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Abstract. This paper introduces a general notion of elementary sys-
temic functions and shows how elementary systemic functions can be
instantiated as elementary social functions in agent societies, thus al-
lowing for a functional view of agent interactions. The paper shows a
way to interrelate elementary social functions and social dependence re-
lations, for social dependence relations determined by maintenance goals.
Also, the paper introduces the notions of elementary functional cycles
and elementary functional networks, with functional cycles constituting
the operational bases of functional networks, and shows how such struc-
tures interrelate to social dependence networks. An example social sys-
tem is analysed from this elementary functional point of view. Starting
from its social dependence network, an elementary functional network is
determined for such system. The distinction between elementary social
functions and maintenance goals is emphasized in the analysis of the
example.

1 Introduction

Functionalism has a large tradition in Social Sciences, having received since its
beginning both wide acceptance and strong criticisms [1]. Its central idea is that
of function – the satisfaction of a social need (either a need of a component of a
social system or a need of the social systems as a whole) through the performance
of an activity (either by a system component or by the social system as a whole).

In our work, we deal with agent societies from an interactionist point of view,
meaning that social relations are seen as interaction between agents, in the sense
of social exchange theories (cf. [2]). Thus, after some preliminary conceptual
clarifications on the notion of function as it applies to general systems – that
we call systemic function [3, 4] – we have been concentrating our efforts in the
formalization of a interaction-base notion of social function, as it may apply to
agent societies [5–7].
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In this paper, we reformulate, clarify and extend the formalization of our
interaction-based notion of social functions as it was presented in [8], introducing
a general notion of elementary systemic function, and the corresponding notion
of elementary social function, when that notion is applied to agent societies. In
Sec. 6, we claim that our elementary systemic functions seem to correspond to
Cummins’ elementary functions [9], since they are assumed not to be functionally
decomposable.

2 Elementary Functional Analysis

2.1 The Elementary Notion of Systemic Function

By the term elementary systemic function we mean a systemic function where:

– the notion of need is interpreted as an operational requirement, namely, that
the performance of an activity by a system component C2 requires, for its
accomplishment, that C2 interacts in a certain way with some other sys-
tem component C1, so that C1 provides C2 with some element e that is
indispensable for the correct execution of C2’s activity;

– the notion of satisfaction of a need is interpreted as the providing of the
elements e by C1 to C2;

– corresponding to the proposal in [8], that the idea that a function is being
performed by C1 for C2 is interpreted as meaning that the need of C2 is
satisfied by the interaction between C1 and C2 (not by the behavior of C1

as is often considered [10]).

In the following, we introduce our formalization of elementary systemic func-
tions.

Let C1 and C2 be two components of a system S, respectively executing
activities act1 and act2. We say that C1 executing act1 performs a function to
C2 executing act2, through the production of an element e, if and only if:

– the element e is produced by the activity act1;
– the element e is necessary for the proper realization of activity act2.

We denote the fact that a component C performs an activity act by (C : act),
and the fact that C1 executing act1 performs a function to C2 executing act2,
through the production of an element e, in system S, by

(C1 : act1) .eS (C2 : act2)

We generalize this initial idea by making explicit the notion that social func-
tions are interaction-based. Let C operate in S according to a behavior require-
ment BR which, besides establishing the operational requirements of C, imposes
an additional interaction requirement IR on some non-specified component, so
that the realization of BR by C is viable only if there is in S an additional
component whose behavior is such that it interacts with C in a way that meets
IR.



We denote the fact that a component C behaves according to a behavior
requirement BR by (C : BR). Similarly, we denote the fact that a component
C1 interacts with a component C2 in such a way that their interaction meets the
interaction requirement IR by (C1 : IR : C2).

Additionally, we denote the fact that a behavior requirement BR requires
the presence in S of a component capable of an interaction that satisfies the
interaction requirement IR by BR � IR.

Thus, we say that C1 performs an elementary function to C2 in S if and only
if:

– (C2 : BR2), that is, C2 operates according to a behavior requirement BR2;
– BR2 � IR1,2, that is, BR2 requires the presence of another component in
C1 that interacts with C2 in a way that satisfies the interaction requirement
IR1,2;

– (C1 : IR1,2 : C2), that is, C1 interacts with C2 in a way that meets the
interactional requirement IR1,2.

We denote the fact that C1 performs an elementary function to C2 in S by
interacting with C2 in a way that meets the interaction requirement IR imposed
by the behavior requirement BR of C2 by

(C1 : IR : C2) .S (C2 : BR)

We say that C1 is the performer of the function, and that C2 is its beneficiary.

2.2 The Composition of Elementary Functions

Let’s consider a situation in which C1 performs a function to C2 and C2 performs
a function to C3, namely,

(C1 : IR1,2 : C2) .S (C2 : BR2) and (C2 : IR2,3 : C3) .S (C3 : BR3)

It should be clear that there is no general way to say that, in such situation,
C1 performs a function to C3, for that would be the case only if BR2 were
involved in the performance of the interaction between C2 and C3, that is, only
if the contribution of C1 to the realization of BR2 would also be a contribution,
through IR2,3 to the realization of BR3.

In such case, however, we would be justified in deducing that C1 would
be performing a function to C3: we would say that the two given elementary
functions would compose to form the third one.

Let’s denote by (IR1,2|BR2|IR2,3) the fact that a system component C1 in-
teracting with a system component C2 according to the interaction requirement
IR1,2 makes viable the performance of the behavior requirement BR2 by C2 has
as a consequence to make viable that the interaction between C2 and C3 meets
the interaction requirement IR2,3.

Then, the following deductive rule can be adopted, establishing the conditions
under which on can derive the composition of two elementary functions:



(C1 : IR1,2 : C2) .S (C2 : BR2) (IR1,2|BR2|IR2,3) (C2 : IR2,3 : C3) .S (C3 : BR3)

(C1 : (IR1,2|BR2|IR2,3) : C3) .S (C3 : BR3)

Whenever convenient, we may denote (IR1,2|BR2|IR2,3) by IRBR2
1,3 .

2.3 The Notion of Elementary Functional Cycle

An elementary functional cycle (of length n) is any set of elementary function
performances

(C0 : IR0,1 : C1) .S (C1 : BR1)

(C1 : IR1,2 : C2) .S (C2 : BR2)

...

(Cn−1 : IRn−1,0 : C0) .S (C0 : BR0)

where, for 0 ≤ i ≤ n − 1, each (Ci : IRi,i⊕1 : Ci⊕1) .S (Ci⊕1 : BRi⊕1) is an
elementary function performance in the system S (where i⊕1 = (i+ 1) mod n).

Clearly, in any system S, the smallest possible functional cycle has the form
of the 2-cycle

(C0 : IR0,1 : C1) .S (C1 : BR1)

(C1 : IR1,0 : C0) .S (C0 : BR0)

The notion of elementary functional cycle is independent of the notion of
composition of elementary functions, in the sense that for each two consecutive
functions in the cycle, a composition between them may or may not occur.

A functional cycle is said to be ill-formed if every two consecutive functions
in the cycle can be composed, so that each component ends up performing a
function to itself, that is (with i	 1 = i− 1 mod n):

(Ci : IR
BRi⊕1,...,BRi	1

i,i	1 : Ci	1) .S (Ci : BRi)

2.4 The Notion of Elementary Functional Network

A functional network in a system S is a structure (C,F) where C is a set of
components of S and F is a set of functions performed by the components C of
S, such that for each component Ci ∈ C there is at least one component Cj ∈ C
such that either Ci performs a function for Cj , i.e., (Ci : IRi,j : Cj).S (Cj : BRj),
or Cj performs a function to Ci, i.e., (Cj : IRj,i : Ci) .S (Ci : BRi).

A functional network may contain zero or more functional cycles, each func-
tional cycle with zero or more compositions.

A functional network is said to be closed if for any (Ci,BRi) there are
(Cj ,BRj) and (Ck,BRk), with i 6= j and i 6= k, such that

(Cj : IRj,i : Ci) .S (Ci : BRi)

(Ci : IRi,k : Ck) .S (Ck : BRk)



The smallest closed functional network has the form

(C0 : IR0,1 : C1) .S (C1 : BR1)

(C1 : IR1,0 : C0) .S (C0 : BR0)

An open functional network is a functional network that is not closed.
The smallest open functional network has the form

(C0 : IR0,1 : C1) .S (C1 : BR1)

We write .S simply as ., when which system S is being referred to can be
understood from the context.

2.5 Elementary Functional Analysis of Agent Societies

A social function in an agent society S is a function that a social component C1

(agent, group of agents, organization, etc.) performs for another social compo-
nent C2 in S. Correspondingly, one may define the notions of social functional
cycle and social functional network in S.

We notice that we take the notion of social function in a sense that is wider
than that taken in [11, 12], for we don’t require that there be “cognitive media-
tors” of social activities in the social components of the agent society, for their
activities to be considered functions.

In other words, our elementary notion of function aims to treat in a unified
way both the cognitive approach to social functions defended in [11, 12] and
the non-cognitive approach to social functions defended in sub-symbolic AI (cf.,
e.g., [13] and [14]), allowing – for instance – the modelling of the function per-
formed by a non-cognitive agent for a cognitive agent (or else, by a cognitive
agent for a non-cognitive one).

The elementary social functions so defined are considered to be elementary
in the sense that are not amenable to functional decomposition (cf. Sec. 6).

3 The Notion of Objective Social Dependence

The theory of social dependence relations [15] states that social organization
arises from social phenomena (power, influence, etc.) that emerge from social
dependence relations that are objectively established between agents when agents
operate in a shared environment.

As such, social dependence relations – and the social dependence networks
that aggregate the set of social dependence relations that exist in a society – are
thus seen as a foundation for social organization and for society itself.

An essential feature of the notion of social dependence relation is the part
that cognition plays in its definition: dependence relations that are established
between agents derive from both cognitive notions such as agent goals and plans,
and non-cognitive notions such as environmental resources and the agents’ ca-
pabilities of action performance.

In the following, we summarize – in a way suitable for our present purposes
– the formal notion of social dependence relation as it was introduced in [15].



3.1 Objective Social Dependence Relations

Let ag1 and ag2 be two agents of an agent society S that respectively have tasks
θ1 and θ2 to perform, the tasks being respectively determined by θ1 = (g1, ε1)
and θ2 = (g2, ε2), that is, the task of agent ag1 is to achieve goal g1 by using
some element (resource, action, behavior, etc.) ε1 and the task of agent ag2 is
to achieve goal g2 by using some element ε2.

We say that the agent ag1 depends on agent ag2, with respect to goal g1 and
element ε1 if, at the time t at which ag1 tries to achieve g1, agent ag1 does not
have access to element ε1 and if, at that time, agent ag2 can provide the access
to element ε1 to agent ag1.

Formally, the dependence of ag1 on ag2, with respect to the goal g1 may be
denoted either by DepS(ag1, ag2, ε1, g1) or else as

(ag1 ≺ ag2 : ε1 ≺ g1)S

.
We say that there is a bilateral dependence between ag1 and ag2, with respect

to the goals g1 and g2 if DepS(ag1, ag2, ε1, g1) and DepS(ag2, ag1, ε2, g2).
Formally, we may also denote bilateral dependence relations by

(ag1 ≺� ag2 : ε1 ≺ g1 ∧ g2 � ε2)S

The bilateral dependence between ag1 and ag2 relatively to g1 and g2 is said
to be a mutual dependence if g1 = g2 = g, with g being called a collective goal.
Otherwise, the bilateral dependence relation is said to be a reciprocal dependence,
with g1 and g2 being called individual goals.

The two consecutive social dependence relations may or may not give rise
to a transitive dependence relation. That is, let (ag1 ≺ ag2 : ε1 ≺ g1) and
(ag2 ≺ ag3 : ε2 ≺ g2) be dependence relations. Then, a dependence relation is
established by transitivity between ag1 and ag3, in the sense that ag1 depends
on ag3 providing element ε1 to achieve goal g1, if and only if the achievement of
goal g2 by agent ag2 is a necessary condition for ag2 to provide the element ε1
to ag1.

Let the fact that the achievement of goal g2 by agent ag2 is a necessary
condition for ag2 to provide the element ε1 to ag1 achieve goal ε1 be denoted by
(g2|ε1|g1).

Then, the following deductive rule can be adopted, establishing the conditions
under which on can establish the transitivity of two objective social dependence
relations:

(ag1 ≺ ag2 : ε1 ≺ g1)S (g2|ε1|g1)S (ag2 ≺ ag3 : ε2 ≺ g2)S

(ag1 ≺ ag3 : ε1 ≺ g1)S

The social dependence relations so defined are considered to be objective [15],
in the sense that their existence is not a consequence of the beliefs of the agents
about their respective situations.

Whenever convenient, we may omit the subscript S.



3.2 The Objective Notion of Dependence Cycle

An objective dependence cycle in a system of agents Ag is any ordered set of
social dependence relations

(ag0 ≺ ag1 : ε0 ≺ g0)

(ag1 ≺ ag2 : ε1 ≺ g1)

...

(agn−1 ≺ ag0 : εn−1 ≺ gn−1)

where, for 0 ≤ i ≤ n − 1, each (agi ≺ agi⊕1 : εi ≺ gi) is an objective social
dependence relation (where i⊕ 1 = i+ 1 mod n).

Clearly, the smallest possible dependence cycle has the form of the 2-cycle

(ag0 ≺ ag1 : ε0 ≺ g0)

(ag1 ≺ ag0 : ε1 ≺ g1)

which is a bilateral relation, which may or may not be a mutual dependence
relation.

The notion of objective dependence cycle is independent of the notion of tran-
sitive dependence relation, in the sense that for each two consecutive dependence
relations in the cycle, transitivity between them may or may not occur.

A social dependence cycle is said to be dead-locked if every two consecutive
dependence relations in the cycle gives rise to a transitive dependence relation,
so that each component ends up depending on itself for the achievement of its
goal, that is, for all 0 ≤ i ≤ n− 1:

(agi ≺ agi : εi ≺ gi)

3.3 Objective Social Dependence Networks

A social dependence network is a structure (Ag,D) where Ag is a set of agents
and D is a set of dependence relations established between the agents Ag, such
that for each agent agi ∈ Ag there is at least one agent agj ∈ Ag such that
either agi depends on agj for a element εi to achieve a goal gi, i.e., (agi ≺
agj : εi ≺ gi), or agj depends on agi for a element εj to achieve a goal gj , i.e.,
(agj ≺ agi : εj ≺ gj).

A social dependence network may contain zero or more social dependence
cycles, each social dependence cycle with zero or more transitivities.

A social dependence network is said to be closed if for any agent agi there
are agents agj and agk, with i 6= j and i 6= k, such that

(agj ≺ agi : εj ≺ gj)
(agi ≺ agk : εi ≺ gi)



The smallest closed dependence network has the form

(ag0 ≺ ag1 : ε0 ≺ g0)

(ag1 ≺ ag0 : ε1 ≺ g1)

which denotes a mutual dependence relation. An open social dependence network
is a social dependence network that is not closed.

The smallest open social dependence network has the form

(ag0 ≺ ag1 : ε0 ≺ g0)

4 Interrelating Social Dependence Relations and
Elementary Social Functions

Let (ag0 ≺ ag1 : ε0 ≺ g0) denote that agent ag0 is dependent on agent ag1
for obtaining the element ε0 necessary for the achievement of its goal g0. Let
(ag1 : IR1,0 : ag0).(ag0 : BR0) denote that agent ag1 is performing a function for
agent ag0 by interacting with it according to the interaction requirement IR1,0,
so that agent ag0 becomes able to behave according to the behavior requirement
BR0.

Give as such, these two formal statements can not be directly related to each
other, since the former concerns an internal, cognitive view of the way the two
agents are interrelated, while the latter concerns an external, functional view of
such interrelation, as illustrated in Fig. 1.

Fig. 1. Interrelating Social Dependence Relation and Elementary Social Function.

We claim, however, that by restricting the considered general notion of social
dependence relation to the particular case where the social situation involving the



agents is a persistent situation, so that the agents are supposed to be interacting
in a continued, persistent way, a natural interrelation arises between the social
dependence relation (ag0 ≺ ag1 : ε0 ≺ g0) and the performance of the elementary
social function (ag1 : IR1,0 : ag0) . (ag0 : BR0).

The basis of such possibility, as argued in the next subsection, is a change
of the notion of goal involved in the definition of social dependence relation,
from the notion of achievement goal – used in the original formalization of social
dependence relations [15] – to the notion of maintenance goal, which is more
appropriate for modeling the goals of agents in persistent situations.

4.1 Achievement and Persistent Goals, and the Organization of
Agent Societies

The notions of achievement and persistent goals are common parlance in the
multiagent systems area: an achievement goal is an environment state that an
agent may be required to bring about, while a maintenance goal is an environ-
ment state that an agent may be required to continuously keep the environment
in, or – more generally – to make the environment return to, as soon as the
environment deviate from it.

Societies, as any form of dynamical persistent systems, are crucially organized
around repetitive activities, that repeatedly restore the necessary conditions for
the system components to behave appropriately and, thus, contribute to the
operation of the system [16].

Agent societies should be no exception to such characterization of persistent
societies [17, 18]. As such, most of the agents that inhabit an agent society are
expected to behave in repetitive, periodic ways, contributing to the keeping of
the maintenance goals that the society requires from them.

4.2 Social Dependence Relations and Maintenance Goals

Thus, from a perspective focusing on the persistence of societies along time, not
their temporal evolution, one should conclude that maintenance goals are the
goals to which the agents of a society should be concerned.

Agents that behave in continued, periodic ways, involved in the maintenance
goals attributed to them by the society, can then be said to be performing social
functions.

Thus, one concludes that in the general case, social functions are related to
maintenance goals, not to achievement goals, and that any attempt to interrelate
social dependence relations – which are directly related to agent goals – and social
functions, should reformulate the concept of social dependence relations so that
they are defined in terms of maintenance goals, not achievement goals.

4.3 Interrelation between Social Dependence Relations and
Elementary Social Functions

We establish the interrelation between social dependence relations and elemen-
tary social functions through two informal propositions and an informal corollary.



Also, we establish an immediate consequence of these results, for the method-
ology of the analysis of agent societies. Finally, we state a theorem about the
interrelation of the transitivity of social dependence relations and the composi-
tion of elementary social functions (propositions, corollary and theorem are not
formally proved, only informally argued for).

Proposition 1. Let (ag0 ≺ ag1 : ε0 ≺ g0) and (ag1 : IR1,0 : ag0) . (ag0 :
BR0) respectively denote the existence of a social dependence relation and the
performance of an elementary social function, and let g0 stand for a maintenance
goal.

We observe that not only the behavior of agent ag0 is required to be a periodic
behavior, in order to realize g0, but the availability of the element ε0 to ag0 should
– in general – also be required to be periodic, implying that the behavior of ag1
to furnish ε0 to ag0 should itself be required to be periodic.

In such a general situation, it should be clear that the transmission of ε0
from ag1 to ag0 should require a certain amount of coordination between the two
agents, that is, a certain interaction requirement should be established between
them.

Thus, the fact that a social dependence relation (ag0 ≺ ag1 : ε0 ≺ g0) between
agents ag0 and ag1 concerns a maintenance goal g0, in a persistent social context,
implies that one way for the successful realization of g0 is the performance of an
elementary social function (ag1 : IR1,0 : ag0). (ag0 : BR0), where BR0 is so that
IR1,0 requires that the element ε0 be persistently transferred from ag1 to ag0, for
that is one way that the behavior requirement imposed on ag0, corresponding to
the task of realizing g0, can be met, if ag0 is to count on ag1.

Formally, we write this proposition as:

∀(ag0 ≺ ag1 : ε0 ≺ g0)∃BR0, IR1,0 · (ag1 : IR1,0 : ag0) . (ag0 : BR0)

That is, for each social dependence relation (ag0 ≺ ag1 : ε0 ≺ g0) established
between agents ag0 and ag1 in a persistent social context there exist a behavior
requirement BR0 and an interaction requirement IR0, with BR0 ⇒ IR0, such
that (ag1 : IR1,0 : ag0) . (ag0 : BR0), that is, ag1 performs a function for ag0,
adequately supporting ag0 in its behaving as required by BR0.

In a simplified way, we denote this proposition by

(ag0 ≺ ag1 : ε0 ≺ g0)⇒ (ag1 : IR1,0 : ag0) . (ag0 : BR0)

Proposition 2. Correspondingly, it should be clear that the continued perfor-
mance of an elementary social function by an agent ag1 for an agent ag0, in a
persistent social context, implies that ag0 is dependent on ag1 for the realiza-
tion of some goal g0, and that g0 should be a maintenance goal, otherwise there
would be no need for the function to be performed in a continued way. Moreover,
a periodic furnishing of some element ε0 should be involved in the interaction
between the two agents, otherwise there would also be no need for the continued
interaction between them.



Thus the fact that an elementary social function (ag1 : IR1,0 : ag0) . (ag0 :
BR0) is being performed by agent ag1 for agent ag0, in a persistent social context,
implies that a social dependence relation should exist between agent ag0 and agent
ag1.

Formally, we write this proposition as:

∀(ag1 : IR1,0 : ag0) . (ag0 : BR0)∃g0, ε0 · (ag0 ≺ ag1 : ε0 ≺ g0)

That is, for each elementary social function (ag1 : IR1,0 : ag0) . (ag0 : BR0)
being performed by agent ag1 for agent ag0 in a persistent social context there
exist a maintenance goal g0 that agent ag0 should maintain and an element ε that
ag1 periodically provides for ag0, with ε ≺ g0 such that (ag0 ≺ ag1 : ε0 ≺ g0),
that is, ag0 is socially dependent on agent ag1 for periodically obtaining the
element ε0 for the realization of the maintenance goal g0.

In a simplified way, we denote this proposition by

(ag1 : IR1,0 : ag0) . (ag0 : BR0)⇒ (ag0 ≺ ag1 : ε0 ≺ g0)

From the above two propositions, we derive the following corollary:

Corollary 1. Whenever two agents are interacting in a continued way in a per-
sistent social context, we may say that at least one of them is socially dependent
on the other, and that the latter is performing an elementary social function for
the former.

Now we state a theorem about the preservation of both the transitivity of
social dependence relations and the composition of social functions.

Theorem 1. Let (ag0 ≺ ag1 : ε0 ≺ g0) and (ag1 ≺ ag2 : ε1 ≺ g1) be social
dependence relations such that the social dependence relation (ag0 ≺ ag2 : ε0 ≺
g0) can be derived by transitivity.

Let (ag1 : IR1,0 : ag0) . (ag0 : BR0) and (ag2 : IR2,1 : ag1) . (ag1 : BR1) be
elementary social functions.

a) If the interrelations (ag0 ≺ ag1 : ε0 ≺ g0)⇒ (ag1 : IR1,0 : ag0) . (ag0 : BR0)
and and (ag1 ≺ ag2 : ε1 ≺ g1) ⇒ (ag2 : IR2,1 : ag1) . (ag1 : BR1) are valid
then the following interrelation is also valid:

(ag0 ≺ ag2 : ε0 ≺ g0)⇒ (ag2 : IR2,0 : ag0) . (ag0 : BR0)

b) If the interrelations (ag1 : IR1,0 : ag0) . (ag0 : BR0)⇒ (ag0 ≺ ag1 : ε0 ≺ g0)
and and (ag2 : IR2,1 : ag1) . (ag1 : BR1) ⇒ (ag1 ≺ ag2 : ε1 ≺ g1) are valid
then the following interrelation is also valid:

(ag2 : IR2,0 : ag0) . (ag0 : BR0)⇒ (ag0 ≺ ag2 : ε0 ≺ g0)



4.4 Interrelating Social Dependence Networks and Elementary
Functional Networks

Once a set of interrelations between social dependence relations and elementary
social functions has been established in a given social context of an agent soci-
ety, a simple procedure can determine the well-formedness of the interrelation
between the social dependence network and the elementary functional network
respectively constituted by those social dependence relations and elementary
social functions.

Let DN = (Ag,D) be a social dependence network and FN = (Ag,F) be
an elementary functional network in an agent society S.

We say that DN and FN are interrelated in a well-formed way in S if and
only if:

a) for every social dependence relation (ag0 ≺ ag1 : ε0 ≺ g0) there is at least
one elementary social function (ag1 : IR1,0 : ag0) . (ag0 : BR0) such that

(ag0 ≺ ag1 : ε0 ≺ g0)⇒ (ag1 : IR1,0 : ag0) . (ag0 : BR0)

b) for every elementary social function (ag1 : IR1,0 : ag0) . (ag0 : BR0) there is
at least one social dependence relation (ag0 ≺ ag1 : ε0 ≺ g0) such that

(ag1 : IR1,0 : ag0) . (ag0 : BR0)⇒ (ag0 ≺ ag1 : ε0 ≺ g0)

so that the interrelations defined in (a) and (b) respectively preserve the inter-
relation between the transitivity of social dependence relations and the com-
position of elementary social functions, as established in parts (a) and (b) of
Theorem 1.

5 Social Dependence Relations and Elementary Social
Functions in a Sample Social System

In this section we illustrate the kind of functional analysis allowed for by the
notion of elementary social function.

Let’s consider a sample social system 1, composed of two persons, called
Mother and Child (cf. example in [12]), where Mother has as goal “To pre-
vent decay in Child ’s teeth” (≡ prevChDec) and Child has as goal “To keep
Mother happy” (keepMomHappy), which we assume are maintenance goals of
those agents.

The way for Child to prevent decay in his own teeth is “To brush teeth every
day” (≡ brChTeeth). So, Mother is dependent on Child for her maintenance
goal:

(Mother ≺ Child : brChTeeth ≺ prevChDec)

1 Cf. the original version of this example in [11].



On the other hand, Child is dependent on “Mother knows that Child brushed
his teeth” (≡ knowMomChBr), to realize his goal:

(Child ≺ Mother : knowMomChBr ≺ keepMomHappy)

Clearly, prevChDec and keepMomHappy being maintenance goals, the be-
haviors brChTeeth and knowMomChBr should be periodic behaviors that repeat
themselves in time.

The situation, then, can be characterized in a functional way, with Mother
and Child performing elementary social functions for each other.

To determine that functional characterization, one should determine the be-
havior and interaction requirements that characterize the situation operationally.
For that, we take the following specifications:

BRMother ≡ Mother repeatedly perform knowMomChBr

BRChild ≡ Child repeatedly perform brChTeeth

IRMother ,Child ≡ Mother repeatedly instigates Child to brChTeeth

IRChild,Mother ≡ Child repeatedly shows brChTeeth in such a way that Mother can

knowMomChBr

Clearly, we have that each behavior requirement implies the corresponding
interaction requirement:

– BRMother ⇒ IRChild,Mother

because Mother can knowMomChBr only if Child does brChTeeth in a way
that makes knowMomChBr possible, because – this is an implicit assumption
in the story – keepMomHappy can happen only if knowMomChBr ;

– BRChild ⇒ IRMother ,Child

because – this is an implicit assumption in the story – Child repeatedly
brChTeeth only if Mother repeatedly instigates Child to do so.

Thus, we can recognize that the following elementary social functions are per-
formed by the agents for each other:

– (Mother : IRMother ,Child : Child) . (Child : keepMomHappy)
that is: Mother , repeatedly instigating Child to brChTeeth, unintendedly
interacts with Child in a way that allows for Child to realize his maintenance
goal of keepMomHappy ;

– (Child : IRChild,Mother : Mother) . (Mother : prevChDec)
that is: Child , repeatedly doing brChTeeth in order to knowMomChBr , un-
intendedly interacts with Mother in a way that allows for Mother to realize
her maintenance goal of prevChDec.

This illustrates two important points concerning the functional analysis of social
systems. On one hand, the distinction between the maintenance goals of the
agents and the social functions that they perform for each other.

On the other hand, the way teleology (the intended search for goals) in-
terrelates to elementary social functions: intended goals appear in connection



to the interaction processes that perform those functions, that is, as intended
interactions that have unintended consequences.

Figure 2 illustrates the interrelation between the elementary social functions,
which allow the behaviors to occur, and the social dependence relations, where
the maintenance goal of each agent can only be realized on the basis of the (per-
sistent) co-operation of the other agent. Figure 2 also makes clear the particular
notion of interaction that we have been using: (persistent) action causation.

Fig. 2. Analysis of the elementary social functions and social dependence relations in
the Mother-Child example.

6 Related Work

The literature on functionalism in both in Social Sciences and Engineering is
overwhelming. Besides the references mentioned in the Introduction, we remark
here R. Merton’s work (e.g., [19]), as the source of a critical appraisal and pro-
posal of systematization of the functional approach to social systems.

In the area of Multiagent Systems, the works most relevant for our proposal
are from Cristiano Castelfranchi [11, 12], although we can not relate here, in
detail, our proposal to his considerations.

We mention only that both [11] and [12] tend to consider social dependence
relations which are concerned with agent goals that are achievement goals (which
leads the theory to consider agent interactions that are essentially episodic),
while we consider social dependence relations concerned with agent goals that
are maintenance goals (which leads us mainly to the consideration of persistent
agent interactions).



Finally, we mention Cummins’ proposal for a compositional notion of func-
tion [9]. It seems that our elementary systemic functions (and, so, our elementary
social functions) are Cummins elementary functions, in the sense that they are
not amenable to functional decomposition. And, we notice that situations func-
tionally analyzed with elementary social functions seem to pass the adequacy
test proposed by Abrahamson [20].

7 Conclusion

In this paper, we have reformulated and largely extended previous results that
we have produced in our search for an adequate functional approach for agent
societies. We have introduced an interaction-based notion of elementary systemic
function and its social counterpart, elementary social function, and showed how
elementary social functions interrelates to social dependence relations. We de-
fined additional, complementary notions, such as elementary functional cycles,
elementary functional networks, and composition of elementary social functions.
Also, we have illustrated the use of the notion of elementary social function in
the analysis of a sample social interaction between two agents.

To say that ag1 performs an elementary social function for ag2 is to say
that ag1 and ag2 interact in a way that allows for ag2 to realize a certain main-
tenance goal. Thus, the notion of elementary social function should be clearly
distinguished from that of maintenance goals, as mentioned at the end of Sec. 5,
a fact that is strongly related to both to the idea of unintended consequences of
intentional actions and to the distinction between the performances of manifest
and latent social functions (an idea and a distinction the importance of which
was strongly emphasized by Merton [19] – cf. also [11, 12]).

The analysis of the interrelation of elementary social functions to unintended
consequences of social actions and manifest/latent social functions, however, can
not be made here and should wait further work. The relationship between el-
ementary social functions and the feed-back model of implementation of social
functions through cognitive representations detailed in [11] should receive future
considerations. Also, the application of the notion of elementary social function
to the functional analysis of organizational interactions in agent societies [18]
should wait further work. And, a compositional approach in the vein of Cum-
mins [9], for our interaction-based notion of social functions, is also in need.
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