Towards a logic of agency and actions with duration
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Abstract. As far as we know, there is no multi-agent system allow- 2 Description and justification of the framework

ing to talk both about choices of agents or groups of agetristes o o ] )

gies, and about sufficiently rich actions. This paper ainaffating ~ Within the limits of this extended abstract, we give the lamge of

a path towards a new more expressive logical framework by mix the new logic and describe some elements of its semanties- int
ing aSTIT-like logic of agency with @DL-like logic of action. We twined with ontological justifications. Possible axiomstloeorems
present the syntax and ontological motivations, and weligigtthe &€ proposed in formulas labell¢d). Models have been fully char-
expressivity of the resulting framework on an example. acterized but axiomatization proper is still work in progge
Language. Act is the set of actions, andcty = {ax | « €
Act} is the set of continuations of those actiongm is the set of
atomic propositionsAgt is the set of agents. By notational conven-
tion, a € Act, ax € Actyr, 8 € Act U Actr, p € Atm, a € Agt
andA C Agt. A formula can have the following syntactic form:

e = Lipl-wleVveleSe|elp
D¢ | [B:ale | [aTaly | Stitap
Amodelis atupleM = (W, <, Ra, Racr, agent,v), wherelW

is a set of indexes, partially ordered by the strict temporatedence
<. Non comparable indexes are grouped into moments by the-equi

1 Introduction

Many domains, e.g., agent interaction or social law modeliaquire
a good framework for time, agency and action. Time is thesbi@si
express dynamic properties and indeterminacy of the fuagency
deals with what agents can bring about and actions are tlieugar
ways to bring about some state of affairs. As far as we knosvetfs
no multi-agent system allowing to represent these threadwith
sufficient expressivity. In particular, we intend to covetians that ! i | no! !
have a duration, and that can be categorized on the basismérties ~ &lence relatioritn. Racr (/) is a function associating an indexto
such as expected effects, temporal or participant streictur the index where the performancewanf 5 ends,agent is a function
Some existing logics answer to some extent such needs. GBnce associating to each action its agents the valuation function.
ing pure action, the well-known Propositional Dynamic Lo@@DL) As in STIT, S andU{ are the standard siqce and until temporal
is a natural candidate. Nevertheless, itis not suitabkbeefor group ~ OPerators. Future and past operators are defined as Bguad: i/
action nor for individual and group agency. The logic of “BeeTo andPy = TS¢. Oy stands for historical necessity of(y is true at
It That” (STIT) is a logic of agency embedded in a branching-time €Very index of the moment) is anS5 modal.necessitf/l). Possible
framework [1]. This is a logic about choices and strategiesridi- ~ réadings ofStit 4 are “the groupA sees to it thap” or “the group
viduals and groups. The core idea of logics of agency isattng ~ A'S current choice ensurgswhatever other agents do”.
is best described by what an agent brings about: at some sime,  ASINPDL, [5:a] means thaa starts performing actiofi and that
agentchooses to constrain that some proposition is true. However, in % holds afterwardsfaal means thatr has just finished and that
some circumstances, not being able to explicitly refeadions re- o was true before. By tradition® will be used as abbreviation for
mains a weakness. One expresses sentences of the form “dtesy s “0— and similarly for(5: a) and[5: a]. .
to it that the coyote is dead” but not “Mary shoots at the ceyor We will illustrate the logic by the example on Figure 1.
“Mary poisons the coyote”, i.e., the manner of bringing desti# af-

fairs is out of concern. In addition, ®TIT, itis generally considered A d "fﬂff s d s d A d "fﬂfgd
that Mary’s acting does not take time: actions cannot beesuigd
half-way and one cannot express that an action starts whdthar Acds |\ Atdy fixad [y
is going on. This last point has already been overcome in {i8] the —mad M Ja) ﬂm A-d | —m A d
operatoristit, but this logic still doesn’t involve actions explicitly. ‘ Y | s 4 | e ‘ ral
It appears that we need aricher logical system, for reagatout w wg w9 wio | w1l w1z |
time, agency and actions with duration. One research avisnige §:lar prar  pia prar piar dar
capitalize on strength of botADL andSTIT. The aim of this paper +mA—d ‘ pyal
is to investigate this avenue, offering an expressive kidiame- ‘ . 4 ot 4 o d ‘
work to support time, agency (for individuals and groupsil ac- W w2 ws — w5 w6

tions with duration and other properties, for modeling liattions
between agents.

Figure 1. The two cooksa; andag have to prepare a meah stands for
“the main course is done” andifor “the dessert is doned and A are
actions of (resp.y1 andas cooking the dessert, while is the action oty
~ cooking the main course. Boxes are moments containing @sdex
Time. As in STIT, our logic assumes a branching time on mo-
ments, linear in the past: at each moment, an agent can mike di
ferent choices, that is, decide to execute different astiminging

about different futures. Maximal linear sets of moments Gaied
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histories; indexes can be seen as moment-history pairseldlatb  our example, actiopn is aborted inwg and w;1 and completed in
not constrain all moments to be temporally comparable; danex w14, wis andwis. This notion of completion may be used to express
sion could be to do so, adding coincidence of moments throlugh that completed actions do have specific effects; categofiastions
notion ofinstant as in [1]. could then be introduced on the basis of effects of complated
Actions. All actions take time [3 : a]y — F¢ (2)). Actions in tions. However, one may also want to allow for completed hil¢6l
the present logic are operators thus not properly spealémgnts  actions, just as i, wherem doesn't hold.
performed by an agent” since events, when they are ackngeted Not doing anything. As observed beforeSTIT's requiring that
as citizens of the world, are conceived of as concrete iddals, if an agent makes a choice at a moment, all other agents ttmg is
uniquely situated in time and space [2]. These operatorespond  demanding, and needs to be fixed not only for action contionst
to types, not tokens, as a given action may occur repeatedly. Theyn fact, agents may remain simply passive when others rehtipse
are though of a very restricted sort of types. The agent, dsawall to act. To express this, we introduce a set of propositibfitg €
other participants, are fixed. The only remaining paramistéme. Atm, one for each agent, that reads “the agentremains passive”.
Actions correspond to achievements and accomplishmeifts [SAn agenta remains passive when it does not perform an action nor
thus two occurrences of the same action cannot oveftap §]P a continuation. In the example, agentremains passive everywhere
[@Tale — Platale (3)and{a:a) T A Fla:aly — [a:a]lFa:ale butws andwio (ws = —A(a2)).

(4) are expected to be valid). Each occurrence runs linegfly ¢) Choices and groups agency. We can analyze the combination of
¢ < [B:a]p (5) (@T@)p — [aralp (6), [a:al[araly — ¢ (7)and  choice and action. In multi-agent systems, and partiouiarBTIT,
¢ A{a:a)T — [a:a][araly (8) are assumed to be valid). an agent's choice is understood as choosing to bring abdateaf

At a same index, more than one action can be performed, by thgffairs. In the present work, we handle choice as choosipgitmrm
same or another agent. In the above examplejsatu: performsy 3 set of actions. To deal with agency we still use ffgt opera-
andd (we = (u:a1) T A(d:a1)T). tor. Stit is an S5 modal operatof11). Moreover, if A C B then

An action is simply executed or not at an index, but it can un-gsit 4o — Stitsep (12). We have the interesting property thatif
fold into different courses at different indexes of a sameaot: performsa;, a sees to it that it performa, which can be stated by
in agreement with th&TIT approach, actions are not determinis- (a:a)T « Stity(a: a)T. Similarly, it is also true thah(a) —
tic. In particular, the duration of an action may be left uefied. Stit,A(a). In the example, at the moment @f, agenta; has three
That is, not only different occurrences may have differemgths,  choices, corresponding to performing actibrperforming actior.
but the possibly different courses of the same action oeceemay  or performing both 4 = Stita, (:a1) T A OStite, —(p:a1)T).
have different lengths on different histories. Action dica can for Concerning cooperation, ats none ofa; anda, can see to it that
instance be influenced by the availability of resources.di$o influ-  poth the main course and the dessert are cookedlSit., (m A
enced by the fact that actions may be suspended before dionple d) A =OStita, (m A d)) but they can cooperate for thawb{ =
for reasons external or internal to the agent [3]. Sinceoastimay Stit{a,,ap3 (M A p)); it is achieved by means afy continuing to
abort, starting an action does not imply obtaining some etggere-  performy anda, executingA.
sult: [ : a]¢ — Oa : ale is not valid. This means that in our
approach, actions are not simply characterized by pretiondiand
results; we rather focus on the decision of the agent to parém
event of some sort. In this work, we have introduced actions with duration, @ctton-

Continuation of an action, completed actions. Assuming that tinuations, and explicit choices of remaining passive alinguage
actions have a duration and can abort before completiowslto  of a STIT-like framework. By doing so, we have also cured an an-
assume that the agent has control over the execution of &maét noying feature oSTIT which is that when an agent makes a choice,
each moment during the execution, the agent can decide podtee other agents too. Moreover, choicesSfIT are arbitrary partitions
performing it or not. On the other hand, inSTIT framework with  of moments; we made the notion of choice clearer by constgict
several agents, agents share the set of indexes, and astawbBsn-  choices over sets of actions.
ever an agent makes a choice, all other agents too. This Epioea Besides working out a full axiomatization, extensionsue: less
demanding, as simply continuing what has been initiatedrbes  restricted types of action, expected results, action tealgtructure,
not really a new choice. For both these reasons, we intropaite- composing operators and strategies for individuals andpgro
ular actions representing tlwentinuation of an action. Introducing
in an explicit manner continuations of an action is actuallgood
way to formalize the notion ofontrol on the action [4].We follow REFERENCES
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3 Conclusion
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completed. We thus introduce propositiofsnp(a) € Atm, one
for each actiomn, that reads “action is completed”. An action
is completed when it has just ended and no continuation isilples
an action aborts if it ends but some continuation is stillgitds. In



