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Ahstract

Following some biological aspects we build a new stochesiic model 1o solve self-organization problems. Based on the
icfea that the futsre is influenced by history, we endow our random walk robais with a new type of record fenction. We also
investigate the convergence properies of the [unctionsl szif-organization algorithm. We pressnt theoretical arguments and
an experimental simulation in support of our idea, € 1999 Elsevier Scienes BV,

1. Introduction

The purpose of this paper is o propose a new algorithm of functional self-organization. As a brckpround we
have in mind the experimental studies of Dencubourg and co-workers [1]. We want to follow the biolagical
behavior closer,

(i) The most important observation is that the very present event cannol dramatically change the evolution
of the sysiem,

(i) We must also notice thar every biological system has the property to forget in time what it learned in
the pas,

With this observation we keep the sciting for the dynamical system and its work environmen| unchanged
from Refs. [2].

We must notice that the system is compaosed of the same unchanged entities (called robots) which must
organize the environment by soring different kinds of abjects, without leader, map, or direct communication
berween robots,

We will endow these robots with a new type of record function depending on the above observations (1) end
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2. Theoretical model

Basic assumptions of our model are:

(a) Every robot is a randomly walking system through a rectangular two-dimensional lattice with N, x N,
sites.

(b) In a given lattice site only onec robot is allowed at one instant. Also it cannot see its neighborhood.

(c) Initially, every lattice site is randomly occupied by an object drawn from k + I classes (considcring the
empty site as a zero type object).

(d) The robot can carry different objects, just one at a time.

(e) It can put down an object and pick up the one of that site.

Having in mind (i) and (ii) we will adopt an increasing record function of the shape w(i) = r'=" where
i =1,..., N indicates the position in the record string, N the length of the record string, r > | the memory
radius (not constant in our model). We impose for the most recent object encountered (i), therefore

w(l) =g, (1)

€ a very small constant, and for the old object encountered in the record string looked for (ii), so w(N) = 1.
From (1) we get the length of the record string as

1
N=1- [E] . (2)
inr
Let us now suppose a sequence of objects encountered by one robot after 7 steps, and indicate the record string,
a a . b a 0 ... b a
n n—1 ... n=N+2 n-N+1 n-N. ... 2 1

s’

N steps of memory
T most recent object encountered

In order to analyze its records we must associate to cvery type of object a binary memory string. So, we have
for example an a-type object record string:

i1 2 3 4 ... i—1 i i+l ... N
Uwanw V0 0 1 ... 0O 0 1 e
generalrecords a b 0 a ... b 0 a ... a

where
U, o =1, if an a-type object is encountered in the ith location of the record string,
=0, otherwise.

With this record string in mind the robot must separate the objects by swapping two different objects. We define
the weighed relative frequency by
Yoy Unali) wii)
Sta=——cF— (3)
2oz w(i)
The swapping conditions are written as

Sna 2 Sups (4)
which ensure at this moment that the robot puts down an a-type object and picks up another different type

object.
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In order 10 be able to recognize a certain string of identical type objects as a cluster ( which means a compact
field of objects), we introduced a supplementary condition:

P =N .

i=t 7
S TR ()
E::/)Hr

One can easily observe that p is proportional to the aggregation state of clusters. That means the robot has a
record string of the type

a b .. b

a
1 p p+1 ... N

[ S5 I~

The aggregation problem will be treated in a forthcoming paper.
Using (2) and (5) one obtains the domain of r as a function of p,

v _ [ l > !
r (28+2)/O. (5")

We can neglect the free term because » > 1 and 1/2e>> 1, and get r > (2e)~ V=Y In the following we will
use the equality because the low boundary is

r=(26) "0, (6)
The length of the record string becomes
N=[p(c+1)-c], (D

where ¢ =|in2/(In2 + Ing)|.

1t must be noticed that in our model the length memory depends on the cluster’s size by p. It can be observed
that N > p for every value of p 2 1.

We must build this model such that any robot is able to perceive the whole environment. Therefore, p must
increase its value while the robot moves throughout the lattice. So, we require

p=[l+ﬁ]. (8)
0

where n > 1 is the number of steps, Q is the scale factor which is constant.

The record string of any robot is a Markov chain of length N in an R¥ real N-dimensional vectorial space
with B = (e}, ...,e,) the canonical basis. Using (3) one finds a one-to-one mapping of the vectorial space
R onto the R space. Now it is possible to find the evolution equation of the Markov process.

Let

_ Z,’L Una (1) w(i)
" Eﬁ] w(i)
be the weighed relative frequency for the nth step and
SN Unerali) w(i)
iy w(i)

the weighed relative frequency for the (n+ 1)th step.

Sn+l.a =






