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Abstract

Groups of rats confronted to an increasing dif-
ficulty to reach food organize themselves. The
emergent organizational structure is character-
ized by a distribution of two different behavioral
profiles among the rats. This specialization is sta-
ble, robust and presents adaptive properties.

Hamelin, the simulation system we propose is
based on the coupling of two existing models:
adaptive response thresholds and dominance re-
lationships. It manages to reproduce the organi-
zation observed by biologists and presents some
interesting adaptive properties. The originality
of this model is that local internal needs (hunger)
are distributed among the collectivity without an
explicit global representation. The collectivity
profits from individual adaptation abilities.

1. Introduction

Animal societies manage to organize themselves to
face problems in their environment. The way they
ensure a global coherence of the collectivity on the
basis of individual decisions has attracted a lot of
attention. A lot of studies have focused on col-
lective behaviors (Bonabeau and Theraulaz, 1999)
(Camazine et al., 2001) observed in several
species: ant colonies (Deneubourg et al., 1990)
(Corbara et al., 1993), social spiders (Dury et al., 2001)
(Bourjot and Chevrier, 2001), fish schools
(Reynolds, 1987) (Kunz and Hemelrijk, 2003), ter-
mites (Miramontes and DeSouza, 1996) or pri-
mates (Hemelrijk, 1996). Some principles at the
root of some of those phenomena have been ex-
tracted, like for example the stigmergy principles
(Grasse, 1959) which can explain various collective
phenomena from the nest building of wasps or termites

(Bonabeau and Theraulaz, 1999) to the collective forag-
ing behavior of ant colonies (Deneubourg et al., 1990).

An interesting collective phenomenon that can be ob-
served in various species is the specialization behav-
ior. Specialization is a way to assign different tasks
to the animals belonging to a colony. These phe-
nomena have been observed in various insects colonies
like ants (Bonabeau and Theraulaz, 1999) or wasps
(Theraulaz et al., 1990). Specialization have some spe-
cific assets. A specialized system in which tasks have
already been assigned is supposed to be more efficient,
because there is no need to reassign the tasks to agents,
which can cost time and need a lot of communication.
Moreover, specialized individuals can collect experience
from the tasks they perform and thus, the overall per-
formance of the system can be higher.

This paper focuses on task allocation and spe-
cialization observed in groups of rats when they
have to face an increasing difficulty to reach food
(Desor et al., 1991). Under certain conditions, a dif-
ferentiation between individuals with same abilities
can be observed and leads to a division of labor: some
rats fetch food whereas other reach food by stealing it.
The phenomenon of task allocation in insect societies
has been modeled by a mechanism called response
thresholds model (Bonabeau and Theraulaz, 1999)
(Theraulaz et al., 1998). This model has been extended
to explain the genesis of specialization and task al-
location to a population of homogeneous individuals.
However, it is based on an external stimulus which
can be perceived by various individuals, whereas the
phenomenon we have focused on is not characterized
by external stimulus but by local internal stimuli: the
hunger of the rats put in the system. We introduced
in task allocation a second mechanism which can be
observed in nature and which can explain how the
differentiation can appear on the basis of these local
stimuli.



This mechanism is a second model: self-organizing
hierarchies. This kind of model which can be
found in (Hemelrijk, 1996) (Hogeweg and Hesper, 1986)
(Bonabeau et al., 1996) is wide-spread and has been
used to explain some phenomena like coalition formation
observed in primates group (Hemelrijk, 1996) which was
at first attributed to high cognitive abilities.

The model we present in this paper consists in the cou-
pling of response thresholds model with self-organizing
hierarchies. It manages to reproduce the global phe-
nomenon by organizing the society of rats according to a
hierarchical structure. The task allocation is then made
on the basis of this organization between individuals. A
coupling of these two models has already been seen in
literature (Theraulaz et al., 1990) but it relies on exter-
nal stimuli. The originality of the coupling we propose
is that its goal is to distribute internal stimuli among
agents.

This paper presents in the first part the biological ex-
periments that have been conducted in the behavioral
neuroscience laboratory of Henri Poincare University of
Nancy and explains why it can be described as an adap-
tive self-organized system. Then, it depicts the model we
have developed and validates its conformity with respect
to biological observations. The next part dwells on the
properties such a complex system can exhibit and ana-
lyzes them. To conclude, we will propose an interpreta-
tion and few hints we are planning to follow in order to
reuse mechanisms of this model for collective problems
solving.

2. Biological phenomenon

2.1 Specialization experiment

a

b

c

Figure 1: Environmental setup composed of a cage (a), an

immersed corridor (b) and a feeder (c).

The diving-for-food situation can be considered as rep-
resentative of an adaptive process for environmental ex-
ploitation by a group. It is a complex social task in
which, for a group of 6 rats introduced in a specific en-
vironmental setup (Figure 1), the food accessibility is
made difficult by the progressive immersion of the cor-
ridor, the only path of access to the feeder. This ex-
perimental schedule leads in a few days to the emer-
gence of a differentiation characterized by two behavioral

profiles: (a) a carrier profile characterizing rats which
dive into water and bring the food back to the cage,
and (b) a non-carrier profile characterizing rats which
never dive, but get food by stealing it from the carri-
ers (Desor et al., 1991) (Desor and Toniolo, 1992). The
social differentiation regularly occurs with the same re-
spective proportions of carriers and non-carriers of about
50%. It remains stable for several months and has been
observed in mice and rats, including Long-Evans, Wistar
and Sprague-Dawley rat strains.

2.2 Other experiments

Other investigations have been undertaken to determine
the characteristics of this process.

In these pharmacological experiments, a drug,
the Diazepan, has been administered to 50% of
the 6 rats introduced in the environmental setup
(Schroeder et al., 1998). This drug has for direct con-
sequence the decrease of the anxiety of drugged rats.
Specialization still occurs in the system. The same pro-
files can be observed with qualitatively the same pro-
portions. However, a more precise study highlights an
over-representation of carrier rats in the drugged sub-
group (80% of the rats), whereas at the same time, an
over-representation of non-carrier rats (80%) in the non-
drugged sub-group can be observed.

This lead biologists to two conclusions. The first one
is that this experiment stressed upon the importance of
anxiety toward water, which would lead the less anxious
rats to dive first, and consequently be aggressed first
by their more anxious conspecifics. The second one, is
that it is the social environment of rats which determines
the adopted profiles. It explains why, whereas the non-
drugged rats have not suffered from any alteration, an
over-representation of a specific profile (the non-carrier
rat profile) is nevertheless present.

Finally, the introduction of rats that have already
been specialized in previous experiments, lead to a re-
differentiation. The social differentiation (profiles and
sizes of groups) that occurs in this case is the same as
the differentiation observed when the rats are undiffer-
entiated at the beginning of the experiment.

2.3 Adaptive self-organized system

The profile adopted by a rat depends on its anxiety, its
social environment and the interactions that occurred in
the system. Other experiments have also shown that a
single rat dropped in the environmental setup exhibits a
carrier profile. It implies that each rat has the physical
ability to cross the immersed corridor.

All these hints lead biologists to assume that the sys-
tem is ruled by a robust underlying mechanism that al-
low the system to self-organize. This mechanism consists
in two kinds of adaptation: the first one is an individual



adaptation: each rat of the system manage to sustain its
needs in a specific way (by stealing or by diving). The
second is a collective one: some rats don’t dive and the
system exhibits a distribution of roles among the individ-
uals. This distribution has been interpreted by biologists
as a limitation of the number of carrier rats appearing in
the system. The next step we have followed to explain
the social differentiation consisted in simulating this bi-
ological system.

3. The Hamelin Simulation

The problem we face is to study the apparition of a
global pattern: the specialization between individuals
who may have no explicit representation of the whole col-
lectivity. To verify the connection between individual lo-
cal behaviours and the observed collective phenomenon,
an agent based model called Hamelin has been built.
Hamelin has been designed following a parsimony prin-
ciple that searches to reproduce the phenomenon with
the simplest assumptions.

In this section, we will stress upon the different com-
ponents of the agent-based model we have designed: the
agents, the environment and the possible interactions in
the system.

3.1 Agents

Each agent is the computer implementation of a rat.
Agents are reactive agents: they have no planning abili-
ties nor social representation and are ruled by stimulus-
response rules which make them act according to their
instantaneous partial perceptions.

The internal state of an agent is characterized by 4
variables which have been proven to have importance
during biological experiments. These variables are:

• Its hunger h which represents the need for food and
constitutes the motivation for the agent.

• The possessed amount of food Food implemented as
the size of the owned pellet.

• The strength of the agent s, which corresponds to its
ability to win when it is involved in a fight (to catch
a pellet or to defend itself).

• Its anxiety toward water θ corresponding to its re-
luctance to dive into water.

Due to the parsimony principle we have followed,
these variables are not directly linked. For example, the
strength of an agent is not directly related to the value
of its food and hunger variables but such relationships
between variables (which are not required to observe spe-
cialization) could be investigated in the future.

The activity of the agent is a combination of three be-
havioral items that will be depicted further in the paper:

• a diving item

• an attacking item

• an eating item

An agent perceives locally its environment. It knows
if it owns a pellet and can detect if other rats in the
cage possess pellets. Finally, it must be noticed that the
perceptions of agents are still very simple: a rat cannot
identify and thus can not recognize the other rats present
in the system.

3.2 Environment

The environment represents the environmental setup. It
is characterized by the length of the immersed corridor
and by the size of the pellets in the feeder. The charac-
teristics are implemented through two variables: τ the
time needed to consume entirely a pellet and η the en-
ergy absorbed during a time step of eating a pellet. The
energy contained in a new pellet is thus τη.

3.3 Behavioural items

Each of the behavioral items (diving, attacking and eat-
ing) is stochastically triggered or stochastically carried
out. The associated probability is computed according
to the internal state of the rat and biological observa-
tions. When the item is triggered, the associated action
is effectively performed and a reinforcement alters the
internal state of the agents allowing them to learn and
modify their behaviors according to their past actions.

3.3.1 Diving

This action is considered by an agent when it does not
possess a pellet.

Probability This behavioral item is com-
puted according to adaptive response thresholds
(Bonabeau and Theraulaz, 1999) based on the hunger
of the agent and its anxiety toward water. The hunger of
an agent and the probability for it to dive are positively
correlated. On the contrary, the higher its anxiety
toward water, the lower the same probability. These
tendencies are computed according to the following
formula:

Pdiving =
h2

h2 + θ2

Results of the action When decision is made, the
action is automatically and instantaneously succeeded.
The agent dives into water, manages to take a pellet
from the feeder and comes back to the cage. The agent
possesses then a new pellet

Food ← τ



Reinforcement Moreover, when the action is per-
formed, the anxiety of the rat is reduced according to
adaptive response thresholds models.

θ ← θ.δθ

δθ ∈ [0, 1] is a global parameter. Thus, the agent
learns to react more quickly to the same hunger. This
reinforcement is responsible for the individual adapta-
tion and the genesis of task allocation between agents.
The more an agent has dived, the less reluctant it will be
to dive. Finally, agents tend to forget their past expe-
rience and their anxiety increases gradually (δf ∈ [0, 1]
also a global parameter of the system is responsible for
the increase and 1000 the highest possible anxiety).

θ ← θ + (1000− θ).δf

3.3.2 Attacking

This action is considered when a rat has no pellet in its
paws and perceives pellets in the cage.

Probability This behavioral item is systematically
triggered but the results are stochastically determined
according to the relative strength of the two individuals
involved in the fight. The probability for the aggressor
(agent A) to steal the pellet from the victim (agent B)
is computed according to dominance relationships.

P (winningA) =
sA

sA + sB

Results When the action is successful, the aggressor
A manages to steal the pellet from the victim B. The
size of the received pellet depends thus on how much of
the pellet the loser has already eaten.

FoodA ← FoodB , FoodB ← 0

Otherwise, nothing happens.

Reinforcement Whether the action is successful or
not, the strength of the winner (A or B) is reinforced
whereas the strength of the looser is decreased (”win-
ner and looser effect”). Alterations of strength are
computed according to dominance formula presented in
(Hemelrijk, 1996):

sA = sA + (WinningA − sA

sA + sB
) ∗ δs

sB = sB − (WinningA − sA

sA + sB
) ∗ δs

δs is also a global parameter of the simulation and
WinningA is 1 if A won the fight, or 0 otherwise.

3.3.3 Eating

This action is automatically performed. If the agent
owns a pellet, it has for results the decrease of its hunger
and the decrease of the size of its pellet.

h ← h− η, Food ← Food− 1

Otherwise, the hunger of the agent increases.

h ← h + 1

4. Validation of adaptation

Computer experiments have been conducted to confront
the results of the model with the results observed in bi-
ological experiments.

4.1 Individual adaptation

When a single agent is confronted to a difficulty of ac-
cessing food, there is no possibility of interacting with
other agents and its behavior is only ruled by a response
threshold model. The rat learns to dive and to reduce
its hunger, according to adaptive response model prop-
erties. There is individual behavior reinforcement and
individual adaptation to the situation.

The next part will focus on the adaptation of the sys-
tem when some rats are put together in the environment.

4.2 Collective adaptation: Specialization

4.2.1 Parameters of conducted simulations

number of rats δθ δs δf

6 0.95 0.15 0.00001
τ η θinitial sinitial

10 2 600 10

Table 1: Parameters of conducted simulations

We have studied the model for some fixed initial pa-
rameters. These parameters are summed up in the Ta-
ble 1. Some of these parameters are global parameters
(δθ, δs and δf ). They have been empirically tuned to ef-
fectively observe the specialization phenomenon among
initially homogeneous agents. These parameters will
stay unchanged in all conducted experiments. The other
parameters (the number of rats, η, τ , θinitial and sintial)
represent the conditions under which a specific kind of
experiment has been undertaken. They will be altered
in the next experiments presented in the paper.

4.2.2 Observation of specialization

The specialization observed with parameters from Ta-
ble 1 divides the group of agents into two different sub-
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Figure 2: Computer-simulated specialization

groups. The first one contains agents with low anxiety
and low strength. These agents are prone to dive, loose
their stealing attempt against agents belonging to the
second subgroup and correspond to the carrier rats. The
second subgroup contains agents with high anxiety and
high strength. These agents never dive, manage to fulfill
their needs (hunger) by stealing the pellets from agents
of the first subgroup and thus correspond to non-carrier
rats.

The figure 2 shows results obtained by the execution
of a single simulation. 4 agents (number 1, 3, 4 and 6)
are non-carrier agents whose anxiety rises (Fig 2(a)) and
who have a high rank in the hierarchical structure (Fig
2(b)). 2 agents are diving agents. The hungers of all the
rats are controlled and are close to 0, except for some

events (profile inversions) we will discuss in the future.
For the initial values presented in table 1, the size of

the subgroups of the various experiments are almost con-
stant. We conducted 100 experiments and two global
states have been observed: one state with 3 carrier
agents and 3 non-carrier agents which occurs in about
60% of the experiments that have been made and a sec-
ond state with 4 non-carrier agents and 2 carrier agents
which appears in about 40% of conducted experiments.
Moreover, in all the experiments, the hungers of the
agents stay bounded and relatively low.

The system manages to reproduce collective adapta-
tion: some agents manage to avoid facing water ele-
ment, the whole need of the society is satisfied and self-
maintenance of the system is reproduced.

4.2.3 Stability

During these experiments, it has been stated that the
profiles associated to agents evolve. However, whenever
a profile change occurs, it is compensated by another
change of profile. It ensures the constant size of the
profile subgroups. For the conducted experiments, we
have observed an average number of profile inversions
by experiment of 2.1 (standard deviation of 1.22). This
behavior is the consequence of the function we have cho-
sen at first to decide the results of a stealing attempt
between agents.

This function equals to the ratio of the strength of the
involved agents. This function leads to a unstable hi-
erarchical organization. Dominance ranks (determined
according to relative strength) evolve in this hierarchy.
An agent whose rank was high and whose rank has de-
creased must now dive to fetch food and simultaneously,
the agent whose rank has increased can now access pel-
lets by stealing them from less strong agent. This change
of profile is accompanied by a temporary increase of
hunger because the rat whose rank has decreased need
to re-adapt itself to this new situation.

Other experiments (consisting in computing the prob-
ability of succeeding in stealing attempt as the ratio of
the square of strengths) have shown that it is possible
to make these profile inversions disappear to obtain a
system with stable organization.

4.3 Re-differentiation

Specialization still occurs if we alter the initial values of
the agents introduced in the system, simulating the fact
that agents have already been differentiated in previous
experiments.

When the system contains initially only carrier agents
(low initial anxiety θinitial ← 50 and low initial strength
sinitial ← 1), specialization can still be observed. The
same division in two groups, each one characterized by a
profile, occurs and the sizes of these groups are globally



the same as the sizes observed in previous experiments.
3 global states have been detected: one constituted by 4
non-carrier and 2 carrier agents which appears in about
30% situations, another constituted by 3 non carrier and
3 carrier agents which appears in about 60% of situa-
tions and a last constituted by 2 non-carrier and 4 carrier
agents which appears in about 10% of situations for 100
experiments. The number of inversion of profiles also
rises (an average number of 4.8).

This experiment shows that the collective adaptation
leads almost to the same global states independently of
the history of the agents introduced in the system.

4.4 Hamelin for the biology

The simulation managed to reproduce the specialization
that has been observed in real experiments. The repro-
duced computer specialization is characterized by the
same profiles, the same global proportions of profiles, the
ability to re-differentiate a system composed of agents
that have already been differentiated. Finally, because
the hungers of the agents are close to 0, the system is
assumed to reproduce the self-maintenance of the bio-
logical system.

Hamelin has shown that no social cognition nor in-
dividual recognition is necessary to explain specializa-
tion observed in groups of rats confronting environmen-
tal difficulties to reach food. Hamelin shows also that
reinforcement rules that have already been observed
in other animal collectivities can explain such a phe-
nomenon. Furthermore, Hamelin manages to reproduce
the two kinds of adaptation observed: individual adapta-
tion when a single rat is put in the environmental setup
and collective adaptation leading to specialized agents.

Hamelin constitutes a first step to apprehend the bi-
ological mechanisms responsible of social differentiation
in these diving-for-food situations.

5. Analysis of the system

Hamelin system can also be seen as a multi-agent system
which generates global pattern (specialization) on the
basis of individual local rules (the behavioral items of
the agents). In order to have a better assessment of the
adaptation abilities of the computer system and to have
a better understanding of the principles involved, other
experiments that have not been conducted with real rats
have been undertaken with the Hamelin system. These
experiments are presented in the following.

5.1 Adaptation to the number of agents

We have focused on the influence of the number of agents
in the differentiation. We have conducted experiments
with 20 agents (see Figure 3) and parameters from Ta-
ble 1. The agents have still no social cognition and can-
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Figure 3: Adaptation to the number of agents

not recognize other individuals. Nevertheless, differenti-
ation is still observed and the global hunger of the sys-
tem is still very low except for profile inversions which
are more frequent than with less agents.

The global state depends on the conducted experi-
ment, but the number of carrier agents is comprised be-
tween 12 and 14. It shows that the system manages to
adapt itself to social environment of the rats without
needing any representation of the agents of the system.

Moreover, adding or taking out an agent during execu-
tion don’t hinder the system which manages to re-adapt
itself to the new situations.
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Figure 4: Adaptation to external condition during run-

time(At 100000 step, τ is set to 2, and at 20000 step, it

is reset to 10)

5.2 Adaptation to external conditions

We have also studied the way the system reacts when
data describing the environment change during runtime.
Simulations based on the parameters of the table 1 have
been conducted. The first 100000 time steps, these pa-
rameters stay unchanged. After the 100000 step, the τ
value is modified from 10 to 2. This new value corre-
sponds to a strong constraint on the system. When an
agent reaches the feeder and takes a pellet, the pellet is
small from now on and contains less energy. In conse-
quence, to fulfill the need of the collectivity, more agents
have to adopt a carrier profile.

In the conducted computer experiments, we have ob-

served a re-differentiation as shown in the figure 4. An
agent (the first rat) which was a non-carrier agent be-
come a carrier agent. Its anxiety drops, meaning that
he dives into water and learns to do so. Moreover, this
change of profile is not compensated by the appearance
of a new non-carrier agent in the system, the global state
of the system has thus changed to response to the in-
crease of difficulty presented by the environment. How-
ever, this re-differentiation is not sufficient to provide
enough food to the collectivity because of the harshness
of the new situation: the hunger of agents increases lin-
early. After 200000 steps, the τ is re-affected to its initial
value 10, agents manage to fulfill the needs and hungers
decrease to 0.

The system manage to readapt itself to changing en-
vironmental conditions, but if the constraints are too
important, some agents still don’t manage to eat.

5.3 Modification of organization process

In some cases, the hunger of agents increases linearly
and questions the viability of the collectivity. This is
due to the absence of transmission of information on the
system. In these cases, carrier agents manage to fetch
enough food for reducing the hunger of the non-carrier
agents but not enough for them. Because of the partial
perceptions of the agents, this kind of situation cannot
be detected by the non-carrier agents which are not in-
cited to change their behavior. One way to transmit
this information is to introduce a feedback by making
the stealing attempts dependent on the hunger of the
aggressed rats.

To do so, we have modified the probability of winning
a fight according to the hunger of the potential victim.
If this hunger is above a specific threshold, the stealing
attempt is always a failure.

When this alteration of interaction is implemented in
the system (with a threshold of 100), the problem of
hungers increase disappears and the system readapts it-
self in a more efficient way. The figure 5 presents the
graphics for the same scenario as the one of the figure
4. It can be noticed, that the system readapts itself at
the 100000 step. At this moment, the difficulty to fetch
food is very important, and all the rats except one be-
come carrier rats. The number of rats is then sufficient
for the fulfillment of the needs of the group. When, af-
ter 200000 steps, the difficulty is decreased the system
readapts itself to a state close to its former global state.

5.4 Hamelin properties

The Hamelin simulation can be considered as a complex
system inspired by biological observations. This system
manages to organize behaviors of agents during runtime
according to interactions occurring in the system. This
organization appearing in the system is the consequence
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Figure 5: Specialization observed after adding a feedback in

fighting interactions

of the partial observations of agents and of simple re-
inforcement rules. This allows the system to readapt
itself to various conditions without needing an explicit
representation of these changes.

The system presents interesting adaptive properties:
it manages to readapt itself to external conditions, to
the number of agents put in the system and to differ-
ent initial conditions as it has been presented in re-
differentiation experiments.

6. Discussion

The last part of the paper is a discussion about this
system and the underlying mechanisms. The main goal
of this part is to have a better point of view of the system

in order to generalize the interesting principle involved.

6.1 Interpretation of Hamelin

The system is characterized locally by a need to fulfill
(the hunger of each rat) and by a difficulty to reach the
resource needed to fulfill it. Each agent has its own need
and can accede to the resource by two different ways: it
can steal the pellet from other agents or dive and take a
pellet from the feeder.

Initially individuals are undifferentiated, they have no
preferred way of acquiring the resource. The collective
dynamics of the system leads to an organization of these
agents where specialization concerning the way of acquir-
ing the resource emerges: some agents prefer to accede
directly to the resource by diving into water, other prefer
to obtain it indirectly by interacting with agents.

This differentiation process is the consequence of a
coupling of two reinforcement based models: the first
model, adaptive response thresholds, rules the direct ac-
quiring way and reinforces the diving decision each time
an agent reaches food directly. The second, dominance
relationships rules the indirect acquiring way and the as-
sociated behavioral item is reinforced each time an agent
manages to possess food by stealing it. The coupling of
these two mechanisms is responsible for the dynamics of
the system and the appearance of specialized profiles.

A more detailed analysis of the first profile inversions
of figure 2 shows that those two models have not the
same functionality.

Dominance relationships allow the distribution of pel-
lets in the system. Agents manage to steal pellets ac-
cording to their dominance value. Dominance relation-
ship is then a way to transfer the pellets among agents
(from the weakest agents to the strongest). Because the
pellet is the resource needed by individuals, the transfer
of pellets can be interpreted as a transfer of needs among
the agents from the strongest to the weakest.

Response thresholds model allows the weakest agents
(which concentrate the need of the collectivity) to adapt
themselves to their hunger due to the environmental con-
straints and to the social pressure generated by hierarchi-
cal organization. This adaptation is an individual one:
agents learn to dive more early in order to reduce their
own hunger.

Hamelin can thus be seen as a coupling between an
organizational process responsible for the transfer of in-
ternal stimuli through the system and a local individual
adaptation process enable the fulfillment of individual
needs. The transfer of local information and the possi-
bility to solve locally a part of the problem by the more
experienced agent (the one whose anxiety is the lowest)
lead to the adaptation of the collectivity without an ex-
plicit representation of the global needs of the system.



6.2 Hamelin as a problem solving process

It must be noticed that the Hamelin model
is close to the satisfaction-altruism model of
(Simonin and Ferber, 2000). In this model, agents
have to explore an environment. The method proposed
to achieve cooperation is to couple a model of selection
of actions and a model of interaction between agents.
The interaction model is based on satisfaction signals
and social pressure: if the satisfaction of an agent is
very low, it can make the other agents move to free the
path.

The interaction model and the social pressure of
satisfaction-altruism model can be compared with the
dominance relationship model of Hamelin and the ac-
tion selection model with the response threshold model.
The satisfaction-altruism and Hamelin model are based
on the same abstract principle of coupling an interac-
tion model to transfer local information through collec-
tivity and a model of selection of action. This compar-
ison let us think that this general principle can be a
general mean to achieve cooperation between agents for
collective problem solving.

7. Conclusion

In this paper, we have presented a simulation of a phe-
nomenon of specialization observed in groups of rats
when they face a diving-for-food situation. This sim-
ulation, Hamelin, is a self-organized process based on
local interactions between agents.

It manages to reproduce the differentiation phe-
nomenon and the collective adaptation of the group char-
acterized by the viability of the collectivity while limit-
ing the number of diving agents. The computer simu-
lated specialization leads to the same profiles as those
observed in biological experiments and reproduces the
re-differentiation of individuals. It is based on reactive
agents without any social abilities and proves thus that
developed cognitive abilities are not required to explain
the specialization occurring in this situation.

Furthermore, the simulation can be analyzed indepen-
dently of biological considerations and turns out to have
broader adaptive properties: it can adapt and readapt it-
self to changes of external conditions and to the number
of agents. The core of the model is a coupling between
an organization process which is in charge of distribut-
ing needs in the collectivity and an individual adaptation
process.

Two perspectives are considered for this work. One
consists in associating costs to the performed actions in
order to assess the collective efficiency of the process we
have described and to reuse the same dynamics to solve
collectively problems of accessing resources.

The second consists in keeping in mind the main prin-
ciple of the Hamelin system: the use of an organizational

process to profit from individual adaptation abilities for
collective task solving. It requires to express this orga-
nization process in a formal framework (Decentralized
Markov Decision Processes for example) where a collec-
tive problem can be described and where a local evalua-
tion of the associated costs can guide the organizational
process. Future works consist in expressing an organiza-
tion principle similar to dominance relationship that can
be guided by the task to be achieved.
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