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ABSTRACT

IT Ecosystems ddserian upcoming type of complesocietechnicalsystems that cossiof a large

number of heterogeneous subsystems that execute partly auton@ndusdpperate in order to meet
individual or joint objectives. IT Ecosystems are planned as open systems; the subsystems are develope
independently under different desigrtianale.

To meet the challenges of IT Ecosystems we propose the concept of Authgentsus Organized
LocalitieA20L) A locally provides the infrastructur@ terms of domain ontologies, coordination
protocols, and institutions; it builds a combasis for the interaction of autonomous agents. Within a
locality, the agets may collaborate by buildingeams or by joining an organization. In addition,
institutions are introduced to represent public authorities regulating to the behavior of indgedis

by means of norms and associated normative mechanisms like monitoring norm compliance or sanctioning

We provide a metamodel to structure the relevant concepf26fl and conceptual architectures for
agents and institutions to facilitate the@fieation and modeling of this kind of systems. To evaluate our
approach we consider an airport departure scenario as a first case study.
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1 INTRODUCTION

IT ecosystems are large setohnical systems which are composed of numerous subsystems. These
subsygtms can be networked-$ystems which are often developed and provided independently by
different organizational bodies. This means that it is hardly possible to guarantee exhaustive testing or
even verification of the functionality provided by the ITystem as a whole. Additionally, humans are
involved with these in various ways, for example, by developing, using, and modifying the system. In
particular, these interactions are usually done in or with small parts of the whole.

In this documentie provice a metamodel and anmarchitecture for a particular class of IT ecosystems

and introduce the concept of autonomowmngyin organized localities BB). One of the major goals is

to provide on the one hand a concrete enough foundation for analyticalingodetl specification of

such systems. On the other hand, the aim is that this foundation is broad enough to foster the developmen
of a significantly large and relevant class of applications. The application domain addres&&dLhy

based on the ideahat in many environments individuals ar8lyistems are situated in a given physical

(or virtual) environment: the-caled locality. An example for such a locality is an airport. Interactions
between the players in such a locality are manifold and vemyptex. For this reason, we provide the
definition of an agent in a locality, which represents the basic participant of an IT ecosystem and can be
either a technical subsystem or a human being in the given locality. Examples for agents in the airport
scenao are passengers and worker as well as autonomous vehicles and the airlingls systekn.

Looking only at the combinatorial complexity of possible interactions, these cannot be specified and
verified in advance in most cases, especially becausentlagychange over time due to changing
demands. Thus, interactions need to be regulated dtnnen Therefore we provide the definition of
institutions and organizations in the course of this document. In these definitions, institutions are entitie
which ae responsible for the definition of mechanisms to define, regulate and evolve what a well
behaved type of agent is allowed to do in a given locality. An example institution for the airport is the
aviation authority, which defines passengers' securityirppres and derives specific rules for its
implementation. Organizations in this context are moreover responsible for the coordination of (particular
types of) agents in (particular syibocalities. The main task of this coordination is to reach coma®n go
provided by institutions using for example conflict resolution mechanisms or by checking the compliance o
agents to particular constraints or procedures. The federal police implementing the security procedures
provided by the aviation authority are asxample for such an organization. The interaction between all
players in a locality is multifaceted. Therefore, another important contribution of this document is the
separation of their interactions in different dimensions, namely the domains ofgraviciis, execution,
negotiation, and the homeostatic dimension.

In the remainder of this document we first provide definitions for basic concepts us¥al farhese

include the definition and discussion of localities, agents, organizations andnesttolliowing this, the
document structures the interaction dimensions before providing a particular architef&@®é. fohis
architecture is then refined with respect to technical aspects and leads to a very concrete example, an
airport transportatiorscenario, which is used to evaluate the previously defined model and architecture
of A20L

Pageb



A20L: METAMODEL AND CaROUAL ARCHITECTURE

2 BASIC CONCEPTS FORTA@NOMOUS AGENTS INRGANIZED
LOCALITIES

2.1 Locality

A locality has a purpose or a subject that attract agents to meet there. A locality provetdsi@al or

physical infrastructure to be used by the agents to achieve their individual goals that are usually related
to the subject of the locality. A locality can be understood as a physical or virtual place offering a
number of opportunities. Howeyvthe locality does not require a unified objective or architecture for the
agents to participate. In that, a locality comprises a system of systems. It has a scope defining a
boundary, so agents may enter, leave, and return later to the locality. Exaofplecalities are an

airport, a fair, or a social network. The infrastructure is part of a local onto&mygsenting domain
knowledge. A locality often sets the stage for a possibly hierarchical structured collestenesf
describing predefined ieraction templates for particular coordinated activities or to achieve certain
subgoals. Moreover, the locality may present the order in which agents may traverse the scenes. In an
airport, for instance, we find an entry scene, a clreclt security chk@nd a boarding scene, all with a
number of subscenes. The scenes have to be traversed in the listed order and during the transit from one
scene to the next one certaimstraints have to be fulfilled.

Secondly, the locality is associated with instisiaod may mvide organizations to fosteoordination

and regulate the interaction of autonomous, heterogeneous agents beyond physical and technical
constraints. Institutions regulate the agent behavior in order to balance between different intetests and
establish and sustain certain notions of stability. Organizations structure the grouping and collaboration
of agents within the locality. Organizations and institutions are introduced in 3etand 2.4,
respectivelyln Figure 1 the major concepts associated with a locality are depicted.

2.2 Agents

2.2.1 Definition

An agent is an entity which observes and acts upon an environment that can be a computer program
(e.g., for simulation) or the real woile.g., to support humans). For this interaction, the agents have
sensors to gather information about the world and interpret its actual state. On the basis of this
information, agents create output to change to world's stakégune2, the agents are illustrated as a

black box [Mul96, because there are different ways (architectures) in which agents perceive
information about the environment and produce output.

package Data[ E Locality ]
Locality Local Ontology ‘Attribute:
Institution| ‘Scene Scope, _Constraint
K :
,,,,,,,,,,,,,,,,,,,,,,, — 1
Scene Change, ~______ \

FIGURE. CONEPTUAL MODEL OF ACALITY
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| Input: Environment | output |

- - -—— - -

FIGURE. AGENTENVIRONMENT INTERAON.

[Wo009 defines intelligent agents as capable of flexible autonomous action with the goal to meet their
design objectives. By tmomous he means that agents are able to act without intervention from other
systems (or humans). They therefore "have control both over their own internal state and over their
behaviour'|Woo009, p. 132. In his definitionWooldridge interprets "flexible" as denoting reactivity,
pro-activeness and social ability:

1 reactivity: Agents perceive the environment and create actions on basis of changes that occur in it
in order to satisfy their design objectivedlfgn rules)igure 3 (left) shows the architecture of a
reactive agent.

1 pro-activeness: Agents are able to exhibit gdaected behavior by thinking about alternatives
for achieving goals and satisfying their design objectives. They thus takiidhed. Fgure 3
(right) shows the IRMA (Intelligent Res@oended Machine) ArchitectureR90 i.e., the
architecture of a deliberative agent based on the BDI (BBksirelntention) Architecture
[RG91. The IRMA Architecture consists of a reasoning cycle for developing new plans and a
deliberation process for updating the intention structure.

1 social ability: Agents are able to interact with other agents or humans.

Agent Agent
Interpretation <
ofthe world s |[#—=Ds0f5 Mean-Ends Options | Filtering Sensors
state Reasoner 7| Mechanisms € ——
+ Surviving Options
i + Intent!uns
Intentions
if-then rules Actionto be Effectors Deliberation # Intenticn Effectors |
implemented Process + - Structure
Intentions

HAGURBE3. A SIMPLE REACTIVE BST ARCHITECTURERDEAND THE IRMA ARICTECTURE BRR9Q (RIGHT)

The two agent architectures illustrateigure 3 are part of the classificatroof agent architectures
proposed by[Mul9€. He also described a hybrid architecture that is a combination of reactive and
proactive architectures (e.g., the InterRap architectuiie95) as wel as social agent architectures.

We propose a concept of an ageftdyered architecture which is supposed to be the blueprint for
software agents and intelligent control systems, depicting the arrangement of components. The main
goal is to be able to handléne full range of capabilities of an intelligent agent, from highly routine
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to extremely difficult operended problems. In order for that to happen, according to the view, it
needs to be able to create representations and use appropriate forms of knew(edgh as
procedural, declarative, episodic). The architectures implemented by intelligent agents are referred
to as cognitive architectures. We decided for a layered architecture shdvigune4 in order to
decompose complicatedteélligentbehaviorinto many "simpledehaviormodules, which are in turn
organized into layers. Each layer implements a particular goal of the agent, and higher layers are
increasingly abstract. Each layer's goal subsumes that of the underlying layetbeealecision to

move forward by the action layer takes into account the decision of the lowest edstédéace

layer. Our concept has three layet$) the execution layel2) the individual context layer anc)

the social context layer. The fitwo are the subjective context and represent the autonomous agent,
the level 3 has the social context with its obligations. Our agents are based on-khedBDand

interact within the layers bidirectional. The B&esirelntention (BDI) software nebdusually
referred to simply, but ambiguously, as BDI) is a software model developed for programming
intelligent agents (cf.RG91). Superficially characterized by the implementation of an agent's
beliefs, desires and intémns, it actually uses these concepts to solve a particular problem in agent
programming. In essence, it provides a mechanism for separating the activity of selecting a plan
(from a plan library) from the execution of currently active plans. Conseq&&itiggents are able

to balance the time spent on deliberating about plans (choosing what to do) and executing those
plans (doing it). A third activity, creating the plans in the first place (planning), is not within the scope
of the model, and is left tdvé system designer and programmer. As opposed to more traditional Al
approaches our architecture uses a bottipndesign. The interaction of agents is shown on the right
hand side ofFigure4. Each agent is allocated to an institutidmch regulates the organized locality
which imposes social and deontic norms. At present we think of a service where new agents coming
into the system sign in. Interacting agents can be viewed vertically or horizontally where the balance
between local gals and norms is figured out. One of our advantages is the modularity and the
possibility to adopt to new designs as well as contexts. We are aware of finding solutions for the
following disadvantages:

1 the inability to have many layers, since the goalsrbegerfering with each other,

1 the difficulty of designing action selection through highly distributed system of inhibition and
suppression, and

9 the consequent rather low flexibility at runtime.

Social
Model (8)

Joint
== Goals (D)

—~ ,,,A_ Social Context
~ = Layer (Level 3)
\ \ Negotiation Age S
=4 | ConflictResolution [ S d
-

(m ]
> Social Adaptation
N N -\
Subjective \ World . E 3 E =
Context: lW/EI(B)’"* ~ 1 Individual Context < PR

Actionplanning Layer (Level2) []ﬁ

Institutionlcli-r-\ ’

Social Context:
Obligations

Joint Planning (1)

Autonomy

Execution Layer Social Deontic
o (Emergent) (Imposed)
Norms Norms

FIGURE. CONCEPT OF LAYEREGENI ARCHITECTURE

Our architecture can be characterized by certain properties or goals like learning. Some early theories
such as SOAR and ARToriginally focused only on the 'internal’ information processing of an intelligent
agent, including tasks likeasoning, planning, solving problems, le@ymoncepts. More recently many
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architectures (including SOAR, &CPreAct, ICARUS, CLARION) have expanded to include perception,
action and also affective states and processes including motivation, attitndesmations. Our
architecture is composed of different kinds ofanahitectures (described as 'layers' or 'levels') where

the layers may be distinguished by types of function, types of mechanism and representation used, types
of information manipulatedy possibly evolutionary origiithis is a hybrid architectuike CLARION).

We want our architecture to grow, e.g. by acquiring new subsystems or new links between subsystems.

2.2.2 Multiagentsystem

A multiagensystem (MAS) is a system consisting of m@gphts having a large number of structural
variations (heterogeneous) or multiple identical agents (homogeneous) that interact with each other in an
environment. Interaction often implies communication, and therefore the role of communication is very
important in an agenbased system. The model of communication is based on three features:

1 Agents are able to make a decision regarding their actions. Communication between agents
differs from communication between two objects in so far that agents cae decddiguest.
Agents can say 'no'.

1 Communication is a type of action (speech act theory). Agents can make plans by including
communication at the same level of actions.

1 Communication carries a semantic meaning that has to be understood by agents. idence, it
necessary to define a standard (e.g., KQML or FIPA ACL)

2.2.3 Metamodel view

FIGURB depicts the agents' aspect of the metamodel accordingit®$. An agent has an architecture

(e.g. BDI) that descab its handling with world states (cf. chagtérl) An agent has access to a set of
resources (information, knowledge, or ontologies) from its surrounding environment, i.e., the locality.
Furthermore, the agent has goals. It parform particular "DomainRdlg$o act in accordance to a

plan) and behaviors, which are represented by the agents' capabilities. By acting the agent receives
rewards (positive or negative). Additionalli#is0O9 uses the caept of "Instancesthat can be
considered as rdtime objects of an agent that defines the corresponding type. In our metamodel view
the type of an agent is described by its architecture, capabilities and behaviors.
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package Data[ E‘:‘;} MMAgent ]J

| < Capability ‘(;—y

Goal v 1

1 1
Y 1 1
J. 12 12X

L Behavior

Agent

DomainRole

1
AgentArchitecture

1"Q

P R
Benefit

Ressource

FIGURE. CONCEPUAL MODEIOF AN AGENT (CFF[S09).
2.3 Organizations

2.3.1 Definition

Interaction often implies that agents have to coordinate their activities e.g., to solve a problem or to
reach common goals. In this case, agents have eonslaipp with each other as well as a form of
organization[FGMO03. The main focus of an organization is on roles that agents take within the
organization and that associate agents with one another. A role comprises thent®risbizgations,
requirements, skills) that an agent will have to satisfy to obtain a role, the benefits (abilities,
authorization, profits) that an agent will receive in playing that role, and the responsibilities associated
with that rolef FGMO03. So organizations can also be structured hierarchically e.g. by providing certain
agents with more authority than othieigure6 shows a fully connected architecture of an organization
including peeto-peer and mass organization. A pegrpeer is any distributed network architecture
composed of agents that make a portion of their resources directly available to other agents, without the
need for central coordination instances. Peers are both suppliers antheos of resources, in contrast

to the traditional clierserver model where only servers supply, and clients consume. Mass organization
can be seen as a corporative system of economic, political, or social organization or thought that views a
community @.a body based upon social and functional distinction and roles amongst individuals. The fully
connected architecture has a general form of a chief director usually forming the sirgléometd
element so called "voice" of an organization to the aitsigbdivision managers and the workers.
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FIGURE. FULLY CONNECTED ARTECTURE OF AN ORGIKINTION

External agents can see an organization as a single entity. An organization can therefore also be a
participant of another orgamation with the result of a hierarchical structure of organizations and agents.

Figurez shows numerous agents that can interact amongst themselves (interaction lines) and/or have the
same sphere of visibility andlirence by participating in the same organizational relationship (dashed
lines).

Legend:
[ agent
- interaction

organizational relationship

Sphere of
visibility
and influence

Environment

FIGURE. CANONICAL VIEW OF ANGENTBASEDSYSTEMIENOQ.

2.3.2 Metamodel view
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Figure8 shows the matodel oforganizationghat is an extension ¢fis09 organizational aspect. It
includes the concepts Organization and its Structure, Team and its Context, Institution and Norm, Binding
Interactionls ActorBinithg as wellas Interaction and its Protocols for Communication and Coordination,
DomainRole, Actor and Age An organization is derivetfom the agent aspect and it inherits
characteristics of an agent, i.e. it has capabilities which can be performed by its mé&mbstsucture
concept defines the pattern of the organization. It can bjeths or organizations to the "DomainRoles"
Through the concept of interaction an organization has internal protocols that specify how its members
communicate with each other adrdinate theiactivities. For interactiodmainRes" are bound to

actors (by "ActorBindingthat can be considered as representative entities within the corresponding
interaction protocols. Thus an actor can be seen as an agent (or organizttiarmple and task.

A team is a special kind of an organization. It is bounded by a context that limits theetaatastce in

tasks and time. The concept of institution is defined in sedtion

The metamodel of the role aspes depicted irFigure9. It includes the concepts Role, Actor, and
DomainRole as well as Capability and Resource (from the agent aspect). A role defines the behavior of
an agent in a given context (e.g., an orgatiza). It refers to a set of capabilities that define the
behaviors it can perform and a set of resources it has access to. An actor can be considered as a generic
concept as it either binds instances directihrmugh the concepts "DomainRalel bindng. The set of

bound entities could be furthepecializedthrough the subactosgecializationof the superactor)
reference that refers again to an actor (¢fis09).

package Data| g; MMOrg ]|

Institution i Norm
1 027
0¥
1
Agent Organization Group Context
K— K -time span
11 -task

1
1] 1

R y j Structure | InteractionUse
1 P 1

DomainRole 1 1
1
1 ~ 11
2. Actor | Interaction
1.1

: 1
inding T;' J0-*
Communication Coordination
h

1 1

A% 158

Communication Coordination
Protocol Protocol

FIGURB. CONCEPTUAL MODEL AN ORGANIZATION (CHFIS09).
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package Data[ [ MMRole ]J

‘ Capability

’ 1
1 L
Wf T S
3 | DomainRole

Role F

FIGURB. CONCEPTUAL MODEL @ROLE IN AN ORGANKTION (CF. fIS09).

2.4 Institutions

A leading direction to cope with heterogeneity iRrm@agent communities is to introduce sugieite
guidance that sets the "rules of the gameEN-+05 as an analogue to social structures and trusted
public authorities in human societies. The concept of an eleostitionis established to subsume the
notions and mechanisms to regulate the individual adesftaviorand to provide trusted services.
However, the literature on institutions deviates significantly with respect on what and how normative
regulations are eablished.

For now, we consider regulation andrmsto be the main subject of an institution. Later it may be
extended to also provide other kinds of trusted services. An institution is associated with a locality for
which it provides all services thatate to normative regulations. It acts through an organization that
executes institutional tasks. These tasks are twdfolin institution provides mechanisms to ensure norm
compliance of the agents; and) it may offer mechanisms for an adaptive nastablishment. With
respectto norm compliance we view gastitution mainly as an executive authority. Aspects of jurisdiction
will become relevant in the context of complex norm structures or evolving scenes. The tasks contributin
to norm compliance are

1 aregistryadministers the identities of agents currently present in the locality;

1 information servicpsovides the agents with knowledge about the current norms;
1 aset ofmonitorsnonitors whether the agents behave according to the norms;
1

sanctioningrechanisms assign positive or negative sanctions to the agents depending on their
normrelevantbehavior

1 in case of obligationsorm enforcemegtiarantees that control is imposed on the agent in such a
way that the agent will behave norcompliant.

1 in cag of ambiguities or conflicts in the context of norms, it may be necessary to provide
jurisdictioni.e. an institutional agent judging for the conflicting parties on the situation.

Norm establishment corresponds to legislative part of an institutmrerlf the tasks of specifying new

norms and adaptation of existing ones. Other important aspects are the placement of a norm in the norm
structure and the refinement transformationsattskate an abstract law like "don't imperil pedestrians”

into operatonal rules that can be imposed on the agent behavior. Last but not least, the institution
provides mechanisms to achieve an agreement on whether a new norm shall become effective. Example
for agreement strategies are voting, decision by an institutieadét or by external command. For the
moment we will only consider static, elementary norm structures. So norm establishment boils down t
reconfiguration of existing norms by command of an institutional authority like the airport traffic agency.

An overnew on institutional mechanisms is givéfgire10. Thecoloreditems depict those modules
needed to establish normative regulations based on static norms. If one further aims at adapting norms or
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upgrading the norm system by legisle processes, more complex mechanisms for norm establishment
and governance are needed which are out of the scope of the this report.

2.4.1 Metamodel view

Norms are an explicit description of the regulations that govern the behavior of an agent for thie benefi

of the community and itself as a member of it. The norm aspect of an institution is illu§tiesilih

A norm consists of the normative statement itself expressing the regulation imposed by the norm, a subjec
to which the mmative statement applies, and the scope that may restrict its area of applicability to
particular scenes or situations. Moreover, the norm has a specificdidiiilmentand violation for
monitoring compliance to this norm and the consequences obrmpliance in terms of possibly positive

or negative sanctions are specified.

Agreement Processes,
Homeostatic Mechanisms
Macroscopic
__ : Observers
@hligations Norm establishment l
Permissions '
Prahibitions Specr;'fi'cati-on,Ada.ptation,
Classification, Refinement
A
‘ : = [ | :
i Information service | | Norm compliance
| |
Norm Publishing Norm Monitoring — Ivg;roscopic
servers
- Agent Sanct- Enforce- Juris-
Registry IDs ioning ment diction
S U TRy Y s Yy N W 3
8O § O & & : & & S &8
| “ & & & o I:nwrcameri/Localiw & &8 E &
e @@ @ W '

FIGURBDO. INSTITUTION ARCHITRIRE

We distinguish different kinds of norms, namely obligations, prohibitions, and permissions. A set of horms
is stuctured in a norm structure which classifies the norms with respect to abstraction levelg, a priorit
scheme or context information
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package Data[ [E] Norms U

Obligation Permission Prohibition

I I |

Classification Scheme

Context o L[] [

Norm Normative structure

«c -

Yﬁ

Sanction Fulfillment/ Violation specification

Normative statement

FIGURE.1. CONCEPTUAL MODEL RBRMS
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3 DIMENSIONS OF INTERFON

IN[DGG+09 we considered four dimensions of interactions as relev&®lin(see Figure 12)

T

T

Thetask execution dimensioaptures those concepts needed for the individual performing of
production tasks in a subdomain of the locality. In the DemSy aicpadrio such a productive
subdomain maybe autonomous driving that is performed by an autonomous vehicle.

The execution dimension focuses on (physical) activities that directly contribute to a productive of
service task. Productive actions are usuadyotiicome of an individual, autonomous planning

and action selection mechanism, nevertheless agents interfere via the effects of the action on the
environment, e.g., driving on a particular lane with a certain speed affects all other vehicles
sharing thistreet section.

The negotiation dimensmmprises the concepts and mechanisms for coordinating agents like
various kinds of agreements and negotiation strategies. It allows the agents to organize
themselves in order to execute joint tasks. Coordinagtibased on common ontologies and
realized by communication actions and protocols. In the airport scenario, autonomous vehicles
forming a transport service organization will use coordination concepts to distribute the
passenger's request among them.

The nanative dimensiateals with norms as a mean of regulating autonomous agents, norm
establishment and the monitoring of norm compliance and sanctioning are considered here.
Whereas the negotiation dimension addresses peer to peer coordination, normatiasoresgu

are established and enforced by an institution as a superordinate authority. An institution acts
through its institutionagents that communicate with "productive agemisiormative issues. In

the airport scenario traffic rules form a part oéthorms.

The homeostatic dimenspyovides concepts to balance between different interests and
mechanisms to achieve the state of equilibria. Homeostatic mechanisms do not directly control the
behavior of agents but interfluence the agents indirectly ¢gpaing norms. In the airport
scenario, the contmus flow of traffic mayrepresent such an equilibrium that is achieved by
adapting speed limits for particular roads due to the current traffic density.

Figure 13 indicates how the layered architecturesgehts and institutions relate to these dimensions.
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FIGURE2. DIMENSIONS OF INTEENON INA20OL.

3.1 The Task Execution Dimension

The execution dimension comprises individual task and action execution and mainly concerns the lowe
layers of the agents' architecture, namely the robust execution layer and the mechatronic layer. These
layers deal with the embodiment of agents and belong to its individual context. Nevertheless, interaction
occurs as other agents are part of the physealironment and as such they have to be taken into
account, e.g., because they form a sudden obstacle on the driving trajectory of an autonomous vehicle.

The mechatronic layer of an autonomous physical agent is built etaui@siiously processing open

and closedoop controllers and also the lower layers of its communication protocols. The mechatronic
layer comprises the reéime control of the actuators. The robust execution layer considers actions on a
level of abstraction that is adequate for plang and scheduling activities and in addition it controls and
monitors the execution on the mechatronic layer. The robust execution layer contains modules for tasl
scheduling and action selection. If various possibilities for the physical executiwsiate poorder to

perform a specifidogical action (e.g. "move from A to B"), the robust execution layer chooses one of
them (e.g. "take the left junction”) according to the current state of the system. In case of agents as (real)
autonomous, mobile rdBothe first step is the reception of sensor data. The next step is a specific
(application specific) preprocessing, i.e. filtering and rehashing of the received data. It can contain
information about the "visible" environment, obstacles, other objetsdabout the current velocity of

the robot, its battery status or the distance travelled so far. Depending on the type of agent
(reactive/pro-active/hybrid), the information is compared to the current goals of the agent and the next
actions and afterwarsl the explicit steering instruction that finally lead to the action (e.g. movement of
the robot) are derived. These processes are running all the time the robot is active (not only in case of
concrete decisions, like a junction). In addition to the lomonuadt the robot, other forms of
(mechanically) manipulations of the environment are possible. Especially in that kind of environments we
consider in this paper, the interaction (e.g. the direct communication between each other as well as the
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communicatiowith other components, like cameras or humans) plays a crucial role for the execution
mechanisms.

FIGUREL3. AGENTS WITHIN THEMBENSIONS OF INTERAON.

3.2 The Negotiation Dimension

The negotiation dimension captures conceptsnaathanisms for coordinating agents, including various
kinds of agreements and negotiation strategies.

Coordination is the capacity of agents to interact with each other so as to avoid ineffectual behavior by
reducing competition for resour¢és=i99 and to deal with conflicts concerning resources. Coordination
entails the mutual (andyhere appropriate, temporal) "harmonizatioof' activities. It takes place
independent of individual aims of the agents and comprises cor@oblanisms for working together.
There are two types of coordination:

1 Cooperation: No@ntagonistic agents pursue a common aim.

1 Competition: Agents pursue different, partly opposing aims.

A conflict exists if intentions and action plans of two or mosemeare not compatible with each other
and/or are not executable at the same timeut77 Tho74. Conflicts concerning resources (physical

and mental) thus exist between several per§oas/0]. For MAS the term conflict is more formally
defined by [PDO0Q: Agents possess propositional attitudes (e.g., beliefs, desires, intentions, fears, wishes,
etc.) that represent the agents' contexa afiven time. A conflict arises if an agent must give up a subset

(at least one) of his propositional attitudes. This is caused by the behavior of other agents, and a conflict
is therefore always a conflict between two gdalsis00.
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