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Abstract: A bacterial colony optimization(BCO) algorithm based on the basic growth law of bacterial colony is pre-

sented. Firstly, an evolutionary mechanism for the individual of the BCO algorithm is designed by the reproduction law

of bacterium. Secondly, swimming, tumbling and dwelling moving modes are established for the individual by the basic

foraging theory of bacterium. Finally an information sharing method is built for the colony. This BCO algorithm provides

a new type of termination: it will terminate the iteration when the colony vanishes, regardless of the iteration number or

the precision value. The performance of the BCO algorithm is verified by some comparative simulations with two particle

swarm optimization algorithms. Other simulations are employed to test the new termination type.

Key words: bacterial colony; swarm intelligence; optimization algorithm; evolutionary mechanism

: 1005−8152(2011)02−0223−06

1 (Introduction)
(swarm intelligence)

.

2002 Passino Müller

(bacterial foraging optimization, BFO) [1]

(bacterial chemotaxis optimization,

BChO) [2]. Abraham, Biswas, Kim

BFO ,

BFO
[3], BFO

[4,5], BFO

PID [6]. , BFO

PID [7]

[8] [9] [10]

[11] PI

[12] [13] .

,

Müller ,

PSO (bacterial

colony chemotaxis, BCC) [14];

BCC ,
[15];

BFO [16];

PSO ,

, BFO ,
[17,18].

, .

, BFO BChO

,

, .

: 2009−07−07, : 2009−12−13.

: (2009CD070); (08Y0204).



224 28

2 BFO BChO (BFO and BChO algo-

rithms)

BFO BChO , ,

, PSO ,

.

BFO , ,

,

(fitness value)

, .

(tumbling) (swimming) ,

,

.

, ,

. :

,

, ,

,

, .

(NC) , NC

, ,

, .

,

,

. ,

, ( )

, ,

, .

.

BChO Dahlquist

.

,

,

3 ,

. ,

;

;

;

.

, ,

t,

, .

, ,

, . ,

, .

.

PSO ,

,

. PSO

, ,

,

. ,

, ,

.

BFO ,

,

,

, , PSO

, .

, ACO

,

, PSO ,

. BChO

,

, ,

, ,

. ,

,

1/4, ,

.

, ,

[2] .

, PSO , BFO BChO

.

,

.

3 (bacterial colony opti-

mization algorithm)
,

,

,
[19]. ,

,

(lag phase) (exponential phase)

(stationary phase) (death phase)4 ,

, ;

,

, ,

,

(colony), ;

, ,

,



2 : 225

; ,

, ,
[19].

.

,

.

, ,

. PSO

,

,

,

,

. , PSO

,

.

,

, , ,

. ,

, ,

, ,

, .

, ,

,

.

,

,

.

,

(bacterial colony optimization, BCO),

:

, ,

,

(NH) ,

, ; ,

( )

(NL) ,

, ,

. ,

S.

,

,

(N ) , , N

NH NL. , ,

—–

, .

( ) 3

: , k

k − 1 , k + 1
, ; k

k − 1 , k + 1
,

. , ,

,

xk+1 = xk + C1 · r1 · (xk − xk−1) +

C2 · r2 · (g − xk). (1)

.

xk+1 = xk − C1 · r1 · (xk − xk−1) +

C2 · r2 · (g − xk). (2)

,

, ,

, ,

,

, .

xk+1 = xk + R · r, (3)

: x = (x1,k, x2,k, · · · , xd,k) k

; g = (g1, g2, · · · , gd) ,

d ; r1 r2 [0, 1] ; R,

c1, c2 ; r = (r1, r2, · · · , rd), ri [0, 1]

.

, BCO

, , BCO

,

, .

4 (Simulation)
BCO ,

[20] [21] PSO

, 3 ,

:

1) Sphere

f1(x) =
n∑

i=1

x2
i . (4)

2) Rastrigrin

f2(x) =
n∑

i=1

(x2
i − 10 cos(2πxi) + 10). (5)

3) Griewank

f3(x) =
1

4000

n∑

i=1

x2
i −

n∏

i=1

cos(
xi√

i
) + 1. (6)

x = (x1, x2, · · · , xn) n .

3 , Sphere

, , 3

0, , 3 30 .

PSO : w = 0.9 − 0.5t/tmax,



226 28

c1 = c2 = 2, : t , tmax
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Table 1 Parameter limits of three test functions

xmax = vmax

f1 (50, 100)30 10−5 200

f2 (2.56, 5.12)30 100 10

f3 (300, 600)30 0.05 1200

, 3
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PSO , PSOcf PSO .

2 PSO

1883 614 , BCO
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PSO 20 , 5 5000

, 15

386, BCO 10 .

2 Sphere

Table 2 Experimental data of Sphere function

PSOlw PSOcf BCO

1906 1945 1938 1839 1827 596 614 552 620 583 248 173 115 195 253

1855 1868 1853 1931 1904 642 590 620 618 546 137 295 215 77 95

1917 1831 1845 1967 1871 751 588 583 579 718 185 302 319 222 234

1913 1890 1828 1879 1852 694 573 510 574 622 223 304 223 224 181

3 Rastrigrin

Table 3 Experimental data of Rastrigrin function

PSOlw PSOcf BCO

1744 2205 1821 2143 1848 317.4 181.1 193.0 250.7 197.9 8 8 9 8 9

1440 1783 1982 1771 1408 345.2 113.4 284.6 270.1 234.8 9 11 8 8 8

1563 1798 1924 1825 1767 272.6 270.6 247.7 191.0 305.4 8 9 9 8 8

1800 1818 1870 1811 1784 220.9 203.9 268.6 232.8 157.2 9 8 9 12 8

4 Griewank

Table 4 Experimental data of Griewank function

PSOlw PSOcf BCO

3081 3246 3291 3075 3134 465 330 5000 514 5000 9 9 11 9 9

3075 3594 3135 3245 3185 414 323 298 467 337 11 8 12 11 8

3231 3149 3240 3197 3207 5000 418 352 5000 407 10 9 12 9 11

3208 3223 3166 3169 3249 373 431 5000 315 352 9 11 9 9 12
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1 Sphere

Fig. 1 Simulation curve of Sphere function
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250 , ,
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,

.

2 Rastrigrin

Fig. 2 Simulation curve of Rastrigrin function
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Fig. 3 Simulation curve of Griewnak function
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