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Abstract. The main objective of this work is to develop a multi-modal logic of
Intention and Attempt. We call this logidA. All formal results are focused on

the notion ofattempt We substitute the dynamic molecular notiaction by his
atomic constituenattemptand define the former from the latter. The relations
between attempts, goals, beliefs and present-directed intentions are studied. A
section of the paper is devoted to the analysis of the relations of our modal logic
with a situation calculus-style approach.

1 Introduction

BDI (belief, desire, intention) logics [21, 18, 4,12] are conceived as explicit formal
models of the intentional pursuit. If this is true then they should be able to take into
account notions such as the notioratfemptandtrying. These two notions have been
mainly discussed in the philosophical field and taken into account in some logics of
agency but few models exist that are able to integrate in the same formal framework a
precise description of practical reasoning (motivational dynamics and functional prop-
erties of mental states) with a description of its external and physical counterpart: the
executive phase of intentional action. The main objective of this work is to develop a
multi-modal logic which enables us to deal with the notioratiEmptinside the more
general framework of Intentional Action theory. We call this loggié: Logic of Inten-

tion and Attempt. The main difference betwddA and standard dynamic logic is that
the dynamic primitives are not atomic actions, but atomic attempts. In our view a model
of intentional action should explicitly represent the process of action execution, from
the agent "triggering” the action to the successful execution of the action (when the
preconditions for action execution hold). The axioms of the logic will be presented and
discussed in Section 3. In section 4 the notionattdmptandactionwill be compared.

It will be shown how action theories can be specified starting from the primitive notion
of attempt In section 5 additional properties atemptwill be discussed and the formal
definition of present-directed intention will be introduced.

2 Properties of attempts and basic actions

With “agenti attempts to do an action”, we mean that “agernittriggers the execution
of actiona”, “agenti exerts himself to do action”. In our view theattemptis the core

* We thank the anonymous referees of this paper for their helpful comments.
3 See for example [23] where attempts are defined as "not necessarily successful actions”.



element of the causal process which leads from the present-directed intention [1] to the
successful execution of the action in the external world. Several authors have empha-
sized the importance of this concept for a theory of Intentional action (see [3], [13],
[19]). The Psycho-Psycho Law proposed by O’'Shaughnessy [19] stresses the “bridging
role” of theattemptbetween the present-directed intention and the execution of the ac-
tion: “if an agent at an instant in time realizes that that instant is an instant at which he
intends to perform action x, then logically necessarily he begins trying to do x at that
very moment of realization”. In our view the property relatiatiemptswith actions

is the following one:an action is effectively performed if and only if the performing
agent triggers the action under the appropriate preconditions for action execution. The
fact that the preconditions for action execution hold, guarantees that the attempt will
be successful: it will succeed in producing the associated action (i.e. in causing the
intrinsic result of the associated actityn In the present analysis we deal withsic
actionsof a given agent and leave aside the issueadfmplex actiongtherefore every

time we use the terractionwe mearbasic action. According to [10, 5] an agent can
perform a basic actioa without necessarily performing some other actiband with-

out necessarily believing th@must be performed in order to perform On the other

hand a complex action (for examplack killing Jo@ depends on some other action
(Jack shooting Jgewhich in turn depends on some other actidadk pulling the trig-

ger and so on... Thus we assume that basic actions are precisely those actions which
are always executed when the agent attempts to perform them and the preconditions
for action execution hold. Complex actions do not have this property. There could be
an agent’s complex action whose execution also depends on some external event or
some agenits actiong which must happen after the initiation of actiar(for example

Jack can not perform the complex actionkdfing Joeif Joe does not perform the ac-

tion of drinking the poisoned sodzter that Jackas poured some poison into the glass

of sodg. Moreover we focus in this paper on “intentional attempts” assuming that an
attempt to dax is always produced by the goal to attempt to do actidsee also [28]

with respect to this hypothesis). Finally let us observe that there are two ways to con-
ceive the notion ofttempt(or trying). Some authors [16, 19] conceive the attempt as a
purely mental event. If we adopt this perspective we should postulataribatcessful
attempts (differently from actions) never change the physical (external) world and are
not perceivable by other agents. Other authors [13] are more prone to accepteimggt
already refers to the physical realization of the basic action. In this analysis we adhere
to the latter view and assume that the categorguccessful attempicludes all those
cases of “partial” execution of a basic action not producing the intrinsic result of the
action (for example an agent who attemptsdise the hand above the headd only
moves the arm of few millimeters since the arm is blocked). In [10, 5, 13] it is assumed
that basic actions include only bodily movements sucla&sng the arm moving the

leg, turning the sensoetc... Thus in the examples given for supporting our analysis we

4 According to [26, 29] the intrinsic result of an action is “the result which logically must occur
if the action is to have been done”. For instance the agent cannobipaved his eyanless
his eye is open.

5 With unsuccessful attempte mean that the action that the attempt should produce is not
performed due to the fact that the preconditions for executing the action do not hold.



will often refer to basic actions by using names denoting human bodily movements.
Our analysis can be extended to realistic applications where the agent would be a robot
with an artificial body (artificial limbs, rotating wheels, moving sensors etc...).

3 Formal Logic: syntax, semantics, axiom system

LIA is a multi-modal logic of time, attempts, actions, goals and befigfse logic is
based on a combination of an enhanced version of linear temporal logic where it is
possible to talk about actions and Cohen and Levesque’s logic of goal and intention [4].
The main difference with respect to standard dynamic logic [11] is that the notion of
atomic (basic) actions substituted with the more primitive notidrasic attemptWe

will show that the former can be defined from the latter.

The syntactic primitives of the logic are the following: -a set of atomic (basic) actions
ACT = {a,B,...}; -a set of agents\GT = {4, j,...}; -a set of propositional atoms

T ={p,q,...}. The set of propositional formulas of our language is denotel B P
(elements inP RO P are denoted b, 2, ¥ ...). The sett’O R of well formed formulas

o of our modal action languagdeis defined by the following BNF:

p := p|TI=ple Al ([, ol] gl Gl X plpUntily| Belip|Goalie

wherep ranges ovef!, i ranges oveAGT anda ranges oveACT.

[, o]] ¢ is read % holds after any ageiits attemptto doa”. Hence[[i, «]] L expresses
“agenti does not attempt to de”. Three abbreviations are used:, )) ¢ abbreviates

= [[¢, a]] ~¢, F'o abbreviatess=G—p andy Be forei) abbreviates:(—~pUntiliy). Hence

({1, )) ¢ has to be read “agemntttempts to dax andy holds after this attempt ” and
({i,a)) T has to be read “agenattempts to da". For example((Bill, raise Arm)) T

is read “Bill attempts to raise the arm”. We briefly go into the basic semantics.

A model forLIA is defined by the tuple M 3, Rx, R*%, B, G, V).

- W is a set of worlds.

- Ry isamappingRx : W — 2" associating sets of possible worlis; (w) to each
possible worldv. We suppose thak y is a total function.

- R is a mappingR®! : AGT x ACT — (W — 2") associating sets of pos-
sible worldsR¢!!(w) to each possible world.. We assume that every?! is a partial
function.

-Bisamapping3 : AGT — (W — 2W) associating sets of possible worlgs(w)

to each possible worldi. We suppose that every; is serial, transitive and euclidedn.

- Gis a mappingG; : AGT — (W — 2W) associating sets of possible worlds
G;(w) to each possible worldl. We suppose that also evefy is serial, transitive and
euclidean.

-V is a mapping : II — 2" associating sets of possible worlds to propositional
atoms.

5 The logic is described more extensively in [15] where also formal proofs of the theorems are
presented.

" We use a modal logic KD45 as the logic for Belief and Goals, i.e. an agent does not entertain
inconsistent Beliefs (and inconsistent Goals) and is aware of his Beliefs and disbeliefs (and of
his Goals and non-Goals).



After defining R% as the reflexive and transitive closurefof, we look at truth condi-
tions.

- M,w Epiff we V(p).

— M,w | —~piffnot M,w | ¢

- M,wpEeAYiff M;wE pandM,w = 9

- M,w = Xy iff Vo' such thatw’ € Rx (w) it holds thatM, w’ = ¢

- M,w = Gy iff Y’ such thaw’ € R% (w) it holds thatM, v’ = .

- M,w | @Untily iff 3w’ € R%(w) such thatM,w’ = ¢ andVw” if w” €
R (w) andw’ € R (w”) andw” ¢ R% (w') thenM,w” = ¢

- M,w E [[i,a]] ¢ iff Yo' such that’ € R (w) it holds that)M, v = ¢

— M,w |= Bel;piff V' € B;(w) it holds thatM, w' |= .

— M,w = Goal;p iff Yw' € G;(w) it holds thatM, v’ |= ¢.

We use a complete axiomatization of linear temporal logic (axioms Oa-7a plus inference
rules R1-R3) [8, 9] and the axioms and inference rules of the basic normal modal logic
for belief modal operatoigoal modal operator andttemptmodal operator plus axioms
1b-12b (table 1¥.

Oa. All tautologies of propositional calculus HyBel; o A Bel;—p)

la.G(p — ¢) — (Ge — Gv) 2b. Bel;p — Bel;Bel;p

2a.X-p — =X 3b.—Bel;p — Bel;—Bel;p

3a.X(p — ) = (Xo — X)) 4b~(Goalip N Goal;i—p)

4a.Gp — ¢ AN XGp 5b.Goal;o — Bel;Goal;p

5a.G(¢ — X¢) — (¢ — Gy) 6b.—~Goal;p — Bel,—~Goal;p

6a.pUntilyy — F1p 7b. Bel;p — Goal;p

Ta.pUntily — P V (p A X (eUntily)) 8b. Bel; [, &]] ¥ A =Bel; [[§, a]] L — [[4, ]] Bel;y
Inference Rules: 94[7, a]] Beliy A = [[j, ] L — Bel; [[4, a]] ¥
R1.=£-2=% (modus ponens 10b. Bel;(GBel;i) « Bel;Gv)

R2. % (G-necessitation 11b.Goal; {(i,a)) T « ({i,a)) T

R3. 55 (X-necessitation 12b. X — [[i,o]] ¢

Table 1. Axiom system.

Semantic characterizations (model correspondence) of the previous axioms and infer-
ence rules are given in [15]. In [15] it is also proved th& is soundwith respect to

the set ofLIA modelssatisfying all the semantic constraints imposed by the previous
axioms and inference rules. Wita;; 4 ¢ we mean thaty is valid in all LIA models

and with1; 4 ¢ we mean thap is a theorem oL IA. Moreover we say that a formula

¢ is a consequence of the set of global assumpt{dns..., @,,} in the class of models

LIA (noted{®,,...,®,} =rra ¢) if and only if for all modelsM € LIA if =y &;

for every®;, thenk=,, .

8 Notice that from our axiomatic system (axiom 2a and axiom 12b) it follows tiaty)) ¢ —
[[¢, o]] ¢, i.e. action are deterministic.



Axiom 11b deserves some comments. This axiom has not been analyzed before in the
literature on modal logic of intentional action. It establishes that an agent attempts to do
some action if and only if the agent has the goal to attempt to do actiohe axiom
relates mental attitudes with the executive and behavioral elefhémour view it is
relevant for a formal theory of action to account for the role of intention in producing

a given performance. This fundamental issue is not enough stressed in formal models
of intentional action. Axiom 11b has exactly this role. It accounts for the conditions for
passing from a pure mental and motivational level to the executive and physical reality.
We will show later (in section 5) that axiom 11b is central for the notiopresent-
directed intentionIn this analysis we do not introduce at the formal lesequential
compositiorof basic actions. We prefer to work with the simplest formal language for
actions, leaving the problem of sequential composition to future work. Let us only stress
that axiom 11b should also be applied to sequences of basic aotjgns performed

by the same agent and which do not involve perception (epistemic actions). For exam-
ple consider a football playing robot having the goal to perform the sequence of basic
actionsturn-right;advance;shootThe goal to attempt to perform the sequence of ac-
tions triggers the performance and even if the robot is blocked by another player, he
will attempt to execute the three basic actions in sequence, without realizing that the
first action failst?

4 Attempts and action theories

4.1 Definition of Action and execution preconditions®

Our definition of action is built on the special formuRre(a) denoting thephysical
preconditions for executing actien(execution preconditionsWe assume thd®re(«)
is a function returning some classical formdi¥ that isPre : ACT — PROP. For
example we might havei'reeLeg = Pre(kickBall).

% In [20] a similar axiom is proposed where actions are related with knowledge (the axiom says
that if an agent can do a certain actiof from his repertoire then the agent knows that he can
do it).

19 \We are supposing here some kingefsistencén the intentional execution of those sequences
of actions which do not involve perception that is, when an agent has the goal to attempt to
perform a sequence of actions which does not involve perception then the agent attempts to
perform the complete (intended) sequence of actions (the agent cannot stop in the middle of
the sequence and revise his pushing intentions) and when the agent attempts to perform a
complete sequence of actions which does not involve perception then the agent has the goal to
attempt to perform the complete sequence.

11 Given that time is linear in our logic, we use the terms “execution precondition” and “execution
law” instead of the terms “executability precondition” and “executability law”.

12 |n realistic applications the functidre should have an agent argument: the preconditions of
kicking a ball may differ from agent to agent, for example for a lame agenatkick Ball) =
1. Here we make the assumption tkatcution preconditionsf an action are the same for all
agents.



DEFINITION 1: Action. (i, &) ¢ =ges ((i,@)) ¢ A Pre(a)

Definition 1 relates the notion @fctionwith the primitive notion ofattempt It says that
action executions are attempts whose execution preconditions hold. An instance of def-
inition 1is: (i, ) T =q4er ((i,)) T A Pre(c). It says that a given actiom is executed

by ageni if and only if ageni attempts to dev and the preconditions for executing ac-
tion « are holding. This is an explicit way to relate actions with attempts and to express
execution laws. On the basis of definition 1 execution laws are defined by referring
to theattemptnotion. This kind of solution is quite different from standard solutions
(see for example [2] and [22]) where execution laws are expressed by taking actions
as primitive elements, without deconstructing them into more elementary constituents
(viz. attempts). Moreover, from definition 1 it follows that a consequence of an attempt
to performa is also a consequence of the successful performance of basic actiah

if the execution preconditionsold then the consequences of the attempt are equivalent
to the consequences of the associated basic action. Indegdnd) — [, o] ¢ and

b) Pre(a) — ([[¢, a]] ¢ < [i, ] ¢) are two valid formulas in our logic. In the next sec-
tions we analyze effect laws by substituting the notion of action with the more primitive
notion of attempt and show that by distinguishing attempts from actions we get some
important conceptual refinements.

4.2 Effect preconditions

Similarly to Situation Calculus [22] we take for each propositional appm 17 and
basic actiomy € ACT a propositional formula™ («, p) describing thepositive effect
preconditionsof the attempt to dax with respect top and~~ («, p) describing the
negative effect preconditiond the attempt to dex with respect tg. For example the
following positive effect preconditionsan be associated to the attempt to perform the
actionsloading pulling andpicking up*®

v+ (load, loadedGun) = freeHand A holdsGun

v+ (pull, wounded) = holdsGun A loadedGun A pointedGun A freeHand

~t(pull, pulledTrigger) = holdsGun A freeHand

~v ¥ (pull, scared) = holdsGun A pointedGun

v+ (pickUp, holdsGun) = gunOnTable A freeArm A freeHand

Effect laws are specified accordingly in terms of global assumptions in Fitting’s sense
[7] of the form:y* (e, p) — [[e]] p andy~ (a, p) — [[a]] -

For instance positive effect axioms for the previous actions are specified by the follow-
ing global assumption:

holdsGun A pointedGun — [[pull]] scared

holdsGun A loadedGun A pointedGun A freeHand — [[pull]] wounded

freeHand A holdsGun — [[load]] loadedGun

holdsGun A\ freeHand — [[pull]] pulledTrigger

gunOnTable A freeArm A freeHand — [[pickUp]] holdsGun

13 To simplify our exposition we suppose in our examples that for each aatiand possible
effectp we havey™ (a, p) = L . Thus we do not need to specifiggative effect preconditions

14 Notice that in effect laws actions are not indexed by agents. Indeed we assume that effects laws
do not depend on the performing agent.



We could assume as in [22] thatdsitiveandnegativé effectspreconditionsare com-
plete.Completeness assumptioan be formulated by means of global assumptions of
the form:—* (e, p) A =p — [[e]] =p and—y~(c, p) A p — [[e]] p.

For instance, given the effect laiwldsGun A pointedGun — [[pull]] scared for

the actionpulling, we can establish thati(holdsGun A pointedGun) A —scared —
[[pull]] —scared.

We make aConsistency assumptigaying that negative effect preconditions and posi-
tive effect preconditions must be consistent thatista, p) — -y~ (a, p).*°

Finally we need to specifgxecution preconditiorfer our three actionkading, pulling
andpicking-up Pre(pull) = freeHand, Pre(load) = freeHand, Pre(pickUp) =
freeArm A freeHand.

Given effect preconditions and appropriate assumptions successor state axioms can be
specified as standard Situation Calculus requires.

Indeed suppose that (o, p), v («, p) are given and that theompleteness assumption
andconsistency assumpti@me made then the following equivalences holds:

[[i, o]l p = =Goal; {(i,a)) TV v (a,p) V (p A=y~ (e, p))

In this paper we do not investigate any modal regression technique for ourfogic.
Let us only notice that according to the previous logical equivalence the effects of an
attempt to do some actiam are completely specified by positive effect preconditions
(vT —preconditions), negative effect preconditions { —preconditions) and the goal

to attempt to dax. Execution preconditions are not mentioned in the successor state
axiom. Thus we can argue that under our logical framework every planning task can in
principle be reduced to the task of finding the correct sequence of attempts for reaching
a given result. Given successor state axioms built on the primitive notion of attempt,
for every planning problem there is no need to verify whether execution preconditions
hold. This implies that in_IA the notion ofexecution preconditiois not necessary for
formulating action theories.

4.3 Discussion

Being able to characterize attempts and actions, we can provide a further relevant dis-
tinction: the distinction betweestable effectandsuccessful effectsf an attempt.

Let us go back to our previous example. We have identified the execution preconditions
for pulling with Pre(pull) = freeHand. Moreover we have specified the following
effect laws:holdsGun AloadedGun ApointedGun A freeHand — [[pull]] wounded
andholdsGun A pointedGun — [[pull]] scared.

Given definition 1 the first effect law can be rewritten as:

holdsGun A loadedGun A pointedGun — [pull] wounded.

On one side atable positive effeaif an attempt to do some actianis a result that an
attempt to perfornax can produce even if the execution preconditions of actidio not

15 Due to our hypothesis that™ («, p) = L for each actionx and possible effeqgt such consis-
tency is always the case.
16 On the problem of how handling regression in dynamic logic see [6].



hold. For instancacaredis a stable positive effect of the attemptpoll. Indeed | can
scare you simply by pointing a gun toward you and attempting to pull the triggam.

the other side guccessful positive effect an attempt to do some actienis a result
that an attempt to perfora causes only if the execution preconditions of actidmold.

For instancevoundeds asuccessful positive effegt the attempt tgull. Indeed | can
wound you if after pointing the gun toward you and attempting to pull the trigger, |
correctly execute the pulling movement (the execution preconditiopsiitihg hold)

and the gun is loaded.

Formally:

— pis asuccessful positive effeaf the attempt to perform the basic actianf and
only if Erra vF(a,p) — Pre(a).®

— pis astable positive effedif the attempt to perform the basic actianf and only
if there is a modeM € LIA such thaty*(a, p) A —Pre(a) is satisfiablein 1/.1°

In our view there is always some stable effects associated with attempts. Even assum-
ing that theattemptto do a basic action is a mere mental process, we can still identify
stable effects of the attempt. Indeed under some appropriate preconditions attempting
to do something can cause some modification of the mental states of the performing
agent (and these modifications do not depend on the fact that the attempt is successful).
For example if | believe that after raising my arm my arm goes up and | believe that the
preconditions for raising my arm are holding (for instance | believe that my arm is not
blocked) then after attempting to raise my arm | believe that my arm is up. This is made
explicit by the next theorem of our logi@el; Pre(a) A Bel; [i, o ¢ — [[i, o] Bel;.

We can also write plausible effect laws which mention stable effects of attempts at the
level of mental attitudes and dispositions of the performing agent. For example if in
the morning | am still half-awake and | attempt to stand up then | am awake after this
attemptiasleep — [[stand — up]] awake.

17 We are assuming that you become aware of the risk of being killed only if you can perceive
that | am attempting to pull the trigger (fear is not simply triggered by your seeing that | am
pointing the gun toward you).

18 Notice that the class afuccessful positive effea§an attempt to do some basic actiorlso
includes thentrinsic effectof (basic) actionn [29, 26]. Indeed thentrinsic effectof some
(basic) action is the state of affairs that it is guaranteed to hold whées attempted and the
execution preconditions of actianhold. For instance the intrinsic effect of the (basic) action
of raising the armis raised arm the intrinsic effect of the (basic) action opening the mouth
is open mouttand so on... Formallyp is aintrinsic effectof some basic action if and only
if Erra v (o, p) < Pre(a). According to Stoutland also complex actions have intrinsic
results. For instance the (complex) actioropening the doofopening the door is performed
by moving the arm in a certain way) has ttleor is operas intrinsic effect.

19 From the two definitions it follows that the categstable positive effectand the category
successful positive effecase disjoint. Moreover the same kind of definitions applysta-
cessful negative effecémdstable negative effectsf an attempt, that is: 1yp is asuccessful
negative effecdf some basic action if and only if =74 v~ (a,p) — Pre(a); 2) -pisa
stable negative effecf some basic action if and only if it exists a modeM € LIA such
thaty~ (a, p) A =Pre(«) is satisfiablein M.



Application to “count as” scenarios In the context of institutions, actions may “count

as” implementations of others. Many actions in the social world acquire a different
meaning when some institutional fact holds in that waPid.

For instance take the action sifjning a documen(pr the action ooting). This action

has the same physical realization of the actigiting, but it differentiates from a sim-

ple writing since it is performed under some particular institutional preconditions. It is
not the aim of this paper to investigate the exact institutional preconditions which are
needed in order to make some physical action an institutional a€timnleed several
kinds of conditions concerning social roles, norms etc... must be satisfied: for example
the performing agent needs to be entitled to perform the institutional action (he must
play some institutional rolé§ and there should be some other agent with institutional
power who verifies the correct execution of the actfatc... Just consider the following
simple example.

v+ (write, closedHand) = freeHand

v+ (write, written) = hasDoc A holdsPen A freeHand

vt (write, signed) = hasDoc A holdsPen A lastPage A freeHand A director

~t (write, voted) = election A citizen A holdsPen A VotingPaper A freeHand

According to the previous formulations of positive effect preconditions and negative
effect preconditions, if an agent has the hand free and attempts to write then the hand
gets closed; if the agent has a document in front of him and a pen is in his hand and his
hand is free and he attempts to write then the document gets writtéhibie agent

is the director of the organization, has the last page of the document in front of him
and a pen in the hand, his hand is free, and attempts to write then the document gets
signed. Finally if it is election day, the agent is a citizen of the country, a pen is in his
hand, his hand is free, has a voting paper in front of him and attempts to write then the
agent gives his vote. We do not specify here the completeness laws (their specification
is straightforward). Finally we formulate the execution preconditions ofvthigng

action: Pre(write) = freeHand. Let us only use two abbreviations for indicating the
institutional version of the attempt to do actiorand the institutional version of action

o

((Ist = a)) ¢ =aer (() ¢ A st(a);

(Ist — a) ¢ =q4es (@) @ A Ist(a) which can be rewritten as

(Ist —a) ¢ =qey ((@)) @ N Pre(a) A Ist(o)) wherelst(a) denotes all conditions
which makea become arnnstitutional actionor to “count as” aninstitutional action

(we call theminstitutional preconditiong?®

20 See also [14] for a formal approach to institutional actions.

2L On this point see [24, 27].

221n order to marry a couple the agent must be a priest.

% |n signing a contract is not enough to sign the document at the correct place. An institutional
witness (the notary) is needed who verifies the correct execution of the procedure.

24 Notice that in common sense languamgsting is not a proper basic action. Indeed agent gen-
erally writes byperforming acertain movement with the hanthus our label “write” denotes
rather the basic action (bodily movement) on which the complex actienitihg is based.

%5 We assume thdtst(a) is a function returning some classical formdlghat is:/st : ACT —
PROP.



Since the institutional version of a basic actieris physically identical tax we can
safely assume that the execution preconditions ahd the execution preconditions of
the institutional version of are identical.

Notice that basic actions might have more than one institutional version. For instance
the basic action ofvriting “ counts as” the institutional action sfgningunder some
institutional preconditions whereas it “counts as” the institutional actiorotihgun-

der some different institutional preconditions. In order to account for different kinds
of institutional actions based on the same basic acfist{xx) must denote several al-
ternative groups of institutional preconditions. For instance in order to distinguish the
institutional action ofsigningfrom the institutional action ofoting we must operate

at the level of institutional preconditions and identify different subsets of institutional
preconditions corresponding to each institutional version of the basic action. Let us con-
sider the simple scenario where the actiomvafing has only two institutional versions
(signingandvoting). Ist(«) denotes only two subsets of institutional preconditions:
Ist(write) = (lastPage A director) V (election A citizen A VotingPaper).

Having introduced st(write), the institutional version of the actionriting and the
institutional version of the attempt terite can be specified:

((Ist —write)) ¢ =qcf ((write)) ¢ A (lastPage A director) V (election A citizen A
VotingPaper);

(Ist —write) ¢ =qef (write) ¢ A (lastPage A director) V (election A citizen A
VotingPaper).

The actionsigning(the attempt tesign) and the actiovoting (the attempt tovote are
specific institutional versions of the actiovriting (the attempt towrite), that is they

are defined as instanceswifiting under some specific subsets of the set of institutional
preconditions ofvriting. Indeed:

(sign) ¢ =qey (write) ¢ AlastPage A director;

((sign)) ¢ =gef ((write)) ¢ AlastPage A director,

(vote) ¢ =qer (write) ¢ A election A citizen A VotingPaper

((vote)) ¢ =aqef ((write)) ¢ A election A citizen A\ VotingPaper.

This means that: 1) getting after my attempt to perform the action signing (or
after performing the action &figning means being the director and gettipngfter the
attempt to write my name (or after the actionvafiting my name) on the last page of
the document; 2) getting after my attempt to perform the action wéting (or after
performing the action o¥oting means being a citizen of the country on the election
day and getting after the attempt to write (or after the actionvarfiting) on the voting
paper.

The fact thatsigningandvoting are specific institutional versions of the basic action
writing is made explicit by the following four formal consequences of our definitions:
a) (sign) ¢ — (Ist —write) p; b) (vote) p — (Ist — write) p; €) {({(sign)) p —
({Ist —write)) p and d){((vote)) o — ((Ist — write)) ¢.

Indeed if | attempt to sign (or to vote) andholds after this attempt then | also attempt
to perform the institutional version @friting andy holds after the attempt, and if | sign
(or vote) andy holds after this action then | also attempt to perform the institutional
version ofwriting andy holds afterward.



Moreover on the basis of the previous definitions of institutional action and institutional
attempt we get (besides the validify, o]] ¢ — [i, @] ¢) the following four validities:

a) (o]l — [[Ist — all@; b) [a] ¢ — [Ist —al; €) [[a]] ¢ — [Ist — a] ¢ and d)
[Ist —a]] p — [Ist — a] .

It is evident that the relation among attempt and physical (basic) action is symmetrical
to the relation among physical (basic) action and institutional action. Indeedsifa
consequence of the attempt to do actiotheny is also a consequence of the success-
ful execution of the basic actiom and if ¢ is a consequence of performing the basic
actiona theny is also a consequence of performing the institutional version of action
a (moreover ifp is a consequence of the attempt to do actictheny is also a conse-
guence of the attempt to do the institutional version of actipif ¢ is a consequence

of the attempt to do the institutional version of actiotheny is also a consequence of
doing the institutional version of actiar).

Besides the distinction betweatable effectand successful effectsf an attempt we
can provide the distinction amomgstitutional effectandnatural effectof an attempt.

We defineinstitutional positive effectsf a given attempt to perform actienall those
positive effects that the attempt to performcauses only if the institutional precon-
ditions of « hold. We distinguish these effects framatural positive effectsf a given
attempt to perform actioa which are those positive effects that the attempt to perform
« causes even if the institutional preconditionsxado not hold.

Formally:

— pis ainstitutional positive effeatf the attempt to perform the basic actiarif and
only if ':LIA ’YJF (Oz7p) — ISt(Oé).

— pis anatural positive effeadf the attempt to perform the basic actienf and only
if there is a modelM € LIA such thaty™ (o, p) A —Ist(«) is satisfiablein .26

To sum up, we can distinguish four different sub-categories of effects of an attempt:

1. Institutional and stable effects of an attempt.

2. Natural and stable effects of an attempt.

3. Institutional and successful effects of an attempt.
4. Natural and successful effects of an attempt.

Going back to our initial example gdulling action,scaredis a natural and stable ef-
fect of the attempt t@ull, wounded(or dead is a natural and successful effect of the
attempt topull. Finally attempted homicidéor attempted capital punishmenig an in-
stitutional and stable effect of the attempiptall andhomicide(or capital punishment)
is an institutional and successful effect of the attemppttth.?”

26 From the definition it follows that the categoinystitutional positive effectand the category
natural positive effectare also disjoint. Again the same kind of definitions apply&bural
negative effectandinstitutional negative effectsf an attempt, that is : 1)p is ainstitutional
negative effecof some basic actior if and only if =rra v~ (a,p) — Ist(a); 2) —pis a
natural negative effeatf some basic action if and only if it exists a modeM € LIA such
thaty™ («, p) A —Ist(«) is satisfiablen M.

27 Attempted homicidandhomicideare recognized as violations of the law in every civil society
when a private person kills someone and is not entitled to do so (therefore they are institutional



5 Concluding remarks: attempt and present-directed intention

In this final section we discuss additional properties of attempts, introduce the notion of
present-directed intention and present some formal relations between the two concepts.
The formula((i,a)) T < Bel; {{i,a)) T is valid and establishes that our notion of
attemptis related with agent’'s awareness (when agexttempts to do some actien

he believes to be attempting and viceversa).

The valid formulaGoal; [[i,«]] L — [[i, «]] L establishes that if agenthas the goal

to avoid to attempt to perform action then actionn is not attempted by agentWe
introduce next the notion gfresent-directed intentiofi, 25].

DEFINITION 2: Present-directed IntentioR.DI; («) =g4c¢ Goal; (i,c) T

The definition of present-directed intention is intimately related with axiom 11b stating
the logical equivalence of the goal to attempt to do acticend attempt itself. Indeed

the present-directed intention stage coincides with the stage at which the agent triggers
the motor intentional behaviour. According to the present model when agent has the
present-directed intention to do some actiarl) he can attempt to do (he can send

the action to execution); 2) he is aware of this possibility; 3) he has the goal to attempt
to do «, 4) he has the goal that the preconditions for executing actitiold, 5) he
cannot believe that the preconditions for executing actido not hold 28 The previous
statements are formally expressed by the following valid formulas of our logic:

a) PDI; () — {({(i,a)) T;

b) PDI;(a) — Bel; {{(i,a)) T;

¢) PDI;(a) — Goal; {{(i,a)) T;

d) PDI;(a) — Goal;Pre(i,a);

e)PDI;(a) — —Bel;—Pre(i,a).

Finally just pay attention to the distinction amotige goal to attempt to do a certain
actiona (Goal; {(i,a)) T) and the notion opresent-directed intention to do a certain
actiona. Notice that the inverse direction of previous formula c) is not a valid statement:
in our logic an agent can have the goal to attempt texdeithout having the present-
directed intention to de.?°

References

1. Bratman, M. E. (1987)intentions, plans and practical reaso@ambridge, MA: Harvard
University Press.

effects of a given action). On the other hand a firing squad executing a death penalty is entitled
to kill and the effect of its action is recognized by the institution either eapdtal execution
or as arattempted capital execution

28 Notice that an agent can have the goal to attempt ta thelieving that the preconditions for
executinge do not hold Goal; ((i,a)) T A Bel;=Pre(i, o) is satisfiable).

29 Suppose that “Brett promises to pay Belton fifty dollars if Beladtemptsto solve a certain
chess problem within five minutes”. Imagine that Brett assures Belton that he need not actually
solve the problem for getting the fifty dollars. According to [17] it is plausible to say that
Belton is motivated to attempt to solve problem even if he does not intend to solve the problem.



N

10.
11.
12.

13.
14.

15.

16.

17.
18.

19.

20.

21.

22.
23.
24.
25.
26.
27.

28.

29

. Castilho, M. A., Gasquet, O., Herzig, A. (1999). Formalizing action and change in modal
logic I: the frame problemJournal of Logic and Computatio®(5), pp. 701-735.
. Chisholm, R. M. (1966). Freedom and Action. In Keith Lehrer (Ber¢edom and Deter-
minism Random House; New York, NY, pp. 105-39.
. Cohen, P. R., Levesque, H. J. (1990). Intention is choice with commitisdificial Intel-
ligence 42, pp. 213-261.
. Danto, A (1965). What we can ddhe Journal of Philosoph®0, pp. 435-445.
. Demolombe, R., Herzig, A., Varzinczak, |. (2003). Regression in modal Idgiznal of
Applied Non-Classical Logic4,3, pp. 165-185.
. Fitting, M. (1983) Proof Methods for Modal and Intuitionistic Logic®. Reidel, Dordrecht.
. Gabbay, D., Pnueli, A, Shelah, S., Stavi, J. (1980). On the temporal analysis of fairness. In
Proceedings 7th ACM Symposium on Principles of Programming Language$63-173.
. Goldblatt, R. (1992)Logics of Time and Computation, 2nd editiddSLI Lecture Notes,
Stanford, California.
Goldman, A. (1970)A Theory of Human ActiorEnglewood Cliffs: Prentice-Hall.
Harel, D., Kozen D., Tiuryn, J.(200@ynamic Logic Cambridge, MA: MIT Press.
Herzig, A., Longin, D. (2004). C&L Intention Revisited. Proceedings of KR2004p.
527-535.
Hornsby, J. (1980Actions Routledge & Kegan Paul, London.
Jones, A., Sergot, M. J. (1996). A formal characterisation of institutionalised piwenal
of the IGPL 4(3), pp. 429-445.
Lorini, E. (2006). A logic of Intention and Attempfechnical Reportinstitute of Cognitive
Science and Technologies-CNR, Rome.
McCann, H. J. (1974). \Volition and Basic Actiohhe Philosophical Reviev83, pp. 451
473.
Mele, A. R. (1992)Springs of actionOxford University Press, New York.
Meyer, J.J. Ch., van der Hoek, W., van Linder, B. (1999). A Logical Approach to the Dy-
namics of Commitmentgrtificial Intelligence 113(1-2), pp. 1-40.
O’Shaughnessy, B. (1973). Trying (as the Mental Pineal Glditek Journal of Philosophy
70, pp. 365-86.
Pacuit, E., Parikh, R., Cogan, E. (2005). The Logic of Knowledge Based Obligation. To
appear irKnowledge, Rationality and Action
Rao, A. S., Georgeff M. P. (1991). Modelling rational agents within a BDI-architecture. In
Proceedings of the Second International Conference on Principles of Knowledge Represen-
tation and Reasonindviorgan Kaufmann Publishers, San Mateo, CA.
Reiter, R. (2001Knowledge in action: logical foundations for specifying and implementing
dynamical system&€ambridge, MA: MIT Press.
Santos, F., Carmo, J., Jones, A. (1997). Action concepts for describing organised interaction.
In Proceedings Thirtieth Annual Hawai International Conference on System Scigmces
373-382.
Searle, J. R. (1995)he construction of social realitf-ree Press, New York.
Searle, J. R. (1983ntentionality Cambridge University Press.
Stoutland, F. (1968). Basic Actions and Causalityirnal of Philosophy65, pp. 467-475.
Tummolini, L., Castelfranchi, C. (in press). The cognitive and behavioral mediation of insti-
tutions: Towards an account of institutional actioBegnitive Systems Resear@lf2-3).
Vanderveken, D. (2003). Attempt and action generation: towards the foundations of the logic
of action.Cahiers d’pistmologig293.
. Von Wright, G. H. (1963)Norm and ActionLondon: Routledge and Kegan Paul.



