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Model and algorithm of batch production scheduling of cold mill
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Abstract: In the production scheduling for a cold mill, a great number of constraints in production process have to be

considered, such as the variations of material width and thickness at the entrance and exit of two continuous rolling steel

coils. The scheduling process is transformed to an asymmetric two-traveling-salesman problem; and the Pareto-based multi-

objective optimization model is established. A Pareto multi-objective adaptive-ant-colony algorithm based on the Pareto

non-dominated set is introduced for solving the multi-objective problem. The Pareto non-dominated set is constructed

by means of the adaptive-ant-colony algorithm and the Pareto optimization approach, which is used to guide ants to find

the optimal solution. The parameters used to search a new path are updated automatically. The pheromones are changed

automatically by considering all of the objectives and the process of searching path. Finally the scheduling solution is

obtained by taking account of all objectives according to the requirements of production technologies. A simulation is

conducted for a cold rolling mill, and the results indicate that the proposed algorithm is effective
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2 (Model of

batch production scheduling of cold mill)
2.1 (Production technology)
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Fig. 1 Case of production scheduling in cold mill

2.2 (Model of batch produc-

tion scheduling)

,

,

, ,

,

,

Pareto , Pareto [4].

,

, a, b

. n,

a ,

b

,

, .

:

min F (v) = (fwid(v), fenthk(v), fexthk(v)), (1)

fwid(v)=min
∑

l∈{a,b}

∑
i,j∈vl

i�=j

(xijl ·|wi − wj|), (2)

fenthk(v)=min
∑

l∈{a,b}

∑
i,j∈vl

i�=j

(xijl ·|eni−enj|), (3)

fexthk(v)=min
∑

l∈{a,b}

∑
i,j∈vl

i�=j

(xijl ·|exi−exj|), (4)

s.t. |wi − wj| � Gw, i, j ∈ vl, (5)
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|eni − enj| � Gen, i, j ∈ vl, (6)

|exi − exj| � Gex, i, j ∈ vl, (7)∑
l∈{a,b}

∑
i∈v

xijl = 1, (8)

∑
l∈{a,b}

∑
j∈v

xijl = 1, (9)

va ∩ vb = φ, (10)

va + vb = n. (11)

: F (v) 3

, v ,

fwid , fenthk

, fexthk

, l = {a, b} , vl

l ; w, en ex

, Gw, Gen Gex

, va vb a b .

xijl =

{
1, l , j i ,

0, .

(1) 3 ,

, (2)∼(4)

, (5)∼(7)

,

(8) (9)

, (10)

, (11) .

3 Pareto
(Pareto multi-objective adaptive

ant colony optimization)
(ant colony optimization, ACO)

,

,
[5∼7].

Pareto

(PAACO).

3.1 (Algorithm)
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, a, b
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3.1.1 (Adaptive selec-

tion of the rules of searching routes)
,

, ,

; ,

, ,
[8]. [9]

λ,

,

λ ,

, λ.

,

, ,

.

k i, :

j =

{
J1, r � q(τ(t)),

J2, ,
(12)

q(τ(t))=−
n−1∑
s=1

ps ln ps, ps=
τs(t)

n−1∑
m=1

τm(t)
, (13)

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

j1 = arg max{(τij)α
V∑

ς=1

[ως · (ης
ij)β]},

r � q(τ(t)),
V∑

ς=1

ως = 1,

(14)

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

J2 = pijk =
V∑

ς=1

(ως · pς
ijk) =

V∑
ς=1

[ως · (τij(t))α(ηs
ij)

β∑
h∈Nk

i

(τih(t))α(ηs
ih)β

], j ∈ Nk
i ,

V∑
ς=1

ως = 1.

(15)

: j , J1

, J2 , r

[0,1] ; q(τ(t))
, J1 J2. ps s

, (n − 1) ; τ(t)
t , ης

ij ς , (i, j)
. α, β

, α = 1, β = 2 ∼ 5, Nk
i i

. V , V = 3, ς

,

. pijk k , ως

ς , ως ,

3 .

τij(t) t i j ,
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i j , : τij(0) = Cbs ,

Cbs ,

, .

(12) , (13)

, ,

q(τ(t)) , J1 ;

, ,

q(τ(t)) , J2 .

(14) ,

, , , (15) k

.

ης
ij ς

:

ης
ij =

1
dς

ij

, (16)

dς
ij,0 =

⎧⎪⎨
⎪⎩
|gς

i −gς
j |, (gς

i −gς
j)∈Gς ,

ε, (gς
i −gς

j)=0,

|gς
i −gς

j |+γ(gς
max−gς

min), .

(17)

dς
ij = 10(

dς
ij,0 − min dς

ij,0

max dς
ij,0 − min dς

ij,0

). (18)

: dς
ij,0 ς ,

.

gς ς

, gς
max gς

min

, γ(gς
max − gς

min)
ς

, γ , γ

1 ; Gς ς

. ε , ,

dς
ij,0 = ε. min dς

ij,0 ς

, max dς
ij,0 ς .

dς
ij .

(16) ; (17)

,

, dς
ij,0 γ(gς

max − gς
min); (18)

.

300 mm, 10 mm,

2 mm,

1 mm,

,

, dς
ij,0

.

1 γ

Table 1 Penalty coefficient γ

/mm /mm /mm

0∼20 1 0∼0.10 1 0∼0.03 1

21∼50 5 0.11∼0.30 10 0.03∼0.05 10

51∼80 10 0.31∼0.60 20 0.05∼0.10 30

81∼120 20 0.61∼0.80 30 0.10∼0.15 40

121∼160 30 0.81∼1.00 50 0.15∼0.20 60

161∼200 50 >1.0 100 0.20∼0.30 80

>200 100 0.30∼0.45 100

>0.45 150

3.1.2 (Adaptive updating

pheromone)

Pareto ,

:

, Pareto

.

,

,

,

. ,

, Pareto ,

, .

:

τij(t + tm) = (1 − ρ)τij(t) + ρΔτij(t + tm), (19)

Δτij(t+tn)=

{
U, (i, j) ,

0, .

(20)

U =

⎧⎪⎪⎨
⎪⎪⎩

(1+
gwi−gwj

gmax
)

1
Cbs

, gwi−gwj <0,

(2− gwi−gwj

gmax
)

1
Cbs

, gwi−gwj �0.

(21)
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: τij(t + tm) (t + tm)
, τij(t) t , Δτij(t + tm)
(t + tm) i j

, ρ , U

, gwi i , gwj

j , gmax ,

Cbs ,

.

(19) ,

.

(20) Pareto

. ,

, (21) ,

, (1/Cbs , 2/Cbs ]
, ,

(0, 1/Cbs) ,

.

,

U

, , .

3.2 Pareto (Pareto non-dominated so-

lutions set)
Pareto

, , ,

,

, , Pareto

NDSet. NDSet

,

NDSet

,

.

,

, :

S = (st1, st2, · · · , sti, · · · , stnd)T, (22)

sti = (fwid,i, fenthk,i, fexthk,i). (23)

: S , nd×3
; sti i ;

fwid,i, fenthk,i fexthk,i i

; nd .

(22) ,

(23) i ,

.
[10], S Par-

eto NDSet, ,

. Pareto

, Pareto

, Pareto ,

NDSet ,

.

3.3 (Steps of algorithm)
3.1 3.2 , Pareto

. :

1 , m

, ,

FA SA;

2 , 3.1

, ;

3
, (1)∼(4) S;

4 Pareto

, S NDSet,

SA ;

5 Pop = SA ∪ FA,

, Pop ,

NewNDSet, NewNDSet FA,

;

6 (19)∼(21), NewNDSet

;

7 3∼ 6, .

8 , ,

NewNDSet , bs ,

bs .

4 (Simulation)
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0.18∼0.354 mm .

(ACS) (partheno-genetic

algorithm, PGA) ,

(PAACO) .
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1) :
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,
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2) ,
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2

Fig. 2 Variation of width

3

Fig. 3 Variation of the entrance width

4

Fig. 4 Variation of the exit width

2 3

, .

,

3 , 84,

103 118, .

2 3

.

2 3

Table 2 Comparison of results of production

scheduling among three approaches

84 1 1 1

ACS 103 1 1 0

118 2 1 1

84 3 1 0

PGA 103 7 1 0

118 5 2 1

84 1 0 0

PAACO 103 0 1 0

118 2 0 1

, (ACS)

,

,

5 .

(PGA) ,

, , ,

. ,

3 ,
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5 (Conclusions)
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