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What’s a policy?

Set of specifications/guidelines intended to fullfil the aims of an
entity.
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Classification of Intentions

I Deliberative

I Non-deliberative

I Policy-based
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Policy-Based Intentions

When the agent i has a general-(policy/intention) to α in
circumstances of type β and i notes at t1 that i will be in a β-type
circumstance at t2, and thereby arrive at an intention to α at t2

I Facts

I Policies (Rules)

I Events
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What’s an agent

An agent is a computer system that is situated in some
environment, and that is capable of autonomous actions in this
environment to meet its designed objectives. (Wooldridge &
Jennings 1995).

How to specify agents’ behaviour?
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BDI Agents

I Rational (Deductive) Agents
I Means-ends reasoners

I Goals (or Desires), Intentions (or Tasks)
I current state of the environment (Beliefs)
I actions

What’s missing?
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Computer Chess: the most successful artificial agents

White to move
c©2006, Guido Governatori.



Internal and External Motivational Attitudes

I Internal motivational attitudes
I Beliefs
I Goals
I Intentions

I External motivational attitudes
I Obligations
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BDI Agents and Modal Logic

Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



BDI Agents and Modal Logic

BEL Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



BDI Agents and Modal Logic

INT Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



BDI Agents and Modal Logic

OBL Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



BDI Agents and Modal Logic

Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



BDI Agents and Modal Logic

Guido gives a seminar on Thursday 16 February at 11:30am

Normal Modal Logic

1. propositional logic

2. �(A → B) → (�A → �B)

3. ` A/ ` �A or A ` B/�A ` �B

4. �A → A (�A ` A)

5. �A → ¬�¬A (�A ` ¬�¬A)

6. �A → ��A (�A ` ��A)

7. �A → ¬�¬�A (�A ` ¬�¬�A)

I 1 + 2 + 3 = Logical omniscience (and expected side-effects)

I 1 = monotonic

c©2006, Guido Governatori.



Non-monotonic Intentions

Guido goes to the bookstore with the intention of buying a
paper-back and also with the intention of buying a magazine

INTbuy(paperback) ∧ INTbuy(magazine) →
INT(buy(paperback) ∧ buy(magazine))

However, in the bookstore he discovers that both the magazine
and the paperback are expensive, and he does not have enough
money to buy both

paperback(X ) ⇒ buy(X )
magazine(X ) ⇒ buy(X )
costly(X ) ¬buy(X )
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Logical Omniscience

I Logical Omniscience

I Deductive Omniscience

I Factual Omniscience
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Factual Omniscience and Non-monotonic Reasoning

PhD → Uni

Weekend → ¬Uni

PublicHoliday → ¬Uni

Sick → ¬Uni

Weekend ∧ AiMLdeadline → Uni

AiMLdeadline ∧ PartnerBirthday → ¬Uni

Phd ∧ (¬Weekend ∨ (Weekend ∧ AiMLdeadline ∧ ¬PartnerBirthday)) ∧ ¬Sick . . . → Uni
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Why Defeasible Logic?

Rule-based non-monotonic formalism

I Flexible

I Efficient (linear complexity)

I Directly skeptic semantics

I Argumentation semantics

I Constrictive proof theory

I Proposed as inferential engine for RuleML

I Applied in several fields/optimised implementations

I Extensible
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Defeasible Logic: Strength of Conclusions

I Derive (plausible) conclusions with the minimum amount of
information.

I Definite conclusions
I Defeasible conclusions

I Defeasible Theory
I Facts
I Strict rules (A → B)
I Defeasible rules (A ⇒ B)
I Superiority relation over rules
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Conclusions in Defeasible Logic

A proof is a finite sequence P = (P(1), . . . ,P(n)) of tagged literals
satisfying four conditions

I +∆q, which is intended to mean that q is definitely provable
(i.e., using only facts and strict rules);

I −∆q, which is intended to mean that we have proved that q
is not definitely provable in D;

I +∂q, which is intended to mean that q is defeasibly provable
in D;

I −∂q which is intended to mean that we have proved that q is
not defeasibly provable in D.
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Proving Conclusions in DL

1. Give an argument for the conclusion you want to prove

2. Consider all possible counterarguments to it

3. Rebut all counterarguments

I Defeat the argument by a stronger one
I Undercut the argument by showing that some of the premises

do not hold
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Example

Facts: A1, A2, B1, B2

Rules: r1:A1 ⇒ C
r2:A2 ⇒ C
r3:B1 ⇒ ¬C
r4:B2 ⇒ ¬C
r5:B3 ⇒ ¬C

Superiority relation:
r1 > r3
r2 > r4
r5 > r1

Phase 1: Argument for C
A1 (Fact), r1 : A1 ⇒ C
Phase 2: Possible counterarguments
r3 : B1 ⇒ ¬C
r4 : B2 ⇒ ¬C
r5 : B3 ⇒ ¬C
Phase 3: Rebut the counterarguments
r3 weaker than r1
r4 weaker than r2
r5 is not applicable
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Modal Defeasible Logic: Mode and Strength

1. The strength describes how strong is the relationships
between the antecedent and the consequent of a rule.

I A1, . . . ,An → B (B is an indisputable consequence of
A1, . . . ,An)

I A1, . . . ,An ⇒ B (normally B if A1, . . . ,An)

2. The mode qualifies the conclusion of a rule.

I A1, . . . ,An ⇒BEL B (an agent forms the belief B when
A1, . . . ,An are the case)

I A1, . . . ,An ⇒INT B (an agent has the intention B when
A1, . . . ,An are the case)

I A1, . . . ,An ⇒OBL B (an agent has the obligation B when
A1, . . . ,An are the case)

I A1, . . . ,An ⇒ACT B (an agent brings it about that B when
A1, . . . ,An are the case)
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Recipe for Defeasible Agents

I Choose the appropriate modalities

I Create a defeasible consequence relation for each modality
I Identify:

I conflicts among modality
I conversions from one modality to another modality

I Put in a mixer and shake well!
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DL for cognitive agents

D = (F ,RBEL,RDES,R INT,ROBL, >)

I RBEL rules for belief →BEL, ⇒BEL,  BEL

I RDES rules for desire →DES, ⇒DES,  DES

I R INT rules for intention →INT, ⇒INT,  INT

I ROBL rules for obligation →OBL, ⇒OBL,  OBL

For X ∈ {INT,DES,OBL}

D ` XA iff D ` +∂XA

D ` A iff D ` +∂BELA

c©2006, Guido Governatori.
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Interactions

OBLa → ¬INT¬a social

INTa → ¬DES¬a stable

(INTa ∧ OBL(a → b)) → INTb conversion

(OBLa ∧ INT(a → b)) → OBLb conversion

c©2006, Guido Governatori.



Conflicts

What do we want to conclude from

A1, . . . ,An ⇒INT ¬C

B1, . . . ,Bm ⇒OBL C

given A1 . . . , An and B1, . . . ,Bm?
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Conversions

What do we conclude from

A1,A2 ⇒OBL C

and INTA1 and INTA2?
What about

A1, INTA2 ⇒OBL C

and INTA1 and INTA2?
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Possible Applications

I planning

I flexible workflow

I service composition
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