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An Evolutionary Simulation of the Origin of Pheromone Communication
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YOSHIYUKI NAKAMICHI' and TAKAYA ARITA't

Social insects exhibit complex and adaptive behavior. In particular, it is well known that
ants solve difficult problems by communicating with each other via pheromone, which include
finding the shortest path between two points. The fundamental question regarding pheromone
communication is: How have the pheromone communication systems emerged? This paper
proposes an ant foraging model for evolution of pheromone communication, in which neural
networks of ant agents evolve based on the result of foraging. The results of the computer
experiments show that ants using emerged pheromone communication are more adaptive for
foraging food resources than ants without pheromone communication. Furthermore, the re-
sults suggest that cleverer pheromone communication emerged through evolution than human
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designed pheromone communication.
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| sense the environment and its own state |
v
| put pheromone or do nothing |

if there is food while
the ant has no food

pick a food
resource up

drop a food
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if there is the nest
while the ant has food

select and do one action from 5 choices
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Fig.2 Behavior of ant agents.
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Initialize GA
For g =1 to gmax do
Forn=1to N do
Initialize ant foraging
For t =1 to tmax do
For k=1 to N, do

ant agent k acts according to Figure 2

For n=1+to N do
Select one genotype by roulette selection

Mutate the genotype and add it to pool of next generation

End

03 0ooooo
Fig.3 The overall flow.
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Table 1 Parameter setting.
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Ant foraging model
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Table 2 Average number of stored food resources per
task in ants of the 20000th generation.
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0 (N, =0) 8.8 (same as normal)
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2a (N, = 2) 14.4 13.8
2b (N, = 2) 24.7 5.7
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Fig.6 Behavior of human-designed ant agents.
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Table 3 Average number of stored food resources per
task in hand-coded ants.
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Nest pheromone

Food pheromone

(a) The ideal state

(b) An ill-balanced state

(c) An ill-balanced state
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Fig.7 Typical states in the case of human-designed ant agents using two types pheromone.
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Table 4 Appearance rates of input patterns and appearance rates of actions in ant agent 0.

AR. L, I, I3 W

T B L R

84% 0 0 0 0.014
13% 0 1 0 0.000
2% 0 0 1 0.410

1% otherwise

0.657 0.045 0.284 0.001
0.676  0.000 0.234  0.091
0.579  0.000 0.008  0.003
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05 0D00000000000O000O00 1bO

Table 5 Appearance rates of input patterns and appearance rates of actions in ant agent 1b.

AR. I, I, I I, Is Is Ir W T B L R P1 NP1
0 0 0 0 0 0 0 0.000 1.000 0.000 0.000 0.000 0.012 0.988
0 0 0 0 0 0 1 0.000 0.980 0.000 0.000 0.020 0.002 0.998
0 0 0 0 0 1 0 0.000 0.994 0.000 0.000 0.006 0.000 1.000
0 0 0 0 0 1 1 0.000 0.726 0.000 0.000 0.274 0.000 1.000
0 0 0 0 1 0 0 0.000 0.878 0.003 0.000 0.119 0.156 0.844
0 0 0 0 1 0 1 0.000 0.516 0.000 0.000 0.484 0.036 0.964
0 0 0 0 1 1 0 0.000 0.527 0.042 0.000 0.431 0.000 1.000
67% 0 0 0 0 1 1 1 0.000 0.501 0.000 0.000 0.499 0.000 1.000
0 0 0 1 0 0 0 0.000 1.000 0.000 0.000 0.000 0.001 0.999
0 0 0 1 0 0 1 0.000 1.000 0.000 0.000 0.000 0.000 1.000
0 0 0 1 0 1 0 0.000 1.000 0.000 0.000 0.000 0.000 1.000
0 0 0 1 0 1 1 0.000 1.000 0.000 0.000 0.000 0.000 1.000
0 0 0 1 1 0 0 0.000 1.000 0.000 0.000 0.000 0.022 0.978
0 0 0 1 1 0 1 0.000 0.991 0.000 0.000 0.009 0.004 0.996
0 0 0 1 1 1 0 0.000 0.997 0.000 0.000 0.003 0.000 1.000
0 0 0 1 1 1 1 0.000 0.824 0.000 0.000 0.176 0.000 1.000
0 1 0 0 0 0 0 0.000 0.997 0.000 0.000 0.003 0.500 0.500
0 1 0 0 0 0 1 0.000 0.824 0.000 0.000 0.176 0.500 0.500
0 1 0 0 0 1 0 0.000 0.932 0.000 0.000 0.068 0.306 0.694
0 1 0 0 0 1 1 0.000 0.530 0.000 0.000 0.470 0.107 0.893
0 1 0 0 1 0 0 0.000 0.595 0.009 0.000 0.396 0.500 0.500
0 1 0 0 1 0 1 0.000 0.501 0.000 0.000 0.499 0.500 0.500
0 1 0 0 1 1 0 0.000 0.441 0.125 0.000 0.434 0.483 0.517
29% 0 1 0 0 1 1 1 0.000 0.500 0.000 0.000 0.500 0.418 0.582
0 1 0 1 0 0 0 0.000 1.000 0.000 0.000 0.000 0.500 0.500
0 1 0 1 0 0 1 0.000 1.000 0.000 0.000 0.000 0.500 0.500
0 1 0 1 0 1 0 0.000 1.000 0.000 0.000 0.000 0.069 0.931
0 1 0 1 0 1 1 0.000 0.995 0.000 0.000 0.005 0.013 0.987
0 1 0 1 1 0 0 0.000 0.999 0.000 0.000 0.001 0.500 0.500
0 1 0 1 1 0 1 0.000 0.902 0.000 0.000 0.098 0.500 0.500
0 1 0 1 1 1 0 0.000 0.967 0.000 0.000 0.033 0.374 0.626
0 1 0 1 1 1 1 0.000 0.563 0.000 0.000 0.437 0.170 0.830
0 0 1 0 0 0 0 0.000 0.814 0.185 0.000 0.000 0.395 0.605
0 0 1 0 0 0 1 0.000 0.962 0.000 0.000 0.038 0.196 0.804
0 0 1 0 0 1 0 0.000 0.529 0.465 0.000 0.006 0.000 1.000
0 0 1 0 0 1 1 0.000 0.650 0.000 0.000 0.350 0.000 1.000
0 0 1 0 1 0 0 0.000 0.449 0.447 0.000 0.104 0.493 0.507
0 0 1 0 1 0 1 0.000 0.508 0.000 0.000 0.492 0.462 0.538
0 0 1 0 1 1 0 0.000 0.345 0.345 0.000 0.309 0.000 1.000
3% 0 0 1 0 1 1 1 0.000 0.500 0.000 0.000 0.499 0.000 1.000
0 0 1 1 0 0 0 0.000 1.000 0.000 0.000 0.000 0.137 0.863
0 0 1 1 0 0 1 0.000 1.000 0.000 0.000 0.000 0.031 0.969
0 0 1 1 0 1 0 0.000 0.999 0.001 0.000 0.000 0.000 1.000
0 0 1 1 0 1 1 0.000 0.999 0.000 0.000 0.001 0.000 1.000
0 0 1 1 1 0 0 0.000 0.981 0.018 0.000 0.000 0.438 0.562
0 0 1 1 1 0 1 0.000 0.982 0.000 0.000 0.018 0.275 0.725
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0 0 1 1 1 1 1 0.000 0.745 0.000 0.000 0.255 0.000 1.000
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