
Ontology Authoring in Controlled English

SWAT project

Introduction

This course trains you to build ontologies encoded in a Controlled Natural
Language (CNL) named OWL Simplified English (OSE). Correctly formed
OSE sentences can be translated automatically into OWL axioms in the
standard formats (e.g., OWL Functional Syntax, OWL/RDF). The advan-
tage of using OSE is that it is easier for people to read and write.

Ontologies usually encode knowledge about a particular domain, for
instance in genetics, medicine, or law. As a running example, we will
assume that you want to encode knowledge about geography, and more
specifically, regions of the United Kingdom. As a source of such knowl-
edge we will use excerpts from Wikipedia articles, such as the following
paragraph on Scotland.

Scotland is a country that is part of the United Kingdom. Occupy-
ing the northern third of the island of Great Britain, Scotland shares a
border with England to the south, and is otherwise surrounded by the
Atlantic Ocean; with the North Sea to the east, and the North Chan-
nel and Irish Sea to the south-west. In addition to the mainland, the
country is made up of more than 790 islands, including the Northern
Isles and the Hebrides. (http://en.wikipedia.org/wiki/Scotland)

As will become clear, expressing this knowledge in OSE is not merely a
translation problem. You have to decide what can and should be included
in the ontology, and make decisions about how concepts should be mod-
elled and named. Taking the course is in some ways like learning a new
language, but the grammar is really a surface issue. What you are really
learning is a method for modelling a domain.
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Lesson 1

Class membership
We begin with sentences stating that an individual belongs to a class. In
OWL, these are formed using the axiom constructor ClassAssertion. In
OSE, they are expressed by the sentence pattern ‘I is a/an C ’ where ‘I ’ is
an individual name and ‘C ’ is a class name. For example:

Scotland is a country.
The queen is a head of state.

OSE authoring tools use a colour code to show how sentences have been
interpreted. As in Protégé, individual names are shown in violet, and class
names in orange. Each sentence presents an axiom, which is the OWL
term for a statement entered by the ontology builder. Sentences must
begin with a capital letter and end with a full stop. Other separators such as
comma or semi-colon are not permitted. The sentences above therefore
encode two axioms.

Protected words
OSE allows considerable freedom in forming individual and class names.
The main constraint is that you avoid certain protected words which in OSE
articulate the logical structure of the sentence. The words you must avoid
are as follows:

a, an, every, no, and, or, that, is

In the colour coding, these protected words are shown in black, signifying
that they are not part of an individual or class name.

Listed verbs
OSE does not require a lexicon that labels each word according to its part
of speech (noun, adjective, verb, etc.). However, it does need to know
which words will be used as tensed verbs, since (as we will see later)
these signal the start of a property name. It therefore provides a list of
verbs in the third-person singular present tense (has, owns, etc.). You can
add or remove words from this list according to your requirements.
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Individual names
An individual is a specific person, place or object. In OSE you form an
individual name by a phrase in which the first word is either the or a proper
noun, and the other words do not include protected words or listed verbs.
Proper nouns are distinguished from other words by starting with a cap-
ital letter. In the lists below, the phrases on the left are correctly formed
individual names, and the phrases on the right are not.

Correct Incorrect
Scotland scotland
the queen queen
John Smith John or Mary
the car owned by John the car John owns
Lord of the Rings Pride and Prejudice

This assumes that the verb owns is listed. Note that untensed forms of
the verb (e.g., past participle owned) are not classified as listed verbs, and
can therefore occur in individual names.

Class names
A class is a description applying to a set of individuals. In OSE you form a
class name by a phrase containing no protected words or listed verbs.

Correct Incorrect
queen monarch and head of state
Rolls Royce car or lorry
teacher of art person that teaches art
adviser to the queen adviser to a queen
gin-and-tonic gin and tonic

Note that phrases that are also well-formed individual names can be used
as class names (e.g., Rolls Royce). The hyphens in gin-and-tonic join it up
into a single word, thus getting round the problem with the protected word
and.

Choosing good names
You may have noticed that according to these definitions, absurd phrases
like the of of and quickly because are correctly formed individual and class
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names, allowing sentences like ‘The of of is a quickly because’. The rea-
son for allowing such gobbledygook is that (1) some technical English is
gobbledygook anyway, and (2) we assume correct English can be left to
you. So you should try to choose individual and class names so that they
will fit into the sentence pattern ‘I is a/an C ’ and produce natural-sounding
English.

Exercise
The ten sentences below express class membership axioms. Five of them
are correctly formed OSE and five are not. Identify the five incorrect sen-
tences, explain what is wrong, and suggest a correction.

1 The car in my garage is an Alfa Romeo.
2 the prime minister is a Tory politician
3 Better Batter is a fish and chip shop.
4 Attila the Hun was a ruler of the Huns.
5 The queen is a head of state.
6 Tweety is a bird that flies.
7 The of about the of is a bla bla bla.
8 The woman-that-lives-in-a-shoe is a mother.
9 The Hebrides are a group of islands.

10 The earth going round the sun is a scientific fact.

Answers Sentences 1, 5, 7, 8, 10 are correct. The others can be cor-
rected as follows:

2 The prime minister is a Tory politician.
Begin with capital letter and end with full stop

3 Better Batter is a fish-and-chip shop.
Avoid protected word ‘and’ in class name

4 Attila the Hun is a ruler of the Huns.
Past tense of ‘is’ not allowed

6 Tweety is a flying bird.
Protected word ‘that’ in class name
Also, avoid ‘flies’ if it is a listed verb

9 The Hebrides is a group of islands.
Plural of ‘is’ not allowed
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Lesson 2

Methodology
In Lesson 1 you learned the structure of class membership statements in
OSE. In this lesson, we outline a method for composing statements of this
kind, starting from a text in normal English (e.g., taken from Wikipedia). If
you wanted to apply this method to knowledge you have already, you could
begin by writing it out in normal English, in which case your starting point
would again be a text. As an example we will assume your source text is
the following (simplified from a Wikipedia article).

Scotland is a country that is part of the United Kingdom. It shares
a border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

Step 1: Find phrases denoting individuals
Go through the text highlighting all phrases that refer to individuals—i.e.,
specific people, places, or objects. These phrases need not conform to
the rules for individual names in OSE; however, you will probably find that
many of them use capitalised proper nouns, or start with the.

Scotland is a country that is part of the United Kingdom. It shares a
border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

Note that this is not the ‘correct’ answer; in fact we have included some
dubious choices, as will become clear later.

Step 2: Remove redundant or irrelevant phrases
Now go through your list and remove phrases that are redundant because
the list contains a better name for the same individual. Remove also
phrases that you judge irrelevant, even though they might have the ap-
pearance of individual names.

Phrase Comment
Scotland Okay
the United Kingdom Okay
England Okay
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the south* Not clearly a place, more a relationship
the mainland Okay, but might need further specification
the country* Redundant, since it refers to Scotland
the Hebrides Okay

The phrases marked with a star will be removed.

Step 3: Make the phrases into OSE individual names
Choose individual names conforming to OSE for the phrases remaining in
your list. Check the following points:

• Is the name specific enough to identify the individual?

• Does it conform to OSE rules for individual names?

• Does it sound natural in the context ‘I is a/an C ’?

Comments on the phrases in our list:

Scotland: Specific, correct OSE, sounds natural in ‘Scotland is a country’

the United Kingdom: Only problem is whether to prefer United Kingdom
(omitting the), but this sounds unnatural in ‘United Kingdom is a
country’

England: Correct for the same reasons as Scotland

the mainland: Correct OSE but not specific enough—change to the Scot-
tish mainland to distinguish for instance from the English mainland

the Hebrides: Correct for the same reasons as the United Kingdom, and
best to retain the definite article

At the end of this step we have obtained a list of correctly formed, rele-
vant, and well-specified individual names. Note that OSE names must not
depend on the context provided by earlier sentences. You cannot assume
that the mainland refers to the Scottish mainland because there is a recent
reference to Scotland.
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Step 4: Find phrases denoting classes
Go back to the text and look for phrases that describe a type of person,
place, or object (as opposed to a single specific one). Two good tests are
(1) can you preface the word/phrase by the indefinite article a/an, and (2)
does it have a plural form?

Scotland is a country that is part of the United Kingdom. It shares
a border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

Again this is not the only ‘correct’ answer: for instance, we could have
highlighted only border, rather than border with England.

Step 5: Remove redundant or irrelevant phrases
As in step 2, you now eliminate phrases that are redundant, or not useful
or relevant as descriptive categories. In judging relevance, we suggest
you reject or simplify phrases which are very complex, or which describe
an individual by its relationship to other individuals.

Phrase Comment
country Okay
part of the United Kingdom* Better viewed as a relationship
border with England* Better viewed as a relationship
mainland Okay, although arguably relational
islands Okay

As before the asterisk marks items to be removed.

Step 6: Make the phrases into OSE class names
Choose class names conforming to OSE for the phrases remaining in your
list. Check the following points:

• Can it be understood independently of context?

• Does it conform to OSE rules for class names?

• Does it sound natural in the context ‘I is a/an C ’?

Comments on the phrases in our list:
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country: Correct OSE, sounds natural in ‘Scotland is a country’

mainland: We could say ‘The Scottish mainland is a mainland’, although
it sounds like a tautology

islands: The class name should be singular, so change to island

We now have three OSE class names along with our earlier list of five
individual names:

Individual names Class names
Scotland country
the United Kingdom mainland
England island
the Scottish mainland
the Hebrides

Step 7: Make statements assigning individuals to classes
You can now start writing complete OSE sentences, each having the form
‘I is a/an C ’, where I is an individual name and C is a class name. Note
that these statements need not occur explicitly in the source text. They
might be implicit, or they might be facts you can add from your own knowl-
edge.

Scotland is a country.
England is a country.
The United Kingdom is a country.
The Scottish mainland is a mainland.

You might feel uncomfortable writing something so tautologous as ‘The
Scottish mainland is a mainland’, but this is precisely the kind of statement
that you must include. Remember that in OWL, names are not analysed
semantically into their constituents, so the relationship between the Scot-
tish mainland and mainland will not be available to the reasoner unless
you make it explicit through a class membership statement.

Final comment
You might be disappointed that so little of the source text has been en-
coded, but this is not surprising considering that we have covered only
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one description logic pattern, class membership. It might be worth look-
ing at facts that you could nearly express, and see whether you can cover
them by refining your lists of individual and class names. For instance,
we have the Hebrides and island, obviously related, but OSE does not al-
low us to say ‘The Hebrides are islands’. However, nothing stops us from
introducing the class name group of islands:

The Hebrides is a group of islands.

In introducing new class names you should consider their general useful-
ness. The world has many groups of islands (Azores, Cape Verde, etc.)
so this is a class name applicable to many individuals; the same would not
be true of group of 790 islands.

Exercise
Perform steps 1-7 to obtain additional statements derived from the follow-
ing source text, simplified from the Wikipedia entry for Wales.

Wales is a country that is part of the United Kingdom and the island
of Great Britain, bordered by England to its east and the Atlantic
Ocean and Irish Sea to its west. It is largely mountainous, with peaks
including Snowdon.

Answer
There is no uniquely correct answer, but here is one suggestion:

Wales is a country.
Great Britain is an island.
The Atlantic Ocean is an ocean.
The Irish Sea is a sea.
Snowdon is a mountain.
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Lesson 3

Subclass statements
We have considered simple class membership statements, which assert
that a named individual belongs to a named class. We now turn to another
sentence pattern, which expresses a subclass relationship between two
named classes. In OWL, such statements are formed using the axiom
constructor SubClassOf.

For classes C1 and C2, C1 is a subclass of C2 if (and only if) every
individual belonging to C1 also belongs to C2. Supposing for instance that
C1 is the class man and C2 is the class person, it would be correct to say
that man is a subclass of person because every man is a person. To say
that person is a subclass of man would obviously not be correct, since
every person is not a man.

An important consequence of this definition is that when two classes
contain exactly the same individuals, each is a subclass of the other. Con-
sider for example the classes person and human being, assuming these
have the same meaning. Every person is a human being, so person is a
subclass of human being. Conversely, every human being is a person, so
human being is a subclass of person.

In OSE, subclass relationships between named classes are expressed
by the sentence pattern ‘Every C1 is a/an C2’ where C1 and C2 are both
class names. The pattern ‘A/An C1 is a/an C2’ is also allowed, since al-
though less precise logically, it sometimes sounds more natural. Exam-
ples:

Every queen is a monarch.
An ocean is a body of water.

Classification
Subclass relationships are important because they organise concepts into
classification hierarchies. Consider for example the following statements
which might form part of a classification of animals:

Every corgi is a dog.
Every poodle is a dog.
Every dog is an animal.
Every cat is an animal.
Every animal is a living thing.
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In such a scheme we obtain chains of classes, each a subclass of the next:
a corgi is a dog, which is an animal, which is a living thing. Because the
subclass relationship is transitive, we need not state explicitly that every
corgi is an animal, or that every corgi is a living thing. In general, if C1

is a subclass of C2, and C2 is a subclass of C3, it can be inferred that C1

is a subclass of C3. These strict logical consequences will be inferred by
automatic reasoners, so there is no need to include them in your ontology.

Note also that if you identify an individual, say Rover, as being a corgi,
it will be inferred that Rover is also a dog, an animal, and a living thing,
so these statements too can be left implicit. In general, if an individual I
belongs to a class C1, and C1 is a subclass of C2, it will be inferred that I
belongs to C2.

Methodology
To illustrate a methodology for forming subclass statements, we return to
the fragment of source text used in the last lesson:

Scotland is a country that is part of the United Kingdom. It shares
a border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

Here are the class membership statements that we proposed for this text:

Scotland is a country.
England is a country.
The United Kingdom is a country.
The Scottish mainland is a mainland.
The Hebrides is a group of islands.

The task is now to add further statements expressing subclass relation-
ships among the classes. Note that we are not confined only to classes
mentioned explicitly in the source text. You should look also for more gen-
eral classes that subsume them.

Step 8: Express relationships among named classes
Return to the list of class names that you identified in step 6 (lesson 2):
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Class names
country
mainland
island
group of islands

Consider each pair, and ask whether one is a subclass of the other. For in-
stance, is every country a mainland, or is every mainland a country? If so,
add the sentence to the ontology. In this case, no subclass relationships
are apparent.

Step 9: Add classes that subsume your named classes
Obviously there are other relationships between our named classes that
we would like to capture. For instance, an island resembles a mainland
(and perhaps a group of islands) in being a landmass rather than a body
of water. All four classes might be classified more generally as geograph-
ical regions. Identify useful subsumers of this kind, find appropriate class
names in OSE, and add them to your list of classes.

Class names
country
mainland
island
group of islands
landmass
body of water
geographical region

Step 10: Add further subclass statements using subsumers
Having added subsumers, you can formulate OSE sentences expressing
subclass relationships between your original classes and their subsumers;
there may also be subclass relationships among the subsumers (e.g., ev-
ery landmass is a geographical region).

Every mainland is a landmass.
Every island is a landmass.
Every landmass is a geographical region.
Every body of water is a geographical region.
Every country is a geographical region.
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Note that you must confine yourselves at this stage to sentences of the
form ‘Every C1 is a/an C2’ where C1 and C2 are class names.

Final comment
You may find it frustrating that obvious relationships among the classes
cannot be expressed through this pattern. You want to say that every
mainland is not a body of water (and vice versa), or that every island is
surrounded by a body of water, or that every group of islands contains
two or more islands. All of these relationships can be expressed in OSE
(and hence in OWL), but they require more advanced patterns that we will
introduce in the next two lessons.

Exercise
Perform steps 8-10 to obtain additional subclass statements derived from
the following source text, simplified from the Wikipedia entry for Wales.

Wales is a country that is part of the United Kingdom and the island
of Great Britain, bordered by England to its east and the Atlantic
Ocean and Irish Sea to its west. It is largely mountainous, with peaks
including Snowdon.

It might help you to begin from the class membership statements proposed
for the exercise in lesson 2:

Wales is a country.
Great Britain is an island.
The Atlantic Ocean is an ocean.
The Irish Sea is a sea.
Snowdon is a mountain.

Answer
As before there is no uniquely correct answer; here is one suggestion:

Every ocean is a body of water.
Every sea is a body of water.
Every mountain is a landmass.

(Note: if you think a mountain can occur under the sea, you might prefer
to classify it as a geographical region rather than a landmass.)
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Lesson 4

Disjoint classes
We have looked at examples of subclass relationships, for instance be-
tween classes like man or woman and their subsumer person:

Every man is a person.
Every woman is a person.

As noted at the end of the last lesson, there are important class relation-
ships that cannot be represented through this pattern, and one of these
is disjointness. Two classes C1 and C2 are disjoint if there is no individual
that belongs to both of them. In OSE, this relationship is expressed by the
pattern ‘No C1 is a C2’, as in these examples:

No man is a woman.
No person is a horse.

An important fact about these relationships is that they are rarely stated
explicitly in textbooks or other writings in normal English. In most cases
they are considered obvious and taken for granted. When building an on-
tology, however, you need to state them explicitly; otherwise the reasoner
will assume that classes like man and woman may overlap, and find noth-
ing amiss if it is asserted that some person is both a man and a woman.

Inferences
Including every possible disjointness relationship would be tedious. Luck-
ily, their number can be reduced by taking advantage of two inference
patterns. The first, very simply, is that disjointness is commutative—that
is, if no man is a woman, it follows that no woman is a man. From a logical
viewpoint the sentences have exactly the same meaning; it does not mat-
ter which you use, but there is no need to use both. The second inference
pattern can be stated abstractly as follows:

Every C1 is a C2.
No C2 is a C3.

Therefore, no C1 is a C3.
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For instance, every man is a person, no person is a horse, therefore no
man is a horse. More generally, if two classes are disjoint, then every sub-
class of the first class must be disjoint with every subclass of the second.
We can thus economise on disjointness statements by stating them at the
highest possible level of generality. Try to avoid statements like ‘No horse
is a lizard’ when you could leave this to be inferred from the more general
statement ‘No mammal is a reptile’.

Methodology
To illustrate a methodology for expressing disjointness, we return to the
fragment of source text used in the previous lessons:

Scotland is a country that is part of the United Kingdom. It shares
a border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

Here are the classes that we drew from this passage in earlier lessons,
including subsumers:

Class names
country
mainland
island
group of islands
landmass
body of water
geographical region

Note that our source text (typically) provides no explicit statements of dis-
jointness; these are all assumed. How should we proceed in order to
represent disjointness relationships most efficiently?

Step 11: Organise the class names into a classification hierarchy
Most ontology editing tools show a tree diagram of named classes, with
subclass relationships shown by indenting. Adding a few more classes to
fill out the tree, our hierarchy could be laid out as follows, with any class
C1 indented one level from C2 when C1 is a subclass of C2 (‘Every C1 is a
C2’):
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geographical region
country
body of water

ocean
lake

landmass
mainland
island

group of islands

Step 12: Look for disjoint siblings in the tree
Classes are siblings if they have the same parent in the tree—that is, if
they are direct subclasses of the same class. For instance, country, body
of water, landmass, and group of islands are siblings because they are
direct subclasses of geographical region.

For each group of siblings, consider each pair, and ask whether an
individual could belong to both classes in the pair. Could a region be
both a country and a body of water? Or both a group of islands and a
landmass? If the answer is negative, add a statement of the form ‘No C1

is a/an C2’, where C1 and C2 are the two classes in the pair, in arbitrary
order.

Answering these questions might make you think more precisely about
how your classes are defined. Can a group of islands be a landmass? This
depends on whether you regard an island group as a region containing
both land and water, or whether the term refers only to the land. In the
first case, the classes are disjoint; in the second, a group of islands should
have been classified as a subclass of landmass.

Another group of siblings is ocean and lake, both direct subclasses of
body of water. Can an ocean be a lake? Most people would probably
say no, although a geographer might disagree. The final group comprises
mainland and island, both subclasses of landmass. Perhaps in this case a
region can be both (e.g., Australia).

The reason for focussing on siblings is that statements of disjointness
between non-siblings tend to be redundant. Suppose for instance that we
added statements like ‘No ocean is an island’ and ‘No lake is a mainland’,
crossing subclasses of body of water with subclasses of landmass. These
sentences are true, but they need not be stated once we have asserted
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the disjointness of their parents in the tree.
Here is a possible set of (non-redundant) disjointness statements ex-

pressed in OSE.

No country is a body of water.
No body of water is a landmass.
No group of islands is a body of water.
No group of islands is a landmass.
No ocean is a lake.

Final comment
If you are unsure whether two classes are disjoint, leave the disjointness
statement out. Remember that such statements will be interpreted strictly,
to mean that it is impossible for an individual to belong to both classes.
Not very rare: impossible. The important statements to include are the
ones that are obvious—so obvious that in normal writings they are taken
for granted and never mentioned.
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Lesson 5

Relationships between individuals
So far we have studied three kinds of statements:

1. Class membership: An individual belongs to a class (Scotland is a
country).

2. Subclass: A class is a subclass of another class (Every country is a
geographical region).

3. Disjointness: A class is disjoint with another class (No body of water
is a landmass).

We now turn to a fourth kind of statement, which asserts a relationship
between two individuals. Reading through our sample text again, you will
find several such relationships that we have not yet been able to express
in OSE:

Scotland is a country that is part of the United Kingdom. It shares
a border with England to the south. In addition to the mainland, the
country is made up of more than 790 islands, including the Hebrides.

We have four individuals here: Scotland, the United Kingdom, England,
and the Hebrides. For some pairs from this list, we can find phrases that
describe their relationship:

Scotland is part of the United Kingdom.
Scotland shares a border with England to the south.
Scotland is made up of [. . . ] including the Hebrides.

There are also unstated relationships that we can fill in from our general
knowledge:

England is part of the United Kingdom.

In this lesson we learn how to refine these relationships and express them
in OWL and OSE.
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Property names
In OWL, relations between individuals are called properties, or more pre-
cisely, object properties. This distinguishes them from relations between
individuals and literals (e.g., a person’s age, which is a number); these
are called data properties. The word ‘property’ is perhaps misleading, but
for better or worse it is part of OWL, so we have to live with it and keep
reminding ourselves that it denotes a relation between two things.

In OSE, a sentence describing a relationship between two individuals
has the form ‘I1 P I2’, where I1 and I2 are individual names, and P is a
property name. To make this sound like an English sentence, the property
name must be a verb or phrase that serves as a transitive verb—that is, a
verb with a subject and object.

Note that since this pattern has no protected words like ‘a’, ‘every’,
‘is’, we need some other way of determining when individual and property
names begin and end. In OSE, every property name must open with a
verb in the third person present tense. Since some English words can be
both verbs and nouns, words to be used as verbs are listed, and must be
used only in this way. Since verbs are disallowed inside individual names,
we can identify the boundary between I1 and P by locating the first verb in
the sentence.

How about the second boundary, between P and I2? This can also be
identified if we recall that all individual names open either with the definite
article (the) or a proper noun (capitalised). For this to work, it is essential
that property names contain no definite articles and no proper nouns.

Like other names, property names must also avoid restricted words like
‘a’, ‘no’, ‘and’, ‘that’, but with one exception: since it is a vital verb, we allow
property names to open with ‘is’. The word ‘is’ therefore has a dual usage
in OSE. As already seen, it may occur before the indefinite article (‘a/an’)
in a class membership statement, or a statement describing a relationship
(either subclass or disjoint) between two named classes. But it may also
be the opening word of a property name—in which case, it will not be
followed by the indefinite article. We can thus determine which usage is
intended by looking at the very next word.

For this to work, ‘is’ should only be used in a property name that con-
tinues with one or more other words (e.g., ‘is part of’). In fact OSE ap-
plies a general rule that auxiliary verbs like ‘is’ and ‘has’ cannot be used
as property names on their own: they can only be the opening words of
longer names. Here are examples of property names correctly/incorrectly
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formed:

Correct Incorrect
is part of is a part of (‘a’ restricted)
is of of of is (lone auxiliary)
is owned by is owned and run by (‘and’ restricted)
has as capital has (lone auxiliary)
comes from usually comes from (must open with verb)
borders borders England at (contains proper name)
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