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Abstract

In this paper we first formalize dependence networks thatbeaautomaticaly build to model goal-
based relationships among agents. Then, we propose tigaélans to build and check the consistency
of a dependence network. We start presenting the elememigasing our ontology such as agents, goals,
skills, dependencies with the addition of the institutiomations of roles, institutional goals, institutional
skills. We investigate the reasons behind the possiblensistencies in building the combined dependence
network and we propose an algorithm to check them.

1 Introduction

The definition of appropriate mechanisms of communicatimh@ordination in open Multiagent Systems
(MAS), motivates the development of models and methodegith the aim to support the MAS designer
for the whole development process of the software, e.gTR@POS methodology [5], developed for agent-
oriented design of software systems. The TROPOS methog§idds based on the multiagent paradigm
consisting of a set of agents and their features but it doesorsider the addition of an institutional per-
spective to this paradigm. Recently, institutions havergegas a new mechanism in the design of artificial
social systems, which are used in conceptual modeling ofiag@int organizations in agent oriented soft-
ware engineering [19, 2]. In the MAS design phase, there misy ®vo separate views specifying agents
interaction: the agent view and the institutional view. Tinst one models the relationship among agents
represented by dependencies to achieve a particular goahstance agent may rely on agen3 for a
goalG.

In the institutional view, relationships are among rolebjcl are abstractions that model the expected
behaviour that an agent has to fulfill while playing a speciie. In this case, the dependence of rBlen
role R’ for the institutional goal G represents the fact that an agent which enters theRdias to adopt
the goallG that, in order to be achieved, needs the cooperation of teetagho plays role?’. E. g.,ina
Grid-based virtual organization, nodenters rolexdm, the VO administrator role, and it can authorize the
other nodes to access to a resource.

In this paper we address the following research questiomsv té automatically build a dependence
network from the agent view and from the institutional vieasdribing the multiagent system and how to
check automatically the inconsistency causes during tfildibg of the combined view of the multiagent
system.

First, starting from [2, 15], we present the elements conmatbie ontology of our model such as agents,
goals, facts, skills, dependencies with the addition ofitiséitutional notions of roles, institutional goals,
institutional facts, institutional skills. Our model is @etted labeled graph whose nodes are instances
of the metaclasses of the metamodel, e.g., agents, godsylawse arcs are instances of the metaclasses
representing relationships between them such as depgnd@acond, we present two algorithms to build
the dependence network from the agent view and to build tstitutional dependence network from the
institutional view. Third, we investigate the reasons behihe possible inconsistencies in building the
combined dependence network and we present an algorithhettk¢he presence of these inconsistencies.



The remainder of the paper is as follows. Section 2 descel®@gd computing scenario as case study
for the design of virtual organizations. In Section 3, wesgr# the notions composing the ontology. In
Section 4, we define the algorithms to check the consistefttyealependence networks. Related work and
conclusions end the paper.

2 The Grid Scenario

The Grid Computing paradigm provides the technologicabisifucture to facilitate e-Science and e-Research.
Grid technologies can support a wide range of researchdimglamongst others: seamless access to arange
of computational resources and linkage of a wide range @f tegources. It is often the case that research
domains and resource providers require more informatian f#imply the identity of the individual in order

to grant access to use their resources. The same individndbe in multiple collaborative projects, each
of which is based upon a common shared infrastructure. Tifiismation is typically established through
the concept of a virtual organization (VO) [10]. A virtualgamization allows the users, their roles and the
resources they can access in a collaborative project to figede In the context of virtual organizations,
there are numerous technologies and standards that hawgobeforward for defining and enforcing au-
thorization policies for access to and usage of virtual nizgtions resources. Role based access control
(RBAC) is one of the more well established models for degegilsuch policies. In the RBAC model, vir-
tual organization specific roles are assigned to indivisiaalpart of their membership of a particular virtual
organization. The general idea of the RBAC model is thatnigsions are associated with functional roles
in organizations, and members of the roles acquire all psions associated with the roles. Allocation of
permissions to users is achieved by assigning roles to.users

3 Institutional MAS: agents, roles and assignments

We divide our ontology in three submodels: the agent modeljrstitutional model, and the role assign-

ment model, as shown in Figure 1. Such a decomposition is @amimorganizational theory, because the

organization can be designed without having to take intoactthe agents that will play a role in it. Also,

if another agent starts to play a role, for example if a nodé ttie role of simple user becomes a VO ad-

ministrator, then this remains transparent for the orgetiinal model. Likewise, agents can be developed
without knowing in advance in which institution they willgy a role.

| COMBINED VIEW |

| AGENT VIEW |———{ ROLE ASSIGMENT VIEW +——— INSTITUTIONAL VIEW |
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Figure 1: The conceptual metamodel.

The notion of agent and all its features as goals, capa&siiire used in the conceptual modeling as
in TROPOS [5]. In our model, we add to these notions thosdea@lt the institution such as the notion
of role and its institutional goals, capabilities and fa@sth these notions, merged in the combined view,



are used in the conceptual modeling and to each agent it 8lp@so assign different roles depending on
the organization in which the agent is playing. Adding thstitntion, to each agent are associated both a
number of physical features and a role with all its insta@ntl features. An agent can be defined as an entity
characterized by a number of features as his capabilita@gdccskills, his world description, called facts,
and his goals, such as the tasks he wants to achieve. Theidefofithe agent view is as follows:

Definition 1 (Agent view) (A, F,G, X, goals: A — 2% skills: X — 24 R: G — 2X) consists of a set

of agentsA, a set of factd’, a set of goals7, a set of actionsX, a functiongoals that relates with each
agent the set of goals it is interested in, a functi@nlls that describes the actions each agent can perform,
and a set of rules, represented by the functidthat, given a goal, provides the set of actions that must be
done in order to achieve it.

Example 1 Considering a virtual organization on a Grid with a role baksaccess control policy, the agent
view is used to describe the set of legitimate users of thersysepresented inside the Grid as nodes. Each
user is provided by a set of actions he can do, representeldebyettX, e.g., to save a file on his file system
or to start a computation on his personal computer, and bytaosgoals he would fulfill, represented as
the setG, e.g., he wants to reserve half of his available memory ferdaita or he has to obtain the result
of a computation in two hours. These actiakiscan be compared to the operations that are recognized
by the system. Functiongills and goals link each agent with the actions he can perform and with the
goals he would obtain. FunctioR is a sort of action-consequence function, relating settibas with the
goals they allow to fulfill, e.g., to obtain the results of argmutation in two hours, the user has to start the
computation on his personal computer.

A social structure is modeled as a collection of agents,iptpsoles regulated by norms where “interac-
tions are clearly identified and localized in the definitidithe role itself” [19]. The notion of role is notable
in many fields of Artificial Intelligence and, particulariy, multiagent systems where the role is viewed as
an instance to be adjoined to the entities which play the e institutional view is defined as follows:

Definition 2 (Institutional view) (RL,IF,IG, X,igoals : RL — 21¢ iskills : RL — 2% IR : G —
2X) consists of a set of role instanc&., a set of institutional factg I, a set of public goals attributed
to roles /G, a set of actionsX, a functionigoals that relates with each role the set of public goals it is
committed to, a functionskills that describes the actions each role can perform, and a sietstifutional
rulesI R that relates a set of actions and the set of institutionaisalecey see to.

Example 2 The institutional view represents in the Grid scenario a elddr the role based access control
policy. For example, consider a Grid system with the two dades of VO administrator and VO member
where the VO administrator has the possibility to assignhi® YO members the privileges they need to
enable the access to its resource. Our approach gives therappty to define not only the capabilities of
a particular role but it allows also the institutional goadssociated to roles. For example, a user asks for
saving a file on the file system of another node. This user ix&gsd to a role, since he belongs to a virtual
organization regulated by a RBAC policy. The request carrbegssed either by the local VO administrator
or by the user that has received the request. If the user stingethe service has a role that can perform
this action, the request is accepted and the file is saved.

In our model, we introduce the third submodel, the role assient view, which links the agent and the
institutional view to each other, by relating agents to sole

Definition 3 (Assignment view) (A4, RL,roles : RL — A) consists of a set of agent, a set of role
instancesk L, and a functionroles assigning a role to its player id.

Finally, the combined view unifies the agent view and thetudnal view, thanks to the assignment
view, providing a unified conceptual metamodel:

Definition 4 (Combined view) Let (A, RL,roles : RL — A) be a role assignment view for the agents
and role instances defined in the agent vieW F, G, X, goals: A — 2¢ skills: X — 24 R: G — 2%)
and institutional view RL, I F, IG, X ,igoals : RL — 2@ iskills : X — 28L IR : IG — 2%). The
role playing agents ar&ePA = {(a,r) € A x RL | r € roles(a))}. The combined view associates with
the role playing agents the elements of the agent and itistital view.



Our model is a directed labeled graph whose nodes are irestariche metaclasses of the metamodel,
e.g., agents, goals, facts, and whose arcs are instandesroktaclasses representing relationships between
them, dependencies. Our modeling is based on the theorg sbitial power and dependence pioneered by
Castelfranchi [7] as starting point and then developed byt€and Sichman [13]. In a multiagent system,
since an agent is put into a system that involves also othemtaghe can be supported by the others to
achieve his own goals if he is not able to do them alone. Thiddeo the concept of power representing the
capability of a group of agents (possibly composed only by agent) to achieve some goals (theirs or of
other agents) performing some actions without the podsilbdl be obstructed.

The notion of power brings to the definition of a structurehviite aim to show the dependencies among
agents, called dependence network. In order to define tekd®ns in terms of goals and powers, we adopt,
as said, the methodology of dependence networks as dedddyj@3] without distinguishing AND and OR
dependencies. Note that Definition 5 of dependence netwdifkesrently from Boella et al. [6] in which the
functiondepis 24 x 24 — 229, definegdepin the view of the algorithmic approach where we are intest
in obtaining the relation of one agent, at each iterationegywith the other agents for a particular goal. A
dependence network is defined as follows:

Definition 5 (Dependence Networks (DN))A dependence network is a tuglé, G, dep where:
» Ais a set of agents an@ is a set of goals;

« dep: A x 24 x G is a relation which maps each pair of an agent and a set of ageith the goal on
which the first depends on the second.

In early requirements analysis, we model the dependennies@ the agents and the roles associated
to the agents of the organization representing, in this Weydomain stakeholders. Figure 2 represents a
dependence networks where plain arrows represent madepaindencies while the dotted ones represent
institutional dependencies.

d,: to save the file comp.log;

n3 g2 g,: to run the file mining.mat;

ds: to run the file results.mat;

N d,: to save the file satellite.mpeg;
ds: to save the file satellite.jpg;
na ds: to have the authorization to
open the file dataJune.mat;

Figure 2: An example of dependence network.

4  Algorithms

In this section, we present three algorithms to automatiedutilding of the two dependence networks from
the agent view and the institutional one, and to check thaistancy of the combined view which arises
from the previous two views. Moreover, we propose an evalnaif the combined view in the context of
coalition formation.

Algorithm 1CREATE_DEPNETS takes as input the sets of ageAtggoalsG, actionsX and the functions
goals, skills and R composing the agent view and returns the dependencies wéuiche formed due to the
starting view. The algorithm works as follows: for each d@gem the setA, it checks what are its goals
thanks to the functiopoals and it finds what are the actions which can lead to an achievement of the goal
a thanks to the functiofi®. At this point, the algorithm finds the agents which have thwer to perform the
selected actions thanks to the functigrills putting them in the sef. Finally, it takes the union of these
agentd) on whicha depends on and it builds the dependetiey(a, 0, g). Trivially, the algorithm works in
O(l4g| - |G- |X]).



Algorithm 2 CREATE_IDEPNETS starts with the sets of roleBl, institutional goals/G, actionsX
and the functionsgoals, iskills and I R composing the institutional view and returns the institoél
dependencies which can be formed due to the starting view.algorithm works exactly as the previous
one, that is why we omit its detailed description. The présgalgorithms leads to the automatization of
the building process of the two dependence networks reptiagethem. These dependence networks are
independent to each other at this point of the design prauebshey are unified only when the necessity to
build the combined view arises. The building of the deperdaretwork representing the combined view
is much more complex than the previous one since the ungicati two independent networks could lead
to some inconsistencies. In particular, the causes of Bistancy are: given an agent of the agent view
playing a role, if there is one of the roles to which it depeodén the institutional view which is not played
by anyone, and if there is a conflict between a goal and anutistial goal of the same agent.

Algorithm 3CHECK_DEPNETS takes as input the functioRoles, previously defined in the assignment
view, the set of dependencies composing the dependencenkdi P, the set of dependencies composing
the institutional dependence netwadrk P and returns a consistent combined dependence networks. The
algorithm works as follows: for each agemtin A, it takes all the roles on which it depends on, given
its role thanks to the functioRoles(a), and the insitutional goalgg on which the dependency is based.
Then it checks the incompatibility causes: if there is a ¢onffletween the goals ef and the institutional
goals of the role: of a then it returndNON_CONSISTENT otherwise it checks, for all the rolese 6" on
which a depends on, if they have a player thanks to the fundgilagers(r), returning an inconsistency if
Players(r) = 0. If no inconsistencies are found, the algorithm takes @&labents4; which play a role on
whicha depends on. At the end, it takes the union of these adeatsl builds the conditional dependence
network composed by dependendiekep(a, T, Ig). The algorithm works it (| Ag| - 2| - |G]).

A ={a, b, c, d}, R ={rl1, ri2, ri3}

G = {g1, g4, g7, g8}

IG = {g2, g3, g5, g6}

X = {x1, ..., x8}

goals(a): g1, ¢8; igoals(a): g3, g5.
goals(b): g4; igoals(b): g2.

igoals(c): g6, goals(d): g7.
skills(x1): b, iskills(x2):a, iskills(x3):b
skills(x4):a, iskills(x5):c, iskills(x6):a
skills(x7):a, skills(x8):d.

R(gn):xn, IR(ign):ixn.

roles(a):rll, roles(b):rl2, roles(c):rl2,roles(d):rl3

Role-based inconsistency Goal-based inconsistency
a; ;b ri1 ! l rli2| a g b ril ! ig l ri2
c l ‘
rl3 ¢ ri3
roles(a): rl1, roles(b):rl4, roles(c):rl3 roles(a): rl1, roles(b):rl2, roles(c):ri3
Starting from agent a, the role on which it Starting from agent a, each role is played by
depends is role rl2 BUT Players(rl2)=0 an agent BUT conflict(g, ig) == TRUE
THEN NON_CONSISTENT. THEN NON_CONSISTENT.
B |C

Figure 3: An example of combined dependence network anddbsilge conflicts.

An example of the application of the algorithm is providedrigure 3.A while in Figure 3.B-C are
provided two examples of the two kinds of conflicts which aetedted by the automatic building of the

combined dependence networks.



Input: (A;G; X; R : G — 2%; goals : A — 2C; skills : X — 24)
Output: dep: A x 24 x G
1 forall a € Ado
forall g € goals(a) do
forall ac € R(g) do
I; = skills(ac);
1+ +;
end
end
0 = Ujlj;
dep(a,@,g);
end

© 0 N o o~ W N

[N
o

Algorithm 1: CREATE_DEPNETS

Input: (RI; IG; X; IR : IG — 2%;igoals : Rl — 21%;iskills : X — 271)
Output: Idep : Ag x 249 x G
1 forall » € Rl do
forall ig € igoalsr do
forall iac € IR(ig) do
I; = iskills(iac);
1+ +;
end
end
9/ = UjIj;
Idep(a, 9l,ig);
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Algorithm 2 : CREATE_IDEPNETS

Input: Roles : Ag — RT;Players: RT — Ag; DEP; IDEP; goals(a) : x € 2¢
Output: Consistecy
1 forall @ € Ag do

2 | forall 6" : Idep(Roles(a),d’, Ig) do
3 forall g € goals(a) do

4 if conflict(g, I¢) then

5 | NON_CONSISTENT;
6 end

7 end

8 forall r € 6’ do

9 if Players(r) = () then

10 | NON_CONSISTENT;
11 end

12 else

13 A; = Players(r)

14 i+ +;

15 end

16 end

17 end

18 I'= UjAj

19 Cdep(a, T, Ig)

20 end

21 CONSISTENT;
Algorithm 3: CHECK_DEPNETS



5 Related work

The idea of focusing the activities that precede the spetific of software requirements, in order to un-
derstand how the intended system will meet organizatiooalsy has been first proposed in requirements
engineering by Eric Yu his i* model [18]. The rationale of thenodel is that by doing an earlier analysis,
one can capture not only the what or the how, but also the whgeef software is developed. As stated
throughout the paper, the most important inspiration sedioc our model is the TROPOS methodology
[5] that spans the overall software development process) &arly requirements to implementation. Other
approaches to software engineering are those of KAOS [8]lAJA7], AAIl [12] and MaSE [11] and
AUML [1]. The comparison of these works is summarized in Fegd. The main difference between these
approaches and our one consists in the use of the notiontaéitien.

Different approaches on the application of the notion ofitagon and role within open multiagent
systems are defined in Sierra et al. [14], Bogdanovych ettharid Vazquez-Salceda et al. [16] and Dastani
etal. [9].

Early Late Architectural Detailed
requirements requirements design design
i* X X
Kaos X
GAIA X X
AAll and X X
MaSE
AUML X
TROPOS X X X X

Figure 4: Comparison among different software engineariathodologies.

6 Conclusions

In this paper we formalize an extension of dependence nksamy adding roles, presented in the institu-
tional and combined views. We present three algorithms lwp&rmit to build and check the consistency
among agent view and institutional view. Using dependemteorks as methodology to model a multia-
gent systems advantage us from different points of viewstFihey are abstract, so they can be used for
conceptual modeling, simulation, design and formal anslySecond, they are used in high level design
languages, like TROPOS [5], so they can be used also in saftweglementation.

A first evaluation of the usefulness of the algorit@HECK_DEPNETS can be found in the context of
coalition formation. Animprovement of the TROPOS appro&glconsists in the introduction of a notion of
coalition for dependence networks. We propose the usageegirocity-based coalition formation theory
in which each agent belonging to the coalition has to coatelsomething and to get something out of it. A
definition of reciprocity-based coalitions is provided inddla et al. [3]. Considering our three views, three
kind of reciprocity based coalitions can be highlightedal@émns based only on institutional dependencies
called institutional coalitions, coalitions based onlyroaterial dependencies called material dependencies
and coalitions based on both the two kinds of dependenclesidall coalitions. An example of these
kinds of coalitions is presented in Figure 3.A where caalit{a, b} is a full coalition, coalition{a, ¢} is
an institutional coalition and coalitiofu, d} is a material coalition. These three classes of coalitioag m
influence agents’ decisions about goals’ execution, astabf preferences on what coalition you want to
belong to. A deeper analysis of this issue is left for futwsearch.
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