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Abstract

A new stochastic model for the stochastic functional self-organization is proposed. Our model does not require any
hierarchical decision maker or direct communication between the individuals in order to organize the environment. The
environment is a two-dimensional rectangular lattice with a number of initially random distributed physical objects which
have to be sorted by some individuals — random-walk like robots, The goal of the system’s dynamics is to organize, i.c. to
son, the physical objects in order 1o form some well defined lattice structures (clusters or even more general texture).

We present some theoretical arguments and numerical simulations to support the idea that our new al gorithm represents a

powerful tool in studying collective sorting. © 1999 Published by Elsevier Science B.V. All rights reserved.

1. Introduction

The living world provides us many examples of
complex self-organized systems.

The term self-organization, or more appropriate
self-organized system, was first defined by Farley
and Clark [10] - A self-organising system is a system
that changes its basic Structure as a function of its
experience and environment.

Natural selection must have favored especially
those properties that allowed the organisms to mod-
ify their environment in a favorable way and also in
a shorter period of time. This is the main reason why
complex biological systems structure and functional-

: Corresponding author. E-mait: gcv@uaicro
' E-mail: oprisan @uaic.ro

ity inspire our attempt to elaborate models of self-
organizing systems.

One of the central question on self-organization
concern the details of the mechanisms at play that
allow the co-operative behavior of a large biological
entities group, each of them working for its own
interest.

Biological entities do not have a perfect symmetry
so they are able to differentiate forward from back-
wards, right from left and at least the energy they
have used gives them information about the distance
they have covered. More than that, it is obvious that
they can make comparisons favorable versus unfa-
vorable and quantitative appreciation.

Our present study trace back to Deneubourg et al.
[2-7] ones, which introduced a theoretical model to
explain the organizing capability’ of living entities
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based on experimental observations of the collective
behavior in ants. The original model [2—7] and some
other newly proposed ones [1,8,9] mimic the ants
behavior by most rudimentary perceptual, motor and
strategic mechanisms.

Because the model we study has certain similari-
ties with the colony of bees behavior, we use to
design the entities the name RLB (robot-like-bee).

2. The local dynamical rules of the model

The general frame-work we have used is the
cellular automata (CA) method. Cellular automata
(CA) are discrete dynamical systems whose behavior
is completely specified in terms of a local relation
(rules). CA can be thought of as stylized universe.
Space is represented by uniform grid, with each site
or cell containing a few bits of data; time advances
in discrete steps; and the laws of the universe are
expressed by simple recipe - say, a small look-up
table — thought which at each step each cell com-
putes its new state from that of its close neighbors.
The system’s laws are local and uniform.

To our purpose the environment is a two-dimen-
sional rectangular lattice. Each lattice site has one of
a finite number of distinct states. Usually the number
of states is small but, in principle, any finite CA
model over a finite alphabet can be defined. The
state of the cells (sites) changes according to some
rules. There are two distinct classes of automata:
synchronous, which allows for simultaneous update
of all cells’ states and asynchronous. The updating
order can be deterministic or random in the case of
asynchronous update model. The local rules of a
certain CA is essentially determined by the consid-
ered neighborhood. We have used asynchronous up-
date rules.

Each RLB is endowed with the following proper-
ties (static rules or features):

1. it can perform two kind of movements:
random-walk like motion in the lattice to col-
lect information about the dimension of the
present domain (type and number of identical
objects encountered);

- jumps between the present position a memo-

rized one if appropriate (see beliow);

2. it has the capability to recognize and transport
objects,

3. it has the capability to orientate in respect to a
point, which is important for its movement (this
point is given in terms of n steps forward /back-
wards and m steps to the right/left from the
‘center’ of the cluster it working for),

4. it has amemory cell (short range memory) which
records the number of identically objects encoun-
tered in the cluster just lend,

5. it also has another memory cell (long range
memory) which records the perceived number of
objects in its own clusters as well as their location
(the present cluster location is given by taking the
bigger cluster encountered (own cluster) as the
origin of the coordinates).

The local dynamical rules are as follows:

1. perform a random-walk motion in the lattice and
update the short range memory which provide
information about the local pattern (types and
numbers of identical objects encountered),

2. permanently compare the dimension of the cur-
rent cluster (stored in the short range memory)
with the dimension of the bigger cluster of the
same type ever encountered (stored in the long
range memory) and decide to:

» pick-up an object from the present cluster and
Jump ahead to the its own cluster if the last
one is bigger or

» exchange the status of the two clusters, jump
to its former own cluster, pick-up an object
and bring it in the present cluster.

We must emphasize that the RLB cannot appreci-
ate the comect dimension of a cluster. It takes for
dimension the number of objects of the same kind it
has met consecutively. Each RLB takes decisions in
its virtual space, a kind of map that it is laid over the
real lattice.

3. Analytical and numerical results

One might wonder why each RLB does not make
its own cluster such that the system would end up in
a steady state with more clusters in a dynamical
equilibrium. In the following we will prove that there






