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A Cunning Ant System with Multi-Pheromones for Constraint Satisfaction Problems
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To solve hard constraint satisfaction problems, ant colony optimization, ACO, based meta-heuristics is pro-
posed. However, ACO based algorithms should be sometimes ineffective because the algorithms have only single
pheromone trail. In this paper, we propose an ACO based model with multiple pheromone trails. Each artificial ant
constructs a candidate assignment by referring several pheromone trails to find solutions satisfying all constraints.
We also implement the proposed model to the cunning ant system algorithm based on ACO. Then we evaluate the
effectiveness of our proposed model for solving graph coloring problems.

1.

(Constraint Satisfaction Problem: CSP)

CSP

CSP

CSP

1

(Traveling Salesman Problem:

TSP) (Graph Coloring Problem: COL)

(Vehicle Routing Problem: VRP)

[1, 2, 4, 5, 6]

ACO

:

815-1

042-665-0519 phsl.masukane@gmail.com

1: cAS

2.

2.1
(graph coloring problem: COL)

[10, 11, 13]

3

3COL n

c d d = c/n 3COL

d = 2, 3 ∼ 2.4

[3, 8, 11]

2.2
(Ant Colony Optimization: ACO)

[6]

1

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

1E1-01



2.3
(cunning Ant System: cAS)

ACO 1 [14] 1

cAS cAS ACO

1

ACO

A xj

v pA(< xj , v >)

pA(< xj , v >) =

[τA(< xj , v >)]α[ηA < xj , v >)]β∑
w∈Dj

[τA(< xj , w >)]α[ηA(< xj , w >)]β
, (1)

τA(< xj , v >) =
∑

<xk,u>∈A

τ(< xk, u >,< xj , v >),

ηA(< xj , v >) =
1

1 + conf({< xj , v >} ∪A)− conf(A)
,

τ(< xk, u >,< xj , v >) “ u

xk” “ v xj”

conf(A) A

α β

τ(< xk, u >,< xj , v >)

τ(< xi, u >,< xj , v >)

= (1− ρ)× τ(< xi, u >,< xj , v >) + Δτ

Δτ =

{
1

conf(Abest)
, (< xi, u >,< xj , v >) ∈ Abest

0, otherwise

ρ Abest

cAS 1 “ ”

ACO

cAS

1

ACO cAS

[7, 12]

3.

3.1
cAS ACO

“ ”

“ ”

1 “

” ACO

3

•

• 2

•

3.2
cAS cASNEP

(cAS with NEgative Pheromone) cASNEP cAS

2

1

cAS (1)

cASNEP 2

(2)

pA(< xj , v >) =

[τA(<xj ,v>)]αu [ηA(xj ,v>)]β

[NτA(<xj ,v>)]αn∑
w∈D

[τA(<xj ,w>)]αu [ηA(<xj ,w>)]β

[NτA(<xj ,v>)]αn

, (2)

NτA(< xj , v >) =
∑

<xk,u>∈A

Nτ(< xk, u >,< xj , v >),

Nτ(< xk, u >,< xj , v >) “ u

xk” “ v xj”

αu αn

1

cASNEP

cASNEP

Nτ(< xi, u >,< xj , v >)

= (1− ρ)×Nτ(< xi, u >,< xj , v >) + ΔNτ

ΔNτ =

{
conf(Aworst), (< xi, u >,< xj , v >) ∈ Aworst

0, otherwise

Aworst

“

”

2

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

1E1-01



2: 2000

3: ρ = 2.3

4.

4.1

n = 100 3COL d = 2.0 ∼ 3.0

0.1 11 100

10

100 2000

α = αu = αn = 5.0 β = 10.0

ρ = 1%

cAS cASNEP 2

PC/AT CPU: Intel Core i7 880

3.07GHz RAM: 4GByte

Java

4.2
2∼ 5 2

4: 2000

5: 2000

(d = 2.3 ∼ 2.4)

cASNEP

cAS

cASNEP cAS 10%

3

ρ = 2.3

3

cAS

cASNEP

4

3

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

1E1-01



6: ρ = 2.3

cASNEP cAS

cASNEP

“

”

cAS

cASNEP

5 6

5

6

5 cASNEP cAS

cASNEP cAS

6

cASNEP

5.

3COL

ACO

CSP

[1] Bell, J. E. and McMullen, P. R.: Ant colony optimiza-

tion techniques for the vehicle routing problem, Ad-

vanced Engeneering Informatics, Vol. 18(1), pp. 41–48

(2004).

[2] Bui, T. N., Nguyen, T. H., Petal, C. M. and Phan,

K. T.: An ant-based algorithm for coloring graphs,

Discrete Applied Mathematics, Vol. 156, pp. 190–200

(2008).

[3] Cheeseman, P., Kanelfy, B. and Walsh, T.: Where the

really hard problems are, Proc, IJCAI 91, pp. 331–337

(1991).

[4] Dorigo, M. and Di Caro, G.: The Ant Colony Opti-

mization meta-heuristic, New Ideas in Optimization,

pp. 11–32 (1996).

[5] Dorigo, M., et. al.: The Ant System: Optimization by

a Colony of Cooperating Agents, IEEE Transaction on

Systems, Man, and Cybernetics - Part B, Vol. 26, pp.

26–41 (1996).

[6] Dorigo, M. and Di Caro, G.: The Ant Colony Opti-

mization Meta-Heuristics, New Ideas in Optimization,

pp. 11–32 (1999).

[7] Hayakawa, D., Mizuno, K., Sasaki, H. and Nishihara,

S.: Solving Constraint Satisfaction Problems by A

Population Based Cunning Ant System, The 2012 In-

ternational Conf. on Technologies and Applications of

Artificial Intelligence (TAAI2012), pp. 205–210 (2012).

[8] Hogg, T., Huberman, B. A. and Williams, C. P.: Phase

transition and search problem, Artificial Intelligence,

Vol. 81, pp. 1–16 (1996).

[9] Masukane, T. and Mizuno, K.: Ant Colony Optimiza-

tion with Multi-Pheromones for Solving Constraint

Satisfaction Problems, The 2016 International Conf.

on Technologies and Applications of Artificial Intelli-

gence (TAAI2016), pp. 110–115 (2016).

[10] Mizuno, K. and Nishihara, S., et. al.: Population mi-

gration: a meta-heuristics for stochastic approaches to

constraint satisfaction problems, Informatica, Vol. 25,

pp. 421–429 (2001).

[11] Mizuno, K. and Nishihara, S.: Constructive generation

of very hard 3-colorability instances, Discrete Applied

Mathematics, Vol. 156(2), pp. 218–229 (2008).

[12] Mizuno, K., Hayakawa, D., Sasaki, H. and Nishihara,

S.: Solving Constraint Satisfaction Problems by ACO

with Cunning Ants, The 2011 Conf. on Technologies

and Applications of Artificial Intelligence (TAAI2011)

(2011).

[13] Tayarani-N, M. H. and Prugel-Bennett, A.: Anatomy

of the fitness landscape for dense graph-colouring prob-

lem, Swarm and Evolutionary Computation, Vol. 22,

pp. 47–65 (2015).

[14] Tsutsui, S.: cAS: Ant Colony Optimization with Cun-

ning Ants, Proc. of the 9th Int. Conf. on Parallel

Problem Solving from Nature (PPSN IX), pp. 162–171

(2006).

4

The 32nd Annual Conference of the Japanese Society for Artificial Intelligence, 2018

1E1-01


