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Abstract

This paper aims to investigate methodologies to utilize an
agent’s intentions as a means to guide the revision of its be-
liefs. For this purpose, we develop a collection of belief re-
vision operators that employ the effect of the revision on the
agent’s intentions as the selection criteria. These operators
are then assessed for rationality against the traditional AGM
postulates. There is a large volume of work concerned with
classical belief revision, the primary issue of which is the mit-
igation of the uncertainty inherent in environments in which
belief revision is necessary. Traditional approaches attempt
to assess the explanatory power of beliefs and utilize this as a
heuristic to resolve this ambiguity. We argue that for practical
reasoning systems, whose primary focus lies in the mainte-
nance of behavior and not information, an agent’s intentions
provide a better guide.

Keywords: theories of agency and autonomy

Introduction

Intentional agents are those that form intentions to manage
their behaviors. Intentions are mental attitudes that encap-
sulate a decision to adopt and a commitment to maintain a
given behavior. Adopting intentions is beneficial for agents
as intentions provide temporal stability of the agent’s be-
haviors and reduce the complexity of decision making by
enforcing consistency on its behaviors.

The problem of belief revision(Hansson 1999) is, given
an initial belief base and some new datum to integrate into
the belief base, how can an agent do this rationally? What
makes this problem interesting is that, in general, the prop-
erties of the belief base and the input datum together do not
determine a unique resulting belief base.

Given that intentions(and beliefs) are costly to adopt and
maintain, an agent should consider the effect on its inten-
tions when selecting among potential belief revisions. This
differs from traditional approaches that attempt to minimize
the change in the agent’s beliefs themselves. Doing so
is of particular importance to practical reasoning systems
(Bratman 1987) where the accumulation and management
of knowledge is secondary to the governance of behaviour.

We will consider three different classes of interaction be-
tween intention and belief:
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1. Each intention that an agent holds is dependent on the
agent holding a given belief. Should the agent cease to
believe the dependent belief, then the intention must be
dropped. (See section ).

2. Each intention that an agent holds persists by default, con-

tains a condition which when believed by the agent indi-
cates that the intention has been successful and contains
a condition which when believed indicates the failure or
invalidity of the intention. (See section ).

3. We impose additional structure on the intention base by

assuming that there is a priority relation over the in-
tentions. Intentions and beliefs are related as described
above. (See section ).

In each of these scenarios we will define an intentional
agent and formalize the relationship between beliefs and in-
tentions. Based on this relationship we will define a prefer-
ence ordering over potential belief revisions based on their
effects on the intentions of the agent. We will then assess
whether this preference ordering is a valid doxastic prefer-
ence relation. In doing so we assess the rationality of each
as utilized within the AGM(Girdenfors 1988) framework!.

Maintenance Conditions on Intentions

Example 1. Tom is an intentional agent and money is tight.
He has a large mortgage and an investment account. He
believes that if interest rates rise, then his savings will in-
crease, but he will also have to pay more on his mortgage.
His beliefs are as follows:

—‘Savings increase’, — ‘Mortgage increase’,
‘Interest rate rise’ — ‘Savings increase’,
‘Interest rate rise’ — ‘Mortgage increase’

B:

Tom intends to pay only the minimum back on his mort-
gage necessary:

T = {[’Minimal repayments’ : while (—’Mortgage increase’)|}

It is announced that interest rates have been in-
creased. He must now integrate this into his beliefs

'Due to the foundational nature of the AGM framework we
do not duplicate the fundamentals here, but, refer the reader to
(Giérdenfors 1988)



(B * ’Interest rate rise’). He has a number of ways of do-
ing so:

|

‘Interest rate rise’, —‘Savings increase’,
‘Interest rate rise’ — ‘Mortgage increase’

‘Interest rate rise’, —~‘Mortgage increase’,
‘Interest rate rise’ — ‘Savings increase’

By =

.
|

We can see that By and B4 most support Tom’s intentions.
Thus, one, the other or some combination of both should
constitute Tom’s selected belief revision.

‘Interest rate rise’ — ‘Savings increase’,

‘Interest rate rise’ — ‘Mortgage increase’,
‘ . s
Interest rate rise

‘Interest rate rise’, —‘Savings increase’,
—‘Mortgage increase’

We now formalize the concept of an intentional agent, the
mechanisms by which its intentions relate to its beliefs and a
number of auxiliary concepts necessary for establishing the
rationality of the preference relations we propose.

Definition 1. A basic intentional agent is a tuple:

(Lp,B,Cn, L1, T) where:

Lp is the language in which the agent’s beliefs are ex-
pressed”.

B is the belief base.

Cn is the consequence operator by which the agent derives
new beliefs from old".

L7 is the language in which the agent’s intentions are ex-
pressed.

T are the intentions that agent holds.

Definition 2. An agent’s intentions (I) are grounded in

(conditional with respect to) its beliefs (B) if and only if:

1. they are of the form [ : while(B)] where 8 € Lg and
L€ L1

2. for all [v : while(B)] € Z, if B is the agent’s current be-
lief base and 3 € Cn(B), then [i : while(B)] € I’ where
T’ is the current set of intentions revised relative to the
agent’s new beliefs.

Definition 3. The set of intentions retained given a belief
base (B), an initial set of intentions (I) and the consequence
operator used to derive new beliefs from old (Cn) is the set
(Z\B) where: (Z\B) = {[¢ : while(8)] € Z|3 € Cn(B)}
Definition 4. If B and B’ are belief bases and T is an in-
tention base then (Edif(z)) is a preference relation over be-
lief bases given T if: B Casz(zy B if and only if (Z\B) C
(Z\B)

Definition 5. A selection function (’ydif(z)) is a minimal in-
tention change selection function given a set of belief bases
(B) and an intention base (I) based on a minimal inten-
tion change relation if and only if: vai¢(1)(B,T) = {B €
BB’ Cais(z) Bforall B’ € B}

>We will assume this to be at least classical sentential logic

3We will assume that this includes classical truth functional
consequence and demonstrates the properties of deduction and
compactness
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Definition 6. A minimal intention change belief revision
(B =+, ) given an intention base (I) is the exter-
nal partial meet of the selected belief bases as selected
via a minimal intention change selection function (%if(z))
where each option is an element of the belief remainder set
(BL=B)(Alchourrén & Makinson 1981) union the new be-

lief (B):

. Bi’Ydif(I) ﬁ = (B +’Ydif(1’) ﬂ) N’Ydif(l’) _‘ﬂ
i B+’Ydif(l’) ﬁ = BUB

e BB ™~ Vais () ﬂ = ﬁ’Ydif(I)(BJ-ﬁaI)

Notice that if the set of intentions is empty, then all belief
revisions are equally preferred. If all revisions are equally
preferred then the selection function will return all the revi-
sions generated by the remainder set operator. Thus, when
there are no intentions the agent will execute a full meet re-

vision (with all the problems of over cautiousness that full
meet entails).

Observation 1. If the set of intentions is empty then all po-
tential revisions are equally preferred by C;¢ (7).

Proof. We need to show that if Z = () then for all belief
bases B and B’ B Cais(z) B’ and B’ Cai(7) B. By defi-
nition 4 B Cqi¢(7) B’ if and only if (Z\B) C (Z\B'). If
7 = () then by definition 3 (Z\B) = 0 for all belief bases.
Since () C () we have our proof. O

We must now verify that Cg;¢(7) provides a valid doxas-
tic preference relation. To do so we must verify that it is
transitive and weakly, if not completely maximizing.

Theorem 1. Cg;¢ (1) is transitive.

Proof. We need to prove that if B Cqi¢(7) B' and B’ Cais(1)
B", then B Cgi¢(7)y B”. By definition 4 if B Caiz(7) B’
then (Z\B) C (Z\B’) and similarly if B" Eg;¢(7) B” then
(Z\B') C (Z\B")). Therefore, (Z\B) C (Z\B') and
B Eqi¢(7) B" as required. O

Theorem 2. Cg;¢(7) is weak maximizing.

Proof. We need to prove that if B C B, then B Cyi¢(7)
B. If B C B then Cn(B) C Cn(B’) by the mono-
tonicity of Cn. Thus, {[¢ : while(8)] € Z|3 € Cn(B)} C
{[t : while(0)] € Z|B € Cn(B’)}. By definitions 3 and 4
we have B Cq;¢(7) B’ as required. O

Unfortunately, we cannot strengthen this to show that
Cais(7) is maximizing.

Theorem 3. Cg;¢ (1) is not maximizing.

Proof. We must define B and B’ such that B C B’
but B Caiszy B’ and B’ LCgiez) B. Let us de-
fine the set of beliefs relevant for a given set of in-
tentions as B, = {0|[¢:while(8)] €Z}. Let B
be any consistent subset of the relevant beliefs for the
agent’s current intentions B € {3 € 28+ |Cn(B) # L},
Blr? a belief that is not relevant to the agent’s cur-
rent intentions (nor has any as a consequence) B'—l €

(818 € Lpand forall ' € Brey, f' ¢ Cn(B)} and let B’




be the same subset of the relevant beliefs as B plus this el-
ement of the belief language that is not in the relevant be-
lief set B = B U B:q We can see from the definitions

of B and B’ that B C B’ and the same number of inten-
tions will be retained given either belief base by definition
3 ((Z\B) = (Z\B')). Thus, both (Z\B) C (Z\B') and
(Z\B') € (Z\B) and by definition 4 we have B Cq;¢(7) B’
and B’ Cgi¢(7) B as required. O

Theorem 4. (Hansson 1999) ~.,, ,, satisfies the properties
of success, inclusion, relevance, uniformity, failure, closure,
relative closure, core-retainment, vacuity, extensionality and
conjunctive overlap by virtue of being a transitive weakly
maximizingly relational partial meet contraction.

Theorem S. (Hansson 1993) £, ., satisfies the properties
of consistency, inclusion, relevance, success, weak unifor-
mity and pre-expansion by virtue of being an external partial
meet revision.

The relationship between intentions and beliefs as advo-
cated in this section is not the traditional relationship be-
tween beliefs and intentions. It does not capture the stability
inherent of intentions as each intention is only as stable as
the belief it utilizes as its maintenance condition.

Success and Failure Conditions on Intentions

In this section we investigate the case where the beliefs and
intentions of an agent are related via success and failure con-
ditions. Intentions persist by default. Each intention has a
success and failure condition associated with it. The suc-
cess condition is a condition on the agent’s beliefs that when
satisfied indicates that the intention has been successful. At
this point the agent can drop the intention and continue in
the knowledge that the intention achieved its ends. Simi-
larly, the failure condition of an intention indicates the con-
ditions under which the intention has failed. Thus, the agent
may take remedial steps, execute a recovery procedure or ac-
cept the failure of its intention as an outright loss and move
on to other behaviors. Given that the beliefs of an agent,
at a minimum, encapsulate its information regarding the en-
vironment, this relationship between intentions and beliefs
ensures that the agent retains a realistic perspective on its
progress towards its ends.

Example 2. Tom is informed of another interest rate rise.
His potential revisions are the same as those outlined in Ex-
ample 1. Because of this, Tom decides it is time to save
money. He will be successful if he believes his savings has
increased and fail if his mortgage increases:

If Tom is optimistic, then he will assume the success of his
intention in light of uncertainty. Given that B allows Tom to
conclude the success of his intention without also supporting
its failure, Tom should accept B1. However, if Tom prefers to
identify his potential mistakes early, he may prefer revisions
Bs or Bs. If Tom is cautious, he will attempt to minimize the
effects on his intentions and prefer By.

suc(‘Savings increase’),

7= { [ Save money’ 13 (‘Mortgage increase’)
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The above scenario motivates the following relationship
between an agent’s intentions and beliefs and its preferences
towards the effect of belief revision on its intentions.

Definition 7. An agent’s intentions (Z) are grounded in

(conditional with respect t0) its beliefs (B) if and only if:

1. they are of the form [v : suc((3), £ail(8’)] where 5 € Lp,
B eLlpandi e Lt

2. forall [v: suc(B),£fail(f)| € ZifB € Cn(B) or B’ €
Cn(B), then v & T' where T’ is the intention base revised
to account for the changes in the agent’s beliefs.

An agent can select the revision that:

e maximizes the number of successful intentions, then
within those maximally successful intentions minimizes
the number of failed intentions (>guc) > (<tgainr). If
both the success and failure conditions are satisfied by the
agent’s beliefs then the intention is considered successful.

e minimizes the number of failed intentions prior to maxi-
mizing the successful intentions within the minimally fail-
ing intentions (<sai1) > (>guc). If both the success and
failure conditions are satisfied by the agent’s beliefs then
the intention is considered to have failed.

e minimizes the change required of its intentions in the hope
that further information will become available so that it
need not decide prematurely (<g;¢)

We need to define the sets of intentions rendered a suc-
cess/failure by a given belief base, the duals of these sets,
the set of beliefs relevant for a given intention base, pref-
erence relations over belief bases, selection functions based
on these preference relations and belief revision operators in
terms of these selection functions:

Definition 8. A successful/failure intention remainder
operator (\swg) / \gazp) is an infix operator that requires
an intention base (I) and a belief base (B) as input and
returns the elements of the intention base for which the
success/failure condition do not follow from the belief base:

(T\szeB) = {[¢ : suc(B),fail(p’)] € Z|8 & Cn(B)} and
(T\easzB) = {lv: suc(B), £ail(9)] € Z|' & COn(B)}.
The dual of these operators are the success-
Sful/failure  intention  operators: (Z\suc B) =
{[t: suc(B),fail(@)] € Z|8 € Cn(B)} and (T\£a11 B) =
{[ : suc(pB), fail(g8")] € Z|p’ € Cn(B)}

Definition 9. The conditions relevant to the suc-

cess/failure of the agent’s intentions I: Bgu(t)
{B] [ : suc(B), fail(f)] € I} and  Beasi(z)
{B'] [ : suc(B), fail(p')] € I}

Definition 10. B T, z) B if the set of successful inten-
tions given B is a strict subset of those rendered a success
by B', or, the set of successful intentions is the same for both
belief bases and the set of failed intentions among those re-
maining after removing the successful ones for BB is a super-

set of those for B'.

T if M\sweB) O (T\sB) or
if (I\seeB) = T\szB') and
B Esuc(I) Bl = (:Z/\SUC )\fal B C (I\WB/)\H

B

L otherwise



and conversely:
Definition 11.
T f Q\w@uB) ¢ D\@uh) or
/ if D\sagB) = (L\gamB') and
B Ctain(7) B = g\mB) \WB 2 (I\faiIB )\W

1 otherwise

Definition 12. B Cy;¢(1) B’ if both the set of successful and
failed intentions for B' is a subset of those for B.

T if (N\mtB) € (T\gmzB') and
B Edif(I) B/ = (I\WB) g (I\mB/)
1 otherwise

Definition 13. A selection function () is an intention
change selection function given a set of belief bases (B)
and an intention base (I) based on an intention change re-
lation (C.)* if and only if: ~.(B,Z) = {B € B|B L.
Bforall B € B}

Definition 14. An intention change belief revision (B +. (3)
given an intention base (I) is the partial meet of the se-
lected belief bases as selected via an intention change selec-
tion function (x) where each option is an element of the be-
lief remainder set (BL—()(Alchourrén & Makinson 1981)
union the new belief (3)°:

o Bt f=(B+.0) —f
e B+.3=BUpS
e B—.0=nNx%x(BLB,7)

Notice that whenever the agent does not have any inten-
tions all belief revisions are equally preferred.
Observation 2. If the set of intentions is empty then all be-
lief bases are equally preferred by Tguc(z), Etaii(z) and
Cais(7)-

Proof. We need to show that if Z = () then for all belief
bases B and B', B Cgue() B' and B’ Egue(7) B. By defini-
tion 10 there are two ways that B Cgy.(7) B’ can hold and
vice versa. Only one case need hold for the relation to hold.
We will investigate each case individually:

Case 1: B Cgyo(q) B'if (Z\sgeB) D (Z\sweB'). Since I =
() then (Z\szeB) = 0 for any B. Since ) 5 0 we know
the first case does not hold for B Cguc(7) B'. Through
symmetry we also know that B’ T, (7) B does not hold

Case 2: B Tz B if (Z\sweB)\gazzB € (Z\sweB')\gazx
B'. Since T = 0 then (Z\szeB) \gzzz B8 = 0 for any B.
Since §) C @ then B Cgue(z) B’ by this case. Through
symmetry we also have B’ Cyc(7) B as required.

The proofs for Ce.s1(7) and Eqs¢(7) are analogous. 0

Now we must demonstrate that the above relations are
transitive and at least weakly, if not, completely maximiz-
ing.

*where * is either suc (Z), fail (Z) or dif (Z)
>where * i Yeuc(7)» Veai1(z) OF Vait(T)
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Theorem 6. T, 1) is transitive.

Proof. We need to show that if B Cgyc(z) B’ and B’ Cgy(7)
B" then B Cgye(7) B”. There are four cases to consider:

Case1: B LCgu(z) B by (Z\sweB) O (Z\sweB') and
B’ Cguc(zy B” by (Z\sweB') O (Z\sweB'’). The tran-
sitivity of Egue(z) follows from the transitivity of D.

Case2: B Loy B by (Z\sweB) O (Z\swecB’) and
B' Eeue(z) B" by (T\swe B \gaziB' € (T \swe B \garB"-
Given definition 10 (Z\szeB')\gzz78’ C (Z\swe B )\ g1z
B"” is only used in the case that (Z\szB') =
(Z\szeB'"")(otherwise B” Coye(7) B'). Since (Z\szeB) D
(Z\seeB') and (Z\szeB') = (Z\szB'") we have
(Z\sweB) D (Z\sweB'") and B Cgyc(z) B” as required.

Case 3: B Cgue(z) B by (T\swe B)\saxiB € (Z\swe B \garz
B’ and B’ Cgye(zy B by (Z\sweB') O (Z\sweB"’). Given
definition 10 (Z\szeB)\gzz18 C (Z\szeB')\gzizB8’ is used
only in the case that (Z\szzB) = (Z\szeB’)(otherwise
B Caeiry B).  Since (I\sweB) = (Z\sweB)
and (T\sgeB') O (Z\sweB") we have (Z\szB) D
(Z\sweB'") and B Cgy(7) B” as required.

Case 4: B Coue(z) B'by (2 \sweB\gartB € (T \sweB' \gaix
B/ and Bl Esuc(I) BH by (Z\EB/) \fail B/ g
(Z\sweB") \gzzz B”. The transitivity of Cgyc(z) follows
from the transitivity of C. O

Theorem 7. T, (7) is not weak maximizing.

Proof. We need to show that if B C B’ then it need not be
the case that B Cguc(7) B’. To do so we need to construct
a B and B’ such that B C B’ and B’ Cgyc(7) B. Since
B C B, Cn(B) C Cn(B’) by the monotonicity of Cn.
Therefore, by definition 8 we have (Z\gzcB) 2 (Z\zwe8').
Since by definition 10, if we have (Z\szwzB) D (Z\szeB')
then we have B Ty () B’. Therefore, we must construct
B and B’ so that (Z\szweB) = (Z\szB’') in order to pre-
vent B Cgyo(7) B’ yet maintain B C B’. Since we re-
quire (Z\szeB) = (Z\szB’), B and B’ must be such that
(I\sweB' \gaztB’ C (T \sweB)\gzzz3 by definition 10 (it can-
not be C lest it also satisfy the condition for B Cgye(7) B).
This means that there must be at least one 3’ € B’ such that:
B ¢ Band[v: suc(f),fail(s’)] € T where 5 & B. Let us
now construct /3 and B’. Let B3 be any consistent strict sub-
set of the beliefs relevant to the agent’s intentions such that
it does not imply the failure of any of the agent’s intentions:

C 1 and
B e {ﬁ € 2Bae \ Bsue(z) ngg; ffoairll(I) =0 }

Furthermore, let B;,;; € Bsaii(7) and B’ = BU B;,;,. We
can see directly from the definitions that 5 C B’ so we must
show that B" Cgu(7) B. Since by construction (7 \szeB) =
(Z\szeB'), we need to show that (Z\szeB') \ezmz B’ C
(Z\sweB)\gzz1B. Because B’ = BU Bt 51, Btai1 € Braii(z)

and B N Bsas1(7) = () this also holds as required. U

Theorem 8. C:.;, (1) is transitive but not weak maximizing.



Proof. Proofs are analogous to Theorems 6 and 7. O
Theorem 9. Cg;¢ (1) is transitive.

Proof. The proof is analogous to Theorem 1. O
Theorem 10. Cg;¢(7) is not weak maximizing.

Proof. We need to define B and B’ such that B C B’
yet B Edif(l’) B. If B C B’ then Cn(B) - C’n(B')
by the monotonicity of Cn. By definitions 12 and 8 we
can see that we need to construct B and B’ such that B’
results in the success or failure of more intentions than
B. Thus, let B = () and B’ be a subset of the beliefs
relevant to the success of the agent’s intentions such that
this set is consistent and none of the failure conditions of
the agent’s intentions can be derived from it. Let B’ €
{B € 28~ |Cn(B) # L and Cn(B) N Brasn(zy =0 }-
We can see from the construction that B C B’. Now we
must show that these definitions lead us to B’ Caisr) B.
From definition 8 we must show (Z\szzB') C (Z\szB)
and (Z\gz77B') C (Z\gz:7B)- Since B = ) we know that
HB) = Bfail(I) and (Z\EB) = Bsuc(I)' We can
see from the construction that (Z\g577B’) = Bsaia(z) since
B’ contains no beliefs relevant to the failure conditions
of the agent’s intentions. However, since B’ does contain
elements relevant to the success conditions of the agent’s
intentions we know that (Z\szzB8’) C (Z\szeB). Thus, we
have (Z\szeB') C (Z\szeB) and (Z\;z78') C (Z\g7z:zB)
as required.
O

Theorem 11. (Hansson 1999) ~n ;. ~ygno, and
gz SALiSfy the properties of success, inclusion, rele-
vance, uniformity, failure, closure, relative closure, core-
retainment, vacuity and extensionality by virtue of being
transitive relational partial meet contractions.

Theorem 12. (Hansson 1993) =+, , e and
X . K suc(Z) . 'Yfal]:(l')

Fypie (g Satisfy the properties gf consistency, mc.luszon, .rele—

vance, success, weak uniformity and pre-expansion by virtue

of being external partial meet revisions.

Prioritized Intentions

Although the above formalization captures the relationship
between intentions and beliefs in a more flexible way, it fails
to address the relationships between intentions themselves.
Typically, an intention base is not simply just a set of inten-
tions but has more structure. We will capture this additional
structure through the use of a preference relation over inten-
tions.

Example 3. Tom and his wife have decided to have a baby.
Since it will be their first baby they are eligible for a gov-
ernment subsidy called the ‘baby bonus’ depending on their
current economic situation. Tom’s beliefs are as in Exam-
ple 1. As part of intending to have a baby, Tom also intends
to gain the ‘baby bonus’. Since the ‘baby bonus’ is worth
much more than his investments will earn, he prefers to get
the ‘baby bonus’ over a savings increase. However, should
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his investments increase in value then that will elevate him
over the threshold making him ineligible to receive it:

suc(‘Savings increase’),
fail(‘Mortgage increase’) |’
suc(‘Have baby’),
fail(‘Savings increase’)
‘Save money’ < ‘Baby bonus’

[‘Save money’ :

1= {‘Baby bonus’ :

Tom is told of another interest rate rise. The effect on his
beliefs is as in Example 1. We can see that both B1 and Bs
are not ideal revisions as they will require Tom to drop his
intention of gaining the ‘baby bonus’. By and Bs, if adopted,
would result in Tom’s having to drop his intention to ‘save
money’. Thus, the best revision considering Tom’s intentions
is 84.

We retain definitions 8, 9, 13 and 14 and the constraints
imposed by definition 7 from section but must modify defi-
nitions 10, 11 from section to integrate the preference rela-
tion over intentions.

Definition 15. A preferential intentional agent is a tuple:
(Lp,B,Cn,L1,T,<4, F,) where:

Ly, By, Cn, L7 and T are as Definition 1.

< is a transitive and complete preference order® over the
agent’s intentions.

F,, is a function that given an intention base and an order-
ing over intentions produces an ordering’ over all subsets
of the intention base.

Definition 16. B Cgyc(z,<) B if the set of intentions that
B’ renders successful is more preferred than the set of inten-
tions rendered successful by B or, the set of intentions ren-
dered successful by B and B' are equally preferred and the
set of intentions deemed a failure by B' (disregarding those
intentions that have been rendered successful) is less prefer-
able to the set of intentions deemed a failure by B (again
disregarding those intentions that had been rendered suc-
cessful).

T if (T\sueB) Fr (Q,7) (T\sucB),
or if (T\sweB') \tar B') Fy, (4, 7)
((I\WB) \fail B)

1 otherwise

B Esuc(I,ﬂ) B =

Definition 17.

T if (Z\san B') F, (<,7) (T \£a11B),
or if (Z\gazzB)\sucB) F (1,7)
(Z\gazzB') \suc B')

1 otherwise

B Ceas1(z,<) B =

Notice, again, that if the intention base is empty then all
belief revisions are equally preferred.

Observation 3. If the set of intentions is empty then all be-
lief bases are equally preferred by Cqyo (7, <) and Ceas1(7,<)-

®This preference order is: reflexive, transitive and antisymmet-
ric

"The resulting generalized order is also: reflexive, transitive and
antisymmetric



Proof. The proof for Cguz,«) and Ceaiiz,«) are
analagous to Observation 2.

Theorem 13. T, (7 «) is transitive.
Proof. The proof is analogous to Theorem 6 O
Theorem 14. T, (7 <) is not weak maximizing.

Proof. To see this we need to construct a scenario where
B C B’ but it is not the case that B Cgyoz,«) B'. We
need to construct B, B’ and F,, (<, 7) such that B C ' and
(Z\sueB') Fyy (2, 7) (T \sue B) to show that B Egue(7,<p) B.
Let

B e {B € QBS“C(I> \Bsuc(I)

Cn(B) # L and
C’n(ﬁ) n Bfail(I) =0

/
BSUC

€ {ﬂ € Bsuc(Z) \B‘
B'=BUBL, and

suc

Cn(BUB) # L and }
Cﬂ(ﬂ U B) N Bfail(I) = @

T if Z" D Z”, or if there exists an
¢t € Tsuchthat: ¢ Z"” and ¢« </
for all /' € 7" such that ./ ¢ 7',
orif 7' =1"

1 otherwise

T'F,(9,7)T" =

We can see that F,, (<J,7) is a transitive and complete
generalized preference relation over 2. It is clear from
the construction of B and B’ that B C B’. Furthermore
we know from the construction that B’ renders at least
one intention successful beyond the intentions that 53 ren-
ders successful. Since (Z\sucB) C (Z\sucB’) we have
(T\sucB') Fr, (<, T) (T \suc B) by the first clause of defini-

tion 16. Thus, we have B’ T, (7, B as required. O
Theorem 15. C:.i; (7 «) is transitive but not weak maximiz-
ing.

Proof. Proofs are analogous to Theorems 13 and 14. O

Theorem 16. (Hansson 1999) ~ Yaue(z) A~y 7, SALISTY
the properties of success, inclusion, relevance, uniformity,
failure, closure, relative closure, core-retainment, vacuity
and extensionality by virtue of being a transitive weakly
maximizingly relational partial meet contraction.

Theorem 17. (Hansson 1993) £, and £, ,, satisfy
the properties of consistency, inclusion, relevance, success,
weak uniformity and pre-expansion by virtue of being an ex-
ternal partial meet revision.

Conclusion

(Georgeff & Rao 1995) investigated the effect of belief re-
vision on intentions and intention maintenance. They did
so in the context of BDIcrr . logic(Rao & Georgeff 1998;
Wooldridge 2000). In order to bootstrap their analysis
they presupposed a belief revision function that satisfied the
AGM postulates without investigating the details of such a
revision. They then analyzed the effect of this revision func-
tion on the maintenance of intentions.
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In this paper we have investigated the role intention can
play in the revision of an intelligent agent’s beliefs. To do so
we defined a number of ways an agent could relate its beliefs
to its intentions. Given these relationships we defined strate-
gies which an agent could utilize to guide its belief revisions.
For each strategy we defined a preference relation over the
potential revisions an agent could adopt. We then assessed
the rationality of the resulting contraction and revision oper-
ator according to the traditional AGM methodology.

We showed that when intentions depend on the mainte-
nance of belief conditions, the change minimizing belief
change operators proposed satisfied all the basic AGM pos-
tulates(see Theorems 4 and 5) in addition to conjunctive
overlap which ensures rationality when contracting by con-
junctions. We showed that when intentions persist by de-
fault but are dropped when success or failure conditions on
the intention are satisfied that the three proposed belief con-
tractions and corresponding revisions satisfied all the ba-
sic AGM postulates(see Theorems 11 and 12). Finally, we
showed that introducing priorities on intentions and redefin-
ing the belief change operators to respect these priorities did
not affect these results (see Theorems 16 and 17).
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