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Multi-objective inversion iteration algorithm for load distribution
optimization in finishing mill group of hot strip rolling
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Abstract: For solving the problem of load distribution optimization for hot finishing mills, we present the multi-
objective inversion iteration (MOII) algorithm to tackle the difficulty in determining the weighting coefficients for objective
functions. This algorithm realizes the multi-objectives optimization of load distribution in hot finishing mills through
numerical iteration operation. Firstly, multi-objective functions for load distribution optimization are formulated by syn-
thetically considering the accuracy and quality of the strip shape and thickness. Afterwards, MOII algorithm is designed
based on the monotonic relationship between the rolling force and energy parameters, as well as the entry and outlet strip
thickness of the stand. Moreover, the rationality and the abnormal situation for MOII algorithm are further analyzed, and
the calculation procedure is explained. Finally, simulation results based on practical production data show that MOII algo-
rithm is prospective for online application in multi-objective optimization of load distribution with rapidity and precision.
Besides, comparing solutions from other load distribution methods, we find the one obtained from the MOII algorithm
gives better performances.
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Ué¤kg«!¬«ÑO(ýÿUÑ�Øeþm�½

þ'X.©z[6]�âKÖ¤'~�Kïá��5�§
|,|^Newton-Raphson{¦). T�{¦)°Ýp,
�éÐ©)�¦î�,XO�L§¥¦�Ý
ÑyÛ
É,T{Ã{�¤¦). ��ÑNewton-Raphson{�
":,©z[7]æ^Newton descendent synergetic error
conversion algorithm¢y
��5�§|�¦). 3
¢S)�¥,J¦�8I  Ø´ü��,´õ�
8I�nÜ.�
¿©u�W�åN��/�È4�
^,ÏLKÖ©��{Jp�/���þ,©z[8]�
O
cA�Åe±KÖþï�8I!�A�Åe±�

/ûÐ�8I�õ8I¼ê,|^+�U�{)û�
g9ëWKÖ©��õ8I`z¯K.

éu©z[8]JÑ�õ8I`z¼ê,��´ÏL
\�Xêòõ8I`z¼ê=�¤ü8I`z¼ê.
�´,du��8I¼ê�þj�N�êþ?þ��
��,¿�3`zL§¥´Ä�Cz�,ù¦�\�
XêJ±(½. ©z[9]éU?�õ8I�©?z�{
39°WÅ|KÖ©�`z¥?1
}Á5ïÄ;©
z[10]JÑMaximinDE�{¦)9°WKÖ©�`
z�õ8I¼ê,¿�â8I��5lPareto`z
c÷ÀJ).�,,da�{�gO��±��õ�
),�´,zgS�O�I�ÏéParetoc÷,��O
�þO\,�{�m��,¦da�{3�?1KÖ
©�`z�L§¥É���. Ïd,�
U
¢yK
Ö©��3�`z,I�Ïé#�¦)�{.

��Ñþã�{ïÄ":,�©JÑõ8I��
S�{(multi-objective inversion iteration, MOII)�{,
T{¢y
9°W|KÖ©�`z¥õ8I¼ê�

ê�S�¦). �âW�²�,3nÜ�ÄØeþ!8
I�/�þ°Ý!�/ûÐ^��Ä:þ,�OKÖ
©�`z�õ8I¼ê;ÄuW�åUëê�WÅ\
�ÚÑ���þÝ�üN5'X,�O¦)9°WK
Ö©�`z�MOII�{;,�,é�{�Ün59É
~�¹?1©Û,¿�Ñ�{��[O�L§;�
�,?1�ý'�©Û.

2 õõõ888III������SSS���{{{���{{{������OOO(Design of
MOII algorithm)

2.1 MOII���{{{���{{{������)))(Generation of the idea
for MOII algorithm)
dW�nØ��, FiÅe�KÖ¼ê(W�å!ý

éàÝ!�éàÝ�)Ñ´Fi−1ÅeÑ�þÝhi−1�

üNO¼êÚFiÅeÑ���þÝhi�üN~¼

ê[11]. ù�nØ�¤
�©�nØÄ:.
²ïS�{[12]!CÚ�ê�=�{[13]ÚNewton

descendent synergetic error conversion algorithm[7]|

^TnØ¤õ¢y
KÖ©�Xê{�S�¦).

�©�âã1¤«7Åe9°WÅ|�ó²A:Ú
W�²�,�z��Åe�ï��KÖ©�`z�8
I¼ê. ÄuþãW�nØ,�OMOII�{,T�{
±�Åe�éØeþ�ûüCþ,ÏLê�S���
ªéJÑ�KÖ©�`z¯K?1}Á¦).

ã 1 9°WÅ|

Fig. 1 Hot finishing mill group

ã1¥HGC´Hydraulic gap control� �.

2.2 888III¼¼¼êêê999���ååå^̂̂���(Objective functions and
constrain conditions)
�¦gÄ�/��XÚ3W�L§¥kûÐ�

ó�å:,¿©u�W���UåW�Ñp°Ý�
��g,�OKÖ©�`z8I¼ê�oNg´�:
c3�ÅeÌ�Jø¿v�Øeþ,�4�ÅeK¿
©u�W�åN��/�È4�^�yWÑ�/û

Ð,8I¼ê�äN�OXe[14]:

1) �XW��?1,���W§Ý�$,WÅ�
Øe�Ç�¬ü$. �
U
¿©u�W����

Uå, F1∼F3Åe�¦�U�\���W�å. d
uW�§ÝÅÄ½5�þ��W�6ÄÏ���

3,I��F1Åe�ØåAGC3k�½�Øe{
þ. �â²�,~�F1Åe�W�å�F2ÅeW�

å�0.9�,=P1 = 0.9P2.

2) F2ÚF3Åe3�\��W�å�Ó�I�

�ÄW�L§�½,Ïd,ùü�Åe�W�å
A¦�U�±��,=P2 = P3.

3) �
U
¢yF1∼F3Åe�KÖ©�,¦©
���Åe�W�å��þã�¦, F3Åe�W�

åA�Ùg���W�å¤'~,¿�3`zL§
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¥�±�âäN�¹?1N!,=P3 = KP3MAX.

4) ���8IàÝ¿�yWÑ�/ûÐ,�â
ëWL§�ó²^�ÚûÐ�/�^�, F4∼F7Å

e�Ñ��éàÝ�8I�éàÝA�±��,=
CRi−1

hi−1
=

CRi

hi
=

CRn

hn
, i = 5, 6, 7.

nþ¤ã,òþã�¦?1�n��



J1 = P1 − 0.9P2, i = 1,

J2 = P2 − P3, i = 2,

J3 = P3 −KP3MAX, i = 3,

Ji =
CRi

hi
− CRn

hn
, i = 4, · · ·, 7,

(1)

ª¥: Ji(i = 1, 2, · · · , 7)�FiÅe�8I¼ê; Pi(i
= 1, 2, 3)�O��FiÅe�W�å; K�'~N!

Xê,du©��W�åØU�L��W�å,Ï
d,'~Xê�Ün�����(0,1); P3MAX�F3

Åe��W�å; hn, CRn©O�ªW��þÝÚ

ýéàÝ; hi, CRi(i = 4, 5, · · · , 7)©O�FiÅeW

ÅÑ���þÝÚýéàÝ,Ù¥h7 = hn.

ª(1)¥��8I¼ê��C0,�U÷vþã�
¦. �
Ó���ª(1)¥�8I��¦,ª(1)�=
�¤õ8I`z�.�/ª:

min





J1
′(K) = (P1 − 0.9P2)2, i = 1,

J2
′(ε2) = (P2 − P3)2, i = 2,

J3
′(ε3) = (P3 −KP3MAX)2, i = 3,

Ji
′(εi) = (

CRi

hi
− CRn

hn
)2, i = 4, · · ·, 7.

(2)

ª(2)¥�8I¼ê��`��0,Ù¦^��'
W�åÚýéàÝ�.Xe[1]:

P = 1.15Bl′cQPσ, (3)

QP = 0.8205 + 0.2376
lc
hm

+

0.1006ε
lc
hm

− 0.3768ε, (4)

σ = σ0 exp(a1T + a2)(
um

10
)a3T+a4a6(

e

0.4
)a5 −

(a6 − 1)
e

0.4
, (5)

ε =
H − h

H
, (6)

CR =
P

KP
+

F

KF
+ Ecwc +

EΣ(wH + ww + wo) + E0∆, (7)

ª¥: QP�AåG�K�Xê; σ�7áC/{å;
lcÚl′c©O���ÄÚ�ÄWDØA���>lY
²ÝK�Ý; hm�²þ��þÝ; H , h©O�Åe

�\�ÚÑ���þÝ; ε��éØeþ; T���

�W�§Ý; a1∼a6�g«û½�Xê; um²þC

/�Ý; e�ý�C/§Ý; KP�WÅî�fÝ;
KF��Dî�fÝ; wc���D.; wH�9D.;
ww���D.; wo�Ð©D.; ∆���\�àÝ;
EΣ, Ec, E0��AXê.

�
U
¢y^|B�, F1Åe��\���

u���\�;Ó��Ä�W����4��Úë
L§¥���W���A:,��8I¼ê��å
^��[14]





0 6 P 6 PiMAX,

0 6 I 6 IiMAX,

0 6 hi+1 6 hi,

α1 6 α1MAX,

(8)

ª¥: I�>Å>6; IiMAX, PiMAX©O´FiÅe>

Å>6ÚW�å����; α1, α1MAX©O�F1Å

e�O��\�Ú���\�.

2.3 MOII���{{{(MOII algorithm)
2.3.1 MOII���{{{���ííí���(Derivation of MOII algo-

rithm)
duW�åÚ�éàÝØ�0,ª(2)��dC�

�ª(9),Ù�8I¼ê��`��1.



fi(εk
i ) = (

CRn

hn
/
CRk

i

hi
)2, i = 4, · · · , 7,

f3(εk
3) = (

KP3MAX

P k
3

)2, i = 3,

f2(εk
2) = (

P3

P k
2

)2, i = 2,

f1(Kk) = (
P k

1

0.9P2
)2, i = 1,

(9)

ª¥εk
i�FiÅe¥1kgS�O���éØeþ.

eFi(i = 2, · · · , 7)Åe²kgS�O���,O
�Ñ5�ýéàÝCRk

i½W�åP k
i Ã{¦FiÅe

�8I¼êfk
i ��8I�,=fi(εk

i ) 6= 1,|^ª
(10)òù�Ø�=z��AÅe��éØeþ?�
Xê,?�FiÅe��éØeþ:




εk+1
i = εk

i ×
CRn

hn
/
CRk

i

hi
, i = 4, · · · , 7,

εk+1
3 = εk

3 ×
KP3MAX

P k
3

, i = 3,

εk+1
2 = εk

2 ×
P3

P k
2

, i = 2.

(10)

MOII�{l"Åem©�þiÅeÅ�O��
�Åe��éØeþ. �FiÅe�8I¼êfk

i ��

8I��,ÏLª(11)5(½Fi−1Åe�WÑ��
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þÝ,��F2∼F7Åe�8I¼êÑ÷v^���.

hi−1 =
hi

1− εi
. (11)

�O��F1Åe��ÿ,du5�þÝH0��

�,Ã{ÏLN!TÅe��éØeþ5÷v8I
¼êf1. XJf1(εk

1) 6= 1,�âª(12),òù�Ø�=
z�'~XêK�?�þ,?�F3Åe�'~Xê.
,�,lF3Åem©,#O�F1∼F3Åe�éØ

eþ.

Kk+1 = Kk ± λ1
P k

1

0.9P2
, i = 1, (12)

ª¥λ1�Ú�N!Xê.

2.3.2 ÐÐÐ©©©���(((½½½(Determination of initial value)
MOII�{éÐ©�vkî�/�¦. �d�±

3Ün��S,X(0, 0.5),�ÅÐ©zF2∼F7Åe

��éØeþεi(i = 2, 3, · · · , 7).

�~�S��m,�±|^²þ©�Øeþ{
(½�Åe�Ð©��þÝ,Xª(13)¤«[7]. ,
�,|^ª(11)?�Ú(½�Åe�Ð©�éØe
þ.

h1
i = h1

i−1(
hn

H0
)

1
n , i = 1, 2, · · · , n− 1, (13)

ª¥: h1
i�FiÅe�Ð©��þÝ; hn�ªW8I

þÝ; n�°WÅ|Åeê8.

2.3.3 SSS���ªªª���^̂̂���(Iterative termination condi-
tion)

dª(11)��,ÏLFiÅe��éØeþεk
i Ú

Ñ�þÝhi�±(½Fi−1Åe�Ñ�þÝhk
i−1,?

(½FiÅe�W�åP k
i ÚýéàÝ�CRk

i . X
JU
¦8I¼ê÷ve¡/�¦,@oS�O�
Ê�:

|
√

J ′ki | 6 ∆i, i = 1, 2, · · · , 7, (14)

ª¥∆i��Åe8I¼ê#N�°Ý��.

3 MOII���{{{���ÜÜÜnnn555©©©ÛÛÛ999ÉÉÉ~~~���¹¹¹???nnn
(Analysis of rationality and treatment of ab-
normal condition for MOII algorithm)

3.1 ÜÜÜnnn555©©©ÛÛÛ(Analysis of rationality)
FiÅe�W�åPi!ýéàÝCRi�Fi−1Åe

�Ñ���þÝhi−1¤�'. b�²LkgS�O

��, Fi(i = 2, 3, · · · , 7)Åe�8I¼êvk��
8I�:

fk
i > 1, i = 2, 3, · · · , 7. (15)

dª(10)��, FiÅe��éØeþεk
iO\�

εk+1
i ,l¦Fi−1Åe�Ñ���þÝdhk

i−1O\

�hk+1
i−1 , FiÅe�Ñ���ýéàÝCRk

iÚW�

åP k
i O\. (J´: 8I¼êfk+1

i (i = 2, 3, · · · , 7)
��u�u1���uÐ,XÚ�N!L§�ã2.

ã 2 MOII�{¦)fi(i = 2, 3, · · · , 7)�N!L§

Fig. 2 Adjustment process of solving fi(i = 2, 3, · · · , 7)

by MOII algorithm

Ón,dã2��,XJfk
i < 1, i=2, 3, · · ·, 7,@

oFiÅe��éØeþεk
i~��εk+1

i ,ù¦�Fi−1

Åe�Ñ���þÝhk
i−1~��hk+1

i−1 , FiÅe�Ñ

���ýéàÝCRk
iÚW�åP k

i ~�,l�¬¦
8I¼êfk+1

i (i = 2, 3, · · · , 7)3²LêgS��
ª��u�u1���.

|^O�Ñ5�F1ÅeÑ���þÝh1Ú®�

�°W\���þÝH0O�8I¼êfk
1 ,'~Xê

K�N!L§Xã3¤«.

ã 3 MOII�{¦)f1�N!L§

Fig. 3 Adjustment process of solving f1 by MOII algorithm

dã3��,efk
1 < 1,Kª(12)�KÒ.'~X

êdKk~��Kk+1,¦W�åP k
2 , P k

3~�, P k
1O

\,l¦8I¼êfk+1
1 ��u�u1���uÐ.

Ón,e8I¼êfk
1 > 1(i = 2, 3, · · · , 7),Kª(12)

��Ò.'~XêdKkO\�Kk+1. ù�Cz,¦
F2ÚF3Åe�W�åP k

2 , P k
3O\, F1ÅeW�å

P k
1~�,l¦8I¼êfk+1

1 ��u�u1���
uÐ.

3.2 þþþÝÝÝ©©©ÙÙÙÉÉÉ~~~???nnn(Disposal of strip thickness
distribution abnormality)

3.2.1 F1½½½F2ÅÅÅeeeÑÑÑ���������þþþÝÝÝÉÉÉ~~~(Abnormali-
ty of strip thickness at F1 or F2 stand exit)

duKÐ©��O�ØÜn,S�O�L§¥,
�U¬Ñy1F2½F3ÅeØeþL�,E¤O�Ñ
5�F1½F2Åe�Ñ���þÝhk

1½hk
2�L°W
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\���þÝH0. ¤±,3F2ÚF3ÅeO�¦)�

�,I�éþÝO��Ün5?1�ä,Xe¤«:

hk
i < H0, i = 1, 2. (16)

XJO�Ñ�F1½F2Åe�Ñ���þÝØU

÷vª(16)��¦,@o�âª(17)?�'~Xê
K. ,�,�âþ¡��{�g#O�F3∼F1Å

e�Ñ���þÝ�.

Kk+1 = Kk H0

hk
i

, i = 1, 2. (17)

eª(16)�½�},�âª(17)��,'~Xê
dKk~��Kk+1. ù¬¦F2ÚF3Åe�Øeþ~

�,?¦F1½F2Åe�Ñ���þÝ~�±÷v

ª(16)��¦.

3.2.2 F1∼F3ÅÅÅeeeØØØeeeþþþ©©©���ÉÉÉ~~~(Abnormality
of reduction allocation for F1∼F3 stands)

34��Ø¥,XJuyF2∼F3Åe�W�å

½>Å>6�Lþ��,Ó�F1Åe��\���

L�½�,I�Uìª(18)–(19)?�F4∼F7Åe�

S�ª�°Ý∆i(i=4, 5, 6, 7),#�1KÖ©�.

∆g
i = ∆1

i + (g − 1)λ2,i, i = 4, 5, 6, 7, (18)

λ2,i =
40(

hi

B
)β −∆1

i

(gmax − 1)
, i = 4, 5, 6, 7, (19)

ª¥: B���°Ý; gmax, g©O�§SoÌ�g

êÚ�cÌ�gê; λ2,i�Fi(i = 4, 5, 6, 7)Åe8I
¼ê°Ý�CzÚ�; β�2½1.86[15].
XJF1∼F3Åe�4��Ø�},¿�XF1 ∼

F3ÅeÃ{�¤�{Øeþ©�. �âª(18)–(19)
��, Fi(i = 4, 5, 6, 7)Åe8I¼êª�°Ýd∆g

i

O\�∆g+1
i (�âShohetµ�OK[15],§S���

gÌ�¥∆gmax

i = 40(hi/B)β),=F4∼F7Åe�8

I¼êª�°Ý3�/ûÐ^���Sü$. ù¬
¦F4∼F7Åe�ØeþO\,F1∼F3Åe�Øe

þü$,l��^|�¤KÖ©�`z�8�.

3.3 MOII���{{{���ÚÚÚ½½½(Procedure of MOII algori-
thm)
æ^MOII�{¢y7Åe9°WÅKÖ©�`

z�6§Xe:
ÚÚÚ½½½ 1 Ö��.Ú��êâ;
ÚÚÚ½½½ 2 �âª(11)(13)(½Ð©�éØeþε1

i

(i = 2, 3, 4, 5, 6, 7),¿�½S�ëê.
ÚÚÚ½½½ 3 W�L§ëêO�;
ÚÚÚ½½½ 4 ¦^ª(10)–(11)éF7∼F4Åe?1S

�O�;
ÚÚÚ½½½ 5 �âª(10)(12)éF3∼F1Åe?1S

�O�;
ÚÚÚ½½½ 6 XJØU÷vª(16)��¦,^ª(17)

�?�'~XêK,§S��Ú½5,ÄK�Ú½7;
ÚÚÚ½½½ 7 XJF1∼F3Åe�KÖ¼ê��Lþ

�,¦^ª(18)–(19)?�S�ª�°Ý∆i(i = 4, 5,

6, 7),§S�£�Ú½4,ÄK�Ú½8;
ÚÚÚ½½½ 8 �äS�ª�^�.
�ª(14)¤á��ÿ,§SÊ�S�O�.�ª

(14)Ø¤á��ÿ,XJS�gê½öÌ�gê�
L���,§Sò�´¿Ê�S�O�.

4 ���ýýý¢¢¢���(Simulation experiment)
æ^MOII�{é7Åe9°WÅ|?1KÖ©

�`z±�yÙk�5. �Åe��ëê�L1.

L 1 ���'ëê
Table 1 Parameters of equipment

ÅeÒ
ëê

F1 F2 F3 F4 F5 F6 F7

ó�D�»/mm 765 765 765 765 700 700 700

>ÅõÇ/MW 12 12 12 12 12 10 10

��W�å/MN 50 50 50 50 40 40 40

>Å�Ý/(rad·s−1) 18.84/47.1 18.84/47.1 18.84/47.1 18.84/47.1 18.84/47.1 20.93/62.8 20.93/62.8

�ýæ^�g«�Q235,5�°Ý�1500 mm,
¥m.þÝ�50.6 mm,8IþÝ�4.5 mm,°W\
�§Ý�1329 K,ªW§Ý�1143 K,8IàÝ�
0.01 mm. dª(11)(13)(½Ð©�éØeþ.

4.1 ëëëêêê������999ÂÂÂñññ`̀̀²²²(Parameters setting and
convergency description)
��8I¼êÚMOII�{��'ëêXe: #

N�ª�°Ý��∆i = 1 kN (i=1, 2, 3), ∆1
i =1.0e

− 004(i = 4, 5, 6, 7);§S�oÌ�ÚÐ©Ì�g
êgmax = 6, g = 1; F1∼F3Åe§S�oÌ�gê

ÚÐ©Ì�gêmmax = 5000, m = 1;z�Åe¥
�oS�gêÚÐ©S�gêkmax = 50, k = 1;�

Å(½'~N!XêK = 0.5;duÚ�N!Xê

��½��K�F1∼F3Åe§S�Ì�S�gê,
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éÚ�N!Xê�Ì�gêm?1ÿÁ,ã4�Ñù
ü�ëê�'X�.

dã4�±w�,�Ú�N!Xêλ1 = 0.006�,
äk�¯�Âñ�Ý.

ã 4 S�gêm�λ1�'X�

Fig. 4 Relationship between iterative times m and λ1

æ^þãëê,|^MOII�{é�Ñ���á
?1�ý`z,ª(9)¥�8I¼ê��S�gêC
z��Xã5¤«.

ã 5 �8I¼ê��Cz�

Fig. 5 Variation curve of the value of each objective function

dã5�±wÑ,8I¼êf1ÅìÂñ��`8

I�,8I¼êf2 ∼ f7�8I¼ê���`8I�

����XS�gê�O\Åì~�,=�ÌÅ
ìP~,dd��,T�{´Âñ�.

4.2 '''���©©©ÛÛÛ(Comparative analysis)
|^¢S)�êâ?1�ý,¿òW�5§¥

�²�(J!MOII�{!MaximinDE[10]�{Ú

IASPSO[16]�{��ý(J?1é'©Û.ã6�4
«�{©���Åe�WÑ��þÝÎGã.

ã 6 �ÅeÑ���þÝ

Fig. 6 Strip thickness at each stand exit

lã6¥�±wÑ, MOII�{`zO�Ñ��
ÅeÑ���þÝ�MaximinDEÚIASPSO`z�
(J�C,�²�{�(J����.�´, 4«�
{�Ñ��ÅeÑ���þÝÑ÷v9ëW�ó²

^�,=�ÅeWÑ��þÝ÷W���ÅìC�.
|^�Åe�WÑ��þÝ,�±O�Ñ�AÅe
�W�å, 4«�{�W�å©�(JXL2¤«.

L 2 �ÅeW�å(kN)
Table 2 Rolling force of each stand (kN)

ÅeÒ MOII MaximinDE IASPSO ²�{

F1 26744.3 27239.2 26664.1 24074.8

F2 29716.1 30295.3 29596.5 32335.0

F3 29716.4 30298.9 29609.1 28104.1

F4 14378.7 14427.9 14592.2 20932.4

F5 11122.6 9645.6 11281.4 9277.3

F6 9180.0 7578.7 9275.5 7187.1

F7 7045.9 7045.7 7141.8 6437.5

dL2��,²�{¥F1∼F3Åe�W�åÃ{

÷v8I¼ê��¦,�´MOII, MaximinDE±9
IASPSOO��W�åÑU
÷v8I¼ê��¦.
Ù¥MOIIO��W�å©��\þï,�U¿©u
�W����Uå. 3F4∼F7Åe¥, 4«�{©�
��Åe�W�åÑÅì~�,ù�`²
4«�
{©���4�Åe�WÑ��þÝ´Ün�. �
´,²�{¥F4ÚF5Åe�W�å��²w�u,

	3«�{�W�å��,ù¬��W�å�^e
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��éàÝ�3�O.L3�«þÝ©�(JéA
��Åe�éàÝ�.

L 3 �Åe�éàÝ
Table 3 Relative crown of each stand

ÅeÒ MOII MaximinDE IASPSO ²�{

F1 0.0017 0.0018 0.0017 0.0015

F2 0.0035 0.0037 0.0035 0.0038

F3 0.0061 0.0065 0.0060 0.0055

F4 0.0022 0.0023 0.0022 0.0038

F5 0.0022 0.0019 0.0022 0.0018

F6 0.0022 0.0017 0.0022 0.0016

F7 0.0022 0.0022 0.0022 0.0020

dL3��,²�{¥F4ÚF5Åe��éàÝ�

�²w�u,	3«�{��éàÝ��,w,Ø
÷v8I¼ê¥�¦��o�Åe¦þ�±�éà

Ý����K.dd��,²�{�,Ün�©�

�Åe�WÑ��þÝ,�´,©��(J¿�
�`. MOII, MaximinDE±9IASPSO©���4�
Åe��éàÝÑU÷v�éàÝ���K,Ù
¥MOIIÚIASPSO�{©���J�Ð.nÜL2
ÚL3�(J��, MOII�{äk�Ð�¦)°Ý.
�SÊHæ^�éàÝ�´Ä÷vShohet�µ�O
K5�äWÑ�/´ÄûÐ,�4�Åe��éà
Ý�XL4¤«.

L 4 �éàÝ�
Table 4 Relative crown difference

�éàÝ� ûÐ�/«þ� MOII MaximinDE IASPSO ²�{ ûÐ�/«e�

CR4

h4
− CR5

h5
0.0014 0.0000 0.0004 0.0000 0.0020 −0.0028

CR5

h5
− CR6

h6
0.0010 0.0000 0.0002 0.0000 0.0002 −0.0020

CR6

h6
− CR7

h7
0.0008 0.0000 −0.0005 0.0000 −0.0004 −0.0016

dL4?�Ú��,�,²�{����éàÝ
��ªU
?\�/ûÐ«m,�´, F4ÚF5Åe

��éàÝ����,��T��:3�/ûÐ«
m	. d?,�éàÝ�UCéu�DN!XÚ5
`´'�(J�. Ï�,���þÝ�u�u12 mm
�,Ù7á�î�6Ä5�XþÝ�~�ü$[1].
MOII, MaximinDEÚIASPSOO���4�Åe
�éàÝ�÷v�éàÝ���K,¤±§���
éàÝ�3Shohtµ�OK/¤�«m¥äk��
�{þ,ù`²W�åN��/�È4�^��¿
©u�,Ó����D��XÚJø
ûÐ�ó�
å:,¦��4�Åe��D��XÚN!�/�
Uå���¿©u�. ù3«�{�O��m�L5.

L 5 O��m'�(s)
Table 5 The comparison of calculation time (s)

�{ MOII MaximinDE IASPSO

$1�m 0.892 11.360 4.850

dL5��, MOII¦)9°WÅ|KÖ©�`
z��m�u1 s,÷v3��1KÖ©�`z/�
¦,�¦)�Ý`uIASPSO±9MaximinDE.

5 (((ØØØ(Conclusions)
3¦)9°WÅ|KÖ©�`zL§¥,�é

õ8I=��ü8I\�XêJ±(½�¯K,J
Ñ
MOII�{. T�{|^ÅeKÖ¼ê�Åe\
�ÚÑ���þÝ�üN5'X¢y
KÖ©�õ

8I`z�S�¦),�9°WÅ|KÖ©�`z
Jø
�«#�){. T�{äk�n9ëê��
{ü!éÐ©��¦$ÚBuy|ö�<
¦^9

�o�`:. ��,ÏL�ý�y,(JL²: MOII
�{U
¤õ�¢y9°WKÖ©�`z�¦),
¦)°Ýp!�Ý¯,U
÷v3�?1KÖ©�
`z��¦,kûÐ�3�A^cµ;�²�{,
IASPSOÚMaximinDE�{�', MOII�{���
)äk�Ð�5U,U
¿©|^c3�ÅeJø
Øeþ�Uå,¿©u��4�ÅeW�åN��
/�È4�^,¦Ù�D��XÚkûÐ�ó�å
:.
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