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Abstract: This work presents a formalization of Virtual Organizations, which are designed by means of their structural
entities, such as roles, organizational units or norms, and the dynamic entities that change through time like
agents and groups. Entities are grouped by means of the Organizational Dimensions, explicitly represented in
the proposed formalization. Additionally, a study of existing formalizations of Organization Centered Multia-
gent Systems is presented.

1 INTRODUCTION to represent all the concepts that compose an agent
organization. Using the current proposals it is not
During last years, the development of Multiagent sys- possible to completely define a paradigm for devel-
tems (MAS) has turned from an agent centered per- oping agent systems such as Virtual Organizations
spective to an organization centered perspective. Or-(VO) (Foster et al., 2001), which are sets of individ-
ganizations describe system functionality, structure, uals and institutions that need to coordinate resources
environment and dynamics. In Organization Centered and services. Thus, they are open systems (Gonzalez-
MAS (OCMAS), the organization exists as an explicit Palacios and Luck, 2007) formed by the grouping and
entity of the system (Picard et al., 2009), defined by collaboration of heterogeneous entities, and allowing
its designers following a top-down approach. In OC- model systems at a high level of abstraction. They in-
MAS, agents are aware of the organization in which clude the integration of organizational and individual
they are participating and they are provided with a perspectives and also the dynamic adaptation of mod-
representation of it. Agents can use this knowledge els to organizational and environmental changes.
to reason about it and to establish relationships and  VOs can be structured by means of the Organiza-
interactions to reach their objectives. tional Dimensions (Criado et al., 2009), which should
OCMAS can be defined and described by means be considered when modeling an organization. These
of a formal approach. To formalize them it is neces- dimensions describe all the entities that compose the
sary to introduce concepts taken from maths and logic organization, distributed by the functionality of the
theories, such as LAO (Dignum and Dignum, 2007), entities that they are providing to it. These dimen-
whose syntax to define a system follows the tempo- sions are:structural functional dynamicaj environ-
ral logic language CTL (Emerson, 1991). Other pro- mentandnormative Current formal proposals only
posals not only provide a formal way to describe an define a subset of the dimensions and concepts pre-
OCMAS, but also a language to describe it, such as sented in the Organizational Dimensions. Thus, it
the proposal in (Grossi et al., 2005), which employs seems necessary to provide with a formalization that
a multimodal propositional logic language to model clearly models the Organizational Dimensions, mak-
agent organizations, based on Kripke models. Formaling a clear difference between them.
approaches are very useful in order to obtain a clear  The objective of this work is to present a formal
definition of OCMAS, improving the study and anal- framework to define a VO, taking the Organizational
ysis of the different issues regarding them. Addition- Dimensions as a basis. The rest of this work is struc-
ally, these formalizations are commonly used to check tured as follows: Section 2 describes the Organiza-
the correctness and integrity of an OCMAS, by means tional Dimensions. Section 3 describes formal frame-
of techniques like model checking (Clarke, 1999). works related with our work. Section 4 presents the
However, formal approaches are not always able Virtual Organization Formalizatior{VOF), a formal
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framework to define VOs. Section 5 presents a dis- giving its particular vision and adapting its formaliza-
cussion between our proposal and the analyzed frame-ion to the specific kind of system that they are look-
works. Finally, section 6 gives our conclusions. ing to build. In this section, a set of relevant propos-
als on this field has been reviewed: OperA (Dignum,
2003), LAO (Dignum and Dignum, 2007), Process-
Oriented Modeling Framework (POMF) (Popova and
Sharpanskykh, 2006), MOI$E! (Gateau et al.,
2005), MACODO (Haesevoets et al., 2009), PopOrg
(da Rocha Costa and Dimuro, 2008) and the propos-
When modeling an organization, the following di- als from (Grossi et al., 2005) and (Jonker et al., 2007).
mensions should be taken into account (Criado et al., All these proposals are analyzed following the Orga-
2009): (i)structural describing the entities that popu- nizational Dimensions described in the previous sec-
late the system; (iflunctional which details the func-  tion, in order to check whether they are taking into
tions, goals and services of the organization; (i} account the entities and concepts from each dimen-
namical which considers the interactions between the sion.

elements and their effects; (ienvironmentdescrib- Table 1 compares these proposals, analyzing the
ing the elements that surround the system; and (v) organizational elements that they take into account.
normative which defines the mechanisms used by the Next, we will depict in detail the contents of this ta-
society to influence the behavior of its members. ble, describing each studied proposal.

The Structural Dimension comprises all the el- OperA proposes an Organizational Model to de-
ements of the organization that are independent from scribe organizations that defines the social, normative,
the agents that are part of it. Thus, it is based on roles,interaction and communicative structures of the soci-
groups and their patterns of interrelationship (inheri- ety. TheSocial Structuref OperA'is related with the
tance, compatibility, communication, and so on). Ad- Structural Dimension, since it contains roles, groups
ditionally, the topology of the system is established. and dependency relations between roles. Also, its So-

The Functional Dimension specifies the global  cial Structure is related with the Functional Dimen-

2 ORGANIZATIONAL
DIMENSIONS

goals of the organization, its offered functions and
services, the goals followed by different components

sion since it takes into account the objectives associ-
ated with roles. Th&lormative Structurés obviously

of the organization and the tasks and plans that mustrelated with the Normative Dimension, as both con-

be executed to reach these goals.
The Dynamical Dimensionspecifies how the or-

sider norms. Thénteraction Structurenodels the ac-
tivity of the system, which is considered as the dy-

ganization evolves through time, detailing the way in namics taken from the Dynamical Dimension. Fi-
which agents enter and leave it, how they adopt cer- nally, theCommunicative Structur@anages commu-
tain roles according to their capabilities and abilities, nication between agents, like interactions in the Dy-
and how they can participate in the units or groups namical Dimension. Nevertheless, this framework
of the organization where they are admitted. This di- does not model the environment of an OCMAS.
mension also details the interactions that take place  Thelogic for agent organization@_AO) is an ex-
between internal and external entities. tension of CTL logic. The Functional Dimension is

The Environment Dimension describes how  completely represented in LAO, including agents, ob-
agents are connected with other types of entities suchjectives, groups, the topology of the system (estab-
as artifacts, applications or resources; and how agentdishing links between agents), and roles, which are
can perceive and act on the environment. represented by means of capabilities and abilities, el-

Finally, theNormative Dimensiondeterminesthe ~ ements taken from this dimension. LAO additionally
set of defined actions and rules to manage the behav-defines different states of the world where the system
ior of the members of the organization. Norms are islocated (related to the Environment Dimension) and
widely used to limit the autonomy inside societies and its transitions (related to the Dynamical Dimension).
to solve coordination problems, specially when it is LAO is a very complete proposal, since it takes into
not possible to exercise a total social control. account a large subset of the elements of the Organi-
zational Dimensions, but it does not provide a formal-
ization for the Normative Dimension.

The Process Oriented Modeling Framework
(POMF) is structured by means of four views. The

) ) main one is theprocess oriented viewwhere tasks,
Based on different logics and formal methods, some processes and workflows are defined. This view in-
proposals to model OCMAS have been defined, each

3 RELATED WORK
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Table 1: Comparison between different formal represesmati

Organizational concepts
| OperA | MOISE | PopOrg | LAO | POMF | MACODO | Grossi | Jonker
Structural Dimension
Roles v v v v v v v v
Groups v v v v
Agents v v v v v v v
Relations v v v v v v
Topology v
Functional Dimension
Capabilities v v v v
Abilities v v
Services v v
Objectives v v v v v
Dynamical Dimension
Interactions v v v v v
Dynamics v v v v v v
Environment Dimension
Environment v va v v
Resources v
Normative Dimension
Norms v v v v
Syntax CTL Lpr z Org TTL
Semantics LCR CTL* Tpr Org

cludes the concept of service from the Functional Di- Dimension, and its dynamics, just like the Dynami-
mension, being a workflow divided into processes that cal Dimension does. Unfortunately, the CS does not
are split into tasks. It also includes the resources of model the resources populating the environment or
the Environment Dimension. Tharganization ori- the interactions between agents. Finally, M@ma-
ented viewincludes the role entity, which describes tive Specificatio(NS) defines the rights and duties
the set of capabilities of the organizational processesof roles and groups inside the organization, which are
in a concrete workflow that are then assigned to agentknown as norms in the Normative Dimension. All
entities, defined in thagent view where groups of  agents that have adopted a role from the SS compose
agents are not able to be modeled. Therefore, the or-the Organizational Entitf OE), which is the element
ganization oriented view is related with both Struc- of the system that controls the dynamic elements of
tural and Functional Dimensions and the agent view the organization, including agents and all events that
is related with the Structural Dimension. Finally, they generate, such as their interactions.
theperformance oriented viedescribes the organiza- The organizational formalization proposed in
tional goals, such as the Functional Dimension does. (Grossi et al., 2005) pursues to represent the orga-
However, POMF does not provide a formalization for nizational structure. This formal method takes the
neither Dynamical nor Normative Dimensions. concepts ofole, establishing relations between them;
MOISE"tis composed of four specifications, dis- andagentfrom the Structural Dimension. The roles
tributed in a similar way to the Organizational Dimen- of the organization are conceived around three basic
sions. TheStructural SpecificatiolfSS) defines the  notions: objectives, norms and information. Objec-
roles that agents will play, including the relations be- tives are the only elements related with the Functional
tween them, and an additional structural level named Dimension that are presented in this proposal; and
group, where the roles belong to and the interactions the Normative Dimension is taken into account using
are carried out. The SS contains elements from thenorms. Regarding information, knowledge about the
Structural Dimension, but it does not model the topol- current state of the organization can be given to agents
ogy of the system. ThEunctional Specificatio(FS), by other agents, so this is a type of interaction from
related with the Functional Dimension, only defines the Dynamical Dimension. Since this proposal is fo-
here the goals that the system must achieve.Qdme cused on modeling the organization structure, it does
textual SpecificatiofCS) defines the different con- not take into account the Environment Dimension.
texts that influence the organizational dynamics and  In (Jonker et al., 2007), a framework for model-
the transitions between them. This specification de- ing and providing a formal analysis of organizations
fines the environment, taken from the Environment is defined, based on a generic representation of them
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by means of a set of roles. Apart from the roles, roles with the agents, and the links with the exchange
this proposal also formalizes two concepts from the processes. Also, PopOrg stores the different states
Structural Dimension: agents and relations between that the system goes through during its execution. Un-
roles. These relations enable the interactions from thefortunately, PopOrg does not model any of the entities
Dynamical Dimension, which is completed by taking from the Environment or Normative Dimensions.
into account the dynamics of the organization. One of  Generally, all the analyzed formalizations present
the main advantages of this work is that it is able to a good approach to define an organization in a for-
explicitly model the environment of the Environment mal way. Nevertheless, none of the proposals takes
Dimension, although it does not model environmental into account all the entities from the Organizational
resources. The main lack of this formalization is that Dimensions, which are not clearly depicted in these
it does not formalize any concept from the Functional frameworks. Thus, it seems interesting to provide
and Normative Dimensions, so designers are not ablewith an explicit description of the Organizational Di-
to model concepts such as objectives and norms. mensions, which are useful for representing the orga-
The MACODO framework is centered on the dy- nization elements. Therefore, in section 4 our pro-
namics of organizations with self-organization con- posal to model organizations will be presented, which
cepts, offering a model with concepts related to the models an organization clearly defining its dimen-
Functional Dimension, such as roles (establishing the sions. This proposal also integrates some features
concept of position, similar to a job offer), contracts taken from some proposals presented in this section.
of roles (an agreement between an agent and an orga-
nization for a concrete position to control the access

to an available role), agents (including their context 4 FORMAL DESCRIPTION OF A

and local environment, which is related to the En-
vironment Dimension), and organizations (groups of VIRTUAL ORGANIZATION
agents defined by a set of open role positions and cur-
rent role contracts). Relations of hierarchy and com- In this section the concept of Virtual Organization
munication between roles are not considered. A role (VO) will be defined in a formal way, taking into ac-
is described as a set of capabilities, which is the only count its organizational dimensions. This formaliza-
entity from the Functional Dimension that MACODO tion, named VOF Virtual Organization Formaliza-
takes into account. Since MACODO is focused on tion), will be focused on three elements: (i) the Orga-
self-organization, the dynamics of the system from nizational SpecificationdS), which details the set of
the Dynamical Dimension, including changes in its static elements of the organization; (ii) tBeganiza-
context or in its set of agents, are formalized. To tional Entity (OE), which represents the instantiation
control the activities that the organization carries out, of the elements irOS and (iii) the Organizational
MACODO is enhanced with a set of laws, similar Dynamics(@), which relates elements fro@Swith
to norms from the Normative Dimension. Although elements fronOE.
MACODO does not model other relevant organiza- pefinition 1. A Virtual Organization is defined, at a
tional concepts such as _obpctlves,. it dea_lls with ele- given time t, as a tuple'G= (03, OE!, @) where:
ments from all the Organizational Dimensions.

Finally, to manage the structural dynamics of a e OS refers to the Organizational Specification. It
MAS, PopOrg is a model based on two basic con-  is defined as OS (SD,FD,ED,ND) where:
cepts: thepopulationof an organization and itstruc- — SDis the Structural Dimension.
ture. The population of a MAS is its set of agents, as
well as the behaviors and actions (which represent the
capabilities and abilities from the Functional Dimen-

— FD is the Functional Dimension.
— ED is the Environment Dimension.

sion); and the exchange processes (services from the — ND is the Normative Dimension.
Functional Dimension) that agents are able to carry e OE refers to the Organizational Entity, which rep-
out. Therefore, the population of a PopOrg organi- resents the dynamic elements of the system.

zation mainly takes concepts from the Functional Di- 4 ¢ allows to relate OS with OE, thus defining the
mension plus agents from the Structural Dimension.  pynamic Dimension, together with the OE.

Moreover, the structure of the organization is com-

posed by roles and the links between them, which are ~ The VO will change through time modifying its
elements that belong to the Structural Dimension. To States, occurred after a change in the environment, and
relate the population and the structure, PopOrg has ait Will change from one state to another by means of a

third element calledmplementatiorthat relates the transition. The following subsections will describe in
detail these three elements.
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4.1 Organizational Specification

The Organizational Specification details the set of
'static’ elements of the organization, containing orga-
nizational units, roles, norms, and the rest of elements
that build the dimensions of a Virtual Organization.
The Organizational Structure is composed by: (i) the
Structural Dimensionwhich contains roles, organi-
zational units and their relationships; (ii) tfr@inc-
tional Dimension describing objectives, functional-
ities and services of an organization; (iii) tEevi-
ronment Dimensiorwhich describes the artifacts and
workspaces from the environment of the organization;
and (iv) theNormative Dimensiorwhich defines the
norms that rule the system.

4.1.1 Structural Dimension

The Structural Dimensiordescribes the components
of the system and their relations. It allows defining
the static components of an organization, i.e. all the
elements that are independent from the entities that
are finally executed. In a more specific way, it defines
the organizational units and the structural elements,
roles and relationships between roles.

Definition 2. The  Structural  Dimension
(SD) of a Virtual Organization is defined as
SD= (R OU, Relation$ where:

e R refers to the roles of the organization.
e OU is the set of organizational units.

e Relations is a set of relation-
ships, defined as Relations =
(SocialRelationsStructRelationdimRelation$
where:

— SocialRelations refers to the social relation-

ships between roles, which can be formalized
as:

inf : R—R
. . col : R—R
SocialRelations= sup: R R

comp: R—R

where: inf (information) refers to the informa-
tion relations, which allows communications
between rolesgol (collaboration) allows a role
to monitor the activities of other rolessup
(supervision) defines that an agent playing a
specific role can transfer or delegate one or
some of his objectives to a subordinate role;
andcomp (compatibility) depicts that an agent
playing a specific role can also play another
compatible role in the organization at the same
time.
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— StructRelations refers to the structural rela-
tionships defined by the structure of the orga-
nization, which can be formalized as:

RoleHier: R—R
StructRelations= { Contains. OU — 2°Y
Roles: OU — 2R

where: RoleHier represents the hierarchy be-
tween roles of the organizatiorGontains de-
fines the topology of the organization by means
of relations between organizational units; and
Roles defines the roles that are located inside
an organizational unit.

— DimRelations allows relating this dimension
with others, through the element OU, and can
be formalized as:

Norms: ouU — 2N
DITR e ationeaymSeices OouU — 25
Goals: ouU — 26

Workspaces OU — 2WS

where: Norms defines the norms, described in

the normative dimension, which rule an OU,;

Services relates an OU with the services that

contains;Goalsdescribe the objectives that are

necessary to be reached inside an OU; and
Workspaces details the workspaces (see Defi-
nition 4) where an OU can be located.

Properties of the Relations. The social relatiorin f

is symmetrical, since a role can provide informa-
tion to a second role, and viceversa; transitive, since
agents can build an information chain, and reflexive
as an agent can send information to himself. The re-
lationscol andsupare both asymmetrical, since an
agent cannot monitor or supervise the agent which is
monitoring or supervising him; reflexive, because an
agent can collaborate or supervise himself; and tran-
sitive, allowing to create a command chain inside the
organization.

The compatibility relation ¢omp has reflexive
and transitive properties, because a role is compati-
ble with itself and a role is compatible with the roles
that have a compatibility relation with its compati-
ble roles. It is interesting to notice that tlwtemp
relation is not symmetrical (e.qcomgri,rz) not al-
ways impliescomyrz,r1)). For example, the relation
compProfessofTeachej is correct, because a pro-
fessor can work as a teacher in every moment, but a
teacher might not be capable of playing the role of
professor. Finally, the relatiorRoleHierandcomp
are related, since an agent playing a specialized role
is capable of playing its generalized role. Formally:

1)

Vri,r2 € R: RoleHier(rq,r2) — compra,ri)
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Letry,ro € R be two roles belonging t®S The
information, collaboration and supervision relations
define the following relations in an implicit way:

sup(ry,r2) — col(ra,ri) (2)
col(r1,r2) — inf(ri,r2) Acomgrz,ri)  (3)

This means that a supervision relation between The Functional Dimensiordetails the specific func-
two agents implies that a supervised agent will collab- tionality of the system, based on services, tasks and
orate with a supervisor agent to help him to reach his objectives, as well as the interactions of the system,
objectives. Also, a collaboration relation between two activated by means of objectives or service usage.
roles implies that an information link between them It allows defining the functionality of organizational
exists and the second role of the relation is compati- units, roles and agents of the MAS, including services

e 'plain’. This structure establishes information re-
lationships between roles. Formallyry,ro €
RolegOU) :inf(ry,r2).

4.1.2 Functional Dimension

ble with the first one.

The relationContainsfrom the StructRelations
set has the following properties: (i) asymmetrical,
since an OU cannot be contained in another OU that
contains it; (i) transitive, because it is considered that
an OU contained inside another OU is also contained
inside the predecessors of the OU that contains it; and
(iii) irreflexive, since an OU cannot containitself. Ina
similar way, theRoleHierrelation has the same prop-
erties of theContainsrelation, because a role cannot
have an inheritance relation with itself, the relations
between roles are transitive to allow defining a com-
plete role hierarchy and a subordinated role cannot be
the supervisor of its supervisor.

Properties of the Entities. Firstly, an organizational
unit is contained inside another OU, this implies that
the roles from this OU are compatible with those of
its predecessor OU. Formally:

YOU;, 0U; € OU : ContaingOU,;, OU,)|Vr1 € (4)

RolegOU;) AVrz € RolegOU;) — comp(ra,r1)

It should be noted that thRolesrelation is recur-
sive: the roles that an OU offers are not only its own
roles, but also these from its predecessor OUs. For-
mally:

Yo € OU : Vr € Rolego) — r € Rolego)v  (5)

r € Rolego;) : 0 € Containgo;)

Properties of the OU.The relations between organi-
zational units allow defining three different types of
structures of an organization:

e ’hierarchy’. A hierarchy implies that there is
a supervisor role, with supervision relations to
all the other members of its same organizational
unit (OU). Formally,3r € RolegOU) : Vrj #£r €
RolegOU) — supr,r). If a designer wants to
make his system tighter, he can also prohibit com-
munications between subordinated roles.

‘team’. In this kind of structure, all roles have
coordination relations between them. Formally, it
is defined a&'r1,r> € RolegOU) : col(rq,r2).

and objectives that these entities offer or consume.

Definition 3. The Functional Dimension (FD) from
the Organizational Structure of a Virtual Organiza-
tion is defined as FB= (G, S, Ta, FuncRe} where:

e G represents the goals followed by the organiza-
tion.

e S is the set of services that the system offers or
requires.

e Ta are the tasks that compose the services.

e FuncRel= (GT,Client, Provider Obtains
AchievesTask InvokePlan) is the set of rela-
tions of this dimension, where:

— GT:G — 2%is the Goal Tree of the organiza-
tion, describing the dependencies between dif-
ferent goals of the organization.

— Client: S— 2R relates a service with the set of
roles that use it.

Provider: S— 2R relates a services with the set
of roles that offer it.

Obtains: S— 2C describes the set of goals that
can be achieved by a service, thus defining the
functionality of the system.

Achieves Ta— 2C defines the set of goals that
are reached when a task is executed.

Task: S— 2" shows how services are split in
different tasks.

Invoke: S— 25 describes the dependencies be-
tween services, showing which services need to
be invoked by other services to complete their
functionality, thus allowing the composition of
services.

Plan: G — 25 represents the sequence of ser-
vices that must be followed in order to achieve
a goal.

Properties of the Relations.The Goal Tree relation

is irreflexive, asymmetrical and transitive, since a goal
cannot be related with itself, neither with its prede-
cessor but it can be related with the successors of its
sSuccessors.
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It must be assured that the provider of a service

must be a role contained in the same OU as the ser-

vice. Formally:
Vo € OU AVs € Servicego) — Provider(s) C Rolego)
(6)

This restriction assures that the services of an OU
will be provided only inside it, but they can be ac-
cessed by agents from other OUs (e.g. using the
Invokerelation).

As pointed out in this section, tHavokerelation
allows services to invoke other services to reach their
goals. In order to execute this operation, it must be
assured that the provider of the invoker service must
be client of the invoked service. Formally:

Vs, € S, € Invokess: ) : Vr1 € Provider(sy) —
Jrp € Client(sp) Arz =12 (7)

A key issue for the system designer is to assure
thatthe services located in an organizational unit must
help to reach its goals. Formally, it is described as:

Vo € OU, Vs e Serviceso) AVg: € Pursuess) : 3gz €

Goalg0) — g2 € GT(g1) (8)

It is is possible that a specific goal of a service
could not be reached by any of the tasks that com-
pose it, so then this service mustinvoke another which

— PR are the observable properties of an artifact
that agents can check without executing any op-
eration on it.

— OP is the set of operations that agents can exe-
cute when interacting with the artifact.

— LO refers to the link operations, which allows
the composition and distribution of artifacts.

— St is the internal state of an artifact.

e EnvFunc= (LocatedCompositiof is the set of
functions that act on the environmental elements,
where:

— Located: AR — 2VS describes the set of
workspaces where an artifact is located.

— Composition: WS — 2VS allows defining
intersection and -nesting relations between
workspaces that build the environment.

Properties of the Relations. TheCompositiorrela-
tion is reflexive and symmetrical, since a workspace
can intersect with itself. Additionally, it is necessary
for an artifact to be contained at least in a workspace.
Formally:

Var € Ar: 3wse WS— wsC Locatedar) (10)

4.1.4 Normative Dimension

should include at least a task that achieves this desiredThe Normative Dimension describes normative re-

goal. Formally, it is expressed as:
Vg € Obtaings;) — (3t € TasKs;) Ag € Achievegt))

V(3s2 € SAg € Obtaingsy) A s, € Invokegs;)) (9)

4.1.3 Environment Dimension

The Environment Dimension describes the artifacts,
i.e. entities that populate the environment of a MAS.
This dimension uses the concept of artifact (Ricci
et al., 2007), an element introduced by the Agents &
Artifacts (A&A) conceptual framework. These ele-
ments are employed by agents in order to reach their
goals, since artifacts have no associated goals. Addi-
tionally, the A&A framework presents the concept of
workspace, used to define the topology of the envi-
ronment of a MAS.

Definition 4. The Environment
sion of a Virtual Organization
ED = (WSAR EnvFung where:

e WS is the set of workspaces that build the envi-
ronment of a MAS, where wsW S is defined as
ws= (Loc) and Loc is referred to the location of
the workspace inside the environment.

¢ ARisthe set of artifacts, where an artifactaAR
is defined as a&= (PR OP,LO, St), where:

Dimen-
is defined as
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strictions on the behavior of the entities of the system,
including sanctions and rewards, based on the work in
(Criado et al., 2010).

Definition 5. The Normative Dimension of a Virtual
Organization is defined as NB (N, >) where:

e N is the set of norms of the system.

e >nis an order relationship between norms, defin-
ing the priority between them. This relation es-
tablishes a total relation order between the norms
governing the system, avoiding the priority confu-
sion when a norm is executed.

Formally, a norm is defined as:

Definition 6. A norm ne N is defined as n=
(D,CO,AC,EX,SARE) where:

e D ={O,F} is the deontic operator, i.e. obliga-
tions (O) and prohibitions (F) that impose restric-
tions in the behavior of the agents.

e CO s alogical formula that represents the action
that must be carried out in case of obligations, or
has to be avoided in case of prohibitions.

e AC, EX are well-formed formulas that determine
the conditions of norm activation and expiration,
respectively.



e SARE € S are expressions that describe the ac-
tions (sanctions, SA; and rewards, RE) that will
be carried out in case of violation or fulfilment of
norms, respectively.

Properties of the Relations. The priority function
>p IS asymmetrical and transitive, defining an univo-

cal relation between the norms governing the system.

The topology of the system will also define new
order relationships between norms. If an OU called
ow is contained in an OU named guts norms must
have higher priority than the norms of purormally,

Youg,owp : N € Normgou) Any € Normgoup)

AContaingou, 0lp) — N >n M (11)
4.2 Organizational Entity

The Organizational Entity of a Virtual Organization is
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plays: A — 2R s a function that relates an agent

with the set of roles that he is playing inside the

organization.

e inUnit : A— 2CR|s the function that describes the
groups where an agent is located.

e provides: A — 25 represents the set of services
that an agent provides.

e perceives: A — 2WS represents the set of
workspaces that an agent is able to perceive.

e isUnit : GR— OU defines the type of organiza-

tional unit instantiated by a group.

Properties of the Relations. The plays inUnit,
providesand perceivegelations allow agents to play
differentroles, be located in different groups, provide
different services and perceive different workspaces
in the organization, respectively. TigJ nit relation-
ship allows knowing the type of organizational unit

the set of active elements of the organization. Thesethat a concrete group is instantiating.

elements can change through time. They are consid-

ered as the dynamic elements of the system.

Definition 7. The Organizational Entity of a Vir-
tual Organization is defined as OE (A,GR AN,AS
where:

e Ais the set of agents that populate the VO.

e GR is the set of groups that are currently in the
system. A group is an instantiation of an organi-
zational unit.

e AN C N is the set of active norms of the system,
i.e. all those norms whose activation condition
is true but its expiration condition has not been
reached yet (AG —EX).

e ASC Sis the set of services that the agents of the

organization are currently providing.

The agentsA) populating the system are playing
roles, they are located into groupSK) and provide

The situation where an agent plays a role inside a
unit and a scenario where an agent is inside an orga-
nizational unit playing a role can be checked in equa-
tions 12 and 13. It must be noted that RRelesfunc-
tion is recursive, as explained in section 4.1.1.

vr € playga) — 3o € OU A3g € inUnit(a) :

isUnit(g) = oAr € Rolego) (12)

Vg € inUnit(a) — 30 € OU AisUnit(g) = oA

Jr € Rolego) : r € playga) (13)

The first equation establishes that an agent can
only play the roles provided by the groups where he is
located. These roles are the ones provided by the or-
ganizational units instantiated by these groups. The
second equation defines that an agent must play at
least a role from each group where he is located.

In addition, using theprovidesrelationship from

services (S), as described in the next subsection. Ang, it is possible to define the set of active serviokS)(
OU defines an organizational pattern for the agents from OE. Formally,

that are inside it, but this does not define the concrete
agents that must populate it. On the contrary, a group

is a concrete instantiation of an OU, defining a set of

agents that populate it. Thus, an OU can be instanti-

ated by different groups.

4.3 Organizational Dynamics

AS= | J s€ providega)

acA

(14)
4.4 Multiagent Systems based on
Virtual Organizations

In the previous sections, the different dimensions and
entities that compose the state of a Virtual Organiza-

The Organizational Dynamics presents the relations tjon at a given time were defined in a formal way.
between the elements of the Organizational Structure Neyertheless, a VO changes through time, passing

and the Organizational Entity.

Definition 8. The Organizational Dynam-
ics of a Virtual Organization is defined as
() (playsinU nit, provides perceivesisU nit)
where:

from one state of the organization to another. Thus, it

is necessary to define all the possible states of the or-
ganization as well as the allowed transitions between

these states. For this issue, we based our work in the
proposal from (da Rocha Costa and Dimuro, 2008).
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To model the states of a Virtual Organization and which establishes their hierarchy. However, VOF de-
their transitions, leV O be the universe of all the pos- fines this hierarchy using tHeoleHierrelation.
sible organization®. A multiagent system based on In MOISE™S!, the structural levels of the orga-
virtual organizations is a structudAS= (VO,D) nization are split into: (iindividual leve| built by
where, for every tim¢ € T,D' CVOx VO defines  the organizational roles, and presents hierarchy rela-
transitions between different states of the system. In tions between roles (similar to oRoleHierrelation);
every state of the organizati@hc VO, inagiventime (i) social leve) which is built from link relationships
t € T, there is a set of possible next states of the or- hetween roles, classified asq (acquaintancy i.e.
ganization, denoted bp'(O) C VO. Thus, for every  having a representation of other agertsm (similar
t € T, it holds thatO'* € D'(O"), so an organization  to ourinf relation), in which agents are able to com-
will only change to another state when it is allowed to municate between them, aadt expressing authority
reach from the initial state. over other agents, thus combiniogl andsuprela-
Since the organization is composed by three ele- tions from VOF; and (jii)collective level which de-
ments OS OE andg), before executing a change of  finesgroupsof agents, establishing trempatibility
state it is necessary to check that these elements argetween roles and thedrardinalities VOF adds the
able to change from the initial state to the possible comprelation, in order to express whether an agent

destination state. Formally: can take a given role if he is taking another role.
(08+1 OE'*!, @*1) e D'((0S,0F!, ¢)) +» OS*? LAO is the only analyzed proposal which explic-
itly models the topology of the system by means of
€ Dpg(0S) A OE"t € Dipe(OE') A ¢t € Diy() dependency chains (that are interaction possibilities)

) (15) between agents. The topology can bleierarchy; if

However, in order to swap from one state t0 an- there is a chain of command, ometwork if every
other, it is not necessary to produce a change in all agent is responsible for an organizational goal and
three elements that compose the Virtual Organization. na5 5 delegation relationship to another agent. VOF
A change ranges from a very small variation in one or models the topology of the system usi@gntainsre-
few of the elements building the organization to a big |ations between OUs. These relations allow defining
amount of changes in a large amount of entities from three types of organizationkierarchy; similar to the
the VO. Formally, it is possible that: structure defined by LACteam when all agents col-

0oSt1=08VOE*l=0FE' v¢gtl=¢ (16) laborate with each other; amglain, which assumes

information relationships between roles.
Regarding the Functional Dimension, although

5 DISCUSSION PopOrg and POMF model concepts that are similar
to services (by means of exchange processes or work-
flows, respectively), they are better described in VOF.
PopOrg focuses on the actions developed by the pro-
cess and the agents that are carrying them out, while
POMEF is focused on describing the tasks that com-
pose a given workflow. VOF goes beyond, (as it fol-
lows a Service Oriented Approach) and formalizes a
service by means of the roles that it can provide and
consume, the goals that can be achieved with this ser-
vice, the invoke relationships between services, and
OE) and theorganization(similar to ourOS. the tasks that compose each service (as well as the

Regarding the structure of an organization, OperA 908ls that these tasks help to reach).
offers relations between roles that are similar to those ~ 1he environment used in VOF is based on the
included in VOF. The supervision of VOF is similar Agents & Artifacts conceptual framework, which was
to the combination of the power and authorization re- included in the SODA metamodel, but it has not been
lations of OperA, expressing that an agent is able to included in any other formal approach yet.
delegate its objectives to a subordinated agent, like =~ VOF model norms in a very similar way to the
the power relation does (the authorization relation ex- proposal of MOISE'!, although they use different
presses the power relation, but as a temporal situa-languages to describe norms. VOF is able to relate
tion). Also, in OperA, the objective that a subordi- @ norm to a set of OUs, using tiormsrelationship
nated agent can take from a superior agent is deter-from DimRelationslimiting its effect only to this set.
mined by the type of existing relation between roles, The Organizational Entity from VOF can be also

In section 3 an analysis of the most relevant formal-
ization proposals was presented. TVWigual Orga-
nization FormalizationVOF) takes inspiration from
features taken from some of the analyzed proposals.
In this section, we depict a comparison between VOF
and these background proposals.

Firstly, the organizational temporal evolution pro-
posed by VOF is mainly based on PopOrg, which
models the dynamics of thgopulation(similar to our
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compared with other proposals. For example, a spec-government and CONSOLIDER-INGENIO 2010 un-
ified group is defined in MOISES as a 'group speci-  der grant CSD2007-00022.

fication’, while VOF defines it as an Organizational

Unit. On the other hand, a group instantiation is

named 'group’ in both MOISISt and VOF. In ad- REFERENCES

dition, theOE from VOF defines the set of norms and

services that are currently active in the organization. cjarke, E. (1999). Model checking. Foundations of Soft-

Finally, VOF clearly divides the static elements of ware Technology and Theoretical Computer Science
the system (i.e. elements that will produce a structural ~ page 54. Springer. _ _
change if they are modified) and the more dynamic Criado, N., Argente, E., and Botti, V. (2010). Rational
elements of the MAS, represented in tB&. Our Strategies for Autonomous Norm Adoption. Proc.

COIN@AAMASpages 9-16.

Criado, N., Argente, E., Julian, V., and Botti, V. (2009).-De
signing virtual organizations. Ifroc. PAAMS vol-
ume 55 ofAdvances in Soft Computingages 440—
449,

da Rocha Costa, A. and Dimuro, G. (2008). Semantical

6 CONCLUSIONS AND FUTURE concepts fo’r a formal structljral d(ynami)cs of situated
WORK multiagent systemsProc. COIN Ill, pages 139-154.

Dignum, V. (2003).A model for organizational interaction:

This work presents a formal specification for Vir- Bﬁfgr:i?yagems’founded R

wal Organ_lzatlons_, namEd VOWi(wal Q_rgamza‘uon . Dignum, V. and Dignum, F. (2007). A logic for agent orga-
Formalizatior), which is composed by: (i) the Organi- nizations. InProc. FAMAS pages 83-100.

zational Specification, which details the static cOMpO- Emerson, E. (1991). Temporal and modal logic, Handbook
nents of the system and divides them by means of the of theoretical computer science (vol. B): formal mod-

specification gives agents the possibility to belong to
a specific group and provide or use a service.

organizational dimensions; (ii) the Organizational En- els and semantics.
tity, which defines the active elements of the system; Foster, I., Kesselman, C., and Tuecke, S. (2001). The
and (i) the Organizational Dynamics, which details anatomy of the grid: Enabling scalable virtual or-

ganizations. Int. J. High Perform. Comput. Appl.
15(3):200.
au, B., Boissier, O., Khadraoui, D., and Dubois, E.

the relationships between elements from the Organi-
zational Specification and the Organizational Entity. Gate

Additionally, we have analyzed a set of differ- (2005). Moiseinst: An organizational model for speci-
ent formalizations, focusing on typical organizational fying rights and duties of autonomous agentsPiac.
concepts taken from the Organizational Dimensions. EUMAS pages 484-485.

After this analysis, we noticed that the analyzed for- Gonzalez-Palacios, J. and Luck, M. (2007). Towards com-
malizations do not take into account all concepts from pliance of agents in open multi-agent systemsSat-

ware Engineering for Multi-Agent Systemsl\écture
Notes in Computer Science. Springer.

Grossi, D., Dighum, F., Dastani, M., and Royakkers, L.

Organizational Dimensions. Therefore, our proposal
is aimed to cover all these concepts and to provide a

formalization as much complete as possible. (2005). Fundations of organizational structures in
As future work, this formalization will help us multiagent systems. IRroc. AAMASpages 690-697.
when dealing with concepts related to adaptation Haesevoets, R., Weyns, D., Holvoet, T., and Joosen, W.
in Organization Centered Multiagent Systems, being (2009). A formal model for self-adaptive and self-
easier for us to identify the entities of the system healing organizations. IFCSE09 WorkshapEEE.

which would change through time. VOF will be inte- J°”"e£’0§7" ih?fpanskytf;, Pf«., Tr?ur, ci.,rr:\nd \c(ioluml, P.

grated into the reasoning process of BDI agents, in or- (2007). A framework for formal modeling and analy-

der to d I ts that ble to k heth sis of organizationsAppl. Intell, 27(1):49-66.

erto cevelop agents that ar€ able to know whether anPicard,G., Hubner, J., Boissier, O., and Gleizes, M. (2009

organization is working in a correct way, or he needs Reorganisation and self-organisation in multi-agent

to execute an adaptation process. Moreover, using this systems. IrProc. OrgMod’09

formalization we will be able to check the correctness popova, V. and Sharpanskykh, A. (2006). Process-Oriented

of a defined OCMAS. Organization Modeling and Analysis Based on Con-
straints. Enterprise Information Systems - Contains
Special Issue: Modelling, Simulation, Verification and
Validation of Enterprise Information Systems

ACKNOWLEDGEMENTS Ricci, A., Viroli, M., and Omicini, A. (2007). Give agents
their artifacts: the A&A approach for engineering

. . ki i in MAS. | . AAMA
This work is supported by TIN2009-13839-C03-01  pars 1ag, oo 1 MAS-IiProc °

and PROMETEO/2008/051 projects of the Spanish

93



