Spring Semester, 1999
Instructor: J. Horty

PHIL 879C, CMSC 721:
Topics in Nonmonotonic Reasoning

Description

The first part of this course will motivate the subject of nonmonotonic reasoning and survey
some of the traditional approaches: default logic, autoepistemic logic, the theory of circum-
scription, and the theory of nonmonotonic inheritance. The second part of the course will
be run as a seminar on recent and on-going research in the field. The exact selection of
topics here depends on student interest, but may include: attempts at representing priority
relations among default rules, general argument systems, theories of belief revision, relations
between nonmonotonic and conditional logics, and applications of nonmonotonic loglc in the
formalization of legal and normative reasoning.

The only prerequisite for the course is a good understanding of classical first order logic;
all of the other background material will be taught.

Time and place

Thursdays from 2:00 till 4:30 in Skinner 1116.

Office, phones, etc.
Office: A.V. Williams Building, Rm. 3133. Office phone: x56749. Home phone: 301-585-

4586. You are welcome to call me at home, but only between 10am and 9pm, please. Email:
horty@umiacs.umd.edu.

Course materials

The text for the course is:
G. Antoniou, Nonmonotonic Reasoning, The MIT Press (1997), xii+285 pp.,
available in the bookstore. Other useful collections are

M. Ginsberg (ed.). Readings in Nonmonotonic Reasoning. Morgan Kaufmann

(1987), viii+481 pp.,

D. Gabbay, C. Hogger, and J. Robinson geds ), Handbook of Logic in Artitificial
Intelligence and Logic Programming, Volume 3: Nonmonotonic Reasoning and
Uncertain Reasoning. Oxford University Press (1994), xviii+529 pp.,

which should be on reserve in the library (I hope).

We’ll work through the text, and also look at lots of papers. The official readings for the
course will be made available for copying as we get to them; I can also supply some of the
background and related material.



Course work
Students who want credit for the course must do three things:

1. Turn in assigned problem sets, which will be nuts and bolts, nothing tricky;
2. Take a midterm exam, which will be take home, open book, and again, nothing tricky;

3. Complete a final project of some kind, which can be either a term paper, an imple-
mentation, or even a final, extended problem set—we’ll talk about this.

The course will be run as a seminar, and everyone attending, students and auditors, will
have to help present the material. These presentations will be frequent but short—no big
deal, and good practice.

The grade will be based on a combination of homework, midterm, class presentations,
and project. The project is most important, but I’ll give a lot of weight to whatever you do
best.

Course topics

Here is a tentative list, subject to update. The tentative plan is to work quickly through the
topics in Sections A of this list; these are standard things that anyone with a course in the
subject should know. After that, we will spend the rest of the term on some (not all) of the
topics from Sections B and C, or perhaps others.

A Nonmonotonic reasoning: traditional approaches

1. Default logic.
Text: Chapters 3-7 and 17.
Readings: Reiter [48, Sections 1-3], Reiter and Criscuolo [49].
Background and related material: Delgrande, Schaub, and Jackson [8], Ethering-
ton [10, Chapter 3].
2. Autoepistemic logic.
Text: Chapters 9-11.
Readings: Konolige [23], Moore [35], Moore [34].
Background and related material: McDermott and Doyle [33].

3. Circumscription.
Text: Chapter 12.
Readings: McCarthy [31], McCarthy [32], Lifschitz [26].
Background and related material: Etherington [10, Chapters 5-7], Lifschitz [27],

4. Inheritance.
Readings: Horty [17], Horty et al. [22], Touretzky [53, Chapters 1 and 2], Touret-
zky et al. [54].
Background and related material: Boutilier [3], Etherington [10, Chapter 4], Gel-
fond and Przymusinska [13] Ginsberg [15], Geffner and Verma [12], Fahlman [11],
Horty and Thomason [20], Horty and Thomason [21], Makinson and Schlechta
[30], Sandewall [50], Selman and Levesque [51], Stein [52, Chapter 3],

B Nonmonotonic reasoning: abstract approaches



1. Inference relations.

Text: Chapter 13.

Readings: Makinson [28].

Background and related material: Kraus et al. [25].
2. Belief revision.

Text: Chapter 14.
3. Relations.

Text: Chapter 16.

C. Selected topics (tentative).

1. Priorities among defaults.
Text: Chapter 8.
Readings: Brewka [6], Delgrande and Schaub [7].
2. Argument systems.
Readings: Bondarenko et al. [2], Dung [9], Pollock [40], Pollock [41], Pollock [42],
Prakken and Sartor [45]. Prakken and Vreeswijk [47].
3. Deontic logic.
Readings: Horty [16], Horty [18], Makinson [29], Prakken [43], van der Torre and
Tan [55].
Background and related material: Nute [39], van Fraassen [56].

4. Legal reasoning.
Readings: Horty [19], Kowalski and Toni [24], Prakken and Sartor [44], Prakken
and Sartor [46].

Background and related material: Ashley [1], Branting [5].

5. Hierarchies of regulations.
Readings: Morgenstern [36], Morgenstern [37].
Background and related material: Morgenstern and Singh [38].

References

(1]
2]
3]

Kevin Ashley. Modeling Legal Argument: Reasoning with Cases and Hypotheticals. The
MIT Press, 1990.

A. Bondarenko, P. Dung, R Kowalski, and F. Toni. An abstract, argumentation-
theoretic approach to default reasoning. Artificial Intelligence, 93:63-101, 1997.

Craig Boutilier. On the semantics of stable inheritance reasoning. Technical Report
KRR-TR-89-11, Department of Computer Science, University of Toronto, 1989. An
abbreviated version appears as [4].

Craig Boutilier. On the semantics of stable inheritance reasoning. In Proceedings of

IJCAI-89. Morgan Kaufmann, 1989.

L. Karl Branting. A computational model of ratio decidendi. Artificial Intelligence and
Law, 2:1-31, 1994.

Gerhard Brewka. Reasoning about priorities in default logic. In Proceedings of the
Twelveth National Conference on Artificial Intelligence (AAAI-94), pages 940-945.
AAAI/MIT Press, 1994.



[7]

[10]
[11]

[12]

James Delgrande and Torsten Schaub. A general approach to specificity in default rea-
soning. In Proceedings of the Fourth International Conference on Principles of Knowl-
edge Representation and Reasoning (KR-94), pages 146-157, 1994.

James Delgrande, Torsten Schaub, and W. Ken Jackson. Alternative approaches to
default logic. Artificial Intelligence, 70:167-237, 1994.

P. Dung. On the acceptability of arguments and its fundamental role in nonmonotonic
reason, logic programming, and n-person games. Artificial Intelligence, 77:321-357,

1995.

David Etherington. Reasoning with Incomplete Information. Morgan Kaufmann, 1988.

Scott Fahlman. NETL: A System for Representing and Using Real-world Knowledge.
The MIT Press, 1979.

Hector Geffner and Tom Verma. Inheritance = chaining + defeat. In Zbigniew Ras, edi-
tor, Proceedings of the Fourth International Symposium on Methodologies for Intelligent
Systems, pages 411-418. North Holland, 1989.

Michael Gelfond and Helena Przymusinska. Formalization of inheritance reasoning in
autoepistemic logic. Fundamenta Informaticae, 13:403-443, 1990.

Matthew Ginsberg, editor. Readings in Nonmonotonic Reasoning. Morgan Kaufmann

Publishers, 1987.

Matthew Ginsberg. A local formalization of inheritance: preliminary report.
Manuscript, Computer Science Department, Stanford University, 1990.

John Horty. Moral dilemmas and nonmonotonic logic. Journal of Philosophical Logic,

23:35-65, 1994.

John Horty. Some direct theories of nonmonotonic inheritance. In D. Gabbay, C. J.
Hogger, and J. A. Robinson, editors, Handbook of Logic in Artificial Intelligence and
Logic Programming, Volume 3: Nonmonotonic Reasoning and Uncertain Reasoning,
pages 111-187. Oxford University Press, 1994.

John Horty. Nonmonotonic foundations for deontic logic. In Donald Nute, editor,

Defeasible Deontic Logic. Kluwer Academic Publishers, 1997.
John Horty. Precedent, deontic logic, and inheritance. Manuscript, 1999.

John Horty and Richmond Thomason. Mixing strict and defeasible inheritance. In

Proceedings of AAAI-§8, pages 427-432. Morgan Kaufmann, 1988.

John Horty and Richmond Thomason. Boolean extensions of inheritance networks. In

Proceedings of AAAI-90, pages 633-639. AAAI Press and MIT Press, 1990.

John Horty, Richmond Thomason, and David Touretzky. A skeptical theory of inheri-
tance in nonmonotonic semantic networks. Artificial Intelligence, 42:311-348, 1990.

Kurt Konolige. On the relation between default theories and autoepistemic logic. Ar-

tificial Intelligence, 35:343-382, 1988. Also in Ginsberg [14].

Robert Kowalski and Frencesca Toni. Abstract argumentation. Artificial Intelligence

and Law, 4:275-296, 1996.



[25]
[26]

[27]

[28]

[34]

[35]

[36]

37]

[38]

[39]

Sarit Kraus, Daniel Lehman, and Menachem Magidor. Nonmonotonic reasoning, pref-
erential models, and cumulative logics. Artificial Intelligence, 44:167-207, 1990.

Vladimir Lifschitz. Computing circumscription. In Proceedings of [JCAI-85, pages
121-127, 1985. Reprinted in Ginsberg [14].

Vladimir Lifschitz. Circumscription. In Dov Gabbay and C. Hogger, editors, Handbook
of Logic in Artificial Intelligence and Logic Programming, Volume 2: Nonmonotonic
Reasoning, page 297. Oxford University Press, 1994.

David Makinson. General patterns in nonmonotonic reasoning. In D. Gabbay, C. J.
Hogger, and J. A. Robinson, editors, Handbook of Logic in Artificial Intelligence and
Logic Programming, Volume 3: Nonmonotonic Reasoning and Uncertain Reasoning,
pages 35-110. Oxford University Press, 1994.

David Makinson. On a fundamental problem of deontic logic. Manuscript, 1998.

David Makinson and Karl Schlechta. Floating conclusions and zombie paths: two deep
difficulties in the “directly skeptical” approach to defeasible inheritance nets. Artificial
Intelligence, 48:199-209, 1991.

John McCarthy. Circumscription—a form of non-monotonic reasoning. Artificial Intel-

ligence, 13:27-39, 1980.

John McCarthy. Applications of circumscription to formalizing commonsense knowl-

edge. Artificial Intelligence, 28:89-116, 1986. Reprinted in [14].

Drew McDermott and Jon Doyle. Non-monotonic logic 1. Artificial Intelligence, 13:41—
72, 1980. Reprinted in [14].

Robert Moore. Possible worlds semantics for autoepistemic logic. In Proceedings of the
1984 Non-monotonic Reasoning Workshop, pages 344-354, 1984. Reprinted in [14].

Robert Moore. Semantical considerations on nonmonotonic logic. Artificial Intelligence,
25:75-94, 1985. Reprinted in [14].

Leora Morgenstern. Inhereting well-formed formulae in a formula-augmented semantic
network. In Proceedings of the Fifth International Conference on Principles of Knowl-
edge Representation and Reasoning (KR-96), pages 268-279, 1996.

Leora Morgenstern. Inheritance comes of age: applying nonmonotonic techniques to
problems in industry. Artificial Intelligence, 103:237-271, 1998.

Leora Morgenstern and Moninder Singh. An expert system using nonmonotonic tech-
niques for benefits inquiry in the insurance industry. In Proceedings of IJCAI-97, 1997.

Donald Nute. Defeasible Deontic Logic. Kluwer Academic Publishers, 1997.
John Pollock. Defeasible reasoning. Cognitive Science, 11:481-518, 1987.

John Pollock. How to reason defeasibly. Artificial Intelligence, 57:1-42, 1992.
John Pollock. Justification and defeat. Artificial Intelligence, 67:377-407, 1994.

Henry Prakken. Two approaches to the formalisation of defeasible deontic reasoning.

Studia Logica, 57:73-90, 1996.



[44]
[45]
[46]

[47]

Henry Prakken and Giovanni Sartor. A dialectical model of assessing conflicting argu-
ments in legal reasoning. Artificial Intelligence and Law, 4:331-368, 1996.

Henry Prakken and Giovanni Sartor. Argument-based extended logic programming with
defeasible priorities. Journal of Applied Non-classical Logics, 7:25-75, 1997.

Henry Prakken and Giovanni Sartor. Modelling reasoning with precedents in a formal
dialogue game. Artificial Intelligence and Law, forthcoming.

Henry Prakken and Gerard Vreeswijk. Logics for defeasible argumentation. Unpublished
manuscript, 1999.

Raymond Reiter. A logic for default reasoning. Artificial Intelligence, 13:81-132, 1980.

Raymond Reiter and Giovanni Criscuolo. On interacting defaults. In Proceedings of

IJCAI-81, pages 270-276, 1981. Reprinted in [14].

Eric Sandewall. Non-monotonic inference rules for multiple inheritance with exceptions.

Proceedings of the IEEFE, 74:1345-1353, 1986.

Bart Selman and Hector Levesque. The tractability of path-based inheritance. In
Proceedings of IJCAI-89. Morgan Kaufmann, 1989.

Lynn Stein. Resolving Ambiguity in Nonmonotonic Reasoning. PhD thesis, Computer
Science Department, Brown University, 1990.

David Touretzky. The Mathematics of Inheritance Systems. Morgan Kaufmann, 1986.

David Touretzky, John Horty, and Richmond Thomason. A clash of intuitions: the cur-
rent state of nonmonotonic multiple inheritance systems. In Proceedings of the Tenth In-

ternational Joint Conference on Artificial Intelligence(IJCAI-87), pages 476-482. Mor-
gan Kaufmann, 1987.

Leendert van der Torre and Yao-Hua Tan. The many faces of defeasibility in defeasi-
ble deontic logic. In Donald Nute, editor, Defeasible Deontic Logic. Kluwer Academic
Publishers, 1997.

Bas van Fraassen. Values and the heart’s command. The Journal of Philosophy, 70:5-19,
1973.



