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Abstract—This paper presents a framework supporting the
definition and implementation of virtual environment
inhabited by interacting situated agents defined awrding to
the Multilayered Multi-Agent Situated System model. The
framework supports the specification and executiorf visually
rich 3D virtual environment endowed by the presenceof
mobile agents acting and interacting inside it aceding to a
multi-agent model. The paper briefly describes therelated
works and possible application scenarios for the &mework,
then it introduces the multi-agent model underlying the
framework and its basic architecture. Sample appliations are
also described so as to show the potential of theafmework in
executing models comprising several hundreds of ags
producing an effective visualization of the generad dynamics.

Index Terms— multi-agent systems, virtual environments,
simulation, 3D visualization

. INTRODUCTION

requirement for realistic and effective visualipatitools
(and some of them require a thorough analysis@bjfstem
usability, due to the necessary accessibility byn-no
technically skilled users), they also call for esgmive
models supporting the specification of behaviows the
entities that inhabit these environments, as weslltlze
interaction among them and with the environmetfithe
fact that the overall performance of the systemsisentially
dependant on the single actions and interactioas dhe
carried out by entities inhabiting the modeled emwinent
leads to consider that the Multi-Agent Systems [12]
approach is particularly suited to tackle the modelssues
that are posed by this scenario. This idea is also
corroborated by the fact that most of the aboveoéhiced
references actually describe systems based oaphi®ach,
and by specific experiences in applying MAS appheacto
specific virtual environments applications suctcasputer
games [16].

HE design and realization of virtual environments In this vein, the main aim of this paper is to shthe

Tinhabited by social entities is a significant apation of
the conjoint results of various research areasomputer
science and engineering. Virtual environments hagen
exploited in several ways, and in particular:

current advancement of a long term project thatiges the
realization of a framework supporting the developtmef
MAS based simulations based on the Multilayered tiMul
Agent Situated System model provided with an eiffect

- to support computer mediated forms of humaiform of 3D visualization. The main goal of the framuek is
interaction, characterized by the introduction of0 support a smooth transition from the definitioh an
Embodied Conversational Agents facilitatingMMASS based model of given situation (in terms of

users’ interactions [18] or supplying awarenesgnvironment,

information in a visually effective form [20];
- to realize operational laboratories

relevant entities and
individual actions

their behaviours

expressed as interactions) te th

forrealization of simulation systems characterized &y

participatory design, supporting the effectiveeffective 3D user interface. One of the possiblpliaation
visualization of various alternative design@r€as of this kind of system is related to the rtindeand

choices to the involved
[8][13][11];
- to provide effective instruments for

modeling, simulation and visualization of the

stakeholdersSimulation of crowds of pedestrians to support iectural

design or urban planning [3][4]. In order to have
information flowing appropriately from the formaloatel to
design professionals (e.g. architects and urbampls), the

dynamics of entities situated in a representatiop{lM'A‘SS'basecI simulator must be supported by adequate

of an existing, planned or
environment or situation [10][19];

- for sake of entertainment, in movies, compute
games or in online communities (see, e.g

Second Lifé).

While all these applications are characterized Isyrang
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reconstructe

Ovlsualization and animation tools. Such supportoms are

the core issue of the present paper.

The paper breaks down as follows: the following isact
liscusses related works in different applicatiornstios,
While section 1l briefly introduces the MMASS mddend
its application to model pedestrians situated aoding in
representations of physical spaces. Section IVudses the
architecture of the proposed framework, its main
components and the tools supporting developerstiadpip.
Section V presents two sample applications aimed at
showing the potential of the framework in executingdels
comprising several hundreds of agents producing an
effective visualization of the generated dynamics.
Conclusions and future developments end the paper.



Il. RELATED WORKS ANDAPPLICATION SCENARIOS

virtual environment.

The realization of virtual environments inhabited by The analyzed system that was closest to meet our

autonomous entities and characterized by a realistee-
dimensional form of visualization was the goal eVeral
projects, both commercial and academic, with déffier
aims, features and available documentation. A ceta@nd
thorough description of the state of the art irs threa,
besides being extremely difficult to realize, ist i the
scope of this paper; we will rather briefly repthré survey
activity that was carried out before starting thmejgct and
that motivated the effort related to the design eadization
of the framework.

requirements is Freewdlkan application that was adopted
in some of the previously cited applications of twead
environments. It adopts a scenario specificatiomglage,
called Q, that supports the specification of theiremment
(that must be a VRML model) and the behaviours enésg
(through the notion ofcenarig. Freewalk, however, is not
an open-source project and the Q language is not ve
focused on the interaction among the agents and the
environment (that can be conceived as an elemeimdan
influence on their behaviour that goes beyond #ut that it

The main aim of the research effort is to realize aRfovides obstacles to their movement). These coratidas

instrument that, on one hand, supports an effedtva of
visualization of a virtual environment and, on tbher,

lead us to consider the possibility to adopt adasiabling
infrastructure for an effective visualization of ssym

allows the specification of the behaviours of th&ynamics and an existing model - MMASS [1] - and

autonomous entities that inhabit it in terms ofeapressive
agent based model. To this purpose, we considersiade
possible supporting instruments, both commercidl @pen
source, both providing a basic enabling technolkagy also
some projects providing a support to the phasesaafeling
and definition of agents behaviours.

Some relevant representatives of the category
commercial instruments that can support the desigd
development of virtual

simulation software, that is able to generate s&ali3D
visualizations of the simulated dynamics. Massistead
an application specifically devoted to the generatof
photorealistic animation of crowd-related visualeets (it
was adopted for several films — e.g. to generatebtittles
of the Lord of the Ring — and commercials — e.gcrieate
the audience in a stadium). These instruments arergiy
extremely focused, very powerful, but their

environments are Quadstone
Paramicé and Massivé Paramics is a traffic micro-

platform for the specification of situated MAS sopiing
the definition of virtual environments. The MMASS deb

is in fact characterized by the fact that agents/irenment

is a first class element of the model, and it de@gfluences
agents’ perceptions and actions, supporting fornis o
interactions that are particularly suited to reprgsthe
grovement of pedestrians in physical spaces [2].

I1l. MULTILAYERED MULTI -AGENT SITUATED SYSTEM
MODEL

This section will introduce the basic elements of th
MMASS model and its application to represent anchage
mechanisms of interaction between the environmert a
active autonomous entities that are useful for the
specification of dynamic virtual environments. Wil start
discussing the elements of a single layered madsituated
Cellular Agents model, then we will show how it chea

intdrnaapplied to represent physical environments andvecti

mechanisms are not well documented. In general thewptities situated and moving in it. The last subieacwill

cannot be adapted to tackle application scenaiiffsreht
from those they were originally conceived for; #fere
they do not provide the degree of flexibility reqad by our
project.

Some open source efforts were also consideredfvemd
relevant representatives of the analyzed platforane

Masorf [15] and Breve [14]. Mason is a discrete-even

multi-agent simulation library, designed to be

foundation for custom-purpose Java simulationsal#o
includes an optional suite of visualization toats2D and
3D. However, this suite does not represent a preppport
to the realization of a virtual environment, buthex a
library for realizing simple 3D visualization ofdtsimulated
system. Breve, on the other hand, is a softwardkaugc
enabling the definition of 3D simulations of mudigent
systems and artificial life. It adopts a specifid-feooc
language (called “steve”) for the specification agents’
behaviours. However, it is more focused on proygdam

abstract and extremely simplified 3D environment fo

specifying and testing multi-agent models and iaif life
models, rather than supporting the realization dietailed

2 http://paramics-online.com/
% http://www.massivesoftware.com/
4 http://cs.gmu.edu/~eclab/projects/mason/

discuss how a multilayered structure can be adopbed
enhance the model and support more autonomous fofms
agents’ behaviours.

A. Situated Cellular Agents

A system of Situated Cellular Agents can be denbted

tthe three-tupléSpaceF,A) where Spaceis a single layered
th&nvironment where agents are situated, act autonsiyno

and interact by means of reaction or through tlopggation
of fields belonging to the sé&t Field based interaction is an
indirect interaction mechanism that provides a rication
of agents’ environment that can be perceived bynisge
according to their context and state; a more thgiou
description of field based interaction can be foimd17],
whereas the specific SCA field-based interactiordehas
discussed in [6]. Agents belong 49 a finite set of agents,
each characterized by a type determining theirestat
perceptive capabilities and behavioural specificatiThe
elements of this three tuple will now be formallysdribed.
Space- TheSpaceconsists of a sé® of sites arranged in
a network (i.e. an undirected graph of sites). EstghpIP
can contain at most one agent and is defineChpr,Pp>

5 http://www.spiderland.org/
© http://www.ai.soc.i.kyoto-u.ac.jp/freewalk/



wherea,[JA/{ [} is the agent situated m(a,=/when no perceptive capabilities and behavioural specificafor that
agent is situated ip, in other wordsp is empty);F,[IF is type of agents.

the set of fields active ip (F,=0 when no field is active in ‘The first two elements were previously introducea w
p); and P,OP is the set of sites adjacent o Edges WI||. now focus onAg:'uonU Whl(_:h is made up of a set of
connecting sites represent a constraint to the meme of ~actions and an action selection strategy. Actioas be
agents situated in the environment and also onliffiesion ~ Selected from a set of primitives which includeaction

of fields, which only propagate through these catinas. ~ (Synchronous interaction among adjacent agents)d fi

Fields - A field f.OF that can be emitted by agents ofemission (asynchronous _interact_ion ‘among at—_a—dista_nce

type I is denoted by the four-tuple agents through the field diffusion—perception—actio

(W, Diffusion,Compare,Composg where: mechanism)trigger (change of agent state as a consequence
T ’ ’ .

« W,=SxN, whereS/7s, denotes the set of values thatof a perceived event) arichnsport(agent movement across

the field can assume; givem,/W,, w=(5,i,), wheres(S the space). The two |nt.eract|on rlnechamsms.proulmg s.klhe
. : i : ! SCA model (i.e. reaction and field—based interajtiare
represents information brought by the field (ilee ffield ; . g
load) and [N represents its intensit also described by the diagram in Figure 1. Evergnipitie
payload) and, [N represents its intensity. , will be now briefly described specifying precondits and
» Diffusion:PxW;xP - W, is the diffusion function for

i o effects. It must be noted that an action selecsivategy is
field type 7, Diffusion(psw,pg) computes the value of &, oxed when the preconditions of more than onactre
field on a given destination sit@. taking into account in

. Y ) ) e verified; several possible strategies can be défitet in
which site it was emittedpf) and with which initial value .c ~ontext a non—deterministic choice among bissi

(wOW)). . _ action was adopted.
+ Comparg:W XW, - {True,False} is the function that

compares field values. It is used by the percetjstem of
agents to evaluate if the value of a certain ftgjte is such
that it can be perceived.

» Compose(W,)* -W, expresses how field values of
the same type have to be combined in order to mite
unique value of a field type at a given site. Figure 1 — A diagram showing the two interaction

Agent Types- The possibility to define different agentmechanisms provided by the SCA model: two reacting
types introduces heterogeneity, in other wordsctience to  @gents on the left, and a field emission on the ig,
define different abilities and perceptive capaieiit _ ) o
Defining T the set of types, it is appropriate to partitine t | "€ behavior of Situated Cellular Agents is influetdy
set of agents in disjoint subsets correspondingdifferent gents situated on adjacent positions and, acaptditheir
types. The set of agents can thus be defined §$€ and state agents are able to synchronoushygehiheir
A=, A where AﬁnAE:g for i#. An agent typer is states. Synchronous interaction (i.e. reactiorg faso—step

defined by the three tupl&,Perception,Action,) where: process. Reaction among a set of agents takes ipkanegh

. =, defines the set of states that agents of typan the exegutlon of a protocol introduced in order to
assume: synchronize the set of autonomous agents. Whergent a

.+ Perception: =, - [N W ]...[N Xme] is a function wants to react with the set of its adjacent agsimise their

- types satisfy some required condition, it startagreement
associating to each agent state the vector of pa|y fy q are

representing respectively a receptiveness co aificiePTOCESS whose output is the subset of its adjagenits that
modulating the intensity of that kind of field ana have ggreed_ to react.. An agent _agreement occurs tiiee
sensitivity threshold represented by a specifitdfiealue; fagent 1S OOt involved m_other a_gtlons or reactiand when
these functions represent the perceptive capakilit its state is such that this spemﬁc reaction cdakk place.
e . . The agreement process is followed by the synchronous
specification for that type of agent and their wsagll be reaction of the set of agents that have agreed Reaction
clarified in the description of agents and theihdéours. . Lo . ]
Formally, this vector of pairs is defined as of an .agena s!tuated in sitgpP can be specified as:
. ) 5 ) F B acnort_reactlor(s,apl,apz,...apn,s)
£ 2©.29). [ 9.47() conditionstatets) position(p) agreeday, .- Apr)
where for eachi (i=1...|F|), ¢ (s) and ti(s) express  effectstatds)
respectively a receptiveness coefficient to beiagpb the ~ Where statds) and agreeday;,ap,...-ay,) are verified
field valuef, and the agent sensibility thresholdftan the When the state of ageatis s and agents situated in sites

given agent state {pl,pz,...,pn}DPp have previously agreed to undertake a
- Actions, denotes the set of actions that agents of typesynchronous reaction.. The effect of.a reaction 'ie th
can perform, and will be described in the following synchronous change in state of the involved agents;

Agents and their Behaviours- An agen@UA is defined Particular, agena changes its state in o
by the three—tuples,p), where: Other possible actions are related to the indirect

. s/7%, denotes thagent statend can assume one of thelnteraction mechanism, related to field emissiod &mthe
values S[r)ecified by its type: perception—deliberation—action mechanism. Agentssioin

» pOP is the site of th&pacewhere the agent is situated,; can be defined as follows:
» r1is theagent typewhich provides the allowed states,



action:emit(s,f,p) indicating the presence of the point of interefghence to
condition:state(s),position(p) pedestrians. For instance, considering a corritier exits
effect:added(f,p) should be associated to suitable fields able tdegaigents
wherestatds) andposition(p) are verified when the agent towards them, but also possible doorways leadingoms
state iss and int position ip. The effect of the emit action is should be provided with agents emitting propedgel
a change in the active fields related to sites lvaa in the Definition of mobile entities of the environment
diffusion, according toDiffusiory. One of the possible (pedestrians) — the different types of mobile &gjtagents
effects of an agent perception of a certain figldan be representing pedestrians, can be now defined mstesf

defined as attitudes towards the movement in the environmsoit (Of
action:trigger(s,fs') states indicating how an agent interprets fieldshinosing
condition:state(s),position(p),perceivig(f where to move). For instance, in the corridor examp
effect:state(s") agents in different states could be attracted figréint exits

where perceivéf) is verified when f{OF, and of the corridors and thus could be attracted byreiated
Compare(c' i} t)=true (in other words, field intensity field, ignoring fields generated by doors leadingrtternal
modulated by a receptiveness coefficient exceeds thooms. This attitude could change according to ater
sensitivity threshold for that field). The coeffiois ¢, and ~decisions of the agent, or to an external eventgieed by
ti. are those determined by the perception functiorttfat it. Of course, different agent types can have cffie
type of agent in the stage The effect of the trigger action is attitudes; summarizing, different agent types aaterpret

a change in agent's state according to the thirdrpater.  fields in a different way, and agents of the sayget
The last possible action for an agent causes a ehiang according to their state, can also react in differeay to the
its position and can be specified as follows: perception of the same kind of signal.
action:transport(p,fq) Bank
condition:position(p),empty(q),near(p,q),perceiye(f Scala
effect:position(q),empty(p) entrance S
where emptyq) and near(p,q) are verified wherqDPp quare
. . . . centre
and o=(0,Fg,Py (g is adjacent tg and it does not contain
agents). The effect of a transport action is thushmge the Gallery Palazzo
position of the related agent. entrance Marino’s entrance

B. Modeling Crowds with SCAs

The basic idea underlying the application of the SCA
model to represent environments and entities sitbaind
moving in it is that this kind of movement can lengrated
by means of attraction and repulsion effects (a0 al
suggested in [9]). These effects are generated ansnef
fields that can be emitted by specific point of the
environment, and that can be perceived as
attractive/repulsive or that can even be simplyoigd by
different types of moving entities in specific s&t Also
pedestrians themselves are able to emit fieldstlans, in
turn, they can generate attraction/repulsion effeantd what
is called an ‘active walker’ model.

A thorough discussion of this modeling approacbutsof
the scope of this paper and it can be found in&,will
now just give some indications of the main steg thust
be followed to define a SCA model starting fromadostract
description of a given scenario.

Definition of the spatial infrastructure of the
environment — a SCA space can represent a discret€. From a Single Layer to Multiple Layers
abstraction of a physical environment, in which i s The previously introduced representation of the
corresponds to a portion of space that can be @&tujy a environment can be enhanced by introducing addition
pedestrian. For instance, a corridor and the robaving a representations, for instance representing a differ
door on it could be discretized in 40tgells characterized abstraction of the physical space related to theuali
by a Von Neumann adjacency. environment. In particular, the different points of

Definition of points of interest/reference in the interest/reference might be represented on a gvapbse
environment — specific spots of the environment calinks represent proximity or direct reachabilitylations
represent elements of interest, reference points @among the related points, realizing a sorab$tract mapf
constraints (e.g. gateways, doorways) influenciedestrian the environment. This layer might be interfaced he t
movements. These elements must be associated Wiifeviously introduced finer representation of the
immobile agents (e.g. door jambs) able to emitd§iel environment (i.e. thehysical laye), and it could be the

Figure 2 — A diagram illustrating a multilayered
environment specification: the bottom layer is a fie
grained discretization of Scala Square and the tofayer
represents its points of interest.



effective source of fields generated by infrastat A. Supporting and Executing MMASS Models

elements, that are diffused to the physical layemieans of The MMASS framework adopted for this project is
interfaces. A sample diagram illustrating this a@@h to essentially a library developed in C++ providingoper
the modeling of a physical environment is showrrigure classes to realize notions and mechanisms relateithet

2: the bottom layer is a fine grained discretizattd Scala scaA and MMASS models. In particular, a simplifiedss
Square and the top layer represents its pointstefast, that diagram of the MMASS framework is shown in Figure 3
are associated with agents emitting a proper disf® The |ower part of the diagram is devoted to the
presence field. environment, and it is built around the BasicSitss. The
The abstract map could also be (at least partly)eo\oy an  |atter is essentially a graph node (i.e. it intefiom the
agent, that could thus make decisions on whatudéit Grathode C|ass) that is characterized by the ggEDT
towards movement should be selected accordingstown \jth a FieldManager. The latter provides the semice
goals and according to the current context by mago devoted to field management (diffusion, compositamrd
on/about the map, instead of following a predefisedpt.  comparison, defined as abstract classes). An @bstpace
This kind of considerations do not only emphasize thjs essentially an aggregation of sites, whose @tizations
usefulness of a multlple |ayered representationthé define proper adjacency geometries (eg regu|meﬂ)
environment, but they also point out the possipilio  characterized by a Von Neumann adjacency or pgssibl
enhance the current agents (that are charactebyed irregular graphs).

reactive architecture) by endowing them with profeems An abstract agent is necessarily situated in examtle

of deliberation towards a hybrid agent architecture. Asite. Concrete agents defined for this specifiméravork are
Complete definition of these deliberative elemeaotsthe active Objects (that are used to define Concreiet$)®f
situated agents is object of current and future k&/or jnterest/reference to be adopted in a virtual emirent)

AbstractAgent|<} and pedestrians (that are basic agents capabl@wahgin
: the environment). Actual pedestrians and mobilenegthat
a developer wants to include to the virtual envinent must
[Abstractspace]< ; : : ;
) be defined as subclasses of Pedestrian, overritimdpasic
‘ ‘ behavioural methods and specifically #aion method.
sizuared in >/ BasicSitel——>{GraphNode]| P y
1

-

-
. FloodDiffusion 3D Engine Library Classes
| FieldGroup II’—L| Fia:dManagerM AbstractDiffusion < "
{ 1 VonNeumannDiffusion

RoofSumComposition

L AbstraciComparison|<—{BasicIntensityComparison|
Figure 3 — Simplified class diagram of the part of he

EventReceiver
1

AbstractComposition (<]

1
SceneManager M CollisionManager
1

framework devoted to the realization of MMASS > <
concepts and mechanisms. 3D Scene Classes
1 1
IV. THE EXECUTION AND VISUALIZATION FRAMEWORK

As discussed in section Il, the basic approach et
adopted for this project is to integrate an exgtMAS

|GraphManager|:|Gra;h| |ModenI3D| |Ava:ar|

modeling and development framework with an )

infrastructure supporting an effective form of 3D

visualization of the dynamics generated by the rhole [Node] s
particular, to realize the second component we tadop - g

JRigure 4 — Simplified class diagram of the part of e
framework devoted to the management of the
visualization of the dynamics generated by the modle

Irrlicht’, an open-source 3D engine and usable in C
language. It is cross-platform and it provides Egemance
level that we considered suitable for our requinetsielt
provides a high level API that was adopted for sslve B. Integrating the Models with a Realtime 3D Engine

projects related to 3D and 2D applications like ganor  Whijle the previous elements of the framework are
scientific  visualizations. The MAS modeling anddevoted to the management of the behaviours of
development framework we adopted is a C++ portind a autonomous entities and of the environment in whiay
relevant refactoring of the original MMASS framewd®], are situated, another relevant part of the destribe
aimed at adapting it to the different programmiagduage framework is devoted to the visualization of thdgeamics.
and also at optimizing some mechanisms such as oolgm More than entering in the details of how the vigaion
adopted field diffusion algorithms. The following library was employed in this specific context, wil wow
subsections will discuss the basic elements of @3- focus on how the visualization modules were integta
version of the MMASS framework and the infrastruetu with the previously introduced MMASS framework irder
interfacing this module with the 3D visualizatiomgéne. to obtain indications on the scene that must becéffely

visualized.
" http:/firrlicht.sourceforge.net/
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Figure 5 — Four screenshots of the first samp Ssequentialway or in a conceptuallparallel way (as for a
application, showing the movement of very simple amts Cellular Automaton). In this case, respectivelyeafeach
from a starting room on the left, to an exit in th¢ agent action or after a whole turn the scene manege
rightmost room. update the visualization. On the other hand, agmidht be
associated with a thread of controf their own and no
Barticular fairness policy is enforced. The enviremt) and
more precisely the sites of the MMASS space, ishiarge

Figure 4 shows a simplified class diagram of theénma
elements of the 3D Engine Library. The diagram als
includes the main classes that are effectivelyhiarge of

inspecting the state of the MMASS environment agehts, ﬁ'f managing pgss?le confllct:ts ﬁn.dthe. sr}gretq nrur
and of providing the relevant information to the OWEVET, Ih order 1o support a Tuld visualizatioh the

SceneManager that will translate it into a sceneb& dynamics generated by the execution of the MAS, the

visualized. TheProject class act as a container of the 3dDedes_tr|an Ob_JeCt before executlng_ an act|on_ must
models providing the graphical representation efithitual coordinate - with .the rglateQAvatar i j[he. previous
environment llodel3D objects), as well as the graph relate(gmvement was St'.” not_ V|s.uaI|zed., the action imperarily

to the adopted discretization of this physical sp@Graph locked until the wsuaﬁzaﬂon engine has updafatajscene.
object visually representing the previously disedss It must pe noted t_ha_t in all the introduced a_lctomtmodes
physical laye). It also includes a set dfvatar objects, that t.he. .enV|ronmen’t is in charge of a regulation fmt[?]
are three dimensional representation$®eflestrianobjects I|m|t|r_19 agents' autonomy for sake of managing the
(introduced in the previous subsection). congstency_of the overall model or to manage agréorm

The framework must be able to manage in a coorcﬂnatc?lc visualization.

way the execution of the model defined for the Hjmec
virtual environment and the updating of its vismation. To
manage this coordinated execution of different niesland ~ The aim of this section is to present some sample
procedures three main operative modes have beémedef applications to show how the framework supports the
and are Supported by the framework. The first twe a|deﬁniti0n of MMASS models and the realization aof a
characterized by the fact that agents are not pﬂD}\/Wr[h a effective three dimensional visualization. The alebnS
thread of control of their own. A notion t¢dirn is defined Were also chosen to show the potential of the fraonie in

and agents are activated to execute one actiotuperin a terms of execution of a large number of agents.sTestre

V. SAMPLE APPLICATIONS



Figure 6 — Four screenshots of the virtual museul
application, showing the structure of the environmat -
(a) and (b) —a perspective view of the evacuation ai
also a ‘bird’s eye’ view of the environment coupledvith
three ‘first-person’ perspectives of agents — (c)ral (d).

Professional operating system was installed; thehbowk
was provided with an Intel Pentium IV 2.4 GHz presar,

smooth form of visualization of the system dynamics

The second example is about the movement of agents
inside a virtual museum; the aim of the agents his t
scenario is to move outside the buildings to gatimer
specific areas, as in case evacuation. In this d¢hee
environment comprises around 2000 sites (a gross
carried out on a notebook on which the Windows XRjscretization of the represented environment) aitbund

6000 arcs connecting them; 500 agents were randomly
positioned inside buildings, and they were providéth a

with 320 MB RAM and an ATI Raedon IGP graphic cardnread of control of their own. Both the environmemd

with 128 MB (shared system memory).

agents were characterized by a 3D visual modelh wit

The first application is about the simulation of thgextures; some relevant screenshots of this sample

evacuation of a section of a building, comprisirayesal
rooms connected by doors. In this specific scenagients’
behaviours are very simple, and only provide theentent
towards specific exits. Agents reaching these eaits
simply eliminated from the scenario; some screetssbb
this example are shown in Figure 5. In this scenéne

application are shown in Figure 6. Once again, the
analytical results of this simulation are not relet; since
the agent models were extremely simple and they wet
calibrated against real data. The simulation wasugee
and visualized with a number of FPS constantly at®.

We also executed a stress test on a different feasdw

environment comprises a graph of around 1000 sitegenfiguration, to verify the scalability of the frework; the

connected by more than 3500 arcs; 150 agents taisges
in the scenario and they are activated according
sequential activation strategy. The analytical tssaf the
simulation are not relevant in this context, alszduse the
agent models were not calibrated against real dae;
simulation was executed and visualized with a nundje
frames per second (FPS) constantly above 60. Thexlspfe
the simulation was in fact actually limited to a&fe a

workstation was based on Windows XP Professional
Bperating system, with an Intel Pentium Core 2 Db
GHz, 2 GB RAM and a NVIDIA Quadro FX 3450 graphic
card with 256 MB. The test environment was congduy
11000 sites, connected by around 44000 arcs; 18gents,
sequentially activated, were positioned in thisiemment.
Their behaviour was simply to move towards the dbse
source of an ‘exit’ field; agents reaching the seuwere



removed from the environment. The system was able fd S. Bandini, S. Manzoni, G. Vizzari. Towards a piath for

execute and visualize the simulation with 22 FPBemthe

structure of the environment was hidden (reducihg t

number of displayed triangles), and with 3 FPS wihevas
visualized.

VI.

The paper has presented a framework supporting
definition and realization of virtual environmemhabited
by interacting situated agents modeled accordinghto
Multilayered Multi-Agent Situated System. The franoeiv
supports the specification and execution of visuath 3D
virtual environment characterized by the presende
situated agents acting and interacting inside ie paper
briefly introduced some relevant related works, nthie
presented the multi-agent model underlying the é&aork
and its basic architecture (with specific referenoethe
integration of computational support to the formaddel
and the visualization components). Sample apptinati
were also described in order to show the potemntiahe

CONCLUSIONS ANDFUTURE DEVELOPMENTS

framework in executing models comprising sever%l]

hundreds of agents producing an effective visutdinaof
the generated dynamics.

Future works are aimed, on the one hand, at impgovi

the set of support instruments, both methodologaad
computational, supporting for instance the defimtof the
spatial structure of the virtual environment. Sosupport
instruments, such as a tools for a semi-automagtzation
of discrete abstractions of an existing 3D moded.(a 3D

Studio design of an architectural space) was aread

realized, but it must still undergo a thoroughitesphase.
Additional relevant future works are instead aimatd
providing a more expressive modeling frameworkyraefly

discussed in Section IlI-C.
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