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Abstract: A multi-objective evolutionary algorithm based on differential evolution is proposed, which takes the selection

by the non-dominated sorting and crowding distance. While ensuring the convergence to the Pareto optimal solution set,

this algirithm also increases the diversity of individual distribution. In the simulation comparison with non-dominated

sorting in genetic algorithms (NSGA ), the multi-objective differential evolutionary algorithm is better than the NSGA

algorithm both in convergence and in diversity. Finally, this algorithm is applied to the load distribution calculation of

hot strip mills with given expressions of objective functions.
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ential evolution algorithm based on crowding distance

and non-dominant rank, CND-MODE),
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(CND-MOIDE), NSGA

, CND-MOIDE .
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2 (Multi-objective dif-

ferential evolution algorithm)
2.1 (Initialization)

[12]

. N × D . H

Hj(j = 1, 2, · · · , D) ,

H =
1
D

D∑
j=1

Hj, (1)

Hj =
1

m + 1

m∑
i=1

(−Pik log Pik), (2)

: m , k

, Pik i j k

j ,

Pik = 1 − |xj(i) − xj(k)|
Bj − Aj

, (3)

Aj, Bj j .

2.2 (Non-dominated sorting)
,

[6] :

Step 1 P p

:

1) Sp = φ, np = 0. p P

, Sp p , np

p ;

2) P q, p � q, Sp =
Sp ∪ {q}; q � p, np = np + 1.

3) np = 0, p prank = 1 ,

p Pareto , F1 = F1 ∪ {p};

Step 2 Fi = ∅:

1) Q = ∅, Fi;

2) Fi p, :

Sp q, :

nq = nq − 1,

nq =0, q p , q

qrank = i + 1,

Q = Q ∪ {q};

3) i = i + 1;

4) Fi = Q, 2 ∼ n F2 ∼
Fn.

:

Sp np, , [2]

.

, 1 (Step 1),

Sp np, O(rN 2), r

, N ; 2 F2 ∼ Fn,

O(N 2),

O(rN 2).

2.3 (Crowding distance)
,

. r

f1, f2, · · · , fr, i P [i]dis, P [i].m
i m ,

[11]:

P [i]dis =
r∑

k=1

(P [i + 1].fk − P [i − 1].fk), (4)

N , r

O(rN log N),

O(rN),

O(rN log N).

2.4 (Selection operation)
,

[13]:

1) Fi prank = i ;

2) prank < qrank prank = qrank ,

P [p]dis > P [q]dis,

p ≺n q.
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,

, Pareto

, .

O(N 2).

2.5 (DE operation)

, :

xt+1
i = xt

i + F ((xt
r1 − xt

i) + (xt
r2 − xt

r3)). (5)

, t i xt
i,

xt
i, xt

i ,

,

. xt
r2 − xt

r3 ,

,

.

: xt
i xm

xT, ,

xT xm .

R, [1]

xTj =

{
xmj, rand � R,

xij, rand � R.
(6)

2.6 (Selection of offspring)

, ,

N ,

: j F1 ∼ Fj

, N ,

, Fj ,

N .

2.7 (Multi-objective

differential evolution algorithm steps)

:

Step 1 N , gen,

XVmax XVmin, 2.1

pop ,

, i = 1.

Step 2 pop N/2
parent pop,

( ), pop1,

N/2.

Step 3 pop1 pop inter pop,

,

N pop.

Step 4 i = i + 1, i � gen, Step 2;

i > gen, .

Step 5 pop, Pareto

.

2.8 (Algorithm convergence dis-

cussion)

1 R
k , S Box

Boxdim(S) = lim
ε→0

lnN(ε)
ln(1/ε)

, (7)

2 MOP, PA

PB, PA PB PA � PB,

: ∀x ∈ PA, ¬∃y ∈ PB, y � x.

1 MOP Pareto

PFture, PFture , Box

r − 1 (r ).

2 MOP MOEA, :

1) Pareto Box r − 1,

r .

2) Pknown(0), Pknown(1), · · · , ,

∀t : Pknown(t + 1) � Pknown(t),

MOEA 1 [13,16].

1 MOP Pareto

PFture , CND-MOIDE MOP

1 .

2 , CND-MOIDE

2 2) ,

Pknown(t + 1) =

NDSet(Pknown(t) ∪ Pcurrent(t + 1)) =

{x ∈ Pknown(t) ∪ Pcurrent(t + 1)|¬∃y ∈
Pknown(t) ∪ Pcurrent(t + 1), y � x},

∀t : Pknown(t + 1) � Pknown(t),

2 2). .

2.9 (Testing)
:

MOP 1:

f1(x) = 1 − e−4x1 sin6(6πx1),

f2(x) = g(x)(1 − (f1(x)/g(x))2),

g(x) = 1 + 9(
6∑

i=1

xi/4)0.25.
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xi 0 � xi � 1, i = 1, · · · , 6.

MOP 2:

f1(x) = (1 + g(x)) cos(0.5πx1) cos(0.5πx2),

f2(x) = (1 + g(x)) cos(0.5πx1) sin(0.5πx2),

f3(x) = (1 + g(x)) sin(0.5πx1),

g(x) =
12∑

i=1

(x − 0.5)2.

xi 0 � xi � 1, i = 1, · · · , 12.

, N = 200,

gen = 500, NSGA 20[14],

CND-MOIDE R = 0.3,

F = 0.6. 3 Pareto ,

1,2 .

1 CND-MOIDE, CND-MODE NSGA

MOP1

Fig. 1 The result of CND-MOIDE, CND-MODE

and NSGA to MOP1

2 CND-MOIDE, CND-MODE NSGA

MOP2

Fig. 2 The result of CND-MOIDE, CND-MODE

and NSGA to MOP2

1,2 , CND-MOIDE

Pareto CND-

MODE NSGA , NSGA

. [14]

, 3 . 3,4

. : C1, C2 , D1, D2
.

3,4 CND-

MOIDE CND-MODE, NSGA ,

, CND-MOIDE CND-MODE,

NSGA .
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3 3 MOP1 MOP2

Fig. 3 The convergence comparison of three algorithms

in MOP1 and MOP2

4 3 MOP1 MOP2

Fig. 4 The diversity comparison of three algorithms

in MOP1 and MOP2

3 CND-MOIDE
(Load distribution algorithm based on CND-

MOIDE)
3.1 (Objective function and

constraints)

. [11,15]:

J = [f1, f2, f3], (8)⎧⎪⎨
⎪⎩

f1 = (P1 − KP2)2 + (P2 − P3)2,

f2 = CRn − CR′
n,

f3 = CRi/hi − CRn/hn.

(9)

: K ; Pi

; hn ; CRn .

,

, .
[15]: ⎧⎨

⎩
0 � Pi � Pmax,

0 � Ii � Imax,

hi+1 � hi.

(10)

3.2 (Load distribution steps)
CND-MOIDE

:

1) (

);

2)

h̄i ;

3) [11] (7)∼(10)

;

4) CND-MOIDE ,

hi Pareto ,

(11), , ;

5) , , 3),

;

6) Pareto .

4 (Simulation)
Q23, B = 1535 mm,

H0 = 36.7 mm, hn =
5.7 mm, TRC = 1340 K,

CRn = 0.01 mm. N = 100,

D = 7, gen = 300,

. 5 . : M , hi

i
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5

Fig. 5 The curve convex clusters of thickness, pressure

and relative crown value

,

7 s, ,

, ,

, 5 ,

,

.

5 (Conclusion)

, ,

,

, ,

.

,

,

.
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