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Abstract The optimization of operation scheduling is a tough work for many factors involved. To address

it, a fuzzy scheduling model is presented with the object of a patient satisfaction and total operation

time, which the operation platform, knife physicians and other resource constraints are covered. An

improved non-dominated sorting genetic algorithm II (NSGA-II) is proposed in view of the traditional

weighted coefficient method can not well address the problem of multi-objective optimization operation.

The improved crowded density scheduling method is taken to improve the individual ranking within the

non-inferior grade; a new adaptive crossover and mutation strategy is presented to avoid the population

precocity and increase the convergence speed; the improved elite strategy is used to maintain the diversity

of population and improve the algorithm performance. Finally, the algorithm is applied to an assigned

hospital’s operation fuzzy scheduling, and the simulation results validate the feasibility and effectiveness

of the method.
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�4.
3'/3�, ��=@93�	?���*:, @A455�6�	�%���. @6, ��
������
��������$��� [8−9].
2.1 6?@ABCD78EFGH

��
����7���
��7�8�<9��6��A9�����-'���	,���
��
�, 
���:
��.��
�/�%��
. ��B�����, B2���C8:���
, ��
7
:8�;D*:�;E;D*:�;�/3. 3<'/3�8�9���
=::5��/��;�. ��

;D*:;C&.��=?, "�=8:< ��, @��
;D*:�;.D,��>2E���, @
B>2&.��>��FF�<�=F�. +*, ���������G, ���!.��<�<H�=G
=, ���>I�?@�&-	��JK. ����
��
*%L+*(�����<�1�#2AB.
2.2 6?@ABCD78I>?JK

(���B��)8, �>���@��*:���!.�<�.C&'�

 , ?�
 #�D?
@$�+.

1) �M
��@��*:
!;�7�8���@�)��#�, �M
��@��*:, �0E(
�:

min F = min
( n∑

i=1

Ci

)
= min

[ n∑
i=1

( l∑
j=1

(Cij)
)]

= min
[ n∑

i=1

( PJi∑
Q=1

l∑
j=1

m∑
v=1

k∑
L=1

(TiQjvL)
)]

(1)

��, TiQjvL: �7�83A����!�A v(1 ≤ v ≤ m) ����N�A L ���@ (1 ≤ L ≤ k) �A
j(1 ≤ j ≤ l) ����A�����*:.

2) ��
FH!.�
-�7�8 i �A z ����B���*:BG� Diz(dc

iz , d
a
iz , d

b
iz , d

d
iz), ��!.��0E(
�:

max fsum = max
[ n∑

i=1

( y∑
z

µiz(C)
)]

(2)

��, µiz(C) ;C�7�8 i �A z ����!.$3H!�, ;C
�:

µiz(x) =

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

0, x ≤ dc
iz , x ≥ dd

iz
x − dc

iz

da
iz − dc

iz

, dc
iz < x < da

iz

dd
iz − x

dd
iz − db

iz

, db
iz < x < dd

iz

1, da
iz < x < db

iz

(3)
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�!;�'
 �+*, �����L��!;���)��:
1) ��
�): +���@'������E�;G:;HJ������.

CabL − Ci(j−1)L − TabL ≥ SabL, XijL = XabL = 1, RijabL = 1 (4)

��, CabL, Ci(j−1)L: ;C�7�8 a(i) �A L ���@�A b(j − 1) ����A���E�*:; TabL:
�7�8 a �A���@�A b ����A���HP*:; SabL: ;C�7�8 a �A L ���@�A

b ����A���-"*:.

XijL =

{
1, �7�8 i �A j ������@ L #���

0, �I
(5)

RijabL =

{
1, �7�8 i �A j �����7�8 a A b����+���@ L ��, 3�� j Q2�� b

0, �I

(6)
2) �7�8�): <��+����:+*����K�7�8, @J�M�K�7�8��M*?9

�:+*I����'���.

FiQhL − FpqsL + HZiQhpqsL + H (1 − XiQ) (1 − Xpq) ≥ TiQhL (7)

FpqsL − FiQhL + H (1 − ZiQhpqsL) + H (1 − XiQ) + H (1 − Xpq) ≥ TpqsL (8)

��, H �NJ��C�; TiQhL � FiQhL �>��7�8 i �A Q ����!��A h ����A L �

��@�A���HP*:���EK*L; ZiQhpqsL �A L ���@,��� h � s �2�M>��,
+�� h � s 9�A L ���@��*, 
O�7�8 i �A Q ����!��A h ���Q2�7�
8 p �A q ����!��A s ����A��, 1 ZiQhpqsL = 1, P1 ZiQhpqsL = 0.

XiQ =

{
1,�7�8 i A4A Q ��!

0,�I
(9)

3) ��E��), �7�8�A�����E�*:!;
��):

Cij = max{Ci(j−1), STij} + Tij + Sij

i = 1, 2, · · · , n, 1 < j ≤ l (10)

��, STij ��7�8 i �A j ������7�;H*L.
K@, �7�8 i �A 1 �����E�*: Ci1, !;
��):

Ci1 = STi1 + Ti1 + Si1 (11)

4) �����), .��7�8�.�����M����@��*�DR�L.

3 EL NSGA-II MF

%�,���)�$3��
��	,-� !�4# NSGA-IIL/;%��7�8���
75A4
��	, -�DQ@MN$�; %�$3STN��Æ, -�D12B�$3����!.�H!R�. /�
L/�����BM��G�: 1) NQ�'O��.��$O Pareto #����S, �	NO�$P��
��, ���3��$��HT, HT�M��$�QPIP�J5���O$, 3�U�$	 +�HK,
1�LNO+	S"�$<U��; 2) K;��+1!VQR�S:��Q���O$, L/��WTR#
�1@�$��

/; 3) 
���V�U�, I5!;:M���M. 3'L/�PXTR�(QS��
+RS�L/#
T��1�#�L/�
:, �$$����<�.C:

1) L/T��WV. YU+1!UW�XZX%R�, ��Y[RS���'*X�X%\V
, +�
VJ+�RS��, ZM�Æ]U�^RS��; YU�WTR, ���_�$�VQ#
, Y&'O`QS
��+W�.

2)L/I�4#�T2.YU12M:XYZ�<U����/,�;�1
 =:'�&M:X�X,
�M:XYZ"<	��$� ��7 �$#
� N; ��4#�W�YTR, ��.�NO	S�$
��EQA4�J, �H'O�,a
, ZM'O�ÆWXZ; YUUW�XZX%���
/�J, [O?
+�
/S�RS?�.

4# NSGA-II L/��b
b 1 �C.
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4# NSGA-II L/[SE(�:

TR 1 -"#
����� t = 1, ��S:\ m ��$�\H'O P0(t);

TR 2 OU�)���YZ$#�+N;

TR 3 �L.��$ !��
 R�K fij(i = 1, 2, · · · , m, j = 1, 2, · · · , g), g �
 ��;

TR 4 ML	S���<U[\�L�PE�, 
E�155[S 7, 
=E�155[S 5;

TR 5 ]TNV���. ]^
 R�K#�NO�@, -+�'O��	NO+�$
��+�	
S, _�	S� l; K;-3U�$('O�c), �;C�$�W)5�NO+, _�	S� 2; $�'(�
�, IX'O��	�$9P-� !�	S;

TR 6 �L+�NO	S"�$�<U��;

TR 7 ` [A4. ��A4<��$, NQ<�NO�3	S, 
ONO	S�+, 1\	SS��
M��$, 
O��+�	S��$, 1L<��<U��, \���M��$, ��'O Pop1(t);

TR 8 ��+1!UW�XZR�, :�O$ Q;

1) ��+1!]
UWLY�'O Pop1(t) #�UWR�, :'O Pop2(t);

2) ��+1!0ZXZLY�'O Pop2(t) #�XZR�, :5'O Q;

TR 9 2? Pt � Q ��5O$ R;

TR 10 �L5'O�, ���$�!�
 �R�K;

TR 11 ��[S 5  +�./, �5'O#�]TNV���;

TR 12 A4� N ��$S:5��'O NPt;

TR 13 ML�P05��U�$�, 
�, 1T)
L])TO, 
P, 1U�$�> 1, 55[S 2.
3.1 ÆS[TUVW

TR 1 �+�'O P ���	�$ p �
�R�:

^\H
�2 Sp = ϕ, 0�2_\P�$ p �V���	�$;

`\H
X np = 0, 0X ;CV� p ��$�
;

a�LV��PV���,X p, q ∈ P ,
O pV� q,1 Sp = Sp∪{q};
O q V� p,1 np = np +1;

O np = 0, ;C p �dV��$, !2A�@, 6 prank = 1, -6a8U+��2 F1, F1 = F1 ∪ {p};
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TR 2 _ i = 1,+ Fi �= ϕ*,- Q = ϕ;�.��$ q ∈ Sp,_ nq = nq−1,3 nq = 0,1 qrank = i+1;
_ Q = Q ∪ {q}, i = i + 1, Fi = Q;

TR 3 3 Fi = ϕ, 1^M, P15U[S 2.
3.2 \X?Y]Z8VW^

Q�� NSGA-II L/_K�
:'< NSGA 	��4`, "��2-$��
 ,��),���

��	 [10], NSGA-II L/aK��^_�,�*:. �>�+�NO	S"�$���, ��<�<<0
:�[\, �L ��, �6#)12M:XYZ�4#<U����/. �$���YZ$�<U� CD

4���. �SNV�YZ$�'A i �YZ$�<U� CD i 7O" (12) �L.

CDi =

⎧⎪⎨
⎪⎩

INF, fmax
k = fmin

k ||fk(i) = fmax
k ||fk(i) = fmin

k
m∑

k=1

fk(i + 1) − fk(i − 1)
fmax

k − fmin
k

, fmax
k �= fmin

k

(12)

" (12) �, m ��

 �, fk �A k �
 

R�. + m = 2 *, <U��LC.b
b 2 �
C. (" (12) �b 2 7`, <U� CD i _�, 1b
bYZ$ i -Æ�
_ec, �#�#
*!+��
���:8X%, (@�&'O,a
. )
b 2 �,
CDA < CDB, !+� B 
� ����:8X%.
��3'M:X
�,57�]^M:X�!2+�
NO�3	S��$����+,A4 !�<U�
��M��$#U���#
,�64fH�b�,
a
, ��L/�XZ5��0Z�b� Pareto d
C.

f1

f2

A

B

N 2 [`a\P]^N

3.3 \X_`ba
�WTR6�Ya����Q�$IP#UY�. ���./�: ^-a� Pt �Y� Qt Q��$2

����'O Rt = Pt ∪ Qt, Rt ��$�� 2N ; `-'O Rt �.��$O Pareto #����S, ��T
�M��$P�J5���O$, 3�U�$	 +��K, 1�LNO+	S".��$�0	S�6�
$�[\, OUBc5��g1c�-�$�J5���#
O$, 6��$�X���O$-$05#

O$-$�M. !����4#;C
�:

TR 1 �-$� N �'O Pt #
R��;S:�5'O� P ′
t , 5c'O2?:�-$� 2N �'O

Qt, Qt = Pt ∪ P ′
t ;

TR 2 �'O Qt #�]TNV���:5NV�+� {F1, F2, · · ·}, - Pt+1 = ϕ, i = 0, + |Pt+1| +
|Fi| ≤ N *, Pt+1 = Pt+1 ∪ Fi, i = i + 1; P1�L Fi ��$�<U[\, NQ, ��cd'��$�	
A4�e, ������ L [1]D = L [l]D = M , �6�H'O,a
, �$, �L ni − 2 ��$��.�
$ xj ��6�$�[\� dj =

√∑ni−2
k=1 d2

jk, ?]^ ≺n ��Od��e� xj , :5 x[1], x[2], · · · , x[ni],
Pt+1 = Pt+1 ∪ Fi[1 : (N − |Pt+1|)];

TR 3 t = t + 1, 3 t ≥ T (T �#
����), L/:M, P1, #U[S 1.
3.4 b^ec

MN5�+�1@;0, �
 =:5,T=:;f�5
��, ��
���h5�N��	. ,�
��)��$3
��	���.���A4��@��7�8,@6,� !�MNBM��G�:A��
����YZ$, 6���������, �!�����	; AQ�����@YZ$, ������A�
����@,�!��@A4Y�	; AM����7�8YZ$,�����7�8,�!��A4Y�	.
�9��12�����@��7�8 T2�M@MN$�. /�MN$�BMdYZ$9 3

∑n
j=1 j �

1@G�, A�@��12��#�MN, ��	+��51���g� +�bT, K;]^Ia���
YZ$�)��2�>�+f; AQ@���@MT, ]^���1A47����@#���; AM@�
�7�8MT. 3'M@MN."!;��@��7�87A��)��, -MdYZ$1@�!g4, @
:c�&S:7�
�. 6/, I�	MN=:M, efhi�Æ Lamarckian	�
.
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 3 2 2 1 1 2 3

31M 21M 22M 11M 12M 23M 32M

31H 21H 22H 11H 12H 23H 32H

N 3 defhg

3.5 hcii
1) (M@YZ$MN�\)��1@ P (1@3�gj: [1,

∑n
j=1 j])���@1@ Ma (1@3�gj:

[(
∑n

j=1 j) + 1 : 2(
∑n

j=1 j)]), �7�81@ Pe (1@3�gj: [2(
∑n

j=1 j) + 1 : 3(
∑n

j=1 j)]), f\���1
MT b, 0�1������MT a, �!��@ L, �7�8 Per;

2) �L@:S��*::
^����;H*: TMval, +��1d��'������E�*: TPval, �7�8E���*

: TPeval;
`\��*:, val = max([TMval, TPval, TPeval]);
a�L +�1������;H�E�*:, Pval(1, i) = val, Pval(2, i) = val + t;
geh����k���@*:���E�*:��7�8E���*:,

TMval = Pval(2, i), TPval = Pval(2, i), TPeval = Pval(2, i);

h�LQ���E�@*::
if 0�1�����E�

T imefinish(b) = Pval(2, i);

End

F =
n∑

b=1

T imefinish(b)

3) �L��!.�, FDtime ;C������B�$3,igj:

TV al1 = 0;

for i=1: n

time = T imefinish(i);

Ftime = FDtime(i, :);

if time < Ftime(1), A = 0;
else if time < Ftime(2)&&time > Ftime(1)

A = (time − Ftime(1))/(Ftime(2)− Ftime(1));

else if time < Ftime(3)&&time > Ftime(2)

A = 1;

else if time < Ftime(4)&&time > Ftime(3)

A = 1 − (time − Ftime(3))/(Ftime(4)− Ftime(3));

else

A = 0;

end

TV al1 = TV al1 + A;

end
3.6 jklmlmnii

�#
���, PC _�, S:5�$�T�5_], K@, PC ��.:�	�1!���$T�f]5

=Pjg, 3 PC �M=.RS��X:hikX^n��; 
O PM �M, �:fH'O�,a
, 2�L
/�ÆXZ; 
O PM \K��, Pj��+�VQ$"=Pjg. �Def NSGA-II @A�i�UW�X
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ZX%i4�jk, �9YU+1!TR, 1j7�klQSRS�S�j�, k7���-VJVQR�
k%, #�RS�=:X
�1!:>, �$./
�:

1) +1!UWLY
�#
����, .UWX%�,1!�K+�-
/, jl�D��W�XZ, kef�_YZ$P

jg. UWX%�+1!
/m"�:

PC =

⎧⎨
⎩PC1 − (PC1 − PC2) (f − favg)

fmax − favg
, f ≥ favg

PC1, f < favg

(13)

2) +1!XZLY
XZR���<>'O,a
��'#
�d, 1��XZ, j:�H'O"�$�,a
, k:#�

L/��%, l�VQR�7:42S�+�jk. XZX%�+1!
/m"�:

PM =

⎧⎨
⎩PM1 − (PM1 − PM2) (fmax − f∗)

fmax − favg
, f∗ ≥ favg

PM1, f∗ < favg

(14)

"�, fmax �O$����1!�K, favg �.�O$�&01!�K, f ;CUW�<��$����1
!�K, f∗ �XZ��$�1!�K.

Bm" (13) � (14) 7O, YU+1!UW�XZTR, +,#
���@UW�XZX%i��X�
&.�XZT�hi��	, l�D'OÆW
�i	jk, 4`L/XZT�.

3) UWR�
]^'(YZ$MN.!, -�D !�UWXZR�. 3
��12��2��UW�12��@�

��UW�12�7�8���UW T2�UW./. �212��2��UW,B�����J�7O,
+��1d�������� (B.�*
lm) �n�Q��5���&Q;2�, @6UW*��& 
+�1d����Q;$��X. �212��@���UW1��]
UW./, �A��<�a$, �
�A4��UW
, -l2UW
��<�a$9	���������@#�Un. �212�7�8�
��UW�-l2UW
��<�a$9	���@�����7�8#�Un.

4) XZR�
�212��2��XZ, A����$��a$, K;��A4����, B2+��1d����

�Q;2��4J, ���&+�1d���������$��X��#�, .�!��d��1��$
����1@oU5J/��d��1���!�1@G�. �212��@���XZ, B2.�d��
1����97�A4,���@#���, 7�pE�0d��1���@D����2�, (�A4Z
2Q�#�0�1d����@. �2�7�8�XZ, �����@ +�.".

4 opoq

%��Mo��mn*�qr/*��
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PM1 = 0.1, PM2 = 0.001.
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p 1 rstquv

�m us�n s��� FGvt� FGn ruoo svpv FGpv qppv pqFrv

qr�

1

20070030 3005 2,1 1,2 25 15 10

[900,1050,1250,10000]20070045 3005 1,3 1.3 75 15 20

20070035 3001 2,1 2,3 25 15 15

2

20070210 3004 1,3 1,4 100 330 20

[900,1200,1500,7000]20070087 3002 1,2 1,5 100 505 15

20070147 3004 2,3 4,5 120 510 50

3

20070055 3003 1,3 6,7 115 95 15

[900,1000,1100,9000]20070117 3002 1,3 7,8 95 65 10

20070092 3001 1,3 6,7 15 95 15

wx�

4

20070164 1014 1,4 7,8 65 140 10

[900,1000,1100,7000]20070139 1046 1,3 6,3 95 205 15

20070129 1021 2,3 5,4 50 130 5

5

20070261 1059 1,3 5,7 75 145 10

[800,900,1100,12000]20070156 1020 2,3 4,8 70 165 15

20070179 1057 1,5 7,2 50 130 10

6

20070408 1036 2,6 5,4 70 75 5

[950,1000,1100,9150]20070065 1013 4,5 1,7 10 20 0

20070176 1022 1,6 7,5 35 25 10
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p 2 rswaxy

s�sr

5 5 2 1 6 5 1 1 6

4 6 2 2 4 3 4 3 3

1 1 2 5 6 5 1 4 4

4 3 5 6 2 3 2 3 6

FGn

1 1 2 1 2 2 1 1 1

2 1 1 2 1 1 2 2 1

2 1 1 2 2 2 2 1 2

1 1 1 2 2 1 2 1 1

ruoo
2 2 2 5 2 2 4 3 1

2 5 5 3 2 2 1 5 4

4 5 3 2 1 1 3 4 4

4 2 4 1 2 5 3 5 3
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