Collective map making

Janusz Malinowski, Matgorzata J. Krawczyk,
2 Przemystaw Gawronski, Krzysztof Kutakowski
| AGH — UST Krakow

Jan W. Kantelhardt
Halle University

 hase ’ Lithuani

R

>y
1 i
Kebringead Russia™,

2222 e
S N
LF

therlands’

" Y A ‘ Drisbdowe
s \
& Drnabrsck \
n‘.:.,..—‘ i
) lm.(- . Germ\a’«n y /,

2013
SulE Summer

el I

i .
~-~wumm Solstice

Discrete Models of Complex Systems ;|




outline

Selected precursors
Motivation

ldea, notation, aims
Algorithm

Results

A comparison

with random walk @ ?
Conclusions &y ¥ .
2l

http://johnnygoodtimes.com/2008/06/around-the-horn-brought-to-you-by-robot-snakes/



Selected PrecUrsors

1705 Bernard Mandeville, Fable of the Bees

» Tt strange ridic lous Vice, was made
17e very Wheel that turn @ the Trade. ,,

1959 Pierre-Paul Grassé, Stigmergy
Individual parts of the system communicate
with one another indirectly

by modifying and sensing their local environment.

~1983 Jean-Louis Deneubourg, experiments with Argentinian ants 2

1986 Fred W. Glover, Taboo search algorithm

1991 Marco Dorigo, Ant optimization algorithm
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http://www.sintef.no/home/Information-and-Communication-
Technology-ICT/Applied-Cybernetics/Projects/SnakeFighter/

The Impossibility of Social Simulations, Bruce Edmonds, Surrey, 2011, Slide 19

http://articles.philly.com/2011-07-11/news/29761520_1_autonomous-robots-humans-drexel-university 4



Lolea

Robots penetrate the labyrinth and remember the visited places.

When two robots meet, they share an information.

wotatilon

Tl — time when one (first) robot knows the whole labyrinth
T2 — time when all robots know the whole labyrinth
N —size of the labyrinth (hnumber of corridors)
W - humber of robots
atms
What is the speed of penetration?

T,(N,W)="?
T,(N,W) =7



Algorithm

Robots leave seeds at visited corridors.

At a dead end robots leave two seeds.

Two seeds are left in corridors visited again.

Robots select corridors with minimal number of seeds,
which demand minimal number of turns.

A half of robots prefer to turn left, a half — to turn right.
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An example: ,left” preference 6
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results

Number n(t) of different sites known in time t by one robot

n(t)

1000

100 ¢

10

L | I l T T T T T T
e ST — i —
o ,-"'_‘F‘F "H‘_.-- -
R e
W=1 —— s
s -~ &
td

W — number of robots

slope ¥ (W)

10 100

1000
t

10000



Time dependence of the number n(t) of different corridors known by one robot
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Time T, when the first robot knows the whole labyrinth
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Time T, when all robots know the whole labyrinth
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A trivially oversimplified approach

Individually penetrated areas spread as r?, what
is proportional to t (RW) or t®/(¢+2) (Flory law of
SAW), then collide at time T. Then, fort< T

RW=SAW(d=4) SAW (d=2)

r? oct r2 oc t3/2

where
T W/N)? T (W/N)??
For t>T, n(t)=N

However, here we neglect the fact that the trajectories collide,
and not the spheres. Also, they do not collide simultaneously. 13



A collision of trajectories in RW: B o
two Gaussians spread,
with initial distance r = (N/W)/2, RW 0 -1
When they overlap? (their product =p)
Answer: t oc r? SAW!| O -2/3
T, | 052 |-0.54
cownjecture

If the concept of spreading circles is appropriate,
the exponent # for T, should be related
with the extremal fluctuations of the initial density.



test

Points are randomly distributed in a plane,
with constant density W/N.
How does the maximal distance between the points
scale with the system size?

ngmax(vv,W X N)

W=100n

2 0.11
#=100, 1000 d“mex oc W

i.e. much slower than TZ 15



coneluslons

The problem seems new and interesting.
For details see Malinowski ea, IJMPC 24 (2013) 1350035

The time of penetration scales with the robot density
and with the system size.

The exponent  cannot be derived just from the
density fluctuations. Hence the condition of colliding
trajectories contributes to £.

Thank You



