
MSc Module COMP6016
Knowledge Representation and Reasoning

Coursework

Uli Sattler, Room 2.24
November 2007

The first exercises are designed to help you to refresh your prerequisite knowl-
edge. They will not be marked, but please check them carefully to ensure that
you have all prerequisite knowledge available.

Solutions to exercises 4 – 12 should be handed in on Wednesday, Nov. 14;
see the course web page.

You might find the following books useful (they are available in the resource
center):

1. Cormen, T. H., C. E. Leiserson, and R. L. Rivest (1990). Introduction to
Algorithms. MIT Press.

2. Kelly, J. (1997). The essence of logic. PHI.

3. M. Ben-Ari (1993). Mathematical Logic for Computer Scientists. Prentice
Hall International.

Exercise 1 (Motivation) Have a look at Chapter 2 of Nebel, B. (1990). Reason-
ing and Revision in Hybrid Representation Systems. Lecture Notes in Artificial
Intelligence, Vol. 422, Springer, available electronically at http://www.cs.man.
ac.uk/∼schmidt/CS616/2003-2004/nebel.ps

Exercise 2 (Pre-requisite knowledge, propositional logic) What is a theory,
language, models, validity and satisfiability, inference rules, soundness and com-
pleteness, reasoning methods: truth tables, semantic tableau, proof by contra-
diction.
Suggested literature: Chapters 1, 2 and 4 in Kelly (1997); Chapters 2.1 - 2.6
and 2.10 from Ben-Ari (1993).

Exercise 3 (Pre-requisite knowledge, first order logic) What are first order
logic formulae, their meaning, validity and satisfiability, translating between
natural language and first-order logic.
Suggested literature: Chapters 6 from Kelly (1997); Chapter 3.1 - 3.3 from
Ben-Ari (1993).

Exercise 4 (Introduction) [9 marks] Read and think about different definitions
or explanations of the following three terms and present, for each of them, your
favorite definition. Justify your choice.

1. knowledge — in contrast to information and data?

2. artificial intelligence

3. ontologies

Exercise 5 (FOL) [8 marks] For each of the following statements, formulate
them in FOL formula:

1. every Elephant is a Mammal
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2. Mammals and Birds are disjoint

3. every Student is a part-time- or a full-time-Student

4. every Student is either a part-time- or a full-time-Student, but not both

5. all bicycles have exactly two parts that are wheels, and are powered by a
human

6. every human has a mother and a father

7. for any two different rational numbers, there is a third one “between”
them

8. whenever a person owns a thing, then this person also owns the parts of
this thing

Exercise 6 (FOL) [9 marks] Indicate, for each of the following formulae, whether
it is satisfiable and whether it is valid. Explain your choice in one sentence.

1. (∀x.∃y.Q(x, y)) ∨ (∀y.∃x.¬Q(x, y))

2. (∃y.∀x.Q(x, y)) ∨ (∃x.∀y.Q(x, y))

3. (∃x.∀z.Q(x, z)) ∧ (∀x.∃y.¬Q(x, y))

Exercise 7 (FOL) [2 marks] Construct, for the following formulae, an equiv-
alent one in NNF

¬((∃x.∀y.¬P (x, y)) ∧ (∀z.∃w.(R(w, z) ∨ ¬R(z, w))))

Exercise 8 (FOL) [8 marks] Describe the rewrite rules that can be used to
transform any FOL formula over connectives ¬,∧,∨ into NNF (Hint: there
should be 5 rules)

Exercise 9 (FOL) [5 marks] Use the tableau algorithm to prove the unsatisfi-
ability of

(∀x.(A(x) ∧B(x))) ∧ ¬(∀x.A(x))

Exercise 10 (FOL) [5 marks] Use the tableau algorithm to prove the validity
of

∀x.(P (x) ∨ ¬P (x))

Exercise 11 (FOL) [5 marks] Use the tableau algorithm to prove that ∀x.B(x)
is a consequence of {∀x.A(x),∀x.A(x) ⇒ ∀x.B(x)}.

Exercise 12 (FOL) [5 marks] Explain how the tableau algorithm can be used
as a “sub-program” to check whether a given formula is a consequence of a given
finite set of formulae Γ.

ICOM (see http://www.inf.unibz.it/ franconi/icom/) is a tool that imple-
ments the ideas we have seen in the lecture on translating ER-diagrams into
description logic TBoxes. You can download it from the above web page, or use
it in the MSc labs: simply copy the file O:\icom\icom.zip into your homedirec-
tory and unzip it to p:\icom

The exercises marked “ICOM” and “Non-Standard” are to be handed in on
Wednesday, Dec. 5, the exercises marked “Temporal” and “Defaults” are to be
handed in on Wednesday, Dec. 12.
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Exercise 13 (ICOM) [10 marks] Use ICOM to draw an ER diagramm describ-
ing students, professors, lecturers, course, study opportunities, labs, exams,
etc.. Take care to add as many constraints as possible (e.g., disjoint/covering
is-a links and cardinality constraints), and explain your diagram.

Exercise 14 (ICOM) [10 marks]

1. Take the ER-diagram from Exercise 13 and translate it into a set of FOL
formulae. Explain how you came to the resulting formulae. You do not
need to translate the diagram completely, but you should cover all aspects!

2. Add two formulae that express additional integrity constraints and explain
them.

3. Add another integrity constraint that implies the unsatisfiability of one of
the predicates corresponding to an entity.

Exercise 15 (ICOM) [10 marks]

1. Take the ER-diagram from the Exercise 13 and translate it into a de-
scription logic knowledge base. Explain how you came to the resulting
axioms. Again, you do not need to translate the diagram completely, but
you should cover all aspects!

2. Add two axioms that express additional integrity constraints and explain
them (you might be able to re-use the constraints from the previous exer-
cise).

3. Add another integrity constraint that implies the unsatisfiability of one of
the predicates corresponding to an entity (you might be able to re-use the
constraint from the previous exercise).

Exercise 16 (Non-Standard) [8 marks] Compute at least one concept from
mscEL(a, T ,A) for

T = {A .= B u ∀r.C
D

.= ∃s.E}
A = {a : A, (a, b1) : r, (a, b2) : r, b1 : C, b2 : D},

and explain your answer.

Exercise 17 (Non-Standard) [8 marks] Compute at least one concept from
mscEL(b, T ,A) for

T = { A
.= B u ∀r.C

C
.= D u ∃s.E}

A = { b : A, c : D, (b, c) : r, (c, e) : s, e : F},

explain your answer and explain why A u ∃r.∃s.F 6∈ mscEL(b, T ,A)

Exercise 18 (Non-Standard)[8 marks] Compute a concept from lcsEL(C,D, ∅)
for

C = Happy u Student u ∃r.(Happy u Student) u ∃r.Doctor u ∀r.Spoiled
D = Happy u ∃r.(Spoiled u ∃r.Happy) u ∃r.Happy u ∀r.Doctor
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Exercise 19 (Non-Standard) [12 marks] Construct an example TBox (with at
least 4 concept definitions) and ABox (with at least 3 objects), choose 3 objects,
and use the non-standard inference approach to compute a concept that covers
these 3 objects. Explain your answer.

Exercise 20 (Temporal) [6 marks] Express the following statements in LTL

1. if the sun shines tomorrow, I will go swimming

2. if I get my A-levels, I will become a student and remain a student until I
get a good job, and then I will become rich.

Exercise 21 (Temporal) [6 marks] Translate the following LTL formulae into
English (where bf means “having breakfast”, bt “brushing teeth”, w “work”,
and d “dinner”) and answer the questions.

1. bf ∧ bfU(bt ∧ ♦(wUd)). Does this mean that I do have to work?

2. �(d ⇒ (♦(bf ∧ wUd)). Explain why this statement does not make sense.

Exercise 22 (Temporal) [10 marks] Take the traffic light example from the
lecture and extend it to describe traffic lights that have a pedestrian signal
as well. Choose a mode of operation for these traffic lights and explain it.
Formulate the appropriate formulae in LTL and explain them.

Exercise 23 (Temporal) [12 marks] Describe the following concepts and ax-
ioms in LTLALC . For each of your concepts C, provide a graphical representation
of a model of that formula with some a ∈ CI0 :

1. Students that sleep until all their flatmates are woken up.

2. Students that will eventally work for a boss who is married to a person
who will eventually become rich.

3. In all times, human beings are mortal.

4. Some day, each human being will eventually love somebody.

5. Mortal being are exactly those living beings that are eventually not alive,
and then remain not alive forever.

6. Zombies are exactly those living beings that are eventually not alive, and
then become alive again.

Exercise 24 (Defaults) [10 marks] Use the algorithm for the computation of
extensions of propositional default theories to compute all extension of the fol-
lowing default theories. Explain your approach and discuss the results, including
whether they conform to your ideas about swans, penguins, etc. Also, for (1),
add a single formula to W so as to exclude a counter-intuitive extension.

1. • W = {AusSwan, AusSwan⇒ Swan}

• D = {Swan : White
White , AusSwan : Black

Black }

2. • W = {Penguin, Penguin⇒ Bird}

• D = {Bird : (Flies ∧ ¬Penguin)
Flies ,

Penguin : ¬Flies
¬Flies },
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Exercise 25 (Defaults) [5 marks] You might have noticed that, in the exam-

ples, many defaults were of the form α : β
β

. Use the library and/or the internet

to find out more about forms of defaults: what is this form called? Are there
other “common” forms of defaults? Can you give an example?

Exercise 26 (Defaults) [18 marks] For each of the following six statements and
each X ∈ {F,H, K}, explain whether it is consistent with the following ALC
default theory.

1. a : X and a : ¬X

2. b : X and b : ¬X

What happens if we view this theory as a prioritized default theory? That is,
would your answer for the questions above differ? Finally, what happens if we
add

x : E′ | x : ¬F
x : ¬F

to D and E′ .= ∃r.(A u B u B′) to T and we view this theory as a prioritized
default theory? Again, explain your answers.

T = { E
.= ∃r.(A uB),

C
.= ∀r.B,

F
.= ∀r.∀s.D,

G
.= ∃s.(D uD′),

H ′ .= ∃r.H}
A = { a : C, b : A, c : D′, (a, b) : r, (b, c) : s}
D = { x : E | x : F

x : F
, x : G | x : H

x : H
, x : H ′ | x : K

x : K
| x ∈ {a, b} }
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