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Abstract. We describe the problems and issues that have emerged
during the development of an application using multiagent systems to
test a hypothesis about the development and impact of social norms
that affect the reproduction of small scale hunter-gatherer societies.

1 The problem
The current normal archaeological record (prehistoric) does not give
direct answers to questions relative to the social organisation (that is,
to the kind of relations between people for production and biolog-
ical and social reproduction). Thus for instance we ignore actually
how was the sexual division of labour or if structural disymmetry be-
tween sexes did exist in the oldest Prehistory. No hypothesis has been
yet verified about the origin of this division and disymmetry and the
causes of their continuity or change. These are essential questions if
we want to do an objective analysis of the present state, a diagnosis,
and a prospective of future possibilities of the social relationships.

1.1 Starting point
From a systematic and objective analysis of the written and graphic
sources about small scale ethnographic societies (societies with a
subsistence system similar to that of the first fully human societies)
we state two universals: sexual division of the activities and structural
asymmetry between women and men [4].

These small-scale societies are self-regulated and without central
institutions5 but with strict norms that regulate social behaviour.
Their norms regulate the relations and conform the morphology of
the societies. They are not subject to specific institutions but seem to
be part of the cultural baggage, of the tradition, of what has always
been [3].

1.2 Hypothesis
Structural inequality between men and women is linked to the need
of limiting the demographic grow in hunter-gatherer societies. The
high reproduction capacity in humans had to be limited. Reducing
the number of females that arrive to the reproduction was the most
effective way to accomplish that goal. Restrictive social rules, as well
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as the undervaluation of women were a simple way to arrive to the
desired effect. This damage to part of the society (women) in the
short term could be supported because the collective advantages at
a long term. This is a structural feature in hunter-gatherer societies,
because without asymmetry the restriction in reproduction would not
have had take place, due to the little control over their own biology.

1.3 Objectives
Objective 1: To establish the basis of a general model of regulated
normative social behaviour in small-scale societies without political
institutions but with strict social rules.

Specific objective: To study mechanisms of self-organisation and
distributed social control (such as reputation / prestige), which are
generators, and maintainers of social norms in human societies. This
can be translated to virtual environments. We want to study the mech-
anisms that make a set of rules become dominant and are used (and
maintained) by the majority of members of a society. We believe that
the existence of such shared norms is the kernel that constitutes the
society” and are therefore internalised. We refer to social norms that
emerge from a decentralised interaction between members of a col-
lective and are not imposed by any authority [1].

The objective of the simulations is to answer questions like:

• How does the normative system determine the viability of a soci-
ety?

• What norms are essential to the sustainability of a social system
in a specific environment?

• Could other regulatory systems have the same effect in the society
in that environment?

Finally

• Contrast the efficiency of norms for the group survival.
• Analyse in which environments are these regulatory mechanisms

successful.
• Study the positive and negative consequences on the group.

Objective 2: Refine hypotheses about the mechanisms of assump-
tion, transmission and maintenance of norms that allowed inequality
in hunter-gatherer societies. Detect what indicators (the materiality)
will enable us to demonstrate the existence that can generate propos-
als of how to get a proper archaeological record in the study for the
origins of the variety in human social relations.

Objective 3: From an artificial intelligence perspective, to develop
a simulation platform where the normative system is both the kernel
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and the main research subject of the simulation. In other words, the
purpose of the simulations is to answer questions like: How the nor-
mative system determines the viability of a society? Which norms
are essential for its sustainability in that specific environment? Could
other normative systems have the same effect on that society in that
environment? How much does the normative system contribute to the
sustainability and prosperity of a society? [5, 2]

2 Methodology and challenges

The emergence and operation of such norms is a critical issue that
has stimulated repeated trials. But never before the experimentation
in Social Sciences has explored the emerging scientific space gen-
erated on the confluence of different disciplines like: Ethnography,
Archaeology and Artificial Intelligence in this topic.

We propose an approach for the design of multiagent simulations
of human societies, in which the regulatory system is both the core
and the main research topic of the simulation. The possibility to play
with social norms in a multiagent system based on the simulation will
help us understand how human societies processes react, answering
questions such as:

1. What would be the most efficient set of norms to meet the target
of demographic sustainability.

2. How far is the actual system from the optimal. And lastly to ex-
plain why can a normative system be so resilient despite the dis-
tance from the optimal.

2.1 Steps

2.1.1 Convening a common language

One of the most challenging previous tasks for both partners, the
social scientist and the computer scientist, was the establishment of
a common language. We stated that the standardisation of the natural
language in different disciplines has developed gradually a bias in the
meaning of those concepts used normally. Apart from this problem,
there is another set of procedures, epistemological assumptions and
conventions that must be understood by both parties. This is not a
trivial effort. If you do not build a good starting the final result can
be frustrating for both partners, as we have stated in other attempts
of previous researches.

2.1.2 Sorting out the social theories to construct the basis
of the model

The next step has been to find and select the definitions and social
theories of those characters, processes and social relationships and
behaviour that have had greater consensus. We need a number of
starting points and anchors to launch our verification and also for
calibrating the vectors, algorithms and formulations that we will use
in the construction of the model and the programming of the agents
characters and their behaviour. Although a priory it was thought that
this would be a relatively easy step, this has not been the case. The
fragmentation of the social sciences makes it difficult to look at such
diverse sources to synthesize a series of axiomatic starting points
completely consensual. Furthermore, the definition of what makes us
basically humans also falls in the field of life sciences, which have
failed to act either experimentally to verify their preconceptions. So
the same parameters we use in the construction of the system have
themselves become subject of experimentation.

2.1.3 Defining agents, variables and their life course

Using a set of parameters perfectly defined and identified in the liter-
ature, we defined our agents through a series of variables and states
they go through along their life. These characters basically refer to
those variables that are significant in making decisions and launch
actions related to social reproduction. We set a general environment:
a network composed of different levels, from the unit of close re-
production (a family) to the whole reproduction network (from an
ethnical entity) and a general character of the society that will be
distributed among the agents (i.e. rate of accidents, health, gender,
mortality and fertility rates...).

2.1.4 Sorting the main social rules in actual
hunter-gatherer societies and formalising them

To start our realistic simulations we have chosen four sub-actual
hunter-gatherer societies, ethnographically well documented. These
have been chosen taking into account the variability in the natural
environment and the social complexity. We have compiled all the
relevant ethnographic information and selected all the explicit rules
of behaviour, social fables and morals that may affect social repro-
duction. Once sorted by their application to different segments of
society, status, age and gender we have simplified them so they can
be represented using a formal language.

2.1.5 The computational model

In contrast with more traditional archaeology simulators focused on
resources and their management – our focus is on interactions among
individuals and the regulation of those interactions through norms. In
our approach the normative system establishes what an agent should
and shouldn’t do but, at the same time, an agent is free to follow or
not the norms according to its personal goals.

The behaviour of an agent is determined by its current goals, its
internal state, a set of social norms that regulates a context and its
willingness to observe those norms. While the goals and the internal
state are specific of each agent, the norms that regulate the behaviour
are common and assumed to be known for all the agents in the sim-
ulation.

A norm in our simulator has a set of antecedents and a set of con-
sequents. There can be two types of antecedents in a norm: facts
about the internal state of the agent or the relationships of the agent
with other members of the society (for example,“age<1”) and ac-
tions that have to be performed so the norm is activated (for example
go-hunting). If all the antecedents are satisfied (in our example that
the agents age is below 13 and the agent decides to go hunting), the
consequents reflect: (i) how the internal state of the agent will change
and (ii) if there are some actions that will be performed as a conse-
quence. The norm can have also consequents that will become active
if the norm is not observed. The actions in the consequents will in-
duce new changes (on top of those associated directly to the norm) in
the internal state of the agent once they are performed. An example
of a norm is: If a man is married and his wife has a very low prestige
level the man can divorce. In that case the woman will fall into dis-
grace. If the man does not divorce he will lose credit in front of the
other members of the society

This norm can be formalised as:

Antecedents:
- facts: man(X), woman(Y), married(X,Y),

prestige(Y)<low
- actions: divorce(X,Y))



If observed:
delete(married(X,Y)), prestige(X)=, prestige(Y)-

If not observed:
prestige(X)-

Where prestige(X)–, prestige(X)= means that the prestige of the
individual will decrease or remain equal respectively.

That is, if there is a man and a woman, they are married (as re-
flected by the social network), the prestige of the woman is very low
and the man decides to divorce, then the married relation is removed
from the social network, the prestige of the man remains untouched
and the prestige of the woman decreases even more. If the norm is
not observed (the man decides not to divorce) then the prestige of the
man decreases.

The norms are organised in normative levels. We distinguish three
different normative levels:

Basic level. Here we find all the norms and rules dictated by the
nature of the individual. Two types of norms/rules are found at this
level: biological rules like, for example, A woman do not become
fertile till she has the first menstruation and basic social norms, that
although are not biological we assume are also part of the nature
of the individual. The norms/rules at this level have only facts as an-
tecedents and therefore the agent cannot influence on their activation.
However, as we will see, the agent can decide to follow norms that
belong to higher normative levels that can cancel the activation of
certain norms/rules at this level.

Social level. The norms at this level are norms dictated by the
society as a whole. There is no central authority or institution that
imposes their observance but following or not one of these norms
usually has implications in terms of how the individual will be con-
sidered among the other members of the society. The social position
of an individual influences the kind, frequency and quality of inter-
actions she can have.

Institutional level. Finally, at this level we find those norms dic-
tated by central authorities and institutions. Apart from the social
consequences in front of the rest of the society, not following one
of these norms normally imply sanctions coming from the central
authority. Although this level is not relevant for the current objective
(we are dealing with societies without central authorities), it has been
included for completeness and for future uses of the model.

Norms in the basic level define the default behaviour of the agent.
The social and institutional levels modulate this default behaviour by
reinforcing or restricting specific conducts. In our model an individ-
ual can decide to follow or not the norms in the social and institu-
tional levels and by so doing, modify the default behaviour.

In addition to the three constructs just mentioned the state of the
internal variables of an agent, its personal goals and the normative
system there is a fourth element that determines the behaviour of an
individual in our model: the social relationships. We assume that all
the members of the society know about these social networks.

An agent in the simulator is defined by a set of internal variables
that describe the state of the agent at each simulation step. Agents
also have personal goals and satisfying those goals is their ‘raison
d’être’. Each goal has an associated strength that represents the rele-
vance of that goal for the agent.

The agents can perform actions, and these actions lead them to fol-
low (or not) a norm by satisfying its antecedents. The set of possible
actions is a closed set defined in each specific simulation scenario.
We use the symbol ¬ to denote the opposite conduct associated to
that action. For example we can have the action go-hunting and also
the action ¬go-hunting. In the second case, the action the agent is
taking is avoid to go hunting (whatever this means in that context).

Of course, the observance of norms has consequences for the
agents. Every time the agent is in the dilemma of deciding if it is
worth it or not to follow a norm, it analyses (by looking at the con-
sequents of the norm) how the observance of that norm favors its
personal goals. According to that, it takes the actions associated to
follow or avoid the norm. Notice that if, for example, following the
norm requires (as stated by the antecedents) go-hunting and the agent
decides not to observe the norm, this implies that the agent will per-
form the action ¬go-hunting.

It can happen that following a norm favours the achievement of a
specific goal but at the same time is in detriment of achieving another
one. The (normalised) strength of each goal becomes the probability
that the agent decides to follow the norm or not (and therefore favors
some goals and disfavours others). The same principle is applied if
there is more than one goal affected by the norm.

In each step of the simulation, the system evaluates for each agent
what are the norms (in the three normative levels) that given the cur-
rent internal state of the agent are candidates to be fired. For those
candidate norms that have actions in their antecedents, the agent de-
cides if it wants to perform the actions and, as a consequence follow
the norm, or ignore those actions (so the norm is not observed). The
result of the previous process is the set of norms that are candidate to
be fired.

2.2 The YamanaSim

The YamanaSim system, depicted in figure 1, is composed of three
major components: a Simulator Initializer, a Multiagent System
(MAS) and a Rule engine.

The job of the Simulator Initialiser is to load a simulation specifi-
cation file and setup the MAS and the rule engine accordingly with
their initial values. The simulation specification file allows the user
to define: the population of agents that will participate in the simula-
tion, parameters to simulate the population dynamics, and the set of
rules that will lead the agents actions. The population of agents can
be defined in two ways: (i) by declaring all the agents inline where all
the agents and its relationships (networks) are defined one by one in
the configuration file or (ii) by using demographic population infor-
mation. By using demographic population information the user can
define large sets of agents population easily, although at the cost of
losing some detail.

The MAS is in charge of the agent population, the social networks
and the control of the simulation. The MAS component is built us-
ing Repast Simphony (http://repast.sourceforge.net/) a well known
agent-based modelling toolkit. The agents in the multiagent system
are instantiated following the directives of the Simulator Initialiser.
An agent in the YamanaSim simulator has three major elements: a set
of attributes, a set of goals to maximise or minimise, and a decision
making module. The agents attributes, as we have seen before (see
Figure 1) are used to store data like gender, age, health and prestige.
The goals define the current objectives of the agent, and can change
along time. Finally the decision-making module uses these goals to
select the actions that will be performed by an agent.

Also part of the MAS component are the social networks. There
can be multiple networks to define different relationships between
agents e.g. family, kinship, dominance relationships and so on. These
networks are also initialised by the Simulator Initializer and evolve
along the simulation execution.

Finally, the Rule Engine is in charge of evaluating, every time step
and, from an individual point of view, the set of rules that concern
the agent. As we said, for each candidate rule, the rule engine asks



Figure 1. General schema of the architecture.

the agent about the actions to be performed (sending previously all
the necessary information about the rule to the agent so the agent can
reason about the rule and its consequences). This determines if the
rule is finally fired or not.

3 Future work

We are currently running to test the functioning of a society (mostly
biological) with a minimum of social norms and simplified agents.
We will experience the development initially starting from a breeding
pair, and then starting up from a band of 30 individuals. Later we
will begin to add social norms and complexity to the agents and their
behaviour, testing the effect of the introduction of such norms and
variables to the demographic development of the artificial societies.
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