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Abstract. The AGRE model by Ferbegt al. is based on an interesting gener-
alization of both physical and social environments. In tiager we revisit the
AGRE model and extend it with richer social concepts suchageps, norms
and a dependency relationship similar to twint asoperator introduced by
Searle to describe the construction of social reality. Oamntontribution con-
sists in the fact that we attribute to the environment thenmalie in describing
and controlling the (social) interactioh.

1 Introduction

In the area of multi-agent systems (MAS), Castelfranchinoal [1] thatsocial order
which is a (social) metaphor for the problem of coordinating agents or organizing
the interactions among them while preserving their autopyarould be obtained by
using social concepts such as norms and social control. Blam@ rules describing
the expected ideal behavior of an agent or of a group of ag8otsal control means
that the agents themselves observe the behavior of the agieerts, check if they are
norm compliant and act consequently. Recently many rekesocks [2—6] proposed
models that integrate social and organizational concept$AS and sugested tools to
implement the social metaphor. However, most of them prepaishocsolutions of
how social concepts are constructed and then manipulatedngtance, there is not
always very clear if the social knowledge (i.e. about thegattion to do an action, the
power of doing an act, the membership to an institution) &chared among agents or
is represented somehow externally and independently af.the

In previous works we also studied how to integrate in MAS trgaaizational con-
cepts of group and role [7] and proposed the AGRE model [8¢ ABRE model is
based on the idea that the environment could be used to esyinest only the physical
part of the interaction but also its social aspect. The agiem¢ract only with the envi-
ronment which will react according to agent’s influencesd@il to the rules of change
defined at both physical and social levels of interaction.

In this paper we present the AGREEN model which is a revisi#gdnsion of the
AGRE model. Its main goal is to provide a much simpler and edifvay of represent-
ing (physical and social) environments. The originalityoof work consists in the fact
that it attributes to the environment the main role in désnog and controlling the (so-
cial) interaction. This is the major difference when congabwith some related works
that use social concepts [3, 4, 6].
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The AGREEN model is based on a clear separation between wlegent tries to
do and the effects obtained as independent consequentgacikion the environments.
The architect of an agent concentrates only on the intetnadtsire of the agent, that is
on the design of the decision making mechanisms that helpgéiet to know what to do
next. The architect of the system describes the environageatset of rules governing
the interactions, completely ignoring how the agents arstacted. The main benefit
of this separation is that it guarantees the autonomy ofgleats and the non-intrusive
control of their behavior.

When describing the effects of the agent’s influences on theé@ment, there is
also a clear distinction between what an agent can do, asitiegaand what an agent
is supposed to do, as deontic constraints (such as obligaj@rmissions or interdic-
tions). If the description of the capacities of an agent impalsory, the description of
deontic constraints is optional.

Another advantage obtained from the separation agentammwient is that the se-
mantics of an action could be given respecting both aspitesnal (agent’s point of
view) and external (environment’s point of view). The ext@rsemantics of an action
can be further expressed at both physical and social lIeVkis.is a major step forward
in giving agent communication languages a public perspeetnd a social semantics,
since they are requested by the agent community [10].

In the rest of the article we revisit the AGRE model and shaat ttcould be simpli-
fied and enhanced with richer social concepts such as pom@rss and a dependency
relationship which is similar to theount asoperator introduced by Searle to describe
the construction of social reality [11]. Finally, we progasmore general abstract archi-
tecture that integrates the new concepts and illustratarivptementations for MadKit
and Jade platforms.

2 Social reality and AGRE

In this section we describe some social concepts such assremmthsocial reality that
were announced in the original paper of AGRE but which deseruch more attention.

Social reality The work of Searle on the construction of social reality [(5jecoming
very influencing on the research in agent based systems.[Ph&]main idea is that a
social institution, even that it has no physical suppors i own (social) reality and
is constructed by mutual convention on how to interpret wiegipens in the physical
reality. Searle makes the distinction betwéentefacts andnstitutionalfacts. A brute
fact represents something true in the physical reality &.piece of paper with € 10
sign marked on it). An institutional fact is a fact that is e@rered to be true only locally
to an institution (i.e. money such as a ten euro banknote).

Searle considers also that an institution is defined mamtgims of two types of
rules: constitutive and normative. Constitutive rulesvglimw to construct the social
reality by giving an interpretation to brute facts or othecisl facts through the use
of the count asoperator. For instance a piece of paper w80 special printings on
it counts as a ten euro banknote in the money institutioned@md Sergot [2] give a
formalization ofcount as and present the concept of institutionalized power asgbein



the (social) capacity to act in an institution. Normativeesudescribe ideal situations or
behaviors from the point of view of an institution.

The AGRE model In [8], Ferberet al. propose an extension of the AGR model [7]
and consider an organization as being a special kind of @mwient. Social actions
are associated with an organization, i.e. playing a rolégrérg and leaving a group,
communicating inside a group, etc. The main ideas presémthis work concern 1) the
use of both social and physical environments to describenteeaction among agents;
2) the concept ofpacewhich is a generalization of the concepts of physical areh an
social group, introduced to partition the environment; @pthe concept ainode which
is a generalization of the concepts of physical body anda$oalie, used to describe the
agent’s capacities to influence [9] physical and respégts@cial environments.
However, the AGRE model presents some inconvenienced, Hiesgeneralized
concepts of space, mode and institution show very well tiaioaship that should exist
between an agent and an environment, but they remain abatrdcinused. Moreover,
like in AGR, there is no explicit description of the expecteehavior of the agents,
i.e. a role is simply a label with no other semantics. Norgnale should be able to
associate to a role powers and deontic constraints suchligstidns, permissions or
interdictions. Finally, AGRE in its original form did notke into account the ideas on
social reality by Searle. What misses in AGRE is somethinglar to the count as
relationship that links together physical and social emwinents or more generally any
two environments.

3 The AGREEN Model

In this section we propose to improve and generalize theequisdntroduced initially
in AGRE, that is, we propose (i) to use only the generalizettepts of space, mode
and capacity, (ii) to better explain the generalization lo§gical and social properties
by a unified concept, (iii) to better explain the role of theiemnment from the point
of view of behavior control, (iv) to give more details on tiedea of modes as capacities
to act in an environment, and (v) to try to generalize theti@taship existing between
physical and social environments.

Space The aim of a space is to describe how the environment charnge@ssequence
of the agents’ influences. Its role is to simulate the physind the social environment
in a multi-agent system. A space normally exists only at tkecetion time and it is
characterized by a name, an initialization type and an attpa. A space is composed
by objects and could be linked to other spaces. Objects dmutd three types: ordinary
objects, modes and recursively other subspaces.

Definition 1 (Space).A spaceS is a tuple <Idg, IST, CST, S*, M*, O*> where:
Ids is the space’s Id that uniquely identifies ST is a space type used at the initial-
ization phase(’'ST is the current type of the spacg; is the set of subspaces contained
in S, M* is the set of modes contained$h andO* is the set of objects existing at a
certain time inS.
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Fig. 1. Simplified UML representation of AGREEN

The type of a space is a concept similar to that of a class iactigriented pro-
gramming and contains the description of common propeatiebehaviors of identical
instances, that is concrete spaces. A space type definedhimstances can be com-
posed of subspaces, modes and other objects. This descriptiealized by giving to
each kind of component a list of types whose instances aepéad in the instances of
the space type. However, the changes of a space are moretdriraa those of objects,
since we let a space change dynamically its type at the exedirne, and possibly it
will no more correspond to its initial form. Therefore, thetialization space typéST
of a space is used only at the space’s creation time. It hbipsdncrete space to build
its internal structure and initialize its attributes witbfdult values. At the initialization
time, the current space tygeST is identical with/ ST, but it can evolve after that and
become different.

Definition 2 (SpaceType).A space typeST is a tuple <ST*, MT*, OT*, DR* ,
C%>where: ST is the set of space types that could be instantiated as sabspathe
instances obT’, M'T* is the set of mode types that could be instantiated in thantsts
of ST, OT™* is the set of objects types that could be instantiated inntk&ances ob7T’,
DR* is the set of dependency rules that link instanceSBfto other spaces, and'y
is a set of environmental constraints for the environmecdaltrol.

The dependency rules should be seen as another set of rutbamge since they
show how an environment modifies its properties accordirsptoe external influences
that are produced this time by other environments. A depetydrile is a sort of link
between two environments that introduces constraints iéwa natures: causal (some
external events produced in other environments are theeaafues local event), logical
(a local property is the logical consequence of some extemugperties), social (like
count a3. For instance, a physical environment space is a spaceanittmpty set of
social dependency rules.

Object The aim of objects is to partially encapsulate the intertetksof the environ-
ment and the laws that govern its change. An object could exiy at the execution
time. It is characterized by being of a certain object typé aurrent state.



Definition 3 (Object). An objectO is a tuple <Idp, OT, T5> where: Ido is the ob-
ject’'s name that uniquely identifies ©7" is the object type; and; is the set of at-
tributes of the object.

The type of an object is a concept similar to that of a classjea-oriented pro-
gramming and contains the description of common propeatieidbehaviors of identical
instances, that is concrete objects. An object type dessile possible states of its in-
stances and how their states evolve under agents’ influences

Definition 4 (ObjectType). An object typeDT is a tuple <I'D{,, D> where: T D is
the set of attribute declarations of the instances of thigditype; andD is a descrip-
tion of how the instances of this object type evolve undeagfeats’ influences.

Mode There are mainly two reasons for which we introduced the epthof mode: 1)
to allow the space to individually attribute capacities geits; 2) to allow the space to
specify the expected behavior by using social deontic caimés. We propose to use the
termcapacityto describe the unifying concept of physical capacity aradled@ower. A
capacity is associated to a mode and a space and defines #ilgljip®of its owner to
modify the space at the execution time. A mode is chara&ediy being of a certain
mode type and a set of attributes. More precisely, the rofeaxfes is to allow the space
to attribute - individually - capacities to agents.

Definition 5 (Mode). A modelM is a tuple <Idy;, MT, A, T3;, O*> where: Idy,
is the mode’s name that uniquely identifieslif,l" is the mode typed is the owner’s
agent identifier]’;; is a set of attributes, an@* is a set of deontic constraints.

Definition 6 (ModeType). A mode typel/T is a tuple <P*, T D*, C3},, N*> where:
P* is a set of capacities (or powers) that the instances of troslentype will offer
to their ownerZI'D3, is a set of attribute declarations,;, is a set of conditions that
should be fulfilled by the agent demanding to obtain a modenispace or to release
it, and N* is a set of norms that describe the conditions of apparitiba aeontic
constraint that applies to a mode only internally to an ingion.

The types related to modes play the same role as classesict-ajented program-
ming. They are an abstract description of the internal stines of the mode and of the
operations that could be executed on them to change thés:. Jtae set of conditions
C'}, should be verified on the agent at the creation of its modeabreeked later to see
if the agent still posses the necessary conditions to coatia interact with the envi-
ronment. The set of capacitié¥” and the set of norm&* are transferred to the mode
at the creation time, then they possibly dynamically change

The role of capacity rules is to implement the necessity engbissibility properties
of the interaction. When an agentinfluences the environptiemtapacity rule triggered
on its mode is immediately executed by the environment. Acayprule should be seen
as additional preconditions on the influences. As shownrbedomode gives to its agent
the possibility to act (or not) in an environment. The capatiles are mainly employed
to externally control the behavior of the agents, since tiease an impact only on their
bodies while preserving their autonomy.



The norms reflect the deontic aspect of interaction. Theyseel for social control.
As shown in the previous section the deontic aspect refegstorsocial interaction.
A deontic property describes the social obligation or idietion to do something or
to arrive in a certain state of affairs. We note here that thentic constraints that we
think of, don't represent general deontic properties astamdard deontic logic, but
directed deontic properties. Like capacities, a deontitstraint is always connected to
a mode. Deontic properties are mainly employed to exteyrialuence the behavior of
the agents. A physical mode, i.e. a body, is only a mode withrapty set of norms.

4 Conclusion

The AGREEN model described in this paper is a revisited esitenof the AGRE
model. Its main goal is to provide a much simpler and unifie¢y warepresenting
(physical and social) environments. The model is based cm dgar separation be-
tween what an agent tries to do and the effects obtained apémdient consequences
of its acts on the environments and 2) a clear distinctiowbeh what an agent can do,
as capacities, and what an agent is supposed to do, as deomsitaints. When mod-
eling the interaction, the only difference between physacal social environments is
that physical environments don’t posses deontic conggraimd social dependency rela-
tionships. We note here that the social dependency rekdtipnwhich is similar to the
count asoperator, is not formalized in this paper and will be the sabpf future works.
Finally, we implemented the various institutional consdptroduced for AGREEN as
a service on the agent platforms MadKit [12] and Jade [13].
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