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Abstract. Indirect interactions have been shown to be of interest in
MultiAgent Systems (MAS), in the simulation area as well as in real ap-
plications. The environment is also emerging as a first-order abstraction.
Intuitively, the environment being a common medium for the agents, it
should be a suitable paradigm to provide an infrastructure for both di-
rect and indirect interactions. However, it still lacks of a consensus on
how the two relate to each other, and how the environment can support
effectively notions as communication or awareness. We propose a general
and operational model, Environment as Active Support of Interaction,
that enables the agents to actively participate in the definition of their
perceptions. Then, we show how the model provides a suitable framework
for the regulation of the MAS interactions.

1 Introduction

The environment is emerging as a first-order abstraction in MultiAgent Systems
(MAS) [19], thus opening many challenges in terms of modeling, methodology
and engineering, but also of autonomy and awareness of the agents [15, 16].
In these works, it has been shown that it is possible to take advantage of the
environment in order to improve the interactions. It notably assumes providing
both observability of the entities in this environment and the sharing of the
interactions. This use of the environment extends the traditionnal means and
models of interaction. Early work [1] featured the sharing of the communications
via the environment. This modeling allows flexibility and shows low computation
and communication costs [21]. The Environment as Active Support of Interaction
(EASI) model extends these principles to cover other inter-agents interactions,
and notably enables the agents to choose their perceptions.

An important part of the solicitations in real-life situations comes from other
means than direct transmissions [5]. They are enabled by a particular state of
the participants, the awareness, which has long been considered as the result
of unwanted perceptions. We argue that the awareness is an active state, and
not only the result of stimuli. Works in the fields of psychology and sociology
have discussed whether or not there also has to be an active participation of
the “perceiver”. For example, Heath [10] says that awareness is both a state
of availability to the environment and an ability to “filter relevant information



which is of particular significance”. Moreover, even at the physiological level,
Warren [18] highlights that hearing combines a receptive activity with, right
from the lowest level, decisions of action. Based on this, we propose a model that
enables the agents to control their perceptions, and thus that enables awareness,
by means of the environment. We describe the EASI model and its benefits in
term of active perception in section 2. Then we exploit this formalization to
allow the environment to regulate the MAS and achieve interactional awareness
in section 3. Section 4 goes into the detail of an illustrative example, and we
explore related works in section 5.

2 The EASI Model

In EASI, we model the environment as a common space of interaction, in order
to enable the agents to choose their perceptions. The problem when all the in-
teractions can be observed is to give to the agents an efficient way of finding the
interesting ones, i.e. only those that are potentially needed. To find useful infor-
mation within a very large data set, we have based our model on the symbolic
data analysis (SDA). The goal of SDA is to discover data by modeling both qual-
itative and quantitative data grouped into symbolic objects. The SDA algebra
is compatible with first-order logic and SQL, and can thus be implemented for
instance via rule-based engines, Active Databases, etc. For multiagent systems,
we consider that the environment contains symbolic descriptions of the elements
that have a role in the interaction: agents, messages and objects. The objective
is to enable the agents to use these descriptions in order to adapt the potential
interactions to their needs.

Let us introduce basic SDA definitions [3]. A symbolic object is a triple
s = (a,Rs, ds) where Rs is a set of comparison operators between descriptions
(Rs ⊂ R with R the set of operators), ds is a set of descriptions (ds ⊂ D, with D
the set of descriptions) and a is a mapping from Ω (set of individuals, also called
entities) in L (L = {true, false} or L = [0, 1]). In this paper, we consider only the
first case where L is boolean. An assertion is a special case of a symbolic object
and is written as follows: ∀w ∈ Ω as(w) = ∧i=1,...,p [yi(w)Ridi] where yi(w) is the
value of the individual w for the symbolic variable yi. When an assertion is asked
of any particular entity w ∈ Ω, it assumes a value true (as(w) = true) if that
assertion holds for that entity, or false (as(w) = false) if not. A symbolic object
is the intention definition of the entities according to a relation set between their
own description and a description set d. The extension definition of a symbolic
object (in this case an assertion) is noted E(s) = {w ∈ Ω | as(w) = true}, it is
the set of entities whose description matches the intention definition.

2.1 Interaction Model: Basic Definitions

Based on the SDA definitions, and considering the particular features of the MAS
paradigm, we define the environment as a tuple of the sets that are necessary to
its description.



Definition 1 (Environment of Interaction) E = 〈Ω,D,P,R, F 〉

– Ω is the set of entities.
– P = {Pi|i ∈ I}, P is the set of observable properties.

Pi : Ω → di ∪ {null, unknown}. Pi is a mapping from an entity to the value
of its property i.

– D =
∏
i∈I

di with di the description domain of Pi.

– R =
∏
i∈I

Ri with Ri the set of comparison operators of Pi.

– F is the set of filters.

For SDA, the search for pertinent sets of entities is an objective, but in mul-
tiagent systems they are generally given by the problem analysis. For instance, a
particular type of agent is a subset of entities. More generally, the set of entities
representing a MAS is Ω = A ∪O ∪ IO, where:

– A is the set of agents.
– O is the set of objects.
– IO is the set of interaction objects.

The basic component of our model is an entity. This abstraction level is
necessary to model every kind of interaction: an entity is described by sym-
bolic variables and a particular interaction involves a subset of entities that are
identified through the required symbolic variables description. As a minimum,
an interaction puts together an agent and an interaction object, and optionally
other agents, interaction objects, or objects of the environment. The interaction
objects are particular objects that convey information, for example messages
and traces.

In this paper, the agents are communicative agents using interaction objects
to interact. For each of these subsets of entities, a description, noted respectively
DIO and DA, is given. If I = 1 . . . p is the set of indices of the symbolic variables,
then IIO ⊂ I and IA ⊂ I are the subsets related to IO and A. The application
description y from SDA is renamed P , which stands for observable Property. If
an observable property is not defined for an entity, then its default value is null;
if the property exists but does not have a value, its default value is unknown.

The entities sharing the same properties can be grouped together. A subset
of entities is the extension of an assertion verifying the existence of a subset of P .
Let de (de ⊂ D) be the description set of the subset e (e ⊂ Ω), Pe (Pe ⊂ P ) its
application description, and Ie (Ie ⊂ I) the subset of indices, e is the extension
of the assertion as(w) = ∧i∈Ie [Pi(w) 6= null].

An agent category AC is a subset of A. The agents that belong to a category
share the same defined properties, and each agent is member of at least one
category.

Definition 2 (Agent Category) If a is an agent then ∃AC ⊂ A, a ∈ AC ,
as(a) = ∧i∈IAC

[Pi(a) 6= null].



An agent category is a particular assertion defined by a set of mandatory non
null P ; however the value(s) of these properties may be different for each of
the entities. The set of agents that belong to this category is the extension of
the assertion, i.e. all the individuals in A for which these P are defined. The
categories of agents are not a partition of A, so that an agent may belong to
several categories.

In our model, only what is useful for interaction – from the viewpoint of the
environment – is taken into account. This can be seen as the public part of the
agents, which is independent from their private part (such as their knowledge
or their internal architecture). This definition implies that, from the interac-
tion viewpoint, the agents that have identical descriptions are similar: they can
receive the same messages.

Following the agent category definition, an interaction object category is com-
posed of interaction objects that exhibit the same observable properties.

Definition 3 (Interaction Object Category) If io is an interaction object
then ∃IOs ⊂ IO, io ∈ IOs, as(io) = ∧i∈IIOs

[Pi(io) 6= null].

As for the agents, our model only takes into account what has to be ob-
servable within the environment. In EASI, there is no conceptual difference
between each kind of interaction object (message, or object such as traces);
they are defined only according to their description set. Thus, an interaction
is defined in a generic way. For instance, a category of interaction objects may
be an Agent Communication Language, in which case the category will be de-
fined by the set of observable properties necessary to its mapping. For example,
the set of observable properties defining the FIPA-ACL3 message category is:
messagetype, sender, receiver, reply-to, content, language, encoding, ontology,
protocol, conversation-id, reply-with, in-reply-to, reply-by.

These general definitions are the framework to define the agents and inter-
action objects in EASI.

The observability of particular properties may be necessary to ensure some
features, for example the semantics of the communication language(s). A mini-
mal property is a property that is required for each entity.

Definition 4 (Minimal property of an entity) p ∈ P is a minimal prop-
erty for the category EC iff ∀ei ∈ EC , p(ei) 6= null

The MAS designer may define minimal properties for a category of entities: each
entity must have a non null description for these properties. For an operational
use, we add a specific observable property, the agent identifier:
∀ a ∈ A, Pid(a) 6= null with Pid : A → N.

This definition implies that Pid is a minimal property for an agent: the exis-
tence and observability of this property is mandatory for all the agents.

SDA is originally an analysis tool for complex data, it is powerful to describe
the entities of the MAS both at design time and at run-time. The context of
the MAS is made up of the observable properties of the entities. We use these
3 http://www.fipa.org/specs/fipa00070/SC00070I.html



descriptions to manage dynamically the interaction infrastructure via filters.
We have seen that in SDA an assertion puts together entities according to a
description. To model an interaction, more than one kind of entity must be
gathered, this is why a filter is a conjunction of assertions on these entities. A
filter has to connect at least the description of an agent to the other components
of the interaction. Thus, a filter is a conjunction of constraints on the descriptions
of an agent and of a context that triggers (if satisfied) an action of this agent.

Definition 5 (Filter) If a ∈ A, C ⊂ Ω, Cact ⊂ C, f(a,C) =
∧i∈Ifa

[Pi(a) Rfa
i dfa

i ] ∧ (∀e ∈ C ∧i∈Ife
[Pi(e) Rfe

i dfe
i ]), holds(f(a,C)) →

action(a,Cact)

In this definition a is the description of the agent(s) involved and Ifa ⊂ I
contains the indices of P that are used in f as selection criteria for the agent.
Rfa

i ⊂ R and dfa
i ⊂ D are respectively the operators and descriptions that

define the conditions on the agent(s) description a. The notation is the same for
the elements e of the filter context C. By context, we mean the other entities
gathered by the filter. The observable state of an agent, the exchange of a message
between agents, the presence of a particular object or the combination of these
instances can be used to define a particular context. As with the assertions, the
filters can take two values, true or false, which indicate whether the agent(s)
that fulfill the description will be affected by the action associated to the filter
– case true, the filter holds – or not – case false –. The nature of this action
action(a,Cact) depends on the type of filter, and involves a subset of the entities
belonging to the context.

In the case of interaction filters, the action when the filter holds is the per-
ception of an interaction object. This is formalized by introducing the primitive
perceive(a, {io}∪Cact), which means the perception of the interaction object io
and possibly of a part of the context Cact by the agent(s) described by a:

Definition 6 (Interaction Filter) If a ∈ A, io ∈ IO, C ⊂ Ω, Cact ⊂
C, f(a, {io} ∪ C) = ∧i∈Ifa

[Pi(a) Rfa
i dfa

i ] ∧i∈Ifio
[Pi(io) Rfio

i dfio
i ] ∧ (∀e ∈

C ∧i∈Ife
[Pi(e) Rfe

i dfe
i ]), holds(f(a, {io} ∪ C)) → perceive(a, {io} ∪ Cact)

In this definition, which is a special case of the previous one, an io transmis-
sion is imposed to define an interaction. An interaction filter is the conjunction
of at least two assertions, the first is related to the receiver and the second is
related to the io. C is still the context of the interaction and is optional, as the
conditions on the io and a may be sufficient. In the following definitions, let F
be the set of filters in the environment.

The use of filters enables the agents to choose the interaction objects they
will perceive. The author of a filter – the entity that adds it in the environment –
attaches a priority level to it. Practically, the priority is a numeral. It determines,
according to the needs of the author, the order of the filters in the environment.

Definition 7 (Filter Priority) ∀f ∈ F,∃k ∈ IP, priority : F → IP, f 7→ k
where IP is an interval on N.
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Fig. 1. Example 1: MarketPlace.

These definitions are illustrated by an example of MarketPlace (Fig.1): sellers
(specialized in a domain) and clients (looking for a set of products) communicate
in order to find the best agreement. Each client has to buy virtual money, which
is used to carry out the payments in a secure way. According to EASI, the
following modeling is proposed: the set of entities is Ω = A ∪ ML, with A the
set of agents and ML the set of messages defining an ad hoc langage. There are
eight properties:

1. Pid (id for identifier): A → NA (NA ⊂ N);
2. Psp (sp for specialty): A → {cultural, clothes, ...} ;
3. Ppr (pr for products): A → P({books, ...}) with P(E) the power set of E;
4. Pc (c for credit): A → N;
5. Ps (s for subject): ML → {request, accept, inform};
6. Pr (r for receiver):ML → NA;
7. Pse (se for sender): ML → NA;
8. Pp (p for price): A → R.

The properties of the agents and messages respectively are IA = {1...4} and
IML

= {2, 3, 5, 6, 7, 8}. Seller (ASe) and Client (ACl) are the two categories of
agents, respectively with ISe = {1, 2}, and ICl = {1, 3, 4}. There are also two
categories of messages: MDi (Di for discount) is used by the sellers to send
special offers on products, with IDi = {3, 5, 7, 8}; and MCo (Co for contract) is
exchanged by sellers and clients to find an agreement, with ICo = {2, 5, 6, 7}.

According to the Definition 6, the observable properties are numbered in the
filters; we replace these numbers by explicit tags, e.g. P2 by Psp. The definitions
of the filters are summarized in Fig. 2. f1 is a multicast example: a client sends a
request according to the specialty of a seller to negotiate the price of a product.
f2 enables interactions based on the needs of the receiver(s): a client receives



holds(f(a, {m} ∪ C)) → perceive(a, {m}) with
f1(a, {m}) = [Psp(a) = Psp(m)] ∧ [Ps(m) = request]
f2(a, {m} ∪ C) = [Ps(m) = inform] ∧ [Ppr(m) ∈ Ppr(a)]

∧(∀mr ∈ E(Am)[Pp(m) < Pp(mr)]), C = E(Am)
f3(a, {m} ∪ C) = [Psp(a) = Psp(ar)] ∧ [Pid(a) 6= Pid(ar)]

∧[Ps(m) = inform] ∧ [Pse(a) = Pid(ar)], C = {ar}

Fig. 2. Example 1: Filters

only the best special offer for the products it is looking for. The set of special
offers is the extension E(Am) = {mo ∈ ML|Am(mo) = true} of the assertion
Am(s) = [Ps(s) = inform] ∧ [Ppr(s) = Ppr(m)]}. Finally, f3 is an example
of overhearing: a seller receives every special offers proposed by other sellers
(ar ∈ A) with the same specialty.

2.2 Information on the Interaction

The EASI formalization enables us to gather information on the interaction
situation by defining significant sets of entities. The perception domain of a filter
according to an agent and a message is an extension of the assertions composing
a filter, i.e. the sets of agents and interaction objects concerned by this filter.
The perception domain indicates whether or not the agents and the messages
have the observable properties required by the filter definition, but it does not
verify the properties values.

Definition 8 (Perception Domain of a Filter) For a filter f(a, {io} ∪ C):

– E(fa) = {AC ⊂ A|∀a ∈ AC ∧i∈Ifa
[Pi(a) 6= null]}

– E(fio) = {IOL ⊂ IO|∀m ∈ IOL ∧i∈Ifio
[Pi(io) 6= null]}

These sets contain the descriptions of entities that a filter gathers to produce
an interaction and are used by the agents to compose their interactional domain.
When E(fa) = null or E(fio) = null, there is currently no agent (respectively
interaction object) which corresponds to the descriptions. This means the filter is
either badly conceived, or has expired. In the example, for f1 we have E(f1,io) =
MCo, the contract messages are dispatched thanks to this filter; and E(f1,a) =
ASe, the seller agents are the potential receivers.

The perception channels of an Agent is the set of filters that concern this
agent, i.e. the agent belongs to the perception domain of all and only these
filters.

Axiom 1 (Perception Channels of an Agent) ∀a ∈ A, perceptiona = {f ∈
F |a ∈ E(fa)}

For an agent a, perceptiona is composed of the filters added by the agent itself
and for each of these filters, E(fa) and E(fio) concern its needs as receiver.
perceptiona also contains the filters added by other agents, but which concern



a. In this case, E(fa) and E(fio) represent the needs of the sender(s) using the
filter. perceptiona is the “interface” to interact with an agent: the agent can
perceive an interaction object only through one of these filters. This interface
evolves according to the needs of the agent itself and to those of the agents
wanting to interact with it. For a1 ∈ ASe a seller agent, perceptiona1 is {f1, f3}:
f1 corresponds to the needs of the clients and f2 to its needs as a seller.

The percept of an agent corresponds to the set of interaction objects the agent
can perceive thanks to its perception channels. This set is defined as follows:

Axiom 2 (Percept of an Agent) Percepta = {io ∈ IO|∃f ∈ perceptiona,
io ∈ E(fio)}

If percepta is empty then a is “deaf”. It can be a choice; this agent has a task to
perform and does not need to perceive interaction objects, and no other agent
wants to interact with it. Because this set is dynamically updated, it may be
a temporary choice. Nevertheless, this agent can send messages and therefore
is not isolated from an interactional viewpoint. If perceptiona is not empty but
Percepta is, it means that perceptiona does not match the “language” the other
agents use: it uses observable properties that currently do not exist in any io
description. For MCo = {m1} and MDi = {m2}, we have Percepta1 = {m1,m2}.

In the same way, EASI proposes to analyse the link between a message and
the potential interactions: the channels of an interaction object is the set of
filters it may be transmitted through.

Axiom 3 (Channels of an Interaction Object) ∀io ∈ IO, channelio =
{f ∈ F |io ∈ E(fio)}

If channelio is empty, then no agent will perceive this interaction object, because
there is no filter that matches it. In this case, the sender has either to create
a new filter or to modify the message. The perception domain of a message
corresponds to the set of its receivers. In our example, channelm2 is composed
of f1 and f3.

Finally, the perception domain of an interaction object is the set of agents
that could perceive this interaction object.

Axiom 4 (Perception Domain of an Interaction Object) Receiverio =
{a ∈ A|∃f ∈ channelio, a ∈ E(fa)}

If channelio is not empty and Receiverio is, it means that the description of the
receiver is not correct and the filters in channelio have to be modified. In the
exemple, we have Receiverm2 = {a1, a2} with a2 ∈ ACl.

As the filter definition includes the context of the interaction as well as the
description of other entities, these sets represent the potential interactions.

3 Environment and Rules

The EASI model has already been applied to real applications, for an Agent
Traveler Information Server [21], and for the management of bus networks [2]. In



these systems, we use the expert system technology to manage the activity of the
environment. The mapping from EASI onto an expert system is straightforward:
the knowledge base represents the set of entities, the rule base represents the set
of filters and the rule firing ensures the dynamicity.

The applications have been implemented with rule engines using the RETE
algoritm [8]. In addition, EASI has been implemented within Madkit4, a multia-
gent platform based on the Agent Group Role (AGR) model [7]. In Madkit, each
message is delivered by the kernel that manages the groups, roles and identifiers
of the agents. With our extension, an agent can communicate by two differ-
ent means in the same MAS: 1) it sends and receives messages thanks to the
kernel; 2) it puts in and perceives messages from the environment in which it
participates.

The model we have described so far enables the agents to act on their own
perception channels to match their needs. It is sufficient for cooperative agents,
but the compliance to the potential rules of the environment is entrusted to
the agents. This is not sufficient for heterogeneous systems. For instance, in the
MarketPlace example, the seller a1 can add the following filter:
holds(f(a, {m}) → perceive(a, {m}) with
f4(a, {m}) = [Ps(m) = inform] ∧ [Ppr(m) ∈ Ppr(a)] ∧ [Pid(a1) = Pse(m)]

In this filter, a is a description, a1 is an individual. It “forces” the clients to
receive all a1’s special offers despite their initial filter(s), for example f2 which
triggered the perception of only the best special offer. In this section, we complete
the model in order to deal with this issue.

3.1 Origin of a Filter

We consider that the filters dedicated to the management of the MAS belong to
the environment. These filters are added either by a group of system agents, or
by an environment internal mechanism. This leads us to split the filters in two
categories, depending on their “author”: the environment, or an agent. Thus,
F = FE ∪FA, with FE the set of filters added on behalf of the environment and
FA the set of filters added by the agents. The author of a filter will be noted as
superscript, fe for the environment and fax for an agent ax.

In this way, the environment can add percepts to the agents, which will
receive messages that would not have been received otherwise. The filters are
the rules of the environment, they define the interactional politics of the MAS,
for example a standard transmission behavior for certain kinds of messages. The
advantages of this approach are (i) to enable the existence of the rules inside the
environment itself, and not external to it (by monitoring, for example), in order
to regulate the MAS by controling in real-time the actions instead of doing it a
posteriori and (ii) to unburden the agents of this task.

In order to provide an intuitive understanding of our model, we will build
up a new example as the model goes along to illustrate how the filters can be
used in this new context. We use the metaphor of a physical environment to

4 www.madkit.org



zone 1

a3

a1

a4

a2

zone 3

The messages are transmitted via f1

The messages can potentially be transmitted

The messages are not transmitted due to fN2

zone 2

Fig. 3. Example 2. The circles represent the delimitation implied by the environment
filters for the agent a1.

instantiate the model. We focus our example on the message transmission rules,
for cognitive agents. In this second example (Fig. 3), the agents – a1 to a4 –
are situated on a two-dimensional grid. To begin with, we only consider distance
as the determining criteria. The filter of the environment induces a partition of
the space for each agent. The first filter manages proximity: the agents always
perceive the messages that are sent by agents close to them, e.g. a1 perceives
the messages from a2 as long as they stay at the same distance, and reversely a2

perceives the messages from a1. Let the agents have three observable properties,
Pid for their identifier, Px and Py for their position on the grid. The messages
have one observable property, Pse for their sender. d is the maximal distance at
which a message is always perceived. The filter of the environment is:
holds(fe

1 (a, {m} ∪ C)) → perceive(a, {m}) with
fe
1 (ar, {m}∪C) = [

√
(Px(ar)− Px(as))2 + (Py(ar)− Py(as))2 < d]∧ [Pse(m) =

Pid(as)], C = {as}.

3.2 Negative Filters and Priority

The filters put by the environment trigger the perception even if the agents do
not want to perceive it. To support the opposite case – the environment blocks
the perception –, we must be able to put negative filters, noted fN , which means
that when the filter holds, the concerned io is not perceived by the concerned
agent(s):

Definition 9 (Negative Interaction Filter) If a ∈ A, io ∈ IO, C ⊂ Ω,
fN (a, {io} ∪ C) = ∧i∈Ifa

[Pi(a) Rfa dfa] ∧i∈Ifio
[Pi(io) Rfio dfio] ∧ (∀e ∈

C ∧i∈Ife
[Pi(e) Rfe dfe]), holds(fN (a, {io} ∪ C)) → ¬perceive(a,Cact)

Let us continue the example. The second filter of the environment will be
a negative filter: an agent cannot receive a message sent from further than a



specified distance: for example a1 will not be able to receive any message from
the agents in the zone 3. Let D be the distance from where on a message cannot
be perceived. The corresponding filter of the environment is:
holds(fe

N2(a, {m} ∪ C)) → ¬perceive(a, {m}) with
fN2(ar, {m}∪C) = [(Px(ar)−Px(as))2 +(Py(ar)−Py(as))2 > D2]∧ [Pse(m) =
Pid(as)], C = {as}.

Whether or not the agents perceive the messages sent from the intermediate
zone depends on their filters: the agents can add filters to focus their attention
toward particular interactions of interest.

Both the agents and the environment can add negative filters. The envi-
ronment, for its regulation task, has to be able to prevent the perception of
interaction objects, e.g. for security reasons or to ensure a ban. For the agents,
the negative filters enable them to control and limit voluntarily their percep-
tions. In real life situation, when someone has no particular task to accomplish,
he is “actively” aware, which means he focusses his attention on what is going on
around. If there is a conversation around, he will overhear it. Yet, if he becomes
busy, he will focus straight on his current task, and thus reduce his perceptions
on what he has to do; the conversations around will not be heard. We give the
agents the same ability to act on their own percepts, not only in a positive way,
by increasing their awareness, but also in a negative way, by limiting their per-
ceptions according to their occupancy, will or needs. Removing their own filters
is not sufficient, because they may still receive messages via filters belonging to
the other agents.

We did not mention previously the relative priorities of the filters of the
environment and of the agents, because the filters of the one could only add
percepts to the others. Now that the effects of the filters can be contradictory, it
is necessary to introduce different priorities according to both the author of the
filters and the type of the filters. As we emphasize the regulation by the envi-
ronment to ensure the compliance with the rules of the MAS, the filters added
by the environment have to be stronger than those added by the agents: the pri-
ority of the environment filters is higher (Axiom 5), and the inference relation
of a higher priority disables those of a lower priority for every agent/interaction
object couple holding (Axiom 6):

Axiom 5 (Relative Priorities: Environment and Agents) ∀fe ∈ FE ,
∀fa ∈ FA, priority(fe) > priority(fa)

Axiom 6 (Conflict Resolution) ∀fx, fy ∈ F, a ∈ A, io ∈ IO,Cx, Cy ⊂ Ω,
priority(fx(a, io, Cx)) > priority(fy(a, io, Cy)), holds(fx(a, io, Cx))
∧ holds(fy(a, io, Cy)) → ¬holds(fy(a, io, Cy))

This means that for every agent/io couple, at most one interaction filter is
triggered; and this filter is the one which has the highest priority.

To resolve the last ambiguous case, a conflict between two filters which have
the same priority, we ensure that a negative filter is stronger than a positive one,
i.e. the negative filter applies:



(case) (A) (B) (C)

∧ @fe(a, {io}) ∈ FE ∃fe(a, {io}) ∈ FE ∃fe
N (a, {io}) ∈ FE

(1) @fa(a, {io}) ∈ FA × perceive(a, {io}) ¬perceive(a, {io})
(2) ∃fa(a, {io}) ∈ FA perceive(a, {io}) perceive(a, {io}) ¬perceive(a, {io})
(3) ∃fa

N (a, {io}) ∈ FA ¬perceive(a, {io}) perceive(a, {io}) ¬perceive(a, {io})

Fig. 4. In a particular context, the truth value of the perception of an interaction
object io by the agent a is determined according to the filters of the environment and
of the agents.

Axiom 7 (Precedence: Negative and Positive Filters) ∀fNx, fy ∈ F, a ∈
A,Cx, Cy ⊂ Ω, priority(fNx(a, io, Cx)) = priority(fy(a, io, Cy)),
holds(fNx(a, io, Cx)) ∧ holds(fy(a, io, Cy)) → ¬holds(fy(a, io, Cy))

With this new partition of the filters – between the environment and the
agents – and the introduction of the negative filters, we must study the different
cases of co-presence of conflicting filters in the environment. The perception (or
not) of the interactions will be determined according to the priorities. The table
in Fig. 4 sums up the different cases of absence and/or presence of filters added
by the environment and the agents.

In the previous example, if a1 wants to overhear a3 and a4, it will put the
following filter:
holds(fa1

3 (a, {m})) → perceive(a, {m}) with
fa1
3 (a, {m}) = [Pse(m) = (Pid(a3) ∨ Pid(a4))] ∧ [Pid(a) = Pid(a1)]

a1 will receive the messages from a3 (Fig. 4, case (A)(2)), but as long as
fe

N2 holds, it will not receive the messages emitted by a4 (case (C)(2)). If their
position change and the distance between a4 and a1 becomes shorter than D, a1

will begin to perceive its messages.

3.3 Undesirable Behavior

Finally, we study the case of conflicts between the agents. This may result from
undesirable behavior, or from poor design of the filters. In the case where there
is no filter issued by the environment (Fig. 4, case (A)), if the sole priority is
the one of the environment on the agents, an agent can block every filter of
the other agents by adding a negative filter generic enough to cover every agent
and every message, or inversely “flood” them with messages. In order to tackle
this problem, we introduce a particular kind of filter: the personal filters. The
personal filters are the filters whose author is the only potential receiver.

Definition 10 (Personal Filter) f is a personal filter iff ∃ax ∈ A,∀a ∈ A, f ∈
FA, C ⊂ Ω, fax(a,C) = [Pid(a) = Pid(ax)] ∧ (∀e ∈ C ∧i∈Ife

[Pi(e) Rfe dfe])

When an agent adds a filter for itself, it is a personal filter. More precisely,
personal filters trigger the perception (or not perception) of an io only for its



author. This is determined thanks to its identifier Pid. We note FAP ⊂ FA the
set of personal filters in the environment. In this way, we distinguish filters that
implicate only their owner from filters that implicate – exclusively or not – other
agents. In order to counter the threat of an agent putting filters to the detriment
of other agents, the personal filters have a higher priority than the others:

Axiom 8 (Relative Priorities: Personal and Standard Filters)
∀fax ∈ FAP , fay ∈ FA \ FAP , priority(fax) > priority(fay )

This means that the agents personal filters overrule the filters they did not add
personally in the environment, except of course for the rules of the environment.
For example, if the agent a4 does not want a1 to perceive any messages, it will
put a filter such as:
holds(fa4

N4(a, {m})) → ¬perceive(a, {m}) with
fa4

N4(a, {m}) = [Pid(a) = Pid(a1)] ∧ [Psender(m) 6= null].
However, both the filters of the environment and the filters added by a1

will overrule a4’s filter: a1 will continue to receive the messages emitted nearby
thanks to fe

1 , and it will also perceive the messages emitted by a3 (and eventually
a4) thanks to fa1

3 , which is a personal filter. That means that a4 cannot block
a1 against its will.

This priority allows the agents to thwart other agents’ misbehaviors, inten-
tional or not. Thus, we can prevent an agent from blocking the standard behavior
of our model. When the filters are added, the environment checks that the pri-
ority given to the filter by the agent is compliant with this order, by detecting
whether the filter is personal or not. Depending on the politics of the MAS, the
filters which are not compliant with their standard level of priority are either
refused or corrected.

The priority levels of the different kinds of filters, according to their author
and nature, allow the implementation of a “natural” order of precedence: all
the agents must comply with the rules of the environment, then under these
mandatory rules, they define their own interactions and perceptions, and finally
they may perceive other solicitations. We emphasized in the introduction that
the awareness is the result of external stimuli, which are not chosen, and of
decisions of perceptions. In our model, the stimuli the agents undergo are those
carried out through the filters of the environment, while it can decide to focus
its attention by adding filters for itself.

In the following section, we introduce more complete examples of filters to
show how it is possible to modulate the interaction rules according to the pre-
vious definitions and axioms.

4 Example

In the previous examples, we focused on communication and message exchanges.
In this section, we provide an example of a situated multiagent system, where
software agents use different kinds of interaction. The aim is not to describe the
whole system, but to illustrate the flexibility introduced by the regulation of the



Notation Meaning Definition domain ∈ A ∈ IOM ∈ IOT ∈ OC

Pid identifier DidentifierA ⊂ N X
Pp position ([0 . . . w], [0 . . . h]) X X X
Pc capability {lift, carry} X
Pb busy {true, false} X
Ps subject {request, accept, private} X
Pse sender DidentifierA X
Pr receiver DidentifierA ∪ unknown X
Pd direction {N, NE, E, SE, S, SO, O, NO} X

Fig. 5. Summary table of the observable properties. ∈ A is a short notation for ∀a ∈
A, P 6= null, which means that the agents belonging to A share this observable property.
Similarly, IOM and IOT are the sets of interaction objects, with IOM , IOT ⊂ IO, and
OC is the set of crates, OC ⊂ O. w and h are respectively the width and the height of
the grid.

MAS by the environment via the EASI model. Hence, we describe in detail only
the interactional aspects of the MAS.

We consider a multiagent application with situated agents, i.e. localized
agents that cooperate in a decentralized way. The agents are positionned on
a two-dimensional grid. The characteristics of the observable properties of the
entities are presented in detail in Fig. 5. We have one category of agents A,
which means all the agents share the same observable properties: their identi-
fier, their position, their capability and whether they are busy or not. We define
two types of interaction objects. The objects of the first type IOM show their
subject, their sender and their intended receiver; those of the second type IOT

show their position and a direction. There are also crates OC in the environ-
ment, the only observable property of these objects is their position. The goal
of the agents is to move all the crates to the edges of the grid. To move a crate,
an agent with the lift capability and another with the carry capability have to
coordinate together. The behavior of the agents is as follows: (1) it moves; (2)
if a crate is found, the agent has to contact the nearest agent with the com-
plementary capability (an agent has only one capability). This is achieved by
sending a message with the requested capability and the object position to the
nearby agents, which might answer by an “accept” message; (3) it is busy until
the object has been moved to an edge of the grid.

The rules of perception of the environment for the messages m ∈ IOM are
the following: spacially, d is the maximal range of perception of a message. This
is enforced via the rule fe

N1. The filters related to the perception are sumed up
by order of priority in Fig. 6. In order to ease the simulation, the environment
provides a default handling of the coordination messages: a message that has
“request” for subject will be perceived by every agent that has the requested
capability and that is not busy. There are two manners to create this behavior,
either by adding fe

3 , which follows strictly the previous textual description, or by
adding fe

N3′ and fe
3 ′, respectively forbidding an agent to receive messages when



filter pos neg

P
ri

o
ri

ty

fe
N1(a, {m} ∪ C) = [d(a, ar) > d] ∧ [Pid(ar) = Pse(m)], C = {a1} X

fe
3 (a, {m} ∪ C) = [[Pc(a) 6= Pc(ar)] ∧ [Pid(ar) = Pse(m)]

∧[Pb(a) 6= false] ∧ [Ps(m) = “request′′], C = {ar} X
fe

N3′(a, {m}) = [Pb(a) = true] X
fe
3 ′(a, {m} ∪ C) = [Pc(a) 6= Pc(ar)] ∧ [Pid(ar) = Pse(m)]

∧[Ps(m) = “request′′], C = {ar} X
fe
4 (a, {m}) = [Pid(a) = Pr(m)] ∧ [Ps(m) = “accept′′] X

fe
5 (a, {m}) = [Pid(a) = Pr(m)] ∧ [Ps(m) = “private′′] X

fe
N5(a, {m}) = [Pid(a) 6= Pr(m)] ∧ [Ps(m) = “private′′] X

fe
N6(a, {t}) = [d(a, t) > 1] X

fe
7 (a, {t}) = [d(a, t) = 0] ∧ [Pb(a) = false] X

fax
8 (a, {m}) = [Pid(a) = Pid(ax)] ∧ [Ps(m) = “request′′] X

fax
N9(a, {m}) = [Pid(a) = Pid(ax)] ∧ [Pb(a) = true] X

fax
10 (a, {t}) = [Pid(a) = Pid(ax)] ∧∀o∈OC [d(a, o) > d] X

Fig. 6. Interaction filters, ordered by priority. “pos” means that it is a posi-
tive filter (holds(f(a, {io} ∪ C)) → perceive(a, {io})), and “neg” a negative filter
(holds(f(a, {io}∪C)) → ¬perceive(a, {io})). d(e1, e2) is the distance function between
the entities e1 and e2, if Pp(e1), Pp(e2) 6= null.

it is busy and adding the perception of the “request” messages to the agents
that have the requested capability. The choice is significant, because although
for this particular context, the resulting behavior will be the same, the second
choice blocks all further possibility of message perception for the busy agents
(Axioms 5 and 6). Hence, we choose the first alternative: the “request” messages
are automatically handled, and by not specifying a negative filter, we allow them
to be overheard.

The answer to this message is achieved by an “accept” message, which is
“addressed” to the sender of the original request. Thus, the environment en-
ables dyadic interaction for the “accept” messages thanks to the filter fe

4 . Let us
note that thanks to fe

N1, there is no need to specify the distance criteria in the
other filters: since it has the highest priority, the other filters are momentarily
disabled for every couple agent/io that complies with its conditions. Further-
more, the environment enables the agents to communicate “privately”, i.e. their
messages cannot be overheard by other agents. If the sender tags its message as
“private”, fe

5 causes its perception by the specified receiver, and fe
N5 prevents

the message from being perceived by other agents. Let us note that it is also pos-
sible to temporiraly add or remove the filters concerning a particular behavior,
for instance the private messaging, and thus allowing the agents to send private
messages only during specific periods.

Contrary to the messages, the interaction objects of the second type (t ∈
IOT ) are localized and persistent, they are a kind of trace. If an agent finds
several crates, it will carry one to an edge of the grid, and on its way it will
put in the environment one trace every two squares, with the direction of the
crates. The traces are not subjected to the other filters, because it does not



have the requested observable properties (sender, subject...). Hence, we have to
define their management. The agents can perceive the traces only if they are in
an adjacent square, with fe

N6(a, t). The traces will automatically be perceived
by each agent (not busy) passing on their position thanks to fe

7 (a, t).
The basic interactional rules are enforced by the environment, so that the

agents only have to add filters concerning specific behaviors, adapted to their
strategies. For example, an agent ax may try to overhear the request messages it
should not perceive because it is busy, or it does not have the wanted capability,
with fax

8 . We emphasized that we did leave the choice to the agent of whether
it should perceive messages when it is busy or not. If its choice is that it should
not, it can add the filter fax

N9 to forbid it. Finally, the traces are useful for the
agents if they are searching for crates. The corresponding filter is fax

10 : the agent
ax will perceive the nearby traces only if there is no crate in its direct range of
perception. These filters are managed dynamically, hence enabling the agents to
modify their interactional environment according to their needs.

This example shows how it is possible to design the rules of a both the MAS
and the agents, and how this can be modified, either statically at design time,
or dynamically at runtime. The designer only needs to foresee which properties
could induce an effect on the behavior of the environment, and thus should be
rendered observable.

5 Related Works

Some applications have substantiated the concept of awareness, and notably
of overhearing. For instance, in the context of teams of autonomous agents the
coherence of the team increases significantly thanks to the use of a protocol based
on overhearing [12]. Overhearing has also been used in several works to monitor
MASs, as in STEAM [11]. These systems highlight the usefulness of the concept
of overhearing, but their implementation using massive broadcast or subscription
limits their ability to be used. The built-up of awareness involves two phases,
the effective sending and the filtering. In broadcast based implementations, the
filtering is realized in every agent: each agent receives all the messages and has
to filter them. With our method, the filtering is done before the actual sending
of the messages.

Channelled multicast [4] proposes a focused broadcast, by means of dedicated
channels of communication. However, because of a publish and suscribe system,
it is still the sender which assumes the transmitting task. Furthermore, the more
specialized and thus the more close to the needs of the agents the channels are,
the more complex the system becomes. On the contrary, our model delegates
to the environment the transmission and enables picking up the interesting in-
teractions in the same environment. MIC* [9] is an agent formal environment
which represents interactions as Interaction Objects (IO). These IOs, once pro-
duced, are separate from the agents and managed by the environment. They
belong to Interaction Spaces (IS), in which they are propagated. The IS are
composable, according to their physical and formal location. However, in MIC*



the receivers are still passive in the choice of their communication, even though
the environment does play a role in the perception of the IOs.

Distributed environments like Javaspaces5 or LIME [13] are close to our sys-
tem, as they allow the sharing of objects or tuples. For example, LIME proposes
communication spaces that are dynamically shared according to their accessi-
bility. These communication spaces are tuple spaces built on the tuples of each
agents and reconstructed at each reading. However, Javaspaces does not allow
multiple template matching, and LIME does not assure the consistency of the
tuple spaces. We can also mention TuCSon, which is based on programmable
tuple-centres and enables to deal with coordination artifacts [16]. The artifacts
are the closest to our approach. However, though the artifacts are interesting
to manage indirect interactions via non-agent entities, it does not deal directly
with the treatment of the messages.

The electronic institutions [6] propose run-time verification of the interaction
protocols. This ensures a strict compliance with the specifications of the MAS.
However, only the “control” part is taken into account, the infrastructure is not
intended to also facilitate the interaction.

About the models, Weyns [20] proposes a complete framework for active
perception. However, the subject is treated from the viewpoint of the agents,
and not of the environment. This model does not include the problem of message
management, when the objective of our work is to propose a model that unifies
both the perception and the message management. Tummolini [17] defines the
concept of Behavioral Implicit Communication (BIC), within the framework of
cooperative systems for task achievement, as the set of every interaction that
can be observed in an implicit way, i.e. information conveyed by actions or
communications of the other agents. However, several properties are required to
fulfill BICs: the observability of the actions and their results, the ability for the
agents to infer the right information (and possibly an action), and the ability
for the agents to anticipate the effects of their own actions on the other agents.
This makes the framework difficult to use in real applications. Platon’s model of
overhearing [14] is the most generic to our knowledge, as it considers overhearing
independently of the domain of the application. The introduction of the T-
compound as design pattern permits a graphical representation of overhearing to
model the interactions, based on existing works in the field of object computing.
Platon has recently extended his model to over-sensing [15]. The agents have
soft-bodies that have public states, which are verified (both in visibility and
accessibility) by the environment. The modifications of the public states are
spread throughout the environment. However, the model doesn’t mention the
case of the messages, and even if the agents are provided observability, the model
does not address the question of the exploitation of the environment by the
agents. In this sense, our works are complementary.

5 http://java.sun.com/products/jini/



6 Conclusions and Future Directions

We have introduced EASI and drawn its main features, such as flexible manage-
ment and regulation of the MAS interactions. Our model provides a common
channel for the interactions, and the primitives that enable the agents to mod-
ulate their perceptions, both in positive and negative ways. It also provides a
structure of regulation of the interactional politics of the MAS, by putting to-
gether environmental rules, personal choices and context-aware perception and
transmission. To improve the regulation part of our model, we plan to explore
the issue of the ownership and rights on filters and objects.

EASI can be used to support awareness, by enabling both external stimuli
managed by the environment and an active control of its perceptions thanks to
the filters. This implies an increase of potential perceptions of interactions, and
we intend to take advantage of this modeling of awareness in order to work on
opportunistic behaviors. The modeling presented in this paper may also lead to
unexpected situations, which will have to be studied closely, as well as mecha-
nisms to detect and prevent them. On the implementation side, the observability
of the properties and the filtering process can present problems for large agent
societies, which will have to be discussed.

By enabling the agents to choose their interactions and foci, we also extended
their autonomy. The next step is to propose an ontology of the available inter-
actions in the environment in order to propose to the agents entry-points to the
systems. We also intend to study more closely the effects of EASI on the proto-
cols, notably how an agent can take advantage of the information perceived and
how it can compose its interactions in this framework.
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