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ABSTRACT
We analyze the notion of organizational structure in multiagent sys-
tems and explain the precise added value and the effects of such
organizational structure on the involved agents. To pursue this aim,
contributions from social and organization theory are considered
which provide a solid theoretical foundation to this analysis. We
argue that organizational structures should be seen along at least
three dimensions, instead of just one: power, coordination, and
control. In order to systematize the approach, formal tools are used
to describe the organizational structure as well as the effect of such
structures on the activities in multiagent systems. We specify the
properties and the consequences of organizational structures for the
actions of the involved agents.

Categories and Subject Descriptors
F.2.4 [Knowledge Representation Formalisms and Methods]:
Modal Logic; F.2.11 [Distributed Artificial Intelligence ]: Mul-
tiagent Systems—Multiagent Organizations; F.2.11 [Distributed
Artificial Intelligence ]: Coherence and Coordination

General Terms
Theory.

Keywords
Social structure, multiagent organizations, modal logic.

1. INTRODUCTION
Many methodologies for multiagent systems (MAS) are based

on organizational structures as their cornerstones. The organiza-
tional structure of MAS involves two basic concepts:agent roles
and theirrelationsin terms of which the collective behavior of in-
dividual agents is specified and the overall behavior of the MAS is
determined. The specification of the overall behavior of MAS con-
cerns the optimization of agents’ activities, the management and
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security of the information flow among agents, and the enforce-
ment of certain outcomes. Agent roles and their relations are often
described by a variety of social concepts and relations like norm,
power, delegation of tasks, responsibilities, permissions, access to
resources, and communication.

The relations between agent roles can impose certain organiza-
tional structures on the roles that are crucial for the organization of
MAS. A typical abstract example of such structures is the so-called
“vertical differentiation” or “authority structure” of organizations,
usually considered to be a “hierarchy” structure. These abstract
types of structures are traditionally studied in the branch of sociol-
ogy calledmathematical sociology([12, 26, 11]). In fact, what was
the case up to the sixties in literature on sociology and organization
theory, is now being the case in the literature about organizations
in MAS.

“The word “structure” is found extensively in the lit-
erature of the social sciences. “Social structure” and
such related concepts such as “kinship structure”, “au-
thority structure”, “communication structure”, and “so-
ciometric structure” are commonplace. [. . . ] But de-
spite the widespread use of structural concepts in the
social sciences, it is fair to say that the formal analy-
sis of structure has been relatively underdeveloped in
these fields. The technical terminology employed in
describing structures is meager; few concepts are de-
fined rigorously. As a consequence, the social sci-
entific description of structural properties tends to be
couched in ambiguous terminology, and detailed stud-
ies of structure, as such, are rather rare.” [17]

In the literature of MAS, these abstract types of organizational
structures are studied and described only in an informal way, e.g.
through pictures depicting tree-like configurations of points and
lines like in [7]. In such informal studies, many issues remain hid-
den behind these pictures. Is the authority relation transitive, so
that if A has authority over B and B over C then A has authority
over C? Is it antisymmetric, so that if A has authority on B and B
has authority on A then A and B are actually the same? However,
if we want the notion of structure to be of any practical use for
implemented MAS, pictures are plainly not enough, since they do
not state with the necessary precision what are the properties of the
organization that is described by the structure.

In this paper we will import notions from sociology and orga-
nization theory to describe a more rigorous foundation of organi-
zational structures in MAS, which will be informally exposed in
Section 2. In order to describe organizational structures we have
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to first describe exactly what the meaning is of the relations that
form the structure. E.g. what is the meaning of a “power” relation
and, maybe even more importantly, what are the consequences of
the existence of such a relation between two agents? We will intro-
duce a modal logic for this characterization in Section 3. In Sec-
tion 4 we will discuss some properties of the relations and also give
some intuitions about some natural properties of the organizational
structure(s) that follow from them. Most importantly, we show that
there are several organizational structures to be found and that the
interplay between these structures for a large part determines the
effective functioning of the organization. Finally, in Section 5, we
draw some conclusions and we indicate some research lines worth
pursuing in future work.

2. ORGANIZATIONAL STRUCTURE
Organizations “represent rationally ordered instruments for the

achievement of stated goals” ([25]), that is, organizations arise in
order to achieve specific objectives, and these objectives are pur-
sued defining a number of subgoals contributing to the overall pur-
pose of the organization. These subgoals identify the roles that are
played in the organization. The relation between subgoals and over-
all objectives of the organization, i.e., the primitive decomposition
of tasks within the organization, defines the essential form of or-
ganizational structure: “viewed in this light, formal organization is
the structural expression of rational action” [25]. Roles are the ba-
sic units over which this structure ranges determining the source of
the “rational order” holding in the organization. The above quotes
consider then the decomposition of tasks as the central source of
structure within organizations: structure is necessary for each or-
ganization to pursue its objectives.

Work on organization in MAS1 presents organizational structure
as something essentially mono-dimensional, though it often, but
only implicitly, considers a multiplicity of structured aspects: “au-
thority”, “communication”, “delegation”, “responsibility”, “con-
trol”, “decision-making”, “power”, etc. The thesis we hold here,
which is inspired by foundational work on social and organization
theory like [25, 23, 14], is that organizations do not exhibit one sin-
gle structural dimension, but that they are instead multi-structured
objects. In particular, we view organizational structure as hiding
at least three relevant dimensions which we call: power, coordina-
tion and control. We will analyzepower in relation with the del-
egation activity,coordination in relation with the knowledge and
information issues, andcontrol in relation with the monitoring and
recovery issues. As a result of this analysis, organizations will be
represented as explicitly displaying a triple structure constrained on
the basis of the interplay between the three notions of power, co-
ordination, and control. This structure, which is based on goal or
task decomposition, relates then the roles of the organization order-
ing them with respect to the three aforementioned dimensions. Al-
though we do not pretend to give full definitions of these relations
(see [3, 21] for some more elaborate definitions of the delegation
and power relations) we will characterize these relations in terms
of some of their consequences for the agents enacting the roles be-
tween which these relations are defined.

Following work presented in [4, 10, 5, 6], roles are conceived
here in terms of three basic notions: objectives, norms and infor-
mation. As we will see, we will make use of these notions in order
to isolate a few characteristics of the organizational structures given
above.

Objectives constitute the essential component of roles, specify-
ing to what the agents commit when they enact a role (objectives

1See [19] for an exhaustive survey.

of the role become goals of the enacting agent). Norms specify
instead, for each role, what are the constraints (essentially concern-
ing interaction) which the organization imposes on actors playing
that role. The distribution of objectives to roles implements a spe-
cific decomposition of tasks according to which the organization is
supposed to function. What characterizes organizations though, is
the possibility for the agents enacting the roles todelegatesome of
their goals, which come from the objectives of the roles they enact,
to other agents. Delegation consists thus in the possibility for an
agent enacting a role to transfer a given goal to a somehow sub-
ordinated one. This transfer takes place in the form of a directed
obligation ([8]) of the agent enacting the first role to the agent en-
acting the subordinated one. This second agent is thus obliged to
achieve a goal which belonged to the first agent, and therefore to
include it in its own goal base. The possibility of delegating goals
constitutes one of the essential aspects displaying what is usually
called “delegation” or “power” structure of an organization ([20]):
who delegates to whom?

Objectives and norms also determine to a great extent thecon-
trol structure. Since objectives can be achieved or not, and norms
can be respected or violated, control is an indispensable activity
in which any organization has to engage. This is the case also for
MAS organizations where agents, even if “benevolent”, are anyway
subjected to the possibility of failure. In its simplest form, control
consists in a monitoring activity triggering appropriate reactions
to determinate failures or violations. If an agent fails in achiev-
ing one of the stated or delegated objectives, a kind of supervisor
agent should engage in the achievement of that objective: organi-
zation calls for a form of supervision activity ([14]). Potentially,
the achievement of any objective as well as the compliance to any
norm can be object of control. Because of this, control can be seen
as “an organization within an organization” ([23]). With respect to
control the relevant structural question is: who controls whom?

Objectives and norms are also coupled to thecoordinationstruc-
ture, a broadly investigated topic in MAS studies. However, follow-
ing [7, 15] we adopt here a simple view on coordination, reducing
it to the issue of the information with which agents enacting spe-
cific rolesshouldbe endowed in order to achieve their goals and to
abide by the norms of the organization.

Therefore, besides objectives and norms, roles should contain
also the information necessary for agents to enact them. This turns
into a knowledge problem of the state of the organization (or of
part of it2) at a given moment. Agents should know when to act,
that is, they should be informed about the status of the activities of
the organization on which their activities depend3, and what they
are obliged to do. As we observed above, delegation introduces a
dynamics in the task distribution of an organization and in the set
of norms effective in it. The point is that once a task is delegated
and a correspondent obligation arises for a specific agent, a certain
amount of information might be required for that agent to include
that task in its own goal base and to pursue it. Because of this, an
information mechanism which can keep track of this dynamics is
crucial for the performance of an organization. To quote [23]:

The description of a delegation system [delegation struc-
ture] is incomplete unless the simultaneous signaling

2Notice, in passing, that the amount of knowledge to be propagated
through the organization also constitutes an important issue:

If every competence [role] had full information about
every other it might help but not necessarily; it would
clearly be wasteful, if not physically impossible, for
most organizations [23].

3This issue has been formally investigated in [15].
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system [information structure] applied to it is also ex-
plicitly described.

The “information structure” should then guarantee that each agent
has a representation of the actual state of the organization (both its
objectives and norms as well as its operational state) which is suf-
ficient for it to properly enact its role. The question is then how the
access and sharing of information is structured within the organi-
zation: who informs whom?

Besides objectives, norms and information, the capabilities of a
role are also an issue worth mentioning, though we will not con-
sider it in detail here. It is somehow analogous to the information
issue since it concerns what is presupposed by each role in order to
achieve the relevant goals and comply with the relevant norms. A
basic type of capabilities lies in the amount of resources that agents
should have at their disposal. A second kind of capabilities play a
central role in organizations, namely those concerning the so-called
institutional power([21, 2]). Again the problem is related with the
dynamics introduced by the “delegation structure”: delegating a
task may require a parallel enabling or empowering activity such
as making the relevant resources accessible, e.g., electronic money,
and providing the required form of institutional empowerment, e.g.,
a suitable document. In this case the relevant structural question
is: who enables or empowers whom? In order not to complicate
matters further we assume in this paper that all agents have the ca-
pabilities needed to enact the role they fulfill, leaving this issue to
future work.

3. A LOGIC OF ORGANIZATION
To describe an organization and its structure we will use a (typed)

multi-modal propositional logic. As explained in the previous sec-
tions, we are interested in describing organizational structures and
in reasoning about their consequences on the activities of the agents
involved in the organization. To this aim, we propose a frame-
work consisting of two basic components. The first component
is geared toward representing finite relational configurations, that
is the organizational structure ranging on agents, in propositional
logic via special propositions. The second component handles in-
stead agents’ obligations, knowledge, goals and actions via a multi-
modal logic.

The organizational structures are described making use of the
special propositionsPower(r, s) to indicate that ‘the agent en-
acting roler has the agent enacting roles in its power’ (i.e. the
agent playing roler can delegate goals to the agent playing role
s), Coordination(r, s) to indicate that ‘the agent enacting roles
has access to the information that is accessible to the agent enact-
ing role r’, and Control(r, s) to indicate that ‘the agent enacting
role r controls the agent enacting roles’ (in some sense, the agent
playing roler is “responsible” for the agent playing roles). Note
that these propositions encode relations which are intended to hold
between roles. We denote the fact that agenta enacts roler, i.e.,
is arole enacting agent([9]), by the special propositionrea(a, r).
In order to represent the norms, objectives and knowledge of a role
in an organization, we make use of special propositions of respec-
tively the form:norm(r, φ), obj(r, φ) andinf(r, φ), whereφ is a
propositional formula andr a role.

Furthermore, in order to express the effects of organizational
structure on the agents enacting the roles of the organization, we
use a modal operatorKa for representing the knowledge accessible
to an agenta,Ga for the goals that are pursued by the agenta, and
Oa for the obligations assigned to agenta. For the characteriza-
tion of agents’ activities we build on dynamic logic ([18]). Briefly,
dynamic logic consists of the normal propositional language, ex-

tended with modal operators[α] for every actionα in the language.
These actions are either atomic (primitive) or composed by means
of operators. In this work, only the atomic fragment of dynamic
logic will be used, that is to say, no characterization of composite
actions is used. An expression[α]φ is read as ‘the performance
(execution) of the actionα leads necessarily to a state (possible
world) in whichφ holds’. The formal semantics is given by means
of a Kripke structure where there are accessibility relationsRα as-
sociated with each actionα. In this paper we will consider a set
of action expressions consisting of at least all action expressions of
the formdelegate(a, b, φ) (meaning thata delegates taskφ to b);
inform(a, b, φ) (meaning thata informsb about the state descrip-
tionφ); andmonitor(a,DONE(α(b))) (meaning thatamonitors
the performance of actionα by b).

We can now give a full formal definition of the syntax of our
description languageOrg:

DEFINITION 1. ( Syntax ofOrg)
Given a finite setAR of role names, a finite setAg of agent names,
a countable setP0 of atomic propositions from which the stan-
dard propositional languageL0 is built, a finite set of parameter-
ized actionsA (in general the elements ofA are denoted byα(a)
with a ∈ Ag representing the agent executingα) which contains
at least the set of expressions{delegate(a, b, φ), inform(a, b, φ),
monitor(a,DONE(α(b))) | a, b ∈ Ag andα(b) ∈ A}, a setPr

= { norm(r, φ), obj(r, φ), inf(r, φ) | r ∈ AR,φ ∈ L0} of spe-
cific propositions concerning the norms, objectives and informa-
tion of roles, and a setPs = { Power(r, s), Coordination(r, s),
Control(r, s), rea(a, r) | r, s ∈ AR, a ∈ Ag} of specific proposi-
tions concerning structural configurations, the admissible formulas
of theOrg language are recursively defined as follows:

• P0 ∪ Pr ∪ Ps ⊆ Org

• If φ andψ ∈ Org, thenφ ∧ ψ, ¬φ ∈ Org

• If φ ∈ Org anda, b ∈ Ag, thenKa(φ), Ga(φ), Oa(φ) ∈
Org

• If φ ∈ Org andα(a) ∈ A, then[α(a)]φ ∈ Org

• If α(a) ∈ A, thenDONE(α(a)) ∈ Org

Binary connectives→ and∨, and nullary connective⊥ can be de-
fined as usual.

The semantics of the languageOrg will be given in two steps.
First we define the tuples which constitute our formal modeling
of the notion of anorganizational structure(Definition 2). Sec-
ondly, these tuples will be used to give an explicit semantics to all
special propositions of the formPower(r, s), Coordination(r, s),
Control(r, s) andrea(a, r) with r, s ∈ AR anda ∈ Ag, therefore
encoding the descriptions of organizational structures in proposi-
tional logic (clauses, 2-5 Definition 3). The semantics ofOa, Ga,
Ka and[α(a)] operators and of theDONE(α(a)) (with α(a) ∈
A) assertions will then be given on the basis of standard Kripke
models (clauses 8-12, Definition 3).

To model organizational structures we make essentially use of
the theory of directed graphs. However, we introduce only some
basic elements of it, which are strictly of use for the development
of the paper4.

DEFINITION 2. (Organizational structures)
An organizational structureOS is a tuple:

〈Roles ∪Agents,RPower, RCoordination, RControl, Rea〉
4For comprehensive expositions we refer the reader to [17, 16, 24].
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whereRoles ∪ Agents is the finite set of roles and agents, and
RPower, RCoordination, RControl are three irreflexive binary re-
lations onRoles characterizing the Power, Coordination and Con-
trol structures.Rea is a subset ofAgents × Roles and indicates
which agents play which roles.

The following standard notions will be of use. AnRk-path (of
lengthn) is a sequence〈x1, ..., xn+1〉 of distinct elements ofRoles
s.t. ∀xi 1 ≤ i ≤ n, Rk(xi, xi+1). An Rk-semipath (of lengthn)
is a sequence〈x1, ..., xn+1〉 of distinct elements ofRoles s.t. ∀xi

1 ≤ i ≤ n, Rk(xi, xi+1) or Rk(xi+1, xi). A sourcein Roles is
an elements s.t. ∀d ∈ Roles with d 6= s there exists aRk-path
from s to d. The indegreeidk(d) of a pointd in structurek is the
number of elementsd1 s.t. Rk(d1, d). Theoutdegreeodk(d) of a
pointd in structurek is the number of elementsd1 s.t.Rk(d, d1).

The semantics ofOrg can now be defined in terms of the fol-
lowing Kripke models.

DEFINITION 3. (Semantics ofOrg)
TheOrg model is a tuple:

〈OS,W, (Ki)i∈Ag, (Gi)i∈Ag, (Oi)i∈Ag, (Rα(a))α(a)∈A, I, J〉

whereOS is an organizational structure;W is a set of possible
worlds, (Ki)i∈Ag are equivalence relations onW , (Gi)i∈Ag and
(Oi)i∈Ag are serial binary relations onW ; (Rα(a))α(a)∈A are
binary relations onW ; I : P0 ∪ Pr −→ 2W is a truth assignment
mapping each atomic proposition (except propositions inPs which
get an explicit semantics) to the set of worlds in which it is true and
J = 〈Ja, Jr〉 whereJa : Ag −→ Agents, i.e.,Ja is a function
that maps agent names into agents, andJr : AR −→ Roles, i.e.,
Jr is a function that maps role names into the corresponding roles.
The satisfaction relation is defined as follows.

1. M,w |= p iff w ∈ I(p)
2. M,w |= Power(r, s) iff RPower(J(r), J(s))

3. M,w |= Coordination(r, s) iff
RCoordination(J(r), J(s))

4. M,w |= Control(r, s) iff RControl(J(r), J(s))

5. M,w |= rea(a, r) iff Rea(J(a), J(r))

6. M,w |= ¬φ iff M,w 6|= φ

7. M,w |= φ ∧ ψ iff M,w |= φ or M,w |= ψ

8. M,w |= Kiφ iff for all u ∈ Ki(w),M,u |= φ

9. M,w |= Giφ iff for all u ∈ Gi(w),M,u |= φ

10. M,w |= Oiφ iff for all u ∈ Oi(w),M,u |= φ

11. M,w |= [α(a)]φ iff for all u ∈ Rα(a)(w),M,u |= φ

12. M,w |= DONE(α(a)) iff there exists only oneu ∈ W
such that(u,w) ∈ Rα(a)

Let us spend a few words to clarify this satisfaction definition.
Clauses 1, 6 and 7 are the standard boolean ones. Clauses 8-11
are standard clauses for the satisfaction of modal formulas. With
respect to the axiomatization of modal operators we take a stan-
dard perspective. For the knowledge operators (Ki) we assume the
axiomatization characterizingS5, for goal (Gi) and obligation op-
erators (Oi) we assume the axiomatization characterizingKD, and
finally for actions ([α(a)]) we assume the axiomatization character-
izing K5. Clause 12 is also quite standard for representing paths of
actions actually occurred (see also [15]).
5For an extensive exposition of these systems the reader is referred
to [1].

Clauses 2-5 provide an explicit semantics for propositions denot-
ing structural configurations and can be actually read as an encod-
ing of dyadic relations. It is worth noticing that a straightforward
consequence of this semantics consists in making the propositions
denoting structural configurations true either in all the worlds of
theOrg model or in none, that is, an organizational structure either
holds in all the worlds of the model or in none. This is in fact per-
fectly sound with a conception of organizational structure as a hard
constraint, a sort of skeleton, of the MAS.

The special propositions of the formnorm(r, φ), obj(r, φ) and
inf(r, φ) represent instead which state descriptions are consid-
ered to be, respectively, norms, objectives and information of a
specific role. Since we are not interested in describing reasoning
about norms, objectives and knowledge at the role level, but only
at the agent one, these propositions do not get any specific seman-
tics6. Nevertheless it is reasonable to assume that, for alla ∈ Ag,
r ∈ AR andφ ∈ L0:

1. rea(a, r) ∧ norm(r, φ) → KaOaφ

2. rea(a, r) ∧ obj(r, φ) → Gaφ

3. rea(a, r) ∧ inf(r, φ) → Kaφ.

That is to say, given that agenta enacts roler: if φ represents a
norm of that role, then agenta knows that obligationφ holds for
it (notice that inS5, ` Kiφ → φ); if φ represents an objective of
that role, thenφ is in the goal base ofa; if φ represents information
presupposed by that role, thenφ is in the knowledge base ofa.

3.1 Delegating, informing and monitoring
We have not yet further specified the behavior of the special ac-

tions of delegating, informing and monitoring. We require that
these special actions obey the followingaccordanceschemata, for
all a, b ∈ Ag with a 6= b, φ ∈ L0 andα(b) ∈ A, expressing the
relation between knowledge and action (see [22]):

Ka([delegate(a, b, φ)]ψ) → [delegate(a, b, φ)]Kaψ

Ka([inform(a, b, φ)]ψ) → [inform(a, b, φ)]Kaψ

Ka([monitor(a,DONE(α(b)))]ψ)

→ [monitor(a,DONE(α(b)))]Kaψ.

Intuitively, the schemata state that the organizational actions of del-
egating, informing, and monitoring, once executed by an agent, al-
ways determine the knowledge about their necessary effects which
the agent expects. To use the terminology of [22], these actions are
alwaysaccording to planfor each agent.

The first axiom could be enforced through the semantics by adding
the following constraint concerning the interplay between the ac-
cessibility relations of anOrgmodel. For alla, b ∈ Ag with a 6= b,
φ ∈ L0 andα(b) ∈ A:

∀w1, w2, w3 ∈W (Ka(w1, w2) & Rdelegate(a,b,φ)(w2, w3)

⇒ ∃w4 ∈W (Rdelegate(a,b,φ)(w1, w4) & Ka(w4, w3))).

Perfectly analogous semantic constraints can be devised for the in-
forming and monitoring action expressions.

We also assume that actors are always endowed with knowledge
about all the necessary effects of the organizational actions they
can perform. That is, for alla, b ∈ Ag with a 6= b, φ ∈ L0 and

6A natural way to give a more elaborated semantics to them would
be to consider and interpret them as modal operators.
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α(b) ∈ A, the following are to be considered axioms:

[delegate(a, b, φ)]ψ → Ka[delegate(a, b, φ)]ψ

[inform(a, b, φ)]ψ → Ka[inform(a, b, φ)]ψ

[monitor(a,DONE(α(b))]ψ

→ Ka[monitor(a,DONE(α(b))]ψ.

Semantically, the first axiom is validated by the following relational
constraint. For alla, b ∈ Ag with a 6= b, φ ∈ L0 andα(b) ∈ A:

∀w1, w2 ∈W (Rdelegate(a,b,φ)(w1, w2)

⇒ ∀w3 ∈W (Ka(w1, w3) ⇒ Rdelegate(a,b,φ)(w3, w2))).

Again, analogous constraints can be devised for the informing and
monitoring action expressions.

To formally characterize the special actions in accordance with
our intuitions about them, we need also to specify their pre- and
postconditions. We consider the delegation and inform actions as
having necessary preconditions, while the monitoring actions as
having a guaranteed postcondition. This can be expressed as fol-
lows:

DEFINITION 4. (Delegate, inform, monitor)
For all a, b ∈ Ag s.t.a 6= b andφ ∈ L0 andα(b) ∈ A:

− ¬Gaφ→ [delegate(a, b, φ)]⊥
− ¬Kaφ→ [inform(a, b, φ)]⊥
− [monitor(a,DONE(α(b)))](KaDONE(α(b))

∨Ka¬DONE(α(b)))

− γ ∈ L0 : γ → [delegate(a, b, φ)]γ

− γ ∈ L0 : γ → [inform(a, b, φ)]γ

− γ ∈ L0 : γ → [monitor(a,DONE(α(b))]γ.

Intuitively, in order to delegate a goal it is necessary to have it, but
no specific consequence follows from a delegation. Analogously, to
inform it is necessary to know, but the information does not neces-
sarily create knowledge in the recipient actor. To monitor means to
check (and know after that) whether another agent has done an ac-
tion or not, that is to say, to monitor is aninformative action([22])
for the monitoring agent with respect to formulas concerning the
performance of some action by some other agents. Finally, the last
three schemata are a simplified formulation of frame axioms for
the special actions, indicating that those actions only modify those
parts of the world which concerns agents’ obligations, goals, and
knowledge.

The above specification of the pre- and postconditions of the spe-
cial actions shows their effects without presuming an organization
structure. In the next section we analyze the added value of struc-
ture showing that by adding the existence of an appropriate orga-
nization relation to the preconditions of these actions the effects of
the actions increase, thus characterizing in what the structure pre-
cisely results.

4. MODELING ORGANIZATIONAL
STRUCTURE

4.1 Variety of Structural Relations
We characterize the power, coordination and control structural

relations as follows:

DEFINITION 5. (Power, coordination, control)

For all a, b ∈ Ag s.t.a 6= b, φ ∈ L0 andα(b) ∈ A:

(Power(r, s) ∧ rea(a, r) ∧ rea(b, s))
→ [delegate(a, b, φ)]Obφ

(Coordination(r, s) ∧ rea(a, r) ∧ rea(b, s))
→ [inform(a, b, φ)]Kbφ

(Control(r, s) ∧ rea(a, r) ∧ rea(b, s) ∧ [α(b)]φ)

→ [monitor(a,DONE(α(b))](¬φ→ Oaφ)

(Control(r, s) ∧ rea(a, r) ∧ rea(b, s) ∧ [α(b)]φ

∧Ka(Obφ))

→ Oa(DONE(monitor(a,DONE(α(b))))).

We have thus that:

• If a power relation exists between roles that are enacted by
two agents then adelegateaction has as effect an obligation
for the recipient, that is, adelegateaction implements then a
form of “your wish is my command” principle.

• If a coordination link exists then theinform action automati-
cally leads to an epistemic state in the recipient, the content
of which consists in what has been communicated.

• If a control relation exists then themonitor action has as
further consequence the generation of an obligation for the
controller to achieve the state which the controlled actor was
supposed to bring about. However, we consider the control
relation to have also a normative aspect in that if an agent
has control over another agent, it is then obliged to monitor
it whenever it knows it has an obligation.

Some remarks are necessary. First, notice that we do not pro-
vide definitions of the relations, but just some consequences. Our
aim is to capture some essential traits of those notions rather than
providing a fully-fledged treatment of them. Different accounts of
the phenomena of power, coordination and control are possible and
would not harm the generality of the core thesis of our approach,
i.e., organizational structure is multiple and enhances the effects,
i.e., the postconditions, of agents’ activities.

Secondly, notice that we understand those relations essentially as
guaranteeing some effects to the basic actions ofdelegate, inform
andmonitor. Intuitively, if a power relation holds between rolesr
ands, all delegation acts performed by an agenta enacting roler
on agents enacting roles succeed in creating an obligation for these
agents. Analogously, if a coordination relation holds between roles
r ands, all information acts performed by agents enacting roler
to agents enacting roles are successful in the sense that they create
knowledge in these agents. Notice that this is only one way of inter-
preting this relation based on considering coordination essentially
as “the process of managing interdependencies between activities”
([7]) with respect only to the flow of knowledge between agents.
The relation can alternatively get a normative flavor, expressing that
agentsshould inform another agent if they are connected through a
coordination link. Finally, if a control relation holds between roles
r ands, all monitoring acts performed by agents enacting roler
on agents enacting roles do not only create knowledge in the con-
troller about the relevant state of affairs (see Definition 4), but they
also determine an obligation for the controller in case the controlled
agent did not perform the action that is monitored. This indicates
some kind of taking responsibility for a failure.
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1 Power(r, s) ∧ Coordination(r, s) ∧ Control(t, s) ∧ rea(a, r) ∧ rea(b, s) ∧ rea(c, t) ∧Gaφ ∧ [α(b)]φ
2 [delegate(a, b, φ)]Obφ
3 [delegate(a, b, φ)]KaObφ
4 [inform(a, b, Obφ)]KbObφ
5 [delegate(a, b, φ)] [inform(a, b, Obφ)]KbObφ
6 [monitor(c,DONE(α(b)))] (¬φ→ Ocφ)
7 [m1onitor(c,DONE(α(b))]Kc(¬φ→ Ocφ)
8 [delegate(a, b, φ)] [inform(a, b, Obφ)][monitor(c,DONE(α(b))]Kc(¬φ→ Ocφ)
9 [delegate(a, b, φ)] [inform(a, b, Obφ)][monitor(c,DONE(α(b))](Kc¬φ→ KcOcφ)
10 [delegate(a, b, φ)] [inform(a, b, Obφ)][monitor(c,DONE(α(b))](Kc¬φ→ KcOcφ) ∧Obφ ∧KbObφ.

Figure 1: Deriving the effect of structure

4.2 Properties of Structures
This formal characterization of the three basic dimensions of

structure in organizations allows us to give a concrete and rigor-
ous meaning to some simple properties of this structure. In what
follows some properties of digraphs are listed and an intuitive in-
terpretation of them in terms of Definition 2 and Definition 5 is
provided.

Existence of anRk-path between two elements.A RPower -
path betweenr ands of lengthn > 1 determines the possibility, for
the intermediate actors, to delegate delegated goals. Analogously, a
RCoordination -path betweenr ands of lengthn > 1 determines the
possibility, for the intermediate actors, to transmit the received in-
formation. If the coordination structure is strongly connected (i.e.
there is a path between any two points in the graph) then infor-
mation can be shared between all agents in the organization. For
power and coordination, the shorter the path the quicker and the
more efficient is the generation of obligations and the transmission
of knowledge. ARControl -path betweenr ands of lengthn > 1,
instead, corresponds to a sort ofcontrol of the controllerchain. In
this case, the longer the path, the tighter can be the control.

Existence of a source.In a power structure the existence of a
unique source for theRPower relation would express the so-called
unity of command principleor, to use the terminology of [23], the
existence of ahighest competence, that is, a sort of source (ideal
or embodied) of all tasks of the organization. The length of the
RPower -paths emanating from the source gives the measure of the
distance of each element from the source. If the power structure is
intransitive, the existence of a unique source formalizes the idea of
a pyramidal shape of the organization, also known asscalar prin-
ciple. This principle is not implemented in organizations in which
more sources for theRPower relation exist. In this case, symmet-
ric RPower links connect the sources determining the absence of
a highest single competence, but, on the other hand, the presence
of a cluster of roles forming a sort of oligarchy. A source for the
RCoordination relation can be seen as a form of transmission point
for the whole organization. In this case, a unique source is obvi-
ously not recommendable, it implying the absence of any feedback
(symmetric link) toward the source itself. Such a property would
instead be less undesirable for the control structure, it implying the
existence of an actor which either can monitor everything or can
monitor the performance of all controlling actors of the organiza-
tion.

Indegree of an element equal to 1.In a power structure, an el-
ementd having idPower = 1 would represent a role to which only
one superordinate role can delegate tasks. If the indegree of all the
elements that are not the source is 1, then commands flow through
the power structure according to what is usually called, in organiza-
tion theory, anunambiguous chains of commands. If the indegree
is higher than 1, the delegation can give rise to redundancies and

ambiguities, generating the possibility of authority conflicts, as for-
mally described already in [13]. On the other hand, ambiguity can
happen to be useful in cases in which more flexibility is required,
so that the chain of command can remain intact despite the loss of
an actor. Analogously, redundancies are particularly useful from
the point of view of a coordination structure, where a multiplicity
of communication channels is often recommended, and of a control
structure, where the more are the controllers, the more efficiently
implemented is the monitoring activity.

Outdegree of an element equal to 1.In a power structure, an
elementd having odPower = 1 denotes an element with low direct
power. Notice that a source in the structure, though occupying a
position from which it can reach every other element, if it has out-
degree 1 it has direct power only on the first subordinated element
(to which it is linked via aRPower -path of length 1). This, together
with the uniqueness of the source, corresponds to a quite standard
vision of the so-called “hierarchies”. Interestingly, indegree and
outdegree are strictly related with the transitivity or intransitivity
of the relation at issue. For example, in a transitive “hierarchy”,
the source can reach everybody directly and indirectly; as a draw-
back, every point, except the source itself and those linked to it
via anRPower -path of length 1, are in a position of multiple au-
thority conflicts. Moreover, in this case, thescalar principleis not
met. With respect toRPower then, the choice for low outdegrees
appear to be a sensible structural solution. Coming to coordination
and control structures instead, higher outdegrees make more sense
since elements with outdegree higher than one denote that there are
roles which have a high communication possibilities and, respec-
tively, which control many different roles.

With this informal discussion we intended to show how basic
concepts of graph theory can be usefully imported and meaning-
fully interpreted in terms of organization theory, therefore showing
the usefulness of rigorous models of social structure such as the
one proposed in Definition 2 and Definition 5 on which our frame-
work is based. On this ground, formally specified taxonomies for
each dimension of organizational structure could be systematically
worked out and analyzed.

A further aspect needs though to be investigated, namely how the
three dimensions of power, coordination and control interact, and
how they should interact in soundly specified organization. A defi-
nition of sound organizational structure constitutes the basic result
of the following section.

4.3 Structural Interplay
In the previous sections we discussed aspects that appear to be

relevant for each of the structural dimensions considered in iso-
lation: first with respect to their effects on agents’ activities (Sec-
tion 4.1) and then with respect to their inherent structural properties
(Section 4.2). In this section we analyze how the different dimen-
sions might interact.
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Structure is necessary, first of all, in order to reassign goals via
new obligations (delegation). Because of this dynamics organiza-
tions need to distribute relevant knowledge (information), and im-
plement forms of performance assessment and recovery (monitor-
ing). Somehow, the interplay between these structural dimensions
lies in the delegation activity and is therefore based on the power
relation. This is in perfect accordance with many foundational in-
vestigations in the theory of organizations ([25, 23]). In particular:

delegation is the primordial organizational act, a pre-
carious venture which requires the continuous elabora-
tion of formal mechanisms ofcoordinationandcontrol
([25]).

This observation can be distilled in the following two principles:
organization structure should see to it that each agent is always
aware of its duties (an “ought implies know” principle); organiza-
tion structure should see to it that its objectives are met (a “suc-
cessful performance” principle). They can be expressed, inOrg,
as follows. For alla ∈ Ag, r ∈ AR andφ ∈ L0:

ought implies know Oaφ→ KaOaφ

successful performance obj(r, φ) →
_

a∈Ag

(Gaφ ∨Oaφ)

It is easy to see that the implementation of the “ought implies know”
can be met by aligning the coordination structure with the power
structure. The successful performance can never be guaranteed
as the agents are autonomous and subject to failure and thus can
always fail to meet their goals and/or obligations. The control
structure cannot guarantee a full implementation of the “success-
ful performance” principle. The effect of amonitor action in a
position of control is a new obligation for the controller if the goal
has not been achieved. In principle, also the controller can then
violate this obligation leaving the goal not achieved. This might
be considered an undesirable property, since it leaves the organi-
zation constitutively open to unsuccessful performances: in other
words the very result of the control structure is to guarantee the ac-
complishment of goals, or to further motivate that accomplishment
via norms. Nevertheless, this feature faithfully mirrors the nature
of human organizations where control and recovery activities are
also activities which are open to failure, and where the problem of
thecontrol of the controllersis an unsolvable issue. This explains
also why the principle of “successful performance” can therefore
be implemented only at some degree through adding iterated levels
of control. The more levels of controls are enacted, the stronger
the principle can be thought of being implemented:Control(a, b),
Control(c, b), Control(d, c), and so on, exactly as it happens in
human organizations.

These remarks are formally illustrated in Figure 1. The deriva-
tion is explained line by line in what follows: (1) is assumed; (2)
is obtained via (1) Definition 5 and MP; (3) via (2), Necessitation,
Accordance and MP; (4) via (1), Definition 5 and MP; (5) via (4)
and Necessitation; (6) via (1), Definition 5 and MP; (7) via (6), Ne-
cessitation, Accordance and MP; (8) via (7) and Necessitation; (9)
via (8) and Distribution; finally, (10) via (9) and Definition 4.

In Figure 1 is then displayed a derivation of the effect of the
simplest structural configuration: coordination and control guar-
antee that theinform andmonitor actions efficiently contribute to
the achievement of the delegated goals. The last line of the deriva-
tion can be seen as displaying the basic organizational performance
unit: a delegation action followed by at least one information action
and by at least one monitoring action.

From this derivation we see that if we want to guarantee to some
extent that after a delegation through a power relation the delegated

action is actually performed, we should take care that the agent that
is obliged to perform the action also knows about this. This can
only be ensured through a successful inform action to that agent
through a coordination link that is either direct or indirect. If we
also want to have a back-up in case of failure we should make sure
that there is an agent monitoring the delegated action through a
control link.

As a result, our analysis delivers a representation of organiza-
tions as triple structures. If we want the organization to adhere
to some intuitive properties they should be constrained in order to
meet precise structural principles concerning the interplay between
power, coordination and control. This leads us to the following
definition ofsound organizationswhich extends Definition 2.

DEFINITION 6. (Sound Organizations)
A sound organization is a tuple:

〈Roles ∪Agents,RPower, RCoordination, RControl, Rea〉

whereRoles∪Agents is the finite set of roles and agents,Rea ⊆
Agents×Roles, andRPower, RCoordination, RControl are three
irreflexive binary relations onRoles such that∀r, s ∈ Roles:

RPower (r, s) ⇒ there exists aRCoordination−path
fromr to s;

RPower (r, s) ⇒ there exists at ∈ Roles

s.t.RControl(t, s).

The occurrence of a power relation between roler and roles re-
quires: first, in order for the structural principle “ought implies
know” to be met, the existence of a (finite) coordination path from
r to s so that effectiveinform actions can transmit the relevant
knowledge (essentially about obligations) of agents enacting role
r to agents enacting roles; second, in order for the structural prin-
ciple “successful performance” to (try to) be met, the existence of
at least an elementt (which, notice, might ber itself) which is in a
control relation withs.

5. CONCLUSIONS
In this work we argued for two central theses. The first thesis

consisted in holding that organizational structures exhibit at least
three relevant dimensions, namely the dimensions of power, dele-
gation and control and not just one. In addition, these three dimen-
sions have been also shown to need to be interrelated in precise
ways in order to give rise to sensibly designed organizational struc-
tures. In a nutshell, we therefore viewed organizations as multi-
structured objects. The second thesis consisted in considering the
effect of organizational structure on the agents involved in an orga-
nization specifically as what enhances the effects of agents’ activi-
ties such as delegating, informing and monitoring. On the basis of
these theses, we developed a multi-modal logic framework able to
represent structural configurations and reason about (some of) their
effects on agents.

Future work will be focused first of all on considering more
structural dimensions (such as the “empowering” dimension infor-
mally touched upon in Section 2) and on improving Definition 4
and Definition 5 in order to enable more detailed and elaborated
characterizations of the effects of organizational structures.
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