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ABSTRACT 

In general, when the normal operations of airport common-use counters 
are affected by incidents, the airport staff usually have to reassign some 
departure flights to some common-use counters in real-time to keep on the 
operations. When such reassignments are improperly performed, it would result 
in increased cost on the users or decreased level of service of the airport. 
Therefore, it is important for airport authorities to efficiently and effectively 
reassign flights to common-use counters in real-time following airport incidents 
to maintain the airport service quality and to reduce the user cost. Hence, in this 
research we examined the objective of minimizing the total inconsistency of 
flights to common-use counters with related operating constraints. Two models 
were developed to help the airport authority properly reassign flights to 
common-use counters in real-time following incidents. These two models are 
formulated as zero-one integer programs, which are solved using the 
mathematical programming solver, CPLEX. To test how well the proposed 
models may be applied in real world, we performed a case study concerning the 
operations of an international airport in Taiwan. The results show that the 
proposed models are useful for actual operations. 

Key Words: Airport incident; Common-use counter; Real-time assignment; 
Inconsistency; Zero-one integer program 
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ijX  Mi ∈∀   (1-2) (1) 

 ∑ ∑
∈ ∈

≤
t

i
hFi Rj

ijX 1   HhTt ∈∀∈∀ ,   (1-3) 

 1or     0=ijX  ij∀   (1-4) 
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|�c�XKL���XKLY|R�@��	
�[��y (1-3) 4	
��y���
�4���cMS�|TABCD�@��	
��KL|R2�����[��y (1-4)

4U������[ 

2.2 ��� 

�exy��@�����i�@���c20������D�y�"#$%�8

 ¡&�¢£¤¥�¦=KL�§¨�GH���©��ª����i�@��D�c

«�¬���­~®��i�c¨¯48XKLD�c[1�������i�@�c�

���°±�@�c��²³Qxy|�I�ªD��´ª��[�µ¶·�¸Q��´

ª��¹Vº��Di���@¤»8¼µ�V$%�¶�½JGH����@��¾¿

��´ª���{À�� !B�Z���@¤»[Á�|Â���ÃÄÅÆÇµ�@V

$%���´ª��ÈÉÊ�Ë�[ 

���i�@���cÌ=
�0��ÍÎ�/zd�c��de[̧ Q����0

<ÏdeÐ��ª�ÑÒÓÔÕ�4Ö×xy¿QØÙ�ÚÛÜ9ÝÞßxy¬à�2á

âeã�� 

1~8. �xy|[ 

9. IJGH��D­~�i�c4äª[ 

10. IJGH���i�@���ccl4äª[ 

11. ­~�i�c¨8KLD�cª�4�i��[�i��åæ�y4­~�i�cç

2�i�ccl[èÁ�½­~®��i�c4 2é���i�ccl4 30©ê�{

�i��4 4[¬�|RGH��8Ußëì4 5 R����|R��4µ��(�

íR��4�i 30©ê���(�îR��4�i|é������ïÆ�ðñ[ 

12. 
�ò��ÍÎ�/=Q���i�@���có;ôÝ<�[ 

13. ���@���cõÝ�;�i�@�c !�ÈÃ3���@���@�cõÝä

ª[ 
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xyí� ö��÷@��MN
�(��ÍÎ�/("#$%�����i�@�

��cáIøù�_de�àú|o\]D�ûxy[�²|ü�����72
���

4<=56D ¡�Ú2_
�D���VW[�_���8©4*cý�c��de[

��ûyÁáIW� 

Min ∑ ∑ ∑∑ ∑ ∑
∈ ∈ =∈ ∈ =

+
Mi Nj

L

Ek
ijkiki

Mi Nj

L

Ek
ijkiji

i

i

ii

i

i

XBPXAP βα (2-1) 

s.t. ∑ ∑
∈ =

=
i

i

iDj

L

Ek
ijkX 1  Mi ∈∀   (2-2) (2) 

 ∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1  HhTt ∈∀∈∀  ,  (2-3) 

 1or     0=ijkX  ijk∀   (2-4) 

��� 

i �� i��� 

j �� j	
� 

k �� k��� 

t �� t�
� 

Pi �� i������� 

H ���������� 

M ������ 

T ����
���� 

Di ��� i����	
�� ( !"#$%)� 

α �&'()*+,� 

β ��'()*+,� 

Aij ��� i-./	
 j�(),� 

B
ik 
��� i-./�'� k�(),� 

Ft � � t0�
������� (123��) ���4��5 ik67�86� i��

�� k��23��� 
i
hR  �� i������	
�� 1� h9����	
��� 

Ei ��� i:;<�$%���� 

Li ��� i=>:;<�$%���� 

Xijk �?��@��Xijk = 1�67�� i/ k��A��B j$%	
�Xijk = 0��CD 

EFG�(2-1)��HIJ�KI86����/$%+L��M3.N�OPQR
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S(),DS(),?&'(),J�'(),�T*SUD�VW?XH��+L��

3R$%-./Y<�$%�&'J�'@Z�.N�O�[\R\]D./^_�"#

$%�[\�(),�`5H0ab,67�5	c/Hd$%\]�efD���α 
Jβ ,?ghijOkclm&'()J�'()�+no�pqR*+,D 

rs_ (2-2) ?��rs_��VW?tuH��vwA���xy���z{��
|}~A��BH0��$%	
�Drs_ (2-3) ?	
rs_��VW?tX�' 
1XH9������$%	
�~��H05|R���Drs_ (2-4) ?@�R��
rsD 

,�H�R��^_HJ^_K�N��g�y/gh������lm|����

��g�2����D�gh$%�N�����g2�����w��^_H�rs�

`ghp�������&'5p���$%��� ¡��|^_R�¢oD£��¤

$%����¥wnp���$%�`£p���$%�PQR¦§\]�y¨©hªR

«�¬­®b¯��R*°±�Hd²³gh����´µD 

2.3 ����� 

rs_(1-3)®(2-3)?	
rs_��¶·¸¹XH<��
��J 1XH95|�

���	
rs_D³/£	
rs_Rpº»?¼½�¾?¿ÀOÁÂ£Ãrs_Rp

º�ÄkÅ	
rs_RÆÇÈ±� 

2.3.1 ��� (1-3) 

³/��$%<�RÉo?H�w<�Éq�mxÊËR���� (�5$%	


67�)�¤£y��ÌÍ��w q4$%	
yXH�
�Î 1XH�����V

W?yXH�'��Éq�H���Ï~«�HÐ�DÑÒÓÔ�ÈÕ 4 �7�$%Ö

1A���$%�� 1����? 99�$%	
��×Ø a1B a5D�� 1×Ø 101

B 108Ø 89����	
���q 1� 99�×Ø 109Ø�����X�� 1×Ø

105B 112Ø 89����	
���q 1� 139�×Ø 113Ø����D./Éq

�H���¥Ù�³/�yXH�'�}~«�HÐ��� 1£H����$%	
R

SU�=Ú�~ÛÌH�DÜ³|ÅÔÝ�5� t�
?Ò��Þ4����	
rs_

ßÑÈ±ßàÍ_�7� 

���×Ø 101� 11 ≤∑
∈ tFi

iaX  

���×Ø 102� 1)( 21 ≤+∑
∈ tFi

iaia XX  

���×Ø 103� 1)( 321 ≤++∑
∈ tFi

iaiaia XXX  
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���×Ø 104� 1)( 4321 ≤+++∑
∈ tFi

iaiaiaia XXXX  

���×Ø 105� 1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX  

���×Ø 106� 1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX  

���×Ø 107� 1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX  

���×Ø 108� 1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX  

���×Ø 109� 1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX  

���×Ø 110� 1)( 5432 ≤+++∑
∈ tFi

iaiaiaia XXXX  

���×Ø 111� 1)( 543 ≤++∑
∈ tFi

iaiaia XXX  

���×Ø 112� 1)( 54 ≤+∑
∈ tFi

iaia XX  

���×Ø 113� 15 ≤∑
∈ tFi

iaX  

�

�

�

�

�

101
102

104
103

107
106
105

113
112
111
110
109
108

201

213
212
211
210

    1A       1B

209

205
  .
  .
  .

  .
  .
  .a2

a3
a4

a5

�
�
�
�

a1

 

� 4  ������ 

³/×Ø 5B×Ø 9����	
rs_á-X�x¶·�Crs_�¾Õ 4����	


rs_�âZ?(3-1)_� 
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1)( 54321 ≤++++∑
∈ tFi

iaiaiaiaia XXXXX   (3-1) 

ãp£�äQH��åæ�$%�+L��DÜºç3�ãp$%()��? 6:00�

$%èq��? 10:30��k 80�
�éy()�ê�� 50�����x£ 5Ð�á

<� 99�����<�$%��'ÈÕ 5�7DÜ³|Å	
Rkë�� i? 1ì2ì3ì

4í 5�h? 105ì106ì107ì108í 109�` }5,4,3,2,1{ aaaaaRi
h = Dé?îïrs_R

�m�¥Ïßð�ñrs_|�` h�¹ 105ì106ì107ì108ì109��H�����D 

1

2

3

5

1 2 3 4

��

4

5 6 7 8

6 : 00 7 : 00

6 : 30 8 : 00

8:�� 10:00

8 : 30 10 : 30

9 30 10 : 30

 

� 5  �������	
� 

òó|Å�ôõlö÷ø [14] �äù¸¹�ñrs_�úû�üý�ßð4�
�r

s_È±� 

� 1�
� 1
1

1 ≤∑
∈ hRj

jX  A� 2�
rs_¶· 

� 2�
� 1
21

21 ≤+ ∑∑
∈∈ hh Rj

j
Rj

j XX  }2,1{=tF  

� 3�
� 1
2

2 ≤∑
∈ hRj

jX  A� 2�
rs_¶· 

� 4�
� 1
2

2 ≤∑
∈ hRj

jX  A� 2�
rs_¶· 

� 5�
� 1
3

3 ≤∑
∈ hRj

jX  A� 7�
rs_¶· 
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� 6�
� 1
43

43 ≤+ ∑∑
∈∈ hh Rj

j
Rj

j XX  A� 7�
rs_¶· 

� 7�
� 1
543

543 ≤++ ∑∑∑
∈∈∈ hhh Rj

j
Rj

j
Rj

j XXX  }5,4,3{=tF  

� 8�
� 1
5

5 ≤∑
∈ hRj

jX  A� 7�
rs_¶· 

³|�þ�y 80$%<�rs_���ñRrs_}� 20���rs_vA£K

_�¶·D£K�
.²� tF ��kc?{1, 2}J{3, 4, 5}����_R�Ø�È_(3-2)

®(3-3)�7D�V�£K_��h? 105ì106ì107ì108ì109��H���D 

∑ ∑
∈ ∈

≤
t

i
hFi Rj

ijX 1 ,   t : 06:30-07:00, =tF {1, 2},  =i
hR {a1, a2, a3, a4, a5}  (3-2)(3) 

∑ ∑
∈ ∈

≤
t

i
hFi Rj

ijX 1 ,   t : 09:30-10:00, =tF {3, 4, 5},  =i
hR {a1, a2, a3, a4, a5}   (3-3) 

2.3.2 ��� (2-3) 

��������	
��
�������������	
���
�����

������ !	
"#$%&'�
�����(��)#$* 30 +,��-
�

���."/012!3�����45��� 10:30�6789 5:89 4;	
<=

>
������)89 3!	
?@
��-�� (30+,)�AB	
C�
� 1 (

�"� 3.2.1D;EF�	
��
�������;������GH 6IJ"KL�

20
�MN�	
�21

�MN�	

� 30 +,;
�	
�ABO7PQ"�RS7H

F!12�*TMUVW9 ijkX *
jikX XJ;" 

YZH 6��[\;]^�GT_ 

N 1�`_ 1
01

01
≤∑

∈ hRj

j
X  aN 2�`]^�bc 

N 2�`_ 1
02

0

11

1

01

0 211
≤++ ∑∑∑

∈∈∈ hhh Rj

j

Rj

j

Rj

j
XXX  =tF {10, 11, 20} 

N 3�`_ 1
02 12

10

21

2

11

1 2211
≤+++ ∑ ∑∑∑

∈ ∈∈∈ h hhh Rj Rj

jj

Rj

j

Rj

j
XXXX  =tF {11, 12, 20, 21} 

N 4�`_ 1
02 12 22

210

21

2 2221
≤+++ ∑ ∑ ∑∑

∈ ∈ ∈∈ h h hh Rj Rj Rj

jjj

Rj

j
XXXX  =tF {12, 20, 21, 22} 

N 5�`_ 1
03

0

22

2

12

1 322
≤++ ∑∑∑

∈∈∈ hhh Rj

j

Rj

j

Rj

j
XXX  =tF {21, 22, 30} 
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N 6�`_ 1
03 13 04

010

22

2 4332
≤+++ ∑ ∑ ∑∑

∈ ∈ ∈∈ h h hh Rj Rj Rj

jjj

Rj

j
XXXX  =tF {22, 30, 31, 40} 

N 7�`_ 1
13 04

01

03

0 433
≤++ ∑ ∑∑

∈ ∈∈ h hh Rj Rj

jj

Rj

j
XXX  aN6:N 8�`]^�bc 

N 8�`_ 1
13 04 05

001

03

0 5433
≤+++ ∑ ∑ ∑∑

∈ ∈ ∈∈ h h hh Rj Rj Rj

jjj

Rj

j
XXXX  =tF {30, 31, 40, 50} 

N 9�`_ 1
13 04 05

001 543
≤++∑ ∑ ∑

∈ ∈ ∈h h hRj Rj Rj

jjj
XXX  aN 8�`]^�bc 

��

6 : 00

1 2 3 4 5 6 7

7 : 00
10

6 : 30 7 : 30
1 1

6 : 30 8 : 00

7:00 8 : 30
2 1

30

8:�� 10:00

40

10 : 30

22

9 : 007 : 30

10 :3031

5 0

9:30 10 : 30

8  : 30

9

20

12

7:00 8 : 00

8 :30

8

 

� 6  �������	
����
��� 

�d�e�� 9-����fg]^���hi!]^�jh 6-�kl�(3-4)m(3-5)m

(3-6)m(3-7)m(3-8)n(3-9)"KL�7o���h� 105m106m107m108m109�;�pq

r" 

∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 06:30-07:00, =tF {10, 11, 20}, =i
hR {a1, a2, a3, a4, a5}   (3-4) 

∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 07:00-07:30, =tF {11, 12, 20, 21}, =i
hR {a1, a2, a3, a4, a5}  (3-5) 
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∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 07:30-08:00, =tF {12, 20, 21, 22}, =i
hR {a1, a2, a3, a4, a5} (3-6) 

∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 08:00-08:30, =tF {21, 22, 30}, =i
hR {a1, a2, a3, a4, a5} (3-7) 

∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 08:30-09:00, =tF {22, 31, 40}, =i
hR {a1, a2, a3, a4, a5} (3-8) 

∑ ∑
∈ ∈

≤
t

k i
hFi Rj

ijkX 1, t: 09:30-10:00, =tF {30, 31, 40, 50}, =i
hR {a1, a2, a3, a4, a5}  (3-9) 

2.4 ���� 

����� CPLEX���	
��
�CPLEX������������
���

���
����
�� ��!"#$� (branch and bound) �	��
%�&�'!

"#$�%�
()*��+,-./
012345�6(7��8�9:;<�=>

?@AB<CD%-.E��F�GH�
%IJ����'�	�
()*�KLM>

?45NOP$�KQRSTUVW����
XYZ%[�@\�!]�^_Z@\*

%MIPGAPW RELOBJDIFERENCEU`[��MIPGAPab%cdea��%����


W��$fghij����
%Yk�RELOBJDIFERENCElcbmno-. cut off

%pq^_J����'rstS*!]@� 0.0001B 0.0�	�
�Fu@\vwjU

`�
[��:Pxyz CPLEX%�
x{�|}~���:N��~��
Z%XY�

KQ8�9'8�v��-.E�8�<F�j[�Z� 

��������	
� 

����Microsoft Windows 2000������' Borland C++ Builder 5.0 ��j�

����� C>?)����	��
�j������ CPLEX��������	


���W�
�a��%��@A�AMD K6-III 400�256MB RAMjn�>?�	45�

���
���a�% ¡¢£:!�¤1`� 

1. LM¥¦j ¡§¨©¥¦ª@«��¥¦k¬����[­*®¯°±²³´1µ@

¶�� 14·¸�¥¦��	rstS�¸¹P 7nº»¥¦¼�14·¥¦½�182·

º»�� 

2. ¾¿À�¥¦ ¡§¨©³ÁÂÃÄÅ�ÆÀ��6��ÇÀ��6�À��67J�

À�º»���ÈÉ�Ê�ÄÅÀ�%�6� 1Ë��1.5Ë�B 2nË�¤V�À�

%º»��ÌÍ 5» 9·j6� 

ÎÍ³ÁÂÃ¾Ï�±nÐÑ�Ò²�Ó���ÔÕ±nÐÑmÖm�×Ø*®ÙÚ

¯°±²³´Û¬j¾¿u�rstS*¾¿ÏÜ¯ÝÞ%;ß����ÔÕ%�6rà
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�76� 

� 2001á 3â 1ãä 2001á 3â 7ã�<ÔÕ ¡�åæÏ 1aç� 

���èßÏ 1m�×%¾¿é{ÝÞ�êtSrs�Ö¾¿�ë!ª ¡�̧ ¹P

18 n�×�ìí�'ÄÅÀ��×î!�ïÎðñ�ò�³ÁÂÃ1óÍ¾¯ôÛe 45

!õö÷øåº»ùú�ìí­ë¥¦�û��vj�£�KQ¥¦�ÇÀ�j�6�ü

¾¯ôÛe 45!õ�ý�Ó���þ@m¥¦�ÇÀ�j�6��¾¯ôÛ�6%e 30

!õ��»m¾¯�ÇÀ�¥¦j���� ��ew¤VjÀ��6��:@¹�m¾

¯ÄÅÀ�¥¦j�×�sæþ@ A ¾¯jôÛ�6� 12§50��¾¯À�¥¦�6�

2Ë��;vw«�¹5�<À�¥¦j�×�� 10§20ä 12§20���%@¹�)æ

	 7aç� 

� 1  �������	�
���
��� (2001� 3� 1�� 3� 7�) 

    �� 
 
�� 

00:00
~ 

07:00

07:00 
~ 

08:00 

08:00
~

09:00

09:00
~ 

10:00

10:00
~ 

11:00 

11:00
~ 

12:00

12:00
~

13:00

13:00
~

14:00

14:00
~

15:00

15:00
~

16:00

16:00
~

17:00

17:00
~

18:00

18:00
~

19:00

19:00
~

20:00

20:00
~

21:00

21:00
~ 

22:00

22:00 
~ 

23:00 

23:00
~ 

24:00

��

(�/�)

3/1(	) 0 9 13 16 10 8 9 9 9 5 9 5 6 7 5 4 5 3 132

3/2(
) 1 9 15 16 6 7 10 8 11 6 10 6 6 8 5 6 4 4 137

3/3(�) 1 8 14 17 7 7 8 7 11 5 9 5 10 8 4 3 4 4 133

3/4(�) 0 9 15 17 11 7 7 8 10 4 11 5 6 9 5 6 5 3 140

3/5(�) 0 11 14 17 6 6 6 8 10 6 10 5 7 6 3 5 6 4 127

3/6(
) 1 8 14 17 8 7 11 7 11 7 8 4 5 9 5 5 6 3 138

3/7(�) 1 10 14 16 8 6 8 8 11 6 12 4 7 7 4 5 4 5 135

�   � 4 64 99 116 56 48 59 55 73 39 69 34 47 54 31 34 34 26 942

�  � 
(�/�) 

1 9 14 17 8 7 8 8 10 6 10 5 7 8 4 5 5 4 135

� � � 0� 7� 11� 12� 6� 5� 6� 6� 8� 4� 7� 4� 5� 6� 3� 4� 4� 3� 100�

��������	
� 

 

ìí�m¥¦�ÇÀ�j�6��¾¯ôÛ�6e 30 !õ����;ßvw¥¦8

�jLM�­

�1ËBLP>?�A�	x{K��ÝÞ±ü���de¸�¥¦8

�LMjÀ� ¡��	
�tS�Ó���� 14·¸�¥¦ 65nÀ�¾¿�	rst

S!
�äÍQÊ¾¿À�¥¦%�î�^���K$Í���ÓÅ�9[­��� [15]

±�j��±��� 

3. D����Þ ¡§¨©D����Þ���D����Þ� �D����Ç� �

:b!¥¦� 

����±þ@��½D����s��	rstS�D����Þ ¡æi§"#

¤v$ 11§20¸�¥¦	%&'(�ÞÓ)��� 9½¸�¥¦*�8��ï+t� 8.5

nË��	,-�KQ¥¦+¹Íi$ 7§50ÆN.-®/8��¥¦��b!m}0�
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 !wæi§ 

� 7  ��������� 
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1. D����Þ� §v$ 11§20� 

2. ¥¦12� § 3D����Þ� �v$ 11§20� 

3. ¥¦b!� §v$ 11§20�ÊÍ¥¦12� � 

4. ���Ç� §i$ 7§50�ï�45¥¦�67Ë�,-�6�Ó¯°849+²¥

¦�9Íi$ 7§50.-8�� 

5. ¥¦:\� §i$ 9§00�Î;¥¦À�¾Ï*<�D����Ç� v®'8�¥

¦%aP¾¿�¸P 5n¾¿�!]�=> 56�59�61�54�60¾¿�?@A¾¿*�

BC=> 60¾¿<�ý�Ç¥¦À��6 (i$ 9§00)�Ó<�6��¥¦:\� � 

6. Ô�¾¿§33n¾¿� 

7. ¥¦b!�D§v$ 11§20äi$ 9§00� 

8. b!¥¦§2A�2B�4B�6A�7B� 

Z�EF%c���íî12����:;G�HI~¥¦íî12��m� @J

«�K�Lå�äÍ CPLEX [�@\Z����'rstS*!]M MIPGAP W

RELOBJDIFERENCEU`[��@� 0.0001B 0.0�	�
� 

�
��	NO��&��P¨©§(a)¯°D���i�¥¦��b!��Q�R(b)

¥¦��b!ij�Ë12ZR(c)�
�6�S��
�±�	T�±�
�Ï 2�
�

±%-./
�¸P 1,736 nU��175 n (¸ 5 n¥¦½�<* 5 ·º»�jVWP 9

n�6·º»�jVWP 8n�7·º»�jVWP 7n�8·º»�jVWP 6n�9·

º»�jVWP 5n) :8�¥¦VW�Ï 3�
�±�	%�P�&��P*�L�P
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