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Decimal immunization GA used to solve UTP

LI Hong-chan, ZHU Hao-dong

(School of Computer & Communication Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract University timetabling problem (UTP) was analyzed detailedly, an optimization mathematical

model of UTP was established, and the framework structure to solve UTP was found. According to

characteristics of UTP, GA was introduced, a variety of improved schemes were designed, includes: decimal

coding scheme, initial population design scheme, fitness function design scheme, immunization strategy,

adaptive crossover probability and adaptive mutation probability design scheme. Simulation results show

that the proposed GA can satisfy multiple constraint conditions and resolve UTP more effectively.
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E? [9].
2.2 h"��#i$

�������?	,2, $/#+)@��� [10]:


E@�: ������, (560+�@�
E. +0@�
E�7� 7 B, +B�@C��C�D
@A
E8, +
E89��A�@�F�, �@C P1, �C P2, D@ P3. @��BE:C�
F, �F0���
, �;�B���@�
E�C�
.

��@�: �B��9�AG��H�D<�I�D�, #�9��A�F�+2, ��E0IG�E0
��ÆJ+0@K�
��.

�1@�: +�19�*���H�BFH�D<, "�
E0&!LG�B���F�, #��1H
��=>���@����.

*4@�: +*49��H�D<#�"�
E&!@�B��.

�/@�: +�/9��H�HD#�"�
E&!@�B��.
2.3 ��%&#j'()

��������0.�C' [11−12]: E���I��. $�, E��F������/��1�

M?J@�I���!�I�#$, �������BN&���0., $�?	��KJ�9LJ���
0.; I���F�����-��O��-�GK@���0., 	��LA�BMM�����##$
*�. �C'��0.H�, E���P����C�B������%, I���P����C����
%, (5������C����%�	.
2.4 ��#*+��

������@��	���	������2��, ����2���  IDB��, EN�*
����0.��I [13]. ��, ��F�O��-GH�����, ��!IDI����0., ��)�
���C��JJ�M�, !QID��3��KN����R�, �R���P��9����.

@%, &-LO�Q� “S�B�” �PR, M�N&� “�/�*4��1��K
E�+�&!�I
�N” �E��0.S, ��!Q-������� “�������TQ” �#�, 0R�+�����
���#�*�L��.

3 M,����-.k/0

3.1 1l2345
T*�
� C *4, G U�/, L B��, R �1, T 
E8, =KJ)�SV��:

*4R� C = {c1, c2, · · · , cc, · · · , cC}, +�N�*4. �*4��� {k1, k2, · · · , kc, · · · , kC} �.

�/R� G = {g1, g2, · · · , gg · · · , gG}, ��/����� {y1, y2, · · · , yg · · · , yG}.
��R� L = {l1, l2, · · · , ll, · · · , lL}, $�C����H. �U�����, "
$�O��.�


��##$, (O#� “+������U�/”, )�P���: ��"�B��, �,/�"�T/
,
$"
/����,�"��H, ��: QA�UW"
VF�1�Æ, QAVF��1�Æ�H 001,
UWVF��1�Æ�H 002. ������*4� {z1, z2, · · · , zz, · · · , zZ}.

�1R� R = {r1, r2, · · · , rr, · · · , rR}, ��1�HG�� {x1, x2, · · · , xr, · · · , xR}.

ER�: T = {t1, t2, · · · , tt, · · · , tT }.

E��1��PWQX: M = T × R = (t1, r1) , (t2, r2) , · · · , (tt, rr) , · · · , (tT , rR), ����)%R

���B�QI����
E�1�.
3.2 23m#nj'()

"�
E,�*4�!"
��BÆ@���, -
∑G

g=1

∑L
l=1

∑R
r=1 ccggllrrtt ≤ 1,$� c = 1, 2, · · · , C;

t = 1, 2, · · · , T . *4 cc �
E tt��1 rr �)�/ gg VF�� ll, �X ccggllrrtt = 1, AH 0.

"�
E,��/�!"
��BÆ@���, -
∑C

c=1

∑L
l=1

∑R
r=1 ccggllrrtt ≤ 1,$� g = 1, 2, · · · , G;

t = 1, 2, · · · , T . �/ gg �
E tt��1 rr �/*4 cc VF�� ll, �X ccggllrrtt = 1, AH 0.

"�
E, ��1�!"
��BÆ@��, -
∑C

c=1

∑G
g=1

∑L
l=1 ccggllrrtt ≤ 1, $� r = 1, 2, · · · , R;

t = 1, 2, · · · , T . �1 rr �
E tt )�/ gg /*4 cc VF�� ll, �X ccggllrrtt = 1, AH 0.
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�,��1 rr �HG�� xr �=>���@��*4 cc ����� kc, - xr ≥ kc.
3.3 23m#6j'()

&-KJ��I��0.��:

1) )���F�� �F�FN]Z*�, ��������!�#���B>�!�+��F��
 !^�FN�.

2) -��/P���@�
E��V�#�.

3) 	�
���0N+�#WI. ��#������, �;��+0	�
 (n ≥ 4) ���, �=!
Q_�3$` 1 BÆ@+�, X!Y��!^���� .

4) ��	�[��. �\^���+�� �ÆF]>��.
3.4 W7��89:W*+;<

a1^_������b_���KJ, )����������CF����: Z�F�a1�
���\3K]�XG�1��^c����[�, ���]�BY�1�, �F����\G�`��
����I; Z]F���* ���^��^c�����C�� “ad��”.

4 M,o=>?@ABZ

4.1 CDpEFG[
e_* ��P'��]�O�b�!�^�A\������#TV�&-�������KJ,@

%, &-'�c�O�b. ��������, +0dQ���+U�/���, $c�O�Æ�� 1 PX:

H 1 IJqKL
`f ID \4 ID @= ID @_ ID `g ID

�dQ��,*4 ID��� ID��/ ID��1 ID�
E IDh'� 4Uc�O�b,i+ 20U. ��: "
��/�H 0050, #�F “�]X�” �B� (“�]X�” ���H 7003, 0�
 6, *4 2004,
^c^�@�
E, ^ca^HG��>�*4_����1,  ���dQ��:“20047003005064232241”
�X�H 2004 �*4@�H 0050 �T/VF��H 7003 �I.����� 6423 �1, 
E+
0]Z]��:C (-@C 3�4 F) �beWZ���:C (-@C 1�2 F).

6�@�b, C0dQ��� 8 U�ja[�, �k+)D+U�/P�F���, $�k`��/�
�0l$c�/��F��'+�a��dQ��Æ������.
4.2 MÆNO1PQG[

����m#-�E��0., -��,�,2S, G#-�I��0., -��,� BO. * 
��������Æ���!>E'1�������`. ��!&�*��^nbL+)D* �
��ÆÆd!�!BIDB��. &-��!&��*+e �)������I���	, -����
�	, @%'�	�������!&�*������!&�.

1) �#���_�+����� !^�FN. � αi(i = 1, 2, 3, 4, 5),+B 5��:C, $�, +B�
Z 1�3�5 ��:C� !^, o αi = 1(i = 1, 3, 5), Z 2�4 ��:C� !J, po αi = 0(i = 2, 4). �
βj(j = 1, 2, 3, 4) �X����#�!, $<f�, f�)���ag��Nb�������U�, $f�
�� 1�2�3�4. )%, ����:

max (f1) =
∑

(αi × βj) (1)

2) _�-��/P���@�
E��V�#�, a1�/�c<*��� χi(i = 1, 2, 3, 4), ��,
��V/�c�F��F, $d�� 1, 2, 3, 4. �/�/�
E@��Ke δi, δi=0, 1, 2, ���X�e
K�KPh�eK. ����:

max (f2) =
∑

(χi × δj) (2)

3) �����
, �g�+0	�
 (n ≥ 4) ���, �=!Q_�3$` 1 BÆ@+�, X!Y��
!^���� . βi lf"i (1) *"; � εi (i = 1, 2, 3, 4) �X�B��+�` i B���� ��, $d
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�� 1, 3, 4, 2. ����:

max (f3) =
∑

(βi × εj) (3)

4) ��	�[��. �\^���+�� �ÆF]>��. �NF��, ���1@��*
4 cc ����� kc �=�1�H� rr �ddg>, �	�[g�, B>d 1, -e^HG, ����
:

max (f4) =
∑ kc

rr
(4)

h@PV, �������!&�a1���d�fP
, -:

F =
4∑

i=1

θi × fi (5)

$�, θi(i = 1, 2, 3, 4)�d�Æ)q��NA��f,
��	�������#�!,&-���d 3,
1, 2, 4.
4.3 RSrTUVG[

\G��/#�h���[��r\G�`,
�;�(�^c#$��i^� [14]. ��^c#$
�i���\G�`��!�;9f5g,���
\G�`���!,&-�r����i#$��
���\G�`, h��,2
, "ÆMjME^c
#$�ij���kM,2.
4.4 WsXY

e_* ���� “il” Im, k����n
idFB�. &-	�NjX��lk GA �il
ÆÆ,/#�	�NjlOX�(�s�j!�+)
GA �a^ok, k�Ym GA �`�	m,. a1
%&n�fs�E�l�!Js��j!,�a^�
o�pis��n��lOcO�tOa^ok.

os�%&n

*� N s�, +s��p! M , '��
OHR>E S,  s�N@q j �%&n Hj(N)
��f:

Hj(N) = −
s∑

i=1

pij ln pij (6)

i� N �s����, pij �Z i OH�I�N@

q j @�?[, ��f:
pij = N@q j @�IZ i OH�_�/N .

 

,
i=1,j=1,k=1

i<= teacher

i gi

j<= timeslot

K<= classroom

j

k rk

(gi ,tj, rk)

tj

gi tj

gi rk

Z 1 Æ[t\]^_`

N s�E�mh%&n�f:

H(N) =
1
M

M∑
j=1

Hj(N) (7)

qs�l�!

Cs� u � v HE�l�!�f:

Au,v =
1

1 + H(2)
(8)

	�#@SV�Cs� u � v HE�*p�!, �d� 0 D 1 HE, � $d�� 1,  �XCr�
N@qa*".

rs��j!



� 9� 6>6, R: SSVYTWUVT>UXZ[YY\Z[ 2035

s��j! Cj �F`���$*p�s�PL�d�, �f: Cj = �s� j �l�!>�"5�

�s���/s��_��.

a1Æ@�f, �s���lO�n�, �(�tOa^?[��I, �
h���!g>
,  a^
?[g>, �j!g>
,  a^?[gE, �mm�Yn��!���G�^Y�	m,, sor�
lÆÆ.
4.5 uMÆabcdvewPQG[

ja?[ pc �J?[ pm �a���>�!@+)���ÆÆd!�����. &-*+e ��:
h.��B���t�ja�J, !��	t�ja�J, Æu�u���#$�[���lkn
�dFB��, )�vi�X��:

pc =

⎧⎨
⎩

a1 sin
(

π

2
× fmax − fc

fmax − favg

)
, p fc ≥ favg

a2, p fc < favg

(9)

pm =

⎧⎨
⎩

a3 sin
(

π

2
× fmax − fm

fmax − favg

)
, p fm ≥ favg

a4, p fm < favg

(10)

$� a1, a2, a3, a4  0 D 1 �^c�, fmax �h.`��B�����!d, favg �h.`��mh��

!d, fc �t�ja[����!>���!d, fm �J����!d.

5 fxgy

5.1 hz1i
&�sP��1�#��v�� 2 PX.

H 2 j{kl
ts 7q @= `f \4 @_ w\rtu

vs 6200 387 125 669 168 669

5.2 hzm1P|
)����ja?[�J?[�A����, �Ct�KN*u, $	*�t�ÆJt�lf:

1) POPSize �X�`�K. POPSize�E
, ��dwj!>, �!A\������; �>
, ��
�d��ÆÆ, �ÆÆ
Ep, !x0�. )� 2 �!�s�� 125 *4,  &-��`�K 150.

2) MAXGen �XB>x���. MAXGen �E
, ����ÆÆ�F�����ytw; �>
, �Æ
Æ, ���adB�, &-� 1000.
5.3 hzno

�s�, ��-x [15] ��� (U< GA) �&-�� (U< DIGA) P�d.

�sP� 10 N, +�� 100 �0ou�N=�`�BO��!d, �� 10 Nou�BO��!d�m
hd���!d�h��s� , �R 2PX; +�� 100�0ou�
E, �� 10Nou�
Emh
d�
E�h��s� , �R 3 PX.

kR 2 �R 3 �Æ,�, �+` 100 �+�� 10 NBO��!�mhd�mh
E@, &-��9�
�-x [15] �r���, �y���&-��������_�� !^.

k� 3 �Æ,�'�&-���, K����/y��+0@�B�, (�"���@�E`B�ÆJ
��+Bmh@�F�9
D����!�so.k� 3(�Æ,�'�&���,��1�_�	�[�
*v���_���/_�-K!���_�,2[�h9��"�!�so.

6 pq}

�-�wi�z�����Nb@, b_��������KJ, /����z{. (������T
Vpi* ��#*+�=����(s��C. zv� ��&-������!@!Q������,
�
�!^�� .
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