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A Method for Designing Ant Colony Models and Two Applications

MARI NAKAMURA® and KOICHI KURUMATANI'

An ant colony comprised for many ants communicating by pheromone signals shows collec-
tive behavior through signal patterns formed by them. First in this paper, we devise a method
for designing ant colony model, and next we apply the method to design following two types
of ant colonies, introducing structures into ant’s behavior rule by focusing on ant sensitivity
to signals. In the first type, we modify design of three foraging models (trail, attraction and
desensitization) repeatedly, changing ant sensitivity to recruit pheromone, in order to improve
foraging efficiency by regulating allocation of ants to food-search, recruitment and food-carry
subtasks. Out of these foraging models, the desensitization model shows the best foraging ef-
ficiency as a result of its stable behavior without deadlock and trade-off between food-search
and recruitment subtasks. In the second type, we design a task-allocation model between
foraging and waste-piling tasks, by coupling the two task modules using independent signals
in ant’s behavior rule. It shows weak interaction between the two tasks through distributions
of desensitized ants in each task, which compensates for the decrease in foraging efficiency.
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Fig.1 Method to design ant colony models.
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ig.2 Signal regions of recruit pheromone.
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Fig.3 Behavior of ants in each mode and mode transition
rule in trail model.
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Fig.4 Distribution of ants in each mode and their

dynamics in trail model.
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Fig.5 Behavior of each mode ants and mode transition

rule in attraction model.
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Fig.6 Distribution of ants in each mode and their
dynamics in attraction model.
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Fig.8 Distribution of ants in each mode and their
dynamics in desensitization model.
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Fig.9 Allocation among subtasks: average rate of ants in
each mode in three foraging models.

goooobooooooooooooooooooo
goooboooooooobooooobooooboooooon
goooboooooooooooboooooooo
gooobooooooooboboooooooooo
gobooooooooobooooooooobooooono
gooooooo

25 30000000000000

oo 3soboooooooooboooooon
goboodooboboooboooo 3sooboocoon
2,5.1 O00O0OO0OOOOOCOOO0

b 5000000000 300witd0Oogooan
gboooooooboooon s000stepOdnooon
oooooooooobooboOoobononoooooon
oobogo

e JO0ODODODOOOOOODDODODOOODODODDO
goooboobooooooooooboooooooo
goooboooooooboooooobooooooon
gobooooboooooooooooooo

o 00000 OOOOLOOLODOOOOOOODOO
goooooboobooboooooooooooooooboo
oboooooboocoooocobooooboobooooboo
o JOOOO0OOOOOODOOOOOOODODODOO
oobooooobooooboocooboooobooboooon
goooobooooooooooooooooooo
gooooooboooooo

Feb. 2006

BB DTFAERFR] (step)

1500 ) FEEBIEF L
y =0.803x + 219, R-2 = 0.0105

1000
500
0
100 ) melEF L
y =5.34x + 120, R-2 = 0.127
1000 :
500
oL F ;
1 -
500 c) NICEAET IV
y = 1.18x + 174, R-2 = 0.0304
1000
500

o T TR
0 10 20 30 40
B 58815 % TORERE(grid)

010 0000000000000D00D00000

Fig. 10 Stability: Distributions of existence time of food

site in three foraging models.

2,5.2 0000O0O0OO0OO

gooboooooooobooooooobooooon
goooooooooooooboboOoOO “oooO0
00000o0ooooooooor’ooooobo 1000
gooooooboooooboo

gboooooobooboooooboooooooobo
gooobooooobooobooooobooooooo
ooo

oooooooooooObObObObOO00000000o
gooooooooooobooobo0ooooobooDoboo
goooooooooooo «cooooooooo
gooor”oooooooooooobobooooo
ooooooo “coobobooboobooooooooro
goboooooooboobooooooooooboooo
goboooooouooobooocboOoooooobooo
gboooobooooooobooocoooooboooo
gooog

2,5.3 00O0O0O0O0OO

goooooooobooooooooooboobooo 3
gobooooooooboooooooooobono



Vol. 47 No. SIG 1(TOM 14) O00000000000000000 200000 95
BHi5 2 HiFR - BEY 4 X 50 units AE3S 2 &Fr - BB 4 X 1000 units
10000 — 40000
7 _ ) E— L
500 £Hi5 5 &Fh - BB 4 X 300 units 80000
40000 —
5000 — - 20000—| -
30000
2500 - — 10000+ -
ol I3E % 7| 20000 ol |3E B ZN
BH35 10 EFR - 884 1 X 50 units 10000 8835 10 7R - BB 1 X 1000 units
30000 — B 60000 o
. 7 ] .
NIRE: % N
20000— | [ ¥ EBINEFN 40000/— ]
10000 ] - #EBsIET 20000|— -
_ AN ARISHET IV _
NRE:: % ZS ol |3E B N

011 0000000000 5,000step00000001000000000O
Fig.11 Foraging efficiency: Amount of food carried by ants in three foraging

models for 5,000 steps averaged across 10 simulations.
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Fig.13 Distributions of ants in each mode and their

dynamics in task-allocation model.
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Fig. 14 Snapshots of ant colony models: Three foraging model and task-allocation model.
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