N

HAL

open science

Delegation as a communicative act: a logical analysis

Dominique Longin, Emiliano Lorini, Manh Hung Nguyen

» To cite this version:

Dominique Longin, Emiliano Lorini, Manh Hung Nguyen. Delegation as a communicative act: a logical
analysis. 8th IJCAI Workshop on Coordination, Organizations, Institutions, and Norms in Agent Systems
(COIN @ IJCAI 2009), Jul 2009, Pasadena, CA, France. <hal-03672517)

HAL Id: hal-03672517
https://hal.science/hal-03672517v1

Submitted on 30 May 2022

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaire HAL, est des-
tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Auto':izition
HAL Authorization


https://hal.science/hal-03672517v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Delegation as a communicative act:
a logical analysis

Dominigue Longin, Emiliano Lorini, Manh-Hung Nguyen

Institut de Recherche en Informatique de Toulouse (IRITanEe

Abstract. Delegation is one of the main determinants of coordinafjoint ac-
tivity and collaboration within the context of organizai® In particular, delega-
tion is the fundamental aspect for the redistribution andtie transfer of tasks
within the context of an organization, and it is responsifiolemaking organi-
zations dynamic. We present in this paper a conceptual amdafcanalysis of
delegation. In our approach, delegation is intrinsicallgoamunicative act of
directive type, that is a communicative act whose essertiadition is to induce
the hearer to perform a certain action. The concept of détegand its essential
condition will then be formalized by a logic which combinée texpressiveness
of dynamic logic and Standard Deontic Logic (SDL) with thaadogic of belief
and choice.

1 Introduction

When looking at social interaction within the context of angzations, social scientists
have been mostly interested in individuating the antecsdefrcollective behavior and
collective action between interacting individuals. A gahtoncern of the field has been
to identify the determinants and constituents of coorddmafoint activity and collab-
oration. Among the different determinants, trust and daieg have been recognized
as ones of the most important [20, 3,23, 8]. Suppose thattagess a general goal
to achieve. Ageni might decide to exploit other agents in order to achieve bl g
thereby forming a complex plan involving the actions of othgents. In this situation,
agent; will delegate some elements in his multi-agent plan to olgemts in the orga-
nization. In this perspective, delegation is the fundamlegtpect for the redistribution
and for the transfer of tasks, roles, powers, and obligatiaithin the context of an or-
ganization. In this sense, delegation is responsible fdimgeorganizations dynamics.
Delegation is tightly related with trust. Indeed, an agentiecision to delegate some
task to another agerjtis often based of#is trust inj, that is, in many situations trust is
a necessary precondition for delegation.

In some previous works [17] we have been more interestedeiridimal charac-
terization of trust and in the analysis of the role of trusthivi agent organizations. In
this work we provide a formal cognitive analysis of delegatiWe describe agents in
terms of their mental attitudes (beliefs, goals, interg)aand we provide a logical char-
acterization of the essential cognitive constituents dégkgtion, that is, those mental
attitudes which characterize the cognitive state of an adelegatinghe performance
of a certain action (or task) to another agent. Note that stlbag been argued that



multi-agent systems should have a social semantics, thadamantics about externally
observable states of affairs (such as commitment, pemnissobligationsetc) rather
than the internals to the agents (such as belief, choidestionsetc). Our claim here
is that observable social concepts are nothing else thalicpeMpression of internal
states of affairs. Thus, it seems to us that a characterizafidelegation by the way of
mental attitudes is the necessary first step for studyinly awmncept.

The major claim we defend in this work is that delegation tamsically a commu-
nicative act of directive type [22], that is a communicatee whoseessential condition
(orillocutionary goa) is to induce the hearer to perform a certain action. We shev t
this communicative act haglditional conditionsvith respect to other directive acts like
request and order. These conditions lead us to distingwistkind of delegation: the
first one with an option of refusal (and closed to a request) the second one without
any option of refusal (closed to an order).

The sequel of the article is organized as follows. In SecZiome provide an anal-
ysis of delegation trying to individuate its essential adnents. This part of the work
provides the conceptual backbone of all the work. In Sec3iowe present a formal-
ism which is sufficiently expressive to capture the concépmtategation discussed in
Section 2. It is a BDI-like modal logic which supports reasgrabout agents’ actions,
powers, abilities, and mental attitudes (beliefs, goatsiatentions). In Section 4, the
concept of delegation is formalized and its logical projesrare studied. Section 5 is
devoted to compare our approach with some approaches afadiele that have been
proposed in the multi-agent system field.

2 Delegation: an informal view

We conceive delegation as a specific kind of communicativefa delegant towards
a delegated agent. Thus, the essential cognitive constitud delegation we aim at
specifying in this work should be conceived as tlo@ditions of success the commu-
nicative actdelegatiorin the sense of Speech Act theory. According to this thec2y,[2
the conditions of success of a communicative act (or speegit are the conditions
that must be obtained in a possible context of utterancederahat the speaker suc-
cessfully performs that act in that context. More precislg conditions of success of
a speech act are the mental attitudes that are necessailyssed by a speaker when
the speaker is successfully performing this speech actekample, a condition of a
promise to perform a certain action in a certain context & the speaker intends to
perform this action in this context (sincerity conditioff)the speaker does not intend
to perform this action in this context, then he cannot makeoa{defective) promise to
perform this action in this context.

1 Roughly speaking, ‘speech acts’ and ‘communicative actsttae same thing for us. Speech
Act theory is indeed sufficiently general to speak about comioation in general (verbal
communication, communication by gestures, by facial esgions.etc). The main objective
of Speech Act theory is indeed the specification of diffetgpesof acts with different illocu-
tionary forces (request, order, promisés), independently from how every instance of speech
act is effectively realized and performed.

2 Technically in Speech Act theory, if this conditiorgispressethrough the performance of this
act, this performance will be successful. But if the sped&kéere insincere the performance



Let us now explain what are the different conditions that trhes satisfied for
achieving delegation with an option of refusal. Suppos¢ #lgent: has a goalp to
achieve and thatdecides to exploit an actiom of another agent in order to achieve
such a goal. In this case, agentlieson the execution of actioa by agent; for the
achievement op, what is exactly described by the following Condition A:

(A) agenti intends that agentwill perform actiona so thaty will be achieved.

This aspect ofelianceis for us the first necessary constituent of delegation, eher
reliance means an agent’s decision to exploit the actiorsttedr agents in order to
achieve his goals.

Rational intentions must be realist [6], that is, a raticaggnti cannot intend some-
thing to be true unlessthinks it to be possible. Thus, delegation has the additiona
condition:

(B) agent thinks it is possible that agepitwill perform actiona.

As our concept of intention is based on rational choice (ihat agent: prefers that
v be true, then envisages at least one possible world wherig true), Condition A
entails Condition B.

Delegation and reliance are not synonymous and althaligimceis a fundamental
dimension of delegation, it is not sufficient to define it. &gtion is indeed a specific
kind of speech (or communicative) act and involves a compativie aspect which is
not necessarily involved in reliance. As such, performamealitions of this act should
at least include all performance conditions of the primargative act. This is the case
because conditions A and B are nothing else that the sig@enitdition and the prepara-
tory condition of the primary directive act respectively Amphasized by Vanderveken
[25] these conditions are necessarily expressed by th&speden an act of directive
type is performed. Thus, if an agenfthe speaker) wants to delegate to an agettie
hearer) the performance of a certain actiofor the achievement of a certain gaal
then, necessarily:

©) 1 has the intention to communicatetéhati is currently relying onj’s execu-
tion of the actiony.

Furthermore, when delegating a certain actioto agentj, agent: manifests to
j that he is granting to him the permission to do actianThus, delegation has the
additional preparatory condition:

(D) i has the intention to communicate fdhat j has the permission to perform
actiona.

Finally, when delegating to agepthe performance af,

agent; has the power and the authority to grant to agetite permission to
perform actiony.

(E)

of this act will be defective. (That is, it conveys nothin§ge [25, p. 130] for more details.
Here, we do not distinguish between success conditions amdiefective conditions.



Note thati’s power of granting a permission tpas well asi’s power of obliging;

to do something (see Conditionrl Below) should be conceived as specific forms of
institutional power based on so-called constitutive rideared by the agents of the
form ‘an act ofi of a certain typ&ounts asg’s act of ensuring that has that permission
(resp. obligation)’. The relationship between constittiules and an agent’s power to
grant a permission will not be analyzed here (on this issaeesg., [19, 15, 11]).

These last two conditions D and E are also components of techpacpermit,
allow, authorize etc. (and, for a stronger form of delegation, a component of grder
Thus, what distinction can be made between these acts agghdiein? It is the fact that
these acts are not of directive type: if agemermits/allows/authorizes agejito do
actiona, it does not necessarily mean thaequestg to doa.

The distinction between thequestact and delegation is that, differently from the
latter, the former does not necessarily imply the creatiba norm.® More exactly,
delegation conveys@ansfer of prerogativérom the speaker to the addressee, that is,
just before the delegation act the hearer does not have th@gston to do the action
that the speaker wants to delegate. In other words, befdegateng to ageny the
execution of actiomn:

(F) itis forbidden for agenj to do actiona.

Note thatj will acquire the permission to do actienafter the completion of the dele-
gation act. (Thanks to Condition D.)

From this perspective, delegation can be conceived as &ydartspeech act of
directive type which is a more specific form of request. Weastifate this idea by the
both following examples.

Scenario 1. Suppose that agetitis the editor-in-chief of a scientific journal. Agent
decides to delegate to agefita member of his editorial board, the task of reviewing
an article submitted to the journal. This means thaélies on j's action of reviewing
the article, i.e.i intends thatj will review the article. Furthermore;j intends to ask

j to review the article and intends to communicate ; that he is granting him the
permission to review the article. In this situation, quaeditor-in-chief of the journal,
he is in the position to grant a permission to a member of theedl board to review
an article. By delegating the task of reviewing the arti¢lalso creates the permission
for j (and maybe here, the obligation) to review the article.

Scenario 2. Agenti believes that his car is damaged and wants it to be repairbdsT
he decides to delegate to a mechanic the task of repairingaherhis means that
relies on the mechanic’s action of repairing the car, ii@ntends that the mechanic will
repair the car. Agent’s act of delegating to the mechanic the task of repairingdhe
also involves’s intention to ask the mechanic to repair the car ands intention to
communicate the mechanic that he is granting him the permission to repair the car
(in his shoes). In this situatiofy quaowner of the car, he is in the position to grant a
permission to the mechanic to repair his car. By delegatiegtask of repairing the car,

1 also creates the permission for the mechanic to repair the ca

% By ‘norm’, we mean an obligation or a permission.



In both scenarios, the conditions associated to Condifis+s are the most char-
acteristic/important conditions of delegation becausy ttlistinguish delegation from
other kinds of directive speech act. For instance, supgesdr the first scenario an-
other agent is not the editor-in-chief of the journal, but he is simply @league of
agentj. Suppose also thatis in charge to review the article but has not the authority
to permit; to review the article. In this case, agentannot delegate tg the task of
reviewing the article. At the mostcan just ask to do that (which is a simple request).

It is to be noted that there are stronger forms of delegatibichvare based on an
order of the delegant to the delegated agent, and in whigk theno option of refusal.
In these situations; (the delegant) does not simply intend to communicatg (the
delegated agent) thathas now the permission to perform a certain actigbut rather
1 intends to communicate tp that j is now obliged to perform action. Thus, the
speaker does not give any choice of refusal to the speakee precisely, delegation
based on order is defined by the conditions A—C given abow&tpki following three
clauses which substitute the previous three clauses D—F.

agent; has the intention to communicate to agg¢mibatj has now the obliga-
tion to perform actionv.

(E') agent has the power and authority to oblige aggtd do actionx.

) agent;j does not have the obligation to do actierand he will have this obli-
gation after the completion of the delegation act.

(D)

The following variant of the previous scenario illustratee fundamental con-
stituents of delegation based on order.

Scenario 3. Suppose that agentis the president of a company and suppose that this
company must be represented at a journalist meeting. Seppms that agent dele-
gates to agenf, an employee of the company, the task of participating ®rtiéeting.

In this case, the employee does have any refusal optionigtaisorder).

Note that before delegation, the employee did not have reithiggation or permission
to go to the meeting. It is only after the performance of thiegiation act by thatj is
obliged to go to the meeting (which illustrates the creatiban obligation through the
delegation act).

3 Alogic for delegation

This section presents the multimodal lodicexploited to formalize the fundamental
concepts involved in our model of delegatiaf.combines the expressiveness of dy-
namic logic [14] and temporal logic with that of a logic of lefland choice that can be
used to define intention (and may be called BDI-like, seedr]ristance).

3.1 Syntax

The syntactic primitives of the logi€ are the following: a nonempty finite set of in-
dividual agentsdGT = {i,7,...}; a nonempty finite set of atomic actiodsC'T =
{a, B,...}; anonempty set of atomic formulasI’M = {p, g, ...}. The language of



is the set of formulas defined by the following BNF:
pu=p| @] pVe|Doap | After; ¢ | Bel;p | Choice;p | Oblig ¢
wherep ranges oved T'M, « ranges oved C'T" andi ranges overd G'T.

The operators of our logic have the following readingter;.,» means ‘imme-
diately after agent doesaq, it is the case thap’ (thereforeAfter;., L is read ‘agent
1 cannot do actiom’). Do;.,(0 means ‘agent is going to doa andp will be true af-
terwards’ (therefor®o;., T is read: ‘agent is going to doa’). Bel;» means ‘agent
believes thaty’. Choice; means ‘agent has the chosen goal that (which can be
shortened to ‘agernitwantsy to be true’).0blig ¢ means ¢ is obligatory’.

OperatorChoice; are used to denote an agent’s chosen goals, that is, the goals
that the agent has decided to pursue. We do not consider hageat's chosen goals
originate through deliberation from more primitive motieaal attitudes called desires.
The operatoOblig is the modality for obligation of Standard Deontic Logic (SD
[2]. The following abbreviations will be convenient:

Poss;p def —Bel;—¢p

Capable,(a) = —After;q,L
Int(i, ¢, @) ot Choice;Do;.q
Power;(p, @) def Capable,(a) A After;.qp
Oblig,(e) &' ObligDosa T
Forbid;(a) &' Oblig ~Doj T

Perm; (o) % —~0blig ~Doja T

Poss; stands for{ thinks thaty is possible’ Capable;(«) stands for{ has the capa-
bility to do o’ (which can be shortened to ‘ageintan do actiory’). Int(7, ¢, «) stands
for ‘agenti intends to do actioa and intends thap will be true after the occurrence
of actiona’. We shorten this to ‘agentintends to do actiomv in order to ensure>’.
Power;(p, o) stands for ‘agent has the power to ensure by doinga’. Oblig,(«)
stands for ‘agentis obliged to do actiom’. Forbid;(«) stands for ‘it is forbidden for
agenti to do action’. Perm; () stands for ‘agenthas the permission to do actian

3.2 Semantics

We first define Kripke frames, and then models and truth camditfor the logical
connectives.

Frames. Frames of the logi« (£-frames) are tuple8 = (W, B, C, O, A, D) defined
as follows.

— W is a nonempty set of possible worlds or states.
— B: AGT — W x W maps every ageritto a serial, transitive and Euclidean

relation B; between possible worlds iy .

* A relation B; on W is Euclidean if and only if, if(w,w’) € B; and (w,w”) € B; then
(w',w") € B;.



- C: AGT — W x W maps every ageritto a serial relatiort’; between possible
worlds inWV.

— O is a serial relation between possible world$/ih

— A: AGT x ACT — W x W maps every agertand actionx to a relationA4,.,,
between possible worlds V.

— D: AGT x ACT — W x W maps every ageritand action to a deterministic
relation D;., between possible worlds i .°

It is convenient to view relations div’ as functions fromiV to 2'; therefore we write
Aj.o(w) for the set{w’ : (w,w’) € Ai.q}, etc. B;(w) is the set of worlds that are
compatible with agent's beliefs atw; O(w) is the set of worlds that are ideals«at
and C;(w) is the set of worlds that are compatible with agéathoices aiv. 4., (w)

is the set of worldsy’ that can be reached from through the occurrence of agers
actiona. If (w,w’) € D;., thenw’ is the unique actualuccessoworld of w, that will
be reached fromv through the occurrence of ageistactiona atw. (We might also say
that D;.,, is a partial function.) We therefore have two kinds of relas for specifying
the dynamic dimension of frames:

— whenD;.,(w) = {w'} then atw agent performs an action resulting in the next
statew’;

— whenw' € 4;.,(w) butw” & D;..(w) then if atw agent; would do something
different from what it actually does it might have producedther outcome world

w’.

If Dj.o(w) # 0 (resp.A;.o(w) # 0) then, we say thab,.,, (resp.A;.,) is defined atw.
Frames will have to satisfy some constraints in order to pallé-frames. For every
1,j € AGT, o, € ACT andw € W we suppose:

S1  ifD;., andD;.s are defined at thenD;.,,(w) = D;.g(w).

ConstraintS1 says that ifw’ is thenextworld of w which is reachable from through
the occurrence of agefis actiona andw” is also thenextworld of w which is reach-
able fromw through the occurrence of agej$ action3, thenw’ andw” denote the
same world. Indeed, we suppose that every world can only bagaextworld. Note
thatS1 implies determinism of everp;..,.

Moreover, forevery € AGT, o € ACT we suppose:

S2 D;.o C Aza

The constraintS2 says that ifw’ is the nextworld of w which is reachable fromw
through the occurrence of agerg action«, thenw’ must be a world which ipossibly
reachable fromw through the occurrence of agersg actiona.

Moreover, we suppose that for evarye W:

S3 there exists € AGT anda € ACT such thatD,.,, is defined atw.

® A relation D;.., is deterministic iff, if (w, w') € Di.o and(w, w”) € Dj.o thenw’ = w”.



The constraint3 says that there is always some agent who does something.

The following semantic constraintst and.S5 are about the relationship between
an agent’s choices (i.e., chosen worlds) and the actions performed Bor every
i€ AGT,a € ACT andw € W, we suppose that:

S4  if A;., is defined atw andD,.,, is defined atv’ for all w’ € C;(w) thenD,.,, is
defined atw;
S5 ifw € C;(w) andD;., is defined atw, thenD;.,, is defined atv’'.

The next constraint relates worlds that are compatible aiganti’'s beliefs and
worlds that are compatible withs chosen goals: as motivated in the beginning of Sec-
tion 3.1, they should not be disjoint. For evérg AGT andw € W

The following constraint onC-frames is one of introspection w.r.t. choices. For
everyi € AGT andw € W:

S7  ifw € B;j(w) thenC;(w) = Ci(w').

Models and truth conditions. Models of the logicL (£-models) are tupled/ =
(F, V) defined as follows.

— Fisacl-frame.
-V : W — 24TM s a truth assignment which associates each werldith the
setV (w) of atomic propositions true im.

Given a modelV, a worldw and a formulap, we write M, w = ¢ to mean that
@ is true at worldw in M. The rules defining the truth conditions of formulas are just
standard for atomic formulas, negation and disjunctior fbflowing are the remaining
truth conditions folOblig ¢, After;.,¢, Do;.o ¢, Bel;p andChoice; .

— M,w = After;. ¢ iff M,w’ | ¢ forall w’ such tha{w, w’) € A;.q.
— M,w = Do;.np iff thereisw’ € D;.,(w) such thatM, v’ = ¢.

— M,w = Bel;piff M,w |= ¢ forall w' suchtha{w,w’) € B;.

— M,w = Choice;p iff M,w' |= ¢ forall w’ such tha{w, w’) € C;.
— M,w = 0bliggiff M,w’ = ¢ forall w’ such thaiw, w’) € O.

Observe that the modal operatws;.,, is of type possibility, and that all other modal
operators are of type necessity.

We write =, ¢ if ¢ isvalid in all £-models, i.e M, w = ¢ for everyL-model M
and worldw in M. Finally, we say thap is satisfiablef there exists &-modelM and
world w in M such thatV, w |= ¢.

3.3 Axiomatization

Table 1 contains the axiomatization of the logicPrincipleKD45g,, is for the belief
operator: its logic is KD45. PrincipléD ¢y.: .. is for the choice operators, whose logic
is KD. These operators are similar to Cohen & Levesque’s gpatators [7]. Thus, we



suppose positive and negative introspection for beliefd, we assume that an agent
cannot have inconsistent beliefs and conflicting choicesh@ve a standard KD logic
for obligation modalities (PrincipléD 155 ) as in Standard Deontic Logic (SDL).
Therefore, obligations are always consistent. Principle... says that every modal
operatorAfter;., obeys the principles of the basic normal modal logic K, Rplec
Kpo says the same for eveby;..,. Axiom Altp, says that ifi is going to doa and¢
will be true afterward, then it cannot be the case thet going to dog and - will
be true afterward. AxionActive expresses the world is never passive, i.e. there exists
always some agent who does something. Axidetive ensures that for every world
there is a next world ofv which is reachable fromv by the occurrence of some action
of some agent. This is the reason why the operatéor next of LTL (linear temporal
logic) can be defined as follows:
xg & Vieacr,acacr Doia T

Note thatx satisfies the standard propeky « —X —.

The other axioms are about more complex interactions bettiemodal operators,
and are going to be discussed in detail in the rest of themecti

(PC) All theorems of propositional calculus
(KD45g.1) All principles of modal logic KD45 for evergel;
(KD choice) All principles of modal logic KD for everghoice;
(KD ov11¢ ) All principles of modal logic KD foroblig
(K after) All principles of modal logic K for everafter;.
(Kpo) All principles of modal logic K for evenpo;.,
(Altp,) Doji:ap — —Doj.3¢p
(Active) \/ Doia T

1€AGT,ac ACT
(INCaster,po) Doj:ap — —Afteri.qa—p
(IntActl) (Choice;Doj.o T A Capable,(a)) — Dojio T
(IntAct2) Do;. I — Choice;Doj.a |
(WR) Bel;p — —Choice;—p
(PINtr choice) Choice;p — Bel;Choice;p
(NINtr choice) —Choice;¢p — Bel;—Choice;p

Table 1. Axiomatization ofL

AXxiom InC,¢ter po SaYs that ifi is going to doa andy will be true afterward, then
it is not the case that will be false afteri doesa. AxiomsIntActl andIntAct2 relate
intentions with actions. According tatActl, if i has the intention to do actian(i.e.
has the chosen goal to perform actignand has the capacity to dg then: is going to
doa. According tolntAct2, an agent is going to do acti@nonly if it has the intention
to doa. In this sense we suppose that an ageadtisgis by definition intentional.



GivenlIncster,po, INtACtL andintAct2 could be replaced by the single axiom:
(IntAct) Do;.q T <> (Choice;Do;n T A —After;,L)

Similar axioms have been studied in [18] in which a logicaldaloof the relationships
between intention and action performance is proposed.

As far as beliefs and chosen goals (choices) are concermesljppose that the two
kinds of mental attitudes must be compatible, that is, if gard has the goal tha,
then it cannot believe thaty. This is the so-called assumption weak realisni6].
According to this hypothesis, a rational agent cannot chgdsit believes thaty is an
impossible state of affairs. The principle of weak realismxpressed by AxiofVR.

We also assume positive and negative introspection ovesechgoals, as expressed
by axiomsPIntr cpoice aNANINLT 0. TOgether with Axiom D folChoice; they imply
the equivalenceGhoice; <> Bel;Choice;p and—Choice;p <> Bel;—Choice;(p.

3.4 Soundness and completeness

We call £ the logic axiomatized by the axioms and rules of inferenes@nted above.
We writet,  if formula ¢ is a theorem of (i.e. ¢ is the derivable from the axioms
and rules of inference of the logit).

We can prove that the logi€ is soundand completewith respect to the class of
L-frames. Namely:

Theorem 1. £ is determined by the class Gfframes.

Proof. It is a routine task to check that the axioms of the logicorrespond one-to-
one to their semantic counterparts on the frames. In p#aitidD45g.; correspond to
the seriality, transitivity and Euclideanity of every riéten B;. KD ¢yoice COrresponds
to the seriality of every relatio’;. Axiom KD o135, COrresponds to the seriality of the
relationO. Axiom Altp, corresponds to the semantic constraimt AXiom INCaster,po
corresponds to the semantic constraitt Axiom Active corresponds to the seman-
tic constraintS3. Axioms IntActl andIntAct2, correspond to the constrainid and
S5. Axiom WR corresponds to the constraift. Finally, Axioms PIntr ¢poice and
NIntr choice COrrespond together to the constraifit

It is routine, too, to check that all of our axioms are in thél§uaist class. This
means that the axioms are all expressible as first-orderittmmsl on frames and that
they are complete with respect to the defined frames clask¢4, Th. 2.42]. O

4 Delegation: a formalization

Before providing a logical characterization of the conceptlelegation, we need to
define the concept of communicative intention. We consigerctassical Gricean view
of linguistic communication in which a communicative intiem of the speaker has an
intrinsic reflexive character [12], i.e. a communicativeeintion of the speaker is aimed
at the recognition by the hearer of the speaker’s goal ofrinfiog the hearer about
somethind In particular, we say that agentas the intention to communicageto

% For a more complex logical account of communicative intamgee [1], in which the authors
provide a fix-point characterization of this concept.



agentj by doing actionn (notedCommInt(i, j, ¢, v)) if and only if, agent intends to
perform some actiorn so that;j will believe thati wants thatj believesp. Formally:

(DefeonnIat) CommInt(,j, ¥, @) def Int(i,Bel;Choice;Bel;¢p, o)

For exampleCommInt(Bill, John, Bill-grateful-John, say- Thank's!) means that Bill
has the intention to communicate to John that Bill is grdt@fdohn for John’s help by
uttering the sentence “John, thank you very much for youp!'heWe are now in the
position to define formally the concept of reliance, delegabased on request, and
delegation based on order.

We start with the concept of reliance as an agé&ngoal that another ageritwill
perform a certain action.

(Défgery) Rely(i, j, @) def Choice;XDoj.o T

Rely(i, j, @) has to be read relies on the execution of actienby agent;’.

Now, we can formally define the concept of request-baseddétn by translating
into the logicL the informal conditions A-F given in Section 2:

(DefRquel) Rquel(ia j7 «, B) d:ef Doi:ﬁT A Rely(ia j7 Oé)
A CommInt(i, j,Rely(7, j, &) A Perm;(a), 3)
A Power; (Perm;(a), ) A Forbid;(c)

ReqDel(i, j, v, 3) has to be read ‘agentby doing action3, performs a request-based
delegation of actionx to agent;’. The clauseDo;.sT just expresses thatperforms
action s by means of which he performs the action of delegating actiéo agent;.
The clauseRely(, j, «) (‘i intends thatj will perform actiona’) corresponds to the
Condition A given in Section 2, the clausemmInt(s, j, 5,Rely(i, j, ) A Perm;(a))
corresponds to the Conditions C and Bifitends to communicate tpthat: relies on
j's execution of the action’ and ‘i intends to communicate tpthatj has now the
permission to do the actiow’). Indeed,CommInt (i, j,Rely(i, j, ) A Perm;(«), 5) is
logically equivalent t@ommInt (i, j, 3, Rely(i, j, &), 3) ACommInt(7, j, Perm; (), 5).
The clausePower;(Perm;(a), 3) corresponds to the Condition E (\as the power to
grant toj the permission to de’) and the claus&orbid;(«) to the Condition F (f
does not have the permission toald. Note that it is not necessary to include Condition
B explicitly in the formal definition of request-based dedégn. Indeed, it is implied
by ReqDel(i, j, , 3):

F RegDel(i, j, v, ) — Poss;XDoj.o T.
That is, if agent, by doing action3, performs a request-based delegation of action
to agentj then,i thinks it possible thaj will perform actiona. The formula
RegDel(i, mechanic, repairCar, say-can-you-repair-my-car?) captures the second
scenario of request-based delegation given in Sectionehtagby telling to the me-
chanic ‘can you repair my car, please?’, performs a regoased delegation of the
action of repairing the car to the mechanic.



We can also define the concept of order-based delegatiorahglating into the
logic £ the informal conditions A-C and'EF’ given in Section 2:

(Deforaper) 0rdDel(i,j, «, 3) def Do;.s T ARely(i, ], )
A CommInt(i, j, Rely(i, j, ) A Oblig;(a), B)
A Power;(0blig;(a),3) A —Oblig,(a)

0rdDel(i, j, o, 3) has to be readi, by doing actions, performs a order-based delega-
tion of actiona to agent;’.

Note that order-based delegation does not necessarily ireglest-based delega-
tion (and vice versa), i.@rdDel (i, j, c, 3) does not necessarily impReqDel(, j, , )
(and vice versa). This just means that request-based dielegad order-based delega-
tion should be conceived as distinct communicative acts.

5 Related works

Falcone & Castelfranchi [9, 10] have proposed a model ofgdgien that has some sim-
ilarities with the approach proposed in this work. They dse énterested in a specifi-
cation of the cognitive constituents of delegation as ai@adr cognitive state (defined
in terms of beliefs, goals, intentions) of the delegatingragCastelfranchi & Falcone
individuate several kinds of delegation. They introducest fiype of delegation called
weak delegationthat is, the delegation based on exploitation, on the passihieve-
ment by an agentof a certain task. In weak delegation, an agejoist exploits in his
plan a fully autonomous action of another aggnin fact, s has only to recognize the
possibility thatj will realize a certain action and that this action ensures the goal
of 7 will be satisfied. In this case agenfpassively’ awaits the satisfaction of his goals
given his expectation thagtwill ensure it. Then, they have a second type of delegation
calledmild delegationthe delegation based on the active indirect achievemenolhy
the task. Agent not only exploits ageni’s action for the achievement of his goals since
he sees agents intervention as fundamental for this, but also acts ireotd inducej

to perform the right course of action. Finally, they haveiedttype of delegation called
strong delegatiorbased on goal adoption. In strong delegation, agdras a certain
goal ¢ and decides to act in order to indugeo adopt his goal. Although Castel-
franchi & Falcone recognize that strong delegation mighbésed on a request/order
of the delegant to the delegated agent, they leave imglieicbmmunicative aspect of
delegation and they miss a crucial point in the theory ofgkgien, namely the fact that
delegations a kind of communicative (or speech) act. They do not consierelation-
ship between delegation and other more elementary spe&bfadirective type like
permit/allow/authorize (delegation based on request) cader/command/require (del-
egation based on order). Finally, Castelfranchi & Falceefinition does not capture
another essential element of the concept of delegationglyaime delegant’s complex
configuration of presuppositions: the delegant’s presajpipo that he has the power
to permit the delegated agent to accomplish the delegas&datad that at present the
delegated agent does not have this permission (delegat&adlon request), or the del-
egant’s presupposition that he has the power to oblige tlegdied agent to accomplish



the delegated task and that at present the delegated agenhdbhave this obligation
(delegation based on order).

Recently other researchers have developed formal systemsasoning about del-
egation. Many of these approaches try to express the contdptegation without re-
ferring to mental states. Norman & Reed [21] analyze thosm$mf delegation where
by issuing an imperative an agemntreates an obligation for another agend accom-
plish a given task. They exploit a logic of agentive actioruBing asee to it thatnodal
operatorS; similar to [16] and a deontic operat@rp. According to them a formula
such asS;0S;p reading “agent sees to it that the state of affairs holds in which it is
obligatory forj to see to it thafp” corresponds ta’s action of issuing an imperative to
j and expresses delegation. A similar approach to delegetiproposed by Grossi et
al. [13] in which delegation is taken as primitive actiontvdtt being analyzed in terms
of cognitive states of the delegant, and what delegatiors @og@ist creating directed
obligations, given that certain necessary preconditionthie creation of the obligation
hold.

Van der Hoek & Wooldridge [24] develop a logic for reasonittgpat cooperation
in which the powers of agents and coalitions of agents stem fa distribution of
atomic Boolean variables to individual agents, where tloeéagls available to coalitions
correspond to the possible truth assignments to the pridgsthey control. They have
formulae; reading “agent has the power to bring about' and specific dynamic
programs ~-, j reading “agent transfers the control opto agent;”. After defining
the notion ofagenti’s control on a variablep as agent’s power to chooseg to be either
true or false,

Control(i,p) EE 0ip A Qi
they take the following as an axiom:
Control(i,p) — (i ~», j)Control(j,p).
This means that after the occurrence of the progras, j, j acquires the control on
variablep (j gets the power to choogeto be either true or false). Van der Hoek &
Wooldridge define delegation on the basis of this primitiséen of empowerment.

In our view the previous approaches are too poor in expregsiwer and their
definitions are too broad to really clarify the concept ofdgition in many cases.

On one side, it is not reasonable in our view to collapse tmeept of delegation
into the general concept of empowerment as Van der Hoek & tivimtgle do. Indeed
the connection between empowerment and delegation of astask a necessary orfe.

Suppose ageritpays 6.000 Euro to agentto buy j's car. After the purchasghas
6.000 Euro more in his budget. He has acquired the power t@mew motorbike. In-
deed by paying 6.000 Euro {04 has transfered tg the power to buy a new motorbike
(supposing that before the purchg&ebudget was 0 EUro)i ~- puyamotorbike J) T -
According to Van der Hoek & Wooldridge’s logic after this tisfer of poweri has
the power to buy a motorbike. Inde€d ~puyarotorvike J)(QiBuyMotorbike A
O;~BuyMotorbike) holds. Anyway it seems to us very counterintuitive to say tha
in the example there is some delegation involvets (hot delegating tg the task of

"In [5] an analysis of the relation between institutional emprment and task/goal delegation
is provided.



“buying a motorbike”). Indeed no form of delegation is invetl when an agent simply
pays a certain amount of money to another agent.

Although we agree with Norman & Reed [21] and Grossi et al] {i8t some forms
of delegation are responsible for the creation of obligafgee the notion of delegation
based on order in Section 4), it is too simplistic to redudegggion to something like
“agent: sees to it that the state of affairs holds in which it is oltigg for j to see
to it that ¢” as Norman & Reed do. The main problem with this approach a ith
is not able to exclude from the definition of delegation abidé situations where by
performing a certain action, an agenaccidentally (non intentionally) sees to it that
agent; is subject to a certain obligation. For example, by pasdingugh the security
gate at the airport with a suspicious hand luggage, a tstroamed Oscar sees to it
that the state of affairs holds in which it is obligatory fbetsecurity service to search
Oscar’s hand luggage (suppose that there is a general gutgthat “security service
must search all suspicious hand luggage”):

S0scarOSsecuritySearchOscar Luggage.
It seems quite odd to say that Oscar delegates the secunitges¢o search his hand
luggage. Indeed, Oscar neither wants nor intends thatisgesarvice search his hand
luggage. It is rather the institutional authority of thepairt that having the intention
to prevent terrorist attacks (intentionally) delegatethi® security service the general
task of searching all suspicious hand luggage and the meafigptask of searching
Oscar’s luggage.

In our view in order to provide a formal characterizationlad notion of delegation,
we cannot avoid to have mental states such as goals andiomim the framework.
Indeed delegation is intrinsically an intentional notidm agent: delegates another
agentj to accomplish tasks that according tare important, that is, an agerdelegates
to agentj a certain task/actioo only if agenti wants thatj will do actiona (we have
called reliance this fundamental dimension of delegation)

6 Conclusion

We have presented in this work a conceptual and formal asabjylelegation. The
major claim we have defended is that delegation is intradsica communicative act
of directive type. We have distinguished delegation frommeotkinds of speech act of
directive type like request and order.

Directions of future work are manifold. The present work hasn mainly focused
on the characterization of the cognitive state of the deleda the future, we will con-
sider the normative effects of the delegation act on thegdeéel agent. For example, we
intend to show how an act of order-based delegatian@fards; about a certain action
« will create the obligation fojj to perform actiony. Another aspect that we intend to
investigate in the future is the logical relationship betwérust and delegation (is trust
a sufficient condition for delegation? Does delegation sgaely require trust?). To this
aim we will integrate the analysis presented here with oavipus works on trust [17].
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