaceRegion, PhysicalAttribute,
Amount, SocialAttribute are all subclasses of Region. Regions are not data values in
the ordinary knowledge representation sense; in order to get patterns for modeling
data, see the properties: representsDataValue and hasDataValue[14], is not one of
the common meanings in English (i.e., not a named concept in English). This issue
will be clarified more in chapters 3 and 4, where we discuss some of these concepts

and show how they were used in an unusual context.

The notion of the top level ontology is used in literature to also mean the upper level
ontology, as there is no difference between these two terms. However, in this thesis
we will use the term “top levels” of the Arabic ontology, to only mean those levels
that are the highest among the Arabic Ontology tree. The differences between an
upper level ontology and the top levels of the Arabic Ontology are the summarized as
the following:

e The upper level concepts are not necessarily named concepts in the language,
while all concepts included in the top/highest levels of the Arabic Ontology
are common concepts among the Arabic language speakers, which have
specific Arabic terms naming/referring to them.

e There are some mutual concepts between the top levels of the Arabic
Ontology and other upper level ontologies; such as Physical Object, Quality,
and Process. These concepts are considered to be of generic concepts, which
make it normal for them to be shared between the top levels of the Arabic
Ontology and other upper level ontologies.

e In this thesis, we do not claim that our top level concepts to be very general
concepts that can be used in other languages, although other languages might

have many common concepts that are similar to them.



We would like to emphasize that when using the term “top levels” throughout the rest
of this thesis, we mean the highest levels of the Arabic Ontology tree, and not the

generic or language-independent concepts as Upper level ontologies do.

1.1.3 Why do we need the top Levels of the Arabic Ontology? And how can
they be used in IT applications?

The top levels of the Arabic Ontology are to provide definitions for general-purpose
Arabic terms [1], and will act as a foundation for more specific Arabic domain
ontologies. They are also used to govern the lower levels of the Ontology, and help us
detecting possible problems in these lower levels. As explained in [4]; this detection
includes discovering inconsistencies in the subtype and super-type relations formed in
the Arabic Ontology; as well as helping in forming the meanings of terms of the
Arabic ontology, according to ontological guidelines. In other words, the top levels
when linked to the lower levels of the Arabic Ontology, will be used to control the
ontological correctness of the lower levels of Arabic Ontology. Thus, they will

govern and rule the lower levels to avoid ontological inconsistencies.

On the other hand, the constructed top levels of the Arabic Ontology will be utilized

in various computer applications; including®:

1) Computational linguistics; by treating the concepts of the constructed top
levels as semantic fields; to be employed in Natural Language processing
applications.

2) Machine translation; by finding the exact mapping of concepts across
languages.

3) Semantic information retrieval and extraction; to enrich queries and improve

the quality of the results, i.e. meaningful search rather than string-matching

search.

® http://sina.birzeit.edu/ArabicOntology/



4) Arabic concepts’ classification, by mapping each of these concepts to its
proper supertype concept from the top levels of the Arabic Ontology.

5) Knowledge engineering and representation.

6) Database design and integration; by defining types of entities and their

attributes.

1.2 Problem Statement

The main goal of this thesis is to contribute to the building of the top levels of the
Arabic Ontology. In particular, we aim to study some existing well-known general
upper ontologies (DOLCE, BFO, SUMO, and some Arabic philosophy literature) that
can be a starting point for building the Arabic Top Level ontology. Our goal is to find
the most abstract Arabic concepts to construct a top-level ontology that fits the

Arabic language.

The biggest challenge in this research is being able to find these Arabic concepts, as
they should represent the most abstract Arabic concepts that are independent of any
domain. This requires going through dozens of Arabic dictionaries and conducting

extensive philosophical studies.

The resulted top level classifications of the Arabic concepts are evaluated for
comprehensiveness by conducting an empirical study of linking these top level
concepts with a sample of Arabic abstract concepts.

1.3 Summary of contribution

The main contribution of this thesis is to contribute to building and evaluating the top
levels of the Arabic ontology. We summarize the main contribution of this thesis by

follows:



1. Collecting the most abstract Arabic concepts as well as their equivalents in
English, and conducting an extensive search in Arabic dictionaries and
philosophical resources.

2. Contribute to connecting the collected Arabic top concepts with well-defined
semantic relations that are logically formulated to guarantee the validity of
these relations.

3. Contribute to evaluating the resulted top levels by mapping a sample of
Arabic concepts to the top level concepts, where each Arabic concept should
be linked to one top concept.

4. The result of the mapping process will result a pool of concepts under each of
the top concepts, which will help in building the levels of the Arabic
Ontology, by taking each pool of concepts and connecting them with

conceptual relations. But this step is not in the scope of this thesis.
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classifying these concepts, as well as in reviewing this research and providing many
ideas and directions. Finally, Hadi Husnieyh, Mariyam Yahya, and Rawand Taha for
developing some branches in the Arabic Ontology and contributing in the discussions

that took place to choose the top level concepts.

1.4 Summary and Structural Outline

This thesis is divided into six chapters that present and highlight the work as follows:



Chapter Two - Background and related work, discuses existing upper ontologies,
mainly; DOLCE, BFO, SUMO, WordNet, as well as WordNet and some Arab
philosophical history in defining and classifying concepts.

Chapter Three - research methodology, summarizes the followed methodology of the
research, discussing in details the conducted steps of choosing the concepts of the top

levels, then connecting them with the conceptual relations.

Chapter Four - the concepts of the top levels, discusses in details each concept in the
top three levels of the Arabic Ontology, in addition to shedding the light on some

chosen concepts from lower levels.

Chapter Five — evaluation of the top levels, shows the methodology followed for
evaluating the resulted top-level concepts of the Arabic ontology along with the
relations between these concepts.

Chapter Six — conclusions and future work, introduces the results of the evaluation

process, in addition to some recommendations for future work.



CHAPTER TWO: LITERATURE REVIEW

2.1 Introduction

When it comes to constructing ontologies, one first needs to fully understand the
domain of interest, and be familiar with all its properties and relations, in order to
build an ontology that is both complete and comprehensive. But things are different
with linguistic ontologies, since linguistic ontologies require the ontology engineer to
collect all concepts of the desired language, and study all the linguistic and semantic
relations between these concepts, including their meanings, super- and subtypes and

many other relations, which requires much time and effort to be completed.

This research aims to contribute to the building of the top levels of the Arabic
ontology. To do that, one should think of collecting all the Arabic concepts that might
be considered as top-level concepts (i.e. the concepts that can be super types of all
possible Arabic concepts), and manually define the semantic relations between them.
On one hand, this would take a considerable amount of time to be done, and might
not rise to the required level of completeness. On the other hand, the necessary work
to complete the mentioned task would require a whole team of linguists,
philosophers, logicians, and IT specialists working together to come up with the
desired top level ontology, which would go beyond the size of work assigned for this

thesis.

For that, and due to time limits, another way was thought of for constructing the top
levels of the Arabic ontology, which is based on studying other general upper
ontologies; mainly DOLCE, DOLCE+DnS, BFO and SUMU, and choosing the top
concepts of the Arabic Ontology based on the gained knowledge from these upper
ontologies. By that, we would save much time and effort, and make use of what

already exists. This does not mean that we translate these ontologies into Arabic, but



rather they are used as a reference to relate to in choosing the top concepts and
forming the relations between these concepts, while adopting and reusing some of

their defined concepts that fit the Arabic language in order not reinvent the wheel.

Before we go into our proposed methodology in details, we first have to give a
summary about these subject foreign upper ontologies. In addition, we give an
overview about some literature of Arabic Philosophers and their criteria in defining

and classifying the most abstract concepts.

2.2 WordNet

WordNet is a large lexical database of English; it was created at the Cognitive
WordNet Laboratory of Princeton University under the direction of psychology
professor George A. Miller. Its development began in 1985. Over the years, the
project received funding from government agencies interested in machine

translation®®.

As stated in the WordNet page'’ “In WordNet, nouns, verbs, adjectives and adverbs
are grouped into sets of synonyms, each expressing a distinct concept. These sets of
synonyms, which are called synsets, are linked by means of conceptual-semantic and

lexical relations”.

What distinguish WordNet from a thesaurus are two main features; firstly, in
WordNet, semantically disambiguated words are found within close proximity to one
another in the network of words; in other words, WordNet interlinks not just word
forms; i.e. strings of letters, like a thesaurus does, but rather it links specific meanings
of words. Secondly, thesauri do not follow any patterns in relating word meanings
together more than simple similarity, while WordNet labels the relations according to

their semantic meanings [15].

10 https://en.wikipedia.org/wiki/Wordnet
™ http://wordnet.princeton.edu/
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The most used relation among synsets is the super-subtype relation (also called
hyperonymy-hyponymy relation [15]). It links more general synsets like {machine,
computing device} to increasingly specific ones like {computer} and {laptop}. Thus,
WordNet states that the category machine includes computer, which in turn includes
laptop; conversely, concepts like computer and laptop make up the category machine.
All noun hierarchies ultimately go up the root node {entity}. WordNet distinguishes
among Types (common nouns) and Instances (specific persons, countries and
geographic entities). Thus, laptop is a type of computer, while George Clooney is an

instance of an actor.

2.3 DOLCE

Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) is a
module of the WonderWeb Foundational Ontologies Library [14]. It was first
developed by Nicola Guarino and his associates at the laboratory of applied Ontology
in Italy, and aims at capturing the ontological categories underlying natural language

and human commonsense [14].

DOLCE is intended to act as a starting point for comparing and elucidating the
relationships with other ontologies, and also for clarifying the hidden assumptions
underlying existing ontologies or linguistic resources such as WordNet. It has been

applied in different domains, such as law, biomedicine and agriculture [12][14].

DOLCE is based on the fundamental distinction between enduring and perduring
entities. The main relation between Endurants (i.e., objects or substances) and
Perdurants (i.e., events or processes) is that of participation: an Endurant “lives” in
time by participating in a Perdurant. For example, a natural person, which is an

Endurant, participates in his or her life, which is a Perdurant.
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Figure 1: DOLCE Taxonomy*?

DOLCE introduces Quality as another top category that can be seen as the basic
entities we can perceive or measure: shapes, colors, sizes, sounds, smells, as well as
weights, lengths or electrical charges. Spatial locations (i.e., a special kind of physical
quality) and temporal qualities encode the spatio-temporal attributes of objects or

events.

Moreover, Abstract is also a top category in DOLCE, which does not have spatial or
temporal qualities and is not quality itself. Types of Abstract entities in DOLCE
include Regions that are used to encode the measurement of qualities as
conventionalized in some metric or conceptual space, and Formal entities that include

sets and classes, and other mathematical entities.

The basic concept hierarchy is shown in Figure (1). DOLCE adopts the multiplicative
approach: starting from the observation that one tends to associate objects to
incompatible essential properties, and provides a clear and detailed treatment of

objects and properties assuming that different entities can be co-located in the same

2 A Clear image of DOLCE’s taxonomy is available in Appendix I
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space-time. DOLCE allows modeling 3D objects, i.e., Endurants, as well as 4D
objects, i.e., Perdurants. Thus, it commits to both endurantism and perdurantism®
[14].

DOLCE features a rich reference axiomatization, thereby committing to possibilism.
The axiomatization captures ontology design patterns such as location in space and
time, dependence or parthood. Its core is minimal in that it only includes the most
general concepts and patterns. This makes it well-suited for modularization as
claimed in [16].

2.4 DOLCE+DnS

The DOLCE+DnS Ultralite ontology is a simplification and an improvement of some
parts of DOLCE, and Descriptions and Situations ontology (DNS)™. It aims to
provide a set of upper level concepts that can be the basis for easier interoperability
among many middle and lower level ontologies. It makes a variety of important
distinctions that are useful for upper ontologies. It was developed in a principled way
by Aldo Gangemi™ at the Semantic Technology lab, in Italy, using the OntoClean

methodology [17] to help ensure correct and consistent distinctions.

The main aspects in which DOLCE+DnS Ultralite depart from DOLCE are the
following [18]:

e The names of classes and relations have been made more intuitive
e The DnS-related part is closer to the newer ‘constructive DnS' ontology

e Temporal and spatial relations are simplified

B A3D option claims that objects are: a) extended in a three-dimensional space; b) wholly present at
each instant of their life; ¢) changing entities, in the sense that at different times they can instantiate
different properties. On the contrary, a 4D perspective states that objects are: a) space-time worms; b)
only partially present at each instant; ¢) changing entities, in the sense that at different phases they can
have different properties.

* http://ontologydesignpatterns.org/wiki/Ontology: DOLCE+DnS_Ultralite
% http://www.loa.istc.cnr.it/gangemi.html
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e Axiomatization makes use of simpler constructs than DOLCE

e The architecture of the ontology is pattern-based, which means that
DOLCE+DnS Ultralite is also available in modules, called ‘content ontology
design patterns’, which can be applied independently in the design of domain

ontologies.

DOLCE+DnS Ultralite

. /(/’\:*::‘vh_;\/ =)

=) CGo(E )X X =)

Figure 2: DOLCE+DnS's Taxonomy®

2.5 BFO

BFO, the Basic Formal Ontology [19], is an upper level ontology that grew out of a
philosophical orientation, which overlaps with that of DOLCE and SUMO. Unlike
these, however, it is narrowly focused on the task of providing a genuine upper
ontology, which can be used in the support of domain ontologies developed for
scientific research, as for example in biomedicine within the framework of the OBO

%8 A clear image of DOLCE+DnS’s taxonomy is available in appendix |
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Foundry'’. Thus, BFO does not contain physical, chemical, biological or other terms,

which would properly fall within the special sciences domains [19]

The BFO project was initiated in 2002 under the auspices of the project Forms of
Life sponsored by the Volkswagen Foundation. The theory behind BFO was
developed first by Barry Smith and Pierre Grenon [19].

o vy ot ot o Py g ol

dn ) (vein | Crutionatonat)  vaesointonn ) (vondind) (i) ononbin) b ) (sahuipn ) (Qntmatienri) elintusnyrin ) urkteduunion ) (etimeiiopi

Figure 3: BFO's Taxonomy'®

BFO is developed in a series of sub-ontologies at different levels of granularity [19].
It is divided into two varieties [19]: 1- continuant (or snapshot) ontologies,
comprehending continuant entities such as three-dimensional enduring objects, and 2-
occurrent ontologies, comprehending processes conceived as extended through (or as
spanning) time. BFO thus incorporates both three-dimensionalist and four-
dimensionalist perspectives in reality within a single framework. Interrelations are
defined between the two types of ontologies in a way that gives BFO the facility to
deal with both static/spatial and dynamic/temporal features of reality. Each
continuant ontology is an inventory of all entities existing at a time [19]. Each
occurrent ontology is an inventory of all the processes unfolding through a given
interval of time. Both types of ontology serve as basis for a series of sub-ontologies,
each of which can be conceived as a window on a certain portion of reality at a given

level of granularity [19].

7 http://www.obofoundry.org/
%8 A clear image of BFO’s taxonomy is available in appendix |
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BFO has been adopted as a foundational ontology by many projects, principally in the
areas of biomedical ontology and security and defense (intelligence) ontology. An
example application of BFO can be seen in the Ontology for Biomedical
Investigations (OBI)*°, among many others®.

2.6 SUMO

The Suggested Upper Merged Ontology (SUMO)? is an upper ontology, originally
developed by the Teknowledge Corporation and now is maintained by Articulate
Software [12]. It has been proposed as a starter document for The Standard Upper
Ontology Working Group, an IEEE-sanctioned working group of collaborators from
the fields of engineering, philosophy, and information science [11]. The goal of this
Working Group was to develop a standard ontology that would promote data
interoperability, information search and retrieval, automated inference, and natural
language processing. SUMO originally concerned itself with meta-level concepts
(general entities that do not belong to a specific problem domain). It has now been
considerably expanded to include a mid-level ontology and dozens of domain
ontologies, since it provides definitions for general-purpose terms and acts as a
foundation for those specific domain ontologies [20].

Some of the reasons behind choosing SUMO to study and use is that it is one of the
largest formal ontologies in existence today that is being used for research and
applications in search, linguistics and reasoning, and is extended with many domain
ontologies and a complete set of links to WordNet. It is also simple and easy to

understand.

18 http://obi-ontology.org/page/Main_Page
2 http://www.ifomis.org/bfo/users
2 http://www.ontologyportal.org/
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Figure 4: SUMO's Taxonomy?

The development of SUMO was based on the merging of different ontology modules
and theories [11]: John Sowa’s upper level ontology, Russell and Norvig’s upper
level ontology, James Allen’s temporal axioms, Casati and Varzi’s formal theory of
holes, Barry Smith’s ontology of boundaries, Nicola Guarino’s formal mereotopology
and various formal representations of plans and processes, including the Core Plan

Representation and the Process Specification Language (PSL).

The taxonomy of SUMO is depicted in Figure 3. The topmost concept in SUMO is
Entity, which is further split into Physical and Abstract. Physical entities are further
divided into Objects and Processes. The taxonomy is so large branched to include
many domain concepts, such as Hotel or Organization.

Because of its characteristic merging of different ontology modules and theories,
SUMO is actually not influenced by any specific theoretical approach. Rather, it
tends to adopt the general categories from various ontology proposals. In this context,
we should say that SUMO does not clearly adopt either a multiplicative or a
reductionist approach [18]. That is, the major part of its theories commits to a
multiplicative stance. As they encountered the dilemma regarding the choices
between possibilism vs. actualism, as well as endurantism vs. perdurantism [18]. We
classify SUMO as being descriptive because it adopts the commonsense distinction

between objects and processes.

2 A clear image of SUMO’s taxonomy is available in appendix |
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The disadvantages in the axiomatization make SUMO very hard to work with. In
addition, it is not suitable for the required reference purposes due to its lack of

ontological commitment [18].

2.7 Classification of concepts in Arab Philosophy

It is important to refer to the work of some Arab Philosophers in the middle ages,

who spent impressive effort in defining and classifying abstract concepts.

2.7.1 Ta’arifat Al-Jurjani

One of the references we have studied attentively, is “Al Ta’arifat— <\ =3 for Al-
Jurjani [21] that includes a set of linguistic, philosophical and jurisprudential
concepts that were gathered from the mothers of the linguistic, philosophical and
jurisprudential books, dictionaries and lexicons. Concepts of this reference are
characterized as the most abstract concepts in the Arabic language, which are about
2000 concepts. These definitions are not classified; neither do they follow a strict or
formal criterion in phrasing the meaning of each term. However, they are phrased to
philosophically express the most abstract concepts. We have taken all concepts of this
reference; which are about 2000 concepts, and mapped them to the top concepts of
the Arabic Ontology, to conduct the first evaluation for the top levels. The evaluation
method and results are discussed in details in chapter 5.

2.7.2 Fegh Al-Lugha wa Asrar al Arabia for Al-Tha’alebi

Another reference of Arabic literature that we reviewed is “Fegh Al-Lugha wa Asrar
Al Arabia — 4wl ) yuls 41 48 for Al-Tha’alebi [22]. This reference consists of
ninety nine chapters, each of which them focuses on a certain topic or domain, and
categorizes its terms based on their meanings. We benefited from this reference in
collecting Arabic terms to be used in the Arabic ontology to express upper concepts,
in addition to using the terms in creating a pool of terms to be classified under each of

the top concepts, to add more levels of the Arabic Ontology.
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2.7.3. The Arabic Philosophical Concepts

One of the references that have a high degree of importance in the Arab Philosophical
history is “The Arab Philosophical Concept” by Abdel-Amir Al-Aasam [23]. In this
reference, Al-Aasam has gathered texts from the Arab philosophical heritage; texts
that deal with philosophical concepts and definitions. It includes texts that describe
the evolution of Arabic philosophical concepts; starting from its beginnings,
development, determination, spreading and stabilization. The gathered text in this
reference include writings of a number of elite Arab philosophers; Jaber Ebn Hayyan,
Al Kindi, Al-Khawarzmi, Ebn Sina, and Al-Ghazali.

The importance of this reference is illustrated in the choice of the texts gathered in it,
as it shows the use of the philosophical concepts during the first three centuries,
which is the period of prosperity of the Arabic Philosophy. These philosophical
concepts; which are called Hodood (“252~) represent the most abstract concepts and
are defined in a philosophical way. The definitions are for different things and
concepts, taken from various scientific fields, put in no specific order, and without

taking into account a certain classification rule.

In our study for this reference, we referred to these Hodood “253” to get the sense of
their definitions, and the way these definitions are formed; in order to form our own

definitions of the top level concepts of the Arabic Ontology.
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CHAPTER THREE: METHODOLOGY

3.1 Introduction

In this chapter, we will discuss in details the methodology followed to construct the
top levels of the Arabic Ontology. The methodology is mainly based on building the
top levels of the Arabic Ontology starting from known upper level ontologies, and
taking into consideration the fact that these upper ontologies are language
independent, and are constructed of the most abstract concepts, regardless of the
domain or field of application.

Constructing a top level ontology generally includes gathering and choosing top level
concepts, deriving relations between them and testing these relations [18]. All these
steps take much effort and time to be done, and require a team of specialists to make
sure that the constructed top-levels of the ontology are correct and complete. For that,
we came up with a method for constructing the desired top-levels for the Arabic
ontology, starting from other subject upper ontologies; DOLCE+DnS, DOLCE, BFO
and SUMO.

3.2 The Methodology

There are some ways that we may follow to find the top concepts of the Arabic
Ontology; one way to do it is to derive the top concepts and the relations between
them from the English Wordnet; by translating the top concepts of the Wordnet into
Arabic, since it could be considered as a ready model to be followed, for it is already
mapped to SUMO upper ontology. But doing that, we would limit ourselves to only
one resource, and would construct an Ontology that is only based on English, which
might not lead to a precise and comprehensive ontology for the Arabic Language.
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Another method is to translate one of the existing upper ontologies, and use it to top

the Arabic Ontology. But doing this is neither enough nor thorough to cover the

Arabic language. For the following reasons:

DOLCE+DnS: most of the concepts in DOLCE+DnS are artificial, and are
used in unusual context, which make using these concepts to top the Arabic
Ontology misleading and difficult to understand for the users of the Ontology.
For example, DOLCE+DnS has the concepts “Description — —uas”, “Concept
— as¢i” and “Situation — "85« as subtypes of “Social Object — s_lie) HLS”
which is really unusual and not intuitive, for it makes more sense to classify
these concepts as “Abstract entities — <la_»<”. As they have no location in
time and space like all other abstract entities. Another matter that emerged is
their definition for “Abstract entities — <3 _»«" and their classification for the
types of “Abstract Entities”. DOLCE+DnS has only two subtypes of Abstract
entity that do not cover all abstract entities in the Arabic language; such as the
concept “number — 27, and the concept “proposition — 4l sia sl i ¥ that are
abstract entities and should be included in the top levels of the Arabic
Ontology, along with many other abstract entities that are also not included in
DOLCE+DnS.

BFO: This ontology, with its SPAN and SNAP parts, cover a portion of the
Arabic language, and only considers objects and their qualities, locations,
time and occurrences, but fails to cover the abstract entities. For there is no
Abstract concepts in BFO, which makes it insufficient to top the Arabic
Ontology. Moreover, BFO is not detailed, and does not have a good degree of
granularity, for it is a small ontology that focuses on two major aspects;
occurrents and continuants. In addition, concepts of BFO are also artificial,
hence not a good choice to top the Arabic ontology.

SUMO: This ontology is the most detailed, and the one that has the most

degree of granularity. However, it lacks of the philosophical and ontological
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commitment [17], for it does not classify concepts based on their intrinsic
properties, nor it follows a specific theoretical approach. Which makes it not

suitable to top the Arabic ontology.

Based on what was presented so far, and having the need for a methodology for
constructing the top levels of the Arabic Ontology, we chose to follow a methodology
that is mainly based on studying the concepts of the subject upper ontologies, and
choosing the concepts of the top levels of the Arabic ontology based on them. Thus,
we consider the concepts of the English upper ontologies and the relations between
them as a starting point for our constructing process. The choice of the four upper
ontologies we have described and chosen to be our reference, namely BFO, DOLCE-
DnS, DOLCE, and SUMO, is based on how much, to the best of our knowledge, they
are visible and used inside the research community, in addition to their alignment to
the English WordNet.

In what follows we discuss in details the methodology followed for constructing the
top levels of the Arabic ontology. The methodology is mainly based on mapping the
concepts of the upper ontologies to Arabic to determine the top concepts of the
Arabic Ontology. Then, defining relation between these concepts, based on their
types; thus, the main relation between these meanings will be the subtype relation. In
the final step, we are going to conduct an evaluation to validate whether the
constructed top levels are comprehensive; i.e. cover all meanings in the Arabic

language.
This methodology can be concluded in three phases, as follows:

Phase |: Determining the top (Core) Arabic concepts

- Step 1: The goal of this step is to determine the possible top or the core
Arabic terms of the Arabic Ontology. To do that, concepts of DOLCE+DnS,
BFO and SUMO were taken into account, investigated, deeply understood and
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mapped (i.e., conceptually translated) into Arabic. Each concept was mapped
into at least three Arabic terms, based on the deep understanding of its
meaning. Some of these concepts were neglected due to their lack of use in
Arabic, or the inability to find common Arabic terms to map them to; like the
term “Region” in DOLCE+DnS that cannot be translated to the word “4ikis”
in Arabic, because it has a different interpretation in DOLCE+DnS, which is
not used in Arabic. This step is very important in our construction process,
since it allows us to bound the search for the top levels to a limited number of
concepts, leaving us with the most relevant candidate concepts that would
certainly be considered in the top levels of the ontology. The result of this step
left us with about 1300 Arabic terms. Where about 1000 concepts were
mapped from SUMO, 200 concepts were mapped from DOLCE and 100

concepts were mapped from BFO.
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Figure 5: Step 1; mapping the English terms of the foreign upper ontologies to their equivalent Arabic
terms

- Step 2: The goal of this step is to collect the possible Arabic concepts of the
top levels of the Arabic Ontology. To achieve that, we investigated all the
meanings for each Arabic term in the resulted pool of terms (collected in the
previous step), using Arabic Lexicons. Allowing some editing and reforming
of the glosses following strict Ontological guidelines [24]. The result of this
step formed a larger pool of about 6000 of the most general, abstract and
comprehensive concepts in Arabic. This was achieved by finding all the
meanings of the 1300 Arabic terms resulted from the previous step using
different lexical resources. Where all meanings of these Arabic terms were
investigated and added to this pool of concepts. The resulted 6000 concepts
are expected to include the most abstract and general concepts in Arabic, from

which we will choose the top concepts to be included in our Ontology.
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Figure 6: Step 2; finding the meanings of each Arabic term using Arabic lexicons

- Step 3: The last step of this phase is to choose one equivalent Arabic concept
for each English concept from the English upper ontologies. Where we choose
this Arabic concept from the resulted pool of concepts from the previous step.
For each Arabic term, one concept is chosen based on the degree of
equivalence between that Arabic concept and the English concepts from
DOLCE+DnS, BFO and SUMO.

This step is considered to be a process of semantic mapping between the
English and Arabic Concepts, whose importance is represented in the
accuracy of choosing the top concepts.
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Figure 7: Step 3; choosing one Arabic Concept based on its equivalent English Concept

By the end of the first phase, we will have a set of Arabic concepts that represent the
most abstract (core) concepts in the Arabic language. These concepts where chosen
based on a precise process of semantic mapping to the English concepts from the
English Upper ontologies. The importance of this phase is represented in collecting
the core concepts of the Arabic language, which will necessarily represent the
concepts of the top levels of the Arabic language.

The next phase represents forming the relations between these Arabic concepts to
construct the top levels of the Arabic ontology.

Phase I1: Constructing the Top Levels

After determining the Arabic upper (core) concepts that correspond to the English
upper concepts from DOLCE+DnS, BFO and SUMO. We ended up with a pool of
Arabic concepts but with no distinct relations between them. We derived the relations
between these Arabic concepts depending on the existing relations in the subject
upper Ontologies, since all of them depend on the sub/super-type relation in their
taxonomy. For that purpose, we chose DOLCE+DnS as a first reference for creating
the relations between the upper concepts, while keeping an eye on BFO and SUMO

as alternative references. In chapter 4, we discuss in details the source upper ontology
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of each top concept; i.e. from which upper ontology this concept and its subtypes

were adopted.

The result of this phase will be the top levels of the Arabic Ontology that are built
based on the concepts derived from the first phase, and taxonomic relations formed in
the second phase. The third phase of our methodology of constructing the top levels
of the Arabic Ontology will include evaluating our work, i.e. testing and evaluating

the concepts and the relations formed between them.

Phase I11: Evaluating the Top Levels

After deriving the top levels of the Arabic ontology from other upper ontologies, a
need to evaluate our work arises. The main aspect of the evaluation is represented in
testing for the comprehensiveness of the constructed top levels, i.e. to check whether
the resulted top levels cover all necessary and appropriate parts of the Arabic
language. That is based on empirical evaluations that are represented in mapping a

sample of Arabic concepts to the top levels.

In order to achieve that, a sample of Arabic concepts should be prepared, to be the
subject of the evaluation. This sample should be chosen wisely to represent a set of
the most general and abstract concepts of the Arabic language. Conducting the
evaluation on such sample would give an indication whether the constructed top

levels are truly comprehensive or not.
The aim of this mapping process is to:

1. Check whether there are concepts from the sample® that cannot be mapped to
the top levels of the Arabic ontology. This might be due to the absence of
concepts in the top levels that are types of concepts from the sample. Which
gives an indication that the top levels are not comprehensive and need further

investigation, and classification.

2 The sample of Arabic concepts that is chosen to be the subject of the evaluation.
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2. Check whether there existed any concepts in the constructed top level
ontology that are not supertypes or parents to any concepts in the evaluation
sample. The existence of such cases might give an indication that there are
some concepts in the constructed top levels that should not be considered as
top level concepts, hence they should be either completely removed from the
top levels, or being moved to lower levels as subtypes of other top level

concepts.

To conduct such evaluation, we chose Ta’arifat Al Jurjani to map its concepts to the
constructed top levels of the Arabic Ontology. As mentioned in chapter 2, this
reference was chosen because of the nature of its concepts, as it includes a set of the
most abstract concepts of the Arabic language. These terms along with their
meanings are mapped (i.e., linked) to the top level concepts, based on the types of
these concepts. The mapping process starts by getting the Arabic concept, fully
understand its meaning, and mapping it to its super-type from the top level concepts.
It is not necessary that the concepts we link to are the direct super-types for the

concepts from the sample, as we are mapping to the top level concepts.

To clarify the mapping process, we present the following example; if we have the

word “paper24”

that has many meanings, one of them is “A material made of cellulose
pulp derived mainly from wood, rags or certain grasses”, we understand that
meaning, and decide out its super-type in our ontology. For this example, the super-
type of this concept is “Material”, so we link this concept to the concept “Material”

from the top-level concepts.

The conclusion of this empirical study will be a comprehensive top-level ontology
that covers the widest scope of the Arabic language. In chapter 5, we will discuss in

details and the results of the conducted evaluation.

2 This example is chosen to illustrate the mapping process. Although the concept “paper” is not one of the most abstract
concepts in the Arabic language.

28



The result of the described three phases is a tree that represents the most abstract
(core) concepts of the Arabic Language, linked with a subtype relation that is formed
carefully to be based on passing on the intrinsic properties from the parent node, to its
child nodes, while adding some more specific properties to these nodes to
differentiate between them. These intrinsic properties where studied carefully for
each added concept; where for each concept we have concluded the set of properties
that defines it, distinguishes it and gives it its identity. These properties should be
inherent for that concept, i.e. their existence is essential for each instance of that
concept. For example; the property of “Mass” that all physical Object should bear, is

an intrinsic property that all instances of Physical object should have.

The validation of our classification criteria was based on the way the instances of
concepts are gathered into groups, as the chosen concepts represent the most abstract
concepts of the Arabic Language, their instances should also represent the things that
are considered to be the most generic in the world. To explain this idea, figure 8
shows a portion of the universe represented in Venn Giagrams. The whole universe is
made up of instances, which are gathered into groups/sets of similar instances; i.e.
instances that share the same intrinsic and distinguishing properties, where these
groups/sets are called “Concepts”. Figure 8 shows that Concept A has three subsets;
B, C & D. Which means that there are no instances of B or C or D that are not
instances of A. However, there might be instances of A that are not instances of B or
C or D. It Also shows that concept F is a subset of E, which is a subset of D, which

means that all instances of F are also instances of E and D.

29



Figure 8: A portion of the Universe illustrating the subtype relation we used in our classification

The top levels of the Arabic language ontology were constructed following this same
method. As we see the world as a set of instances that need to be gathered into groups
based on similarity of properties, in order to be able to classify them. Where these
sets are Arabic concepts whose instances are everything that form the universe. While
each set/concept has its own definition that allows instances to either be members of
this set or not. For example; concept D from figure 8 might represent Geographic
areas, hence all its instances; i.e. instances of the concept “Geographic Area”, are
geographic areas that share the same intrinsic and distinguishing properties of the
concept A “Geographic Area”, while Concept E as a subtype of Concept D, is also a
geographic area, but has some specific properties that distinguishes it from other
geographic areas that are instances of D but not instances of E. For example, Concept
E might represent “Water Areas” that are also geographic areas but are consisted of

water. Hence, all instances of “water area” are also geographic areas, but not all
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geographic areas are water areas, as there are other types of geographic areas that

belong to other sets/concepts.

While choosing the top level concepts was based on the criteria we described earlier,
we have followed strict guidelines to form glosses for these Arabic concepts, which
also represent the rules/definitions of the sets of instances as explained earlier. Where
following the method discussed in [24], the resulted top levels of the Arabic language
Ontology consists of two parts; its formal axioms (concepts, relations and constrains),
and an informal descriptions (in natural language), which is the glosses of the chosen
concepts [24]. For each concept; (1) each definition should start with the super type
of the concept being defined; for example, defining a piano as a keyboard musical
instrument. (2) It should be written in a form of propositions, that (3) focus on the
intrinsic properties and distinguishing characteristics that differentiate this concept
from other concepts, and (4) should be written in a sufficient, clear, and easy to

understand way [24].

From what was described so far, we can conclude that our followed methodology is
good for constructing the top levels of the Arabic language Ontology, for it follows
strict methods for choosing the Arabic concepts and defining them, while keeping an
eye on existing English upper Ontologies, as not to reinvent the wheel, and to make
use of what already exists, to come up with comprehensive top levels that covers the

largest scope of the Arabic Language.
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CHAPTER FOUR: THE TOP LEVELS

In this chapter, we discuss the top level concepts in details, and conduct a brief
comparison between these concepts and those from other upper ontologies, which
will shed the light on our contribution. We do not claim that this Ontology is a
general upper level Ontology, or that it is language independent, although our aim is
to build an Ontology of concepts at a high level of abstraction for the Arabic
language. In other words, our goal is to build a formal Ontology to top all meanings
of all Arabic terms. This implies that the Ontology should not invent new concepts
(artificial concepts) at the top levels, as most upper level ontologies do, but rather we
try to have all concepts in the ontology to be named concepts in Arabic. By doing
this, our Top Level Ontology might be more intuitive and easy to understand by non-

philosophers and non-logicians [25].

Our investigations, while defining concepts in this Ontology, were based on [25].
which are summarized as the following: (i) scientific findings — we try to first define
concepts based on the properties that scientists agreed upon; but as science may not
have answers and definitions for everything, we refer to (ii) Philosophical findings —
we investigate the philosophical literature to find and address the conceptual
confusions surrounding the usage of language, which are the root of most
philosophical problems. However, in case scientists and philosophers do not have
clear definitions and distinguishing properties, we investigate (iii) the linguistic
findings, as linguists usually describe the common use and understanding of words’

meanings [25].

In what follows, we will present the constructed top levels, starting from the root
concept of the Arabic Ontology; “Entity — «5”. Afterwards, we go through each

level, discussing each level’s concepts in details.
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4.1 The First Level — the Root Concept

Arabic Term bl
English Term Entity

Arabic Meaning sy Ll
English Translation Whatever exists.

Position on the tree 1* level (root concept)

Entity is the root of the Arabic ontology. The term “Entity” is chosen to refer to
whatever exists, either physically, abstractly, socially or mentally. In its context, the
concept entity is generic and is not limited to a specific application or a domain.
Anything that can be conceptualized is an entity, form a simple thought to a great

spaceship.

Some of the English Upper ontologies also chose the term “Entity” to top their
ontologies, where DOLCE+DnS defined Entity as “Anything: real, possible, or
imaginary, which some modeler wants to talk about for some purpose.”, and SUMO
defined it as “The universal class of individuals”, BFO as well, defined Entity as
“anything that exists or has existed or will exist.” All these upper ontologies share the
same meaning of the term Entity, which in turns agrees with our definition for the
same term. However, there was a big debate to decide which Arabic term to choose to
top the Arabic Ontology, where the choices were limited to a small number of terms,
whose meanings were “anything that exists”. The final argument was to choose
between the terms “s & and “43518”, both of these terms share the desired meaning,
and represent anything that exists and could be realized. Our final decision was to
choose the term “s<”, because it is a very common and used term, easy to

understand, and could be used in any context, while the term “43 545 although it gave
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the same meaning, it is an unfamiliar and uncommon term, and could not be used in

all contexts.

4.2 The Second Level

As shown in figure 9, we define five types of entities based on the way each type is
realized: Abstract, Dependent Entity, Information Entity, Object and Occurrence.

There is no instance of one of these types that could be an instance of another type.

This is called exclusion, and is depicted as "~._/>f" between the subtypes of “Entity” (See
Figure 9). In other words, this exclusion means that there is no instance of abstract
that could be also an instance of a dependent entity, an information entity, an object

or an occurrence, and vice versa.

Abstract Occurrence
Q) Sas

Figure 9: The top 2 levels of the Arabic Ontology

Formally speaking®:

Vx.0bject(x) — Entity(x)
Vx.Occurrrence(x) — Entity(x)
Vx.Abstract(x) — Entity(x)
Vx.DependentEntity(x) — Entity(x)
Vx.InformationEntity(x) — Entity(x)

% presented in First Order Logic
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Vx.0bject(x) N Occurrence(x) N Abstract(x) N DependentEntity(x) N

InformationEntity(x) = @

Discussion and proof of exclusion:

This exclusion (the last logical statement above) can be proved based on the criterion
we used to classify types of “Entities”. Which is based on how entities are realized.
This criterion (i.e. realization) will assure that once we classify an instance i under
one of these five subtypes of “Entity”’; based on the way this instance is realized, it is
impossible for this instance to be classified under another type. Because each instance

has one and only one way of realization.

Where; First “Objects” are realized either for their physical or social existence. That
is, if an entity has a location in space or that we, as humans, decide to realize it
socially and embody it as an existing entity, then this entity is an object —
independently of the time and independently of the existence of other entities.
Second “Occurrences” are entities that we realize by the time of their happening —
independently of location, social embodiment and the existence of other entities or
representations. Third “Information Entities” are realized for their relational
representation of other entities, where they bear informational content, independent
from how this content is recognized, with no relation to time and place. Forth
“Dependent Entities” are realized for their dependent nature, where they cannot
exist without the existence of other “Entities” carrying them, where they characterize
and describe entities they inhere in — independently from physical and social
realization, and time of their existence. Fifth “Abstracts” are realized only in minds
apart from embodiment, and do not have a location in time and space or

representation.

In what follows, we define each of the above concepts, and add a comparison
between these chosen concepts and other upper ontologies. Where these five concepts
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represent the most important concepts in the Arabic ontology, for all other Arabic

concepts must fall under one of them.

4.2.1 Objects

. Q> 50
Arabic Term

) Object
English Term

_ _ 13 5l (Lald) a3y ¢y a3l 8 LIS 8 puala 5 Lty Aliine 3 Al o
Arabic Meaning (Vi)

English Translation | An entity that is wholly and independently present in time,
and is realized either for its concrete or social existence.

Position on the tree 2" Jevel

Obijects are physical or social entities that we can point at and realize independently
from any other entities. We look at a chair and realize its independent existence, same
goes with human beings, artifacts, and also geographical areas. Objects are
independent entities that have no temporal parts; but persist over time maintaining
their identity, and have a location in time. This means that objects will always be
wholly present in the times they are present in; for example, Jack will always be
present, and will always be known and realized as Jack during his entire existence,
Birzeit University is wholly present in time, and will always be recognized as itself
during its entire existence, my laptop is wholly present in time and will always be

recognized as the same laptop during its entire existence.

This class “Object” is equivalent to the class that is called “Endurent” in DOLCE,

and 1s equivalent to the class “Independent Continuant” in BFO.

Objects have two types based on the way they are realized, either: (1) physically; i.e.
physical objects, or (2) socially; i.e. social objects, where there is no instance of

object that is not either a physical object or a social object, and instances of physical
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objects cannot be social objects and vice versa. We will discuss types of objects in

section 4.3.1.

Formally speaking:

Vx.PhyiscalObject(x) — Object(x)
Vx.SocialObject(x) — Object(x)

Vx.0bject(x) <> PhyiscalObject(x) u SocialObject(x)
Vx.PhysicalObject(x) N SocialObject(x) = @

Discussion and proof of exclusion:

This exclusion is based on the criterion we chose to classify types of Objects. As
there are only two types of objects; objects that have location in space, which are
called Physical Objects, and objects that do not have a location in space, which are
called Social Objects. Thus, there is no way for an instance of a physical object to be
also an instance of a non-physical object; i.e. social object, based on this criterion of

realization.

4.2.2 Occurrences

. G
Arabic Term
English Term Occurrence
Arabic Meaning g e Al i 8

English Translation | An Entity realized by the time of its happening.

2" Jevel

Position on the tree

Occurrences are entities that happen, they extend in time by accumulating different
temporal parts; so if they were present at the moment, their presence would be partial
[14]; as they might not be present in the next moment, or were not present in the

moment before. For example; If | started running now, the occurrence of running is
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taking place at this moment, but was not present one minute ago, and if | stopped
running after two minutes, it will not be present in the future either; hence its

presence is partial.

Occurrences can be sliced along any temporal dimension to yield temporal parts that
are measured in units of time; (for example the first half an hour of my drive home,
the length (time spent) of my everyday walk to work; the last semester of Jack’s four
year study). As occurrences have temporal locations, they exist as a whole in a
temporal region, where each part of this region contains parts of the whole

occurrence.

This concept is available in BFO, where they used the term “Orrurrent”, and also is
available in DOLCE, where they used the term perdurent, to represent entities that
have temporal parts and occur in time, and have a specific duration and location on

the timeline.

To distinguish between types of Occurrences, we first need to clarify the concept
“cumulativity” [14][26]; cumulativity means that if two instances of an occurrence
were taken and put together, they would still give the same type of occurrence; for
example, if Peter ran for an hour, and we took parts of his running; like snaps, and put
them together, it would still be running, while if we took a party, as an event, taking
snaps of this party and putting them together, they would not be a party; these snaps
might show activities that were carried out during the party, but not a party as a type
of an occurrence. The concept of cumulativity was first introduced by Nelson
Goodman, from Harvard University, in an article called “The Structure of

appearance” in 1951. And was adopted by DOLCE in classifying Perdurends.

According to the previous definition, there are two types of occurrences; depending
on whether they are cumulative or not; processes and events. Where processes are
cumulative occurrences that have parts that are the same as the original occurrence

type they came from, while events are not. We do not claim comprehensiveness of
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this classification, but we can assume that no event can be a process and vice versa.

Types of occurrences will be discussed in section 4.3.2.

Formally speaking:

Vx.Process(x) — Occurrence(x)
Vx.Event (x) — Occurence(x)

Vx.Process (x) N Vx.Event(x) = @

Discussion and proof of exclusion:

This exclusion is based on the criterion we chose to classify types of Occurrences. As
there are only two types of Occurrences; Occurrences that are cumulative, which are
called Processes, and Occurrences that are not cumulative, which are called Events.

Thus, there is no way for an instance of a Process to be also an instance an Event.

4.2.3 Information Entities

Arabic Term

_ Information Entity
English Term

_ _ Lidle s al cligs e Jly ) Jiay oo
Arabic Meaning

] ) An Entity that relationally represents other entities.
English Translation

2" Jevel

Position on the tree

An Information entity is any entity that bears informational content, independent
from how this content is recognized. This class was adopted from DOLCE+DnS, to
represent a piece of information, whether this information is real or not. What
distinguishes this entity of other entities is that it always bears content, i.e. represents

data and information.
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There are two types of information entities: information Realization and information
Object, which respectively represent the concrete realization of information (like the
book) and the information itself (the content of the book before it was written). Or a
certain picture before it is painted, drawn or printed (as an information object), and its
concrete realization; the drawing on paper, or a digital image of that picture (as an

information realization).

4.2.4 Dependent Entities

L sia
Arabic Term

] Dependent Entity
English Term

_ _ A S dsay o o g daing 5
Arabic Meaning

) ) An entity whose existence is dependent on the existence of
English Translation | tner entities.

2" Jevel

Position on the tree

Dependent entities cannot exist without being linked to other independent entities;
this linkage serves their role of characterizing, describing and identifying their

bearing entities.

Their dependent nature makes Dependent Entities different from other entities; that
is, in order for them to exist some other entity or entities must also exist; there is no
“function” without an object having that function, there is no color without an object
bearing that color, there is no role without an object having that role, and so on. This
dependent nature of dependent entities (e.g., role, function, color) makes them
different from other independent entities, especially on the instance level, where it

becomes tricky to distinguish between dependent entities and their instances.

This concept was adopted from BFO, and we have chosen to add it to our ontology

for its importance and necessity. It does not have an equivalent concept in DOLCE.
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Types of dependent entities are classified according to the nature of their existence;
either inherent Dependent entities; like Qualities, Dispositions, and Functions, or
transverse Dependent entities; like Roles, Capabilities and States. We do not claim
comprehensiveness of this classification, but we can assume that no instance of
Dependent entity can be an instance for more than one type of dependent entities.

Types of Dependent entities will be discussed in section 4.3.3.

Formally speaking:

Vx.Quality(x) — DependentEntity(x)

Vx.Capability(x) — DependentEntity(x)

Vx.Disposition(x) — DependentEntity(x)

Vx.Role(x) — DependentEntity(x)

Vx.State(x) — DependentEntity(x)

Vx.Quality(x) N Vx.Capability(x) N Vx.Disposition(x) N Vx.Role(x) N
Vx.State(x) = @

Discussion and proof of exclusion:

This exclusion is based on the criterion we chose to classify types of Dependent
Entities. Where there are five subtypes of Dependent Entities, and each of these
subtypes has its own distinguishing properties that none of the other subtypes has.
First, Qualities are dependent entities that inhere in other entities to describe, distinct
and express them. Second, Capabilities are dependent entities that describe the state
of readiness and ability of entities to carry out certain things. Third, Dispositions are
dependent entities that describe the tendency in entities toward things. Fourth, Roles
are dependent entities that describe the set of activities carried out by objects to fulfill
certain purposes. While fifth, States are dependent entities that describe the
conditions of other entities. Thus, and based on the definition and distinguishing
properties of each subtype of dependent entity, it is impossible for an instance of a
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Quality to be an instance of one of the other subtypes of Dependent entity, and vice

Versa.

4.25 Abstract Entities
Arabic Term e

_ Abstract
English Term

A Gl g lie) Jiiai 5l gale Ll g0 ad Al 4dld &y o L

Arabic Meaning S S el b e

) ) An Entity that exists only in mind, cannot be measured or
English Translation | socially realized, and does not have a location in place or
time.

2" Jevel

Position on the tree

Abstracts contrast physical entities as we cannot see them or point at them; they do
not have any location, nor do they interact with other entities, and we cannot detect or
measure them using instruments. For example; the number “5”, the Null Set, a certain
idea in someone’s head are all abstract entities that cannot be measured, pointed at or

seen; they are only realized in mind.

Abstract entities do not exist in time or space, they cannot make anything happen,
nothing can affect them physically, and they are incapable of change. Still, according
to a familiar metaphor of some Philosophers, they exist “out there,” independent of

human language [27].

BFO does not have a class of abstract entities, but DOLCE, and SUMO do have this
class in their top level concepts. DOLCE defines Abstract as “Any Entity that cannot
be located in space-time. E.g. mathematical entities: formal semantics elements,
regions within dimensional spaces, etc.” Our definition of Abstract is close to this

definition but we included the factor of realization of these entities, indicating that
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they can only be realized in mind, and that their existence does not depend on other

entities — as Dependent entities do.

In our classification of Abstract, we defined seven types of abstract entities;
Propositions, Descriptions, Space Regions, Time Intervals, Formal Entities,
Attributes and Quantities. Types of Abstract entities will be discussed in section
4.3.4.

Formally speaking:

Vx. Proposition(x) — Abstract(x)
Vx.Description(x) — Abstract(x)
Vx.SpaceRegion(x) — Abstract(x)
Vx.Timelnterval(x) — Abstract(x)
Vx.FormalEntity(x) — Abstract(x)
Vx. Attribute(x) — Abstract(x)
Vx.Quantity(x) — Abstract(x)

4.3 The Third Level
In this section, we will discuss all sub-types of the second level concepts, while
shedding the light on the reasons for choosing these concepts to be sub-types of the

upper concepts, and the methodology of classification followed to classify each

S
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Figure 10: The top three levels of the Arabic Ontology
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4.3.1 Types of Objects

Figure 11: Types of Objects

4.3.1.1 Physical Objects

Arabic Term e 25n 5

) Physical Object
English Term

) _ bl ol ) Gl sl a1 s ¢ S s Jandy 3535
Arabic Meaning

] ] An object that occupies space, and is realized by senses or

N 3 level
Position on the tree

Physical objects are objects that have location in space and time, but as other objects;
they have no temporal parts. Physical objects can move in space, Thus having
different locations in different times. Physical objects bear physical qualities that give
them their physical properties; like Mass that is a physical quality that inheres in all
physical objects.

DOLCE, BFO and SUMO have this class in their taxonomies, where DOLCE defines
it as “An endurant having a direct physical (at least spatial) quality”, while BFO
defines it as ““A material entity is an independent continuant that has some portion of

matter as proper or improper continuant part”, and SUMO defines it as “An entity
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that has a location in space-time”. Our definition of physical object does not

contradict any of these definitions.

When modeling physical objects, one has to realize the difference between two
important aspects; first, the object as whole, that has a purpose of existence, a role or
a function and could be classified according to one of these perspectives, like taking a
chair as a whole and classify it as piece of furniture. The other aspect is the matter of
which the physical object is formed, like classifying the chairs as a wooden or a metal
physical object rather than a piece of furniture, based on its formation not on its role

or function.

These two perspectives open the door for different methods of classification of
physical objects, based on either the role or the disposition of a certain physical
object to do or be something, or the nature of that object based on its formation,
material and structure. This emphasize on the need for modeling both of these aspects
to come up with a comprehensive ontology that takes into account all levels of
granularity of the physical object.

In our ontology, we have added seven subtypes for physical object; organism,

anatomical structure, virus, astronomical body, region, material and artifact.

Formally speaking:

Vx.0rganism(x) — PhysicalObject(x)
Vx.AnatomicalStructure(x) — PhysicalObject(x)
Vx.Virus(x) — PhysicalObject(x)
Vx.AstronomicalBody(x) — PhysicalObject(x)
Vx.Region(x) — PhysicalObject(x)
Vx.Material(x) — PhysicalObject(x)
Vx.Artifact(x) — PhysicalObject(x)
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4.3.1.2 Social Objects
Arabic Term G kie) 3sa sa

) Social Object
English Term

g3 253 sa aliiey () (S ol ltie ) 43 50 358 5a
Arabic Meaning

] ] An object that is realized for its social existence, and can
English Translation | pe represented by physical objects.

Position on the tree | 3™ level

Social objects are objects that are realized apart from embodiment, though they are
associated with and represented by physical objects. They are those objects that exist

because they are socially realized and agreed upon between people.

This concept exists in DOLCE+DnS, where they included it as a subtype of object,
and defined it as “Objects that exists only within some communication Event, in
which at least one Physical Object participates in”. The exact concept exists in
DOLCE, but as a subtype of a non-physical object, which does not contrast our
definition of social objects as non-physical objects, but as we have chosen to classify
objects into Physical and Social Objects, without including the concept “non-physical
object” in our taxonomy; following DOLCE+DnS’s classification. In BFO, the
concept “immaterial entity” is classified as an independent entity that has no material
entities as parts. This classification corresponds to DOLCE’s non-physical object,

which we did not include in our classification.

We define three types of Social objects based on the physical objects they are
associated with: places -that are associated with regions (physical places), social
agents -that are associated with persons (individuals or groups), and collections -that
are associated with a combination or a collection of physical objects. We do not claim
this classification to be comprehensive, but we claim that no Social Agent can be a

Collection or a Place, and vice versa.
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Formally Speaking:

Vx.SocialAgent(x) — SocialObject(x)
Vx.Collection(x) — SocialObject(x)

Vx.Place(x) — SocialObject(x)
Vx.SocialAgent(x) N Collextion(x) Place(x) = @

Discussion and proof of exclusion:

This exclusion is based on the criterion we chose to classify types of Social Objects.
Where there are three subtypes of Social Objects and each of these subtypes is
associated with a different physical object that gives it its identity. Where Places are
social objects that are associated with regions, and are realized based on a certain
occurrence that have taken place in that region, while Collections are social objects
that are associated with a group of physical objects realized as one, and Social
Agents are social objects that are associated with persons; either natural persons or
organization. As a result, it is impossible for an instance of one of these subtypes of
social objects to be an instance of the other two subtypes, based on their definition

and the physical objects they are associated with.

Occurrence
&as
Process
dlee

Figure 12: Types of Occurrences

4.3.2 Types of Occurrences
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4.3.2.1 Events
Arabic Term &l

) Event
English Term

Aa) g GaaS & i Jad) e b e 5 (81 i e s
Arabic Meaning

] ] An accumulative occurrence that consists of a series of
English Translation | actions that are recognized as one.

3 Jevel

Position on the tree

Events are countable and non-cumulative occurrences that consist of a series of
actions and processes. When two instances of event are put together (gathered); the
result will not be the exact event (unless they are the exact instance). For example; let
world war one, and the 2nd intifada, be two instances of event. If these two instances
were put together, the result will not be the exact event (neither world war 1 nor the
2nd intifada), while taking two instances of a running process and putting them
together, would result the exact process of running.

Another example; a walk from Birzeit to Ramallah is an event, because if we took
parts of this walk, it would not result in the same event “walking from Birzeit to
Ramallah” as one part of it might be walking from Birzeit to AbuQash, while the

other might be walking in Irsal St. and both are not the same original event.

As stated above, events are countable, one could say we had five wars, | walked from
Birzeit to Ramallah three times, | painted a picture once, and so on. While processes
are not countable, one could not say I ran three times, without defining from where to
where he ran, or what the distance he covered running; defining these parameters for

a process would make it an accomplishment, thus losing its identity as a process.

DOLCE has this class in their taxonomy, as a subtype of perdurent, while BFO does

not consider it. Our definition corresponds to DOLCE’s.
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In order to define types of events, the concept “atomicity” [28] should be clarified
first; atomicity refers to the entities that are composed of indivisible parts. Where
according to Wordnet the term atomic means “Unable to be split or made any
smaller”. This concept is applied on events to distinguish between its two types;
actions and accomplishments; where actions are atomic events that lack to any
internal sub-events; like the actions: recognize, find, win, start, stop, resume, die, be
born...etc. while accomplishments are non-atomic events that possess internal sub-
events; like running a mile, painting a picture, growing up, recovering from

illness.. .etc.

We do not claim comprehensiveness in this classification, but we can assume that no

action can be an accomplishment and vice versa.

Formally speaking:

Vx.Action(x) — Event(x)
Vx.Accomplishment(x) — Event(x)

Vx.Action(x) N Vx.Accomplishment(x) = @

Discussion and proof of exclusion:

This exclusion is based on the criterion we chose to classify types of Events. Where
there are two subtypes of Events that are based on atomicy; actions and
accomplishments. Where actions are atomic events that lack to any internal sub-
events, while accomplishments are non-atomic events that possess internal sub-
events. Thus, it is impossible for an instance of an Action to be also an instance to an
accomplishment, as there is no way for an event to be both atomic and non-atomic at

the same time.
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4.3.2.2 Processes

Arabic Term las
) Process
English Term
e abite IS8 Guand ) il yiall JladY e Aludis (e )5Sy (S i daaa
Arabic Meaning Cye M aa

] ] A cumulative occurrence that is composed of a sequence
English Translation | of actions happening respectively in time.

3 Jevel

Position on the tree

Processes are cumulative occurrences that are considered in their evolution, and
happen either spontaneously (like growing) or inducedly (like reading). They have a
starting and ending time points, and thus happen on a certain time interval on the
timeline. Processes are cumulative; thus taking instances of a certain process and
putting them together would result the same type of the original process. For
example; swimming is a process, if we take two instances of swimming in different
time regions, and put them together, we would still have the same type of process;

which is swimming.

But, one should notice that processes sometimes might contain some gaps —periods,
that are not themselves the same process; taking the reading process, John might start
reading a book, and continue reading for 3 hours, during these three hours, he might
stop for moments to understand what he is reading, and absorb the information, but
the whole process would still be called “reading”. Another example would be the
learning process, taking a 6 year old kid who would start learning how to write; it
might take him a year to be able to write on his own, here the learning process takes a
year, but contains many gaps that are not the same type as the original process; like
when the kid is playing, or sleeping, or watching TV.
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Processes bear temporal qualities, thus each process have a duration that is measured

in units of time; i.e. time quantity, and have a temporal location.

Both BFO and DOLCE have the concept process in their taxonomies. Where DOLCE
defines processes as stative occurrences; based on cumulativity. While BFO defines it
as occurrents that have temporal parts at a certain time, and depend on some material
entity.

In our definition, we agree with BFO’s definition of process, as processes depend on
some material entities in order to happen. For example, the process of evaporation
cannot occur without an amount of liquid that evaporates, and the digestion process

cannot occur without food to be digested, and a digesting organ.

Unlike accomplishments, Processes are realized independently from the carried out
activity, and its outcomes, although it describes its continuance. For Example, if John
ran one mile, we realize the running process independently from the accomplishment
he did by running the mile. So, if we say “John is running” we do not link the running
process with the distance he covered and the duration it took. Also, if Sarah is
painting a picture, we realized the process of painting independently from what she is

painting, and how much time it took her to finish the picture.

4.3.3 Types of Dependent entities

Figure 13: Types of Dependent Entities
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4.3.3.1 Qualities

Arabic Term daala

ualit
English Term Quality

s e e U rars eledlinm il (5 HA1 i i€ o DU o gia
Arabic Meaning

_ ) A Dependent Entity that inheres in other entities to
English Translation | gescribe, distinct and express them.

. 3 Jevel
Position on the tree

Qualities are dependent entities that inhere in other entities to describe certain
characteristics or aspects of them. And they inhere (exist) in their bearer entities

during the entire existence of these bearers.

Studying other upper ontologies, we have noticed that there are many disagreements
on how to model properties of entities; mainly qualities and attributes. As for
DOLCE, they differentiate nicely between qualities as instances of these properties,
and attributes as classes that intrinsically represent the values (descriptions) of
qualities. In our definition for qualities, we adopted DOLCE’s perspective, dealing
with qualities as particulars. This point of view contradicts BFO’s, as they adopted
the perspective stating that qualities are universals; thus have instances. Examples of
instances of qualities in BFO are the red color of a certain flower, or a circular shape
of a certain clock. These examples, in our ontology, are called attributes, which we
define as values of qualities; not qualities.

In this sense, one might easily confuse between Qualities and Attributes, as they seem
the same from distance, but once deeply investigated, it becomes obvious that these

two classes are different.

To clarify the deference between them, let us take a “one-lane road” as an example,

this road has the quality of “width”, whose value (which we call attribute) is
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“narrow”, supposing that someone widened this road so it had four lanes; the road
would still have the same “width” quality, but with a different attribute “wide”. So

qualities of entities do not change, while their values (attributes) do.

As mentioned above, Qualities have values that are expressed in attributes, but
attributes are not the only values that qualities may have, since there are some
measurable qualities, like weight, height, length, mass, temperature...etc. that inhere
in physical objects, and whose values are quantities. So one might say that the road
mentioned before has width, which is the quality, the road is wide, which is a value of
this quality, i.e. attribute, and the road is 12 m wide, which is the quantity of width
this road has, and changing the width of the road to be 20 m, would only change the

quantity of “width”, keeping the quality unchanged.

Since we have adopted DOLCE’s perspective in modeling qualities, we have also
adopted their classification of types of qualities, as it seems to be intuitive and nicely

modeled.

The three subclasses of Quality that are based on DOLCE’s point of view are;
Physical Quality, Abstract Quality, and Temporal Quality; where there is no physical

quality that could be an abstract quality or a temporal quality, and vice versa.

Formally speaking:

Vx.PhysicalQuality(x) — Quality (x)

Vx.AbstractQuality(x) — Quality (x)

Vx.TemporalQuality(x) — Quality (x)

Vx.PhysicalQuality(x) N Vx.AbstractQuality(x) Vx.TemporalQuality(x) = @

Discussion and proof of exclusion:

Exclusion is based on the criterion we chose to classify types of Qualities. This

criterion is based on the aspects that these qualities are describing. Where Physical
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Qualities describe the physical aspects of an entity that can be sensed or measured,
while Abstract Qualities describe abstract aspects of an entity that are subject to
personal perspective; i.e. not physical aspects. Temporal qualities describe time
aspects of entities, rather than any physical aspect (which can be measured
physically) or abstract aspects (which are only based on personal perspective). As a
result, the time aspects in reality, only describe occurrences other than other types of
entities. Therefore, there is no way for an instance to fall under more than one
subtype of Quality.

4.3.3.2 Capabilities

Arabic Term 528

Capability
L el Jaad 13132800 i s Lo ()6K3 1 363 AR Gy o sia

English Term

Arabic Meaning

) ) A Dependent entity that describes the state of readiness
English Translation | 34 apility of entities to carry out certain things.

3% Jevel

Position on the tree

Capabilities represent the ability and the capacity for performing actions, they differ
from functions and dispositions for they are not necessarily in the physical makeup of
the object, as they exist either normally or evolved via a developing process; like
being capable of speaking multiple languages, which is a result of learning these
languages, or having the capability of carrying heavy stuff, which is a result of hard

training.

Capabilities are also optional, entities might have a certain capability but does not act
according to it for any reason, like having the capability of diving into deep water,

but rarely do it, or being capable of jumping off a high cliff but not doing it fearing of
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death. Capabilities also could be lost if their bearer’s physical make up has changed

in anyway; like losing the capability of walking or running in case of a broken leg.
Examples of capabilities include:

e A computer being capable of playing games — though its function (what it was
designed for) is to do other things.

e A person being capable of writing using his left hand — though he is right-
handed.

4.3.3.3 Dispositions

Arabic Term L

_ Disposition
English Term

Arabic Meaning

] ] A dependent entity that describes the tendency in an entity

Position on the tree | 3™ level

Dispositions are dependent entities that express the tendencies of entities towards
things, either physically or socially. This concept was adopted from BFO; where
Barry Smith defines a disposition as “a realizable entity which is such that, if it
ceases to exist, then its bearer is physically changed, and whose realization occurs in
virtue of the bearer’s physical make-up when this bearer is in some special physical

circumstances”.

Unlike roles, dispositions are not optional. If an entity has a certain way of tendency
toward something, then it has a certain disposition, and if it stops to be that way, then

it loses that disposition. A disposition is also known as an internally-grounded

55



realizable entity. That is, it is a dependent entity that is a result of the inherent or

acquired physical form of the independent entity bearing it.

Dispositions differ from Qualities; because in our definition for quality, we
emphasized on the fact that qualities cannot be lost, and inhere in their bearer during
their entire existence, unlike dispositions that can be lost if the physical or social
makeup of their bearer is changed. For example, a heart has a disposition of pumping
blood, and will lose this disposition in case the heart’s physical make up has changed
due to a certain illness, while a vase has a shape quality that even if it breaks it would
still have the same quality, although the value of this quality; i.e. physical attribute,

has changed.

4.3.3.4 Roles

Arabic Term BEN

) Role
English Term

_ ) e e el Gl sall L s ) Al yiall AdasY) de gane Jiay Jasia
Arabic Meaning

A Dependent entity that describes the set of activities carried out

English by objects to fulfill a certain purpose.
Translation

N 3 level
Position on the

tree

Roles are the set of activities carried out by certain entities to fulfill a certain purpose.
This concept corresponds to BFO’s definition of Roles; where Barry Smith defines a
role as “A dependent entity which exists because its bearer is in some special
physical, social, or institutional set of circumstances in which the bearer does not
have to be, and is not such that, if it ceases to exist, then the physical make-up of the

bearer is thereby changed”.
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An entity is a role not because of the way it itself is, but because of something that

happens or obtains externally [29]. Examples include:

e the role of a person to be a teacher.

o the role of viruses in causing illness.

o the role of yeast in fermentation.
Roles are optional; i.e. a person can lose the role of student without being physically
changed. The sheep’s liver has the function of regulating chemical levels in blood,

but it also has the role of being a meal for some people.

As stated above this concept was adopted from BFO. It also exists in DOLCE but
with a different definition, as they define “Role” as “A Concept that classifies an
Object”. This definition is not intuitive; because it does not explain the meaning of
role, and what are the intrinsic properties that give “Roles” their identities. Wordnet,
on the other hand, defines it as “Normal or customary activity of a person in a
particular social setting”. This concept does not correspond exactly to our definition

of “Role”, but is the closest one available in Wordnet.

4.3.3.5 States

Arabic Term A

) State
English Term

_ _ A S g Ciay b s
Arabic Meaning

) ) A Dependent entity that describes the condition of other
English Translation | gntities.

37 Jevel

Position on the tree

State is a dependent entity that describes the present condition of an entity with
respect to certain circumstances. We have added this concept to our ontology for its

importance in expressing concepts that describe certain conditions of entities in some
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situations; like illness, loneliness, happiness. States describe conditions that their
bearing entities go through, either temporarily or permanently. For example, Tom’s
state at this moment is “happy”, while Mary’s is “sad”. Like some other dependent
entities, states should go through a process of realization, in order to be manifested
and realized. In Tom’s case, someone has looked at him, realized his state of

“happiness”, and understood it. Same goes with Mary’s state of “sadness”.

Like Roles, an entity has a state not because of the way this entity is by itself, but
because of something that happens or obtains external or internal effects on this entity
and makes it have this state. For example, the state of being “ill” - illness, happens
because there are some external or internal causes of illness, the state of being
“happy” — happiness, appears in its bearer according to certain good circumstances

that caused his/her happiness.

A concept called “State” exists in DOLCE and is defined as a “Homeomeric Stative
Perdurent”, which express perdurents that are both homeomeric and cumulative. This
does not correspond to our definition for “State”, which we define as a “Dependent
Entity”; that describes certain conditions of its bearing entity that has no temporal

parts, although exists in time as its bearer also exist in time.

4.3.4 Types of Abstract entities

e
Abstract
Lays i (b s
Time Intenal ormal Entity,

Figure 14: Types of Abstract Entities
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4.3.4.1 Propositions

Arabic Term A gia

) Proposition
English Term

] ] A hypothetical abstract, partial or total, that is either true
English Translation | o false.

Arabic Meaning

3 Jevel

Position on the tree

In philosophy and logic, the term proposition refers to an abstract entity that is the
content of meaning of the pattern of symbols, marks, or sounds that make up a
meaningful declarative sentence. The meaning of a proposition includes having the
quality or property of being either true or false, and hence propositions are claimed to

be truth bearers?®.

This concept is available in DOLCE, where they define it as “The abstract content of
a proposition. Abstract content is purely combinatorial: from this viewpoint, any
content that can be generated by means of combinatorial rules is assumed to exist in
the domain of quantification”, And available in SUMO as well, where they define it

as “Abstract entities that express a complete thought or a set of such thoughts”.

Propositions are not restricted to the content expressed by individual sentences of a
Language. They may encompass the content expressed by theories, books, and even
whole libraries. It is important to distinguish Propositions from the Information
objects that express them. A Proposition is an Abstract entity that is either true or
false, but an Information Object is the sentence that represents this information.

% http://en.wikipedia.org/wiki/Proposition
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4.3.4.2 Descriptions

Arabic Term a

) Description
English Term

. _ @ ixy Vg chalgll hi dgas (e Chsagall Gl e a3 s
Arabic Meaning lne Ll 4teg

) ) An abstract that express the nature of the described from
English Translation | the describer’s point of view, and that does not follow a
criterion.

3 Jevel

Position on the tree

Description is an abstract entity that conceptualizes things based on the describers’
point of view. It is a detailed account of the certain of salient aspects, characteristics
or features of a subject matter or something seen, heard or even experiences or

known.

This concept exists in DOLCE+DnS, where they define it as “A Description is a
SocialObject that represents a conceptualization”. Their definition differs from ours
as they classify descriptions as social objects, while we define it as a type of abstract
entities. DOLCE+DnS’s classification of descriptions as social objects is based on
their claim that descriptions, as other social objects, should be a result of some social
communication or agreement, where in case of the description, the describer was
involved in a certain situation, and has seen or sensed something that needs to be
described. We do not agree with DOLCE+DnS in classifying descriptions as social
objects, because we have a different definition for social objects, that is discussed in

details in section 4.3.1.2

Examples of descriptions include plans, diagnosis and methodologies.
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4.3.4.3 Space Regions

Arabic Term ial

) Space Region
English Term

_ _ 25 s O 8 Jad () 093 ¢sale 35 e @ise o a2 e
Arabic Meaning

] ] An Abstract entity that locate a physical object, without
English Translation | pejng associated with its place.

. 3 Jevel
Position on the tree

A Space region is any region in a dimensional space that is used to relatively localize
a physical Object; this means that in order to localize a physical object one should
have a frame of reference to be able to determine the location of that object. For
example; to localize a building, one could say that it is located in front of a famous
bank (frame of reference), or near a church (another frame of reference). Here,
“located in” and “near” are space regions, where a certain physical object can have

more than one space region, in relation with many frame of references.

Also, if we take for example a certain Ambulance that is parked “near” a certain
hospital, here the Ambulance occupies a certain space, but also instantiate the space
region “near”, as it is located near a hospital. The location of the Ambulance is not

associated with its space region.

This class “Space Region” is equivalent to the “Space Region” in DOLCE+DnS and
DOLCE as they define it as “Any Region in a dimensional space that is used to

localize an Entity”.

4.3.4.4 Time Intervals

Arabic Term Al )3y

English Term Time Interval

61



Arabic Meaning Orfria ) Al Adadi g Al Adady a3ld i g 3l e panill 3 jae

English Translation | An Abstract entity to express time, and is realized by a
starting point of time and an ending point of time.

Position on the tree 3 Jevel

Time intervals are abstract entities that express time, and have a starting and an
ending point of time, and are self-connected. i.e. have no gaps or breaks. If there

exists a gap or a break in a time interval, it becomes two time intervals instead of one.

DOLCE defines the concept “time interval” as: “Any Region in a dimensional space
that aims at representing time”. Which does not contradicts our definition, but it does

not include that time intervals are realized by their starting and ending time points.

On the other hand, BFO defines Temporal intervals as “a self-connected One
dimensional Temporal Region with no gaps”, which also does not oppose our

definition.

4.3.4.5 Formal Entities

Arabic Term ab,y oS
English Term Formal Entity
Arabic Meaning O G Aalay Gl s e ol Lusaly; ale allaial 3 jae

English Translation | An abstract entity that is formally defined either
mathematically or logically, and does not need to be
proved.

Position on the tree | 3" level

Because of its subject matter, the philosophy of mathematics occupies a special place

in the philosophy of science [30]. Whereas the natural sciences investigate entities
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that are located in space in time, it is not at all obvious that this also the case of the
objects that are studied in mathematics [30]. In addition to that, the methods of
investigation of mathematics differ from the methods of investigation in the natural
sciences. Whereas the latter acquire general knowledge using inductive methods,
mathematical knowledge appears to be acquired in a different way: by deduction

from basic principles [30].

Formal entities as other abstract entities, are only realized in mind, and have no
location in time or space. This class is equivalent to the “Formal Entity” class in
DOLCE+DnS, which defines it as: “Entities that are formally defined and are
considered independent from the social context in which they are used. They cannot

be localized in space or time. Also called 'Platonic entities'.”

We introduce two subtypes of Formal entities in our ontology: Numbers and Sets. We
do not claim comprehensiveness of this classification, but we can assume that no

instance of Number can be an instance of a Set, and vice versa.

Formally speaking:

Vx. Number(x) — FormalEntity(x)
Vx.Set(x) — FormalEntity(x)
Vx. Number(x) N Vx.Set(x) = @

Discussion and proof of exclusion:

Exclusion is based on the criterion we chose to classify types of Formal Entities.
Where there are two types of Formal Entities; Sets and Numbers. And there is no way
for an instance of a number to be also an instance of a Set, based on the definition of
each of these two subtypes of formal entities. Where numbers express quantities, and
are used in counting and measuring, while Sets consist of a number of numbers

and/or symbols, and are referred to as a whole unit.
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4.3.4.6 Attributes

Arabic Term dda

_ Attribute
English Term

_ _ ok s g Jlasinl (50 Lo o Ll dpald A o il 3 o
Arabic Meaning

] ) An abstract entity that describes qualities of an entity
English Translation | \ithout using units of measure.

3 Jevel

Position on the tree

Attributes are abstract entities that describe qualities, and are used to give a specific
depiction for entities. To clarify the deference between qualities and attributes, let us
take an example; considering a “Red Ball”, this ball has a color, whose value is red.
Here the “color” of the ball is a quality of the ball, while the value of quality color is
“red”. Here, “red” is called an attribute of that ball. Now if the color of that ball were
changed to blue, it would still have a color as a quality, although its value “attribute”
has changed. Another example is the play-dough that has a “shape” as a quality,

while the value of this quality “attribute” changes constantly.

DOLCE+DnS has two types of attributes; physical attributes and social object
attributes, but does not have the class attribute by itself. In our classification, we
included a class of attributes and added these two subtypes for it. However, instead of
calling it “social object attributes” we call it “abstract attributes”, to describe abstract

qualities.

There are two types of attributes; Abstract attributes and Physical attributes, instances
of physical attributes cannot be abstract attribute and vice versa.

Formally speaking:

Vx.PhysicalAttribute(x) — Attribute(x)
Vx.AbstractAttribute(x) — Attribute(x)
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Vx.PhysicalAttribute(x) N Vx.Abstract Attribute(x) = @

Discussion and proof of exclusion:

Exclusion is based on the criterion we chose to classify types of Attributes. Where
there are two types of attributes that describe qualities of an entity; Physical
attributes, that describe the physical qualities of an Entity, and Social Attributes
that describe social qualities of an Entity. Thus, there is no way for an instance of a
Physical Attribute to also be an instance of a Social attribute, for it is impossible for
an attribute to describe physical qualities and social qualities of an entity at the same

time.

4.3.4.7 Quantities

Arabic Term deS

uantit
English Term Q y

) _ ol Ban g le o Ll dpala daf ol Jaxion 3 e
Arabic Meaning

] ) An abstract entity that measures or quantifies the quality
English Translation | of an entity by units of measure.

N 3 level
Position on the tree

Quantities are abstract entities that are values for measurable qualities, like weight,
height, length...etc. This definition was adopted from DOLCE+DnS, as they
distinguish nicely between Qualities and their values; attributes and quantities. That
IS, quantities are expressed as numerical values, such as; 90 kg being the measure or

value of quality of mass for a certain person, hence quantity of mass.

As we used the term “Quantity” to express the abstract entities that measure physical

qualities of certain physical entities, DOLCE+DnS used the term “Amount” to
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express the same concept, and defined it as “A quantity independently from how it is
measured, computed, etc.”, this definition does not oppose our definition of
“Quantity” however we elaborated more on defining “Quantity”, benefiting from
definitions of some Arabic Philosophers; like Al-Kendi who defines quantity as “that

what prospects equality and non-equality between things”[23].

We classify quantities into two types; Scalar Quantity and Vector Quantity, based on
a scientific point of view; where Scalar quantities depend on the magnitude alone,
while vector quantities have direction and magnitude. Instances of Scalar Quantity
cannot be Vector quantities and vice versa, and there is no Quantity that is not either

a Scalar Quantity or a Vector Quantity.

Formally speaking:

Vx.ScalarQuantity(x) — Quantity(x)
Vx.VectorQuantity(x) — Quantity(x)
Vx.ScalarQuantity(x) N Vx.VectorQuantity = @

Vx. Quantity(x) <>ScalarQuantity(x) UVectorQuantity(x)

Discussion and proof of exclusion:

Exclusion is based on the criterion we chose to classify types of Quantities. Where
there are two types of quantities based on whether these quantities has direction or
not. First Scalar Quantities, which are quantities that only have magnitude and no
direction. Second, Vector Quantities, which are quantities that have both magnitude
and direction. Therefore, there is no way for an instance of a scalar quantity to be an
instance of a vector quantity, and vice versa. As it is impossible for a quantity to have

and not have a direction at the same time.
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4.4 Other Lower Levels

In this section, we choose some concepts to discuss; our choice was based on the

degree of importance of these concepts. The rest of the concepts that we choose not to
discuss are included in appendix I1. %

4.4.1 Types of Physical Objects
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Figure 15: Types of Physical Objects
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Arabic Term & siae

_ Artifact
English Term

) _ B Gedapball (805 A (S plg e g 2 (525 4ali) T (5ale 3 5 5
Arabic Meaning

Physical object has been intentionally made or produced to

be used for a certain purpose, and has not existed in nature
before.

English Translation

N 4" level
Position on the tree

Artifacts are physical objects that occupy space, and are physically realized and
measured. Artifacts are manmade physical objects that are not found in nature in their

final shapes, even if many natural physical materials are involved in their structure.

" Due to the large size of the graph of the four top levels, it is included in appendix II
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Artifacts are classified in different ways: on the basis of their form, the method of
manufacture, material properties, style, their intended use, or on other ground. In
philosophical discussions on the nature of artifacts, they are often described as having
intended proper functions, but two members of the same type of artifacts that share

the same function, can only be realized by their location in time and space.

As we classified artifacts as physical objects, we excluded the social aspect of
artifacts, and only considered their physical aspects. Which also was done in DOLCE
where they used the same concept to define artifact as “Any Physical Object that is
Described By a Plan”. It is worth mentioning that DOLCE has a class called
“immaterial artifact” that is defined as a social object, that include texts, ideas,

cultural movements, corporations, communities.

4.4.1.2 Materials

Arabic Term 3ale

] Material
English Term

_ _ AV Aol Glasasall Leie (&5 Al a1 Al Ry gole dsa s
Arabic Meaning o s Aalall Cla sa sall e 0 el Cilial 43l &

English Translation | Physical object that forms basic substances that makes up
other physical entities, and can be realized independently for
it unique properties that distinguish it, from other physical
objects.

4™ level

Position on the tree

Material is a physical object that occupies space, and is physically realized and
measured. Because we define material as “a physical object that forms the basic
substance that makes up other physical entities” we presume that if this physical
object; i.e. “material” loses the property of being a physical object which forms the

basic physical structure of all other physical entities, then it will lose its identity as a

68




material, even though there exists some materials that are also formed from other
types of materials. For example; wood, iron, plastic, wool, petrol are physical objects
that intervene in the physical make up of other physical objects, where each of these
physical objects has its own proprieties and is also made up of some structural

materials, but each of them will be realized as a Material on its own.

DOLCE and BFO do not consider this concept in their taxonomies. But it is worth
noting that BFO defines the concept “Material Entity” as an independent continuant
that includes some portion of matter as part. BFO states that Every material entity is
localized in space. Every material entity can move in space. Every entity, which has a
material entity as part, is a material entity, BFO’s definition for material entity is
similar to our definition for physical objects, but not “Material”. But they classify
portions of solid matter such as rocks and lumps of iron as objects that are material
entities. Here, it is obvious that materials are considered objects in BFO, which does

not oppose to our definition of Material.

DOLCE+DnS, used the term Substance, added it as a subclass of physical body, and
defined it as: “Any Physical Body that has not necessarily specified (designed)
boundaries, e.g. a pile of trash, some sand, etc.”, we agree with DOLCE+DnS’s
definition, as no material can have realized bounders before it becomes a part of a
physical object.

4.4.1.3 Astronomical Bodies

Arabic Term 6 s

] Astronomical Body
English Term

) _ RATEL| Pt P STV SN AR PEE DR PR
Arabic Meaning

English Translation | A Physical object exists naturally in space.

4™ level

Position on the tree
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Astronomical bodies are physical objects that occupy space, and is physically realized
and measured. Astronomical bodies are also called, celestial objects; they are
naturally occurring physical objects, demonstrated to exist in the observable universe.
Examples include the asteroids, moons, planets and the stars. None of BFO, DOLCE
or DOLCE+DnS has this concept in their taxonomies. While it exists only in SUMO
where they define it as “The class of all astronomical objects of significant size. It
includes self-connected objects like planets, stars, and asteroids, as well as
collections like nebulae, galaxies, and constellations”. Here we can distinguish
between the region as a physical object on planet Earth for example, and the planet
itself as an astronomical body. Thus, planet Earth is an astronomical body, but every

region on Earth is a geographic area.

4.4.1.4 Geographical Regions

Arabic Term i) s dahaie

Geographical Regions
English Term Jrep :

_ _ (Y mhe e KAl sasady @yl N S A ol dsase
Arabic Meaning A V)5S das (53S0 (3llaally 431 3ad & sana

A 2D or 3D Physical object that is realized by its boundaries
and the absolute sum of all its instances forms the surface of
earth.

English Translation

N 4" level
Position on the tree

Geographical region is a physical object that occupies space, and is physically
realized and measured, it is known to be natural, i.e. exists in nature. The concept of
geographical region is found in DOLCE, where they used the term geographical
object. In contrast, DOLCE+DnS used the concept physical place, which we do not
agree with, because a physical place can include both artificial and natural regions.

Taking a hospital as an example; it can be classified as a physical place, but not a
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geographical region as it is an artificial place that is built by humans for certain
purposes.

BFO did not define regions, while SUMO, has the exact concept in their taxonomy.

4.4.1.5 Anatomical Structures

Arabic Term G el
_ Anatomical Structure
English Term
L0 Aen i) 2l say all IS 5 3 Jay ) D6 ol 2ga 5
Arabic Meaning o) S sl Adaial)

Physical object that has inherent 3D shape and is generated

English Translation | by coordinated expression of the organism's own genome.

4™ level

Position on the tree

Anatomical structure is a physical object that occupies space, and is physically
realized and measured.

This concept exists in DOLCE+DnS, but using a different term; biological object.
SUMO however, used the term “anatomical structure”, to express the exact concept.
While neither DOLCE nor BFO has this class in their taxonomies.

In a biological or anatomical context, the term structure is associated with two
distinct concepts (meanings): 1- a material object generated as a result of coordinated
gene expression, which necessarily consists of parts. so it was needed to include that
in our definition because the result of genome translation (expression) is a 3D
structure. 2- the manner of organization or interrelation of the parts that constitute a
structure specified by the first definition
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4.4.1.6 Organisms

Arabic Term

English Term

Organism

Arabic Meaning

Clleadl s AaiV) (e de ganar asiy lall dhia Hela) @il LB ol 25 se
Al g K gail) (udmll e 50l g g e gaal)

English Translation

Physical object that can act independently constituted to
carry on the activities of life by means of organs separate in
function but mutually dependent, organism has the ability to
breathe, grow, feed, and reproduce.

Position on the tree

4™ level

Organism is a physical object that occupies space, and is physically realized (sensed)

and measured. Organisms have a special differentiating quality; which is life, as life

is a fundamental feature for living things, life is not something "added" or "injected",

it’s found with that physical object that we call a living object, so we consider each

organism to be a living object. An organism may be an animal, plant, fungi, algae or a

genetically modified organism

4.4.1.7 Viruses

Arabic Term

P

English Term

Virus

Arabic Meaning

O OsShy S e cdalh Jiladl s 3 (o gall adalls G ey (s3le 253 5e
i3 Gl Ll (DNA 0F RNA) (5 555 (s

English Translation

Physical object active only in a cell of living host, composed
of nucleic acid (DNA or RNA) coated with protein envelope.

Position on the tree

4™ level
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Virus is a physical object, minute infectious agent whose genome is composed of
DNA or RNA, but not both.

A virus is classified by most scientists as a nonliving entity; as it can only survive and
proliferate upon contact with its host. In other words, a virus is an obligate parasite —
meaning, it cannot survive in the absence of its host. Viruses are characterized by a
lack of independent metabolism and the inability to replicate outside living host cells.
Although most ontologies classify viruses under organism, however we distinguish
between both of them and we classify virus as a physical object. This is because a
virus is not made up of cells, it also cannot use energy, and it is not apple to
reproduce itself independently, as organisms do. Because viruses can replicate
themselves only in living organisms, and because they do not have the ability to
reproduce on or in a non-living surface. We classify virus under physical object not

under organism as most ontologies do.

Because some viruses possess a protein structure similar to that protein found in some
organisms, people sometimes confuse the difference between viruses and organisms.
From ontological viewpoint, this does not apply to all virus instances; so we cannot

say that every virus is a living organism.
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4.4.2 Types of Social Objects

4.4.2.1 Places

Figure 16: Types of Social Objects

Arabic Term

English Term

Place

Arabic Meaning

Lo psil G ) £ g algn iy dple dihie g um ki) d5a s
A B yalall palal) ¢l i)

English Translation

A social object that conveys a physical place, and is realized
by the type occurrences carried out by the physical objects
present in it.

Position on the tree

4™ level

Places are social objects that get their identity depending on many factors; the
physical place they are associated with, the physical objects present at this place and

the events (activities) carried out in this place. For example, a place where a group of

people are present for having a meeting is called a meeting place, although the exact
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physical place they had a meeting in, might be a playing place, if children were

gathered there playing.

Thus, an important factor for identifying places is the activities carried out in that
place. For example; the place where the missile fall, is realized by the fact that this
missile has fallen in this place.

Some places have non-physical boundaries that are set by humans; as results of
certain agreements, either politically, or scientifically; like provinces and geopolitical
regions, which are places that have non-physical boundaries, but are agreed upon
between people as known places; like the state of Palestine, Italy, New York, the

tropical zone.

This concept exists in DOLCE, where they used the term “Non-Physical Place” to
express the exact concept, while DOLCE+DnS used the exact term “Place” for the
exact concept. On the other hand, BFO has two classes to represent place; site and
spatial region; both concepts are classified as immaterial entities; where none of these

concepts corresponds to the concept “Place”.

4.4.2.2 Collections

Arabic Term EARN

English Term Collection

Baa) g s ¢S ot sa g @l cdaalall ilasa gall (e 230 (e S (5 e ) g 5a
Arabic Meaning

) ) A Social object consists of a number of physical objects
English Translation | realized as a whole.

N A" level
Position on the tree

Collections are social objects that consist of a number of objects, sharing something

in common, who together are considered (realized) as a whole. This concept exists in
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DOLCE+DnS where they used the exact term “collection” to represent “Any
container for entities that share one or more common properties. E.g. "stone
objects”, "the nurses"”, "the Louvre Egyptian collection™, all the elections for the
Italian President of the Republic.” this corresponds exactly to our definition of
“collection”. While other Ontologies; DOLCE and BFO, have different perspectives
in defining “Collection”, where DOLCE used the term “Unitary Collection” to
represent collections as non-agentive physical objects, and same is done in BFO,
where they used the term “object aggregate” to represent collections as Material
entities. This disagrees with our definition for Collections as social objects i.e. non-
physical objects that are realized independently from the physical objects they are
consisted of. For example, the Spanish soccer team “Real Madrid” is realized as a
collection of soccer players, who together form the whole team, and changing any of
these players will not affect the team’s identity. Other examples of collections include

flocks of sheep, musical bands, and sets of coloring pencils.

4.4.2.3 Social Agents

Arabic Term el padd

English Term Social Agent

Arabic Meaning o3¢d A ol aleall Baad o i)ay 4 lie V) Ay Sy (5 ldie) dsa e
A sel

English Translation | A social object whose identity is realized (gained) by its
capability of performing actions related to this identity.

Position on the tree 4™ level

Social agents are social objects that exist to achieve a certain goal or purpose, and
have certain legal personalities that give them their identity and ability to act and

carry out certain tasks.
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The term Social Agent is used to represent social objects that have the capacity or the
potential to act legally and are constituted by either a collection or succession of
physical persons or a collection of properties. Examples of social agents are agencies,
corporations, associations, committees, partnerships, ethnic and religious groups,
positions to which individuals are nominated, appointed, or hired, character groups

(women, fathers, children, deceased persons).

This concept exists in DOLCE and DOLCE+DnS, where they define it as “Any
individual whose existence is granted simply by its social communicability and
capability of action (through some Physical Agent)”, which corresponds to our

definition. BFO does not consider this concept in their taxonomy.

In our Ontology, we have defined two types of Social Agent; Natural Person and
Organization, based on the Physical objects they represent. We do not claim
comprehensiveness of this classification, but we can assume that no Natural Person

can be an Organization, and vice versa.

Formally Speaking:

Vx.NaturalPerson(x) — SocialAgent(x)
Vx.0rganization(x) — SocialAgent(x)

Vx.NaturalPerson(x) N Vx.0Organization(x) = @

Discussion and proof of exclusion:

Exclusion is based on the criterion we chose to classify types of Social Agents. As
there are two types of social Agents that are associated with persons. Where, Natural
Persons are social agents that are associated with human beings. While
Organizations are social agents that have legal personalities independent from the
social objects that found (organized) it. Thus, it is impossible for an instance of

Natural person to be also an instance of Organization, and vice versa.

77



4.4.2.3.1 Organizations

Arabic Term

English Term

Organization

Arabic Meaning

L) QUL e Aitae 4glE Loy el oliie 4l dpadd
A 54l

English Translation

An organized Social Agent that has a legal personality
independent from the social objects that found (organized) it.

Position on the tree

57 level

An Organization is the characteristic of a non-living social entity regarded by law to

have the status of personhood. Organizations have legal names and certain rights,

protections, privileges, responsibilities, and liabilities under law, similar to those of

a natural person.

Organizations allow one or more natural persons to act as a single social object for

legal purposes, also allows to be considered under law separately from its individual

members or shareholders.

This concept exists in DOLCE+DnS and DOLCE, where they define it as “An

internally structured, conventionally created Social Agent, needing a specific Role

and Agent that plays it, in order to act.” This corresponds exactly to our definition of

Organization. BFO, on the other hand, does not consider this concept in its taxonomy.

4.4.2.3.2 Natural Persons

Arabic Term

Ol el
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] Natural Person
English Term

bl 5y B 4l s 4y e duadd
Arabic Meaning

) ) A Social Agent for a human being that have rights and
English Translation | qyties.

51 level

Position on the tree

A natural person is a real human being, as opposed to an organization, which is a
group of people acting in a unified, often commercial enterprise but are considered by
law to be acting as a single fictional or virtual individual. Natural persons are entitled

to many similar rights and duties.

Natural persons are human being that have certain roles in certain positions, and are
realized depending on these roles they have. A human being can be more than one
natural person, but a natural person is only represented by one human being at a
certain time. For example, the president of the United states, is a Natural person, and
is represented by a human being. At a certain time, this Natural Person is Only
represented by one human Being, i.e. currently Obama, while Obama himself can be

other natural persons; like being an instructor in a certain university.

This concept exists in DOLCE+DnS, where they define it as “A person in the
physical commonsense intuition”. This corresponds to our definition for Natural

person.
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4.4.3 Types of Events

4.4.3.1 Actions

Accomplishment
il

Figure 17: Types of Events

Arabic Term

English Term

Action

Arabic Meaning

i By N s (S Y €53 sk o el

English Translation

An atomic event that cannot be divided into any internal sub-
events.

Position on the tree

57 level

Actions are atomic events that lack to any internal sub-events; i.e. they cannot be

divided into sub-events. Actions capture either the boundary (starting or ending) of a

certain occurrence, or the climax of that occurrence. For example; Mary died, here

Mary’s death lack for any sub events; thus atomic, and captures an end to a certain

occurrence, which in this case; her life.

Also, John “won” the Lottery, the action “won” captures John’s achievement of

winning the lottery, which is the climax of a certain occurrence, which in this case the

whole occurrence of buying the lottery card, and waiting for winning.
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Actions can be dated, but have no durations, for they are atomic; happens
instantaneously. Thus, we can say that John won the Lottery on the 3rd of October

2012, but we cannot say the he won the lottery for 2 days.

DOLCE has the concept “achievement” to represent atomic events, which
corresponds to our definition for “action”. While BFO did not include such concept in

their taxonomy.

4.4.3.2 Accomplishments

Arabic Term A8l

_ Accomplishment
English Term

_ _ S e e e e sa IS e Al e Ania Weel ol o jie e a8 Ll
Arabic Meaning

] ] A non-atomic durative event, its temporal parts are fraternal,
English Translation | \yhere each temporal part can be recognized on its own.

57 level

Position on the tree

Accomplishments are non-atomic events that consist of sub events, actions and/or
processes, and are continuous in time; thus have duration. In this sense, one could
easily confuse between accomplishments and processes. The main difference between
accomplishments and processes is that accomplishments are not only realized by the
time of their happening, but also by the outcomes of the carried out activities, along
with the activity itself. For Example; the process of cooking, is realized
independently of what is cooked, and how much time it took to be done. While the
accomplishment of cooking Fettuccini, is realized as a whole achievement of making
this dish, and finishing it; i.e. the process (cooking) is realized along with its

outcomes (Fettuccini), as an accomplishment.

Also, reading is a process that is realized only by the continuity of the activity (of

reading) in time, independently from its outcomes, unlike reading the novel “Tom
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Sawyer”, that is an accomplishment, whose temporal parts are accumulative, i.e.

temporal parts of reading this novel are not the same, for one part would be reading

the first chapter, and another part would be reading the second chapter, which when

gathered does not result the whole main accomplishment of “reading the novel “Tom

Sawyer”.

4.4.4 Types of Qualities

Physical Abstract Temporal
Quality Quality Quality
Ale dpala 83 e dnals A ) daald

Temporal
Location

e s

Time
Duration
B

Figure 18: Types of Qualities

4.4.4.1 Physical Qualities

Arabic Term

Physical Qualit
English Term Y Quality

Arabic Meaning

T pnall 5] Al Ll sa ol Aol 13 53 ge 2300 dnals

English Translation | A Quality that inheres in physical objects to describe their

measurable or sensed aspects (characteristics)

4™ level

Position on the tree
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Physical qualities are qualities of physical objects that describe aspects of them that
could be either measured or sensed, they are those qualities that give the physical
objects their distinct and specific characteristics of physicality; like qualities of shape,
color, smell, texture, size, gender...where all of them could be either measured by

means of measurement, or sensed by the five senses.

This concept was adopted from DOLCE they have the same definition of physical
qualities and their values that are represented in and described by physical attributes,

and have amounts that are represented in quantities.

For example, the quality of “color” in a certain physical object; like a chair, is a
physical quality, since it could be sensed (seen), (and sometimes measured with
special tools that measure the value of a color) and have a value (which we call a
physical attribute) that could be any color like; red, blue, green...where these color

attribute of that chair might change, while the quality “color” does not.

4.4.4.2 Abstract Qualities

Arabic Term 83 ae dpals
Abstract Qualit

English Term Y

Arabic Meaning e shie e aSalldrals 33 e Gliia eithe Y Gl sa sall 0 320 dpalas

A quality that inheres in objects to give them abstract

English Translation | properties that are subject to personal perspective.

4™ level

Position on the tree

Abstract qualities inhere in objects to give them subjective properties. They cannot be
measured, and have abstract attributes as values. Abstract qualities include Values
and Moralities that differ between people according to their beliefs, feelings, personal
perspectives, desires, and are subject to individual interpretations of experiences

consisting of emotional, intellectual, and spiritual perceptions and misperceptions.
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Abstract qualities, unlike physical qualities, need to go through a realization process
in order to be manifested or realized; we cannot judge people of having certain
abstract qualities without them doing actions for showing these qualities. For
example, in order for Tom to show that he has the quality of kindness (thus has the
abstract attribute “kind”) he must show an action of kindness toward someone, to be
judged as kind. Same goes with judging a court as “Fair”, i.e. having the quality of

“Fairness”, it needs to show some fair action toward a certain case.

DOLCE defines “Abstract Qualities” as any quality that have a non-physical
perdurent as its bearer, while BFO does not have an equivalent class. Our definition is

different than DOLCE’s as we considered the subjectivity factor in ours.

4.4.4.3 Temporal Qualities

Arabic Term die ) dpals

Temporal Qualit
English Term poral Quality

Calaa¥) a0 dpals
Arabic Meaning

] ) A quality that inheres in occurrences.
English Translation

4™ level

Position on the tree

Temporal qualities are qualities that inhere in occurrences to describe certain

temporal characteristics of them; like duration and location (in time).

Every occurrence bear a temporal quality; as an example, the process of “building” a
house has a duration of three months (this amount is represented as a quantity) and
temporal location; for it started and ended on a certain date, thus has a location on the

timeline.

BFO has the class “Temporal Region” that is a subtype of “Occurrent” to express

parts of time which occurrences take place in. This definition is close to our
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definition for Temporal location, but not to Temporal qualities, which has no

equivalent in BFO.

Adopting DOLCE’s classification we added two subtypes of Temporal quality;
duration and temporal location, where the duration represents the length of the time
interval between the starting and ending point of an occurrence, while the temporal
location represents the position of this occurrence on the timeline. We do not claim
comprehensiveness in this classification, but we can assume that no duration can be a

temporal location and vice versa.

Formally speaking:

Vx.Duration(x) —» TemporalQuality (x) Vx.TemporalLocation(x) —
TemporalQuality (x)

Vx.Duration(x) N Vx.TemporalLocation(x) = @

4.4.43.1 Time Duration

Arabic Term 334

English Term Time Duration

Ol el Bas 5 Qi Gaaall J sk (e Sl Ak ) dpala
Arabic Meaning

) ) A temporal quality that expresses the length of an occurrence
English Translation | measured in units of time

N 57 level
Position on the tree

Durations express the continuance of an occurrence; i.e. its length. Time durations are
considered qualities as they depend on some occurrences in order to exist; there is no

duration without an occurrence having that duration.

Examples of durations include; the duration of world war one, the duration of

yesterday’s party, the duration of the building process of that hotel.
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Durations have values that are scalar quantities, measured in units of time. Like
saying; the duration of the human pregnancy is nine months, and the duration of the

movie “Iron man” is two hours.

4.4.43.2 Temporal Location

Arabic Term ) b se

] Temporal Location
English Term

ool b e Elaall e e i i) duald
Arabic Meaning

) ) A temporal quality that expresses the position of occurrences
English Translation | 5p, the timeline.

57 level

Position on the tree

Temporal locations are temporal qualities that inhere in occurrences to express their
location on the timeline, this location is an instant of time, and might be expressed in
dates; like being born in the 4th of December 1984, or time intervals; like the world

war one took place between the years 1914 and 1918.

Values of these qualities are either time intervals, or time points; where time intervals
express the starting and ending points of an occurrence, while the time point gives the

exact location of the occurrence on the timeline (date).

This class was adopted from DOLCE and has an equivalent in BFO “Temporal
Region”, but we have chosen DOLCE’s definitions because we have adopted their

perspective in classifying Temporal qualities, and thus their definitions.
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445 Types of Formal Entities
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Figure 19: Types of Formal Entities

Arabic Term

Qe

English Term

Number

Arabic Meaning

Lkl g aall (8 Jeation (ApeS (e g (pmly ) LS

English Translation

A formal entity that expresses quantities, and is used in
counting and measuring.
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N 4™ level
Position on the tree

A number is a mathematical object used to count, label, and measure. The definition
of number has been extended over years to include such numbers as zero, negative

numbers, rational numbers, irrational numbers, and complex numbers.

A notational symbol that represents a number is called a numeral. In addition to their
use in counting and measuring, numerals are often used for labels (telephone

numbers), for ordering (serial numbers), and for codes (e.g., ISBNS).

In common use, the word number can mean the abstract object, the symbol, or
the word for the number (the string). In this context, we are using the word number to

deal with the formal objects that are abstract entities®.

We distinguish between three types of numbers; Real numbers, Imaginary numbers
and Complex numbers. This distinction is based on the existence of the imaginary
unit in the composition of the number itself, where real numbers have no imaginary
parts (like the number 5), while imaginary numbers are the product of the imaginary
unit and a real number (like the number 5i), and the complex numbers consist of two

parts; a real part and an imaginary part (like the number 5i + 1).

Instances of Real number cannot be neither Imaginary numbers nor Complex
numbers, and vice versa. And there is no number that is not either a Real number or

an Imaginary Number of a complex Number.

Formally speaking:

Vx.RealNumber(x) — Number(x)
Vx.ImaginaryNumber(x) — Number(x)
Vx.Complex Number(x) — Number(x)

Vx. Number(x) <> RealNumber(x) U ImaginaryNumber(x) w Complex Number(x).

% Wikipedia, Number: http://en.wikipedia.org/wiki/Number (Visited on Feb. 2013)
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Vx.Real Number(x) N ImaginaryNumber(x) N ComplexNumber(x) = @

44511 Complex Numbers

Arabic Term S ya 22c
] Complex Number

English Term

Arabic Meaning @+ JG e i diate AV s Laaaal Gaida (e 0580 220

Jadie dae & g Agia dlac) g | Cua

) ) A number that has two parts; real and imaginary parts, and is
English Translation | \yritten in the form a-+bi.

. 57 level
Position on the tree

Complex numbers extend the idea of the one-dimensional number line to the two-
dimensional complex plane by using the horizontal axis for the real part and the
vertical axis for the imaginary part. The complex number a + bi can be identified with

the point (a, b) in the complex plane.

A complex number whose real part is zero is said to be purely imaginary, whereas a
complex number whose imaginary part is zero is a real number. In this way, the
complex numbers contain the ordinary real numbers while extending them in order to

solve problems that cannot be solved with real numbers alone.

Examples of Complex numbers are: 7i + 4, where 7i is called the imaginary part, and
4 is the real part, other examples; 3i — 9, 8 —i.

4.45.1.2 Imaginary Numbers

Arabic Term Jidie 22
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English Term

Imaginary Number

Arabic Meaning

O el Je s 6 iia s g e ¢]- J el )l Jiey 2

English Translation

A number that express the square root of -1 multiplied by a
real number, and denoted by i.

Position on the tree

51 level

An imaginary number is a number that can be written as a real number multiplied by

the imaginary unit i, which is defined by its property i* = -1. An imaginary number

has a negative square. For example, 5i is an imaginary number and its square is -25.

An imaginary number “bi” can be added to a real number “a” to form a complex

number of the form “a + bi”, where a and b are called, respectively, the real part and

the imaginary part of the complex number. Imaginary numbers can therefore be

thought of as complex numbers whose real part is zero.

4.45.1.3 Real Numbers

Arabic Term

English Term

Real Number

Arabic Meaning

gttt 3l gamad OIS o) g S pa e 220

English Translation

Any noncomplex number, including all rational and
irrational numbers.

Position on the tree

57 level

A real number is a number that represents a quantity along a continuous line (i.e. the

Number Line or Real Line). The real numbers include all the rational numbers, such

as theinteger —5 and the fraction 4/3, and all the irrational numbers such as
\2 (1.41421356) and n (3.14159265..., a transcendental number). Any real number

can be determined by a possibly infinite decimal representation such as that of 8.632,
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where each consecutive digit is measured in units one tenth the size of the previous
one.
More examples of real numbers:

e Natural Numbers = {1, 2, 3,...}

e Whole Numbers ={0, 1, 2, 3,...}

e IntegersZz={.,-2,-1,0,1,2,...}

o 3/5,10.3,0.6, 12/7, 3/4, 3.46466466646666..., V3, \8.
There are two types of real numbers; Rational and Irrational Numbers. Instances of
Rational Numbers cannot be irrational Numbers, and vice versa. And there is no real

number that is not either a rational number or an irrational number.

Formally Speaking:

Vx.RationalNumber(x) — RealNumber(x)
Vx. IrrationalNumber(x) — RealNumber(x)
Vx.RationalNumber(x) N Vx.IrrationalNumber(x) = @

Vx.RealNumber(x) <> RationalNumber(x) U IrrationalNumber(x).

4.45.1.3.1 Irrational Number

Arabic Term (el e dae

_ Irrational Number
English Term

plies Javy S5 o 4l (Say Y (s 2ae
Arabic Meaning

] ) Any real number that cannot be expressed by a Numerator

6™ level

Position on the tree

An irrational number is any real number that is not a rational number, i.e. cannot be
expressed as a ratio a/b, where a and b are integers, with b non-zero. Informally, this

means that an irrational number cannot be represented as a simple fraction.
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Irrational numbers are those real numbers that cannot be represented as terminating or

repeating decimals.

The best-known irrational numbers are: the ratio of a circle's circumference to its
diameter , Euler's number e, the golden ratio ¢, and the square root of two V2. More

examples of irrational numbers include: V2, V3,5,  (Pi)

4.45.1.3.2 Rational Number

Arabic Term (i 2o

) Rational Number
English Term

) _ JPLEPPR SR PP P AR
Arabic Meaning

) ) A Real number expressed by a Numerator and denominator.
English Translation

. 6" level
Position on the tree

A rational numberis a real numberthat can be expressed as the quotient or
fraction a/b of two integers, with the denominator b is not equal to zero. Since b may

be equal to 1, every integer is a rational number.

The decimal expansion of a rational number always either terminates after a finite
number of digits or begins to repeat the same finite sequence of digits over and over.
Moreover, any repeating or terminating decimal represents a rational number. These
statements hold true not just for base 10, but also for binary, hexadecimal, or any

other integer base.
Examples: 5/2 = 2.5 (which is a rational number), 24/5 = 4.8 (is a rational number)

Zero divided by any other integer equals zero, therefore zero is a rational number

(but division by zero is undefined).
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There are two types of Rational numbers; Fractions and Integers. Instances of
Fraction cannot be Integers, and vice versa. And there is no Rational Number that is

not either a Fraction or an Integer.

Formally Speaking:

Vx.Fraction(x) — RationalNumber(x)
Vx.Integer(x) — RationalNumber(x)
Vx.Fraction(x) N Vx.Integer(x) = @

Vx.RationalNumber(x) <>Fraction(x) U Integer(x).

4451.3.2.1 Fractions

Arabic Term S

) Fraction
English Term

) _ e g sk ¥ oanh alie g unia by die jied i dae
Arabic Meaning

] ) A rational number that is expressed by an integer Numerator
English Translation | and a natural denominator that is not equal to zero.

7" level

Position on the tree

A fraction represents a part of a whole or, more generally, any number of equal parts;
i.e. a fraction describes how many parts of a certain size there are, for example, one-

half, eight-fifths, three-quarters.

A common, or simple fraction (for example 1/2,-8/5, and 3/17) consists of
an integer numerator, displayed above a line (or before a slash), and a non-zero
integer denominator, displayed below (or after) that line. The numerator represents a
number of equal parts and the denominator indicates how many of those parts make
up a whole. For example, in the fraction 3/4, the numerator, 3, tells us that the
fraction represents 3 equal parts, and the denominator, 4, tells us that 4 parts make up

a whole.
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Fractional numbers can also be written without using explicit numerators or
denominators, by using decimals, percent signs, or negative exponents (as in 0.01,
1%, and 102 respectively, all of which are equivalent to 1/100). An integer such as

the number 7 can be thought of as having an implied denominator of one: 7 equals
7/1.

Other uses for fractions are to represent ratios and to represent division. Thus the
fraction 3/4 is also used to represent the ratio 3:4 (the ratio of the part to the whole)
and the division 3 + 4 (three divided by four).

4451.3.2.2 Integers

Arabic Term s 2

] Integer
English Term

Aal g 4alie o ane
Arabic Meaning

) ) A rational number that has one as a denominator.
English Translation

N 7" level
Position on the tree

An integer is a number that can be written without a fractional or decimal component.
For example, 21, 4, and —2048 are integers; 9.75, 5%, and 2 are not integers. The set
of integers is a subset of thereal numbers, and consists of the natural

numbers (0, 1, 2, 3,...) and the negatives of the non-zero natural numbers (-1, —2,
=3,...).

There are two types of Integers; Prime Numbers and Composite Numbers. Instances
of Prime Numbers cannot be Composite Numbers, and vice versa. And there is no

Integer that is not either a Primer number of a Composite Number.

Formally Speaking:

Vx.PrimeNumber(x) — Integer(x)
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Vx.CompositeNumber(x) —
Integer(x) Vx. PrimeNumber(x) N Vx.CompositeNumber(x) = 0

Vx.Integer(x) <>Primer(x) U Composite(x).

4.45.1.3.2.2.1 Prime Numbers

Arabic Term sl e

] Prime
English Term

Aalg e gands e V) daudll Jiy Y pusiaa 22
Arabic Meaning

) ) An integer that is divisible only by itself and one.
English Translation

8™ level

Position on the tree

A prime number (or aprime) is anatural number greater than 1 that has no
positive divisors other than 1 and itself. A natural number greater than 1 that is not a
prime number is called a composite number. For example, 5 is prime because only 1
and 5 divide it, whereas 6 is composite because it has the divisors 2 and 3 in addition
to 1 and 6. The fundamental theorem of arithmetic establishes the central role of
primes in number theory: any integer greater than 1 can be expressed as a product of
primes that is unique up to ordering. The uniqueness in this theorem requires

excluding 1 as a prime because it is the multiplicative identity.

4.4.5.1.3.2.2.2 Composite Numbers

Arabic Term Sl e 2
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English Term

Composite

Arabic Meaning

w)gédﬁ?\‘;ahb@;max‘;c‘;égojqw\d@@mam
RN

English Translation

An integer that has at least one positive divisor other than
one or itself

Position on the tree

8™ level

A composite number is any positive integer greater than one and is not a prime

number.

So, ifn>0 is an integer and there are integers 1 <a,b<nsuch thatn=axb,

then n is composite. By definition, every integer greater than one is either a prime

number or a composite number. The number one is aunit it is neither prime nor

composite. For example, the integer 14 is a composite number because it can be

factored as 2 x 7. Likewise, the integers 2 and 3 are not composite numbers because

each of them can only be divided by one and itself.

Every composite number can be written as the product of two or more (not

necessarily distinct) primes; furthermore, this representation is unique up to the order

of the factors. This is called the fundamental theorem of arithmetic.

4.4.5.2 Sets

Arabic Term

English Term

Set

Arabic Meaning

san S 4] L csal dpalyy agan ol Ssay ol dael e S ekl oS
B.\A\}

English Translation

A formal entity that consists of a number of numbers and
symbols, and is referred to as a whole unit.

Position on the tree

4™ level
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A set is a well-defined collection of numbers or symbols. It is a gathering together
into a whole of definite or indefinite, distinct numbers or symbols of our perception
and of our thought — which are called elements of the set. A set must be well defined;
i.e., for any given object, it must be unambiguous whether or not the object is an
element of the set. If A is the set of even numbers between 1 and 9, then A = {2, 4, 6,
8}. The braces, {3}, are commonly used to enclose the listed elements of a set. The
elements of a set may be described without actually being listed. If B is the set of real
numbers that are solutions of the equation x> = 9, then the set can be written as B =
{x:x*= 9} orB= {x|x*= 9}, both of which are read: B is the set of all x such

that x* = 9; hence B is the set {3, - 3}.

Membership in a set is indicated by the symbol €; thus, x € A means that element X is
a member of the set A (read simply as "x is a member of A ™). The symbols c and o
are used to indicate that one set A is contained within or contains another set B; A c
B means that all elements of A is contained within, or is a subset of, B; and A o

B means that A contains, or is a superset of B.

This concept exists in DOLCE, but without defining subtypes for it. We have adopted
a mathematical viewpoint for classifying sets, where sets have three types, depending
on the nature of their elements: Finite sets, Infinite sets, and the Empty set. Instances

of Finite sets cannot be neither Infinite sets nor Null sets, and vice versa.

Formally speaking:

Vx.FiniteSet(x) — Set(x)

Vx.InfiniteSet(x) — Set(x)

Vx.EmptySet(x) — Set(x)

Vx.Set(x) <> FiniteSet (x) U InfiniteSet (x) U EmptySet (x).
Vx.FiniteSet (x) N InfiniteSet (x) N NullSet(x) = @
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4.452.1 Finite Sets

Arabic Term dugliie A gana

) Finite Set
English Term

) _ paliall e ogie 220 (e () 5ST e sana
Arabic Meaning

] ) A set that has a finite number of elements.
English Translation

Position on the tree | 5™ level

A finite set is a set that has a finite number of elements. For example: {2, 4, 6, 8, 10}
is a finite set with five elements. The number of elements of a finite set is a natural
number (non-negative integer), and is called the cardinality of the set. Finite sets are
particularly important in the mathematical study of counting.

4.45.2.2 Infinite Sets

Arabic Term Lgiia ye Ac gane

) Infinite Set
English Term

) _ aliall o (ogiie e 230 e () STAS gana
Arabic Meaning

) ) A set that has an infinite number of elements.
English Translation

5 level

Position on the tree

In set theory, an infinite set is a set that is not a finite set, i.e. has an infinite number
of elements. For example, the set of natural numbers is infinite. That is; a set is
infinite if and only if for every natural number, this set has
a subset whose cardinality is that natural number; for example, the set of even

numbers, which is a subset of Natural Numbers is an infinite set.
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4.45.2.3 Null Sets

Arabic Term ie b dc gana

_ Null Set
English Term

. . naie (gl (55883 Y de sana
Arabic Meaning

] ] A Set that is empty; has no elements.
English Translation

51 level

Position on the tree

The empty set, also called the null set, is the set that does not contain any element. It
is symbolized iz or { }. There is only one null set and is a subset of all other sets. This
is because there is logically only one way that a set can contain nothing.

The null set makes it possible to explicitly define the results of operations on certain
sets that would otherwise not be explicitly definable. The intersection of two disjoint
sets (two sets that contain no elements in common) is the null set. For example: {1, 3,
57,9,..}n{2, 4,6, 8, 10,..} =@. The null set provides a foundation for building a
formal theory of numbers. In axiomatic mathematics, zero is defined as
the cardinality of (that is, the number of elements in) the null set. From this starting
point, mathematicians can build the set of natural numbers, and from there, the sets

of integers and rational numbers.

4.4.6 Types of Attributes

i
Attribute

Aadla da
Physical
Attribute

Abstract
Attribute

Figure 20: Types of Attributes
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4.4.6.1 Physical Attributes

Arabic Term il dia

English Term Physical Attribute

Arabic Meaning

] ] An Attribute that describes the value of a physical quality.
English Translation

N 4™ level
Position on the tree

Physical attributes are attributes that describe physical qualities, like describing the
color of a certain object as red, or describing the shape of a certain object as circular.
These attributes do not depend on opinions or judgment, thus there will be no
disagreement on them, for they can be measured. This makes the main difference
between Physical attributes and abstract attributes, where abstract attributes cannot be

measured.

As physical attributes are measurable, the only dilemma could appear here is that
even if we can measure physical attributes, what is the value that can settle the
argument and provide a reference value? Here we can say that we have two situations
to distinguish between. The first one, the case where we cannot say that these two
physical attributes are exactly identical, but we can say they are the same as they have
(the same description of the range of values for a physical quality), taking the color
red for example, if we have two physical objects that bears the color red, these two
colors (as physical qualities), have the same physical attribute; i.e. (description of the
range of color red), and so they are the same instance although they are represented
by two different physical objects.

The second case is the case where we may have a physical quality, that can be
judged, differently by two people, and there is a reference that can determine which

one of those opinions is more precise. Example, obesity (as a physical quality), where
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two people may argue about if someone is obese (as a value of the physical quality
obesity; i.e. physical attribute) or not, this example of physical attributes can be
judged exactly as we can measure what is known as BMI, that gives us an exact

estimation; i.e. reference value that we can return to it in our judgment.

This class “physical attribute” is equivalent to the class called “physical attribute” in
DOLCE+DnS where they defined as: “Physical value of a physical object, e.g.
density, color, etc.”

4.4.6.2 Abstract Attributes

Arabic Term 83 y2a ddia
_ Abstract Attribute

English Term

Arabic Meaning B ae dpald dad o il diia

] ] An Attribute that describes an abstract quality.
English Translation

N 4" level
Position on the tree

Abstract attributes are attributes that describe abstract qualities, i.e. they describe
qualities that represent judgment values, social scalars and statistical attributes, like
saying: Tom is kind, Jane is Ugly, and this judge is fair, and so on, where these
attributes describe the abstract qualities kindness, beauty, fairness respectively.

This type of attributes depends on opinions or judgment in order to be realized.
People might disagree on abstract attributes, as one might see a certain girl as
beautiful while others do not. Same goes with all kinds of abstract qualities that are
described by abstract attributes.

In order to decide whether an attribute is an abstract attribute; and not a physical
attribute, the qualities that are described by this attribute should not be measurable,

and should represent judgmental values and social scalars.
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Example: The attribute “brave” describes the abstract quality “Braveness” as this
quality cannot be measured or scaled, and people might disagree on describing
someone’s braveness, as this attribute depends on personal perspectives. While
Physical attributes describe physical qualities, like the quality “height” whose
attributes are “tall”, “short”, “high”...these attributes are measurable, as one can
measure the height of a building or a certain person, thus are not considered abstract

attributes.

This class “Abstract attribute” is equivalent to the class that is called “Social Object
Attribute” in DOLCE+DnS which is defined as: “Any Region in a dimensional space
that is used to represent some characteristic of a SocialObject”. This definition is not

so intuitive, as they do not make it clear what social object attributes are.

4.4.7 Types of Quantities

Figure 21: Types of Quantities

4.4.7.1 Vector Quantities

Arabic Term EPESIR IS

Vector Quantit
English Term Q Y

_ _ ) Adads g olatV) g ylafally 2aa AueS
Arabic Meaning

] ] A quantity that is determined in magnitude, direction and a

4™ level

Position on the tree
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Vector gquantities are quantities that have both magnitude and direction. An easily
understood example is velocity, which has both speed (the magnitude
component) and direction. If we say 60 miles per hour, and we add direction, like east
or west, then we are talking about a vector. Electromagnetic fields also have
amplitude (a measure of magnitude) like 10 volts/m and direction east or north for
example. While light is not a vector quantity, it has size and the speed of light 3 x 10°
meters/second, but it does not have a direction. Another example is like saying | was
driving at 60 mph. The '60 mph' is a speed, but not a velocity (a vector) because there

is no direction specified.

4.4.7.2 Scalar Quantities

Arabic Term Aol S

Scalar Quantit
English Term Q Y

oladl (e Jadd Hlagay 2aa7 A0S
Arabic Meaning

] ) A quantity determined only in magnitude, without direction.
English Translation

4™ level

Position on the tree

This classification is based on scientific findings, where scalar quantities are
quantities that are fully described by a magnitude (or numerical value) alone, i.e. it
does not depend on any coordinate system or rotations. Typical examples of scalar
quantities are amounts of time (3 hours), speed like (50km/hour), temperature like
(37C°), and volume. A scalar quantity has no directional component, only magnitude.
For example, the units for time (minutes, days, hours, etc.) represent an amount of
time only and tell nothing of direction. Examples of vector quantities (which are not
Scalar Quantities) might be: the velocity of a car of 120 km/hour heading north, the
acceleration of 20 km/h? of the same car heading north.
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CHAPTER FIVE: EVALUATION AND RESULTS

5.1 Introduction

In this chapter, we will discuss in details the evaluation methodology carried out in
this thesis to assess the constructed top levels of the Arabic ontology. The evaluation
process aims to validate the comprehensiveness of the top levels. This was done
through an empirical study by mapping a set of Arabic concepts that were taken from

Ta’arifat Al Jurjani into the top levels of the Arabic Ontology.

Validating the comprehensiveness of our top levels is important to check whether
they cover all abstract concepts of the Arabic language. Because the main reason for
building these top levels is to govern the lower levels of the Arabic ontology, which
in turn contain all concepts of the Arabic language. Therefore, the importance of
having these top levels is represented in their comprehensiveness; this means that
there should not be an Arabic concept that cannot be included under one of these top

concepts.

In the next section, we present the evaluation we conducted on concepts taken from
Ta’arifat Al Jurjani. In the later sections, we will discuss the results of the evaluation
for each branch of the tree separately, and for the top levels of the Arabic Ontology as

a whole.

5.2 Experiment setup and the Evaluation

Conducting the empirical study, we needed a dataset to be the subject of the test. The
dataset we used is the concepts obtained from “The Definitions — <l =il QS
s=al” As mentioned in chapter 2, this reference was chosen to be the subject of
the evaluation because it consists of a set of linguistic, philosophical and
jurisprudential concepts that were gathered from the mains of the linguistic,
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philosophical and jurisprudential books, dictionaries and lexicons. Concepts of this
reference are indeed candidates to be the most abstract concepts in the Arabic

language. They are phrased to philosophically express the most abstract concepts.

The original version of this book was available in PDF format. So the book was
digitized as a part of an ongoing project at Sina Institute for digitizing and integrating
Arabic dictionaries. The digitized version of the book was in excel format, and was
put in a form where each term that has more than one meaning is split according to

these meanings. Figure (21) shows a snapshot of “The Definitions”.

o* JolSt 490 Kl gauy IO QL"W’J 5
255Ul gaey @Iy Kadall amey BT s il
fo sl Ll oty o L1
A st ety (K31 40 SLIT
baaby Lo min 350l sy Lo 2391 #
ghs JuS wige Jasl L Gyt
padidly 800mka 1) pal it azy de oMK Ol JLamd] #

& LJ‘;‘WM‘MSJ&'MM

Figure 22: A snapshot from “The Definitions - <\& 231 for Al-Jurjani

In this figure, the term “_3¥” has three meanings, hence in the digitized version; this
term appears three times, once with each of its meanings. The total number of
concepts obtained from this reference was 2096 concepts. After deeply investigating
and studying this reference, we have come up with the following remarks regarding

its concepts:

e Most of the concepts of this reference are considered to be of the most

abstract/ general concepts of the Arabic language, that are domain
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independent. Which makes this reference a good candidate for conducting the
evaluation.

e The reference contains more than 2000 concepts, which is considered a large
number of concepts gathered in one document.

e Some definitions in this reference are old, i.e. some of them are not
commonly used any more in the new literature and in the Arabic language.

e Some concepts are defined in old style and terminology, which makes it
difficult sometimes to interpret and map these definitions.

e Some of the definitions are very short, which also makes them hard to

understand.

The evaluation methodology consisted of mapping Arabic concepts to the existing
top levels. This included understanding the meaning of each word and then
classifying it as equal to or a subtype of an appropriate concept from the top levels.
One issue that was taken into consideration was attempting to classify any given
concept (from Ta’arifat Al Jurjani) as an equal or under a leaf node in the top level
tree, i.e. the bottom most concepts, and not concepts that branch into subtypes. By
achieving this, the comprehensiveness of the tree can be investigated. That is, if all Al
Jurjani concepts are equal to our concepts or classified under the leaf nodes of our top
levels, this would mean that the top levels are comprehensive enough to classify other
possible Arabic concepts. Ideally speaking, our ontology would be 100%
comprehensive if we can classify all of the 2096 concepts of Al-Jurjani under leaf
nodes in our ontology. That is, every concept of Al-Jurjani is classified as either (1)
equivalent to a concept in our tree, or (2) as subtype of one of the leaf nodes in our
tree. The more concepts that cannot be classified in this way, the less comprehensive
our ontology will be. For example, if a concept cannot be mapped as a subtype of a
leaf node, and was classified under the super type of that leaf node, then this is

considered as an indication of less comprehensiveness.
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It is worth noting that in order to be more realistic, we have conducted the evaluation
twice. Each time by a different researcher® separately and independently from each
other. In each evaluation, each researcher also specified her degree of confidence of
the mapping, and the degree of relevance between the mapped Arabic concept and the
concept it was mapped to from the Top levels. As well as the type of relation between
the mapped concepts from the sample and the top levels; either a “subtype” relation,
or “equivalent” relation. When the researcher was not able to map the Arabic concept
from the sample to any of the top level concepts, a star (*) was added. The reasons

for not being able to map these concepts are discussed in section 5.8.

The evaluation was done separately without intervention between the two
researchers, so they do not get affected with each other’s opinions. After the
completion of the evaluation, the results of both tests were gathered and compared,

and an updated version of the evaluation was produced with consensus.

To clarify this mapping process, we present two examples of mapping Arabic
concepts from the sample to the top level concepts.

1- Taking the concept: “LLiin¥” which means: « sUas agd & (e Gl (0 elall 21 ja00
4z (e 75 1) cl”, For this case, we understand the meaning, and classify it
under a concept from the top levels of the ontology. Here, we have a sense of
continuity of action; hence, we classify this concept under “Process — 4xlac™,

2- The concept: “a<ud” which means * _as& & (s iall alanll & dcase 3738 544
Flalall I plall 35aS S ¢ sel) Jgem s (33 ks <) peal) L 03 #leall”, Here the
meaning is expressing a sense that is possessed by some genres of organisms.

Senses are physical qualities, thus we classify this concept under “Physical
Quality — 4ls dpala”,

# Rana Rishmawi and Hiba Olwan from Sina Institute in Birzeit University have conducted this evlaution.
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The overall results of the evaluation are presented in table (1)*°, which
summarizes the results of the mapping process into all concepts of the top levels.
The first column includes all the top level concepts in Arabic and in English, the
second column includes the number of Arabic concepts that were linked to these
top concepts. The last row in the table presents the number of concepts that were
not mapped to the top levels; i.e. concepts that have stars (*) instead of a mapping
result. In other words, given the columns English Term and Arabic Term which
represent nodes in our top level, the right-side column represents the number of
concepts from Ta’arifat Al Jurjani that were classified either as subtypes or equals
of our top level nodes. For example, the first raw shows that there is only one
concept from Al-Jurjani that we classified under Entity. The second row, shows
that we have four concepts from Al-Jurjani that we classified as either subtypes or

equals to the concept “Abstract” from our tree, and so on.

Table 1: The mapping results

Top level concepts Number of Mapped Concepts from the Sample
English Term Arabic Term
Entity P 1
Abstract Ay
Dependent Entity b s 3
Information Entity el 113
Object A9 5a 6
Occurrence REREN 5
Description ) 346
Proposition EAPN 70
Space Region als 1
Time Interval dhie )5 8
Formal Entity Azl LS 0
Attribute dda 8
Quantity EEPS 1
Quality aala 7
Capability 58 19
Role BEY 4

% The evaluation and its results are included in Appendix 111.
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Disposition FREE 5
Function gk, 0
State PA(EN 74
Physical Object e 2ga 5a 34
Social Object sokie] s se 2
Process Alas 140
Event & 0
Action Jad 292
Accomplishment dadl 160
Social Agent @ kic) padd 1
Natural Person Ol (ad s 12
Organization dga 8
Collection e 6
Place Ol 11
Collective delen 77
Artifact ¢ shae 7
Material 3l 9
Astronomical Body sl 2y 3
Geographical Region | 4 s ddkis 1
Anatomical Structure S S 4
Organism = s 4
Virus St 0
Physical Quality Ale dpala 28
Abstract Quality 53 yaa dpals 120
Temporal Quality A ) dpald 0
Time Duration Bae 3
Time Location o) g 0
Number Qe 1
Set 4c gana 0
Physical Attribute Lole Ada 11
Abstract Attribute 53 30 A 327
Not Mapped * 140

In order to clarify and discuss the results of the evaluation, and measure the
comprehensiveness of the top levels in general, and of each sub tree (i.e. branch)
separately, we will divide these results into sub sections, where each branch of the
tree will be discussed individually. Afterwards, we will measure the

comprehensiveness of the top levels of the Arabic ontology as a whole.
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First, we will discuss the one concept that was classified directly under the core
concept “Entity — 5. Because, as mentioned before, all our mappings were
attempted to be either equal to some of the top level nodes or under the leaf nodes of
the tree, thus having any concepts classified under the core concept of the tree is
considered a special case. Table (2) shows the mapping results to the “Entity — ¢ 5
node in the tree. In this table, we have added the meanings of the mapped concept to

clarify our decision.

Table 2: The mapping results to the core concept "Entity"

Concepts of the “Entity” Number of A sample of the mapped concepts
Node Mapped
English Arabic Concepts from
Term Term the Sample
12 s sl S L e S mand sl 253505l e 3 e
aic yadyalad of fuars
Total 1

As shown in table (2), there was one concept classified under the core concept
“Entity — ¢%”, which in an ideal case should not happen. However, after
understanding the meaning of this concept, we concluded that it is equivalent to our
concept “Entity — ¢~ as they both share the same meaning. Thus, it was mapped as

an equivalent to it.

The following section presents an overview and a discussion of the evaluation results
of the "Object - 2s>5" branch, as it is considered the clearest and most
understandable branch, for it represents entities that people deal with on daily basis.

5.3 Analysis and Discussion of the evaluation results of the "Object - 25> <"
branch:

In this section, we will present the results of the mappings to the “Object” branch of
the tree of the top level of the Arabic Ontology, and calculate the comprehensiveness

of it, i.e. check whether the concepts that form this branch cover all the “Objects -
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Glaga sa” in the Arabic language. Table (3) below shows the results of the mappings

to the “Object” branch, where for each concept in the branch we have added the

number of the mapped concepts, and a sample of these concepts.

suls
Material
Sl oy
Astronomical
Body

Geographical
Area

B
Anatomical
Structure

Figure 22: The ""Object" branch
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Social Object
Usss $oliel aiud
Collection Social Agent
Lweus Slesl jailb
Organization atural Perso

Table 3: The mapping results to the ""Object’ branch

Concepts of the “Object” Branch Number of Mapped A sample of the mapped concepts
English Term Arabic Term Concepts from the
Sample
Object AR 6 ‘;gﬁdl (aall aal gl ‘ggﬂ\ S, Omall
J);).d\ M;.gi}” GAN]]
Physical Object e 252 50 34 (3l canall A 5V cal Sl )
(264)... 05l el
Artifact ¢ shan 7 (i) 3 phall 63 jadll ¢aadll U )
Caoaidl «idadll
Material Bala 9 ccaddll paiall ¢ ylaiall ¢ Sl ¢ gliall
Jariiall glall ¢ 3lhaall clal) ¢ Jasil) }Al;d\
Astronomical Sbem 2> 3 ‘
BOdy Cradil) () S Al ?\ﬁy‘
Geographical 4l s Adlaie 1
Region ol
Anatomical S S 4 G il ¢ maall cdalainY
Structure
Organism NSt 4 bl el e gaadl ¢ by
Virus s 0 _
Social Object SoLie) 35 5a 2 Ay )lie Y dalhal) g LY V)
Social Agent el add 1 Jssl
Natural Person Olesi) ot 12 ¢ simaall ¢ il (Al ¢ sus ) ccan) I
(61)... Sl
Organization —a 8 (6+).. Auzd) sal) ¢S LA
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Collection Alsss 6 (3+)... 38 i 5Y1 laley)
Place BILY 11 Ol (i Sla (Sl ol
(6)....cmall
Collective delea 77 G A5 ) s A8 ) 5Y) Raaly)
(72+4).. A8y
Total 185

Table (3) shows that there were 6 concepts classified directly under the concept
“Object — 25> <", i.e., we were not able to classify them under any of the leaf nodes
of this branch. There were 34 concepts classified directly under the concept “Physical
Object — 2 252 ”, and 2 concepts classified directly under the concept “Social
Object — ke 25 50”, Whilst all other concepts were classified under the leaf nodes
of the “Object” branch. In order to clarify these results we will discuss each of them

separately, giving the ground for such results.

» Concepts classified under “Object — 25> 5<”: as shown in table (3), and mentioned
before, there were 6 concepts classified directly under the concept “Object”.
Where 4 out of these 6 concepts are equivalent concepts to “Object”, which are
(252 sall AaglY) Gl o 3 ((3all ) 55): as they all represent the same meaning of
entities that are wholly and independently present in time, and are realized either
for their concrete or social existence, thus we consider the above words as
synonyms of “Object”. Whereas the other two concepts (s~ ¢S, « ) both
represent space, which is the dimensions of height, depth, and width within which
all things exist and move. It is worth noting that classifying these two concepts
directly under “Object — 25> <" and not being able to classify them under lower
concepts in the same branch, indicate the existence of a problem, as spaces are
neither physical nor social objects, but are objects. In other words, there should be
a node in the tree of the Arabic Ontology to represent spaces, which does not exist
now.

» Concepts classified under “Physical Object — 3 252 5<”: table (3) shows that

there are 34 concepts classified directly under the concept “Physical object”
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instead of being classified under its subtypes. This indicates that our
categorization of “Physical Objects” is not sufficient to cover all physical objects
in the Arabic language. For example, parts of physical objects like “zdaw 43s> are
classified directly under the concept “Physical Object” for there is no other
concept in the Physical object branch that represents parts of physical objects. In
addition, sound and light “ssally ©eall” are also classified directly under
“Physical objects” because they too are physical objects, and made of material,
but could not be classified under our “material” concept in the same branch,
because the definition of “material” does not cover these two concepts. Therefore,
we either should redefine the concept “material” to cover such concepts, or add a
new concept as a subtype of “Physical Object” to include sounds, light and
similar objects.

Other examples of concepts classified directly to “Physical Object” are concepts
related to money and heritage, such as “Axssl) cAkilll (&3 «cudl 38 5, All these
concepts represent physical objects, but could not be classified under any of the
subtypes of this concept, for they represent special cases of physical objects, that

are used in a certain a domain.

» There were two concepts mapped as equivalent to the concept “Social Object —
ke 352 54”; which are “As jlie Y dalhall 5 )licY) Y17, whose definitions are © s
31 al) Loy alall 585 1 piina ala Lo el Jie & YTl agay ¥ AP and ¢ ) Lald) a5

e i A Lgd (3833 Y 5 fxdll W e respectively.

As for the other sample concepts that were classifies under the leaf nodes of the
“Object” branch, we can conclude that the existing subtypes of object are
comprehensive, and cover a large scope of objects in the Arabic language, except for
the mentioned cases that need to be reconsidered, for either adding more nodes to the

branch, or redefining the existing concepts to cover a larger scope of concepts.
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Based on what was presented so far, we can measure the percentage of
comprehensiveness of the “Object” branch. Calculating the comprehensiveness of the
“Object” branch in our ontology can be achieved by dividing the sum of the “number
of Al Jurjani concepts classified as subtypes of leaf nodes in the Object branch and
the number of Al Jurjani concepts mapped as equivalents to nodes in the Object
branch”, by the total number of concepts classified under the object branch; i.e.
concepts that were classified directly under “Object”, “Physical object” and “Social
object” in addition to all other concepts that were classified under leaf nodes of this
branch, as well as the concepts that were classified as equivalents to node concepts of

the same branch.

Using this method for calculating the comprehensiveness, we are taking into account
all the factors that would affect the comprehensiveness of the tree, where 1- we have
calculated the sum of all the concepts that were classified as subtypes to leaf nodes of
the “Object” branch and the concepts that were classified as equivalents to node
concepts of the same branch, which in turns mean that there existed concepts in our
tree that covered these concepts. 2- having the total number of concepts from Al-
Jurjani that were classified under any of the nodes of the “Object” branch, regardless
the type of that classification. Finally, 3- the number of the concepts that we were not
able to classify under any of the node concepts of the “Object” branch, but are
“objects” themselves, i.e. concepts that we classified directly under parent node
concepts of the “Object” branch, and not under any of the leaf node concepts as either
subtypes or equals. The third factor presents the most important factor that affects the
calculating of the percentage of comprehensiveness, because having such concepts
indicate that there are some problems in the ontology that need to be addressed,
which in turn decreases the percentage of the comprehensiveness of the “Object”

branch in specific, and the top levels of the Arabic ontology in general.

Therefore, the comprehensiveness of the “Object” branch can be calculated as

follows:
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The total number of concepts classified under all nodes of the “Object” branch
= 185, this number includes concepts that were classified directly under
“Object”, “Physical Object”, “Social Object”, and concepts that were
classified under other nodes of this branch; i.e., this number represents all the
sample concepts that are considered to be kinds of “objects” in Arabic.

The total number of concepts that were classified as equivalents to nodes in
the “Object” branch = 6 concepts

The total number of concepts classified under the leaf nodes of the “Object”
branch = 149, this number includes concepts that were classified under leaf
nodes only; i.e. it does not include the number of concepts that were classified
under any parent nodes of this branch.

Therefore, the total number of concepts mapped directly to parent concepts is:
185 — (149 + 6) = 30, this number represents the number of concepts that we
were not able to classify under any of the leaf nodes of the “Object” branch,
and were therefore classified under parent nodes of the same branch.

Thus the percentage of comprehensiveness of the Object Branch = (149 +
6)/185 *100% = 83.8%. This represents the percentage of the concepts
classified to the leaf nodes of the “object” branch, as either subtypes of or
equivalent to node concepts of this branch to the total number of concepts
classified as objects in general. It is worth noting that this percentage does not
include the 30 concepts that were mapped to parent concepts in the “object”
branch, because as mentioned before, measuring the comprehensiveness
depends only on the number of concepts classified under leaf nodes, either as
subtypes or equivalents, or not on the number of concepts classified under
parent nodes. This shows that the constructed “Object” branch covers 83.8%
of all objects in the Arabic language, based on the subject sample taken from

Ta’arifat Al Jurjani.
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In the next section, we will present and discuss the evaluation results of the

“Occurrence” branch, and at the end of the section, we will calculate the percentage

of comprehensiveness of this branch following the same method we used for

calculating the comprehensiveness of the “Object” branch.

5.4 Analysis and Discussion of the evaluation results of the ""Occurrence - <aa'™

branch:

In the previous section, we discussed and analyzed the mapping results of the “Object

— 25 5<” branch, and calculated the percentage of comprehensiveness of it. In this

section, we will present and discuss the mapping results of the “Occurrence - ©aa”

results. Table (4) shows the results of the mappings of the “Occurrence — Gas”

branch.

il
Accomplishmen

Figure 23: The ""Occurrence’ branch

Table 4: The mapping resutls to the ""Occurrence" branch

Concepts of the “Occurrence” Branch Number of Mapped A sample of the mapped concepts
English Term Arabic Term Concepts from the
Sample
Occurrence RIREN 5 G ganl) (AN panll o gandl (aalall
058 (Ll
Event sl 0 -
Accomplishment dadl 161 gl ealead) cumadil) ¢ sl calgiay)
(155+)...38a)
Action J=d 292 Oy ol g lay) el
(287+)...plediuY)
Process ile 140 AS jall ¢ ypndill (Jatail) el oYl
(134+)...0680 )5
Total 598
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Table (4) shows that there were 5 concepts classified directly under the concept
“Occurrence — <2 while all other concepts, i.e. 593 concepts, were classified under
the leaf nodes of this branch. Therefore we will first discuss the five concepts classed
under “Occurrence” then move on to discussing the mappings results to the leaf

nodes of this branch.

In order to discuss and clarify the mapping results of the mentioned five concepts, we
will divide them into cases, and deal with each case separately. First, taking the
concepts “0sSI «&saall «@alal” which means © 35 Gl Bsas s aaally B ()5S L
Lold Bgan s i) ) dalall Gigaall e Jing”, “ande aas ool 35a5 0o 55ke” and W
OIS 138 dady Jaall ) Lt o )38 37800 clall <l 4300 gel) 3 puall Glo o) ga clall S dady Gaas
Gatall Jaf wie 5 L Aliala (S5l Gl 33l 83 ) seall Jsean () 5SI U5 4S all ggd gyl e
sie alad) ladl) 3 ga gl ) se OIS ol 5 B 43 im0 ¥ olle 8 i (e pllall 25 0 3 be oS
aadie o3l ey sa s laill Jal” respectively. Understanding these meanings, we can
conclude that they share the meaning of “something that happens”, which is also the
meaning of the concept “Occurrence” in our ontology, therefore, they are considered
to be equivalent concepts to “Occurrence”; i.e. synonyms to the concept
“Occurrence”, thus they were mapped as equal concepts to it. Second, the concepts
“ Sl Ggaall ( S & asl” both concepts are subtypes of the earlier discussed
concept “sa” which is considered a synonym to the concept “Occurrence”.
However, in our classification of types of occurrences, and as discussed in chapter 4,
we divided the occurrence types according to their accumulatively into “Events” and
“Processes”. While the two mentioned concepts are classifications of occurrences
based on another method, which in this case is the spontaneity; i.e. whether this

occurrence happened spontaneously or was caused by some agent.

Thus, we conclude that classifying the mentioned five concepts directly under the
concept “Occurrence” is not due to the incomprehensiveness of this branch, but due
to the different methods followed for classifying occurrences in the Arabic Language.

In other words, these concepts could have been mapped to leaf nodes in this branch,
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if we have followed a different classification method for classifying “Occurrences”
other than the currently used method. This means that these concepts are still
considered to be occurrences, but do not fall under any type of occurrences in the
constructed top levels of the Arabic Ontology.

Moving to the other nodes in this branch, table (4) shows that we have 140 concepts
classified under “Process — 4, which emphasizes the fact that the position of the
concept “Process” in the top levels of the Arabic Ontology is correctly chosen, and
form a percentage of 23% of all concepts mapped to this branch. While all remaining
concepts were mapped to “Action — J=¥” and “Accomplishment — 4281 9” with no
concepts classified directly under their super type “Event — &5, which indicates

comprehensiveness of classification of the concept “Event”.

Therefore, and because of what was discussed so far, we can conclude the

“Occurrence — < branch has a 99.7% comprehensiveness, calculated as follows:

» The total number of concepts classified under the “Occurrence” branch = 598

» The total number of concepts classified under the leaf nodes of this branch =
596, this number includes the concepts that were mapped as equivalents to
node concepts in our tree; which in this case equals 4 concepts.

» The total number of concepts classified directly under parent nodes = 2

-> The percentage of comprehensiveness of the Occurrence Branch = 596/598
*100% = 99.7%

This result indicates that our classification of occurrences is comprehensive and
covers a very large scope of occurrences in Arabic language based on the subject
sample obtained from Ta’arifat Al Jurjani.

In the following section, we will present and discuss the mapping results of the
Information Entity branch, following the same methods we used in the previous two

sections.
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5.5 Analysis and Discussion of the evaluation results of the ""Information Entity

“rr

- a3 pranch:

In this section, we will discuss the mapping results of the “Information Entity — _x=5
branch. Table (5) shows the number of concepts classified under this concept, along

with a sample of these concepts.

Table 5: Mapping results to the "Information Entity"* branch

Concepts of the “Information Entity” Number of Mapped A sample of the mapped concepts
Branch Concepts from the
English Term Arabic Term Sample
Information Entity el 113 3y sna il (Wl 1 Alaall cansY)
(1074)...280 ¢e AN
Total 113

The result of the evaluation showed that there are 113 concepts that are “Information
entities”, which shows that the concept “Information Entity” is correctly located on
the tree as a top level concept, as it covers a large number of concepts with a
percentage of 5.3% of the whole sample. Table (5) shows that this concept needs

more investigation in order to add more subtypes of it.

It is worth adding that since there are no subtypes for this concept, the

comprehensiveness for it is 100%.
5.6 Analysis and Discussion of the evaluation results of the ""Dependent Entity -

b sia" branch:

In this section, we will discuss the evaluation results of mapping to the “Dependent
Entity — ks’ branch to test for its comprehensiveness. Table (6) presents the

evaluation results to this branch, and shows a sample of the mapped concepts.
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Figure 24: The ""Dependent Entity" Branch

Table 6: The mapping results to the ""Dependent Entity" branch

Concepts of the “Dependent Entity”

Number of Mapped

A sample of the mapped concepts

Branch Concepts from the
English Term Avrabic Term Sample
Dependent Entity 1 s 3 sl Al (el
Quality Lals 7 co ol Aia ¢ a gl (il ¢ SBY)
Ll ¢ siall Jeadll ¢m guadl
Physical Quality ioale duala 28 335l dlall 3 lainy) iy
(22+4).. A5k 0 @) el
Abstract Quality [ABECRENCIEN 120 delaill can ) daSall (g uall
(1154).. Aalell
Temporal Quality die)dpala 0 -
Time Duration 53a 3 g padll A el dandl sy
Time Location ) pdse 0 -
Capability 5,8 19 (15+).. clalall i gl ¢ a8l delainy)
Role SIS 3 ail) 8 J gyl ccal gall ) A0 calaY)
Disposition 4l 5 o sl Jiall (a3 e gUaall caal gl

A<l Jsall
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Function Ak, 0 -
State ZAEN 74 Sl e gall crle 3V elat Yl
(69+)...z 4
Total 262

As shown in table (6), there were 3 concepts that were classified directly under the
concept “Dependent Entity — b 5”7 concepts classified directly under the concept
“Quality — 4x=x” while all other 252 concepts were classified under node concepts
as presumed. Therefore, we will discuss each of these results one by one, in order to
explain them thoroughly.

» Concepts that were classified directly under the concept “Dependent Entity”:
starting with the concept “—SI” that has the meaning * =i ¥ ¢ L&l A 578 4ia
SO Lyl Al (e 5l gial o Al 8 5HE Al LIS Ll e V1 Jediy A 4188 43ld B ¥ dad
oaleY) oA A Yy Al 2l x A dad iy Y 4l g8y Juaiill g dedlly el 5 48 K
3 elaa ol Aand 5y Gandl) o dasdll dpmtial) CGAS 48 Jand 433 4185 Examining
this meaning, we can conclude that it is an equivalent meaning to the concept
“Dependent Entity”.

On the other hand, the concept “4Sldl” whose meanings is “sdill (8 43l ) dda a5
Caaly Lo Alls i 5 Ao 58S Al Gl QUG 5 JladY) (S oy A Guiill Jumny 4] 48
e Ol 3 iy s L A o 5 i L) Gl a5 005 188 1 30 i
Gl g ale Jadl) @lld ) Guldlly 5 481 expresses habits that last in time, and cannot exist
independently. Thus, such habits are considered dependent entities. However, our
types of Dependent entities in the constructed top levels of the Arabic ontology
do not include habits, or entities that are related to customs. Therefore, this
concept was classified directly under the concept “Dependent Entity” due to the
lack of an appropriate subtype of “Dependent Entity” to be classified under it.

The last concept that was classified directly under the concept “Dependent
Entity” is the concept “Is»” that means « (e awall A (m jay Ll LB avall 8 a 5a
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Lo gil) 5 Lavall (i ) peall Jae Juaii¥) s JuaiV1”) which also is a dependent entity that
cannot be without the existence of a physical object carrying it, but differs from
all of our types of existing dependent entities, thus cannot be classified under any
of them.

» Concepts classified directly under the concept “Quality — 4x=la”: after examining
these concepts, we were able to conclude that the concepts * « & sall ¢caill « JEY)
Lalad) o il Jeadll ¢ a padll ¢ 23l 488 share the same meaning with the concept
“Quality” from our ontology, where they all represent dependent entities that
characterize entities they inhere in. Therefore, they were mapped directly to

“Quality” as equivalent concepts; i.e. Ssynonyms.

As for the rest of the 252 concepts that were classified under the leaf nodes of the
“Dependent Entity” branch, we could conclude that all the existing subtypes of the
concept “Dependent Entity” are correctly located on the tree, and cover a large scope
of dependent entities in the Arabic language, as they have a percentage of 98.9%

comprehensiveness, calculated as follows:

» The total number of concepts classified under the “Dependent Entity” branch
=262

» The total number of concepts classified under the leaf nodes of this branch =
259 including concepts classified as subtypes and equivalents to node
concepts of the “Dependent Entity” branch.

» The total number of concepts directly classified under parent concepts = 262 —
259 = 3 concepts, i.e. concepts that we were not able to classify under leaf

nodes of our tree either as equals of subtypes.

- The percentage of comprehensiveness of the Occurrence Branch = 259/262
*100% = 98.9%
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In the following section, we will present and discuss the mapping results of the

Abstract branch, following the same methods we used in the previous sections.

5.7 Analysis and Discussion of the evaluation results of the ""Abstract - 2"
branch:

In this section, we will present and discuss the mapping results to the last branch of
the Arabic Ontology tree; the “Abstract” branch. Abstract entities are considered the
most difficult entities to work with, as they are only realized in mind, and have no
place in time and space. Table (7) presents the mapping results to the Abstract
branch, where for each concept in the branch; we have added the number of mapped

concepts from the sample, and a sample of the mapped concepts.

123



~ ~ e NG o~
/ Descnpnon j/ Pfoposmon ) Space Regwn) ,'Tlm terval ) l/ FormalEnmy
\ deml, ‘.,_s

ey

3 \\_/' V o S \_/

S

(
\ o)

i/lrrationa| X
( Number \ (

N

/ ‘Real Number \

~Imaginary ™

Number i\\ Number
/

¥_/

~Rational ™
Number )

~“Complex ™,

NS

/ Abstract

548

/ N Physical ™
( S ) (

/ Annbute ;S

Attribute ) (

2 S N

\ /~ Finite Set ( Infnne set ([ NullSet )
/)l‘ L de pans )""—‘)—‘—)N)‘ ‘-J‘-.PM/
b - N N—

(' Ouamlty )

Y i “Abstract ™ (\/ectcrauanmy \ Scalar Ouantlty
Attrlbute ) | dgaledn } '\ At
/ \-// &

Figure 25: The ""Abstract’ branch

Table 7: The mapping results to the "*Abstract™ branch

Concepts of the “Dependent Entity” Number of Mapped A sample of the mapped concepts
Branch Concepts from the
English Term Arabic Term Sample
Abstract 2y 4 lilaa gl (il jlaall ¢ ganall caTyaall
Description aj 346 el (@) il caratill caledy) (JDle )
(3434)... el i szl
Proposition RAPN 70 0@l dagall daall oola )
(64+)... kil
Space Region daal 2 agral) OISl o DAl
Formal Entity Al 458 0 -
Time Interval Adie )3 yi 8 @3l ((2) #5080 ol s (i)
d.ml.m.“ “;..al.n.“ ‘Jdﬂ\ :d:\.‘
Number Qe 1 ]
Set e gana 0 -
Attribute e 8 Adall (allill a5l Al ans I o)l
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RO Bl (Caia gl cnil) s(2)
Physical Attribute e dia 11 (74).. AV dall (2) sl
Abstract Attribute 53 yae dda 327 (Iall (all capadl (JhL 1Y)
(320+)...aall 53 ¢ sl
Quantity oy 1 Sl
Total 778

As shown in table (7), there were 4 concepts classified directly under the concept
“Abstract — 2,><”, and 8 concepts classified directly under the concept “Attribute —
4a2” while all other 766 samples concepts were classified under leaf nodes as
presumed. First, we will start with discussing the concepts directly classified under
the concept “Abstract”, which are “clilaasll (B jlaall ¢Jganall ca72all” which all
express entities that have no place in time and space, and are realized only in mind.
Therefore, they were considered as synonymous concepts to “Abstract”, thus mapped

directly to it as equals.

Second, taking the 8 concepts classified directly under the concept “Attribute — 442,
which are “sland) Eilia (ol cail) daall ¢ ailill an il aldll as )l a1 we can also
conclude that they are all synonymous concepts to Attribute, as they all share the
same meaning of expressing the characteristics of other entities. Therefore, directly

mapping them to “Attribute” as equivalent concepts is justified.

As for the rest of the 766 concepts that were classified under the node concepts of this
branch, we conclude that the chosen abstract concepts in the constructed top levels of
the Arabic ontology cover a large scope of abstract entities in the Arabic language,

with a percentage of 100% comprehensiveness, calculated as follows:

» The total number of concepts classified under the “Abstract” branch = 778
» The total number of concepts classified under the nodes of this branch = 778,
including concepts that were classified as either subtypes or equivalents to

node concepts in the “Abstract” branch, which is this case equals 12 concepts.
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» The total number of concepts classified directly under parent nodes = 0. This
means that we were able to classify all Al-Jurjani concepts that are
considered“Abstracts” under node concepts of this branch, either as subtypes
of node concepts or equivalents to them.

> The percentage of comprehensiveness of the Abstract Branch = 778/778
*100% = 100%.

Before we move on to the next section, it is worth discussing one last issue in the
“Abstract” branch, which is the concept “Description”. Table (7) shows that there
were 346 sample concepts classified under the concept description in the abstract
branch, which form a percentage of 44.4% of all concepts mapped to this branch.
Examining the concepts mapped under this node, we can conclude that this node
needs to be divided into subtypes in order to classify those concepts more accurately.
Because there were many different types that fell under this concept, such as; plans,
methods, goals, morphological changes and other language dependent descriptions.
Therefore, classifying this concept would increase the degree of granularity of this

branch.

5.8 Calculating the comprehensiveness of the constructed top levels of the
Arabic Ontology:

In this section, we will discuss the concepts that were not classified under any of the
top level concepts in the Arabic Ontology, which form a percentage of 6.7% of the
sample. Moreover, we are going to calculate the percentage of comprehensiveness of
the constructed top levels of the Arabic Ontology. In the next section, we are going to
give a conclusion for the implemented evaluation, and give some suggestions for
enhancing the constructed top levels of the Arabic ontology, and increase its

percentage of comprehensiveness.
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As shown in table (1), there were 140 concepts from the sample that we were not able
to classify under any of the top level concepts of the Arabic Ontology. Thus, after
examining these concepts profoundly, we realized that some of them are types of
concepts that do not exist in our tree, such as concepts that express time, as well as
concepts that express parts of other entities, e.g. ¥ @ ¢ jall ce 3adl < YV ) celaiy)
»all i also some concepts that express religious and cultural entities, such as;
Gl caaally & ool (Sl G e e 3 cclieV) (ilKie W) il o xS0 A3kl in
addition to linguistic concepts that are language dependent; for example; sl
Sospal gl (gl caaall aan HURLl Jeldl) (Jeldl (o lE ddy 8l celiadl) el Al
these cases need to be reconsidered and reexamined to allow future researchers to

reengineer the top levels of the Arabic ontology to include all such concepts.

Based on what was presented, we can calculate the percentage of comprehensiveness
of the top levels of the Arabic ontology following the same method we used for
calculating the comprehensiveness of the sub-branches of the tree, by taking into
account all the factors that would affect the comprehensiveness, which in this case are
1- the total number of concepts that were classified as subtypes of leaf node concepts
of the whole tree, 2- the total number of concepts that were classified as equivalents
to node concepts in the tree, 3- the total number of concepts that we were not able to
classify under any of the nodes of the tree, which in this case are the 140 concepts
mentioned before, 4- the total number of concepts that we classified under parent
node concepts of the tree, and not under leaf nodes, which were discussed in the
previous sections for each branch of the tree, and 5- the total number of the concepts
that were the subject of the evaluation; i.e. the 2096 concepts obtained from Ta’arifat

Al Jurjani.

To calculate the comprehensiveness, we have to take into account all the mentioned
factors, thus we divide the number of classified concepts; including concepts that
were classified as subtypes and equivalents of node concepts of the Arabic Ontology,

by the total number of concepts obtained from Ta’arifat Al Jurjani. Using this method
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to calculate the comprehensiveness would indicate the correctness of the achieved

results, since it is completely based on the numbers of the classified concepts, without

having any other factors that would affect it. It is a simple way to measure the

percentage, taking into consideration the number of the unclassified concepts, and the

number of concepts that were classified under parent nodes in the tree. Therefore, the

comprehensiveness of the constructed top levels of the Arabic Ontology is calculated

as follows:

>
>

The total number of concepts in the sample = 2096

The total number of sample concepts classified as subtypes to leaf node concepts
=1890

The total number of sample concepts that were classified as equivalent to node
concepts of the tree = 31

The total number of concepts that were classified directly under parent concepts
of the tree = 35

The total number of concepts that we were not able to classify under any of top
level concepts = 140

The comprehensiveness of the top levels of the Arabic Ontology, based on the
subject sample of the evaluation = (1890 + 31)/2096 = 91.7%. Where we
excluded the number of the concepts that were classified under parent nodes of
the tree, in addition to the concepts that were not classified under any of the top

level concepts.

This result indicates that the constructed top levels of the Arabic ontology are 91.7%

comprehensive, where they covered a large scope of the Arabic language, based on

the sample that was subject to the implemented evaluation.

5.9 Evaluating the top levels of the Arabic Ontology using an article of common

words:
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As shown before, we have used Ta’arcefat for Al Jurjani as a reference to be the
subject of the conducted evaluation. However, we ought to conduct another
experiment, to estimate the comprehensiveness of the constructed top levels of the
Arabic Ontology, using a general article that contains common Arabic words. This is
because we want to estimate the comprehensiveness of the top levels of the Arabic
Ontology using words that are commonly used by Arabic language speakers, instead

of just using a sample of the most abstract concepts of the Arabic language.

To conduct this experiment, we have chosen an article about “Digital Media” called
“Bl AP written by Abdel Jalil Dibwan. A copy of this article is found in
appendix 1V. The words of the article were moved into an excel sheet, where we
followed the exact mapping/classification process we have used in the first
evaluation. However, since it is an article and not a dictionary, we have understood
the meaning of these terms based on their context. Where we have read the article
sentence by sentence to be able to extract the exact meaning for each word, and
classify it under one of our top level concepts. The overall results of the classification

can be found in appendix V.

The results of the classification are shown in table (8), which summarizes the results
of the mapping process into all concepts of the top levels. The first column includes
all the top level concepts in Arabic and in English, the second column includes the

number of Arabic concepts that were linked to these top concepts.

It is worth adding that there were some terms that were repeated throughout the
whole article, having the same meaning in every context they were used in; for
example, the term “<u % which meant the same exact thing in each time it was
mentioned in this article. Thus, we have treated all similar terms that have the same
meaning as one term, and classified it just once under one of the top level concepts in

our constructed tree.
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The original version of this article consisted of 503 terms, while the number of
unique terms was 416 terms, where each one of these terms has a different meaning,

and was classified under one of the top level concepts accordingly.

Table 8: The Mapping results

Top level concepts Number of Mapped Concepts from the Sample
English Term Arabic Term
Entity o 0
Abstract Ay 0
Dependent Entity b s 0
Information Entity ol 28
Object 9 5a 1
Occurrence Gaa 0
Description ) 43
Proposition AP 0
Space Region 4l 0
Time Interval Ayie )5 yid 2
Formal Entity daaly) A 0
Attribute da 0
Quantity EENY 0
Quality ZENCIEN 1
Capability 58 4
Role BIN 1
Disposition le 0
Function Agh, 0
State ZUEN 19
Physical Object ke 25 5a 4
Social Object @okie) asa se 1
Process dlee 35
Event &l 0
Action Jad 32
Accomplishment dadl 18
Social Agent @okie) padd 2
Natural Person Ol padd 0
Organization Fon e 0
Collection EARN 12
Place L) 3
Collective iclea 0
Artifact g shae 2
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Material ke 0
Astronomical Body S bem 2> 0
Geographical Region | 4él s ddlaic 1
Anatomical Structure S LS 0
Organism U 0
Virus P 0
Physical Quality Lol dpala 1
Abstract Quality 83 jae dpald 7
Temporal Quality 4 dpala 0
Time Duration B 1
Time Location st s 0
Number RArS 1
Set ie gana 0
Physical Attribute Lole dda 9
Abstract Attribute 83 yae ddia 70
Stop words - 104
Not Mapped * 12
Total & saaall 416

To estimate the comprehensiveness of the constructed top levels of the Arabic
ontology based on this article of common words, we have followed the same
methodology we used in our first evaluation. Where we have taken into consideration
concepts that were mapped as subtypes of leaf nodes, equivalents to existing nodes,
subtypes of parent nodes, and concepts that we were not able to classify under any of

the top level concepts.

In the next 5 sections, we will estimate the comprehensiveness of the branches of the

top levels of the tree.

5.10 The comprehensiveness of the “Object — 25> 54" branch:

In order to estimate the comprehensiveness of the “Object — 25> s branch, we need

to know:
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1-

2-

The number of all concepts that were classified as objects, regardless their
types, which in this case are 25 concepts.

The number of concepts that were classified as subtypes to parent nodes in
the Object branch; which equals 5 concepts. Where these concepts were
classified under parent nodes in the object branch; namely “Object”,
“Physical Object” and “Social Object” other than being classified under leaf
nodes of the same branch. These concepts are “Jals”, “cu mwYP «“aSui,
“Os8” and “al$8” Where “Ja) s was classified under the top concept
“Object”, as obstacles might be both physical and social objects. While all
other concepts were classified under the top concept “physical object” as
they are physical objects themselves, but do not fall under any subtypes of
“Physical Object”.

The number of concepts that were classified as subtypes to leaf nodes in the
object branch, which in this case equals 20 concepts.

The number of concepts that were classified as equals to any of the top level
concepts in the object branch. Which in this case was zero.

Based on the mentioned numbers, and following the same method we used earlier to

estimate the comprehensiveness, we conclude that the comprehensiveness of the
“Object” branch = (20 + 0)/25 x 100% = 80%

5.11 The comprehensiveness of the “Occurrence - < branch:

In order to estimate the comprehensiveness of the “Occurrence - &as” branch, we

need to know:

1-

2-

The number of all concepts that were classified as occurrences, regardless of
their types, which in this case is 85 concepts.
The number of concepts that were classified as subtypes to parent nodes in

occurrence branch; which equals zero concepts.
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3- The number of concepts that were classified as subtypes to leaf nodes of the
occurrence branch, which in this case equals 85 concepts.
4- The number of concepts that were classified as equals to any of the top level

concepts in the occurrence branch. Which in this case was zero.

Based on the mentioned numbers, we conclude that the comprehensiveness of the
“Occurrence” branch = (85 + 0)/85 x 100% = 100%

5.12 The comprehensiveness of the “Dependent Entity - 115” branch:

In order to estimate the comprehensiveness of the “Dependent Entity - 1 5™ branch,

we need to know:

1- The number of all concepts that were classified as Dependent entities,

regardless their types, which in this case are 33 concepts.

2- The number of concepts that were classified as subtypes to parent nodes in
dependent entity branch; which equals zero concepts.

3- The number of concepts that were classified as subtypes to leaf nodes of the
dependent entity branch, which in this case equals 32 concepts.

4- The number of concepts that were classified as equals to any of the top level
concepts in the Dependent entity branch. Which in this case was 1 concept.

Based on the mentioned numbers, we conclude that the comprehensiveness of the
“Dependent entity” branch = (32 + 1)/32 x 100% = 100%

5.13The comprehensiveness of the “Abstract - 2,2« branch:

In order to estimate the comprehensiveness of the “Abstract - 2>« branch, we need

to know:
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1- The number of all concepts that were classified as Abstract entities,
regardless their types, which in this case are 125 concepts.

2- The number of concepts that were classified as subtypes to parent nodes in
abstract branch; which equals zero concepts.

3- The number of concepts that were classified as subtypes to leaf nodes of the
abstract branch, which in this case equals 125 concepts.

4- The number of concepts that were classified as equals to any of the top level
concepts in the abstract branch. Which in this case were zero concepts.

Based on the mentioned numbers, we conclude that the comprehensiveness of the
“Abstract” branch = (125 + 0)/125 x 100% = 100%

5.14 Calculating the comprehensiveness of the constructed top levels of the

Arabic Ontology based on the second evaluation:

To estimate the overall comprehensiveness of the constructed top levels of the Arabic

ontology based on the second evaluation, we divide the number of classified

concepts; including concepts that were classified as subtypes and equivalents of node

concepts of the Arabic Ontology, by the total number of concepts obtained from the

sample. Therefore, the comprehensiveness of the constructed top levels of the Arabic

Ontology is calculated as follows:

>
>

The total number of words in the sample = 502

The total number of unique concepts in the sample = 416

The total number of concepts of word in the sample (i.e. the total number of
words without the stop words) = (416 — 104) = 312

The total number of sample concepts classified as subtypes to leaf node concepts
=290

The total number of sample concepts that were classified as equals to node

concepts of the tree = 1
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The total number of concepts that were classified directly under parent concepts
of the tree =5

The total number of concepts that we were not able to classify under any of top
level concepts = 12

The comprehensiveness of the top levels of the Arabic Ontology, based on the
subject sample of the evaluation = (290 + 1)/312 = 93.2% Where we excluded the
number of the concepts that were classified under parent nodes of the tree, in
addition to the concepts that were not classified under any of the top level

concepts.

This result indicates that the constructed top levels of the Arabic ontology are 93.2%

comprehensive.

5.15 Conclusions and list of suggestions:

After thoroughly discussing the evaluation results of the two conducted experiments,

and calculating the percentage of comprehensiveness of the constructed top levels of

the Arabic ontology, we will list the results of the evaluation as conclusions, in order

to be able to come up with some suggestions to improve the top levels of the Arabic

Ontology, and be able to continue constructing more levels by adding subtypes for

the existing concepts.

>

The constructed top levels of the Arabic ontology cover a large scope of the
Arabic language, based on the subject two samples of the evaluation. Where the
calculated comprehensiveness of the Arabic ontology was 91.7% based on the
first evaluation, and 93.2% based on the second evaluation.

There are some concepts in the top levels of the Arabic Ontology that need to be
classified by adding more subtypes to them. For example, the concepts “Physical
Object, Accomplishment, Process, and Action, Information Entity, and some of

the Abstract types, like Description, Preposition, and types of Attribute”. Where
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all these concepts had the highest mapping percentages, and need to be classified
to increase the degree of granularity of the constructed top levels.

There is a need to reengineer some of branches in the constructed top levels of the
Arabic Ontology, by adding more nodes to the branches, to cover concepts that
we were not able to map. Such as concepts that express time and space, parts of
entities, some religious and cultural concepts, and some linguistic concepts.
Doing that, the percentage of comprehensiveness of the Arabic ontology will
increase to cover a larger scope of the Arabic language.

It is important to remark also that the philosophical nature of Al Jurjani concepts,
and their lack of clearance have affected the quality of the evaluation. Where it
appears that some of his definitions where based on his own perspective and
belief. Moreover, a large number of the concepts do not have a clear semantic
meaning, i.e. one cannot easily understand the definition and its intended meaning
— as the language used to define them is old, and therefore cannot classify them
under certain top concepts. In addition, some of his concepts are outdated, and not
currently used by Arabic language speakers. All these factors have affected the
overall classification process, and in turn the estimated comprehensiveness. On
the other hand, we have benefited from this reference, as its concepts are
considered to be of the most abstract Arabic concepts, which are domain
independent.
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CHAPTER S1X: CONCLUSION AND
RECOMMENDATION FOR FUTURE WORK

6.1 Conclusion

The process of constructing the top levels of the Arabic Ontology presents a
challenge by itself. A challenge that requires deep investigating and understanding of
concepts that could be considered as the most abstract concepts of the Arabic
language. Here where ontology constructing appears to be a multidisciplinary issue

that concerns not only computer science, but philosophy and linguistics as well.

In this research, we presented our methodology for building the desired top levels of
the Arabic ontology. Our methodology was mainly based on studying other foreign
upper ontologies, and deciding the top concepts and the relations between them. The
methodology also included comparing the chosen concepts with those concepts in the
subject upper ontologies; mainly DOLCE, BFO and SUMO.

The resulted top levels were put into evaluation, to validate their comprehensiveness.
The validation was done manually by mapping a sample of abstract Arabic concepts
and a sample of common Arabic concepts to the constructed ontology. The results
showed that the ontology is comprehensive, but further investigations need to be
carried out to decide whether to add more concepts to the top levels, or

redefine/restructure these concepts to cover more of the Arabic Language.

6.2 Recommendations and Future Work
One future direction of this work will involve linking the Arabic Ontology to the top

levels. The linking process is mainly based on mapping more Arabic concepts to the

top levels, and forming relations between them. The formed relations will include
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basically the subsumption relation, where the concepts will be linked together based
on their types. Completing this task, we will end up with a tree of Arabic concepts,

linked directly to the top levels; in other words.

Another important thing to be considered for future work, is to employ the
constructed top levels of the Arabic Ontology in developing other domain Arabic
ontologies. In addition, utilize it in developing tools that support the Arabic language,
such as; machine translation, semantic web, and search engines. It is worth noting
that Sina institute in Birzeit University is working on developing such tools, thus it

should be considered utilizing the constructed ontology in these tools.
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APPENDIX | - THE TAXONOMIES OF THE FOREIGN UPPER ONTOLOGIES
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THE TAXONOMY OF DOLCE+DNS !

Fomrel Erity

% http://ontologydesignpatterns.org/wiki/Ontology:DOLCE+DnS_Ultralite
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THE TAXONOMY OF BFO [29]
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THE TAXONOMY OF SUMO*

=Ty T

% http://ontologyportal.org/
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APPENDIX Il - THE TAXONOMY OF THE TOP LEVELS OF THE ARABIC ONTOLOGY
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APPENDIX Il —= THE FIRST EVALUATION
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APPENDIX V — THE SECOND EVALUATION
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