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Knowledge Model Developer’s Guide

This guide provides users with information how to develop their first
ontological knowledge model for managing the knowledge resources of
their organisation. The essential part of the book is devoted to explain-
ing basic terms and rules of the development of knowledge models. Not
only theoretical knowledge is presented but also practical issues are pre-
sented and many hints to make life of a knowledge engineer easier are
given. Simple guidelines how to build a knowledge model in a practical
way are given, such as how to start the development, how to divide the
work into manageable portions, what to focus on, etc. The book enables
to carry out various modelling exercises to help users to master the phi-
losophy of knowledge modelling.

The knowledge modelling procedure described in the book is tailored to
be used with the Protégé 2000 tool which is employed as a front-end
tool for the management of knowledge models in the Webocrat system
(with the ontology server as a back-end part of the software suite).
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1 Executive Summary
In order to improve document retrieval and to provide the system with
some background knowledge, domain modelling approach can be applied
to Webocrat system. Building and maintaining domain model (ontology)
is quite difficult task. Therefore this guide was written.

Section 3 provides basic theoretical overview of knowledge modelling. Af-
ter introducing basic terms, section 4 and 5 presents rules and guidelines
for developing knowledge model.  These are mostly based on our own ex-
periences and users feedback.

Section 6 is the most detailed and contains step-by-step tutorial which de-
scribes how to create your own ontology in Protégé-2000 tool.
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2 Guidelines for the Development of Domain 
Model Using Protégé 2000

2.1 Introduction
Knowledge-based systems supporting human activities in many different
areas do not solve problems right after ‘unpacked’; they depend on cus-
tomised knowledge bases to get their job done. Knowledge bases are some-
times referred to as domain theories, domain models, background
knowledge, or expertise. To build a feasible support system using some AI
techniques one must develop the required knowledge base first, which is
often a difficult and underestimated task.

An essential part of Webocrat functionality is the application of common
ontologies to support knowledge sharing and specify terminology upon
which the entire support system depends. Consider, for example, a system
in which various different procedures are described. These procedures con-
sist of ‘steps’; these form more or less complicated ‘sequences’ with spe-
cific kinds of ‘dependencies’. If employees want to use such a system they
would need to understand what particular ‘words’ mean and what are their
relationships to other ‘words’. Such knowledge must be defined unambig-
uously because different people in the organisational structure of a compa-
ny would need to use them with the same meaning.

A vocabulary of such terms that is readable by both people and computer
is known as ontology. This is a term borrowed from philosophy where it
stands for a systematic theory of entities what exist. In our context, the on-
tology represents formal terms with which one can represent knowledge
and describe individual problems within a particular domain. Ontology in
this sense determines what can ‘exist’ in a knowledge base of an AI support
system. An ontology with syntax and semantic rules provide the ‘lan-
guage’ by which Webocrat(-like) systems can interact at the knowledge
level. Ontology allows a group of people to agree on the meaning of few
basic terms, from which many different individual instantiations, asser-
tions and queries may be constructed. The application of ontologies is not
sufficient to guarantee ‘intelligence’ and unambiguity of knowledge, but it
is an enabling tool.

In the following parts of this document several guidelines and examples
will be presented how to develop your first ontology for managing the
knowledge resources of your organisation. The knowledge modelling pro-
cedure as described further is tailored to be used together with the Protégé
2000 tool. However we would strongly suggest doing the first modelling
exercises on a paper rather than directly in the software tool. This will help
you to master the philosophy of knowledge modelling1 much easier and si-
multaneously will enhance your imagination [1].

1.  Just for the purposes of clarification we should formally talk about knowledge-
level modeling of a task, a domain etc. However, people seem to be accustomed 
to the abbreviated term of knowledge modeling.
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3 Overview of the Basic Terms

3.1 Protégé-2000
Protégé-2000 is an integrated software tool used by system developers and
domain experts to develop knowledge-based systems. We will use Pro-
tégé-2000 to develop the knowledge base  for Webocrat.

Figure 1: Protégé main window

The Protégé-2000 tool accesses all parts of KB through a uniform GUI
(graphical user interface) whose top-level consists of overlapping tabs for
compact presentation of the parts and for convenient co-editing between
them, see Figure 1. This "tabbed" top-level design permits an integration
of:

1. the modeling of an ontology of classes describing a particular subject, 
2. the creation of a knowledge-acquisition tool for collecting knowledge,
3. the entering of specific instances of data

The ontology defines the set of concepts and their relationships. The
knowledge-acquisition tool is designed to be domain-specific, allowing
domain experts to easily and naturally enter their knowledge of the area. 

The resulting knowledge base can then be used with a problem-solving
method to answer questions and solve problems regarding the domain.

The main assumption of Protégé-2000 is that knowledge-based systems
are usually very expensive to build and maintain. For example, the expec-
tation is that knowledge-based system development is a team effort, in-
cluding both developers and domain experts who may have less familiarity
with computer software. Protégé-2000 is designed to guide developers and
domain experts through the process of system development. Protégé-2000
is designed to allow developers to reuse domain ontologies and problem-
solving methods, thereby shortening the time needed for development and
program maintenance. Several applications can use the same domain on-
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tology to solve different problems, and the same problem-solving method
can be used with different ontologies . In this guide, we will show you the
basic steps needed to develop your own ontology using Protégé-2000.

3.2 Knowledge base (knowledge model, ontology, 
domain model)
A knowledge base (KB) is a collection of  concepts and relations among
them. In this paper the KB, ontology, knowledge model and domain model
are the same. KB stores all important “background” information that is
needed by system. This knowledge is usually held by people working in
particular area and must be somehow expressed in the form which compu-
ter understands.

For the purposes of this guide an ontology is a formal explicit description
of concepts in a domain of discourse (classes and instances), properties
of each concept describing various features and attributes of the concept
(slots (sometimes called roles or properties)), and restrictions on slots (fac-
ets (sometimes called role restrictions)). 

We can define the following terms regarding knowledge base [2]:

3.2.1 Domain of discourse

A part of real world we are interested in. In the case of e-government it can
be for example area covering public services.

3.2.2 Class

Classes describe concepts in the domain. For example, a class of person
represents all persons. A class can have subclasses that represent concepts
that are more specific than the superclass. For example, we can divide the
class of all elected representatives into councillors, members of parlia-
ment, and so on. 

A class is a set of entities. Each of the entities in a class is said to be an
instance of the class. An entity can be an instance of multiple classes,
which are called its types.

Classes in Protégé-2000 constitute a taxonomic hierarchy. If a class A is a
subclass of a class B then every instance of A is also an instance of B. For
example, a class representing Mayor is a subclass of the Elected repre-
sentative class (Figure 2).
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Figure 2: Class Hierarchy

Protégé-2000 visualizes the subclass relation in a tree. Protégé supports
multiple inheritance: one class can have more than one superclass. For ex-
ample, Mayor is subclass of both Employee and Elected repre-
sentative, since a mayor is both an elected representative and an
employee of the city hall. The root of the class hierarchy in Protégé-2000
is the built-in class :THING.

3.2.3 Instance

Each of the entities in a class is called instance of the class. Unlike class
which denotes general set of some entities, instance (individual) is partic-
ular entity (object) in a real world. For example, Mayor is a class of all
mayors in our domain. But John Smith is one concrete individual may-
or of e.g. London (Figure 3). So John Smith is instance of Mayor class.
It is natural that only classes can have instances since they represent a set.

Figure 3: Individual John Smith is instance of Mayor class.

3.2.4 Concept

Common name for class and instance.
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3.2.5 Slot

Slots in Protégé describe properties of classes and instances, such as name
of a person or address of an organisation (Figure 3). In Protégé, slots are
first-class objects: Slots are defined independently of any class. When a
slot is attached to a frame in the user’s ontology, it describes properties of
that particular frame (see 3.2.7 for frame explanation). For example, we
can define a slot name and attach it both to the class Person and to the class
Organisation to represent the name of a person and the name of an organ-
isation respectively. When a slot is attached to a frame it can have a value.
For example, the name slot for a specific mayor (instance of the Mayor
class) may have a string “John Smith” as the value.

3.2.6 Facet

Property of slot. One way to specify constraints on allowed slot values is
through facets. The constraints specified using facets include cardinality of
a slot (how many values the slot can have), restrictions on the value type
of the slot (for example, integer, string, instance of a class), allowed class
(if slot type is instance, only instances of allowed classes can be value of
the slot), minimum and maximum value for a numeric slot, and so on. Fac-
ets define restrictions on an attachment of a slot to a class frame. For ex-
ample, a slot age can have type Integer and minimum value of 0. When the
slot age is attached to the class Elected representative, we can in-
crease the minimum value to 18  because elected representative cannot be
under 18 (Figure 4).

Figure 4: Basic facets of age slot.

3.2.7 Frame

A frame is a primitive object that represents an entity in the domain of dis-
course. In our case it is class, instance, slot and facet.

3.2.8 Own and Template Slots

A slot can be attached to a frame in one of two ways: as a template slot or
as an own slot. An own slot attached to a frame describes properties of an
object represented by that frame (an instance or a class). Own slots at-
tached to a class do not get inherited to its subclasses or propagated to its
instances.
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Template slots can be attached only to class frames. A template slot at-
tached to a class is inherited by its subclasses. In addition, a template slot
on a class becomes an own slot on the instances of that class (Figure 5).

Figure 5: Propagation of template and own slots through the subclass-of and instance-of
relations.

For example, a slot containing a name of a specific mayor - a name slot at-
tached to a frame representing that individual instance of the class Mayor -
is an own slot attached to that frame (Figure 3). All the other slots on the
instance frame - email, age, and so on - are also own slots attached to this
instance.

Classes can have own slots as well. For example, documentation for a
class is an own slot attached to that class since it describes the class itself
rather than instances of that class. If we represented synonyms for each
class name, then the synonyms slot would also be an own slot for a class:
“Man” is a synonym for the class name Person in our context, but it is not
a synonym for John Smith - a specific (indirect) instance of the class Per-
son. Since both documentation and synonyms in this example are own
slots for a class, these slots and their values do not get inherited by sub-
classes. Indeed, synonyms of the class name Person are not related to the
synonyms for class name Mayor - a subclass of Person.

Template slots describe properties that an instance of a class shall have.
For example, instances of the class Elected representative - individual
representatives themselves - have names, emails, the political party they
belong to, and so on. The slots name, email, and political party  are
template slots for the class Elected representative (Figure 6).

Class A

Template Slot T1
Allow ed-class: C1

Ow n Slot O2
Value: V2

Class B

Tem plate Slot T1
Allow ed-class: C2 (subclass of C1)

Tem plate Slot T3
Allow ed-class: C3

Instance I

Ow n Slot T1
Value: I1 (instance of C1)

subclass instance

Ow n slot does
not get propagated
anyw here

Template slot
becomes ow n slot
in instancesNew  template slots

can be added

Templates slot is
inherited. Allow ed
class in subclass
can be more
specif ic.
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Figure 6: Template slots of Elected representative class.

Every instance of the class Elected representative has these slots as
own slots with specific values (Figure 3). Any subclass of Elected rep-
resentative also will inherit these template slots. In fact, the class
Elected representative inherited most of its template slots from its su-
perclass Person. However, political party slot was defined only at
Elected representative class.

To summarize, own slots describe a property of a (class or instance) frame
itself rather than properties of instances of that frame. Template slots de-
scribe properties of instances of a class. Own slots do not propagate to ei-
ther subclasses or instances of the frame to which they are attached.
Template slots get inherited as template slots to the subclasses, and they
become own slots for instances.

Protégé-2000 does not allow direct attachment of own slots to classes or
instances. An individual instance can acquire own slots only by being an
instance of a class that has those slots as template slots and a class can ac-
quire own slots only by being an instance of a metaclass that has those slots
as template slots. Metaclasses are not covered in this document, see [3] for
more details.

3.2.9 Knowledge-acquisition forms

In Protégé-2000, structured data entry allows users to enter information
about instances quickly and easily and to verify the entered information di-
rectly. Protégé-2000 enables structured data entry by using knowledge-ac-
quisition forms to acquire instances information. The form-based interface
is one of the central user-interface metaphors in Protégé. When a user de-
fines a class and attaches template slots to it, Protégé automatically gener-
ates a form to acquire instances of that class. The slots for the class, their
cardinality and value type determine the default layout and the content of
the form. For example, Protégé-2000 uses a text field as a default way to
display and acquire a value of a single-cardinality slot of type string. It uses
a pull-down menu for a slot whose values are limited to a set of symbols.
It represents a boolean slot with a checkbox. It uses a list for slots that have
multiple values.
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Figure 7: Customizing the form for class Person. We choose to use a slider to acquire
the numeric value for the age slot instead of a text field used in the form in Figure 3

Users can customize the standard form that Protégé-2000 automatically
generates for each class to suit the requirements of the specific class better.
Customization includes changing the layout of the form components by
moving the “important” information to the top of the form, changing labels
for the form fields, and choosing different ways of displaying and acquir-
ing slot values. For example, we can use a text field (with the appropriate
validation) to acquire an integer value or we can use a slider to set the value
instead (Figure 7). The component-based architecture of Protégé-2000 en-
ables developers to write their own domain-specific and task-specific com-
ponents to acquire and display slot values.

The current knowledge-acquisition process in Protégé-2000 consists of
three steps:

1. define a class and its template slots;
2. lay out the form that will be used to acquire instances of that class;
3. acquire instance of the classes.

Therefore, there is a form associated with each class and this form is used
to acquire instances of that class.
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4 Rules for Development of Domain Model

4.1 Basic Rules
There are several simple rules that must be kept when developing a domain
model within the Protégé-2000. We try to keep as few rules the developers
need to learn as possible. However, these are the most important ones and
also the most usual mistakes developers make:

1. Instances must be derived from an existing class. There cannot be a
stand-alone instance (without the instance_of relation to an existing class).

This rule has several important consequences. First, a class must be defined prior
to the definition of instances. It means that the developer defines classes like
Person or Mayor first and then starts to define specific instances, e.g. John
Smith as instance of Mayor.

Another implication is that there cannot exist a ‘stand-alone’ instance that does
not belong to any class.

2. Slots (properties) can only be inherited from classes, never from
instances. We mentioned this rule already when discussing slots. It means sim-
ply that a concept of type class (Parent) may have one or more sub-classes (Chil-
dren) and simultaneously it may have one or several instances. In a graphical
form a class may appear wherever in the tree-structure of domain model (as a root
node, intermediary node, or a leaf node). On the contrary instances will always be
depicted as leaf nodes; they cannot have any sub-classes or sub-instances!

3. Class inherits all template slots from its parent as they exist; a new slot
may be added or an existing slot may be overridden by a new slot defined at a
child class.

We have seen the situation above (Figure 6) when a child class Elected rep-
resentative inherited the slots from its parent class Person. In addition to
the inherited slots (age, email, gender and name) new one was defined
(political party). Moreover, the age slot was overridden in this class (we
can see little “o” beside it in Figure 6) because we redefined the minimum value
of age slot from 0 (defined at Person class) to 18 years.

4. Any slot may be renamed or deleted only in the class where it was
originally defined. For instance, slot age may be renamed to person_age
only in the definition of class Person; it cannot be renamed in class Mayor
though it is present there. The same applies to deletion.

5. Each slot must have its Value type defined – it may be a reference to
another existing class or instance in a domain model or one of the built-in data
types (e.g. String, Integer, Symbol, etc.).

See Figure 4 as example - the age slot is of type Integer. Similarly, slot name is of
type String; thus any combination of characters may serve as a name. This way
we can define slot author at Document class of value type Instance with allowed
class Person (Figure 8). That means that author slot  can have any instance of Per-
son class as a value (Figure 9). This is how we can model relations among con-
cepts in ontology other than subclass-of and instance-of.
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Figure 8: The author slot is of type Instance and its value is restricted to Person class
only.

Figure 9: The author slot can have any instance of Person class as a value.

6. A slot in the class definition may but need not have its value speci-
fied (filled). A slot in instance definition has to have a value assigned if the slot
is required. The value must always meet all the restrictions specified at slot
definition.

You can assign a value or default value to the slot at class level. Both are inherited
to subclasses or instances. The difference is that values cannot be changed later
in subclasses or instances while default values can.

4.2 Hints
During the process of building ontologies some issues were explored
which should serve as a guide for other knowledge model developers.
These are mostly some hints related to the form of the ontology, and not
principal limitations.

4.2.1 Naming Conventions

Capitalization and delimiters

Since all classes, instances, slots and facets are first-class objects, i.e. they
have global scope, name duplicity is not allowed. This is quite obvious for
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class names, but can lead to some confusion when trying to give a class and
a slot the same name.

For example, we have class Organisation and class Employee. Every
employee belongs to some organisation so it is natural we assign the slot
Organisation to the class Employee. Trying to do so, Protégé 2000 pops
up an error, because some object with the name Organisation already ex-
ists in the ontology (class Organisation). Fortunately, the system is case
sensitive and it is allowed to have two objects with names Organisation
and organisation. We suggest to use names with the first letter in upper-
case for classes and with all letters in lower-case for slots. 

Spaces in class names are allowed but do not use diacritics, the reasoning
mechanism will work more efficiently. Values of slots of String type can
be any string including white spaces and diacritics.

Singular or plural

A class name represents a collection of objects. For example, a class Per-
son actually represents all persons. Therefore, it could be more natural for
some designers to call the class Persons rather than Person. No alterna-
tive is better or worse than the other (although singular for class names is
used more often in practice). However, whatever the choice, it should be
consistent throughout the whole ontology. 

Using the same form all the time also prevents a designer from making
such modeling mistakes as creating a class Persons and then creating a
class Person as its subclass.

Prefix and suffix conventions

Some knowledge-base methodologies suggest using prefix and suffix con-
ventions in the names to distinguish between classes and slots. Two com-
mon practices are to add a has- or a suffix –of to slot names. Thus, our slot
becomes has-employees if we chose the has- convention. The slot be-
comes employee-of if we chose the -of convention. This approach allows
anyone looking at a term to determine immediately if the term is a class or
a slot. However, the term names become slightly longer.

Other naming considerations

For better browsing and intelligibility it is recommended to use full names
for classes. For example if we have class Department and we want to cre-
ate its subclass for financial department. Do not name that subclass only
Financial. Give it a full name: Financial department.

Here are a few more things to consider when defining naming conventions:

• Do not add strings such as “class”, “property”, “slot”, and so on to concept
names. It is always clear from the context whether the concept is a class or a
slot, for example. In addition if you use different naming conventions for
classes and slots (say, capitalization and no capitalization respectively), the
name itself would be indicative of what the concept is.

• It is usually a good idea to avoid abbreviations in concept names (that is, use
Organisation rather than Org)
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4.2.2 Inverse Facets

Specify Inverse facets (properties) for slots where possible. It can consid-
erably simplify the ontology building and maintaining. Inverse facet has
only meaning with slots whose value is some other instance or class. If the
slot SA specifies some property of class A from the point of view of the
class A, the slot SB specified by inverse facet in the SA slot describes
that property from the point of view of the class B, where B is a value of
slot SA. In Protégé 2000 then A automatically appears also as a value of
SB, if SB is a slot of B.

For example, we have a class Employee with slots subordinate and
boss, both of the type Employee. It is good to specify for the slot subor-
dinate that its inverse slot is boss. This automatically causes that inverse
slot of the boss slot is subordinate slot. Then we create two instances A
and B of the class Employee. Set the value of boss slot of A class to B,
then A automatically appears as a value of subordinate slot of B.

4.2.3 Subclasses vs. Instances vs. Slots
Subclass must be a
special case of super-
class. It cannot be an-
ything else.

When creating the hierarchy of classes and instances, it is sometimes not
very clear whether to create a subclass or instance. Instance should be used
only when it is clear, that it does not represent any set of objects. Otherwise
use subclass, it is safer. Subclass can be always instantianised, but instanc-
es cannot be subdivided any more. For example, we have a class Employ-
ee. We want to add an object Clerk under it. Should it be a subclass or
instance of Employee? If we intend to add all physical clerks that work in
organisation to ontology, it is not good idea to create Clerk as an instance
of Employee because no instances can be created then. Clerk should rep-
resent a set of objects, so it should be subclass of Employee. Another useful
rule for deciding whether something should be a class or instance is that
usually, only instances have some values in their slots. For example, class
Mayor doesn't have any value in its age or name slot. In contrary, instance
John Smith has values of these slots set to John Smith and 49.

Sometimes it is not clear to an inexperienced user what is the difference be-
tween class-subclass hierarchy and using of slots. Especially in the case of
the part-whole relations the user tends to specify the parts of some object
as its subclasses. But this is a big mistake. As a rule of thumb, subclass
must be a special case of superclass. It cannot be anything else.

Let us suppose that a department consists of several offices, e.g. Financial
Department consists of Tax Office and Salary Office. In this case we may
create a general class Department. Under it we can create a subclass Fi-
nancial Department, Environmental Department and so on. This is
good, because Financial Department is special case of department. Now it
may seem to be OK to define Tax Office as a subclass of Financial De-
partment. As described above, this violates the basic rule. Tax Office is
not a special case of Financial Department, but it is its part. The usual way
is to create a new upper class Office with the title slot. Under it we cre-
ate instances of arbitrary offices. One with the title “Tax Office”, second
with the title “Salary Office”.
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OK, but how do we express the fact that Tax Office is a part of the Finan-
cial Department? We use slots. New slot offices can be created in class
Financial Department (or in its superclass: Department), values of
which are corresponding instances of Office class. The name offices for
slot is nice and descriptive. Another way is to give it a more general name
– consists-of. In this case the Office class may have part-of slot,
which can be defined as inverse to the consists-of. The full advantage of
using an inverse slot can be demonstrated here - when adding Tax Office
instance to Financial Department class via consists-of slot, Finan-
cial Department automatically appears in part-of slot of the Tax Of-
fice instance.

4.2.4 Showing the Instances

When the instance is created, the Protégé 2000 gives it a unique, but ugly
name automatically. It is something like MyOntology_0017. It cannot be
changed and by default the instances are listed by these names in the In-
stance tab in Protégé. To improve readability, this behaviour can be
changed. In the Form tab of Protégé select the class,  instances and sub-
classes of which have to change the appearance in the instance list. Then
change the Form Browser Key value from inherited to the slot you want to
be displayed in the list. For example, for a class Person select slot name;
all instances of Person or instances of subclasses of Person will be list-
ed by name.

4.2.5 Managing the multiple inheritance

Protégé allows classes to have multiple parents, what can be very useful in
some cases. It means that properties (slots) of all parents are inherited. For
example if there are Technician and Manager classes in the ontology and
we want to create Technical Manager class, it is correct if it is a subclass
of both of them.

Working with classes with multiple parents is the same as working with
those which have only one parent. In Protégé they appear under every par-
ent and are marked with the letter M.

Subclass inherits all slots of its parent, i.e. it has a union of their slots. It is
not a problem, if intersection of parents’ slots is an empty set or if it con-
tains exactly the same slots.

There is a conflict, if definitions of the same slots are different. For exam-
ple, class A has a slot S1 of type Integer and slot S2 of type Float. Class
B has a slot S1 of type String and slot S3 of type Boolean. Then class C
is created as subclass of A and then the class B is added as its parent as well.
C contains 3 slots: S1 of type Integer, S2 of type Float and S3 of type
Boolean. Type of the first parent added is inherited, so the order of parent
addition is important [4].

4.2.6 How many is too many and how few is too few?

There are no hard rules for the number of direct subclasses that a class
should have. However, many well structured ontologies have between two
and a dozen direct subclasses. Therefore, the following two guidelines:
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1. If a class has only one direct subclass there may be a modeling problem or the
ontology is not complete.

2. If there are more than a dozen subclasses for a given class then additional inter-
mediate categories may be necessary. 

4.2.7 When to introduce a new class (or not)
Subclasses of a class
usually (1) have addi-
tional properties that
the superclass does
not have, or (2) restric-
tions different from
those of the super-
class, or (3) partici-
pate in different
relationships than the
superclasses.

One of the hardest decisions to make during modeling is when to introduce
a new class or when to represent a distinction through different property
values. It is hard to navigate both an extremely nested hierarchy with many
extraneous classes and a very flat hierarchy that has too few classes with
too much information encoded in slots. Finding the appropriate balance
though is not easy.

There are several rules of thumb that help decide when to introduce new
classes in a hierarchy.

Subclasses of a class usually (1) have additional properties
that the superclass does not have, or (2) restrictions different
from those of the superclass, or (3) participate in different re-
lationships than the superclasses.

In other words, we introduce a new class in the hierarchy usually only
when there is something that we can say about this class that we cannot say
about the superclass. In practical terms, each subclass should either have
new slots added to it, or have new slot values defined, or override some
facets for the inherited slots. 

However, sometimes it may be useful to create new classes even if they do
not introduce any new properties. One reason to introduce new classes
without any new properties is to model concepts among which domain ex-
perts commonly make a distinction even though we may have decided not
to model the distinction itself. Since we use ontologies to facilitate com-
munication among domain experts and between domain experts and
knowledge-based systems we would like to reflect the expert’s view of the
domain in the ontology.

4.2.8 A new class or a property value?

When modeling a domain, we often need to decide whether to model a spe-
cific distinction (such as formal, or informal document) as a property value
or as a set of classes again depends on the scope of the domain and the task
at hand.

Do we create a class Formal Document or do we simply create a class Doc-
ument and fill in different values for the slot kind? The answer usually lies
in the scope that we defined for the ontology. How important the concept
of Formal Document is in our domain? If documents have only marginal
importance in the domain and whether or not the document is formal does
not have any particular implications for its relations to other objects, then
we shouldn’t introduce a separate class for formal documents. Alternative-
ly, for our situation a formal document is very different from an informal
document: it is processed in different way, has different properties, and so
on. Thus, we create a separate class for Formal Document.
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5 Guidelines for Domain Model Development
Before we start developing the first domain model containing the activities
and concepts relevant for our organisation we should keep in mind the fol-
lowing points:

• Start the development of the domain model from a few important concepts; in
knowledge modelling we are calling them seed. Continuously the seed will
grow larger, new layers will appear and the model will become more compli-
cated.

• Do not attempt to develop your domain model ‘in one shot’ – it is practically
impossible. Make small steps rather than giant leaps.

• Begin your work with a paper notebook and pencil; to find the concepts that
will be included in the model seed you do not need any sophisticated tools.

• If you have no idea how to begin, you may find the sample discussed further
very useful to play the role of your first ‘seed’. Try to identify general con-
cepts first; then continue with more and more specific.

Let us start with the clarification what we want to do actually. In our case
the aim is to develop a preliminary model of the structure of local govern-
ment and public services and activities that are relevant. We want to focus
our domain model on the documents that can be interesting to the citizens
and on services they can get. This goal drastically limits the space of rele-
vant concepts – for instance, we decided not to include any information on
commercial opportunities in our city, because this seems to be irrelevant to
our current goals.

From our point of view it is important to manage the knowledge contained
in various internal and external documents produced or handled by local
authority. Also we want to capture knowledge about who is responsible for
the particular document, who are the authors, and how is the workload dis-
tributed among the departments of City Council.

From this simple goal identification we are able to see that the develop-
ment of our model will run in several parallel ‘threads’. The threads are ap-
parently self-containing but we may find very close relationships among
the concepts belonging to different threads. Just to summarise, our threads
are as follows:

1. simplified organisational structure;
2. human resources structure and their positions;
3. types of documents and activities

5.1 Concept Identification – Domain Model Seed
We can start with point 1. The most generic concept is in our case Organ-
isation. From this concept we may derive different types of organisa-
tions. We decide to define the concepts that will describe the public
organisations. The concepts of interest are Educational Organisation,
Hospital, Police, and City Council. We can go further and define
more specific concepts University and High School.

Another point of view will be the ‘sub-departments’ within a single organ-
isation. Here we suggest such concepts as Department, Office, etc. We
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should not use Organisation as a root concept for those concepts because
the criteria used for specialisation was based on services that organisation
provides (Hospital, Police, etc.). On the other hand,  Department and
Office represent organisational structure. We should always use the same
specialisation criteria on the same level of conceptualisation. So it is good
idea to put  Department and Office into own branch with new root con-
cept, for example Place of work.

As you may have noticed, what we did so far was a plain identification of
concepts, without any relations among them, without any further details
describing any of the defined concepts. In a similar way we define a few
‘seed’ concepts for the remaining threads as they were introduced earlier.
See Table 1 for a short and simplified breakdown. Every column corre-
sponds to one ‘thread’; the concepts in the first row are root concepts of
particular threads. The concepts in one cell represent concepts that are sim-
ilar from a certain viewpoint – for instance, Educational Organisa-

tion, Hospital, Police, and City Council are different types of
organisations.

5.2 Relationships Among Seed Concepts
After the domain model seed was successfully prepared we may start de-
fining the relationships among the concepts. This is much easier than it
seems at the very beginning. First, we shall remember from the previous
section that Protégé supports basically two types of relationships between
two concepts – subclass_of and instance_of.

Subclass_of is a relation between two classes, whereas instance_of de-
notes relationship occurring between class and its instance. But – what are
the concepts in Table 5.2? Are they classes or instances? The answer is –
in general they may be both … Fortunately, there is no time to panic, be-
cause we introduced some hints in chapter Subclasses vs. Instances vs.
Slots. Just for reminding, here are a few simple ‘rules’ how to recognise
classes and instances:

Rule 1:  If a concept describes a unique event, activity, person, or thing
it may be usually considered as an Instance of a more general Class.

Example: 

‘Dr. John Doe’, ‘Prof. Albert Einstein’, etc. are instances
of a generic class Person or Employee. On the other hand Offic-

Organisational Structure People Documents and activities

Organisation Place of work Person Document Activity

Educational
Organisation,
Hospital, Police,
City Council

Department,
Office

Elected Repre-
sentative, Citi-
zen, Employee

Formal docu-
ment, informal
document

Social care,
Education, Pro-
tection, Trans-
portation, Free-
time activity,
Financial trans-
action

Councillor,
Member of Par-
liament, Mayor

Table 1: Identification of the domain model 'seed'.
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er and Councillor are probably not instances, because several
people can have this position, so we define them as classes.

Rule 2:  If a concept describes a group of people, events, activities, or
things, and cannot be assigned to a unique person, event, etc. then it
is highly probable that such concept denotes a class in a domain
model.

Example: 

Officer and Councillor are concepts that may group together
several people. Several people in organisation may have the same
position therefore it is advantageous to define these concepts as ge-
neric classes rather than instances.

Rule 3:  The type of a particular concept depends on what details about
a particular subject you want to express.

Example: 

If we wanted only to distinguish different positions in organisation
without paying any attention to actual people then Officer might
be also instance of a class Employee.

Applying the rules introduced above we decide that all concepts in the
‘seed’ (Table 2) will be of type class and among them subclass_of rela-
tions will be defined. We also add several concepts we think could be in-
stances (such as Animal registration form or Press article). Before
we begin to do anything with Protégé-2000 tool, we should define our do-
main model on paper. It is much easier to do experiments on paper than in
software we are not accustomed to. The guidelines to draw a domain model
on a paper are very simple (Figure 10):

• All classes will be drawn using oval boxes.
• All instances will be drawn as hexagonal boxes.
• All subclass_of relations are represented by full arrows directed from

parent class toward child class.
• All instance_of relations are depicted as dashed arrows directed from a

class toward its instance.

Figure 10: Examples of geometrical structures used to draw domain models.

And the whole sequence of subclass_of and instance_of relations may
look similarly as in Figure 11 when drawn on a paper. As you may notice,
the domain model is currently very simple, it contains separate ‘threads’,
rather than ‘single network’. Individual threads correspond roughly to
three areas we identified and included in our seed.

CLASS INSTANCE

subclass_of instance_of
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Figure 11: Sample scheme of concepts in a domain model seed.

Press article

Document

Informal document Formal document

Press article Tax declaration

Animal Registration
Form

Activity

Education

Protection

Social Care

Free-time activity Financial activity

Transportation

Lifelong learning

Cooking course

Higher education Sport

Travelling

Tax declaration

Person

Citizen
Elected

representative

Employee

Member of
Parliament Councillor Mayor Officer

John Smith

Organisation

Hospital

City Council
Educational
organisation

Police

Kosice
City Council

University High School

Technical
University

Place of work

Department Office

Environmental
Department

Financial
Department

Tax Office
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When we are connecting the concepts into a hierarchical structure we
should be careful to connect the concept to its closest parent. For instance,
it is obvious that Officer is Employee and in the same time a Person.
When we look at the model in Figure 11 concept Officer is connected
only to the concept Employee, not Person. We introduce an additional rule
that might help you to find the optimal structure of your DM:

Rule 4: Find a concept that seems to be the most general from the set of
related concepts. Usually it is the concept, which is not a specialisa-
tion of any of the remaining. Apply this rule recursively and connect
the selected concept to the appropriate parent node. If several con-
cepts seem to be ‘equal’, select all of them and consider them as
‘Brother’ nodes.

5.3 Definition of Slots
So far we have identified the concepts that may be included to a seed do-
main model. Classes were distinguished from instances and the relation-
ships among individual concepts were defined. These relations made it
possible to organise the seed concepts into hierarchical structure(s) using
subclass_of and instance_of relations. The result was a graphical
scheme of a seed domain model as shown in Figure 11. However, the hier-
archy itself is not very useful for many practical applications. When mod-
elling real-world situations we often need also other types of relations and
additional information about concepts. Protégé currently provides support
only for the above-mentioned relations. All other relation must be thus
‘emulated’ using slots.

The next step is to refine our seed domain model by adding the slots that
will describe the individual concepts. As we already know, we can define
the template slots only for classes. We can then take advantage of inherit-
ance, by which template slots are inherited as template slots in subclasses
and as own slots in instances. Therefore it is advisable to begin with the
slots definition from the top-most level; in our case the top most level is
equal to the root nodes of separate threads. In case that your seed domain
model does not have separate threads with unambiguous root nodes you
may choose any generic class concept to begin with. The more abstract and
general is the first concept, the more visible inheritance among concepts
will be.

The next issue is what slots do we really need for particular concepts. Ba-
sically, the hint would be to define only those slots that are relevant for the
purpose your domain model will be used for. In the same time, slots should
be chosen so as to distinguish among different concepts. Too many slots
may confuse both, the domain model developer and user; it will be difficult
and non-transparent to browse domain model that is too complicated.
Therefore the same rule applies as with the concept definition – begin with
a few really important slots and if you find these are inadequate then you
can add some more. Always bear in mind that the purpose of domain model
is to approximate the reality as simply as possible, not mirror it precisely
in all minor details!
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The most typical slots people distinguish are those denoting names, types,
or natures of the concepts. Definition of the slots for the domain model
concepts identified in the previous sections are given below, in Table 2.

To make the task of slots definition easier we recommend that simultane-
ously with the definition of slots you define also slot types. This will clarify
what that particular slot means, what are its relations with other concepts,
and especially whether you have that particular type defined in your do-
main model as a class concept. If such type is desirable and is not present
in the seed domain model, you may include it there. This is also one of the
ways to refine and expand a simple domain model. When you are defining
slot type, always check first whether the existing concepts cannot be used
before you define new ones. If you must define a new concept, try to find
the appropriate position in the existing domain model, where the new con-
cept will suit best. Take advantage of using inheritance as much as possi-
ble; derive existing concepts rather than add completely new ones.

Here is an example how we defined slots for our seed domain from Figure
11. We began with the root nodes of the threads and continued to their sub-
classes – following the direction of arrows denoting subclass_of rela-
tions. Let us begin with Organisation class. Since we have derived spe-
cific ‘types’ of organisation the slots suitable for the root class
(Organisation) in our case might be title, address, and
provides_services. We expect that title and address may be basical-
ly ‘anything’ satisfying the definition of type String. On the other hand
we want to be much more specific with provides_services, therefore we
decide that this slot will be of type Instance with allowed class set to
Activity class.

Child class of Organisation – Educational Organisation inherits all
slots of its parent (i.e. title, address, and provides_services). In ad-
dition we introduce a specific slot called specialisation of type String
where we can define in what fields the particular organisation specialises.
University (child class of Educational Organisation) will have one
more slot degrees_provided that will be one of the allowed and enumer-
ated values (Bc., MBA., MsC. and PhD.).

Sometimes it may happen that we define a slot of type Instance whose al-
lowed class is a class that does not exist in our domain model yet. In this
case we need to define this new class later.

In a proposed way we will define also slots for the rest of the existing con-
cepts in domain model. Once we are finished with the existing concepts,
we may return back to the definition of new concepts that are needed to
keep the domain model consistent. The entire process of domain model de-
velopment is thus iterative and ends when the domain model developer is
satisfied with the current version of the model. Some developers might be
satisfied with a few tens of concepts and relations, whereas some would
develop several hundreds of concepts. However, the users of the domain
model must fully accept its complexity. If they find the model too compli-
cated and use only a small portion of it then the developer’s efforts are
more or less wasted.
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Just to mention briefly the slots we introduce for the other ‘threads’ in our
domain model. When talking about Document and derived concepts we
suggest using slots like title, author and responsible. Slot responsi-
ble may be of type Person, Employee, or Officer. We decide here to de-
fine it as an Employee because Person is too abstract and general concept
for this purpose; Officer is on the other hand too specific. However, we
may change the type of a slot later when we find another concept would be
more suitable. Thread Person may include the following slots: name, age,
gender, email, etc. Activity class can have slots name and
provided_by. Moreover, provided_by slot will be inverse slot to
provides_services slot at Organisation class. That means, if some in-
stance organisation1 of Organisation class provides activity1,
which is instance of Activity class, we set activity1 as a value of
provides_services slot in organisation1. Then organisation1 will
automatically be a value of provided_by slot in activity1.

And finally Place of work - oriented concepts may have slots like name,
employees, belongs_to and contains. For the detailed breakdown of
slot definition see Table 2.

Concept Inherits slots from
New slots 
(Slot_name : slot_type)

Document title : String
author : Instance (Person)
responsible : Instance (Employee)

Formal Document Document handled_by : Instance (Place of 
work)

Informal Document Document

Person name : String
age : Integer
email : String
gender : Symbol (Male, Female)

Elected representative Person politicial_party : String

Member of Parliament Elected representative

Councillor Elected representative

Mayor Elected representative
Employee

Officer Employee

Citizen Person

Organisation title : String
address : String
provides_services : Instance 
(Activity)

Educational Organisation Organisation specialisation : String

University Educational Organisation degrees_provided : Symbol (Bc., 
MBA., MsC., PhD.)

High School Educational Organisation

Table 2: Definition of slots for the domain model concepts.
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Hospital Organisation

Police Organisation

City Coucil Organisation

Activity name : String
provided_by : Instance (Person, 
Organisation, Place of work)

Social care Activity

Education Activity

Free-time activity Activity

Sport Free-time activity

Travelling Free-time activity

Transportation Activity

Protection Activity

Financial activity Activity

Place of work name : String
employees : Instance (Employee)
belongs_to : Instance (Organisa-
tion, Place of work)
contains : Instance (Place of work)

Office Place of work

Department Place of work

Concept Inherits slots from
New slots 
(Slot_name : slot_type)

Table 2: Definition of slots for the domain model concepts.
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6 Model Implementation in Protégé-2000
In this section very brief implementation details will be given, which
should help you to design your first ontology using a tool called Protégé-
2000. The sequence of actions and screenshots corresponds very closely to
the methodology of knowledge model development as it was introduced in
previous sections. Before we start any serious implementation let us note
that we use  Protégé-2000 version1.6 beta. We have localised that version
to several languages because original  Protégé-2000 comes only in English
version. If you don't mind English version, you can get the latest version
of  Protégé-2000 from its official site (http://protege.stanford.edu). Some
screenshots in this section may be different from  the latest version but the
differences should not be significant.

This tutorial gives a brief introduction to creating, viewing, and saving a
Protégé-2000 project. You will create a project called "SampleOntology"
which contains a few of the classes and slots from the example from pre-
vious sections. The tutorial covers the following:

• Creating a project
• Saving and naming a project
• Creating classes
• Creating slots
• Entering instances
• Customizing a form

Once you have read the tutorial, you will be ready to explore Protégé on
your own.

6.1 Creating the Sample Project
First, you must create a new project in Protégé format.

To create the sample project when you start Protégé:

1. Start Protégé. The main window appears.

Press  button to create new project. A dialog box prompts you to select project
format.

2. Select Standard Text Files. This will create a project file in Protégé-2000 for-
mat.
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3. The Protégé window opens and the standard tabs become visible. A new project
always opens at the Classes view. The internal Protégé classes THING and SYS-
TEM-CLASS are all that is visible. No instances will be created.

You are now ready to save and name your Protégé project. Although the tutorial is
not very long, you may find you want to exit the project before you have finished.
If you save and name it now, you will be ready to exit whenever is convenient.

To save the project:

4. Click the Save Project button  at the top left of the Protégé-2000 window. You
can also choose Save from the Project menu. A dialog box is displayed.

5. To choose the location where you want the project to be saved, click the top but-

ton  at the right of the Project line. Then double-click on the target folder to
open it.

6. Type the name for the project, SampleOntology, in the File name entry field.
7. Click Select.
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Note: You can also
choose a location by
typing the full path
name in the Project
line. The names of the
other files will be filled
in automatically.

8. You are returned to the Standard Text Files dialog box. Click OK to save.

You have already noticed that  THING and SYSTEM-CLASS classes are
shown in the class view. Since the SYSTEM-CLASS is not very important for
you, you can hide it:

9.  Click with right mouse button on SYSTEM-CLASS item and press Hide class.

10. The class becomes hidden and is marked by H icon: .
11. Now you can instruct the Protégé not to display hidden classes. Go to menu

Project > Configure... > Options and uncheck Display hidden classes
option.

12. Press OK.

The hidden class has disappeared but it still exists. You can show it again
anytime by checking the Display hidden classes option.

6.2 Creating and Naming Classes
First we will create a new class called Person. To create the Person class:

1. First, if you have clicked on any buttons, or explored the Protégé window, make
sure the Classes tab is selected.

2. Locate the Class Relationship Pane at the left of the Protégé window. This pane
shows the hierarchy of classes, with the current class highlighted. Make sure that
class :THING is highlighted. Almost all the classes you create will be created
subordinate to :THING. THING is abstract top level class which only serves as



Webocrat: Model Implementation in Protégé-2000 Knowledge Model Developer’s Guide

32 Model Implementation in Protégé-2000: Creating Subclasses of Person

the root of whole ontology. All classes that we defined in previous sections that
had no parent class will be subclasses of THING class.

3. Click on the Create button  at the top right of the Class Relationship Pane. A
class is created with a generic name based on the name of the project, such as
SampleOntology_00000. You can see the name in the Class Relationship Pane.
The class is highlighted to show it is selected.

4. Type Person.

5. Click again on the highlighted class to display your change.

If you have trouble renaming the class, look at the Class Form at the right of the
Protégé window. The generic name of the class you just created should be dis-
played in the Name field and highlighted. If the correct generic name is displayed,
but not highlighted, simply click in the Name field to edit the name. If the incor-
rect name is displayed, then the wrong class is selected in the Class Relationship
Pane. Click on the class you want to rename.

6.3 Creating Subclasses of Person
Now we want to create some subclasses of Person:

1. Make sure Person is selected in the Class Relationship Pane.

2. Click the Create  button.
3. Rename the class to Employee.
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Notice that when you create the first subclass of a class, a  or  icon appears to
its left. You can use this icon to display or hide the subclasses of a class.

To create another subclass of Person:

4. Select Person in the Class Relationship Pane. If you do not remember to select
Person, you will create a subclass of Employee.

5. Click the Create  button.
6. Rename the class to Elected representative.

Do the same to create another subclass Citizen.

6.4 Creating a Subclass of a Subclass
We are now ready to create some subclasses of Elected representa-
tive.

1. Select Elected representative in the Class Relationship Pane.

2. Click the Create  button.
3. Rename the class to Mayor.

6.5 Adding an Additional Superclass to an Existing 
Class
We also want a Mayor to be an Employee. Since we have already created
the Mayor class, we do not create it again. Instead, make the existing Mayor
class a subclass of Employee as follows:

 



Webocrat: Model Implementation in Protégé-2000 Knowledge Model Developer’s Guide

34 Model Implementation in Protégé-2000: Adding an Additional Superclass to an Existing Class

1. Select Mayor in the Class Relationship Pane. The current superclass of Mayor,
Elected representative, is displayed in the Superclasses pane just below
the Class Relationship Pane.

2. Click the Add  button in the Superclasses pane. A Select Classes dialog box
displays the class hierarchy you have developed so far.

3. Highlight Employee.
4. Click OK.

Mayor now appears in two places in the Class Window: once under Elect-
ed representative and again under Employee. These superclasses are
listed in the Superclasses pane. In addition, an icon  appears after each in-
stantiation of Mayor, to show that it has multiple parents.

You can also add a superclass using drag and drop. Just drag a class to de-
sired superclass, press CTRL key and release the mouse button.
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You have now created several classes and given one class multiple super-
classes. Create the remaining classes from Figure 11 in the same way.

You are now ready to assign some attributes to the classes you have creat-
ed, by creating slots. This is covered in the next section.

6.6 Creating and Naming Slots
You now have several classes in your project. You can assign attributes to
these classes by creating slots.

To create a slot for the class Organisation:

1. Select Organisation in the Class Relationship pane.

2. Click the Create  button at the far right of the Template Slots pane.
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3. The Slot Form is displayed.

4. To name the slot, highlight the generic name in the Name field. Type the name
for the slot, title.

5. This slot will be a string slot, that is, a slot that takes values that are any string of
alphanumeric characters, possibly including spaces. For this simple slot, we will
not change any of the other fields in the Slot Form except for required. We
check required to define that this slot at any instance must always have a value.
Simply close the form and return to the main window. Notice that your slot now
appears in the Template Slots pane when Organisation is highlighted.

The blue slot icon  indicates that the slot is "direct", that is, it was created
directly on the selected class. You can edit a direct slot by double-clicking
on it to open the slot form.

We will now create remaining two slots for the Organisation class – ad-
dress and provides_services. To create a string slot for Organisation:

6. Click on Organisation in the Class Relationship Pane.

7. Click the Create  button at the far right of the Template Slots pane.
8. Change the slot name to address in the Slot Form.
9. Exit the Slot Form.
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To create the next slot, which will be of type Instance:

10. Make sure Organisation is still selected in the Class Relationship Pane.

11. Click the Create  button at the far right of the Template Slots pane.
12. Change the slot name to provides_services in the Slot Form.
13. Select Instance from the Value Type menu.

14. Click the Add  button above the Allowed Classes pane. Class dialog
appears.

15. Select Activity and press OK.
16. You are back in slot dialog. You can set some documentation text in Documen-

tation field.
17. Check multiple checkbox.

18. Exit the slot form. You now see three direct slots for Organisation.

In the previous example we set some properties (facets) of slot. We will
now describe several common facets.

6.6.1 Value Type

A value-type facet describes what types of values can fill in the slot. Here
is a list of the more common value types [5]:

• String is the simplest value type which is used for slots such as name: the
value is a simple string

• Float and Integer describe slots with numeric values. For example, age of a
Person can have a value type Integer

• Boolean slots are simple yes–no flags. For example, if we choose not to rep-
resent formal documents as a separate class, whether or not a document is for-
mal can be represented as a value of a Boolean slot: if the value is “true”
(“yes”) the document is formal and if the value is “false” (“no”) the document
is informal one.

• Symbol (enumerated) slots specify a list of specific allowed values for the
slot. For example, we can specify that the gender slot can take on one of the
two possible values: male and female.
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• Instance-type slots allow definition of relationships between instances. Slots
with value type Instance must also define a list of allowed classes from which
the instances can come. For example, a slot provides_services for the
class Organisation may have instances of the class Activity as its val-
ues.

• Class-type slots allow definition of relationships between instances and
classes. Slots with value type Class must also define a list of allowed parents
from which the classes can come.

• Any allows any of the types above.

The following three properties are only available for certain slot types.

6.6.2 Allowed Classes

The list of allowed classes from which the instances can come for a slot of
type Instance.

6.6.3 Allowed Parents

The list of allowed classes from which the classes can come for a slot of
type Class.

6.6.4 Allowed Values

The list of allowed values for a slot of type Symbol.

6.6.5 Cardinality

The Cardinality field allows you to specify the number of values allowed
or required for the slot. The default configuration allows the slot to have at
most one value, that is, it can have one value or no value.

You can change the default by entering a positive whole number in the at
least and/or at most options, or by selecting the multiple option with no at
most value.

• required/at least sets the minimum number of values for the slot. To use
this, enter a positive whole number in the at least entry bar. Most common is
to set at least equal to one, which requires a value for the slot. For example,
a setting of at least equal to 1 and at most equal to 1 means that the slot
must have exactly one value. If you enter a value for at least, required is
automatically selected. If you set at least greater than one, multiple is auto-
matically selected.

• multiple/at most means that the slot can contain multiple values, but that
there is a limit to the number of values. If you set at most greater than one,
multiple is automatically selected.

• multiple with no at most value indicates that the value of a slot may contain
any number of items. For example, the slot provides_services in the
class Organisation allows multiple values. This means an instance of
Organisation can provide more than one service. multiple is stored as a
list, and duplicate values are allowed, although their use is uncommon.
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6.6.6 Minimum (optional)

This field is applicable only to slots of type Integer or Float. Minimum al-
lows you to specify a minimum value for your slot. When an instance is
created for a class with this slot, the value of the slot must be greater than
or equal to the minimum. For example, a minimum of zero means instances
cannot have negative values. Together, Minimum and Maximum can be
used to define an allowable range.

6.6.7 Maximum (optional)

This field is applicable only to slots of type Integer or Float. Maximum al-
lows you to specify a maximum value for your slot. When an instance is
created for a class with this slot, the value of the slot must be less than or
equal to the maximum. Together, Minimum and Maximum can be used to
define an allowable range.

6.6.8 Documentation (optional)

The Documentation field allows you to enter a text description of the slot.
Filling in this field is optional but is recommended to make maintaining the
knowledge base easier.

6.6.9 Values (optional)

Allows you to specify the value(s) for a slot at the class level. This value is
filled in for all classes and instances that use or inherit the slot. A template
value is a required value; it can not be changed or overridden at the in-
stance level. For a value that can be overridden, use Defaults instead.

The number of Template Values should not exceed the at most value for
the Cardinality of the slot.

6.6.10 Defaults (optional)

Allows you to specify the default value(s) for a slot. When an instance is
created for a class that has a slot with a defined default, the default value is
automatically entered as the value of the slot. The default value can then
be changed or overwritten.

The number of Defaults should not exceed the at most value for the Cardi-
nality of the slot.

Those were the most important properties of slots. Now you can define all
remaining slots from Table 2.

6.7 Defining Slots – More Details
In this section we will show some advanced techniques related to slots. We
assume that all slots from Table 2 are already defined.

6.7.1 Viewing and Editing Slots

You can view and edit a slot at two levels:
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1. View/edit the top-level properties of a slot. This changes the slot everywhere it
appears, including the Slots Tab and all the classes that reference the slot. Top-
level properties of slot are defined the first time you create the slot.

2. View/override the slot at a class. This creates overrides that appear at the class
and any subclasses. The slot remains unchanged at the Slots Tab, any super-
classes, and any unrelated classes. A slot with overrides is shown with an override

 icon in the Template Slots pane.

In either case, you can edit the properties of the slot directly in the Slot
Form. We will use Person class and its subclasses as an example. When
you first defined age slot of Person class (in the same way as slots men-
tioned in this tutorial), you set its type to Integer and probably left all other
properties unchanged. These settings became top-level properties of age
slot. These settings are used in all classes that have age slot.

Now we want to specify this slot more precisely and set minimum value to
0 because the age cannot be negative. We want to make this change global,
for each class that has age slot, so we must edit top-level age slot.

To edit top-level slots: 

1. In the class view select any class that has age slot. We choose Elected rep-
resentative because we will work with this class further.

2. Double click the slot age in the Template Slots pane. The prompt appears.

3. Select View top-level slot and click OK.
4. Standard Slot Form appears. Set Minimum to 0.

5. Close the form.
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Now the minimum allowed value for age slot at every class is 0. This is
true for Person or Citizen. But we can be more precise with  Elected
representative because elected representatives must be over 18. To de-
fine such restriction only for  Elected representative class and all its
subclasses we redefine the age slot only at class Elected representa-
tive.

1. In the class view select Elected representative.
2. Double click the slot age in the Template Slots pane. The prompt appears.

3. Select View slot at class and click OK.
4. Standard Slot Form appears. Set Minimum to 18.

5. Close the form. Slot age is shown with an override  icon in the Template Slots
pane.

6.7.2 Adding an Existing Slot

It may often happen that you will attach the same slot to several classes.
For example, both Document and Organisation classes have title slot.
We already shown how to create title slot for Organisation class. This
caused no problem because title slot didn't exist before. After we created
it, it became top-level slot which can be also visible on Slots tab.

From now on, we cannot create another title slot for other class. We must
use existing one and override its properties if necessary. You don't need to
keep track whether the slot already exists or not. If you try to create new
slot with existing name, Protégé will warn you.



Webocrat: Model Implementation in Protégé-2000 Knowledge Model Developer’s Guide

42 Model Implementation in Protégé-2000: Defining Slots – More Details

We will show this with Document class. Let us assume that we already add-
ed title slot to Organisation class but we didn't attach it to Document
class yet.

To see what happens if you try to create existing title slot:

1. In the class view select Document.

2. Click the Create  button at the far right of the Template Slots pane. Slot Form
appears with new name of the slot (e.g. SampleOntology_00034).

3. Change the slot name to title in the Slot Form.

4. Close the form. Warning window appears saying that the slot with given name
already exists.

5. Click Close. You can see the newly created slot in the  Template Slots pane. It
has original automatically generated name  SampleOntology_00034
because you failed renaming it.

6. To remove this unwanted slot click Remove  button at the top of Template
Slots pane. Note, this will only remove this slot at Document class but there also
exists global top-level SampleOntology_00034 slot. You can leave it but if
you want to have clean ontology without unused slots, it is good that you delete
also top-level slot. Top-level slots are listed on Slots tab. So click the Slots tab.

7. Select SampleOntology_00034 slot and click Delete  button. Go back to
Classes tab.
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So here is the proper method how to attach title slot:

1. In the class view select Document.

2. Click the Add  button at the far right of the Template Slots pane. Slots list
appears.

3. Select title slot and press OK.

6.7.3 Inverse Slots

A value of a slot may depend on a value of another slot. For example, if an
activity was provided by an organisation, then the organisation provides
that activity (service). These two relations, provided_by and
provides_services, are called inverse relations. Storing the information
“in both directions” is redundant. When we know that activity is provided
by organisation, an application using the knowledge base can always infer
the value for the inverse relation that the organisation provides the activity.
However, from the knowledge-acquisition perspective it is convenient to
have both pieces of information explicitly available. This approach allows
users to fill in the activity in one case and the organisation in another.. Pro-
tégé could then automatically fill in the value for the inverse relation insur-
ing consistency of the knowledge base.

Our example has a pair of  inverse slots: the provided_by slot of the Ac-
tivity class and the provides_services slot of the Organisation class.

When a user creates an instance of the Activity class and fills in the value
for the provided_by slot, the system automatically adds the newly created
instance to the provides_services slot of the corresponding Organisa-
tion instance. For instance, when we say that lifelong learning (indirect
instance of Activity) is provided by the Technical University (indirect in-
stance of Organisation), the system would automatically add lifelong
learning to the list of services that the Technical University provides.
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6.8 Entering Instances
Instances are the actual data in your knowledge base. In general, it is a
good idea to make sure you have structured your project as well as you can
before entering extensive instances. If you have to make changes to your
class or slot structure after instances have been entered, you may lose some
information. In addition, if you add slots, you will not have that informa-
tion for your new instances.

In this section, you will enter instance for the Mayor class:

1. Click on the Instances tab.

2. Click on Mayor. The Create  button in the Direct Instances Pane becomes
active, indicating you can now create an instance.
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3. Click on the Create  button in the Direct Instances Pane to create an instance.

4. Enter John Smith in the Name field.
5. Enter John.Smith@sample_city.org in the Email field.
6. Enter 49 in the Age field. Notice that this field will not accept commas as part of

the entry.
7. Select male in the Gender combo box.

Notice that the information for the Mayor class changed when you created
the instance. The (1) in parentheses after Mayor indicates that this class has
1 instance.

You have now learned to create instances. However, the default form can
be difficult to deal with. Most obviously, the names you see in the Direct
Instances pane are extremely unilluminating. The next section shows how
to edit forms.

6.9 Customizing a Form
Forms determine how your instance information is presented and entered.
By changing a form, you can:

1. change the browser key, used to list your instances
2. reposition and hide fields

6.9.1 Changing the Browser Key

The browser key is the slot that is used to identify the different instances
when they are displayed in a list. If you do not select a slot to use as a
browser key, Protégé-2000 uses a default key, <inherit>, such as
SampleOntology_00044. It is usually helpful to set a browser key for all
classes that will contain instances. In fact, you may choose to set the
browser key before you even start entering instances.

To set the browser key for the Person class:
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1. Click on the Forms Tab.
2. Click on Person in the Forms Pane to the left.. The default form appears in the

Form Edit Pane to the right.

3. Select name from the Form Browser Key menu.

4. If you wish, view the Instances Tab to see that the name of the instances you
entered now appears in the Direct Instances Pane. From now on, you will be able
to view instances of Person by their name field.

Now return to the Forms Tab to continue customizing the Editor form.

6.9.2 Repositioning Fields

You may no longer like the layout of the form. For example you want
Name field to be at the top of the form. To reposition a field by dragging:
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1. Select the Name field by clicking on it. It is outlined in blue to show it is
selected.

2. Drag the field to the top of the Form Edit Pane.

3. Now move Email field down in the same way. Then reposition Name field to its
final location where Email field was placed before.

You can also resize a selected field by dragging the edges, just like any window.

When you have a lot of fields, and you have deleted or resized several of
them, it can be time-consuming to move all the fields by hand. Protégé-
2000 provides a short-cut to rearrange all the visible fields on a form into
a standard order, accommodating their current size. You can then use this
as a basis to further customize the form. To have Protégé-2000 arrange the
fields for you, click Default layout  button.

Congratulations. You have now created a simple project with Protégé-
2000. You can now explore the program on your own, using it to represent
your own ontology. For more information about the capabilities of Pro-
tégé-2000, see the Protégé-2000 Documentation Home Page at http://pro-
tege.stanford.edu/doc/users_guide/index.html [6].
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7 Conclusions
After reading this document you should be able to design and develop your
own domain model. Domain model is used by webocrat to bring more in-
telligence and precision into search process. The better domain model the
better search results. That doesn't mean you need to define very complex
or detailed model. You should always keep in mind what could be impor-
tant to citizens.

To summarise main points given in this tutorial here are the basic steps to
create domain model:

1. Think of purpose for which you will build domain model – purpose of your
Webocrat site.

2. Based on previous point define a seed concepts of domain model on paper.
3. Identify and draw subclass_of and instance_of relations among them

with arrows.
4. Identify necessary slots (properties) of concepts. Don't try to model everything.

Use only information that is important to citizens or employees.
5. Create new project in Protégé and start to put there all information from paper.
6. Create all classes.
7. Create slots.
8. Define forms for instances. Define the Browser key for classes at least.
9. Create instances.
10. Now you can save the ontology and upload it to ontology server.
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8 Terminology
Domain of discourse

A part of real world we are interested in.

Class

A class is a set of entities. Each of the entities in a class is
said to be an instance of the class. An entity can be an in-
stance of multiple classes, which are called its types. A class
can be an instance of a class. A class, which has instances
that are themselves classes, is called a meta-class.

Instance

Each of the entities in a class is called instance of the class.

Note: The term instance is commonly used instead of indi-
vidual in this paper as well as in Protégé 2000.

Individual

Entities that are not classes are referred to as individuals.
Thus, the domain of discourse consists of individuals and
classes.

Note: The term instance is commonly used instead of indi-
vidual in this paper as well as in Protégé 2000.

Slot

Property of frame.

Facet

Property of slot.

Frame

A frame is a primitive object that represents an entity in the
domain of discourse. In our case it is class, individual, slot
and facet.

Concept

Common name for class and instance.

Knowledge base

A knowledge base (KB) is a collection of classes, individu-
als, frames, slots, slot values, facets, facet values, frame-slot
associations, and frame-slot-facet associations. KBs are con-
sidered to be entities in the universe of discourse and are rep-
resented by frames. All frames reside in some KB.

In this paper the KB, ontology and domain model are the
same.
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Ontology

A set of concepts and their relations.

In this paper the KB, ontology and domain model are the
same.

Domain model

Model of domain of discourse in terms of concepts.

In this paper the KB, ontology and domain model are the
same.

Protégé 2000

Ontology editor commonly used in AI community, has been
customised for the needs of the Webocracy project.



Webocrat: Bibliography Knowledge Model Developer’s Guide

Bibliography: Customizing a Form 51

9 Bibliography
[1] Dzbor, M. (1999) Guidelines for the development of company domain
model using OntoBuilder

[2] V. K. Chaudhri, A. Farquhar, R. Fikes, P. D. Karp, and J. P. Rice
(1998), Open Knowledge Base Connectivity 2.0, KSL-98-06 (technical re-
port), Stanford Knowledge Systems Laboratory, Stanford University,
Stanford, CA.

[3] Noy NF, Fergerson RW, Musen MA. (2000) The knowledge model of
Protege-2000: Combining interoperability and flexibility. 2d International
Conference on Knowledge Engineering and Knowledge Management
(EKAW'2000); Juan-les-Pins, France.

[4] Macej, P., Novacek, E., Thomson, P., Paralic, J. and Cizmarik, T.,
(2002) Conceptual Knowledge Models (Phase I). Webocracy Technical
Report R12.2.1

[5] Natalya Fridman Noy  and  Deborah L. McGuinness (2001)  Ontology
Development 101: A Guide to Creating Your First Ontology. Technical
Report KSL-01-05, Stanford Knowledge Systems Laboratory

[6] The Protégé-2000 User's Guide, 2003, http://protege.stanford.edu/doc/
users_guide/index



Webocrat

This guide is deliverable of Webocracy Project (Project Deliverable R13.2)
The Project is funded by European Commission DG INFSO under the IST programme, contract No. IST-1999-20364.

 The content of this publication is the sole responsibility of the authors, 
and in no way represents the view of the European Commission or its services.




