
Artificial Intelligence

Exercise sheet 2
Predicate Logic & Reasoning

1 Predicate Logic

Exercise 1.1 (2 points)

What are the differences between predicate logics and propositional logics?

Exercise 1.2 (8 points)

Alice in Puzzle-land - The Third Tale 1

"Well, here is your flour," said the King happily,
"so now you can make the tarts."
"Make tarts without pepper?" asked the Queen.
"Pepper!" said the King incredulously.
"You mean you use pepper in your tarts?"
"Not much," replied the Queen.
"And I suppose it was stolen!"
"Of course!" said the Queen. "Find the pepper, and when you
have found out who stole it, then off with his--"
"Now, now!" said the King.
Well, the pepper had to be found, of course. Now, as you all

1Extracted from “Alice in Puzzle-land, Raymon Smullyan, 1982”
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know, people who steal pepper never tell the truth.
"What!" said Alice (not the Alice in Wonderland, but the Alice of
this party). "I never heard that before!"
"You haven’t?" I said in mock surprise.
"Of course not! What’s more, I don’t believe anybody else has
either! Have any of you heard that before?"
The children all shook their heads negatively.
"Well," I said, "for purposes of this story, let’s assume that people
who steal pepper never tell the truth."
"All right," said Alice, a bit hesitantly.
So, to continue the story,
the most obvious suspect was the Duchess’s cook.
At the trial she made but one statement: "I know who stole the pepper!"
Assuming that people who steal pepper always lie, is the cook
guilty or innocent?

Proof that the idea of the cook having stolen the pepper is absurd, i.e. assume
that the cook is guilty and try to reach a contradiction applying inference rules
for predicate logic in your knowledge base.

Tip: To model the knowledge presented in the text, you have to consider that
you need predicates for the following situations:

1. Somebody is telling the truth

2. Somebody has stolen the pepper

3. Somebody knows who is the thief

Exercise 1.3 (4 points)

Represent the following fragment of knowledge using Predicate Logic:

1. Asterix is a gaul

2. Romans who are friends with a gaul hate Caesar

3. Asterix helps Marco

4. Marco is friends with whoever helps him

5. Whoever hates some roman fights against him

6. Marco is a roman
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2 Reasoning

You’ll have to answer some questions about the basics of Description Logic (DL)
and use an integrated development environment (IDE) to create and reason
over a DL Knowledge Base (KB).

Exercise 2.2 and 2.3 both should be solve in the Protégé Ontology Editor 2, which
can be downloaded at http://protege.stanford.edu/download/protege/ 3.

You can use the vocabulary in Exercise 2.3 to express the knowledge base you’ll
have to model in Exercise 2.2; you may also define your own vocabulary. Pro-
tégé offers a lot of graphical support for creating your knowledge base, if you
prefer writing the restrictions by hand, the following table outlines some key-
words.

DL Syntax Protégé Syntax
Class1 u Class2 Class1 and Class2
∃ property.Class property some Class
∀ property.Class property only Class
≥ n property.Class property min n Class
= n property.Class property exactly n Class
≤ n property.Class property max n Class

For modeling the ontology, the “Entities” tab of the Protégé should be enough,
define all properties as “object properties”. For querying use the “DL Query”
Tab.

Exercise 2.1 (4 points)

Answer the following questions:

1. What are constructors? How do the different description logics differ?

2. Provide the constructors for the description logic ALC and explain their
meaning.

3. In which components is a knowledge base separated to? What does each
component contain? Please describe the different types of axioms the
components contain.

2Protégé homepage: http://protege.stanford.edu
3tutorial available at http://owl.cs.manchester.ac.uk/tutorials/protegeowltutorial/, the first

50 pages will be sufficient for the exercise
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Exercise 2.2 (6 points)

Please familiarize yourself with Protégé and represent the following natural lan-
guage sentences using it. Please use the vocabulary from Exercise 2.3 to de-
scribe it.

1. An opera is a musical performance.

2. All actors of an opera are singer.

3. At least one musical ensemble of an opera is an orchestra.

4. A rock concert is another musical performance.

5. Rock concerts and operas are disjoint to each other.

Exercise 2.3 (6 points)

Please check all Description Logics statements which are entailed by your state-
ments from Exercise 2.2. Please answer if the following statements are entailed
or not:

1. MusicalPerformance v Opera

2. Opera v MusicalPerformance

3. ∀ hasActor.Singer v Opera

4. Opera v MusicalPerformance u ∀ hasActor.Singer u ∃ hasMusicalEnsem-
ble.Orchestra

5. OperavMusicalPerformance u≥ 1 hasMusicalEnsemble u ∀ hasActor.Singer

6. hasMusicalEnsemble v Opera

7. Opera v MusicalPerformance u ∃ hasMusicalEnsemble.Orchestra

8. OperavMusicalPerformance u= 1 hasMusicalEnsemble u ∀ hasActor.Singer

9. Opera v MusicalPerformance u ∀ hasMusicalEnsemble.Orchestra u ∃ has-
Actor.Singer

10. Opera v RockConcert

11. RockConcert v ¬ Opera
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