
UNIVERSITY OF WATERLOO
Cheriton School of Computer Science

CS486/686 Introduction to Artificial Intelligence Fall 2014

ASSIGNMENT 2
(Due: Wednesday, October 22, 2014 by 5:00pm)

Purpose: The following exercises are intended to further your understanding of knowledge representation and
knowledge engineering.

Note: Question 3 (using OWL) may be done in groups of two or three; questions 1 and 2 are to be done individually.
Please hand in your solutions to questions 1 and 2 using the physical drop boxes on the fourth floor of MC across
from the tutorial centre (MC4065) by 5:00pm on the day that the assignment is due.

Question 3 (your OWL ontology file and your Word or PDF file with answers to questions (3a) and (3b) will be
submitted to an online LEARN drop box. Each group should designate its representative to submit one copy of the
group’s OWL file and Word/PDF file. Note: Please indicate in your Word/PDF Question 3ab answer file the
names of all your group members.

To submit your files, on the course LEARN site click on the Assessments tab then the Dropbox link in the navigation
bar. You will be taken to the Dropbox Folders page—the drop box folder for Assignment 2 will appear as a blue
link. When you click on the Folder Name you will be taken to the Submit Files page. In the Submit Files section
you will be able to Add a File (your OWL and Word/PDF files).
Note: If you need help submitting your files, the Instructor and TAs will be available to assist you.

1. (Using Logical Terminology—10 marks)

Consider a vocabulary with only four propositions: A, B, C, and D. How many models are there for each of the
following sentences?

(a) B ∨ C

(b) ¬A ∨ ¬B ∨ ¬C ∨ ¬D

(c) (A⇒ B) ∧ A ∧ ¬B ∧ C ∧ D
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2. (Resolution Refutation Proof—30 marks)

In this question you will play the role of the detective Sherlock Holmes. Your goal is to discover facts about a
murder mystery using your knowledge of logic and inference. Last night, someone was murdered. The body has
not been identified yet, nor the weapon used in the murder. The home where the victim was murdered is a simple
four-room building. The four possible rooms where the murder took place are the Kitchen, the Dining Room, the
Bathroom, and the Library. Figure 1 illustrates the relative positions of the rooms. Passages between adjacent
rooms are indicated by the four open doorways in the diagram.

The four murder suspects are Mrs. Gibbon, Colonel Mustard, Professor Moriarty, and Dr. Watson. One of these
four people was murdered by one of the others. The killer used one of the following four weapons to commit
the crime: a revolver, a sword, a weapon of mass destruction, or a knife. The police have determined that the
murder took place between 6:00PM and midnight. Each suspect could have been in any of these rooms during
these times.

In any of the questions below, you may need to specify additional “common sense” facts (e.g., that people or
corpses can only be in one location) in order to complete the proofs. That is part of the assignment.

Assume that we do not know the location of the body within the house. However, we know that the body produces
a stench in the room that it is in and in the rooms that are connected to it by a doorway. For this question, you are
to write your answers using propositional symbols of the following forms:

• ST-i: means there is a stench in room i, where i is one of the four rooms K, D, B, L. Example: ST-D means
that there is a stench in the Dining Room.

• Body-j: means the body is in room j, where j is one of the four rooms K, D, B, L. Example: Body-K means
that the body is in the Kitchen.
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Figure 1: Room layout of the crime scene
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(a) (10 points) Using only the propositions ST-i and Body-j, write a set of propositional logic sentences that
express the following:

– If there is a stench in a particular room, then the body must be either in that room or in one of the two
connecting rooms.

– If there is no stench in a particular room, then the body is not in that room or either of the two connecting
rooms.

(b) (20 points) Assume that you know the following:

– The body is not in the Kitchen.
– There is a stench in the Bathroom.
– There is a stench in the Dining Room.

Express these clues in propositional logic. Using your answer to part (a), construct a resolution refutation
proof that reveals the location of the body. You may add any additional propositional sentences necessary
to capture knowledge about the problem. However, you are restricted to using only the ST-i and Body-j
propositional symbols. Furthermore, you must provide an explanation for why you included the additional
sentences. When specifying your proof, remember to first show the clausal form of the sentences you will
use in the proof. (Hint: Assume a particular room was the scene of the murder, then try to derive the empty
clause in a refutation proof—if you don’t derive the empty clause, this will tell you this room is not the
murder scene.)

3. (Knowledge Engineering using OWL—50 marks)

The task is to construct an OWL ontology for a Fantasy World domain, using the Protege 4.3 editor. You may
base your fantasy world domain on a real book, film, game, etc., (for example, Lord of the Rings, the Harry Potter
series), or you may invent your own fantasy world domain.

The key requirement is to model the things in the domain, and the relations between them, which capture the
essential characteristics of this specific domain. To design the ontology, you will make use of subsumption, i.e.,
the IsA, or specialization relationship, as the main organizing principle for the OWL components you define.

You will need to decide which Classes, Object properties, Data properties, and other OWL components you will
need to define, where specializations are need, and to what degree of detail. Before starting to develop an on-
tology, it is important to consider what purposes it will be used for. For example, researchers doing automated
information extraction from biomedical articles use gene and protein ontologies to assist in interpreting the con-
tent of the articles. Someone developing a new computer system for an organization might find a formal model
of the enterprise in the form of a computational ontology to be useful in understanding, and maintaining, the user
requirements for the system. Note: A popular use for an ontology would be to provide world knowledge to assist
an automated question-answering system.
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Software to use:

You should use the Protege (version 4.3) editor to develop your OWL ontology. The Protege software has been
installed in the Mac labs. To start up Protege, go to the Applications folder and click on the Protege icon.

It is strongly recommended however that you download Protege 4.3 from the following URL onto your own
machine (Mac or PC):

http://protege.stanford.edu/download/protege/4.3

If you are using a Mac, use the “osx” link to download Protege. Otherwise, follow the “installanywhere” link,
then the “Web Installers” link. This will take you to a page where you can download the appropriate version of
Protege 4.3 (including for MacOSX). Note: You will need to have Java installed on your machine to run Protege.
There are links to install Java from the Protege download page.

What to hand in:

Each group should submit (1) one copy of their OWL file, <OntologyName>.owl and (2) one Word or PDF file,
with answers to questions (a) and (b) shown below, to the online CS486/686 Assignment 2 dropbox on LEARN.

Note 1: These items below are minimum requirements—you may choose to construct a richer ontology for
increased marks.

Note 2: Annotations to your OWL ontology are strongly encouraged to assist the marker in understanding
your ontology and giving all the credit deserved.

(a) Give a brief (one-paragraph is sufficient) description of your Fantasy World domain, why you chose it, or
why you decided to invent this specific domain.

(b) Describe your methodology for developing the ontology, i.e., top-down, bottom-up, middle-out, or your
own strategy. What did you find to be the pros and cons of using this strategy?
Don’t forget: Include your group members’ names with your responses to (a) and (b).

(c) Define 8–10 different Classes. 4–5 of these Classes should have subclasses, and at least one Class should
have at least three levels deep of subclasses.

(d) 5–6 Object properties. 2–3 of these Object properties should have subproperties.

(e) Examples of Object property restrictions: Quantifier restrictions (both Existential and Universal) and Car-
dinality restrictions.

(f) Example of Datatype property and restriction.

(g) Example of defining individuals belonging to a Class.

(h) Example of enumerated class.

(i) Example of defined class - i.e., has necessary and sufficient condition.

(j) (BONUS) Example of complex class.
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