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Chain-like agent genetic algorithm for
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Abstract: Combined the coding characteristic of the genetic algorithm with the evolution structure in the multi-agent

system, a chain-like agent genetic algorithm is proposed to solve the multi-stage multi-product scheduling problem. The

order-sequences-based encoding means is adopted, and the one-to-one correspondence between the encoding and feasible

scheduling is achieved by new post-assignment rules. The population evolution is implemented by the operators of agent

such as competition and cooperation with the dynamic neighboring environment and self-learning operator with its own

knowledge. The simulation results of multi-stage multi-product scheduling problem show that the combination of chain-

like agent genetic algorithm with the new heuristic rule not only increases the diversity of the population but also improves

the convergent performance. It is effective in solving the multi-stage multi-product scheduling problem.
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MMSP (chain-like

agent genetic algorithm, CAGA).

, ;

,

, ,

. MMSP ,

.

2 MMSP (Description of MMSP)
: ,

MT , N ,
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dj , M .
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.

:

min PT =
N∑

j=1

(dj − Hj), (1)

min T =
N∑

j=1

Tj, (2)

: Tj = max{Cj − dj, 0} j ,

Cj j , dj j , Hj

j .

MMSP [14]. MMSP

,

, , MILP

, ,

, MILP

. ,

MMSP .

3 MMSP
(Chain-like agent genetic algorithm for

MMSP)
3.1 Agent (Agent coding and

population generating)
,

P = (P1, P2, · · · , PS), Pk = (Pk1, Pk2, · · · ,

PkN)(k = 1, 2, · · · , S) , Pki Pk i(i =
1, 2, · · · , N) , Pki ∈ {1, 2, · · · , N}. 1

5 × 10(S = 5, N = 10) .

1 5 × 10(S = 5, N = 10)

Fig. 1 Coding structure of chromosome with 5 stages

and 10 orders

N S MMSP

: 1 , ,

1 N N ,

, S ,

1 . PopSize ,

PopSize .

3.2 Agent (Structure and

neighbor environment of agent)
1 Agent .

: a =(body,

place, local), : body

; place a

; local a local(a) = (npre, nnext),

npre nnext a

; nc = (place(c), trust(c)), c =
pre, next; place(c) trust(c) c

.

: E(a) = 1/f(a) a ∈ S′,
: S′ , f(a)

, . ,

, .

2 .
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Fig. 2 Chain-like network structure of agent

L , L

, 1 × Lsize(Lsize ).

,

.

3 Agent .

[12] . :

L1,i (1, i) , i = 1, 2, · · · ,

Lsize, L1,i N1,i N1,i = {L1,i1 ,

L1,i2}, :

i1 =

{
i − 1, i �= 1,

Lsize, i = 1,
(3)

i2 =

{
i + 1, i �= Lsize,

1, i = Lsize.
(4)

,

, ,

,

, .

3.3 Agent (Agent decoding and

energy calculating)
MMSP ,

,

. , ,

, .

. [5] ,

,

,

.

:

;

. :

Pki(i = 1, 2, · · · , N),

k(k = 1, 2, · · · , S), m(m =
1, 2, · · · , Mk), Mk k . j =
Pki, Pki k dj,k ,

:

Step 1 i = 1, Pki k

Pki .

Step 2;

Step 2 k m = 1;

Step 3 m ,

dj,k , Pki

dj,k,

;

Step 4 m = Mk, Step 5, m =
m + 1, Step 3;

Step 5 Step 3 ,

Pki .

[5] ,

1 3 (a)

(b). ,

, .

3

Fig. 3 Gantt chart of scheduling sequences based on

different rules

,

:

Step 1 P , k = S, m =
1, i = 1;

Step 2 Pk Pki, j = Pki;

Step 3 k = S, dj,k = dj , dj,k =
Hk+1

j , Hk+1
j j k + 1 ;
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Step 4 , Pki

k m ;

Step 5 Hk
j = dj,k − (xlj +pjkm), : xlj

1 j , pjkm j k

m ;

Step 6 i = N , Step 7, i = i + 1,

Step 2;

Step 7 k 1, k = k − 1, i = 1
Step 2, Step 8;

Step 8 Hj = H1
j , f(P ) =

N∑
j=1

(dj − Hj) , P .

Step 9 E(P ) = 1/f(P ).

3.4 Agent (Agent evolution operator)
,

,

,

.

(1, i)
L1,i = (li,1, li,2, · · · , li,n), L1,i

M1,i, M1,i = (mi,1, mi,2, · · · , mi,n), n

, n=S × N . : M1,i ∈Neibors1,i,

∀a ∈ Neibors1,i, E(a) � E(M1,i) . L1,i

E(L1,i) > E(M1,i),

, ,

. :

:

M1,i = (mi,1, mi,2, · · · , mi,n);

: C1,i,

C1,i = (ci,1, ci,2, · · · , ci,n);

Step 1 C1,i, M1,i C1,i;

Step 2 (1, S) k,

(1, N) 2 i, j(i �= j), C1,i

k i j ;

Step 3 E(C1,i) > E(L1,i),

, Step 4, ;

Step 4 , .

Pc

. a′, b′ a b

. E(a′)>E(a), a′ a. ,

a . , E(b′)>E(b), b′ b.

, b . :

: a, b a = (a1, a2,

· · · , an), b = (b1, b2, · · · , bn), Pc;

: a′, b′;

Step 1 a′, b′, a′ = a, b′ = b, k = 1;

Step 2 (1, N) i, j(i �=
j), a′, b′ k i j

[5] ;

Step 3 k S, k = k+1, Step 2,

Step 4;

Step 4 a′, b′ ;

Step 5 , .

, ,

,
[15]. :

: a,

Pm;

: c;

Step 1 c, a c, k = 1;

Step 2 (1, N) 2 i, j(i �=
j), c k i j

;

Step 3 k S, k = k+1, Step 2,

Step 4;

Step 4 c ;

Step 5 , .

3.5 MMSP
(Chain-like agent genetic algorithm for

solving MMSP)
Li i , locali i

, L1
i L2

i Li Li+1 2

, Bi {L0, L1, · · · , Li}
, B1

i Li , Pc Pm

,

U(0, 1) (0, 1) .

MMSP :

Step 1 Lsize,

MAX, L0, local0,

B0, i ← 0.

Step 2
, L1

i ;

Step 3 L1
i , U(0, 1) <

Pc, , L2
i ,

locali;
Step 4 L2

i , U(0, 1) < Pm,

, Li+1;

Step 5 Li+1 B1
i+1,

B1
i+1 Bi, E(B1

i+1) > E(Bi), B1
i+1
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Bi+1, Bi Bi+1 B1
i+1;

Step 6 , ,

Bi, i ← i + 1 Step 2.

3.6 (Parameters of Dynamic chain-

like agent genetic algorithm)
L

PopSize Pc Pm

.

,

L = N × S.

,

,

200, 300 600,

CPU 10 s, 1 min,

5 min.

, Pc Pm
[16].

Pc Pm :

Pc =

⎧⎨
⎩k1 sin(

π

2
fmax − f

′

fmax − favg

), f
′
> favg,

k2, f
′ � favg,

(5)

Pm =

⎧⎨
⎩k3 sin(

π

2
fmax − f

fmax − favg

), f > favg,

k4, f � favg.
(6)

: k1 = 1.0, k2 = 1.0, k3 = 0.5, k4 = 0.5;

fmax ; favg

; f
′

2 ;

f .

: 20

0.01.

4 (Simulation and anal-

ysis)

,

.

4.1
(Simulation and analysis for

MMSP with resource constraints)
5

, 12 12 .

[17].

,

(2) , 4 : I)

II) III)

IV) ( ).

MILP, GA CAGA 3

, 3 (

Best Worst Mean SD

CPU ) 1.

1

Table 1 Results of experiment for MMSP with resource constraints

MILP[17] GA CAGA

Best CPU/s Worst Mean Best SD CPU/s Worst Mean Best SD CPU/s

I 9.3 69.73 7.79 7.18 7.15 0.03 13 6.91 6.64 6.31 0.03 15

II 11.9 70.41 10.7 9.79 9.02 0.24 17 9.8 9.5 9.12 0.04 18

III 18.3 119.3 18.69 17.87 17.08 0.23 26 18.1 16.2 14.2 1.29 32

IV 31.6 114 30.45 29.85 28.03 0.73 28 33.6 27.5 26.3 3.78 29

, MILP ,

. CAGA

. CAGA

,

,

, .

, CAGA

GA , CAGA

. 4(a)∼(d) 4 GA CAGA

30 .
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4

Fig. 4 Average curve of MMSP with different resource

constraints

,

,

.

.

4.2
(Simulation and analysis for large-

scale MMSP)
CAGA MMSP

,

5 24 25

MMSP ,

[5].

, (1) , MILP,

OR+GA( [5]

), NR+GA( [5]

), NR+CAGA(

)4

. 30 , (

Best Worst Mean SD

CPU ) 2 .

2 : GA CAGA

MILP ,

;

,

, ; ,

, CAGA

GA , CAGA

,

,

. 5, 8 10

, 30 .

2

Table 2 Results of experiment for large-scale MMSP

MILP[5] OR+GA[5] NR+GA NR+CAGA
Order PopSize

Best CPU/s Best CPU/s Worst Mean Best SD CPU/s Worst Mean Best SD CPU/s

5 200 499.4 0.43 499.4 1 499.4 499.4 499.4 0 1 499.4 499.4 499.4 0 1

8 200 736.9 99.56 732.9 1 730.9 730.9 730.9 0 5 730.9 730.9 730.9 0 9

10 300 909.3 119.5 876.4 5 863.9 863.9 863.9 0 11 863.9 863.9 863.9 0 19

12 300 1184.7 125.02 1038.9 6 1036.9 1030.8 1022.4 22.19 20 1031.9 1028.6 1022.4 12.16 24

16 600 2048.6 202.5 1788.8 14 1791.2 1781 1774.3 32.34 40 1762.3 1759.3 1751.3 7.91 88

20 600 2982.5 227.17 2456.8 26 2410.3 2402 2399.5 18.46 87 2402.2 2391.4 2377.1 114.21 144

24 600 3912 374.72 3239.3 40 3066.7 3050.3 3036.5 90.9 132 3059.8 3046.8 3030.4 120.32 218
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5(a)∼(f) 8, 10, 12, 16,

20, 24 6

30 .

:

,

,

; ,

CAGA GA ,

,

, ,

CAGA ,

.

, ,

,

. CAGA

, ,

, .

5 MMSP

Fig. 5 Average curve of MMSP with different scale

5 (Conclusion)
MMSP ,

,

,

.

,

,

,

.

.

, .

, :

,

;

,

,

.
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