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Abstract

Collaborative applications require protocols that
specify how distributed entities interact with one
another in order to achieve a specified behavior.
Many different kinds of relationships can be estab-
lished between these entities as a result of such in-
teractions. Distributive and Collective readings are
two important ways to characterize group interac-
tion. Starting from an attempt-based semantics of
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collecting results), it should be possible for each computer
to send messages and results to groups of other components
without knowing in advance who are the recipients and who
actually need such results. In this sense, an agent commu-
nication language should support communication addressed
to individuals as well as to groups, where a group may have
a stable, known membership (i.e. it can be addressed by a
referring name) or its membership may be unknown. For
example, in a publish/subscribe system, senders label each
message with the name of a topic ("publish”), rather than ad-

group communicative acts, we distinguish between
these two concepts and evaluate group protocols
with respect to formation of different types of teams
during the interaction.

dressing it to specific recipients and the messaging system
then sends the message to all eligible systems that have asked
to receive messages on that topic ("subscribe”).

But complex systems like grids not only require that col-
o lections of components be treated as a single conceptual unit
1 Motivations when viewed from a different level of abstraction, they also

Group communication is common in collaborative applica-involve the changing of relationships between their various
tions of all kinds such as clustering, grid computing, transaccomponents. Group communicative acts by themselves are
tions and database replication, distance learning, applicatiofot sufficient to model such situations. The group commu-
sharing, distributed interactive simulations, on-line gameghication semantics of speech acts is sufficient to model one-
and financial markets. In all these applications the emphashot one-to-many communicative interactions - the intended
sis shifts to distributed global collaboration rather then a centecipients can be multiple agents and/or groups of agents.
tralized view of the problem. A protocol definition specifies However, we need group protocols in order to enable com-
how distributed elements interact with one another in order t®utational mechanisms for flexibly forming, maintaining, and
achieve a specified behavior and therefore, protocols are criflisbanding organizations or teams. This is not just a matter
ical for the interoperability of the various components. Mostof allowing new groups to appear and then disband, but also
of the protocols presented in multi-agent systems propose bgllowing different kinds of groups that have different types
lateral interaction among agents, with few cases of protocol§f commitments among the group members themselves. The
that try to Capture cases invo|ving groups of agents_ ThesdS€ of communicative acts |r! dlﬁ:erent contexts and in dlﬂ:e_r-
representations of bilateral interactions are very useful in deent orders leads to the creation of different types of commit-
scribing isolated conversation between two agents, but faieént among the agents. Different commitments imply differ-
when the structure of the conversation becomes complex ¢t methods to form and disband teams of agents.
the number of agents involved within the conversation grows. In this paper, starting from an attempt-based semantics of
One of the most challenging examples in distributed intercommunicative actBCohen and Levesque, 19%nd the se-
actions and group communication is represented by the thirchantics of group communicatigikumaret al,, 2004, we an-
generation of grid computing systefi3e Roureet al., 2009. alyze the concept dlistributive readingvs. collective read-
Grid computing enables geographically distributed systeming[Clark and Carlson, 1982n group protocols. These types
to form dynamicvirtual organizations[Fosteret al,, 2001 of group communication will be evaluated with respect to the
whose members use shared and private resources to colladormation of different types of teams during interaction. In
rate in order to find a solution to a common problem. Giventhe case of a collective reading, we claim that joint commit-
this situation, according to Jenningkennings, 2001 agent-  ments and mutual beliefs have to be established among all the
oriented approaches are well-suited to engineering complexnembers of the group. We will see that by means of group
distributed software systems. In the case of distributed gridcommunication, one can obtain a joint commitment among
computing (i.e., when there is no single big computer forthe members of a group that has different properties from the



one achieved by means of single utterances. represent groupsy( for example) to indicate thdistribu-
tive readingsof that group. An entity without an underline
can be either an individual or a group and indicatesoh
lective reading If v is a formula with termy, andx does
Addressing an utterance to more than one recipient is moreot appear inp, and~(x) is the property predicate that cor-
than a convenient way to refer to many people simultaneresponds toy, and«(z) is a formula formed by replacing
ously. For example, it may be that we want to make othewith z in i, theny(y) = vz y(z) D ¢(x). For example:
people aware of what is going on say, by using @&bon  (BEL v p) = Vz ~v(z) D (BEL z p). In other words, ev-
Copyfield in e-mails. Even if everybody in the "TO” and eryone in groupy believesp. In case of ambiguity in the
in the "CC” fields receives the e-maiil, it is clear that the in- determination of the scope, we will mark the group term
tended recipients of our utterance are just the people in ththat it applies to and the starting bracket with the free vari-
"TO" field, but, we also want the people in the "CC” field to able in the superscriptBEL v¥ (BEL = (*BEL 47 p))) =
be aware of it. So, the reader of an e-mail has to be able t9y y(y) > (BEL y (BEL z (Vz~(z) D (BEL zp)))).
make certain inferences about the mental state of others who This paper will concentrate on group protocols in which
the e-mail is addressed to or who will be reading the e-mailthe intended recipient of a message is a group of (possibly un-
Moreover, consider the utteranceCan both of you help me  known) agents. The difference between a distributive reading
in lifting this table?. The main effect of this utterance is and collective reading will be shown to depend upon whether
not only that both the recipients are aware of the request, buhe intended actors are separate individuals or groups. Here,
also that both of them know that the request was maddl  we summarize the results from literature that this paper builds
the recipients as a grougnd the requested action should be upon and redefine semantics for the communicative acts that
a joint action. An agent communication language should b&ve need for our example. The terms 3, and~ in the fol-
able to properly convey these nuances of a requester’s intefowing definitions can represent either groups or individuals.
tions about the performers of an action. Here,« is the entity performing the communicative atis

In a previous papelKumar et al, 2004, we introduced the recipient (including the "Over-hearers”) of the message,
a framework for semantics of group communicative acts anénd+ is the intended recipient (or intended actor). The se-
provided a semantics of the REQUEST communicative actnantics of the communicative acts as described below has the
within this framework. It was demonstrated that this groupimplicit requirement that the intended recipients of an utter-
communicative act can be performed even when the requestance are a subset of all the recipients. Moreover, the sender
does not know about the intended actor and when the resf the utterance is always a single agent that may be an in-
guester does not know everyone who will get the messagelividual that acts on behalf of the group. The analysis of
Even though that paper emphasized the importance of distirauthorized representative of groups is left for future work.
guishing between a group doing an action as an entity (collec- A persistent weak achievement goal or PWAG represents
tive reading) and everybody in a list of individuals performing the one-way commitment of one agent directed towards an-
the action (distributive reading), it provided a clear semanticether and it is used to define the semantics of various com-
only for the latter. Furthermore, plurals and utterances admunicative acts. A PWAG made public via performance of
dressed to groups can introduce semantic ambiguities. F@ communicative act represents a social commitment using
example, there can be a potential ambiguity as to whethementalist notions. The definition ¢PPW AG o v p ¢) states
the aggregated entities are to act individually (distributive) orthat an entitya: has a PWAG towards another entifyto
they are to act together as one (collective). This paper makeschievep with respect tog when the following holds: ifx
a clear distinction in the semantics of communicative acts tdelieves thap is not currently true then it will have a persis-
enable understanding whether an utterance requires a colle@nt goal to achievp, and if it believes to be either true, or
tive or a distributive reading. In particular, we want the agentso be impossible, or if it believes the relativizing conditign
that receive a communicative act to interpret its correct readto be false, then it will have a persistent goal to bring about
ing (distributive or collective) so that they can act accordingly.the corresponding mutual belief with In the philosophy of
Moreover, group communicative acts have to be inserted anhnguage, it is argued that the illocutionary effect of a speech
analyzed in the wider context of protocols, where distributiveact consists of the hearers recognition of the speakers com-
and collective reading of an utterance is important in order tanunicative intention. A communicative act succeeds when
generate the next communicative act of the protocol. Howthe hearer successfully recognizes the speakers intention and
ever, in this paper we will not be concerned with how theit is satisfied when the hearer successfully acts on the speak-
action is done and how the agents coordinate in order to peers intention. Communicative acts must be characterized as
form the action. attempts because there is a possibility that the act may not

We regard a group as being defined by a characteristisucceed. Accordingly, attempt is defined as having a goal and
function such as the membership property. This can be camn intention. An ATTEMPT to achieve via g represented
tured by a predicate consisting of a free variable that rangeas(ATTEM PT « e p q t) IS a complex action expression in
over individuals. With Greek letters we will represent groups’which the entityy is the actor of the event and just prior
names, and we use the same symbol in a functional notde e, the actor chooses thatshould eventually became true,
tion to denote the associated membership predicate. For eand intends that should produce at leagtrelative to that
ample,~ is a group having the membership predicate) choice. Mutual belief for groups is defined in terms of unilat-
wherez is a free variable. We will underline the entities that eral mutual belief, or BMBCohen and Levesque, 199¢hat

2 Formalism



is treated as a semantic primitiléumaret al., 2004. Proof Sketch.v is a subset of3, so the intention part of

. ; the definition of the REQUEST speech act is also valid by
Definition 2.1 Mutua:I Belief substitutingg with ~. After making these substitutions, the

(MB~yp)=Vzy(x) O (BMBxyp) . J e
proof is the same as the one providedKumaret al, 2004.
MB between two groupsM B [ «) is defined similarly. efinition 2.3 Inform

In this article, we assume that mutual belief is establisheqd;n ro R Byept)=(ATTEMPT ace ¢4 t)
by default Establishing mutual belief by default means that,pere ¢ = [BAIB v o p
agents make certain defeasible assumptions if they have n@d ) = [BMB 8 a [GOAL o (BEL ~ [BEL a p))]|
information to the contrary. If at a later time, the agent hav-
ing a defeasible belief discovers that its belief was incorrecE
than it needs to revise that befieBut until that happens, an
agent can assume the defeasible belief and make inferenc

based on that belief. The symboe), represents the deduc- . ; . ,
tion relation and-, (4 = ) denotes that can always be come to believe that there is mutual belief between the recip-

derived from using defeasible rules. In particular, we as- ients and the senders that the senders had the goal that the

sume that the sender and the receivers of a communica’ti\hgtended recipients will believe that the senders beiief

act use the same defeasible rules, like, for example, that jfheorem 2.2 Successful performance of the INFORM com-

the speaker does not change its mental state about the proggUnicative act establishes a mutual beliey default be-
tween the senderr and the intended recipient, that

sitional content of the communicative act immediately af’[er,[he sender believes the informed proposition.  Formally,

performing it; i) the sender of a communicative act is sincerg_ DONE(INFORM ¢ VB BEL
toward the recipients about its (i.e. sender’s) mental attitude; (DONE( ORMaByept) = a7 ( ap))

iii) if a communicative act has been done successfully then Proof SketchAgain, by substitutings with -y the proof of
the sender and the hearer mutually believe that it has bedfe theorem is the same agkumaret al, 2002.

done[Kumaret al, 2004. This enables us to define the other ~ Starting from the definition of INFORM and REQUEST,
communicative acts that we require for our examp|e_ we can define some other communicative acts, modifying the

definitions in[Kumar et al, 2004. One has to replace the

_ senderr and the recipientg appropriately by the sendey,
&igﬁ%ﬁsgg%g%@aﬁ Q)i (ATTEMPT ace ¢y t) the recipientg?, and the intended actofs

[PWAG~* a (DONE ~* a)(PWAG ay (*DONE~" a)q)]  Definition 2.4 Agree

The goal of an INFORM is that the intended recipiefts
ome to believe that there is mutual belief betweend the
ndersy that the propositiomn is true. The intention of the
ORM s that the recipients (including the over-hearers)

Definition 2.2 Request

andy = [BMB 3 a [GOAL o (BEL v [PWAG a v ¢ q])]] (AGREE afvyeaqt)=(INFORM afvyedt)
The goal of the REQUEST is that the intended actor evenq—”Uhere ¢=(PWAGay (DON?PO‘V[(}LG ~a (DONE a a) q)

tually does the action and also has a PWAG with respect to ) . , .

the requester to de. The intention of the REQUEST is that ' N€ agreeing entitiea inform the intended recipients

all the recipient3 believe there is a mutual belief between that they have a PWAG with respect{do perform actior

the recipient and the requester that the requestead a goal  With respect toy's PWAG thata do a relative tog.

that he (the requester) will have a PWAG with respect to theDefinition 2.5 Refuse

intended actory about the goad of the REQUESY. Itwas (REFUSEaf~yeaqt)=(INFORM af3vyeq¢t)

shown in[Kumaret al., 200Q that the recipieng and the in-  where ¢ = (-0(PWAG a v (DONE o a)

tended actoty never quantify into the beliefs of the requester (PWAG v a (DONE aa) q))

a - meaning thereby that the requester a does not need to The refusing entitiesr inform the intended recipients

know who 3 and~ are. It was also shown how to construct that they will never have the PWAG to perform actiomith

a model in which a request can be performed even when thespect toy’s PWAG thata do a relative tog. As in the

requester does not know the recipients as well as the intendéddividual case, the effect of a REFUSE is opposite to that of

actors of the request. Therefore, unlike the previous definithe AGREE.

tions in agent communication languages literature, this defi- In the next section, we discuss how these group commu-

nition of REQUEST allows for the broadcasting of a requestnicative acts fit together in a group protocol that is described

tusing the Joint Intention TheofKumaret al, 2003. In par-
ticular, we will see how to obtain the collective and distribu-
tive reading cases just by addressing the utterances to groups
instead of single agents.

Theorem 2.1 Successful performance of the REQUES
communicative act establishes a mutual beligfdefaultbe-
tween the requester and the intended recipient, about the
requester’s PWAG toward the intended recipierfor doing
the requested action. Formally, .
Fa ?DONE(REQUESTQQBWI caqt)) = 3 An Example: The Request for Action

A (()””M By" a (YPWAG av’ ¢ q)) Protocol
@ = (DONE v a)A T " .
W ([aereI/I?AG(y o (DOF}VGE) ~ a)(PWAG a~ (DONE ~ ) q)] For simplicity of exposition, let us consider the Request for
Action protocol that establishes joint commitment(s) between

We do not discuss belief revision in this paper. the requester_(s) gnd the requestee(s) to get an acpion done.
2In accordance with the first defeasible rule, we have simplifiedOne of the objectives of this protocol is to create a joint com-
the temporal aspects of communicative act definitions. mitment (JPG) among the requesterand the groupy for



a Distributive Request Distributive Reading In the third cased), the requester sends a collective RE-
+ Distributive Agree QUEST to a group which then replies collectively to that re-
b | Distributive Group Request || Distributive Reading quest. It is essentially communication from one entity (indi-
+ Distributive Agree vidual or group) to a group treated and addressed as an entity
c Collective Group Request || Collective Reading (such as an organization). An interesting aspect of this com-
+ Collective Agree munication is to what extent the members of the requested
d Collective Group Request || Collective Reading organization are jointly committed towards the requester for
+ Distributive Agree to Group doing the requested task. We speculate that this has to do

with how that group was created in the first place. For ex-
Figure 1: Distributive and Collective behaviors in the Requesample, if the bylaws in the articles of incorporation of that
for Action protocol. group require that the group makes its decisions by a majority
vote but once a decision has been made then all group mem-
bers are committed to that decision then it may very well be

doing a specific action. The discussion that follows applies the case that each member of that organization is individually
equally well to other protocols (such as Contract-Net) thacommitted to seeing the success of the joint commitment.
use communicative acts to create and discharge joint com- In this case, we have collective commitment among the
mitments. The simplest (and the most well-studied) case inmembers of the group. This kind of commitment is the same
volves an individual REQUEST from one agent to anotherthat we can achieve in the last cash, (where a requester
who then responds with either an AGREE or a REFUSEsends a REQUEST to a number of agents treated as a group
It has been established in multi-agent literature that this seand they reply individually with an AGREE addressed to the
quence of communicative actions is sufficient to establish group. The main difference between the casasdd is that
joint commitment between the two agents for doing the rewhile in the first case the message is addressed to an existing
quested action. The resulting joint commitment constraingroup (i.e., it has rules for team creation decision even if we
the mental state and future behavior of both agents suc@re not aware of and we do not now who are the members of
that they work cooperatively as a team that is robust to 4he group), in the last case the collective REQUEST followed
wide range of failures. However, this simple one-to-one redy individual replies addressed to the group has the effect that
quest/accept protocol is insufficient for many real life scenarthe members of the group are bound together by their com-
ios that involve joint commitment not only between two in- mitment and so a team is formed (we have a collaboration).
dividuals but between and among individuals and groups that In the next sections, we will analyze two of the above cases.
may possibly be unknown at the start of the protocol. Furtherln particular, we will discuss the casefor distributive com-
more, there may be over-hearers in any group communicatiomitment (Sec. 3.1) and the caddor collaborative commit-
that may affect the team creation process. ment (Sec. 3.2). Notice that protocols may also require that
Even ignoring the effects of over-hearers, there are at lea$éams be disbanded (i.e., they have to discharge their commit-
four different cases of team formation when the request foment) after the achievement of the goal. The complete study
action protocol is generalized to account for group commuf the protocol is left for future work.
nication as listed in the above table (see Fig. 1). In the firs&> L .
case 4), individual requests are sent to multiple entities (that3-1 ~ Distributive Reading of Request Protocol
may be groups or individuals) for doing the same task. TheThe first step of the Request protocol consists of a REQUEST
requester has to know all the agents to whom it wants to resent froma to the group~ that establishes a MB about
guest. Some of the recipients of that request may agree to thes PWAG towards each member ofin a distributive way:
request, some may reject the request, and others may not reREQUEST« 8 v e a ¢ t). In this case the sender may
spond at all. As a result of this communication, the requestenot be aware of who are the membersyofas in the case of
forms pair-wise joint commitment with every entity that re- posting a message on a advice board or, in the case of Grids,
sponded with an AGREE. The second cagsgig similar in  the agents may not be aware of who are the other agents con-
that it also results in pair-wise joint commitments between thenected to the grid. Notice that in this case, the intended ac-
requester and each entity that agreed. However, it achievesr of this communicative act is a single (possibly unknown)
the same effect by using a single group REQUEST that doeagentz.
not require a requester to be aware of the intended recipients A subset of the participants that we represent by the group
of the request. This is very common in broadcast communicay,g... May agree to do the requested action and another
tions, for example, consider a request for helping with a prosubset of the participants represented by the group,.
gramming task that has been posted on a notice board. Bothay refuse to the requested action. Vz vagrec(z) D
the above two cases can be used to create competing teami®ONE(AGREE z 3 a e a ¥ q t)), and Vz vYrefuse(z) D
and this is not restricted to the request protocol. For examéDONE(REFUSE z 3 « e a ¢ ¢ t)). In this case the
ple, consider a call for proposal from a funding agency for acommunication is overheard by all the membersgof If
competitive project where multiple contracts are awarded tave want private agreements, then we have:vy,gre.(z) D
different universities - each university has a pair-wise joint(DONE(AGREE z a c e a 9 g t)). For example, if we want
commitment with the funding agency for doing the researchto design an auction protocol, the first method (with public
but at the same time they compete with each other to produceommunication) describes in a better way what happens dur-
the best results for ongoing funding. ing the protocol. Note that with the semantics of the FIPA



speech acts, it is not possible to model the same effects. In
fact during an auction, all members of the group have to over- O . \
hear all other bids in order to bid again. N /
The group property for the groupag-.. specifies the
agents who chose to agree from a rational choice between
agreeing and refusal. The grogp,,.. is specified by not-
ing that it consists of those agents who performed an AGREE
within the specified timeout period after the original request
was performed. In either case, the group predicate is evaly-. . . . )
ated retrospectively i.e. by looking backwards from a futuréic::'gltlggti\zlé %Onciﬁﬁtem(gn?'smbunve Commitment; b. Case of
point in time to determine which agents 'agreed’. We will '
Specify v,gree USING the predicatey,gr..(x) which is true

if there exist events’ ande; such that the event sequence we will see in the next section that when we are dealing with
e; e ;eq was done earlier whereis the original REQUEST  collective reading, the effects of group communication are
event anck; is an AGREE event performed by x. different from the one obtained with the above utterances.

Yagree(z) =3 € ,e1 (EARLIER (DONEe; € ; _ )

(AGREEzfaeiaqt))) 3.2 Collective Reading of Request Protocol

Similarly, the group property fory,.r... specifies the |n the case of collective reading, we need JPG and MB to be
agents who refused within the specified timeout period afteestablished among all the members of the group. It may be
the original REQUEST was performed. possible to achieve this with the exchange of pair-wise com-

According to these definitions of group predicates, an agenfunicative acts resulting i(n?) messages. On the other
executing this protocol may not know all the agents whohand, with messages addressed to groups via broadcast com-
agree and all the agents who refuse until the deadline imunication we would have jugP(n) messages. Using the
reached, that is, when this protocol ends. In fact, the groupgefinition of group speech acts, it can be shown that the MB
Yagree @Nd e fuse are dynamic groups because evaluatingamong the group is achieved. Notice that a collective request
the respective group predicates at any time before the deags more than sending individual requests to all the members
line gives only those agents that have agreed or refused u the group, i.e. a collective request implies mutual belief in
to that time. Until the deadline is reached, the memberthe group that the intended actor of the request is the whole
ship of these groups increases whenever an agent performggoup, and so the action should be a joint action for the group.

a b

an AGREE or a REFUSE communicative act. We claim that one cannot obtain a similar affect by just send-
The goal associated with the protocol is to form teams foling individual requests to the members.
doing an actiom relative to some conditioq In other words, In the case of collective reading, the team that is formed

the goal is to establish pair-wise joint commitments betweensing group communication has different properties from the
the initiator « and whoever agreed (i.e. every agentvho  one discussed earlier. These different properties result from
belongs to the group,,..) thatz does the action relative  how the team is created. Note that one can also talk about
to the initiator’s original PWAG. The existence of a JPG be-groups in the case of distributive reading but in that case
tween two agents is a sufficient condition for the formationthe requester and the agents who agree have pair-wise joint
of a team with respect to that JHGevesqueet al, 1990.  commitment (see Fig. 2 case a). However, in the case of
Mutual beliefs in each other's PWAG toward the other toa collective reading of the Request protocol, the following
achieve a goab is sufficient to establish a joint commitment property holds in order to establiSHPG v (DONE ~ a))

to achievep provided that there is a mutual belief thabas  for the group~: Vz v(z) > (MB v (PWAG z 7 p)) A

not already been achieved, and the PWAGs are interlockingy/ g ~ (PW AG ~ z p)) where there is explicitly stated that
(i.e., one PWAG is relative to the othd§umaret al, 2003.  the member of the teamhas beliefs about the others agents

Theorem 3.1+, (DONE (REQUEST a 8y eaqt); or about the team as an entity. This demonstrates that in the
(AGREE ~agree Baeaqt))  Case ofacollective reading, the effects of multiple single ut-
= (JPG a7agree (DONE %q?a)) terances are different from group utterances.

So in the case of collective REQUEST, the REQUEST
is addressed to a group and not to a single agent:
REQUEST o 3 v e a g t). Then, each member of

e group will send an AGREE (or a REFUSE) to

Proof Sketch. Using the definitions of the group com-
municative acts REQUEST and AGREE (definitions 2.2
and 2.4) and applying Theorems 2.2 and 2.1 under th
assumptions of mutual belief between about each other'Blus the group itself (i.e.agreera): Vi Yagree(®) O

sincerity and the reliability of the communication chan- (AGREE © B Yugreesn ¢ a  q £). AlSO, in this case each

nel, we establish that there is a mutual belief in eac
other's PWAG:(* MB ~* a (* PWAG a 7* (DONE  a)))A r};ﬁ(ranrbme;ggg?sgroupagme may be not aware of who are the

V2 Yagree(z) D (MB z a (PWAG z a (DONE z a))).
In distributive reading, the effect of multiple single utter- Theorem 3.2 Successful performance of a REQUEST ad-
ances is the same as that of making group utterances. Noticessed to the group for collective reading, followed by
that here we are just considering the effects of group comAGREESs addressed to the requester and the group establishes
munication on the intended actors and not on the overhearera.JPGby defaultamong the members of the agree group and



the requester. Formally, event systems or message queue-based infrastructure for pub-

Fa (DONE (REQUEST aBvyeaqt); lish/subscribe systems. Publish/subscribe is a pattern often
(*AGREE 42 yrcc BYagreeta cagt ))  Used in systems for human-to-human interaction, for exam-
= (JPG Yagreera (DONE Yagree ) ple, bulletin boards, newsgroups and their more recent Inter-

) ) net incarnations such as blogs, group-chat rooms, and so on.
Proof Sketch. First, consider agentx who sends \hjle their technical characteristic vary among each other,
a REQUEST toy as a group. — Successful perfor- ihey share the same objective of allowing direct conversations
mance of the REQUEST communicative act establishegmong any partners while simultaneously making exchanged
a mutual belief by default betweem and v about egsage visible to a large number of destinations, normally
o’s PWAG towards y for doing the requested action: ynknown to the conversing parties. In whatever way group
("MB o y" (YPWAG a 1" ("DONE 7" a) q))). Then,  communication systems are implemented, what it is missing
the agents iny,4... reply with a AGREE to the group s g clear semantics for the communication. In this paper
Yagreeta-  From the definition of the AGREE com- e have shown that by using group communicative acts in
municative act and Theorem 2.2 we have that succeSsne context of group protocols we can obtain two different
f_ul performance of t_he AGREE communicative act eStab'types of commitments among group members. In particular,
lishes a mutual belief by default between and 7agrcc  just the fact that an agent addresses an utterance to the whole

about yagrcc’s PWAG towarda (i.e., Yz yagree(z) O group instead of to each single member of the group may im-
(MB z vagree+a (PVL’AG # Yagreeta (DONE agrec @) 4) = ply different properties for the group itself. In the future we
Yz Yagree(z) O ("MB Yagreera (PWAG @ Yagreeta would like to expand our work by reasoning about the effects

(DONE ~agree a) q)) = ("MB )y cera ("PWAG v34ee a«  that group communicative acts my have on the other recipi-
(DONE ~agree @) q))). Using the definitions of the group ents, for example overhearers, and their role in the behavior
communicative acts and the assumptions of mutual belie¢f the group.

about each other’s sincerity and the reliability of the com-
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