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Abstract: In order to realize the maximal hot charge-ratio and other optimal objectives, an optimal multi-objective

order-planning model is formulated for the integrated steelmaking-continuous casting-hot rolling(SM-CC-HR) production

process in a steel plant, where the steelmaking and the hot-rolling are regarded as the key steps. The objectives are the

maximum of the hot charge-ratio, the minimum of the earliness/delayed delivery-time and the minimum of the slabs which

are surplus to the requirements for hot rolling. The main constraints, including steelmaking and hot-rolling production ca-

pacities, the low limit of staple materials output, steel grade, slab and product dimension, are all taken into consideration in

the model�The NSGA--II algorithm(non-dominated sorting genetic algorithm) is improved by mutating the superposition

individuals in the objective space and adding some new individuals on every generation so that the population diversity is

improved significantly. Computation results of different order-planning problems indicate that the proposed mathematical

model and the improvement on NSGA--II algorithm are efficient.
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���(Introduction)
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���������(Mathematical model)
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��
�	�	�������
���:

i = 1, 2, · · · , N , 
���, 
�N���
�;

j = 1, 2, · · · ,M , �����	����, 


�M�; k = 1, 2, · · · , P , ����, N���


��
�P���; l = 1, 2, · · · , Q, �����

�, N���
��
�Q�����; WSj , �j�

	��
��; Wkj , �j�����k	��; Wlj ,

�j�����l	��; WRj , �j�	��
��;

Wzj , �j��	��	����; wi, 
�i	
�

�; Sik = 1, 	

�i	���k, 

Sik = 0;

Til = 1, 	

�i	�����l, 

Til = 0;

Zi = 1,	

�i	�������,

Zi = 0;

Ai = 1, 	

�i�����
������,



Ai = 0; Bi = 1, 	

�i��������

����,

Bi = 0; Ej	
�j�	����


�; Xij�Yij�
���, Xij = 1	
��
�i�

�j���,

Xij = 0; Yij = 1	
��
�i�

�j��	,

Yij = 0.

���������
���
�:

min Z1 =
N∑

i=1

wi × Ai/
N∑

i=1

wi, (1)

max Z2 =
N∑

i=1

wi × Bi/
N∑

i=1

wi, (2)

min Z3 =
M∑

j=1

Ej/
N∑

i=1

wi (3)

s.t.
N∑

i=1

wi × Xij + Ej � WSj, (4)

N∑

i=1

wi × Xij × Sik � Wkj, (5)

N∑

i=1

wi × Xij × Til � Wlj, (6)

N∑

i=1

wi × Yij � WRj, (7)

N∑

i=1

wi × Yij × Zi � Wzj, (8)

M∑

j=1

Xij = 1, (9)

M∑

j=1

Yij = 1, (10)

M∑

j=1

j × Yij −
M∑

k=1

k × Xik � 0. (11)

���
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3 ������			NSGA--II(Improved NSGA--II)
�����			�������[6∼10]�,

NSGA--II��������		�		���


����,������	���	��. ���


�������������		
	,����

��	�		,��
NSGA--II��
���:

1)
�������	���,
����,


	�	��������

���,�����

�	��������,�������.

2)
��i������	��,������

����,����N − |Pt+1|�����
Pt+1.

MAXGEN	
�
�
, ��	NSGA--II��

��
�:

�������N	����Pt;

For t = 0 to MAXGEN−1;

������
���,�����Qt;

����Rt = Pt

⋃
Qt;


Rt �������, ��Rt	��F =
(F1, F2, · · · );


Pt+1��, i = 0:

WhilePt+1�	�
���N ;

i = i + 1:

�Fi�
Pt+1;
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End While;

��N − |Pt+1|���,�
�Pt+1;

t = t + 1;

End For.
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(Experiment analysis)
�����3�����(80, 120�200�
�)

	�����	.�������
�1000,���

����50, 210�350, �
��Pc = 0.7, ���

�Pm = 0.01. 	�����	��NSGA--II���

�NSGA--II��,��
���	�	10�,���

	, ���������������, 	�
�

��	1. C(N, I)	
��NSGA--II��		��,

���NSGA--II��		��(����NSGA--II�

�		)		, ��	�
. 	�
�, C(N, I) �
�C(I, N)�,	���
�1,����NSGA--II�

�	��	, ������		, �������

�,�����
. 
�
����	����,�

�NSGA--II�������
���, 	����

������,������	�		.

� 1 2���������

Table 1 The coverage between the two algorithms’ solution sets

���	 
�� Run1 Run2 Run3 Run4 Run5 Run6 Run7 Run8 Run9 Run10

C(I, N) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10
80
�

C(N, I) 1.00 1.00 1.00 1.00 1.00 0.85 1.00 0.70 1.00 1.00

C(I, N) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
120
�

C(N, I) 1.00 1.00 1.00 0.90 1.00 1.00 1.00 1.00 1.00 1.00

C(I, N) 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
200
�

C(N, I) 1.00 1.00 0.65 1.00 1.00 1.00 1.00 1.00 1.00 1.00

5 ������(Conclusions)
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