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ABSTRACT 

This paper develops an analytical model to explore the relationship among 
the PCCR (private construction cost ratio), GCCR (government construction 
cost ratio), royalty payment, and GFRR (government finance recovery ratio) 
from the government’s perspective. The purpose of this paper is to modify the 
drawbacks of SLR (self-liquidation ratio) in the present BOT financial model in 
which the SLR cannot be appropriately used to analyze the government cost and 
financial recovery in the BOT projects. In this paper, a numerical example is 
conducted to find the optimal solution for PCCR, GCCR, royalty payment, and 
GFRR. The results of numerical example show that the BOT financial model 
could be operational and explain the relationship of PCCR, GCCR, royalty 
payment, and GFRR in the BOT projects. 

Key Words: BOT; Financial model; Royalty; Self-liquidation ratio 
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ABSTRACT 

This paper develops an analysis framework, which is based on various road 
users’ choice behaviors, to evaluate cost-benefit on the highway electronic toll 
collection (ETC) system. The analysis framework also helps to determine the 
appropriate number of ETC lanes in a toll plaza. In addition, the equilibrium 
number of vehicles utilizing the ETC lanes can also be investigated. In general, 
road users choose to use the ETC lanes to shorten the delay time spent getting 
through the toll plaza. However, based on the numerical example proposed in 
this paper, approximately 13.95� of the ETC equipped vehicles used the manual 
charge lanes when the ETC lanes have become crowded. This result implies that 
analysis on lane arrangement in toll plaza is quite crucial for planning ETC 
system. Compared to the 5 manual charge lanes, this paper has also found that 
4A1M (4 Automatic ETC VI lanes & 1 manual charge lane) is the optimal lane 
allocation under the condition of the permanent traffic flow, lanes numbers and 
tools. 

Key Words���� Electronic toll collection (ETC); Cost-benefit; Highway toll 
station 
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�!"�#$%�#&'()*+,�-./0�123)4567�8�����!"

9:�;<��=>2?�@+AB	%��=>C�DEF�GH;<IJKL$��

��M67�8'(NOPQRS�TU12VWXTU	��Y2OZ[67�8 (\

]������Y^���) M_`K#abcdefghMifjkl2mOnopq

rM!"st2u�vwxq�yAz{2|}efgh��02~�e���Ml.K

�s�$ 

�0��������(Automatic Vehicle Identification2AVI) gh�����Q��

����gh�����Y(Toll Plaza)M������2b�����YM���v

(service capacity)2mu V���¡��¢��YMQ£��¤ (throughput)$-.¥2

¡��¢Q£��Y���¤�����ghM/0#�¦2j����/0#�%}g

h§¨l©ª«¬b¨O­®¯�°±�¦$N²2	f�%}xq�³2~�(´%}

ghM/0#^µ¦l.^¶­®¯·¸�¢Mµ¹¦º$ 

£»¼½µ¦¾¿ (\] Chang [2]
^Chang [3]

^Foote [4]
^Nielsten [5] ¶ Kanaan [6]) XÀ

Á AVI �ÂÃ��Q�gh�0	����b�����YM���v2Ä�¥Å¾¿

Ms��LÆÇ2	VWÈ�É�������Y2�����vÊË 600Ì 850�ÍÎ
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�Í��2j/0����DÏ� AVIghM��YÐ�����vb�Z�Ì 1,400�

ÍÎ�Í��$�Ñ�����YO\2ÒÑ��ÓOÔ��É��2���vË 3,000 

(600Õ5) �ÍÎ�Ì 4,250 (850Õ5) �ÍÎ�ÖÒ×����ØOÙÚ��������

�ÛÚÔ��É����MtÜ2Ýw���vb�Z�Ì 4,600 (2Õ1,400Þ3Õ600) �

ÍÎ�Ì 5,350 (2Õ1,400Þ3Õ850)2��Ë 53� Ì 26� M���v$ 

ßj2�0��������àßb�����YM���v2m V�áâb��

��ãQ£�������¤2²äåMTU�������tÜ¶�¥æç (On Board 

Equipment, OBE) �/0#�¦2Â&bèéOCêëìíîï 

1. Ò����æç�/0# �2ÝNVW����¤�ðI2/VW��Mñòóv�

�2�¥������M/0#ôZ[2N²/õöÚ���ãQ£M��¤ô~p�

�$ 

2. Ò����æçM/0#£�2j	����MtÜ÷�ø�ùö2úû������

Mñòüj�£�É����ÖÒýæ����� OBEM��b�þ�Ø®�É��

���2!�k�VX�������MQ£��¤ap�y�O	2NOô
sT�

ýæ AVIæçM/0�D���Q£M��¤$ 

N²2Ò
/ AVIæç��0T�!óMK�2~�?�����tÜ� AVIæç

M/0#2��Z�M��������¤2~�D����/0����æçM��/

0$-.¥2�¥����æçM/0#�0�¯Mæçl.^0�¯þ���Mµ¦·

¸¶��Yö����K�¦$ ?����M��2×Æ�M��%��YMö���

�v2jª	 ?Mæç��#C2�úûM���K@����$ 

�æ��­®¯XO���¸M�ñò�	þ���2Ý !�¥����æçM�

�	������ñò���É�����2b�ØdVW�É����Q�2Ý²��

X��îOÙì���
XñòÓµ?2�" Chang [3] �¾¿2 ����þ�O#�¸ 

(deterministic) �2Âw
Xñò×p	� /0����æçM
Xñò2j²�/0

#M��u p��X���$Ò��­®¯M��þ��O!Vø$%�2Ý~�if

þ��& (Choice Theory)2�?�s��æçþ������þ���O$ 

.¾¿'5	����Y��������M�0()Vl.K�*+Ms�=

>2�*+��������Ml.�K�2ub0�,-.�������/ MæÜ

¤v2�¶++��X��/0������M��¤$/0������ghM��0

K�b1d.2�nõ2u3Ol.K�s��-4$²12.2�ub5£678s�

F*+­®¯·¸5���Yö�K#���2��19¯:���������M_3

2�3O;�$.<'(.=>?�¶�@�ñòFÀÁ����æç/05���Y�

�K#�AUM��2�C×ÀÁ°�()�*+=>2)4�æçþ��̂���þ��̂

�PQ�K��¶�l.s���BÚ2�Ö<&u�æVCDM¤EF\ÀÁ.2�M

�0Ö!�ZB!��&�(G$ 
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���BÚ2�$ 

1. æçþ�2�20�s�0�¯��¥����æç�þ��0�¯·¸^æçl.¶

��HI�NJ�¦º2�.��¥����æçM/0#$ 

2. ��þ�2�2Ýs�0�¯M��þ��O2��NJO
Xñò2Â&VW0�¯

 !ç�¥����æç2N²ÊD/0VW�É����$d�¥ÅÙ2�!�µ¦

¸2K" Luce [7] MÚ�þ��O (Individual Choice Behavior) �&2�0Mø$K0L

¤2b��ædVÚMø$L¤¶VÚ$#%�}�NFOÇ2N²2 %�}stO

P)MQRSTst (Standard Weibull Distribution) ��æ�2�0U�VWX2� 

(Nested Logit Model) b�CD%�}�YsZ[F��s�2Ò%�}O\�s]�

Ýb��0^V_2� (Probit Model) Fn´2O/YsZ[CD2b�æ$#%�}

OP)MQRSTst2²2�`OVWX2� (Logit Model)2^V_2��VWX

2�	a�¥u�bó��2c§³¯°d¥zE��¯Oe [8]
$	�ã2�þ0¥2

�¯§VfL¤�2+A�O�g2j³¯Ýd�Â�h¤OYs�¥z2 D�fL

¤�OÇ2~�c-�¤Es��i2N²	�ã�0¥�Ojk$	 Chang [3] 
�¾

¿&ZB2Ò�æ0�¯���þ��O%�}Ol�2Ý��þ�O#�¸2 ��

�����ñòÎ�VW�É�����2 �����þ��O2NO~�þ���

����ÖÒ�������ñòó�VW�É�����2Ý�msýÜ OBE��

�Ø/0�É����2Vn�Ùì�����
Xñòµ�Oo2@p§al�q0

�¯X��� (User Equilibrium)2²�rs;�����æç���u DdtuØ

h/0������jIJÂñò$ 

3. PQ�K2�20�#)��Yµ¦M���KL¤2'ÀÁ��tÜ��5����

KM��vu()0�¯µ¦MK0L¤$ 

4. l.s�2�2Ýs��0����æç���Y����Mµ¦l.}w2uZ� 

?M.xwQ¶y�z{C�zM�«x{$ 

�æ|}9_¯�¶0�¯Mo1·¸25£¥ÅBÚ2�MP¹302b�nõ!

�MX��L2uf�l.�K�s�Ö�C~VÀÁ2�����=>$ 

2.1 ���� 

��KL¤�	.<&0�s�¶vD���®ñò����v^/0#^¶��t

Ü¢M¦º$�CêB.<�/0���ï 

Yïæçþ�2Y = {� ETCæç (true)2� ETCæç (false)} = {t, f}Ö 
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Zï����2Z = {����2�É��} = {a, m}Ö 

yïæçþ��}w2 Yy ∈ Ö 

zï�����}w2 Zz ∈ Ö  

yQ ï�Í� OBE���¤ (�ÍÎ�)Ö 

zQ ï/0���� zM��¤ (�ÍÎ�)Ö 

zq ï���� zÐ���v (�ÍÎ�Í��)Ö 

)(Tqz ï���� z��¢ T��Y�k��¤Ö 

)(TCz ï���� z��¢ T��Y����¤Ö 

zL ï���� z����¤Ö 

Qïw��v (�ÍÎ�)2 maft QQQQQ +=+= Ö 

zd ï���� zMÐ��Ð�
Xñò�¢ (Î�Í�)Ö 

)(Td z ï���� z��¢ TMÐ��Ð�
Xñò�¢ (Î�Í�)Ö 

zD ï���� zMwñò�¢ (Î�)2 zzz QdD ×= Ö 

)(TDz ï���� z��¢ TMwñò�¢ (Î�)Ö 

zC ï�����!ó��# (�ÍÎ�Í��)Ö 

Tï�¢�$ 

���v^@�ñò^�¶����ÓOVW\0�*+��Y���KM��N

�2Murthy [9] 
�5���Y���Kf�vDMs�2�C��K2�s�×i0%¾

¿�2�$��YM��
Xñò�¢2º��OQ£%����z����¢2Â)*

�����¢�°±����¢2+A��]Cï 

��
Xñòï QQdQdd mmaa /)( ×+×=  (1) 

d(1)�&b}2
Xñò�¢O!ó��#���vML¤2VWb�0Cê��n

Aï 

(1)  Ð���vÎ�Ð��!ó��#�2�"Wayne [10] 
���&��ï 

Ð��
Xñò  )/( zzz qCld −=  (2) 

wñò  zzzz LqdD ××=  (3) 

(2)  Ð���vó�Ð��!ó��#�ï 

Ð��
Xñò  
)(

)()(
)( 00

Tq

dTTcdTTq
Td

z

z
t

z
t

z

∫∫ −
=  (4) 

Ò�k#���#ÓO\¤ zq � zC 2Ýï 
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Ð��
Xñò  
z

zz
z q

TCq
Td

2

)(
)(

×−
=  (5) 

wñò�¢  zzzz LqTdTD ××= )()(  (6) 

 ������k#ó�!ó��#�2�TU£�Näå2jÒ²ìäå��TU

�2Ý���ik���X���2���ñò�¢uM���\¤2²×��s���

�¸$VW������YM���k#ºø�¢hD2�������¢ ?j���

�	����v�äå2�0���&�b1d�H�8js�Âñò�¢$.¾¿�K

"³Å Chang [2]
^Chang [3]

^Foote [4]
^Nielsten [5] 

¶ Kanaan [6] 
µ¦¾¿�Ä�s�2	�0

¤E�\&×���8 (0-6 ¶ 14-24) M�k�v�æO 2,800 (�ÍÎ�) 2j	 6-10

M�8O ¥¥¡M���82�æÂ�k�vø�¢jl�¸��2Â¢|�8��k

��v��æ�]O 1¶£ 1�Ç (OCDs�2Ê��¥¤��)$ 

� 1  �������� 

� � �� (����) 

0-6 2,800 

6-10 2,800 + 800�(t − 6) 

10-12 6,000 

12-14 5,400 

14-24 2,800 

	
��
����� [2]�[3]�[4]�[5] � [6] ������� 

6000

5400

2800

6 1210 14 24

5200
�

�

�������	 �

9  

	 1  �����	 
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.2�M=>¥�¥Å��æíî2s�znø�8h�Míî2uª5£ (4) ��
/02¦�§��������É�����k#ó���#��î2VWab�2¥�

iF¦�²V #�ª��ø�¢h��Z[2¨;©Murthy���¾¿ [9]
$ 

2.2 ������ 

.¾¿&���M19¯l.)4xql.^9_l.¶ª«l.Ö0�¯l.)4

�¢ñò^����^�¶ýÜl.�NJ2Ì�1mopl.Ý§¬­®l.$|¯°

&Ml.}w¨;�O 2$ 

� 2  �
��
��� 

���� ���� � !" #$!" 

% & ' 1.(	�� 
2.&)�� 
3.*+�� 

Ia 
Oa 
Ma 

Im 
Om 
Mm 

, - ' 1../�� 
2.0123�� 
3.AVI45�� 

Da�Ve 
ea�Da�Pl 

Sa 

Dm�Ve 
em�Dm�Pl 
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6789 :;�� Ea Em 

	
��
���<=� 

 

2�&/0�����]Cï 

Ia or Imïxql. (±Í²Í��)2a = ������2m = �É����Ö 

Oa or Omï9_l. (±Í²Í��)Ö  

Ma or Mmïª«l. (±Í²Í��)Ö 

DaïÐ�/0�������ñò�¢ (Î�)Ö 

DmïÐ�/0�É�����ñò�¢ (Î�)Ö 

Veï�¢«E (±ÍÎ�)Ö 

eaï/0���������# (�[Í�Î�)Ö 

emï/0�É�������# (�[Í�Î�)Ö 

Plï��l. (±Í�[)Ö 

SaïAVIýÜl. (±)Ö 

Eaï/0�������1m­®l. (±Í²Í�)Ö 

Emï/0�É�����1m­®l. (±Í²Í�)$ 
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¦�������MæÜ20�¯u³ëÚ´µMþ�Z[ï 

(1) §¨tÜ OBEæç¶ 

(2) V·tÜ( OBEæç��2§¨þ�d������Q£¶ 

¥Åþ��Ob��0K0�&f�s�$d�%Ù}��þ��¢!�¸?M��

NJ (\]ïñò)22�=>]£ 2�Ç$ 

� A V I ��

y = t
� A V I ��

y = f

A V I ����	


z  = a
��
���	


z  = m
��
���	


z  = m

����

�

	
��

�

������	�

 

� 2  ETC �������	
 

��0�¯§¨ýt AVI æçMtçþ�NJ2	.¾¿Ms�2�&º��Â&

M�����¢^¹ýl.^­®¯�õ��#º»���·¸$Ì�����þ�M�

�NJ2	s�2�Ý��Â&�����¢^�#º»^��¤^�@��¢$²12

5�2��a�2OCD%�}�YsZ[2.¾¿�æK0L¤%�}��P)MQR

STst2Nj¼0U�VWX$#þ�2�$�CÀÁ/0�þ�2�2½e��2�

&/0���ï 

yS  ïþ�æç�� y�­®¯�¾¿� OBE/0� (À±)Ö 

yC  ïþ�æç�� y�­®¯²�õ (Á±Í²)Ö 

zT  ïþ����� z�­®¯-.@��¢ (s)Ö 

zL  ïþ����� z�����¤ (��¤)Ö 

zD  ïþ�������������¢ (Î�)Âwñò�¢ (Î�)Ö 

zyF  ïþ�������#º» (�)Ö 

yZ  ï/0æç y¯�D/0����� },{ maZt = 2 }{mZ f = Ö 

zY  ï/0���� z¯bD;��æçì¯ }{tYa = 2 },{ ftYm = $ 

Ã�¦æçþ��K0L¤�ÄEO yV 2��þ��K0�ÄEO zV 2Ù¯¸QM

K0�ÄEO yzV 2¥ÅÛ}�%�}s°O yε ^ zε ^¶ yzε 2�æ yε � yzε O�+P)2
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� zε � yzε ������	
��
��� Ben-Akiva�� [8] 
��������� yzU �� 

yzzyyzzyyz VVVU εεε +++++=     (7) 

�� yyy CKSKKV 3210 ++=  (8) 

   zzz LKTRKKV 5420 ++=   (9) 

    zyzyzyz FKDKVV 76 +==   (10) 

� (8)!(9)"#(10)$�% K2 ~ K7�&'�%(��)*� K10+,-./012

34%�5�6789%:;�<=�6>?�@�ABCD7E�F�G$HIJK 

(prepaid) )LMNOPQKRSTUIQK!,VW�%XY�Z[%\]��)89�

�>?W�^_%`a!baca%Ld�	efK20+,@� AVI/gQK%�5�6

789%:;�<=�6>?OPQKR%dh�ij�)89��>?@��kQKG

$Z%/lm�!/l%n`�opqr�	efstuvwxyz{|{}12QK~

��	
&(����� Chang [3] 
��������3�, 3<Vf��	 },{ ftYy =∈ �

},{ maZz =∈ �	
��H���W�� Vyt!Vyf!Vza!Vzm # Vzayt!Vzmyf!Vzayf!Vzmyf

��f 

� 3  ����� 

���� �� �� ����� 

AVI	
�� 
AVI�
�� 
����� 

− 
Sy 
Cy 

K10 
K2 
K3 

0.800 
–2.000  	
�� 

0.100 

	
���� 
������ 
 !"#$%&� 

− 
TRz 
Lz 

K20 
K4 
K5 

2.000 
−0.200  %&��  

0.500 

!"'(�� ()*) 
"+,- 

Dz 
Fzy 

K6 
K7 

−15.000./0�123�� 
0.300 

4$�� − µ  z = 0.40 µ  y = 0.40 

56789�:;�< Chang=>1:; [3] ?@A�B 
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z
zyz

y

VV

zz
zy eV

µ

µ
)(

ln
1 +

∈
∑=′    (12) 

��(11)$% P(y) �����,V�4��@��%��������-12QK34�
@�� Pyt #z-34�@�� Pyf�)N�$��� yv ′ ��t���G ��%¡¢�
£¤�¥¦	e (§��¨©)�	
Nª«��34Z�¬¤Zª«�£¤¥¦	e zyv �

$� yv ′ ­�(8)!(9)"#(10)$���®�+�(12)$���®��¯��-12QK34

������ ytV ′ #z- AVI34������ yfV ′ f 

¤°����3 Var 0)( =yε ���"���� 

z
zz

z
zz

VV

Zz

VV

e

e
zP

µ

µ
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)(

)(
′

′

′+

∈′

′+

∑
=   (13)  

y
yzy

z

VV

Yy
yz eV

µ

µ
)(

ln
1 +

∈
∑=′   (14) 

��������	
��(13)
� P(z) �������������������
����� !������ Pza"#$ !������ Pzm�%&'
()* zv ′ �+
,-./01���2345�6789: (;�<=>)�9?&@A��BCD�E�

D@A�5�789: Vzy�
( zv ′ F+(8)G(9)H"(10)
6I�JKL*(14)
(��

JK��M�� !��6N�OI� zaV ′ "#$ !��6N�OI� zmV ′ P	�Q

(� yµ R zµ �WeibullJS�TI��+N�OI�UV�W(��P 

+(11)
"(13)
�HXY�Z4[B AVIBC y��\���]� !0
 z��

��^< 

yt

za

yt

za
zayt p

p

p

zaytPp
ytzaPP =

×
==

)(
)(    (15) 

_`abBcdefghi�jkl4[m AVIBC��\nop��� !���


H 1)( =zaytP ��H�Z(15)
�qrP 

yt

yfzm

yt

zmyf

yt

zayt

yt

za
zaytzmyt p

pp

p

pp

p

pp

p

p
pp

)()1()1(
11

−
=

−−−
=

−
=














−=−=  (16) 


( zaytp ��[4 AVIBC��\���� !��6���% zmytp ��[4 AVIB

C��\��#$ !��6��P 

s,Ht6Ju����� !���vwx���yz (qa) H"��{|#$ 
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!���vwx���yz (qm) JK� 

a

za
a L

PQ
q

×=    (17) 

m

zm
m L

PQ
q

×=    (18) 

},~[R]~[�t��BC��\I�JK�< 

ytt PQQ ×=    (19) 

yff PQQ ×=    (20) 

�(~[�t��BC����{|#$ !��6�\I4< 

zmyttm PQQ ×=    (21) 

�������� 

_�����bB�TIR���I����w�Ju�qr������6�/T

I"���I�������Ju�H���� !�����d�P_`a�{���

���� ¡	� Chang [2]
GChang [3]

GFoote [4]
GNielsten [5] 

" Kanaan [6] 
�¢`a�£�

Ju�bB����I6vw��� 4
�P 

� 4  ����� 

���� AVI����	
��
 � AVI���
��
 �� 

AVI����� 

����� 

���� ! 

"
�#$�
�

�%&' 


��
()*+
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St = 2.000 

Ct = 60 

TRa = 45 

La = 2 

Fta = Ftm = 5.0 

Ca = 1,400 

Q = 3,000 

Sf = 0 

Cf = 45 

TRm = 45 

Lm = 3 

Ffm = Ffa = 0.0 

Cm = 800 

Q = 3,000 

./ 

0/12 
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6789:�;<�=>;<? [2]�[3]�[4]�[5] @ [6] AB3CDEFGHIJ�K 

+,t�'
�¤����¥¦§¨©�dH.ª�� !G«ª#$ ! (¬­�

2A3M) "� 5� 0-6D®�I�¯��< 
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H(11)
� Pyt°�;��+, },{ maZz =∈′ �
H� Pyt�J±²³´./� 

y
yfyf

y
ytyt

y
ytyt

VVVV

VV

yt
ee

e
P

µµ

µ

)()(

)(

′+′+

′+

+
=    (22) 

+(12)
�µ�9� },{ maZt = � }{mZ f = ����< 

]ln[
1 )()( z

zmytzm
z

zaytza VVVV

zyt eeV
µµ

µ
++ +=′   (23) 

]ln[
1 )( z

zmytzm VV

zyf eV
µ

µ
+=′   (24) 

�� 3�� 4�����(8)	
��
� 

000,600)1.0(000,2)0.2(8.0

3210

×+×−+=

×+×+= ttyt CKSKKV
  (25) 

000,450)1.0(0)0.2(8.0

3210

×+×−+=

×+×+= ffyf CKSKKV
  (26) 

�(25)�(26)	���
����� (S) ���
����������� !"# ($

%&'())*+
,-�.
���
�/0���� (1%&'()
2345678

9:;
.<=>2?�@AB	C�
6,-�DE8F���� !"#�/GH

IJ 

KL;�� 33� 4����(9)	
��
� 

2)5.0()60/45()2.0(2
5420

×+×−+=
×+×+= aaza LKTRKKV

  (27) 

3)5.0()60/45()2.0(2
5420

×+×−+=
×+×+= mmzm LKTRKKV

  (28) 

�(27)�(28)	���
MNO�P�Q
������RS�T	��U ($%&'

())*+
MRVS�T	;�UA�W�
�/0����RS�T	��U (1%&

'()
34567X8:Y;JZ2
=>2?�@AB	C�
6,-��[\]V

S�T	��U^_J 

KL;=>(10)	
��
� 
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)05.0()3.0()0015.0()0.15(

76

×+×−=

×+×= taazayt FKDKV
  (29) 

0)3.0()0027.0()0.15(

76

×+×−=

×+×= fmmzmyf FKDKV
  (30) 

�(29)�(30)	���
MS�`a�P (bc) �Q�
�����d�� !"#

e��RS�T	��U ($%&'())*+
fghi�&jk�lm
Mjk�&�

�
n��/GX�� (1%&'()
34567%oX8Yp;
Z2
=>2?�@

AB	C�
6���nq�T	�/GHIJ 

�(27)�(28)�(29)e(30)	rs��(23)�(24)	
��
 ytV ′ e yfV ′ 
t�(25)�(26)

	��(22)	
u��
 Pyt�vJ 

������ 

wxyz{�z|}Av~�yO��
��<��.��B	��w?�r���

�r���J<��4����������H
n���_����;bcr�T�
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£¤¥8�w?�r����J 

4.1 ������ 

¦§¨���r�B	
©"ª«�¬­®
¥"#��U[\B	¯��3`a°

?±²³'(
fu`a°?¡¢"#3�U�[\
´"#3�U[\µ�¡¢�S�

�U;�¶A
y´¡¢�U`a°?
"#��U[\B	¯�±·�¸¹ (tradeoff)

;º»¼½
Z2��
z����J<�¾�����¦§�	;��T	
�¿ÀÁ

i����;SÂÃÄ
n�HÅÆ 3.ÇJ 

{È 0�©"�� !S��U;�¬É Qa0
¥Ê�bcÉ da0)´��ËÌS��U

��¶AÉ Qm0 = Q − Qa0
¥Ê�bcÉ dm0
2��� !S��U��¶A

É l
aQ  = zaPQ × �ÍÎ�
´��ËÌS��U��¬É l

a
l
m QQQ −= �ÍÎ�J 

Ï K�ÐÑ�ÐÑ_HÅ�� 

{È 1� >�� AVI Ò³S��U�¬É lk
aQ − 
�
��Ò³S��U;Ê�bcÉ

lk
ad − )Kp
��
��ËÌS��U�Ê�bcÉ lkdm − J 

{È 2� >�S��U�bcv lk
ad − 3 lkdm − 
�
"#3�U[\Ó&
2��� !

S��U��¶AÉ za
k
a PQQ ×= �ÍÎ�
´��ËÌS��U��¬É

k
a

k
m QQQ −= �ÍÎ�J 
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{È 3� Ô λ<− −1k
a

k
a QQ 
"®�SÂÕÖ ( ≤λ 0.0001)
¥Ái����
F¥�×

{È 1Ø{È 3J 

�������

�	
3�
4�
�

��Q a 0����

IF(C a -Q a /La )>0 &

(C m -Q m /Lm )>0

��(2)�(3)����dz�D z

z  =  a  &  m

��(5)�(6)����dz�D z

z  =  a  &  m

��(8)�(9)�(10)����

V y�V z�V yz

y={ t , f}, z ={ a , m }

��(11)�(13)�(15)����

P(y)�P(z)�P(zy)

y={ t , f} , z ={  a  , m }

��(17)�(18)��

��q a�q m

��(19)�(20)��

��Q t�Q f

��(21)��

��Q m |t

��(1)����d

�Q a
k - Q a

k-1���

Y

N

N

Y
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4.2 ������ 

wåæçè<� 1�ÃéyO��r��¼º
MêÁ&��¬<³�ÃÄ¼½�


Åë�ì; 6-10�)Ôn¿À��¬íE£í`a&�
Å 9-10�
ZÉ2�î���
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8<³�ïâT	êÁ
ð� 10-15���î
¿À¼½_��º»
.<� 9-15�;�

î
ñò<óôpõör�nbc�PJ 

÷DÆ 1;�¬øùÃé
nbc�Peóô�¶A�r���_HÅ�� 

1. 4r�]�úû¼½óôº»
wë���UüdÉýÚÒ³S��ÙÚËÌS� (þ

�É 2A3M)
.<n£í`a& = 2�1,400 + 3�800 = 5,200 

ZÉ 2,800�8,00�(T−6) = 5,200
��
 T = 9
Z2
�� 9�úû¼½óôº»J 

2. �� 9-10�;óôï
 

 kTTdTTL +−=−−×+= ∫ 200,7400)200,5)6(800800,2(1 2  

400400,32)10(200,7)10(400)10(1

400,320)9(200,7)9(400)9(1
2

2

=+−==→

=⇒=+−==

TL

kkTL
 

 Z2
�� 10�
.��;�¶A = 400¶J 

3. �� 10-12�;óôï
 

 
000,2400)1012(800)12(2

400)10(8002800)200,5000,6(2

=+−==

+−=→=−= ∫
TL

TLTdTL
 

 Z2
ì� 12�
.��;�¶A = 2,000¶J 

4. �� 12-14�;óôï
 

 
400,2000,2)1214(200)14(3

000,2)12(2003200)200,5400,5(3

=+−==

+−=→=−= ∫
TL

TLTdTL
 

 Z2
14�
.��;�¶A = 2,400¶J 

5. � 14�
.��;�¶AÁ£��
<¤CúûyO��
n���P� 

 2,400 / (5,200 − 2,800) = 1 (Î�)
Z2��� 3�
|	��

�1���J 

�§r���ÅÆ 4.ÇJ 

240 0

200 0

4 00

9 10 12 1 4 1 5

�

�

�

�

�

����	

L1

L2

L3
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4.3 ������ 

4.3.1 ������ 

=>��r�
�ýÚÒ³S��ÙÚËÌS� (þ�É 2A3M) �UüdÃé�


�
��î�øAvÅ� 5.ÇJ 

	 5  
��
��� 

�� 

�� 
0-6 7 8 9-10 10-12 12-14 14-15 15-24

d 0.0021 0.0031 0.0062 0.0238 0.2 0.407 0.4286 0.0021

Da 0.0015 0.0023 0.0047 none none none none 0.0015

Dm 0.0027 0.0041 0.0081 none none none none 0.0027

Pza 0.5355 0.5364 0.5389 none none none none 0.5355

Pzm 0.4645 0.4636 0.4611 none none none none 0.4645

Pyt 0.6223 0.6227 0.6235 none none none none 0.6223

Qt 1,058 1,358 1,656 none none none none 1,058 

Qf 1,742 2,242 2,744 none none none none 1,742 

Pytza 0.8605 0.8615 0.8642 none none none none 0.8605

Pytzm 0.1395 0.1385 0.1358 none none none none 0.1395

��none ��	�
� 

 

�� 5ì
�� 0-6���öà��J>E���î
��¬8<­®;T	êÁ


�Î� 2,800¶
ð�¼½óôº»
Z2¿À�Á����
��¦§;������


Ñ��¶�^_S��.����P�É 0.0021 Î�
´��«���é��� !"

#;��&�É 62.23�J>Ewåægh���;��=�Z�
Z2±9MW;Ë[

\�d�� !"#
��Ò³S��U�Ê�bc (0.0015) 3ËÌS��Ê�bc

(0.0027)  !�í
Ä������J>2~�f"Ç
>EÒ³S��U;#$%Û


.<±&r�± !"#;�¶�[\�U�
[\>ËÌS��U^_
>2z'�r

���"Ç
(±�� !"#��¶´��ËÌS��U�%&�É 13.95�
2zº

»P��� ETC �U;üdñò)*+,;��â
ÔÒ³S��U�-W�
C�±

&r�±�� !"#;�¶./ØËÌS��UJ0}1�U��´2
��Ò³S�

�U;�¶%&�É 53.55�J 

� 6-10�
2�î��¬>E<³�ïâT	3%
ð� 6-9��P��¼½óôº

» (�Ái¿Àß¬)
.<� 6-9���î
¿À�Ái����
Z2�� 5ì�<¼
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(0.0023 Î�) 6%Û9:
´^_ËÌS��U;bc�P (0.0041 Î�)
%Û;;I

oí
<n� 8�
%ÛØ 0.0081Î�
==% 0-6�;�î%ÛÞ_ 3>)´2�î^

_Ò³S��U;bc�P
X"�;%É 0.0047Î�
X% 0-6�;�î%Û 3>
"
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(1) %&ª� 

\]^Î�Ï£%&� 1,000 (�o��) GH
¨"Ð 500 (�o��) ÀÑ� 
ª

�3 4,500 (�o��)
.�D,bc���Ò 5�Ò 6.Ó
bc���Ó
!��¡

¢£¤R�Y� 0.6221GH
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?Ö�f����£¤
×Y±dØÙ
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5?��¡¢£¤
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0.6229W�Ò 5�{èy
!� ,Õ: (éY) ê��%&rë8ì�W 

�Ò 6�Ó
d�%&� �
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R�������
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(5) ª�¡¢��OP£¤QR 

\]^ÆSTUVÇ�®z²¡¢��OP
W��OPX×bc!����Ê�ã

fYmYXn&,½¾WZ[�
ETCOP\]��^_�³`aYb (Dedicated Short 

Range Communication, DSRC) OP,01³Ö3f��D8YbX�'��ÙcOP,

VPS (Vehicle Positioning System) OP,Ê� [11]

\d�C�/����F
 ETC014

e¨
DÈÊ�f�OP
ÃÄz²OP,Ê��g��=�ñ\��©hi
¨!�F

X×jókD½¾W 

dlÝ01�©=OPQR
 ETC £¤�
Fn'�'/®=
mYYm��n


5?{/oä������
ghn&Wpf��,q5
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F{4� ETC£¤QR
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Ò 13�
/ K6 = − 18iÁÂ
������
ghn&� 1,000�o���3 1800
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' 6  ()*+,�- 

���� ����	
 ����	
 
� 

������� Ia = 990,000 Im = 270,000 ����	
 

���� Oa = 195,000 Om = 105,000 ����	
 

���� Ma = 1,824,000 Mm = 300,000 ����	
 

������� Vt = 240 �� � 

!"#$% ea = 3.0 em = 5.0 &'�	 � 

"� Pl = 19.2 ��&' 

()*�� Sa = 1,200 ����	 

+,-./0�� Ea = 2,400 Em = 4,800 ����	 

�1234�56789 

 

1. ñ\bc 

ñ\bc�÷/01�ñ\ (C) Xñ\�& (CK)
Ê�(31)~(35)aãf=�Þ��Ý

ÞIJbcQ 

Cao = (Ia + Oa + Ma) × La (31) 

Cmo = (Im + Om + Mm) ×Lm (32) 

Catu = Sa × Qt  (33) 

C = Cao + Cmo + Catu (34) 

CK = C − ((Im + Om + Mm) × (La + Lm)) (35) 

a��ª[»[,Ùs*=�Þ�R�Þ¡/ÙsÁÂ�¿Q 
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(1) =�Þ��Q 

   a. ������ 

     CaoQ£�������,ñ\4 

     LaQ£�,������[W 

   b. ������ 

     CmoQ£�������,ñ\4 

     LmQ£�,������[W 

(2) �ÝÞ��Q 

     CatuQµ� AVI£¤,��'ñ\4 

     QtQµ� AVI£¤,�'[W 

!¢ª[£»8u 2.ÓW 

2. ×Nbc 

×Nbc�÷/01�×N (Bt)
Ê�(36)~(42)aãf�ÝÞ�¬�×NIJbcQ 

Cau = (Da × Vt + ea × Da × Pl) × Qa  (36) 

Cmu = (Dm × Vt + em × Dm × Pl) × Qm (37) 

Btu = (D0 × Vt + em × D0 × Pl) × Qhr − (Cau + Cmu) (38) 

Cas = Ea × Qa  (39) 

Cms = Em × Qm  (40) 

Bts = (Qhr × Em) − (Cas + Cms) (41) 

Bt = (Btu + Bts) × 24 × 365 (42) 

a��ª[»[,Ùs*R�Þ�� ¬�×N¡/ÙsÁÂ�¿Q 

 (1)  �ÝÞ��Q 

    a. ������ 

  CauQ�ÝÞ��������,ñ\4 

  DaQR�������,���P4 

  QaQ��������
�'[W 

    b. ������ 

  CmuQ�ÝÞ��������,ñ\4 

  DmQR�������,���P4 

  QmQ��������
�'[4 

  BtuQ�ÝÞ,�×N4 

  D0Q01¤�R�������,���P4 

  QhrQ"��#$01
�'[W 
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 (2) ¬�� ��Q 

  CasQR�������,�'¯°
¬�¥¦ñ\4 

  CmsQR�������,�'¯°
¬�¥¦ñ\4 

  BtsQ¬�� ,�×NW 
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' 7  (.����/*+�0123 

	
:) 
;<=> ∆ B 

(?@�) 
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(?@�) 

1A4M* 254.38 173.62 

2A3M 315.78 183.91 

3A2M 374.72 194.77 

4A1M 431.18 207.79 
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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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ZC�	���¬­��ú¬­devCÉ�ý	S 
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2.1 ��� 

��KLYZ\]��C0Ïè'�=~"+
é������²a®M�XCj

¡�H¤6êúý	CÐÑ��¤�æìC×��×�ì#ûëìTÈ 

1. ìT�wxCèí®¯Égwx¥©C
�OPS 

2. ìT¥9YZ�î
����I��S 

3. ÒÂÕ©z\]Ç�S 

4. ÒÂÕ
�OP$YZCïðS 

5. ìT�wxñò%��?³w
>V�XYZ%IS 

6. fó�wx�XÔTYZ�ôõ%Iaö�%S1ôõ%I�î���ë÷ø;%��

¾_ÖÒ���7oS 

7. ^%./-�¡ö�wxÉ��Ô�Òù0YZ\]xy<=wx�78S 

8. YZ�Idev[�aÔTwx�YZ\]¡ö�XYZ��¥©YZfC�$�î

��vS 

×�§/�¡úûa9�wxoYZo®¯�ÄÄûëg�XYZC¢[Seüû×

�a®ý^%./¡öYZ\]CwxTySeþû×�aêúý	C�4��Ë5X%

�����_¤%<�devC'ô�	S1É�	jì¥�È 

Min ∑ ∑
∈ ∈�� iNj

ijiji XAP   (1-1) 

s.t. 1 =∑
∈ iDj

ijX  Mi ∈∀   (1-2) (1) 

 ∑ ∑
∈ ∈

≤
t

i
hFi Rj

ijX 1   HhTt ∈∀∈∀ ,   (1-3) 

 1or     0=ijX  ij∀   (1-4) 

��� 

I �� i��� 

j �� j	
� 

t �� t��� 

Pi �� i ��
�������������������� !"#$%&'()

*+,-.�/0
��123��
���456�789&:�3��;�

��<=6>?� 

H �8@ABCDEF� 

M �GH��� 

T �IJ��DEF� 
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Di ��� i8KLD	
EF (MNOP��)� 

Aij ��� i<=Q	
 jD���� 

Ft �� tR���8KLD��EF� 
i
hR  �� i��8KLD	
��MS� hTABCD	
EF� 

Xij �4KLU��Xij = 1�VW�� iXKLY j��	
�Xij = 0��Z[ 

\]^� (1-1) 4IJKL��D_���[���4��6`KLDab_*cd
e�efg2��KLhi�<=jklmn4*cde��jklmopq
�rsj

ktu8vwd�cop[=Qxy�OP��IzdD����{2|R}~�VW�

2	�Q|���deD��[��y (1-2) 4����y����4��|�����
|�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)_� 



������� �	
	�� ��
� ���
	�	��

�72� 

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
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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  �������	
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��� 

�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) 



��������	
��
�������

�75� 

∑ ∑
∈ ∈

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



�������������� !"#$�

�77� 

 !wæi§ 

� 7  ��������� 



������� �	
	�� ��
� ���
	�	��

�78� 

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

30n¾¿À�¥¦W;À�¥¦�3�X 90.91� (= 30/33)�<*�P 23n¾¿cK�;

b!%¥¦YD���Z[*�8��X 69.70� (= 23/33)��B 7n;!!ä®/¥¦

v�|'\]^C­ëi�ï_`b!�yUÀ�¥¦%¾¿�X 21.21� (= 7/33)�ab

3n¾¿cdb!äW;�À�¥¦}3%¥¦v�X 9.09� (= 3/33)�äÍ
�±m¾¿

b!je��PW�^���K$Í���ÓÅ�9[­���
 [15] 
±�j��¤� 

� 2  ���� !� 

���� ����	
� ���� ��
���� 
���
���� 

33 175 1,736 33 543 

� 3  ���"#$% 

��� (��) ���� (�) ��� ��� �	��� 

9,134,715 0.11 695 1 
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�66j�Ó±n¾¿��P 5 ( = 1 + 4) n:kl%À�� �?Á612W�612

m_Zcþ@� 1�Q@\Z%Fn�M¥¦_`b!j�P~¥¦Á6W�6U�%_

£�o�}3�pqv:;rs9tuv}0]¹ ¡��<wm_Z�Qí��Mdx

�*%Á612W�612Z�y]±�zÏ¥¦12%¥¦k¬ (�y§Â{) ±|}

�ÈÉ�~�{ (60.0Â{�!õ)����ÈÉ�	�6 (�y§!õ)� 

Ï 4�
��%-./
B8� CPLEX*%}0[�@\�¸P 5,630nU��175 

(= 35×5) n:8�¥¦VW�Ï 5�
���	%�P�&��P*�L�P 30n¾¿

À�¥¦W;À�¥¦�3�P 1n¾¿klg� 40!õ�¸X 93.94� (= 31/33)�<*

P 22 n¾¿cÎÍ;À�%¥¦YD���Z[�*��ú8��KQ��À�<w¥

¦�X 66.67� (= 22/33)��B 9 n;!!ä®/¥¦v�|'\]^C­ëi�ï_`

b!�yUÀ�¥¦%¾¿�X 27.27� (= 9/33)�ab 2n¾¿cdb!äW;�À�¥

¦}3%¥¦v�X 6.06� (= 2/33)� 

Z�±�%c�9 n;!!ä®/¥¦|ï_`b!�yUÀ�¥¦%¾¿*�P 2

n¾¿;À�¥¦�Y��%Z[�':®/8�iï��b!��d!!ä<w¥¦

v�ÎQ��ç��T8\]%�12Z�Ë�:N8"A¾¿�KTÁ612�?8�

<wî!¾¿��üË%Á612À�<w¥¦�?Q�P~¥¦��?�����%b

!Q��äÍ
��m¾¿b!je��PW�^���K$Í���ÓÅ�9[­��

�
 [15] 
��*j���� 

� 4  ��&� !� 

���� ����	
� ���� ��
���� 
���
���� 

157 175 5,630 33 1,273 

� 5  ��&"#'�()*$% 

��� (��) ���� (�) ��� MIPGAP RELOBJDIFFRECE 

59,085 10.61 5,293 0.0001 0 
 

!"�� (��) 

10 20 30 40 
#�$% (��) ��$% (��) &$%� (��) 

0 0 0 1 58,721 364 59,085 

 

'QrstS*�
�±a�
�%12Z 9,134,715 (!õ) ��1Í
��%12

Z 104,178 (!õ)�<¢£;K�cK�
�±�­
�f¾¿g�À�¥¦��TM¾

¿;+\�6'b!�D�!!NO�LP%¥¦��8��KQ��±n¾¿��8�

D�¥¦�ÎÍD�¥¦�����KQ��
�±�P�1%dxZ�
��­
�f
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¾¿g�À��m¾¿À�¥¦�6�Pkl��KQ'¥¦b!Q����()*�¾

¿6�Q�}Ô�<À��6B¥¦VW�KQ*�@êD�¥¦� 

~Í�n¥¦\]_`b!��î¾¿e�À�¥¦%U�T�:ÎÀ�¥¦yJU

�TM�ò�À�¥¦yJU��¾¿_`b!�}~Í;À�¥¦%�2k¬��Ïç

�À�¥¦%U����}k�n¥¦¼Ïç<�2%k¬�Z���%c�èß*®¯

°±²³´1µ%p�ÔÕ�P�L�}�%¥¦¼*�k¬6P 15 Â{�}TG¤�

WG��¥¦¼�BG��WG7�}k6 30Â{ (2n¥¦¼)�3±¥¦¼�3%¥¦

½*�k¬l}k6 3.75Â{ (0.25n¥¦¼)� 

~Í�n¥¦\]_`b!�*�c'
�±v
����î¾¿e�À�¥¦yU

%}~k¬��}k 1n¥¦¼%k¬��ÞTM���!]P 8nB 9n¾¿R<¿l

�}k 0.25 n¥¦¼%k¬��ÞTM¿��!]P 4 nB 7 n¾¿�Z�EF%c�


�±*�L� %k¬�Yk 8n¥¦¼�v%¾¿�?
��� %k¬Yk¡P 5

n¥¦¼�<;K�cY
�±¾¿*�yUÀ��6j¢Ó�KQ¾¿¡£'��×*

PÁ¥¦:£8���8yUk¬ü1�|':	�%$fi�\]¤MQ¥¦!!¥�

¾¿À�� 

��45�6?��
�±¦� 0.11§�?
��l¨� 232.27§�<;K¢£Y

-.%/
Y©Z[�
��%U�6�
�±j 3ª�KQ:N���
�6%1ë�

K�«?*�
�±v
���U9~N' 4!õj��
NO��ç���a��j
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ABSTRACT 

In this study, a model for the household decision on car/motorbike 
ownership and use is developed, estimated, and applied. The model takes both 
cars and motorbikes into account. It is mainly based on the microeconomic 
theory of consumer behavior, in which the fixed and variable car/motorbike 
costs are two main components of budget restriction. The probabilities of 
car/motorbike ownership are derived and calculated by comparing direct and 
indirect utilities. A disaggregate data set at the level of individual households 
was obtained based on the household interviews conducted in Taichung City in 
2000. Genetic Algorithm is applied to calibrate the parameters and further 
figure out the impact of changes in variable car/motorbikes, fixed car/motorbike 
costs, household income, and combinations of these on the household 
car/motorbike ownership and use. In general, the long-term income elasticity is 
greater than the variable cost elasticity and the fixed cost elasticity. The policy 
analysis also indicates that variable costs have more effects on reducing vehicle 
use. It is, therefore, a good direction for authorities to consider such strategies 
to improve transportation environment. 

Key Words: Ownership and use; Direct and indirect utilities; Genetic 
Algorithm; Elasticity 
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¤�C¥�K��¦§_¨�{\]¦§C© v_¨�ª�C�r�«�%����w

�����w\]!¬�­m��R�®D¯ef°±²=xy�³k´µ¶·�¸�S

¹�NRnopq=-.�º����Jz� r 

»¼�½B,¾m¿­ÀÁÂ����TZ[���Ã\]�ÄÅÆÇef�ÈÉm

�ÊË³ÌÅ0Í¢ÎUÏÐ��ÑÒr���������TÓ"Ô (discrete) ¦§�

�º\]Õ{�TÖ×Ô (continuous) ¦§�6������w\]� �TØÉÓ"Ô

wÖ×Ô�¦§� rÎ�����������w\]Î+�
���|TÙÚ�ÛÜ

ÝÞ�ßà-.lZO�d

 [1]
�á� 88â�����ãä� 6,513,324ã������

� 4,509,430 å������ 10,958,469 å�C¥�����æç�ã��è� 0.7 å�

��� 1.7l����T�
��é�=�ê�åä¥ë»elr����½BD���

���w\]m��ìí�î!ïð�de Jong [2] 
�ñòówô�õ

 [3] 
ö�÷øfù�ú

ûüýÞ�
��þ��\]����S���Ot*'C��JK��ð�����O

t(�Dé�Tl����
���m�D�r�	k
É�������ØÉ���

��sOt��®ÁÂÅ�3�����w\]
�=�I� �������ã���

���w\]�����I��
�����l�ê�å���w\]ÈÉ�S
��Æ

��»�Ôm��T���B�¨ä (��� �S) D��ã�����w\]=!

"���&'#��SX$�%Ár 

sOt�&'(7�j�)*'�D�½B�ã�å���w\]�JzOt°T+

,�)�'�
��-Ü�üýr).'/ÙsOt��01���2Ô�)3'�01

��ã������\]���b²��ù
��G4m��Æ��Þ&ûw�5r 

�����	 

2.1 ��������	 

Berkovec6 Rust [4] 
I��ãD�����78�¦§
�9º�:;-����<

��#=>2Ô[�J?Ô�{º@#=AlmCuBJKCD�J?9N%º��E,

�ÜF����åGH*�IJ (nest)��J�jKL�å,�m*3IUM�L%mH

��N3IO¦UMPÉrBerkovec [5] 
{Q�J�RS2�I�����3<��¦§


���T�u*T�UV� (scrappage) �W��X
²
������YúIZ
�w

[Õ
��º�»
P (simulation) =U�\A!�÷ø]ZD�����^_ (��)�

Æ�L%DIZ÷øf�\A���
`�\A`Z���[Õ3W�ab�*T�UV

�cr 

Jansson [6] 
������	def (entry propensity9exit propensity) °��:=Jz¨

ä�gh]i"V (cross-section) wj"V (longitudinal cohort) m���k!�]Zº�
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lmn (life-cycle) �����op��q*êr=��*s�\Arì�m¿xy!�

��tP�������!�âEt�!�Ô¿Óº�����	
wdu�Æ��
P

=U�\AÞ@v (1990�2000�� 2050â) ������r 

Said [7] 
Otwx2=������y����o2z��wx2�N{�=��N

|��}~��Y�Z[�¢Îw�?½=�wx2���ã�º��ök���Nº*

T��3��3���ø���øcçNm���6C� 90� �Ð��wx2���C
��Tl�Ð=�å�N%�T~�Ô��
�µ
Îwx2�s��wB���ã��

����r� Chin6 Smith [8] 
{�W
��D��h]`Z
�µ
!"�����Õ=

N|�º��#Ý���3��3������å�°*sc�!"�����=Úv¨

ärº�T����
�m�W
�� =-.�SD����=!"rG4&'Ú��

W
�Î 1989â��=��T���	
���ø¸'Æ�Úv�� 1990â����G

������X�é�4 (certificate of entitlement9COE) c��\����=��,�

���r 

� ¡
 [9] 
�xy��¢£¤��S¹DWX���äÕ*s�¥¸�h]¦§Ô78

�À�å��w��=ÈÉ¦§
�r 

2.2 ��
�����	 

Mannering [10] � simultaneous equation system-Ü�ã��¾l��\]
��g�

��el���ã�¨s�ù��m�r
�(xy�ã¾l�\]Õ�m©�Jk�T

~`ZÃIZ
��ªª«¹I¿��\]opj�ºI��ã�I¿����\]
�

{ku�ÁÂr 

Golobc� [11] 
u!"��\]=N|�¬��H��ã2Ô3���:\]�2Ô

���s­�2Ô�g� additional equations v®§�ã��l��=�:\]�=2

Ôr�Ot�Ú�Ô78 (RP) �¦§Ô78 (SP) vµ
Tl��el��Ð=�ã�

�\]op�h] RP �G¯-
v®§°�é�=�å�� SP G¯\A@vW�±�

���rº
��Q²] RP-SP �ÈÉµ
�kk�®ª³Þ½3B�¨ä=�®!"

¸'�¯´!"��µ RPG¯®¶Ï·¸Å=r�G4&'Ú��¹ê�u�ºd»�

�ku¼\]r^B�Îé�el��Ð=�ã��\]ÕuN�E3�°*s�ê½ (»

�) ±r!����_¨r 

2.3 �����
�����	 

Train [12] 
R]¾¿
� (sequential model) m������w\]�
��ØÉ���

���ÀÁ�����\]�Ö×���²] Heckman *Â�ÃµÏ�¥Qh] Logit

Ã Probit
�vÃµ�ãD¦§�����������»¢Ä¦§Å�Æ·�KZ]�

�
�Ãµ��=\]Õr 
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Hensherc� [13] 
D��\]w�å<�¦§°ÞÈÉµ
�de Jong [2] 

{�ÇÞ��

��w\]�ÈÉµ

�9�f���ÔÈÉ¸]Êä=U�-Ü�å<�¦§�Kh

] Roy’s Identity üýÞ��\]Õ���Êä�g�¦§Æ·ÅÖËÖ×Ô=\]¦§

wÓ"Ô=��¦§r�fh]IZFÌÍ��¸]
��u���=ÛÜ*s�¨ê*

s¬²\ÎÏX���g
PK¯´*s	
�Ðv=!"rG4&'Ú��	
ÛÜ*

s�¨ê*sD�WX���=*s|�¸=rÛÜ*s	
©d����=����¨

ê*s=	
DWX���=\]�kÄË=¸'r 

Buttonc� [14] 
{ÑÍ������!"����w\]=N|���������á

��Ò�  (GNP) �Ó��u�����m*3H�gm¿h] Log-Linear 
��

Quasi-Logistic 
�-Ü�å������
�µ
�å\]�g�mÞY��åwÔ]

�å���äw\]ÕrÕÖ×
 [15] 
{|ÎÓ"Ô¦§� ®\] logit
�w probit
��

�Ö×Ô¦§{\]��
��vxy�����w\]=ÈÉ¦§� ��ºÎÖ×Ô

¦§UV�h]¦§Æ·ÅvÆ·���\]Õ
�=¦§7Ø�UÏÐw Hensherc�

=°ÏH?r 

ÙÚÛ
 [16] 
ö�|�»D�ã��T¸]Êä=-Üv�À�����äÕ3Ü°f

Ü°Z[¦§3w���\]Õ�ØÉ��
����º������äÕwÜ°Z[¦

§�Ó"Ô�¦§����\]Õ{�Ö×Ô�¦§���OtD�wÐ§Ot�H±J

?9º��Ý����ãIZ��Þ5G4m��Ot&'Ú������äÕ3Ü°f

Ü°Z[¦§3w���\]ÕÓ�JzÔ[Îr�ìß
 [17] 
�������ã����

D�ã�����3\]��wÜ°f.àáÀ3Ü°Z[c�Sù��2Ô�ùOtr

�Ot�ITÈÀUC�
±��ª³Ü°f.àáÀw������S�gf!"z

¤9ºâ�\]Ó"ÔãÖ×Ô¦§
�v®§�����3Ü°Z[¦§3\]��Ó

¡%Jz¢J£!"�z¤rG4&'Ú�Ü°f�.àáÀw�ã�������Sä

G[�gf!"z¤9�����3\]wÜ°Z[¦§C[�JzÔwÈÀÔr 

ñòó�ô�õ
 [3] 
Îåæ de Jong [2] 

�UÏj�xy÷øfÎVç��\ÎÏXj�

uþ��ÛÜ*s6��\]=¨ê*s¬²����w\]=ÈÀ�S
����q*

¸]Æ,�g
PKÛÜ*s3¨ê*s���¨ê®�D�����\]�!"CDr 

2.4 
����	 

Jorgensen6 Tore [18] 
�»®Ó¾¿��=Z]��
ÕFÌ
�\A����3��

[Õ��Emè3��UV��W�þ���gµ
������W�þ�����Ôw

��*s�Ô (��énwsn�Ô)rº!��YÎ�µ
����
�®�|��TI

âêÎ 18� 75ë�Gì��ë»íTîïð�*â��OtD����T~Ot���

ã�Ot��9&'��sn�����ñ�Ôçkén��ò����én�óksn

�ó!ôõr 
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de Jong [19] 
h][ö
� (duration model) vµ
����®Ó3�RS2
�vI

���<��¦§3����
�vüµ���â\]÷Cä�»�¸�r 

Yamamoto6Kitamura [20] 
h] hazard-based duration modelI�Þ�ã���=Gì�

�®Ów\n��®Ó
��guGìw\nefÓ�ØøÅ�mass point
�
�ùËr 

úû
 [21] 
R][öúû��×®C
�xy÷øfZ[��®C��» Cox c�üý

�
��À÷øfZ[þVù�
��Ot&'Ú�Ì�f=��d
¨äÎ÷øf=Z

[��®C
�Ð�k�=��k½r 

2.5 �� 

F��Ðìí+,#���½BD�����JzOt�JK����z�����

w\]ÈÉ¦§
��Ot{|Ç�âvÊ
�xy=�¢,¾äOt�:�D����

�w\]�
�r��ÎGì�ö���
��R|u���=��w\]�®ÁÂÎ½

=�C¥�	�Î���=\n\]Õë»TÜ�����
��Ê©¼þ����rN

%��Ðìí
�g¶Ï�¸ª³Þ�
���ê�å��w\]�Sù���®Ô 

(simultaneity)r�����2�=��ìq@�
Î
���C\Ð§
�m�&'R]

Î����=0:ÔJD��r 

�%�sOt�� de Jong [2] 
wñòó�ô�õ

 [3] 
=
���®ÁÂÅ�
���l

�3�����w\]
�=�I��
É��E©2zZ[&I�ºD��
��þ�

�S�!"r��sOtw�§eOt�ø
{�ú�ò 1��r 

� 1  ���� de Jong ���	�
��
��� 

�� � � 
de Jong [2] � 

����	
� [3] 
�
� 

����� �� (��) �� (���) 

���� 9� 200�� 

���� − ��� !"# 
$%"#& α ' 

()*�+,� 
-./&01 

2 � 

3456 GRMAX [3]
7TSP GA 

89':;< − =>?@AB 
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sOt¤�IZFÌúû�Þ�}�vxy���å�å (
���) �j��
�

�ÎVD2ÜÏXÈÉj�º��¸]Æ,q=¦§� r) 3.1'�
��-Ü�) 3.2

'{�
��üýr 

3.1 ���� 

1. ������� 

��sOtÁÂ�
��Î2ÜÏXÈÉj�¸]Æ,q=¦§� �N%sOt�

�Q�D�ã��=¸]Êä
�-Ür;-�
���ÄË¸]Êä#�q*�É�

��)TÉ|��\]=÷Cä A�)*É|��\]�÷Cä B�)�É|�ø�º�

��Ã��=ÝÞ Xr�� (��) \]÷Cä=�ñ�ÛÜ*s C(F) 6¨ê*s v(u) 

*f�P*9��º���Ã��=�ñ{u�Ó�q� 1�g�����ò��rÄË

¸]
�ò��j� 

Maximize � UU =  (A, B, X)   (1) 

s.t.� XY ≥  ���l� (�) � 

    X ])()([
3

1 1

++Ω++≥∑∑
= =

ijijijij
i

i

j
ijijijij FBuCAvY ω  ��T��l���  

º�� 

ijω � �
�����Ó9= 1���
���� il�ê�å�¢������¾� j®9

= 0�º�r 

ijΩ ��
�����Ó9= 1���
���� il�ê�å�¢������¾� j®9

= 0�º�r 

i��
��������å`ä (i = 1, 2, 3)r 

j��
������å�¾ ( j = 1, 2, 3)r 

Y��
����*�Tâ���`6 (�����)r 

X��âÝ������B�º���=`ÝÞ (�����)�º�ñ�Ó�q� 1r 

A��âY�]� (
Ðj�) ���\]÷Cä (���� ÷)r 

B��âY�]� (
Ðj�) ���\]÷Cä (���� ÷)r 

C��â��ÛÜ*s��ÛÜ!"3��ø3#$�3ÛÜ¤�ø6ÛÜ%<��P*9
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¥|Î\]��®w÷Cä¶z=�:ÝÞ (�����)r 

F� �â��ÛÜ*s��ÛÜ!"3��ø3#$�6ÛÜ%<��P*9¥|Î\]

��®w÷Cä¶z=�:ÝÞ (�����)r 

v� �â��¨ê*s�¥�â\]����=ÝÞ�
»�*s3ç®¤�ø3ç®»

�ø6�&'Æø��(,lm|»�*s (����ã ÷)r 

u� �â��¨ê*s�¥�â\]����=ÝÞ�
»�*s6�&'Æø��(,

lm|»�*s (����ã ÷)r 

� Roy’s Identity#���ÊäwÓË¸]ÊäÓ�z¤��(2)��� 

A

Y
I

v
I

−=
∂

∂
∂

∂
, B

Y
I

u
I

−=
∂

∂
∂

∂
 (2) 

º� I�ÓË¸]ÊärAw B�ÄË¸]
���¨ä�)��T���º��Ê

ä�sOt�²]gDä±r�N�Dä��Êä�QÉÔ�Ãµ%ä�ÚvÔçkº�

Êä±r��
 [11]
�N%�T�u A w B þV� ln A w ln B (N�DäÊä�T�*d 

(non-decreasing) Êä�N%�%þVu!+¶)�N%ef�ÜFT,¢ç-ò\n�\

]÷Cr��T��l�ê�å��
��º�ê�å��Êä�ú�ò 2��r 

ò�)*.��
������ê�å�GHw�¾�� (�����) ò����

¾�����������
���º��\]Õ���Êä�)�.���ln A31= 

31313332318 )ln( vZFFCY βα −+−−− rY3C3F3v3u �ÜF/0ð�(1)rZ ò��
�

����:\]f�EF2Ô¨ä�Jò��
�����:\]f�EF2Ô¨ä� 1α ~ 

9α � β {�1Ãµ�%ärα �-ò=^F��
���ê�å\]÷C����Ôw
ÛÜ*s�Ô���+I�
��D����þ�äÕwPÉ!2J��sOtu α L�

��þ����PÉ�!�m¿-Ü%äð� 1α ~ 9α rü�� (���) w (���)

�ü�Q��Tl��K��Tl��=�
��wQ��Tl��K��Tl����


���ºø
(Î����¾!���º��*s{Jø!¾�N%��d¼���*

s�Dä%äðç-� 5α r��β ð�{�¨ê*s�¤är�» Roy’s Identity (�(2))

���Êä (ò 2) #�T�����Tl3el��l�å (
���) �ÓË¸]Ê

ä��ú�ò 3��r�34Ø5�sOt�T�u�å��GH�ÜF/Ù¦§�6�

;-K�
�����GH� (���) ®�ò��
���þ��S���*Go7�

(a) �
��°����*l�å (��â¾��8�)�!Kþ9��Ã���(b) �
�
�°����Tl���\ÜK��Tl��r�zò 2�ò 3�
���ê�å\]�

�Êä�ÓË¸]Êä�¤;] Hausman=��Ô\ÎÏX [22] 
�²] TraingDä��

Êä±r
 [12]
�v-ÜsOt��Êä�KF� Roy’s IdentityþV���ÓË¸]Êär 
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(
) lnA11 = α1ln (Y − C11) + Z11 − β v11 
�� � � 

(�) lnB11 = α2ln (Y − F11) + J11 − β u11 

(
�
) 
(
�
) 

lnA21 = α3ln (Y − C21− C22) + Z21 − β v21 
lnA22 = α3ln (Y − C21− C22) + Z22 − β v22 

(���) 
(���) 

lnB21 = α4ln (Y − F21− F22) + J21 − β u21 
lnB22 = α4ln (Y − F21− F22) + J22 − β u22 

(
��) 
(
��) 

lnA21 = α5ln (Y − C21− C22) + Z21 − β v21 
lnB22 = α5ln (Y − C21− C22) + J22 − β v22 

�� � � 

(��
) 
(��
) 

lnB21 = α5ln (Y − F21− C22) + J21 − β u21 
lnA22 = α5ln (Y − F21− C22) + Z22 − β v22 

(
�
�
) 
(
�
�
) 
(
�
�
) 

lnA31 = α6ln (Y − C31− C32− C33) + Z31 − β v31 

lnA32 = α6ln (Y − C31− C32− C33) + Z32 − β v32 

lnA33 = α6ln (Y − C31− C32− C33) + Z33 − β v33 

(�����) 
(�����) 
(�����) 

lnB31 = α7ln (Y − F31− F32− F33) + J31 − β u31 

lnB32 = α7ln (Y − F31− F32− F33) + J32 − β u32 

lnB33 = α7ln (Y − F31− F32− F33) + J33 − β u33 
 

(
����) 
(
����) 
(
����) 

lnA31 = α8ln (Y − C31− F32− F33) + Z31 − β v31 

lnB32 = α8ln (Y − C31− F32− F33) + J32 − β u32 

lnB33 = α8ln (Y − C31− F32− F33) + J33 − β u33 

(��
��) 
(��
��) 
(��
��) 

lnB31 = α8ln (Y − F31− C32− F33) + J31 − β u31 

lnA32 = α8ln (Y − F31− C32− F33) + Z32 − β v32 

lnB33 = α8ln (Y − F31− C32− F33) + J33 − β u33 
�� � � 

(����
) 
(����
) 
(����
) 

lnB31 = α8ln (Y − F31− F32− C33) + J31 − β u31 

lnB32 = α8ln (Y − F31− F32− C33) + J32 − β u32 

lnA33 = α8ln (Y − F31− F32− C33) + Z33 − β v33 

 
(
�
��) 
(
�
��) 
(
�
��) 

lnA31 = α9ln (Y − C31− C32− F33) + Z31 − β v31 

lnA32 = α9ln (Y − C31− C32− F33) + Z32 − β v32 

lnB33 = α9ln (Y − C31− C32− F33) + J33 − β u33 

 
(
���
) 
(
���
) 
(
���
) 

lnA31 = α9ln (Y − C31− F32− C33) + Z31 − β v31 

lnB32 = α9ln (Y − C31− F32− C33) + J32 − β u32 

lnA33 = α9ln (Y − C31− F32− C33) + Z33 − β v33 

 
(��
�
) 
(��
�
) 
(��
�
) 

lnB31 = α9ln (Y − F31− C32− C33) + J31 − β u31 

lnA32 = α9ln (Y − F31− C32− C33) + Z32 − β v32 

lnA33 = α9ln (Y − F31− C32− C33) + Z33 − β v33 
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α −+−
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= −  
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2 uJFYI β
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α −+−
−

= −  
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�) )](exp)([exp
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3 vZvZCCYI ββ
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= −  
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= −  
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1
22222121

1
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1
1 )1(

1
),0( α

α
−

−
= YYU � 21

2
2 )1(

1
),0( α

α
−

−
= YYU ��

2. ������ 

 !"#$%&�����'(��)*+�,-./012
 (C, F) '342


(u, v) 567839:;<	=>?@AB"#$%C&D7EF39 (Z, J) G�HI

J� 

ijijijij eSZ += δ   

ijijijij fRJ += ζ   

KC S�LM"#$%��(�N�D>78EF�R�LM"#$%��(�N�

D>78EF�δ Oζ �PQR�S9�eOf �6�"#$%���(�N�ET	i�"

#$%������UV9 (i = 1, 2, 3)	j�"#$%����UWX ( j = 1, 2, 3)��Y

Z[\�]^	
�� !"#$%�_�+�`�a�U�b�a�U	cdefB�

"#$%	
 ! Z21 = Z11	J21 = J11	Z31 = Z21	Z32 = Z22	J31 = J21	J32 = J22G[\]^gh

iAjklImn� 

�-o�"#$%����pq(�rs9tuv(�rs9��IJ	
��w<

xy�z{| w(m)� 

ijijij wAK += ln  

ijijij mBL += ln  

K�LM"#$%���(�rs9�L�LM"#$%���(�rs9�ln A}
~��-"#$%)1����	uv(�&rs9�ln B}~��-"#$%)1��
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)( 22
ie eE

i
=σ ,   =i 11, 21, 22, 31, 32, 33 

)( 22
if fE

i
=σ ,   =i 11, 21, 22, 31, 32, 33 

)( 22
iw wE

i
=σ ,   =i 11, 21, 22, 31, 32, 33 
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im mE

i
=σ ,   =i 11, 21, 22, 31, 32, 33 (3) 

��(3)������	
��
������������	
���������

�� ( !"#�)�$%�&'(��� (
)*+,-�./01��(3)�2 γ 3)4 

3.2 ���� 

5678�9:;#<=�2>?�@ABCD�E2FGHIJ 

�K �	
�L�M9N���OPQ���O2R���S�TLU��#�K.��

"�K.��#���"�4 

VK W�XYZ�[\]�5 (a)^L��#��_Z`��["��. (b)^L��"�

�_Z`��[#��. (c)^L��"��_Z`��["��. (d)^L��#�

�_Z`��[#�a\b4c9�de[f]�g�(a)K(b)2\bhi�j(c)K

(d)2\bk�	
�2��lmn
op�cq�XY_Z�O2\bk@AB2

op�r4 

sK t�	
�7Lu2v�O� (
)%9"�.#�) T�%wxyz9��{�|

Z11 = J11 (} 1�2~b 1-3)�t�	
�LuvV��OT�v���O2wxy�

�����| Z11 = Z21 (} 1�2~b 4, 5)�J11 = J21 (} 1�2~b 7, 8)��vVO� 

(
)%9"�.#�) 2wxyz9��{�| Z22 = J22 (} 1�2~b 6, 9)4��

���t�	
�Luvs��OT Z21 = Z31�Z22 = Z32�J21 = J31�J22 = J32�vsO� 

(
)%9"�.#�) 2wx{z9��{�| Z33 = J334 

} 19�	
�2L����0��}����	
���L�1����2���

0�� a~z�A~Ja 42��]����]E�	
�2��#<��5� 47�4 

���	
�L�#<������7��	
��@2�r���1�5�(4)7

�4 �q�r���1|�¡¢�£12¢	34 

)3,0()2,1()1,2(

)0,3()1,1()2,0()1,0()0,2()0,1()0,0(

1098

7654321

PPP

PPPPPPPL

aaa

aaaaaaa

∏∏∏

∏∏∏∏∏∏∏=
 (4) 

%��P(m, n)J�	
�¤� m�"�¥ n�#�2#<� 

a1J
��#¦�O2�	
��@1§ ( ! a, ba\b)� 

a2J����"�2�	
��@1§ ( ! c, d, g, ha\b)� 

a3J����"�2�	
��@1§ ( ! k, l, s, ta\b)� 

a4J����#�2�	
��@1§ ( ! e, f, i, ja\b)� 

a5J����#�2�	
��@1§ ( ! m, n, y, za\b)� 
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 4  ���	��
���
 

��� 
��� 

�� 
�� 

� 	 
 � � 
 
���

���

�� 
�� 

� 	 
 � � 
 

a (0, 0)* Φ 1 b (0, 0) Φ 2 

c (1, 0) ( ) 13

1

1
1 Z

q

××Φ−
σ

 
d (1, 0) 14

1

1
Z

q

××Φ
σ

 

e (0, 1) ( ) 25

2

1
1 Z

q

××Φ−
σ

 
f (0, 1) 26

2

1
Z

q

××Φ
σ

 

g (1, 0) 17

1

1
Z

q

××Φ
σ

 
h (1, 0) 18

1

1
Z

q

××Φ
σ

 

i (0, 1) 29

2

1
Z

q

××Φ
σ

 
j (0, 1) 210

2

1
Z

q

××Φ
σ

 

k (2, 0) ( ) 311

3

1
1 Z

q

××Φ−
σ

 
l (2, 0) 312

3

1
Z

q

××Φ
σ

 

m (0, 2) ( ) 413

4

1
1 Z

q

××Φ−
σ

 
n (0, 2) 414

4

1
Z

q

××Φ
σ

 

o (1, 1) ( ) 515

5

1
1 Z

q

××Φ−
σ

 
p (1, 1) ( ) 516

5

1
1 Z

q

××Φ−
σ

 

q (1, 1) ( ) 617

6

1
1 Z

q

××Φ−
σ

 
r (1, 1) ( ) 618

6

1
1 Z

q

××Φ−
σ

 

s (2, 0) 319
3

1
Z

q

××Φ
σ

 t (2, 0) 320

3

1
Z

q

××Φ
σ

 

u (1, 1) 521

5

1
Z

q

××Φ
σ

 v (1, 1) 622

6

1
Z

q

××Φ
σ

 

w (1, 1) 523

5

1
Z

q

××Φ
σ

 x (1, 1) 624

6

1
Z

q

××Φ
σ

 

y (0, 2) 425

4

1
Z

q

××Φ
σ

 z (0, 2) 426

4

1
Z

q

××Φ
σ

 

A (3, 0) ( ) 727

7

1
1 Z

q

××Φ−
σ

 
B (3, 0) 728

7

1
Z

q

××Φ
σ

 

C (2, 1) ( ) 827

8

1
1 Z

q

××Φ−
σ

 
D (2, 1) ( ) 830

8

1
1 Z

q

××Φ−
σ

 

E (2, 1) ( ) 931

9

1
1 Z

q

××Φ−
σ

 
F (2, 1) ( ) 1032

10

1
1 Z

q

××Φ−
σ
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���

���

�� 
�� 

� 	 
 � � 
 

G (2, 1) 933

9

1
Z

q

××Φ
σ

 H (2, 1) 1034

10

1
Z

q

××Φ
σ

 

I (1, 2) ( ) 1135

11

1
1 Z

q

××Φ−
σ

 J (1, 2) ( ) 1236

12

1
1 Z

q

××Φ−
σ

K (1, 2) ( ) 1137

11

1
1 Z

q

××Φ−
σ

 L (1, 2) ( ) 1238

12

1
1 Z

q

××Φ−
σ

M (1, 2) ( ) 1339

13

1
1 Z

q

××Φ−
σ

 N (1, 2) 840

8

1
Z

q

××Φ
σ

 

O (0, 3) ( ) 1441
14

1
1 Z

q

××Φ−
σ

 P (0, 3) ( ) 1442

14

1
1 Z

q

××Φ−
σ

*(�����������)� 

 

a6����������	�
��
����� (�� o, p, q, r, u, v, w, x���)� 

a7�������
��
����� (�� A, B���)� 

a8����������	�
��
����� (�� C, D, E, F, G, H���)� 

a9����������	�
��
����� (�� I, J, K, L, M, N���)� 

a10�����	�
��
����� (�� O, P���)� 

��������	
� 

�������
�	 �!��"#$%&'()*+,-.����
�/�0

1-.���
��	��2
���#$01�-.�3456
78���
9:;

�� 

(�) ��
�/�-. 

<�=-.����
�>?@A"1BC��
�DE�C��
�FGDE�C

��
�HIJ34DE�C��
�KLFGMNOC��
�P���	�QR��

�C��
�S@TUVC��
�	 �!������WX3�YZ[\]	 �!


�^�� 

(_) ��
�	 �!���#$-. 

<�=-.�� (1) 	 �!/�01-.�	 �!`aCbcC�d�C]�e
fCghSij�k%lim�Cn`op�ACqr#$T@�"]st&u�vwx
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��
��������

�99� 

��(2) y�k"	k
Sz{k|��(3) }~�@�!%lm��(4) }~�@�!#
$�$������CghSz��� (yFG��"��)CghSz}��C���C

S@����ef"����M�(5) 	 �!
]V���(6) 	 �!KL#$M0
1�KL#$MNOC1BC@A"zUV�(7) 	 �!��01���"FG���
��01"gh�����t��(8) 	 �!KL$�� 

4.1 ���� 

���3=��	������'5�w ¡%¢£=|¤C¥C¦C§CwC§¨C

¥¨�¦¨�I©'3ª£DE�&«¬­®��
��
��'¯°±���
��²

³&�	���T�´µ}��¶��
�����·��� 320¸��
� (y¹º�

���»)'¹w'w£ 8 ¸��
�C¤£ 24 ¸��
�C¥£ 38 ¸��
�C¦£

32¸��
�C§£ 50¸��
�C¥¨£ 57¸��
�C¦¨£ 40¸��
��§

¨£ 72 ¸��
�����3��¼½¾o¿À
��
��ÁÂ%Ã²Ã�ÄÀ9'

ÅÆÇÈ�� 25 É'ÊË���=Ì
�È��·& 295 ¸��
�'���È¬&

92��¹w 2 ¸��
���Í��	�'18 ¸��
�������'29 ¸��
�

����	�'9¸��
�������'44¸��
�����	�'102¸��


�������"��	�'4 ¸��
�������'5 ¸��
�����	�C

27 ¸��
�������"��	�C55 ¸��
�������"��	����

�
��Îr¾ÏÐÑH@�zÒoÓ@_zÔ� 

4.2 ����	
 

���¿À��
�
/�ÕÖ01��>?1BC>?@AC�>DE�C�>F

GD�CY|@×Ø�C�>zT+ÙCP��QR��	�QR��'ÖÚÛÜÝÞ'

��
�/�ÕÖ-.ß�àá 5+â'¯Â�Û78àã�äÙåæ¶ç���èé·

�� 320¸��
�'êëì$íî�
ïð�ñ­òó� 295¸��
�'ô/�-.

=Ìtõ3�ö÷
-.øù3ß�'�<ú�´�û
Á�üý'þí����$
î

�w"�	���"#$��¶��=B��	�
�±|� (C" F)C�	�
� |

�(v" u) 3��	�
%lm�� (K" L)'�5¹gh��Üàá 6+â� 



������� ������ � !� "#$��%�&�

�100� 

� 5  �������	
���� 

�� �� �� ��	 �� �� �� ��	 


 235 79.7 0 129 43.7 
��
� 

� 60 20.3 1 71 24.1 
30�� 25 8.5 2 69 23.4 
31~40 75 25.4 3 28 9.5 
41~50 110 37.3 

� � �
� � �

4 8 2.7 
51~60 54 18.3 3��� 18 6.1 

���� 

61�� 31 10.5 3~6� 92 31.2 
2 43 14.6 6~9� 84 28.5 
3 53 18.0 9~12� 50 16.9 
4 87 29.5 

����

12��� 53 18.0 
5 91 30.8 0 10 3.4 

�� � � 
� � � 

6�� 39 13.2 1 72 24.4 

1 73 24.7 2 147 49.8 

2 144 48.8 3 46 15.6 

3 54 18.3 

�    �
  ! �

4"�� 30 10.2 

4 21 7.1 0 4 1.4 
1 49 16.6 
2 116 39.3 
3 71 24.1 

#$�� 

5 18 6.1 
%    �
  ! �

4"�� 66 22.4 

� 6  
���������� 

�& '()* +,�- (./�) 01�- (./23) 34� (23)

1 97,000 10.47 26,890 
2 93,681 9.14 17,831 
3 101,844 15.52 15,180 

�� 

567 96,089 10.57 20,650 
1 8,260 4.22 4,613 
2 10,630 3.94 4,280 
3 6,461 3.92 5,045 

%� 

567 8,761 4.09 4,567 

��
����
� 

5.1 ��
���� 

þí�����	î�

�¸���
�¸'é�(���´�¶��4'�´ù
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�101� 

3��'�Ç��Èñ­î�

�ä�&��<���'���(ñ­�X�Ã�34

¶Û�Â%���'5
�ù36	'¹�'3��î�ñ­n�	�
#$2'�Þ'

5#$2��î�w+ñ­n¶
�äG&3/� ®�ñ­�	���"#$!"î

�
Ò#ä'­��XÜÝà$ 2+â�#$2î�
%&àá 7+â'�3/� ®�

ñ­�	���"#$!"î�òàá 8+â� 

� 2  ��������� 

 

þá 7 Ê''ª­�õ�
(ch("qr�P��#$2��î� R2
& 0.34'�

ÜÞ
 R2
& 0.33�	�#$2��î� R2

& 0.36'�ÜÞ
 R2
& 0.35'î�
)*��

+Ê,¿��>+Ù-�	�¶�±|����¾é²���ÁÝ'3("î�./"°

±
,01�b23��û'ñ­%&¹õ�&ì'4â(�5¶�	�|�4'+Ù6

7¶��
�'�	�#$2¶,06��� |�8á9,:;�	�#$2,0¶<

=��'¹­�õ�&�'æ>�	�#$
� |�67'ò¹#$2-?'(",0

�ò
<=",02
�õ�>?@@"FGD�A>2
­�õ�h&ì'8á>?@

@BC"FGD�«¬67¶��
�'²�	�¶#$26����wghSDD�


	 �!E��6�'ò�²¶�	�¶#$267� 

þá 8wÊ''��
�T+Ù-	 �!�±|�
²�õ�äh&ì� (α1~α9) 

Fí 0.037~0.2'¹G&+Ù"�±|�
HrI1�� |�õ�& 0.01'J<Ê�®

nm��
��� |�I1í v = 10.57t'& −0.1�	�� |�I1í u = 4.09t'

ò& −0.04��´5�!�
��1 (��#$D"m��) òçì���3K'¹äF

í −0.5~0.6�3ÕÖ01�L'����D
��1�ì��'	���D
ÕÖ01�

õGà<'��1&ìM'ÊMõþí�!#$D5t#$�!3N¶	 �!'5Ý'

��1&�Mò�!&´5#$D
ÊM1B7�3#$m���1�L'���
#$ 
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 ��� �� 

�� 0.938(2.02) 0.922(2.48) 

ln (��	
−��
�) 0.177(2.50) 0.113(1.99) 

��
� (����) −0.026(−13.26) −0.029(−9.80) 

���� 0.004(1.28) 0.006(1.61) 

������� 0.445(1.38) 0.201(1.13) 

����� !"� 0.182(2.74) 0.097(1.68) 

R2 0.34 0.36 
2R  0.33 0.35 

#�� 383 580 

������ln (���	
���)
 

� 8  ��%�&' 

$%& $%' $%& $%' $%& $%' 

α1 0.064 
3332eeγ  −0.186 

2222mfγ  0.129 

α2 0.146 
2221 ffγ  0.286 

3131mfγ  0.443 

α3 0.037 
3231 ffγ  −0.343 

3232mfγ  −0.029 

α4 0.091 
3331 ffγ  0.443 

3333mfγ  −0.186 

α5 0.091 
3333 ffγ  0.186 

2221wwγ  −0.186 

α6 0.200 
1111weγ  0.029 

3231wwγ  −0.343 

α7 0.091 
2121weγ  0.286 

3331wwγ  −0.500 

α8 0.146 
2222weγ  0.129 

3332wwγ  −0.186 

α9 0.064 
3131weγ  −0.343 

2221mmγ  −0.343 

β 0.01 
3232weγ  −0.029 

3231mmγ  0.600 

2221eeγ  −0.029 
3333weγ  −0.029 

3331mmγ  0.129 

3231eeγ  −0.343 
1111mfγ  −0.343 

3332mmγ  −0.500 

3331eeγ  0.443 
2121mfγ  −0.343   

�������             −1172 

��	
��                 295 


��� = 200 

���� = 100 GA ��� 

���� = 3 

��GA������ Liu	Mahmassani [23] 
��
�����������������
��

����
 FORTRAN
compiler��
 6.0
�� !
Windows 98" 
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�103� 

������� (�
2221wwγ , 

3231wwγ , 
3331wwγ )	
��
�������������

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

/01�����234,-5 (��678) 9:;<=*������>?=*�4

�@A=�@?=��BCD�� (
2221mmγ , 

3332mmγ )	E
2221mmγ >

3332mmγ B �F	
�

@
=*�GH�@AI?=*��,-JKLM(�B; 

5.2 ����� 

NOPQ
RSTUVW#XY�����>Z%[\��� 	]^G_%`Ia

b�cd�Ne����f�gh�9:�i;NjkPG_^lmnVop��*�W

#�,-cd�iq 

op
qW#
r��	Cs (�); 

opAqW#
r*�	Cs (*); 

op?qtW#
r��	uW#
r��	Cs (�	�); 

opnqtW#
r*�	uW#
r*�	Cs (*	*); 

opvqtW#
r��	uW#
r*�	Cs (�	*); 

opwqtW#
r*�	uW#
r��	Cs (*	�); 

opxqtW#<r��	uW#
r��	Cs (�	�	�); 

opyqtW#<r��	uW#
r*�	Cs (�	�	*); 

opzqtW#<r*�	uW#
r*�	Cs (*	*	*); 

opmqtW#<r*�	uW#
r��	Cs (*	*	�); 

opm
qW#�*d�rXY���	*�	��	Cs (�	*	�); 

opmAqW#�*d�rXY�*�	��	��	Cs (*	�	�); 

opm?qW#�*d�rXY���	*�	*�	Cs (�	*	*); 

opmnqW#�*d�rXY�*�	��	*�	Cs (*	�	*); 

{|}mnVo~l	Njk�b^l�Vo���^G_	o� 1q%`�� 10��

o� 2qab�N�� 10��>o� 3qcd�N�� 10�;o� 2> 3����h�c

�le�*�W#>,-�9:G_;��ab�N�� 10� ��B��Q�����
������I���%��Ecd�N�� 10� ��B������� 2.00��� 

¡¢£¤¥¦�§¨©%ª�(«¬;­�%`��®¯°±�h9:%�	²�³´�

� �%`µ��¶·¸�°�%`�¹o�l������*�,-o~; 

W#�r l�����º ��»���rW#*¼½¾ 	̀E,-J�»�¿P

À»Á(Â ½�Ã
 2s�¾`����*d�rUVW#opl�,-J; 

�-^|ÄÅ�¾`{Æ#ÇÈc ½l�op	É^��ÊËo�;�o�4UV



������� �	
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� ���
	�	��

�104� 

�rW#l�����º �Ì[\�� »�½�ÍÎÏÐÑN½ÒÓ�
 9%�	�


�Ô	UV�rW#l����� »�½�ÍÎ½�Õ�Ö×Ø	ÙÚbÛÜ�<Ý

ÕÞÜßàá )68.23)14(94.4( 2
05.0

2 =<= χχ ; 

� 9  �������	
��
���������� 

����� ���	
� 

� � 
 � � � ��� 
(�) 

��� 
(�) 

��� 
(��	) 

��� 
(��	) 

�
� ���� 2 2 0 0 

��� (�) 16 15 12.6 15.7 

��� (�) 26 24 5.8 5.4 

��� (���) 11 10 22.3 29.4 

��� (���) 29 31 6.4 8.4 

��  (���) 28 25 16.8 26.6 

��! (���) 74 63 16.2 23.2 

��" (�����) 4 5 59.8 89.4 

��# (�����) 8 8 24.5 38.7 

��$ (�����) 5 5 10.7 14.7 

��% (�����) 31 31 26.4 19.7 

��%� (�����) 9 13 23.6 25.0 

��%� (�����) 6 13 26.8 29.3 

��%� (�����) 15 15 26.4 17.7 

��%� (�����) 31 35 27.8 25.2 

 


 10 �UV�rW#l	Uo������ >�Ì[\�� �¶·«¬	�


4�Ô	%`Iab�N>cd�N(�ceW#o~9:�#â	ã­Þ9:	kZä

$���å4æ�çèéêëì!°íî	ïèðñ)éòÇóô#Zõö÷	+°øZ

õc �ùcú	ñ)éò(W#t�
ab(ûü	Eý^���*d�rW#�,-

�N§�þ�����*d�r(�¹	ð�ç�����N	�¿Z9:	¬PmG#

â;
Ç	�
4�^���� �cd
G�	]ßð^ÇÈc (�c��¾`�µ

� (¹�µ�)	�
 11%�; 
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& & & & & & & & & & & & & & & & &  �'()
��
��� 

*+ 
�' 

,- 
+10� 

./01 
+10� 

2301

+10� 

����� (�) 2 2 2 2 
�
� 

�45��	
� (��	) 0 0 0 0 

����� 16 15 17 17 ��� 
(�) �45��	
� 12.65 12.69 12.59 12.56 

����� 26 27 27 27 ��� 
(�) �45��	
� 5.84 5.98 5.84 5.82 

����� 11 10 10 10 ��� 
(���) �45��	
� 22.27 22.37 22.24 22.18 

����� 29 29 29 29 ��� 
(���) �45��	
� 6.44 6.62 6.43 6.35 

����� 28 29 28 28 ��  
(���) �45��	
� 16.80 17.05 16.75 16.70 

����� 74 75 73 73 ��! 
(���) �45��	
� 16.19 16.43 16.14 16.02 

����� 4 5 4 4 ��" 
(�����) �45��	
� 59.77 61.92 59.03 59.62 

����� 8 8 8 9 ��# 
(�����) �45��	
� 24.51 24.89 24.26 24.22 

����� 5 5 5 5 ��$ 
(�����) �45��	
� 10.68 10.95 10.67 10.62 

����� 31 31 31 31 ��% 
(�����) �45��	
� 26.37 26.98 26.24 26.15 

����� 9 9 9 9 ��%� 
(�����) �45��	
� 23.64 23.92 23.54 23.47 

����� 6 5 6 5 ��%� 
(�����) �45��	
� 26.81 27.11 26.69 26.73 

����� 15 15 15 15 ��%� 
(�����) �45��	
� 26.41 27.01 26.28 26.15 

����� 31 30 31 31 ��%� 
(�����) �45��	
� 27.73 28.37 27.60 27.60 
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����	sPop?�w4�UÇÈc cd�Û������ cd¼ð^ÇÈc 

(cd¼;^�r� ���	W#�r� �
=�����Z�� �µ�½ (^�
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e½��)	���cd�Nµ��ç	ab�N��	%`µ��  (0.068 > 0.047 > 

0.034)	*��%`µ��ç	cd�N��	ab�Nµ��  (0.241 > 0.032 > 0.003);

W#�r� �<=�����Z�� ���µ�½ (^�e½��)	���cd�N

µ��ç	ab�N��	%`µ��  (0.283 > 0.238 > 0.126)	*��%`µ��ç	

cd�N��	ab�Nµ��  (0.435 > 0.243 > 0.122);W#�r� �?=����

�Z�� ���µ�½ (^�e½��)	���cd�Nµ��ç	%`�Nµ��

�	ab�Nµ��  (0.189 > 0.160 > 0.120)	*�¿^%`µ��ç	cdµ���	

ab�Nµ��  (0.179 > 0.091 > 0.074); 

� 11  ��������� �!"#� 

��� ��) 
��678 ,-9: ./019: 23019:

��� (�) 0.034 −0.047 −0.068 
�; 

��� (�) 0.241 −0.003 −0.032 

��� (���) 0.046 −0.012 −0.042 

��� (���) 0.285 −0.018 −0.140 

��  (���) 0.149 −0.032 −0.060 

��! (���) 0.151 −0.031 −0.103 

��45 0.126 −0.238 −0.283 

<; 

��45 0.435 −0.122 −0.243 

��" (�����) 0.359 −0.124 −0.026 

��# (�����) 0.152 −0.106 −0.122 

��$ (�����) 0.255 −0.013 −0.062 

��% (�����) 0.232 −0.050 −0.085 

��%� (�����) 0.119 −0.042 −0.074 

��%� (�����) 0.115 −0.043 −0.027 

��%� (�����) 0.230 −0.049 −0.096 

��%� (�����) 0.229 −0.050 −0.047 

��45 0.160 −0.120 −0.189 

�; 

��45 0.179 −0.074 −0.091 

�^|( !Ü�	���cd�Ne�� (9:�ç	*�¿±^%`e�� 

9:�ç	�«¬"#	$ý%��*��,-J	¿�GH&e°��V�'°�(h

()�*Z	¬;+P|}�ç �BÒÓ�
 12%�; 

,�� �%`µ�E-	UV�rW#l	*��� ���%`µ������

(0.214 > 0.034, 0.435 > 0.126, 0.179 > 0.160)	�.$����f/*���N01���

�f/�N%�;,ab�Nµ�E-	ÞøW#�r �ù	���ab�Nµ�½�
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��*� (0.047 > 0.03, 0.238 > 0.122, 0.120 > 0.074)�cd�NC#��(«¬ (0.068 > 

0.032, 0.283 > 0.243, 0.189 > 0.091);Ü���ab�cd�Ne������,-J�	

!�Üß; 

� 12  �������$�%&	'("#� 

�� 9:=>?@ ,-9: ./A23019: 

�� 2301 > ./01 > ,- 
�; 

�� ,- > 2301 > ./01 

�� 2301 > ./01 > ,- 
<; 

�� ,- > 2301 > ./01 

�� 2301 > ,- > ./01 
�; 

�� ,- > 2301 > ./01 

�� > �� �� > �� 

 

���cd�Ne�� (9:�ç	*�¿±^%`e�� 9:�ç	�«¬"

#	$ý%��*��,-J	¿�GH&e°��V�'°�(h()�*Z	¬; 

5.3 �� 

�µ�G_�«¬¿Ü��*�W#�,-�N(�þµ�ã1	ð��*�W#�

,-�N#ç�i(cd	�¿eZ,-9:É°Üß;{|}�[�2�l	´3ç4

56{Ê��*�7(������(89:Ó	���� (;<��W#�N( 5�)I

=� *���,-� (;<��W#�N( 4�) §	{>?�N<����%`�¼

°�(opl	Ö�¶�Ze�*�W#%��Ö#â; 

{Æ@AB4	$C×DE�F:��*��W#	GH��#IJ�ïK�LM	

�e)NO¾/[�>�>��7PQ#RS��T	$�	{�*�W#:ÓÄU	�

��þ���	¬#â	�V�ß6{WÓ J�XÖ%�§��þ��|	Y�Z[Q


RG_�\»; 

������� 

&e])f�gh[�	Njk^_í`Éab����*d�rW#>,-�cW

ghdÅ;�ghdÅÀ»e�Û	]�U9:c �C×µ�>Õ×µ��fgiG

_	�Q
RhiÙjc e�*�W# >,-J(9:;{]ïÈklË°m��D

n]t�ÃWTOopl	Njk«¬��o�pe� ��I*�:��h|
ºÂ�

�!	̂ q�p�'#	(rs�h;+PNjk%t����«¬�buvw"#�x; 
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6.1 �� 

Njk�«¬yz^l�{q 

1. Njk.|}~��§) [3] 
�jk	Q
Rab����?=*d�rW#�,-cW

ghdÅ	É��Zä#(��>â� (y�Â (�b>À»�Å(��)	Q
R

b�
!�Wå�F�*d�rW#�,-�cWghdÅ;̂ 8�Ý[��º�Ùj

Óø�Ê�	^b�����*d�rW#>,-��W�¾dÅ; 

2. Njkf�gh�a�G�^lmnVopq(
) W#
r��I(A) W#
r*�I 

(?) tW#
r��	uW#
r��I(n) tW#
r*�	uW#
r*�I(v)

tW#
r��	uW#
r*�I(w) tW#
r*�	uW#
r��I(x) tW
#<r��	uW#
r��I(y) t#<r��	uW#
r*�I(z) tW#<r
*�	uW#
r*�I(m) tW#<r*�	uW#
r��I(m
) W#�*d�
rXY���	*�	��I(mA) W#�*d�rXY�*�	��	��I(m?)

W#�*d�rXY���	*�	*�I(mn) W#�*d�rXY�*�	��	
*�; 

3. Njk^Ê$��� (Genetic Algorithms; GA) ¾i�;�� GA{À»� è"(Â

 5!Zõ���#	¼	²�{�Þ�¾` Hassia ��	$EÞ�`ÔUÂ ��

�ì�J	��	��#	À»dÅ�Â ½	Njk�PÂ �ú	^ OLS À»Á

�*�,-JdÅ	�
Â À»�7(B��` GA%���)½	^�� GAÀ»

´��*��i	®¯^ OLSÀ»«¬� R2
½� � 0.4	�Z4%À» ln (� %`

−ab�N) >cd�N�Â �ì�|��ÖÜß ( t >1.96);,7��dÅE-	

�<¡c �#	�i¢c ; 

4. �dÅÀ»«¬%»��UV�rW#l����� �Ì[\�� 	Ù�£ÄÚ

b	«¬Ü�»�½�ÍÎ½ÕÉÞ#Üàá	�¤NdÅ(eÒ�; 

5. Ù�fgiG_«¬Ü�	���cd�Ne�� (9:�ç	*�¿±^%`e�

� 9:�ç	�«¬"#$ý%��*��,-J	¿�GH&e°��V�'°�

(h()�*Z	¬; 

6. ,�� �%`µ�E-	*��� ���%`µ������	�.$����f

/*���N01����f/�N%�;,ab�Nµ�E-	���ab�Nµ�

½���*��cd�NC#��(«¬; 

7. ��¥mU¦��â�	Njk�«¬¸�#	§} (¶·) �*�W#�gh[�	

E¨56�,-J�©¢	$�buÛ}jk�&e�
o~�^ªÃTø; 

6.2 �� 

^l&eNjk%`«ø>jk´��Á�{bu	^oÛ}jk�Â�Ä«q 
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1. ��7�¦�ÉÞ�0¬�����­��®Ygh( panel data	$�ÉÞ�¯°�

���±�rW#gh²�[�	YNjk��a³���
�Ös-�~Å	buÛ

}jk�� panel data�`Û	Q
R´µNjkdÅ±�rW#gh²[��
��; 

2. Njk0â�dÅ¶·�¸¹i�º»�	̈ ST����*dW#�r� {?=^

l(o~	En=^|%#���W#XY¿Þ��^G_;$ý¼½ÍF¯°%#W

#op(ö÷gh[�	¿�b��dÅ�sÅ	^�QNdÅº»(¶�´�; 

3. Njk�dÅ�b�Â è"	
¾�À»��¿¹ÀÁ	���¾i	¼>À»(Ë

Â�	NjkÃ-Ê$���À»	¯EZ�Ä�Þ�`ÔÂ ���ì�J	$�{

¾i	¼�`ÔÂ ì�JÕÅ{
ÆÇ (trade-off) �B;Njkö÷¾i	¼	E

Â (�
�ÄU¿
[^ÈvdÅQ[·_	��(À»ÄÅ®�ÉMÊ$����

°Ê	²-�»�XY�Ó�³ËÌÍÎ	buÛ}jk�^¼òì�äÓ(���»

�ÄÅ	^ÏÐ�
�{; 

4. NjkÉÞ���*�ÑÇ (trade-in) (op	Cs�����gh¨��ýf/l


=���(o~	��{Ò�¶·ÄUP�ÍÎop(#ÁÃ	buÛ}jk�P�*

�ÑÇ(ÒÓwÃjk; 

5. �¶·dÅÄ��¤	Njk������ýf/l
=�r�,-)P°�ä#�r

�,-)6º	CsK�,-)�XY°c	¯���P°ÔÊ%#(����op	

buÛ}jk��Õ�
��; 

6. �À»Ä�	�������*��cd�NB  ( β ) ��	¯���³´�Ö×	É
Þ�½F¯°°��VW#�����Õ�àá	bu¸�(jk�P�
B ��°

�éò�^�G	^¼½Í¯°ÍÎop; 

7. n]7�t�ÃØÙÚ/ÛÜ (WTO)	ÃBÛ�����ÝÞßÌÏà (100ÌÛ�8

��ÝÞ)	P,`W#���ab�N=�Ïà	¶����¾üPßá��	�o

p�p[�^6�	É�ÂâNjk«¬>ãäå$��rs�h; 
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^lP^op a~f��	æç¶·Z����*d�rW#�,-*¼ (Z4 iΦ �

èéGêGÝ	 iZ �
PËGêGÝ); 

 

a. $f/���Õ×	-1�°f/���C×	-5	¿����P°W# ��	$

�����°W#���*¼ P(a)�q 

)},0(),({ 111111 YUCYvIP ≤−  (5) 
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b. $f/*��Õ×	-1�°f/*��C×	-5	¿����P°W#*�	$�

����°W#*��*¼ P(b)�q 

)},0(),({ 211112 YUFYuIP ≤−  (6) 
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c. ��������	
��
��������
����������������

������ K11� !"�#$% P(c)&' 

)},0(),(,{ 11111111 YUCYvIKP >−   (7) 
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d. ��������	
����
����	
�����������������

��
 K11����� 
! P(d)"# 
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111111 ln{ wAKP += , }311 Ne <  
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&'(� L11�)*+���, P(e)-. 
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ABSTRACT 

This study tries to develop an on-line flow control preliminary system for 
the Taiwan CAA (Civil Aeronautics Administration). This system can predict and 
display the estimated flight arrivals and departures in selected airports and the 
associated available airport capacities during the next two hours. The two-hour 
time window is determined based on the flight time duration of domestic flights 
in Taiwan. This system includes four databases and five modules: (1) static flow 
distribution database, (2) dynamic flow distribution database, (3) flight times 
database, (4) capacities database, (5) input, (6) flow estimation, (7) available 
capacities estimation, (8) suggested departure time intervals for each associated 
airport, and (9) user interface. This system has gone through a thorough field 
test. The results show that the overall system performs quite well with good 
quality of input data. However, the available input data is not precise enough 
and makes it difficult to conduct tight control. This problem is especially acute 
in Taiwan due to its short domestic flight times. A flow control system is still 
needed in the future, thus how to obtain real time and accurate flight data 
especially for pre flight information will be an important task. If pre-departure 
clearance is via datalink, it may be helpful for improving the data quality 
partially. Due to the constraints of the real world, it is suggested to develop a 
simulation model for further evaluating the performance of departure 
sequencing algorithm. This system could be extended to provide information for 
the airline to make decisions regarding real time flight dispatching and 
scheduling. 

Key Words: On-line flow management; Air traffic control; User interface 
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¡¢£,'¤x¥C 

¦§��¨|©$%����ª�u«¬­®7w¯°±²��³´µ4¶·b¸¹

º»�rs'()*���u-.¼½<:7»¾�¿r-.¼½XX�]�uÀÁÂ

ÃSÄÅÆÇ���W��57�a`��r��'(�Èf$&x¥uº��ÉÊ	Ë

MÌ]Íu´Î�95{|­®7ÏÐ,��'(º�¯°���#!sÑÒKËÓº�

ÔÕÌ]Ö×�ØÙwÚ�pÛu¼½��rbcÜ¾ ÌÝÞ�5ßàá�È��'(

u�R�C 

�âãuä,D|åæ��ç��è¨��'(��éªêë�ìíw��'(��

îïCrw��'(��îïðñòÓ´�ó&ôÓÖõ�´�óö÷KøI��´�

óSùI��´�óS�ªfú´�óS$%d�´�ó�Öõûðü´�ýþ��Sù

I��«�S$%d�«�SÌ�$%uQ%4$fúúP�&�$�yC������

���	^_���­�´�ýþ��-

���	^_´Îu��	ý�
����

��f´Î��í�g�´�ó�\i�$ùI´Î��ùI��«�Öõ��MøI�

�´�óS�ªfú´�ó�G�g��$N�fú�­hg��u´Î��|ùI��

´�ó
^_´Îû��$%d�«�Öõ�rÖõåæä�^_«�´��­{$%d

�´�ó���¬��Gd�
]	
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���$�yÖõ�h������ �nR$%	
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Q��'(RK:��'IS��T¶*+x¥uw�­KUÑAB�DUÑGé�

V�')*&�É�'õWX�É
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$5_"§�uâãC�J`è¨�s��'(@��ab 

1. Y���'¤�� 

Y�D Herdon ]7w��'¤i/ (Air Traffic Control System Command Center, 

ATCSCC)�-
Y�@��7�$u��'¤WDECATCSCC7cd�f´Îu7e�

ðüf/ �&]�u^_´�S:�u^_«�´�S&Y���u�f ¡Hg´

��­¿��hÓ$%D:�ijf,	
 ¡�CATCSCCåæÊklm´Î�D�$

Q%�njf�o4$pq	_�yW�&�yW�ufúC 

09 ATCSCC �G�rcd´Î�ös��­ÁG'()��t�F�i ¡Du

v'wu�`7GM�xýC95 ATCSCC yz{´µ'(zåæ�r�KL,N��

ª�´Î����\^+o{��È�yW��à�5�påæº�|}���N~�Ö

¥;�O���È�yW��à [1]
C 

2. ����'¤�� [2,3] 

��¦D 1970 ���§��È��'(�\x�p��yWtd��iWt�95

{|���Í�V (40 �) 	�'i/ (60 �Ó)���'(�È�V(Ô|����r

!�����§3K{ 5Ó�'i/-
 (��S��S����S���S��) �<

�¤�C�rä�h�7��'¤*+Li��.f�����!íui���'¤  

(CFMU)�i���'¤ h¡æ��u��¢£�¬(�¤u	R�­R
©�'i/

¥h\d��¦i���'¤ �5���r¢�(fú§ (slot times) ­�ù�¨��

�12�©��¡æfú§ª«��¬�­C\noD|KL�ª¢£´���«���

	
��­h	
�	d� (S¦�) *wËM��¢�fú§uö���$�M®¯�

DËÓÔÕi�	¨Ë°��±g*=>,²³	«��­	©'()*éªZ´C 

3. µ���'¤�� [2,3] 

µ�°Ò���'¤u�R���r| 1994 �|�¶!í��'¤i/�\��'

¤u·G�k8p��$�yWtK·G-¸�¹�Mº»R
�i�$WtC\�È�

¡æ��´�¼¤��h 30 ö½¾¿(u'( «¢�ª��]�ª�=>ÀÔ 20 Á

f���Â��'(�X]�ª�=>ÀÔ 25 Áf��z�È��'(�¿@��$u

PQC\noD|Ã��´�¼¤�� (FDP) Äd�ª¢£´�
Ã;�´�¼¤�� 

(IDP) ���u��s��+¶��iÅd\iu�ª¢£&Ì�uN�SÆ�S 'S

Ç®SdÈW´Î
­{ÉÊ´�¼¤�� (RDP) Äd�$�D*ËSE�SÌÍW´

Î��Î�ÏÐ�$ùI&��±gChÊk´ÎËM��¢��$��±H�­«�:

��$	
��¿hlm´Î$%(���S��'¤)*,-�rs­ËM��´ÎS

��i©od� (���Ñ ¡��Operational Acceptable Level of Traffic, OALT)�F�

�'¤)*�æ�º»��'(ux¥�­h\º��;�©'()*CÒ�Êµ�,�

�'¤��	��,��­Ó��Ô`�ÕRnoÖD|	
�,«���&S¦�,Ï

Ð��7*(7�uº�C 
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4. \��V��'¤�� [2] 

@×�8�È��'(�­cMÌ]�Øu!�C\ìP7�u��'¤���t�

7�7&¦dMÙ½u��¬«¢fú�*<�¼ËC 

Ú�ÛÜ�')*ÝGº�|}���­'A(Þß��'¤��Cðü�±àá�

â�%�$¢k&�')*	��12ãGêë���3ä�iWtC 

2.2 �	�����
 

�
� 76 ����������ª�å?��5æ7��'(u�ÈC\�Èf$

KQ]�ª�ºçèéHI�ÀÁÂÃSÄÅÆÇS�^ê|NO¼½Së¯�ìfC�

i</%�KÕb)*�Kíî©$%N��$Ô�Li|/%���hV(�7�ïð

$%Kä,�u�%�$	7w»uPQC]«¬�ª�ÀÔ'()*u-.�¿ñ�r

w�g|ò�ö½�Ó�cM®óf�ôK�Â�È��'(uf$RCrwõû0	�

s�È��'(uõû�ÌöQ�95D÷ªÊø7Ì]ùú�DCûX©$%����

ª�u«¬­®7w¯°±²��³´µ4¶·b¸¹º»�rs'()*���u-.

¼½<:7»¾�¿r-.¼½XX�]�uÀÁÂÃSÄÅÆÇ���W��57�a

`��r��'(�Èf$uº��ÉÊ	ËMÌ]Íu´Î�95{|­®7rwº�

¯°����rËÓº�ÔÕÌ]Ö×�ØÙwÚ�pÛu¼½��rbcÜ¾u ÌÝ

Þ�5ßàá�È��'(u�R�Crs
� ¨|�È��'(ux¥�z�(Qô

�ª�?@�g'(�ü�%�$Khòö½wÁ�ý��%�$Khôö½wÁR�Qþ

¥��fúPQ�'(��f��Gc)*Õ'��Õ'�C�xM�ÈR��&Q��

'(�ô]f�ª��É�g��´ËR�­:Ú»�f�Ýd��x¥��rËÓ'(

x¥uº��ö�	�7�|�{/4u
���csÑ
PC/��������12

3456738�5T���'(u�ÈC 

Y��ç$5 (MITRE) �`��,��'¤��*wös�­I(®óìP [4]
CD

>§®ó�àxy��´¨	
�,«���º»�È�ý3��'(uf$�rs�­

	@�^_´�,ËM��ÏÐd�,a�
Di§®ó�àxy�ûìP®ó¨��H

g,²³S«�	�¬
D"§®ó�àxy�<9�´¨Ë°��éª�y,d�		


�gÙ�,«�	²³C�u�ç$5ÒKwÏÐ,��'¤��uGº��p¨	


�	d�,²³	«��­hrw´Î$%(���
7�,ÏÐ��,±g	:�a

���|¨:�,«��D-�����ç���ç$5ìP� 2jfKf���éª«

�uösC 

/�����0���123456738�9:���;�<7=>?@,AB�

�r<	&¦'A�M�=� u��'(��Cþ��ö'���'(u67­3ä


���	ìíwpÛÚ�u�È¼½�¿	'Awº�¯°����«�:�©$%uN

OÁ��­ËM^_´���fg�$%d�´Î��IS4¶·b�È��'(º�u
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2.3 ��
��� 

�M�Ê�k��oQ��'¤RºK��'(uUÑAB�w�5 �þ�ª�:

Ê��¼½ø�È��'(��0Ê�È��'(u¼½��øÝG��uPQ�àf�

hbc���$%:�ö.G��&4$��RuYZC95þ��ºÔ���ø:�È

��'(��ÝG�juPQ�àf�hF����$Á�ÔÍ�?@'(z-.�#!

�$�iWt�?@+!!����������C�r�o�w7�u��'¤���

w»R7t¦dM'( «¢�ª��u´���_<�¼Ë�ðñ��'(�Èuf$

	x¥��&ý3��'(uf$CD��'¤�àxy�ðü��yW� (ground holding) 

d��iW�  (airborne holding)SPQ�àS®¯S"�³(	�E�Õ�iW� 

(high-altitude holding) d�ê�Õ�iW� (low-altitude holding) [5]
�\�#ðü�%�$

âk&�')*	��12ãGêë��WClm�ài��yW�u�$N~��\7

7�,Oê+!%;!�­®ó����C 

�yW��à (ground holding policy) D��'¤iu��KwnR,®ó�È�&

D|\77�,OêY'!��8��ê!�,�yY'd�E!�,�iY'Cr&{

|�iY'��yY'	-(}su)~!�¿����C�r�yW��àDEuâã

�*2D+�d�	\�;*ç�WV(J�'AwN��Ö¥��º»,m�$	Y-

N�SY-Í.S\OÆä,�$%uf/�F\uY'!�NêC 

7�|�yW��àDEuâã��¡\¨DEç�uÑ»KøI	ùIS�»�	

$v�WÖ¥
 [6]

X¡DEu¨_�û0�öK$%123	��123CøIC��y

W��àzDâãf4w�Âf (Xw�$%�Â%;uf) º» [6-8]

5ùIû-�6�

7g½�ud�«�O���rh¡æN�´Î´Ë�yW��à�F\g7�M�É	



 [9]
C�»�u�yW�DEû5]d�u«�K6öu6,½�
�|$v�u�yW

�DEû-�D±�UÑ7��DÓ�Î�ÏÐd�u«���r¾(i�:��7ud

��­�$v8%\'wu�7� [6-8]
CÁ�Ê�D±�UÑi��yW��àKwùI

¿�$uDEC$%1235]d���oz'w|$%
��123û5]d���o

�7'w|��i [10,11]
�X�¯ [¼WCw�5 �Y��y9,ÍK$%123DE�

��û#ðü��123DEC 

�yW��àuÕRä,D|�ê!�,�yY'd�E!�,�iY'�­é5:

é�����\�Èu�àþÔ|�;�FGÔÍu�yW��hbc��d�,�<�

rs�8h#!T$U���ù��ÏW���95þ�yW��àÔ|=Û�hbc�

�i7ÔÍ�$5>w��,�iY'­é5����C{|�����Õ+>��rÌ

]�M$ùFG�yW��à�95þ��yW��à�ö'�\?��	
	S¦«�

u½��&T$UFGu�âWÖKÌ]nRu?@Crs��yW��àuA»�7z
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è¨)w$%éªös�	{Ë°��SÍ$%S��Ë°��BC-�C 

��
������ 

rw��'(��ðñòÓ´�ó (øI��´�óSùI��´�óS�ªfú´

�óS�&$%d�´�ó) &ôÓÖõ (��ýþÖõSùI��«�S$%d�«�S

Ì�$%uQ%4$fúúP�&�$�y)�\;*�ÕX! 1�%C 

� 1  �������� 

D�âãi	RùI�f��,´�KN���´�	^_´�C�âã�DÔ

RS232-C�y (�! 1i, COM1	 COM2ÞÓ�rÊ,¡ÎE) ���rÞF´��

Ká?éÁ5Ê,����âã.GÞÓ÷ªG (thread) �f²· COM1	 COM2,¡

HHI�ÆlÞF´���IMDwNJ{\iwÓ¡ÎE���y��öKDÞ���

,�3i�Ó÷{ COM1	 COM2��C���,��	^_��� {��ýþÖõ

-

���	^_´Îu��	ý�
������f´Î��í�g�´�ó�\i

�$ùI´Î��ùI��«�Öõ��MøI��´�óS�ªfú´�ó�G�g�

�$N�fú�­hg��u´Î��|ùI��´�ó
^_´Îû��$%d�«�

Öõ�rÖõåæä�^_«�´��­{$%d�´�ó���¬��Gd�
]	


E|d�f�rw����¬��,mnÕ��­DÔQ�$�yÖõR�L�	"#&

�')*'()%��'�z��)%���&��R
ISìP,'(�È�rf��
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[ÌMQQ%4$fúúPRÖõ�¢�­I(©$%Q%4$fúúP,ìP�­N{

Q�$�yÖõRA%rìP,'(O���IS�'�z*K�È��'(*+u,

-C�JK©´�ó&ÖõuOPHÚC 

3.1 ��� 

´�óã¢7òÓ�ðüøI��´�óSùI��´�óS�ªfú´�óS�&

$%d�´�ó�QHÚXJb 

1. øI��´�ó 

r´�óRS©4$uFG$1S«¢N�fúSNToS«¢u��ªfú&�ª

�3W´�C�âã{"§��¢£U (RPL) MoÊk´�C 

2. �ªfú´�ó 

�âã.GR0|��ösV§ (System Analysis Record Tape, SAR Tape) iu´

��ìí4$�ªfú´�ó�ö÷¡ä�u���ö÷¢�(¸Ô�WS�1S�üS

XYSTINHO&�Êä,�$%uZ\�ªfúC 

SAR Tapeu´�öK pending ([D$%WtN�u4$) 	 active (ºN�u4$) 

Þ\��âãDâãu��Gª��r]\´��
�u�ªfú�'± activeu�ªf

ú� pendingu�ªfúK"�\Ô`^_{ −25� � 3����rõ�K�$|é%fÑ

'(z`b5?@á�ªaQ��Kuvf4�$|�iW�uÆ�{| activeu´��

7bc±g�Æ active�¢��ªfú�K½��dCr¼�¢�ufúK�ªfú�z

¢��$D�i�ªufú��KËÓ�ªÔÕðü��SeªSN�SOÆu�ªfúC

�rD¢��$Æ�fúf�3á�ªfús<¥J@ÊwN�	Æ�fú�{| SAR 

Tape ÊÓ�M�rwfö´Î�¸gh
� uCi��3ïð$%rwfúÔaK 2

ö½s�\�$%\�ßà�¢C 

h��¸Ô�âãu'(oufú¡©��12u\÷@�Ë¤C�jklEm��

5 �ni�¸u'(o¡�K�1o»¡�o (MKG)SXY (TNN) N�pÊEm 

(RCKH)C8 1 �è¨�7jklEmu4$�¡\��12ö\�¢�\�ªfú�­

�(Z\qSN�qSNjq	¼½ÔC 

{8 1r�	stu�ªfúÌ¨�/¿¼½ÔÌ]j�̧ uô4$f/8'±]!

FGu$1Ì/�rsívu¼½ÔÌ]���{|\]fFGÞ��Êu$1��r�

7�RKL$1´���¨�ªfú*géwwuösC8 2KjkEm��FG��$

1u�ªfú�{8�o�ª|r��u$1ðübMD80SBA46SEA32SAT72W�5

MD80 {jk��1¡�o (MKG) u�ªfúK 12.53 ö½���XY (TNN) u�ª

fúK 17.63ö½���Emu�ªfúK 22.43ö½�rs��âã­h�ªfúÌ/

u$1xK�w\��jkEm��5 ãöKÞ�\�\�ªfúi ISII Þ¾CO�

'±�M©\$1u�ªfú,¼½Ôj�8%$1�K���ªfúuwnR���Æ
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�âãÝG�$1ö\�Mu�ªfúK5ìÖõunæC 

3. $%d�´�ó 

��'¤,noD|'¤	
	d���ráý����i,]Èd�pÌ]nR,

±*�d�Ky]ÈDw4fú��7¼¤,�$n��w��)*jf,NOÁ�8

%Crs�$%,d�­
o»uq�5²7E�,aù��\i0�^���¨$%d

�,��N�C 

	 1  
��
�������������� 

����� 

����� 

������	
��  
������� 

 �� ��� ��� ��� �� 

 !"# 12.8 13.7 12.4 0.3 26 

$%"# 18.6 27.9 12.3 6.1 18 

&'"# 21.3 22.6 20.6 0.6 24 

()"# � 1 12.7 13.2 12.4 0.3 24 

*+"#�,-�� 16.1 27.9 12.3 4.6 92 

���./�	
��  
������� 

 �� ��� ��� ��� �� 

 !"# 18.3 19.2 17.7 0.5 12 

$%"# 26.8 40.7 18.6 9.2 9 

&'"# 30.6 32.2 29.7 0.8 12 

()"# � 1 18.1 18.6 17.7 0.3 12 

*+"#�,-�� 23.2 40.7 17.7 6.9 45 

�����  
������� 

 �� ��� ��� ��� �� 

 !"# 23.3 24.2 22.6 0.5 12 

$%"# 34.4 52.8 24.4 12.1 9 

&'"# 39.4 41.2 38.2 1.0 12 

()"# � 1 23.1 23.6 22.6 0.4 12 

*+"#�,-�� 29.7 52.8 22.6 8.9 45 

� 1����� 86 ��	
��
������� 
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	 2  
�
������� !�����  

����� 

0��
���� 

12 ���	
�� ./�	
�� �� 

MD80 12.53 17.63 22.43 

BA46 14.33 20.14 25.70 

EA32 13.43 19.17 24.60 

AT72 20.40 29.20 37.45 

*+12-�� 15.02 21.86 27.99 

I 17.36 24.67 31.58 

II 12.98 18.40 23.52 

 

D��,����J�ë¯,FGx&	�$uQ�%ÕkSPQ¼½�zÌ���

r)*fú��NO,N��$n8�Ì�Cr$%d�´�ó�D|R0����Hg

J$%d��{|rw´�Ì]���V|fú����âãÝghx¥�{
� IS

©$%D��,{&S{"SN�7i�SÆ�7i�&|}Eu^���J�©$%ë

¯uFGx&	NOd�V(�X8 3S8 4�%C�âãåæ���u^_´Î���

{r$%d�´�ó�Mo©$%ud��­|Q%4$fúúPÖõi��«¢u	


	d��«G�â�$N�úP��íî�7u��C 

	 3   "#$%&' 

 34-56 
78 
79 

:; 
�<=��

0
 
>?@ 

AB 
>?@ 

CD1E 1056  40 500�F 800�F 

 2856 
170 °  ~ 350 °  
�G 10HI

JK 4*L 

��1E 09M56  32 500�F 600�F 

 27N56 
170 °  ~ 350 °  
�G 10HI

22 500�F 3600�F 

��1E 0256  20 500�F 800�F 

 2056 
170 °  ~ 350 °  
�G 10HI

20 500�F 1600�F 
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	 4  () " 28*+#$ 

 OP�

>?@ 
3000QRS 3000QRT 

�G 5000�F 40 20 

4800 ~ 5000�F 20 20 

�G 4800�F 0 0 

 

4. ùI��´�ó 

r´�óR0�$u;*ùI�ðüä��$ÌÍSNT$%Sä��D*ËSN�

fúS«¢pÊä,�$%fúWC]������$ùI´Î��ùI��«�Öõ�

åæøI��´�ó	�ªfú´�ó���ñ�4$uN�fúpqag�þ7�ag

ûÃ�ªfú´�ó¡$1S��uö\�þ(r4$u«¢�ªfú��MøI´�ó

uõÂ´��Ç<\N�fú&«¢�ÊTofú�­@�«¬�Ê©'(oufú�X

rq�ìíwùI��´�óC 

3.2 ���� 

���ã7ôÓÖõ�ðü��ýþSùI��«�S$%d�«�SÌ�$%uQ

%4$fúúP�&�$�yWC 

1. ��ýþÖõ 

�âã�*2{ÉÊ´�¼¤�� (Radar Data Processing, RDP) Äd�$ùI´

��95{ÉÊ´�¼¤��}s�¨´��	gùõ���,]»�5r�7[¨��

>w�Ï,����5�')*�~�9ÝGCÆ�âãÓ�{ÉÊ´�¼¤��Äd�

$ùI´��5{�ª¢£SN���SdÈ��SÇ®��SY-��W«�4$�%

fúC{���2O�'±����7���u�ï>w��	�� RDP´�Ì�uJ�

\ZÔz7 2� ���Æ��­
Î�½��9�<7Ì]u�H�������u9:�
Oi�ò@uHÚC 

�âã�5ìu��ýþÖõ�Ã
���i,�ª¢£SN���SY-��Sd

È��SÇ®��&^_��i,�ª»f�^��	�ªÅ�ç÷�^��iÄd�	

´���ùIg���´�ó�«�:�Þjf�h 15ö½u$%S¦&	
HgC 

����,�u���¥K ICAOu¼½�¥��{|�Ädu��´�i'±7m

��­�¡ ICAOuê�;���r�âãKt�7Äd´Î��5IS3Øýþ���

�âã�¼¤u����i 4.1.1@C 

(1) �ª¢£SN���SY-��SdÈ��SÇ®��uý� 

�âã���u¡Î�yÕ¥Gh����,hw¡��.G��b&,ç�ö÷
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���Ä�J{rw
���ýþÖõ��þd­ýs\�dC
����dðñFä�

Í��ÖõzÄdN�$%SOÆ$%SN�fúWÌ�´�*K«�©$%��,¡æC

rs�{|���diz4$ÌÍ�*²7�w���rDg���´�ófhG\]*

�`,�� (key field)C
���ýþu¼¤�ÕX! 2C 

����\,���pym´��|Å����Fä�Æ�Öõ�{Õ¥�ªñ�h

w¡���	$%,´�C 

(2) �ª»f�^��	�ªÅ�ç÷�^�� 

\i�ª»f�^��� METAR NÂ
�ªÅ�ç÷�^��� SPECI NÂCl

Þ\,^_���¥Î�Ì��Ô÷zD|�!�»f'���!ûD7ç��^a�f

'�C���dûðü����õSÛ�f/õS{&{"õS7i�õSë¯ôÕõS

±D�^õS�Û±D�^õS|õS���oõSE�8�»qõSê�{¤	Ô��

^±_õS�^ aõWnÓõ÷C 

{|^_���¥����âã¡æâã	RzÄd��iu����SZ\{&S

Z\{"S7i�&|}E�W´����«�$%uNOS¦HgCQ¡wûHÚXJb 

METAR RCKH 261130Z 24006KT 9999 FEW013 SCT025 

���\ ����  {&{" 7i�  |�|E 

BKN060 27/20 Q1 006(A2971) NOSIG(I) = 
|�|E 

1. ������É
�õW (ICAO) ¢»u�É�G����C 

2. {&{"õu�ò£K{&��Þ£K{"�KT�{")*�¤¥8%C 

3. 7i��1¦K)*�99998%7i�ÀÔ�1�C 

4. |�§�¨| (1/8 ~ 4/8)S©| (5/8 ~ 7/8) �ª| (8/8) ö÷�òÓ«¬u­«

SCTSBKN� OVC8%uC\��ò£8%|E�)*K6®C|õ�n���

��u|¯�3
7$°�¨�|l±²| (CB) �©H±| (TCU)�qû�À

ÔòõCOP½ûXJb 

�wõbNêuÓ÷|¯����K SCTSBKN� OVCC 

�]õb�EuÓ÷|¯�\|�¥ÀÔ 2/8 »��������K SCTSBKN

� OVCC 

�òõbgEuÓ÷|¯�\|�¥ÀÔ 4/8 »�����z7��K BKN � 

OVCC 

³@õbÛ��$°�¨�|�¿\[:��|Êk´w|õ�fC 

�âã�ÝGuQ|}E�R´�����i�(±Nê¯ BKN|uE�K½C�

ª»f�^��	�ªÅ�ç÷�^��uý��Õi! 3C 
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��������

M E TA R � S P E C I

��	
����

�����
R C SS�R C K H  �

R C Q C


�����

"K T " ������
������

�������

�	
�"B K N "
�
�

�����B K N "  
!���"#$

��

%&'()

*+,-

./

yes

no

yes

no

no

yes

 

� 3  �������	
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2. ùI��«�Öõ 

ùI��«�Öõu�ÕX! 4�%�­HÚXJb 

(1) {��£�Ädu��¢£SN���SÇ®��SdÈ��	Y-��W�hø

I��´�ó��g�C 

(2) Mo4$´Îbðü4$ÌÍSFG$1SN�fúSNT$%WC 
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(3) �ªfúuº»b¡$1S��uö\�{�ªfú´�óMor4$u��©'

(o	ä,�$%u«¢�ªfúC 

(4) «�pÊfúbþ4$uN�fúag�ûhg��uN�fú�@Ê�4$«¢

�ªfú�����\pÊ©'(o&ä,�$%ufú�­h´Î�|ùI��

´�óiC 

(5) ¢�«¢NOÁ�b{g<�u´���� 15 ö½S30 ö½µf4��D�Û¶

u'(o&$%,«¢NO�$Á�C 

��������

	
����

��
��

��
���

�������


��������

���
���
�����

����


���

� !"

�

 

#$%&��

�'
()*
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����

"+
���

����

���

��	


���

,-./012

����

���
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3. $%d�«�Öõ 

��,��HghbcFG��,ë¯	d��lm����iðü{&S{"S7

i�	|}EW��âãu$%d�´�ó�R0ë¯,FGx&Sd�	\Ì¨�u�

���´��5$%d�«�u�ÕûX! 5�%�­HÚXJb 

(1) {���þdÌ�u^_´��X{&S{"S7i�	|}EWC 

(2) åæ�Mu^_´��º»�FGuë¯�é5º»\d�C09{^_Hg´�

��«�:��FGuë¯	d��95D�¶Ê�ë¯ ·,�¤fú�{'(

zº»�K?@rw��'(��u½���ìP{©�DÔ�¸�\�x¥��
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oë¯ ·u�¤fú�­��±;�C 
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� �!"

 

� 5  ���������� 

4. Ì�$%uQ%4$fúúP 

�âãh¡æ$%d�&	
uÌ¨�����yW��àu¤¾KÒ¹�����

(�=� Ì�$%uQ%4$fúúP�F�')**K�È��'(*+u,-C�

Jè¨LÍ»ºS¼¤õûS�&Ì�$%uQ%4$fúúPu�Õ@�HÚC 

(1) LÍ»º 
k
atD  b«¢D tf4{ k$%Q%¿ºN�u4$Án
 
k
ptD  b«¢D tf4{ k$%Q%<:N�u4$Án
 
k
atA  b«¢D tf4OÆ| k$%¿ºN�u4$Án
 
k
ptA  b«¢D tf4OÆ| k$%<:N�u4$Án
 
k
tC  btf4 k$%uNOd�
 

k
NTD  bNf4N k$%u�$W��ÈKfú
 

k
tQ  btf4 k$%uW��"�
 
k
NL  bNf4NÈKfú� k$%uN"W��"�
 
k

NT  bNf4NÈKfú�NO| k$%�$u�W�fú
 
k

NT  bNf4NÈKfú�NO| k$%�$uZ\W�fú
 

I  b©f4u"��ûX 15ö½C 

(2) ¼¤õû 

F-�GNj�Kõû�âQ%4$fúúP�­-¸Q�%�$	$%Hgúu´

��'A(wÂ���ìP��'(�Èuf$C�Öõ�Ñ»uÁ�XJHÚb 

a. ���g'w 

]$%uNO	
��|$%d��8%$%º'wuvu�ï�û�¥��yW�

�\��à@�¼¤C¥(1)8% t f4 k $%uºNO�&«¢NOu�Á��|\d

���r8%h7��'wC 
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k
atD + k

ptD + k
atA + k

ptA > k
tC  (1) 

b. ����� k
tQ  

���	
��
��������
���������������� (2)!"

#$%&'(
)��*+,-����./012345
67������ 

)0,(max K
t

K
pt

K
at

K
pt

K
at

k
t CAADDQ −+++=  (2) 

c. %&89�:;�< k
NTD  

��'(	

=>������12>?
@$A�BCDE�FG�H��<


IJ$KDLA�MNOPQ
RJST��<U7:;�<�VW k��X t��Y t + 10

���,-./Z[\! 5J"
]^_\_ 6�X! 5`a
k��b� t + 3��cd
e(%&
f��������7 1 ./
!"$�.A�YgBC�h t + 4 ��i�
jk
lX t + 3���Y t + 7��
mnop���,-��./qrs12
�%&
89�:;�<
`X%&���
bRtu�����./012Zvw*x-�
\

_ 7J"� 

� 5  k ��� t ��� t + 10 ���	
��
�� 

�� ���� �� 	
���� 	
�� ��
�� 

t 3 10    

t + 1 5 10    

t + 2 7 10    

t + 3 11 10 11 10 1 

t + 4 13 10 24 20 4 

t + 5 14 10 38 30 8 

t + 6 12 10 50 40 10 

t + 7 9 10 59 50 9 

t + 8 8 10 67 60 7 

t + 9 5 10 72 70 2 

t + 10 3 10 75 80 0 

 

X t + 3 ��cd
6$��BCDt��
� t + 4 ��yz6,-$ 13 ./
{

w|}���~���3��
!" t + 4����� 14 ./
�127 10 ./389

�
=fb$ 4./BCDt
*f��
k��BC�h t + 10��i�bJ$KDL

3����PQ
=fR:;�<� 7p��� 
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� 6  k ��� t ��� t+10 ���	
��
� 

 

� 7  k ��� t + 3 ��� t + 10 ����
	
��
� 

:;�<`* (3)!"�
R� N!"%&cd���
�X N���
x���

./� N + k
NTD  �����x�12
@:;�<7 k

NTD p�����%&cd�� N

Y:;�< k
NTD ��}
q7	
��� 

k
t

TDN

Nt

k
pt

k
at

k
pt

k
at

TDN

Nt

CDDAA

k
N

k
N

∑∑
+

=

+

=
≤+++   (3) 

d. ����� k
NL  

!"�	
���BCDL�FG�H�<A������� (4)�� m 7X%&

cd�� N�
Rt���
=f (4)67��X%&cd N Y%&�� N + k
NTD u�

�������
R���������67������ 












−+++= ∑

+

=
)(max k

t
k
pt

k
at

k
pt

k
at

mN

Ntm

k
N CDDAAL � � � k

NTDm ,,2,1 L=   (4)  

e. ����< k
NT  

!"�	
���
BCDL�FG�H�<A�DL�<�w�� 
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ICDDAAT k
t

k
pt

k
at

k
pt

k
at

TDN

Nt

k
N

k
N

×−+++= ∑
+

=
)(  (5) 

f. �M���< k
NT  

!"�	
���
�.BCDL�FG�H�<A���MDL�<� 

)( k
pt

k
at

k
pt

k
at

TDN

Nt

k
N

k
N DDAATT

k
N

+++÷= ∑
+

=
 (6) 

g. ��T��� 

I��e(%&
6e(���
������
������<����w
=f

A�6`�'(E�
�w�����f�
A�3DE
  �w���¡�����

¢
�£¤�w¥?¦�§
�£¤X�¨�©ª«¬
�w�¡­®¯z
°Y±²F

�³´�\|Jµ
��e(%&���T7¶¯A�E�·�w����·�w¥?¦

�§·�w�¡­®¯z·±²F¸³´�
������
J¹º3��T��
=f

z»¼�½¸¾¿���À�A��<<Á-Â�
*�����7ÃÄÅ2� 

(3) ¾¿���À�A��<<ÁÆÇÈÉ 

ÊËÌau���u���120,-��./
ÍÎu�����Ï����12

���
Zv-Âr¨�Ï���:;�<+�����
IÐ�����Ï��12

�
@���b*ÑÒÓ"
Ô#%&�89Õmn 3p��*|
@Ö×r¨�ÏØ"

ÆÇ�f�*mn 3p��Ù7Ö×r¨�ÏØ"ÆÇ�ÚÛ5
fÜÅ2#%&� 2p

�� (30ZÝ) Þ6`NOPQ
f�ß����à$�p��3DL
!"%&�89

]�áâZãä
=f~C½¸¥?å#%&)Õ 3p�� (45ZÝ) *|
æZ��`

��½¸�����
=fz»¼�f8ç��
Ü½¸½�è�¥?�7�wéê�ë

ì
f�Ö×Ø"�ÚÛ5`�í�î¤ÆÇ½¸Wï
ðT�`ñ�Äw*òó� 

Ir¨�ÏØ"ÆÇÖ×t
f��í�î¤�ô¤|
���õ*ÑÒÓ"�f�

zéê�b-Â¾¿���À�A��<<Á*ö÷Å
R-Â£ ÊËøùú	
��

Þû��F���
ñü-Â����#Dt����FJ¹º���T
�týþ��

T������*Dt�p��
fJ����T�����
7Dt�p��t
úR

�F��+�H���������w������#J$û��F���q�*Dt�

p����Ï���12�
@*�F���ñËhË���y@�*H��Ë	
R


��@*¡���£ �*Dt�p��
]ä�fè�

Yu��u����ÏM�

12>?���bJÌ�Dt�F�<�A��ªó�
]ñf�ª-Â¾¿��À��

<<Á
À�A��<<ÁÆÇÈÉ�_ 8� 

zéê�bÆ�ñ�J���À��<<Á½¸¥?tu���,-Àh�./ö

¥?¦÷Å
¥?¦#ú��£ ���
`�¸��J��¸�¥?£ 
zéê�b
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Æ�R��*ö÷Å�f���`��¥?¦� ¥?£ ¯���!
"#¥?¦$%

3&ï�'I�¥?£ � 
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�������
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�
�����
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�����

 !���
�
������"
#$%
���&"

��'(�����
)*�+	,-./0

12
34)*�+567��8�

'(����&

"

9�'(��:;��

<=�
���%'(����>
����
?@ABCD��E

FGHIJKLM

NO�
�PQ

BRSD��

#

TU#

VW�
����+

X�YZ
���

+[�+
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5. í�î¤(?ÆÇ 

z»¼)T VISUAL C++ É *+',f�í�î¤ÆÇ
ÆÇ�ÃÄ��\�- 

(1) Ó"äÄ��0¥?��È2,.-�/0123·45·6­�7���È2,

.Z8Ó"éê
,ËÓ"f7���9:�����Àh�./
];<=>�

ª
��ó���`ðT12�?
*@ö¥?¦A�È2¥?��B÷Åñ��

C�DÞF�¥?kEFì
tG·HI·6­·�J·TINHO�u¥?��F¸

2K¿È2¥?�£ 
L�z»¼b�M,.fN¥?��F¸2
*öÈ2¥

?kE÷Å� 

(2) ÷�Wï-OPóQRSTU·Cz12Wï·ðT�î¤ (WïV�·Ó"��

�)·(?÷� (%&��ÚÛ5·�F�<·=>�÷�)·WX×Y12���


`ñðT���ÄZ[WX|µ÷�� 

_ 9� RCSS·RCKH�7u���\]
^�^_�õÓ"f���Ð��ÞA�

��89
]`ñû��FG)�F�Z�
*�`aÒÓ"A�7bcdY
OP-û

��F�½�A� (eÒ)·)�F�½�A� (ÑÒ)·)�F�À�A� (fgÒ) *+

û��F�À�A� (gÒ) �o��]l`*hh�i��
f�7f���f��Þ

���12���./rjf�!"�Ïrj12
f���<�k_�£JÓ"���

���d�<b*ÑÒÓ"
I�Ïrs12l�mn 3��Þ~�:;PQ
@f��

�^_b*ÑÒÓ"
T*Øl� 

 

� 9  
��� (RCSS) � 15������� 
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ABSTRACT 

With the rapid advances of transportation technology and rapid growth of 
demand in transportation, our transportation system has grown into a huge and 
complicated system. An efficient safety monitoring approach is then necessary to 
keep the transportation system operating with a high level of safety performance. 
This study aims to develop a systematic approach to explore the safety issues of 
transportation system and evaluate their corresponding risks individually. The 
focus group method was first used to collect the preliminary ideas about the 
safety issues of transportation system, and a questionnaire was then established 
based on those preliminary ideas to gather the opinions about the occurrence 
frequency and severity for each safety issue. The risk assessment was finally 
applied to determine the degree of danger for each safety issue. An empirical 
study of the Taipei Rapid Transit Corporation (TRTC) was conducted in this 
research. Some serious safety issues for TRTC are explored and several 
improvement suggestions are also raised in this study. 

Key Words: System safety; Safety management; Focus group method; Mass 
rapid transit 
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b��ê�
ÝrC³
4���Ås�%&�±$yzuë
��YZl;$,ÃëR

ìíÆÇ$mn�%8îüJ�
¤ÆÇVãä@�rlÈJ\$ 19 Ø�� !GHI

J^b
�2\��BLC��<=P:L%#P:L©ªIJõAP;L9»ý�P>

ÕEþ^t¹ (<� 1l�)
��GH��s�$%&rfhþ^t¹:GHIJ^b:

;GHst$�îD*�\%&
ï·Ñ8ÃYZ�$ÍÎÅ��
Üað8'
GHs

t$ÃÄÅ_�a�$Æ×� 

� 1  	��
��
��������� 

���� �����	 


��
��� �������
��������
�� 

���� 
������� !����"�#$%&����'()�*

+��, !� 

-.��/0�� 
-.��12345�678�9:�;<�=>?,@?=A�

BC?DEFG�HIJK� 

L�MN�� OP3QR12�L�STMN� 

 

�éi�� !GHIJ��s�Ðñ$ý�Å]UM
¤ÆÇVfW{|}��ì

lÈJ\$ !GHstÊ�:�C���56$�4��:;¸D$ÆÇÅEF¥Þ


ò¯lr%ó�\~iGHstÊ�$Ý«Øst�Ë��g��;ËÌ�ìÌ`M
¤

ÆÇçMl�B$�� !GHIJ��s�~çm&¾¿5ÕEþ^t¹:19 ØGH

IJ^b:; 98ØGHst� 

4.2 ������$%()!*�/012 

�8�� !GHIJ��s�$CÖ¾¿5~�$GHst
å�Ýr·;��t

�$À�z�Å�½Bt
éOmnÀ�$st%&Jr�U%ôõ��9»���Å�

Ã�¤ÆÇ��GHIJ��s�YZl;$nkr¡éOËö�O�ìíÆÇ$mn


VG÷���s�orYZ$�
y�½2å����GHÀ�<­�Y��st�ø�

$p��Ë3p�»Q*�Ãù$À���7T2ØGHst L/à�É���9»Q
�P�YÓÔ
ÓÔ$�3*KúûA$Gú
ÃÚ��LV��ÉP:L�ÉP:Lë

��P:L �ÉP;LV� �ÉP�À���<k7��st·l�B
ÜÝzòp

Z�0\Rn$Ì`�B�¤ÆÇ��BÀ���7��st$ÓÔ»QM
VÑÒ
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Lawshe [21] l0\$ CVR (Content Validity Ration) À��9s�ÓÔ0j

�WÀ�s

�$ÓÔ�
b��É�$��GH��st�CVR ÓÔ0j$%&Ð�
��Îs�

%&�8s�%&�B�
zòË2ÓÔ0jb�WLs�CÖÅYZÐ�/à£ÉP$

«�Gú
0�s�%&�fApÄs�CÖ$de
ü�s�$CÖ§�@ýÅ`é


báÉYZ$Ð��åÓÔaR<{l�C 

2

2
i

i
ei

i N

NN
C

−
=   (1) 

å� iC C��st$À�ÓÔ�� 

 eiN C7��st��LV��ÉP;L�ÉP$À���� 

 iN C7��st��LV��ÉP:L�ÉP:L �ÉP;LV� �ÉP$

À���� 

CVR À��9s�ÓÔRV/zò)��Ò
`éþ\L�����stÉ�P$

À�����l��¬
ÜÝº0Ëö\À���7�st$y­A�îü©j (1) l&
þ\
$ iC �<kE8çÇ0Ã���
U��st i�;À���$y­
Ýb��s

�Q�Û.,Ù$st�çÇ0Ã��$ iC �*�ÓÔÀ���$���� (<� 2 l

�)
�¤ÆÇ�· 11åÀ���dÅÓÔ$��{
 iC �mE8 0.59
�stJrýò

ÓÔ�¤ÆÇl�×$���~ç�
19 ØGHIJ^b$ 98 �GHst
�· 15 Ø

GHIJ^b
< 50 ���$GHstýò�i
`j¸���� !GH��$s�

� (<� 3l�)
B�¤ÆÇ7��©ª9»Û.¸D,Ù$þnfW� 

� 2  �������	
��
� iC ���� 

������ ��	
�� Ci
 

7 0.99 
8 0.78 
9 0.75 

10 0.60 
11 0.59 

�����Lawshe [21]
� 

4.3 ��������	
��
���� 

ýò CVR p�$GHstltB$�� !GHIJ��s�$YZCÖ<&¾¿

[E�Ã
s2�Ã�Ã+��©ª9»$%¤,Ù
åYZCÖ¾ª��:»Q�,>ê

s¾�Ã�GHst�4'¬$��YZê�s[�ÃU�GHst�4MÝrAB$�

�@DA$��YZ��� !GHst�4'¬&·úi�3
å�~�3$i	Å
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� 3  �������������� 

�� �� ����	
��
���� �� �� ����	
��
���� 

1. ��������������
� !"#$%&'(�)*+,

��
-.

27./01234�5�	
-., � 
� 
� 
� 

2. 6789:;<=>?@ABC
DE$FGHI67JK89:
;, 

28.LMNOP�QRSTUVW 
XY, 

3. Z[\��]^$_]Z[\`a
b�cd, 

e 

f 
29.&gh�1iVLMef
jM
k, 

4. lm&��]^$nocp4qr
s, 30.��tuvw\x�yz{, 

| 
% 
} 
~ 
� 
� 5. no����U���n��$L

M������, 31.tucL����t�����,

��
� 

6. |�M�U���WM���
�$B�no<�, 32.vw\t�QE����, 

7. Mk ¡)¢£¤¥¦, 33.�§t�\x�yz{, 

34.¨Ztu©!Cª��, 8. Mk)«¬"­$LM��®¯M
k, 35.LM°�±²\x��, 

9. Mk	
³¢´µ, 36.¶·¸<�¹A��º»$B�¼
·)¢½E, 

10.¾'¿Mk}~�À, 

11.%ÁÂMkÃÄ�Å, 

t 

� 

� 

Æ 

t 

� 

37.¶·ÇÈÉ!tu�z{, 

\ 

| 

% 

} 

~ 

M 

k 

} 

~ 

12.'¿³ÊË³©�Å, 38./0h���ÌÍ
jMk�Î
Ã, 

13.Z[\Ï�ÐÑ1aÒ
j�_
]Ò`1ÓÔ, 

/

0

�

�

É

!

ÌÍ


j 39.LM����ÌÍMk�ÎÃ, 

14.ÕÖ�Ä¹×ÐÑ)noØ×�
År�$ÙÚ����¹Û, 40.¶·cLU¶·ÜÝÞß��, 

Ð 
Ñ 
à 
á 15.ZâãäÐÑno�å$B���

æ�çè¯çÉ, 
41.¶·ÜÝcL��é�êØë|¶
·ÜÝ, 

16.lmì¨Zí¢î]­$B�ïå
��&'¨Z��, 

42.ÔðcL���éñòcLUÞ
ß, 

17.óôÐWõö÷øù@tu, 

18.Zú\��ûoüö��y, 

43.ÐÑ�å)$ªýLM��þù¸
����ÐÑ�år�$B�¶·
Mk£¤ð�, 

19.óô\��ûoüö��y, 

20.Z[\��ûoüö��y, 44.ÐÑ�å)$ªýLM�����
��å��$B�no¨Z½»,

21.ÐWtu÷øù@ÐÇ$B�5�
E	nª
�ü	
ÐW, 45.LM���
�§t�\x, 

Ð 
Ñ 
Ð 
Ç 

22.��ÐÇ��$B�lmÐÇ¸õ
ö�Å, 

Þ 
ß 
¸ 
� 
B 
X 
Y 

46.LM�z�����¸���!�
�, 

��
�� 

23.����ù@ÐÑ��^��
�$B�LM£¤�
, 

47.LM��<�)��º $���
���, 

24.ë\|àá!÷$B���ð�¶
·, 

48."#LM��<�)$�$%��
��:�k&., Ñ'

() 25.ÐÑ())¢]*$B�!)¢\
��¶·, 49.LMMk)no+!,-��, 

t 
u 
ì 
Ð 
Ñ 

.S 26.óô\��ûoX/.S�01,

L

M

2

3

L 
M 
4 
c 
2 
3 50.56í¢�78h9$Cª:©�

Å��, 
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D�Ã<� 4l�ê��� !GHst@D¼AÜÃBúûA$�3
~�3$i	Å


D�Ã<� 5l�� 

� 4  ������� !"#$%&'()*+,-./ 

�������� ���� �� !Wi

(1)"#�� $%&'()*+��,-./� 5 

(2)01�� $%&23)*+��,-./� 4 

(3)4#�� 566789:;"��<=>-�?@� 3 

(4)4ABC�� 566789:4;��<=>DBC��� 2 

(5)4BC�� 564BC��EF��� 1 

� 5  ������� 0-12%&'()*+,-./ 

��G�H�� ���� �� !Wi

(1)I#G��� 
BCJKL�MNOG�PN=O56QRG�STJ

K,U./VW67� 
5 

(2)G��� 
BCJK,�MNOL�G�
P=OJK56QRW

X67,U.)� 
4 

(3)YZ�� 
BCJKL�YHP[=OJK56QR\,]^S

T=OJK56QRWX67,�_.)� 
3 

(4)I#YZ�� 
BCJK,�YHP[=OJK56QR\,]^YH

ST=>4`ab6� 
2 

(5)cdeD�� f4+JKgh56ij� 1 

4.4 ��������	
����
�� 

¤ÆÇ��BGHIJ��s�$%&M
V���©ª9»�Y��s�$��


�b5ó��­�78�� !GHst$�4'¬Å@D¼A$&R��8�� !G

HIJ��s�$CÖ7À���½$n7�1
^Ë7YZ7³$��§$Dn
¤Æ

Ç�¯¤���:YZ·«�:;B¤«Ï$e«{
çM�i��©ª�®�$�®;

¶®�9
ïÌ�$,â:,+:�-:ÅÆ~	:b;»G
9»> 825å��9»Q

�YZ7³��� !GHIJ��s�*8>� 90� 4�±zò����©ª$Yø

I����¸D9»
�æ�À���´Ç� 

 !GHIJ��s�$YZ
&´Ç 462¤ÃY¯¤
�¤ÆÇÛú�Äs���

��
�×Ln���P:L�¬��P:;L ¯ÉJP$¯¤M
m&�{ 439¤·

«¯¤
·«Ç´�¬� 53.21���·«YZ¯¤�
&·¶®�9 81å (� 18.46�)




��������������� !"#$%�&'()�

�161� 

�®�9 157 å (� 35.76�)
ïÌ�9 196 å (� 44.64�)
;»G
9» 5 å (�

1.14�)�·«¯¤9»$²?��� 28�
����©ª$²?�,� 2.76���GH

��s�$�AÃÄa¹
st�Lst�4'¬P$ Cronbach α �� 0.97
�st�

Lst@D¼AP$ Cronbach ��� 0.98
���E8 0.9
$���st$«��A?

¸UN¹� 

��������	
��
����� 

5.1 ��������
����������� 

�� !GHIJ��s�$�ÃYZCÖ�¶À��
ø�¶¸DÀ�U�Å��

$X��9Ç�JrËö�O$���^Ë¤ÆÇ�&þ�ÃÀ�st$ÓÃ�
�K&

7�st¶·¸DÀ�z�$�9ÓÃ
�@V¸DÀ��9$ÓÃ�Ï�×��<�s

1tst�
e«�stÅ¶®�9��¸D
^Ë�K&¶®�9$ÓÃ
bQ���

ÓÔ$fWê�s 13:28 t�
e«�stÅ�®�9��¸D
^Ë�K&�®�9

$ÓÃê�s 2:4:16:33:34:45 t�
e«�stÅ¶®;�®�9��¸D
^

Ë�K&¶®;�®�9$ÓÃê�s 24:40:41 t�
e«�stÅïÌ�9��¸

D
^Ë�K&ïÌ�9$ÓÃ�åå'·;ýiÀ�$st
UK&H����9$Ó

Ã� 

�éy·«¯¤ÓÃ$K&]UM
¤ÆÇV�YÃ+�7LGHst�4'¬P;

LGHst@D¼APÓÃ$!&ÃÄ
å!&nk$�� 50 Øst�
LGHst�

4'¬P$²?ÓÃ�?u8 2.08~3.89$± (<� 6l�)��2\@~st$ÓÃ²?

�KÕ�ú�R�BÈ�
�f� 4$
D�Ã��M
U@��· 10ØstP8L 

�Ýr�4P:31 ØstP8L ��4P:é· 9 ØstP8L���4P�9»y

�L�4'¬Pç1�úEGHstfZ�CL��îÜDò�
�4��M �²P:

L�Òë)ýÃ%#��4´Ã N��
`a !c«ý�P:L�!CÜDò�
"

ò�!C#i$Ü��P:L%{Ù¢±c¢Y NP:;L%q&'ÜD^YN ðñ

,()�A�Å
�î{*)�+,P� 

�LGHst@D¼AP$²?ÓÃ�U.�8 2.67~4.02$± (<� 6l�)
KÕ

�ú�R�BÈ�
�f� 5 $
D�Ã��M
&· 45 ØstPL-.stP:5 Ø

st�L@DstP�9»y�Lst@D¼APç1$úØGHstfZ�CL>û/

�m05¹¸1�¥Þ\
M
ABåå>û2«/�m0P:L��îÜDò�
�4

��M �²P:L%#K¾�±ò÷
Þß3�±CëRïÌP:L�-+Ø%#�4

6j
ÞßëR�YK��KõP:;L�C�ÚÙ3n
ÞßëR�YïÌP� 
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����

��
���

��
��

��

���

���
���

��

����
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�� 

���
���

�� 

����
��
�
�� 

1. � !"#$�%&'(
)*+,-�./012 
34,5678 

3.63 3.12 3B 9��# 
$ 
� 
� 

2. :;<=>?@ABCD
EFGHI0JKLM: 
;NO<=>?8 

3.57 4.02 4B P��

3.50 P�� 

3. QRS#$TU0VTQ 
RSWXY#Z[8 

3.68 3.19 3B 9��

4. \]2#$TU0	
Z 
^_`ab8 

3.89 3.59 4B P��

c 
1 
d 
e 
� 
� 5. 	
fghijklm	

no0pq'rstu�8
2.57 3.12 3C 9��

3.33 9�� 

v 
w 
x 

6. cwq�jvwxyqz
{|}0F~	
@�8 2.89 3.47 3C 9�� 3.00 9�� 

7. pqq���5����
�8 

3.29 3.16 3C 9��

8. q�5��.�0pqf 
g��q�8 

3.33 3.20 3C 9��

9. q�������8 3.10 3.26 3C 9��

10.�3�q�de'�8 3.60 3.38 3B 9��

11.1��q���'�8 3.29 3.32 3C 9��

S 

c 

1 

d 

e 

q 
� 
d 
e 

12.�3������'�8 3.67 3.47 3B 9��

3.00 9�� 

3.17 9��

13.QRS�i���X� 
¡)VT�W�¢£8 

2.08 2.99 3D ¤��

14.¥¦f�§¨��5	

©¨'�ao0ª«¬­ 
kl§®8 

3.74 3.37 3B 9��

� 
� 
¯ 
° 

15.Q±²³��	
�´0 
F~fgµ%¶9�¶·8

2.92 3.53 4C 9��

2.67 9�� 

16.\]¸¹Qº�»T�0 
F~¼´#$23¹Q'
(8 

3.06 3.06 3C 9��

17.½¾�y¿ÀÁÂÃDÄ
Å8 

2.57 3.10 3C 9��

18.QÆSklÇ
ÈÀ'É
Ê8 

2.23 3.14 3D ¤��

Ä 

Å 

¸ 

� 

Ë � 
� 
� 
Ë 

19.½¾SklÇ
ÈÀ'É
Ê8 

2.35 3.32 3D ¤��

2.57 9�� 

2.86 9��



��������������� !"#$%�&'()�

�163� 

� 6  �������	
��
������ (� 1) 

�� �� � � � � 
	
��

��
���

����

��
���

��
��

��

���

���
���

��

����
��
�
�� 

���
���

�� 

����
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�
�� 

20.QRSklÇ
ÈÀ'É
Ê8 

2.36 3.17 3D ¤��

21.�yÄÅÁÂÃD�Ë0 
F~ÌÍIÎ	ÏÐÑÈ
���y8 

3.25 3.38 3C 9��

� 
� 
� 
Ë 

22.ÒÓ�Ë'Ò0F~\] 
�ËÔ¿À'�8 

3.09 3.22 3C 9��

  

¬ 
­ 

23.ÕÍ¬­ÃD��Ö×U
ØÙÚ0F~pq��Û 
Ü8 

2.95 3.16 3C 9�� 3.00 9�� 

24.ÝSc¯°ÞÁ0F~f 
gß%àá8 

3.52 3.51 4B P��� 
â 
ã 
ä 

25.��ãä5�Tå0F~ 
Þ5�Sfgàá8 

3.53 3.56 4B P��

4.00 P�� 

Ä 

Å 

¸ 

� 

Ë 

æ 
ç 

26.½¾S#$Ç
èéæç
'êë8 

2.56 3.32 3C 9�� 3.00 9�� 

  

� 
� 

27.ìí�îï_&ÌÍ��
ðñ8 

2.10 2.91 3D ¤�� 2.00 ¤�� 

28.pqòóô%õöç÷j 
øyèù8 

2.51 2.73 3C 9��
ú 
û 29.2����üøpqúû

 ¡q�8 
2.19 2.67 3D ¤��

2.50 9�� 

30.ÕÍÄÅýþS�'Ê�
�8 

2.50 2.82 3D ¤��

31.ÄÅZp��g�Ä��
	'É8 

2.55 2.90 3C 9��

32.ýþSÄ
õI�g'�8 2.60 2.93 3C 9��

33.Í
Ä�S�'Ê��8 2.59 2.93 3C 9��

34.¹QÄÅ��GÏ��8 2.76 3.11 3C 9��

35.pq����S�'É8 2.45 2.84 3D ¤��

36.àáÔ@�§E¬­��
0F~�á5��I8 

2.56 3.18 3C 9��

Ä 


 

� 

� 

Ä 

� 

37.àáË�·�ÄÅ'��8 2.64 3.10 3C 9��

2.75 9�� 

38.ìí������ ¡q
�'��8 

2.16 3.01 3D ¤��

ì 

í 

� 

� 

· 

� 

� 
� 
  
¡ 

39.pq��hi��q�'
��8 

2.18 2.88 3D ¤��

2.00 ¤�� 

2.54 9��
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40.àáZpjàá����
'É8 

2.84 3.21 3C 9��

41.àá��Zpfg�v�
©Ýcàá��8 

2.96 3.25 3C 9��

42.£ßZpfgv�� Z
pj��8 

2.93 3.10 3C 9��

43.���´50Ï!pqf 
g"ÃÔ#$%&���
´ao0F~àáq�� 
�ß%8 

2.75 3.05 3C 9��

44.���´50Ï!pqf 
g'()*�´no0F 
~	
¹Q��8 

2.87 3.24 3C 9��

45.pqfgÛÜÍ
Ä�S
�8 

2.58 2.80 3C 9��

� 

� 

Ô 

+ 

F 

è 

ù 

46.pq��,-�./Ô0
r��'É8 

2.52 3.04 3C 9��

3.00 9�� 

47.pq12@�534�5
0'rstu�8 

2.54 3.10 3C 9��

48.67pq,1@�50' 
89%u�)>%�:ñ8

3.03 3.26 3C 9��

49.pqq�5	
;�<=
|}8 

2.36 2.83 3D ¤��

p 

q 

> 

? 

p 

q 

@ 

Z 

> 

? 50.ABº��CD�E0G 
ÏF�'���8 

3.17 3.23 3C 9��

2.75 9�� 

2.91 9��

 

5.2 ��������
 !"# 

��Äò�� !GHst$L�4'¬PÅL@D¼APM
c0�V/<=nÉ

îü�3Gú
bÓÔ~GHst$��>î���45ÓÔR/2iÑð³Y
�� 

!GHÆÇÁÂ��¸�Ò$��ÓÔaR�6þn*7st¤8;��<=$����

�bÃî
zò�3$ÓÔÅÃÄM
f@st�ÃB ­$��>î�¤ÆÇ�p7Ã

ÄÅÓÔM
y��U�(����� !GH,Ùþ IH$�Ù
��45ÓÔR/

2iÝY�Ñä$��ÓÔaR
�8��ÆÇ£�åÆÇ�Ü�Büý�Ì��ÓÔa

R
buO(����� !$GH��»Q [22]
� 

��Ò��45ÓÔR�
xy¹�$stV/<=nÉL�4'¬>îPÅL@D

¼A>îPb iåL��>îP�%¤î
L��>îP$�Ãî�:;L�4'¬>
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îPÅL@D¼A>îP.ÉM$��>î�P?Ýr7��ÓÔnkAB`a�J�$

QR�ÄÆÇ !$ý�
pÄe«Mõ½¸D$L�4'¬:@D¼A:;��P$>

îGú
Rn��Ý�Y>î�Ã7��ÓÔ$9�AÃÄb7ÆÇ$�È���8(�

Ð�þë¸D$��>îGúÝÒ
�l^�$���� !GH��ÓÔBt:noy

�EFÝ�de
^Ë¤ÆÇV;Y�Ò ��c�Í5 !GHúÎ
� 

(MIL-STD-882C) $L��45ÓÔRP$��Ã�� 

 ��c�Í5 !GHúÎ
� (MIL-STD-882C) [2] �$L��45ÓÔRP*@

 !GHst�L�4'¬$úØ>îPÅL@D¼A$úØ>îP
t�B2Ø¿·¾

½úi.É��$��45<� 7 l����@��45C$¾½úi.É���ÃB

Lë��P:Lè��P:L���P:;L1��P>ÕØ��>î
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ABSTRACT 

This research established multi-attribute utility models with stated 
preference data to evaluate transportation projects. We discussed the attribute 
thresholds of acceptance and indifference. The results showed that the multi- 
attribute utility function of linear logit model had relatively good explanatory 
ability and most attributes were significant. This means that multi- attribute 
utility model established with stated preference data can indeed find the tradeoff 
between attributes. Assuming that an individual should behave consistently and 
different individuals may behave heterogeneously, we found that the threshold 
models could greatly increase explanatory power. Due to the fact that most 
attributes had threshold of acceptance and/or indifference, the tradeoff between 
attributes were greatly affected. Of the two threshold models, the threshold of 
indifference model had better explanatory power. The integrated model with 
both thresholds had best explanatory power. Its coefficients of all attributes were 
significant and had the correct signs. The tradeoffs between attributes were 
reasonable. 

Key Words: Project evaluation; Multi-attribute utility; Stated preference; 
Threshold of acceptance; Threshold of indifference 
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)�.vw()�.x[y�.z{|}�.lm�|�.2~��|�

 [3]
$�%�&

A^f4�����9�1|���~��|� (contingent valuation) [4,5]
$6�~��|

����2�W����4gh�!g����������?��N�f,��g��

K6����m�OP<|}��!�\E��������9� ¡2�|$~��|

�¢£�¤��4���¥¦§�¨��Kj�<��|}�g��K���K£©ª)

«¬+­®¯�°±\²³< ¡��K¢�´¯µ¶�³·¸¹$ 

()*+,-�¤UVWX�1�º<�&L»�$s Odeck [6]
�Souza
� [7,8] 


$

Hayashi ¼ Morisugi [9] ½¾¿À.�À.Á).ÂÀ2ÃÀ
ÄEÀÅUVWX�1<L
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��ÆÇ�ÈÉÊÀ¤WË()*+Ì6Í&<Ì�|Î.xÏ�Ð|Î.��qr�Ñ

ÒGH<9:;|Î'ÓÔ<ÕÖ$b×()*+,-Ì�9:;|ÎØ¶�Ù4�ÚÛ

4<ÜÝÞßà/$ 

�/0�1�­áâ()*+,-�¶�ã=�9:;¢ä<åæ$ç�1èéêë

�ìíîï£ðñèégh��1���­®qr�ò\èéK� ¡2óô�2âõ�

��1��
 [10,11,12]

$�/0�1�]&��¯ö���âõ�1$ç�÷øÎù
�
 [13]

¤âõ�1Ì�úû�ü/0óô�ý5Ê���/0<þ(êÝ�ü
�$5Ê��¤

Ê/0<
�Î�!�/0<óôÎ���Çý�����<�É�y�×­T�Ê��

��1,	$
����
�����qrêÝ2óôÎ�¨èéKìÛ�	$
��ó

�
 [10] 
¬&�/;�Ê/0Î2çL�ó	��<¼n�±Ê����<,	$
�/;

	Î­!��\��qrêÝ<à/��L�óô�¨èéKìÛ�	$ 

8�þ(���
 [14] 
5���qr*�!ë,���É�b×»���34<qr*

��É¦£�Ì�! +1�±�¶ÕÖÌ£ 0��É¦£Õ£ −1$
�5��34<qr

*�¤ö
�î<qrêÝ�£Lö�ã=���A
;��ë,ã=���AìÛ$�

µ�.��,-���_;���
��
 [15,16] 
!�� ��£oN����<! $�

µ���èéK�"�E/0��	��#/Î�Ø�£����<! $���<34

Î$%�A��#/�&­ù'��$
��<��#/Î¨èéKìÛ(	$��,-

���_;����0��èéK�"�E/0c�	���¯��#/Î�£��oN

à/�!(�����WË��2¯��,	��£����<! $
��#/Îb¨

èéKìÛè	$ 

�/0�1��¤WË)*�,Ì�óôÎ+�/0�8�<�óôíêÝ$S,ó

ô%&���'lm�,.�ó�-.��.,/��.01êë,-� (analytic hierarchy 

process) 
�� [17,18]
$óôÎ<2T�YZ01êë,-�¬&èé ¡�!(����

�S,^�ç3���¨èéKìÛ�	Ç�!4W5=�	iWË��ST$01êë

,-�
 [19,20] 
¬&8�1�6ð���578gh¨91:;<1:=>,?�¨@Å�

'�èé�Aâõ�1$�U&01êë,-�Ì�¤B	8�.��./02oN�/

<�ê��'k/0­®CDE�'kL�49�/0­®cô7ùF$¨A AHP �¤

�1�ê�Ø¶4W ��4WG	­��/0�<L�4�»HIK�W¯»Ì�­®

c[x�£¢ä<JK`¯@L$ 

�34*&=>�¨øM*&ÛNÈO`n����5*&P	!*&<øMÎn�

±
 [21]
$»èéK� ¡6ð�µ ¡QR42*&QR4Ì��34*&P	­�±£

�©34*&<P	S*$
P	S*�_��£��T���T�»��¾F*&23

4� ¡*&U��4Ì���T���T
�'*
 [21,22]
$ 

ñR�34*&P	�
�����lmg��
 [21,23]
�
�!g�lm�g��K�

A�� ¡<ìÛ�|2óô(	$Morisugi [24] 
¬&g���oNVW]&K<*+�!

�1ÊX���<��$Pearman
� [25] 
0!�æ��ðñ��34*&P	�Ø!Y
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4­�(��ñR�34*&P	��&¤ZWX�WX�1$�
�62T<�|2ó

ô[¨èéKìÛ(	$ 

Keeney ¼ Raiffa [26] 
¤�1\]^���<��Ñ_Ì�¬&�y`ÝaRS?�S

,�34*&P	$
�ûè	�34��<2�9#/Î�5�9#/ÎÌ<*&B£

1��<#/ÎÌ<*&B£ 0$bÇò\*&Î£ 1/2<ìÛ�æ34#/Î�ý!ëS

T 1/4�3/4
Î<34#/Î�ý¬&cYde�ðñ\�34< ¡P	$¤WËÊ3

4<óôÌ��¬&(�������¯"áMÊ34¯öS*<#/Î�Ø�g��K

¤*&f�ÝLö§�Ê34*&#/<�yÎ$S?�34*&P	<aR�ê��×

­2TÊ34<óôÎ$gh?.iÀj
 [23] 
��34*&P	<ðñ��#�34*&

,?<~�2��'k'�l>$
�lm����K�34<�|2 ¡f� (×*

&)���K�m¸¹��34�Ì'����nm [27]
$ 

op ¡���&¤qr�s'�t�uv�wø6]&��Lx��'a*,-

(conjoint analysis).P	oN (functional measurement).yzv+,- (trade-off analysis).

2{Þ|}� (the transfer price method) 
$wø�op ¡�<�&�|A}~�U�

�Í&�,��ë���n��	 �ç�öåæ£	 ��·Ý����
 [28,29]
$�p�

34*&P	�L�}~b3op ¡�<}~�Ò�pk}~�ìínmö��èéK

� ¡ (*&Î) ��nm��	Î (óô) S,¯�$ 

���y�
������&�dø¬&op ¡��L�}~¤��èé ¡Ì�

[�íSèéK¤¯ö����,ç� ¡����̄ ��¹ç�Ê34���<ìÛ�

|��Ê34<óôf����K�£ï�¸¹$p���?èZ�p}~¶�ÚÛè	

*&�gh$f,iK
 [30,31] 
¬&�7����

 [32] 
2op ¡	 âõUV�����$

!�7����£à�ñR�34*&P	�U'��<=>à��­!¬&�Ô�e�

�1�	������%
�$���
 [22] 
¬&�7����6ðñ<�1��A*&P

	34��'Z��Î�ÛN��ç���<��Î£èé(L34�� û�	�Ø�

¨��îx�1$ 

34���ÛN¤qr�'L»��l>
 [33-40]
$��­,£¡¢$�¢�­m��

��×èéK¤����Ìc'�E­m�#/Î�»����34#/Î�A�#/Î

Ì����×¯cC�,$£�¢�34¶Ö���×èéK¤�1��Ì�»¡���

�34#/Î<Õ¤A�¥¦îÌ�èéKc(£�34¤¡���Ø¶ÕÖ�ç�èé

K<*&Lö$�L�qr�Ø¶Aö����öÌã=¡���K$¤UVWX�16

]&�8�.��./0.�/���/<	§£/0��<­m�#/�
#/Î×£

­m���$�¤�pUV�1qr���'¨	
 [15,16] 
5­m������#/Îù'

©ª��
Î�¨ìÛè	$¤UV�1�6]&���34b­®«'¶Ö��$¬s�

34<#/Î�¨��÷``T�¢
Ø�	Î�`����,­<.�Î$
^�®'

÷`¯·	�gh$¤©ª¯°Ñ�2÷`¯·	4<qrÇ�»¡���34Î<Õ¤

'��¥¦Ì�èéK­®±"¡K�Ø¶ÕÖ�
Ì×�±�34<ÕÎ¤'¶Ö��
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î$»�kèéK²5�34�£èé34Ì��34¤¯ö�����#/Î<ÕÖ�

èéK<èéØ¯Èx�&�
Ìb­�£6'���<ÕÎ�¤'¶Ö���$�pq

r�<8�þ(���5��qr*�¤ö
�î<qrêÝ�£Lö� ��×��3

4�«¤'¶Ö��$�
�<34¶Ö��Î<�	�AìÛ2
;�Ø¯=³$ 

CDèé=>
 [21,26] 
�¡*&���<��'¡�¥´�×èéK�¡��¶ÕÖ�

�����£���'µ�< ¡$` Roy¼ Vincke [41] 
0(£*&�<����'¶Õ

Ö.µ� ¡.¶ ¡.¶���
·�$(������Ä� ¡S*¸¦£¶ ¡ (¶

ÕÖ2¶���). ¡ (µ� ¡2¶ ¡).¹` ¡ (¶ ¡2¶ÕÖ).k  ¡ (µ

� ¡2¶���).�º ¡ (µ� ¡.¶ ¡2¶ÕÖ) 
Ä�$�7����<�

��
�!»� ¡�< ¡��6ÈO`(�à)��Í, ¡�ÛN��µ� ¡2

¶ ¡Ø¯�!Ñ¼$`¶Ö���ÛN0�Í,¡*&¤�¥¦î¶ ¡����×�

¶ÕÖ2¶���Ø¯�!Ñ,$
���­½¨���5¶ ¡2 ¡â�>Ñ,�n

m$¹` ¡.k ¡.2�º ¡¤��ã=�'çnm�)}~Ø¯Í&$ 

)}~¬&�34*&P	âõ��<��$ñR*&P	ÌöÌ©ª­m���2

¶Ö��$p¤����2UV}~��3B�¾¿�¢
$%@õ�W¨��îx�1

¡����ê�$�_��1�� (s PROMETHEE � [42]) ¤©ªÊ34U'¯ö� 

¡Ì�sY4 ¡.01 ¡
�Às5 ¡2¶ÕÖ�¥´Á'��"�34Â®Ã&

�� ¡¸¦$
���Ø²©ªèéK�ö�34�ÖÄ4�×çèéH0²$Lö�

gh$ã=èéK�èéH0U'ÖÄ4��/���!��ÑÅã=�%&����!

ÆGz4�^xã=$)}~0!îx��ÑÅ����"�34�5­®�èéK,£

Ã&­m���K.Ã&¶Ö��K.¡���[Ã&K.2¡���[¯Ã&K·¢$

p���Ø¶¢e}~­��©�Ç%@õ�WÈË�nã=$ 

¨A������É�cL»¨�Ç¯�,T�Ê��1	 $)}~¬&op ¡

	 âõ$�W�E­!öÌã=­m���2¶Ö���op ¡	 �)}~�ôæ

��<�$)}~¬&Ë
�����âõÌÍÎcÑÏUÐ4��<����$ 

)q�ìíîïs§Ñ»ËÒ!	i�ÓÔ)}~6Í&�­m���2¶Ö���

�N�m�ÓÔ�1Ê¢������ÈË�$»ÕÒ�g��W�îï2���Ö×�

ÓÔ�ôæØ¤#/Î#����S*��W�ØÓÔ����2���Ù$»·Ò��

���16�âõ��,-�Y?Ú®Û2�	°�#/���^��34��yzv+

��'k'�l>$�Ç�j\)}~�6>!#­â�>}~�Üh$ 

�����	
��
 

¬& Keeney ¼ Raiffa [26] 
6j\<�y`ÝaRS?�£à�nS,�34*&P	

Ì�»èéK� ¡6ð�µ ¡QR42*&QR4Ì��34*&P	­�±£�©
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34*&<P	S*�
P	S*Ô���£��T���T$» ¡QR4¯«¤Ì�

¬&�y`ÝaRS?�Ì�¢34�� ¡f�zLqr�]T��T<�	Î�¼¯

c
A 1�¢
¶�¬&�	Î�<aR�ê�S?$Mollaghasemi ¼ Pet [11] 
 \¤�Ê

�&Ì�¨A��T<*&P	6ð�£78�'Ý�ÜÝ%	«¤����£nm$¢


»��¾F*&234� ¡*&U��4Ì���T���TÞ£
�'*$)}~

!Ë
���£à�ñR����<*&P	$¬&�����1*&P	Ì�Ø¶�y

`ÝaR�6ßà�gh�L�qr��*&P	à)�Î�¨34!Y4­�(���

S(�á¶Í&��Tã=K$)}~�*&P	b¨34!Y4­�(���S(��

P	��'¶Ö��2­m�����N$!§ÓÔ)}~6Í&�����#çÈË

�$ 

2.1 ������� [33] 

­m������¨èéK������Ê34!:âõ�1�»�����<Ê3

4<#/Î�þ�èéK�	<âãïäÎÌ�ù'��<©ª�å0×æµ����

�$¢
)}~�­m����ÛN×£æµ��$­m���­&L�Î (×L�A�

34����<#/Î) 2µ�Î (×lmS\��Î�2Ê����<34#/ÎØ¶

lm��) ¡����±$)}~¬&op ¡	 ñR���"�èéK�º���¯

ö�34#/S*�Ç!µ�#/Î (×	Î) ����±$ 

»34 i [x³*&��èéK��34«¤­m�#/Î )( Ath
iχ Ì�������

�34<#/ÎÔA�
A­m�#/ÎÌ�ç34*&¨Y4*&P	�±$»���

���34<#/Î-A­m�#/ÎÌ�ç34*&£ç¶èÔ$	i�£Ñ 

� )( Ath
iim χχ ≥ �0 =imV imi χβ é (1) 

ç3¥´Ì� −∞=imV $ (2) 

�� imV = �� m<» iE34<*&é 

 
imχ = ���� m�» iE34<#/Îé 

 iβ = 34 i<�	 (ê�1)é 

 )( Ath
iχ = èéK�34 i�­m��� (ê�1)$ 

ö=�»34[xç*&��èéK��34«¤­m�#/ÎÌ��������

34<#/Î-A�
A­m�#/ÎÌ�ç34*&¨Y4*&P	�±$»����

��34<#/ÎÔA­m�#/ÎÌ�34*&£ç¶èÔ$»����'ë�34<

*&£ç¶èÔÌ�ç�
�y£ì$ 

2.2 ������ [34] 

¶Ö������»¡�����34<ÕÎ¤��¥¦îÌ�èéKc(£
34
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¤¡�����Ø¶ÕÖ$¶Ö��Îb­,£L�Î2µ�Î¡��±��$)}~¬

&op ¡	 ñR���Ç!µ�#/Î����±$
Ì¶Ö��£�	Î�¯�3

4*&Ô-`áM$	i�£: 

�  iinim δχχ ≤− �0 inim VV = é (3) 

ç3¥´Ì� imiimV χβ= � iniinV χβ= $ (4) 

��í í =iδ èéK�34 i�¶Ö���£³Î$çRM	<	§ö�$ 

(3)���§£»¡�����34#/Î<Õ-A¶Ö��Ì��34<*&¤¡�

����Ø¶ÕÖ$£WË�î�5�34<*&!.�Î�±$¶Ö���34#/Î

�Õ������£'¬�¢­ï�çC�
��y$ 

2.3 ��������	
 

)}~�����'¡E��$»�E���ö�èéK�èéU'�Ù4$¨A)

}~Í&op ¡	 �ö�èéKcº�ö�34��¯ö#/Î�S*��Ù4 �

���èéK���34'­m� (�¶Ö) ���0
��Î$%Ã&A�èéK6'

­õ�����S*$»ËE���¯öèéK�èéU'ÖÄ4$ÖÄ4 �����

34`a�'kèéKc'34�� (­m�2ð�¶Ö)�£�kèéK0ñ'34�

�$£S
�;�)}~��'­m� (¶Ö) ���èéK�34­m� (¶Ö) ��

�#/ÎLö$p���­5èéK,£ñ'��K.�Ã&­m���K.�Ã&¶Ö

��K.2öÌÃ&¡¢��K
·���ÑÅ$ 

¨A34­m���2¶Ö��¤*&P	���!òP	�´�«¤�Ç¶�lm

¨8�P	�ST$)}~û¬&¿ó��	Ê34<��Î�ý�1Y4*&P	<�

	Î$£ôõ34�,<öëqr�16��$%¬&;÷���S?$!§ÓÔÊ¢�

����1�ÈË�$ 

2.3.1 ��������	
��
 

­m�������1>øs§Ñ 

1. ù\6'342#/Î$ 

2. ���,��34�!�34Lù#/Î<��Î�£­m���Î<�	! $ 

3. ¨-úÔ!ë�,�34<­m���#/Î$ 

4. !:G�"�èéK<6'Ë
�����S*�åÃ&A���#/Î$»����

��S*��������34<#/Î�A��#/Î�`£������34<#

/Î�A��#/Î�0
����S*­®Ã&���#/Î$�ö�èéK¤ç6

'­®Ã&
­m���#/Î<����S*��
�34�#/Î������
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��0�èéK¤
��#/ÎÌÃ&����$¤ç3¥´§��èéK�Ã&Y4

����$,¼ûü<$ 

5. s 	­m���Î<34!�p��ã=�®² 	��Î<34!Y4����ã

=$¬&�Ô�e�âõ��<�1�Ë\��<�	�eP	Î�Øûü<$ 

6. ô7» 3.4.5>ø�»�34�6'��­m���Î�sC�,Ì�â'>ø 7$ 

7. ���34¤¯ö­m���ÎÌ��	�eP	Î�P	Î�Ô���#/Î×£�

34�­m���Î$ 

8. ��>ø 2�»6'34�sC�,Ì�â'>ø 9$ 

9. ûüÊ34<­m���Î28�P	Î$ô7» 2ú» 7>ø�!ë�¾Ê34<­

m���#/Î�WËØûü��<�	�eP	Î�lú�	�eP	Îýþ£�$ 

2.3.2 �������	
��
 

¶Ö������1>øs§Ñ 

1. ù\6'342#/Î$ 

2. ���,��34�!�34Ê#/Î�<ÕÎ�£�34¶Ö��Î<�	! $ 

3. ¨-úÔ!ë�,�34<¶Ö��#/Î$ 

4. !:WË"�èéK<6'Ë
�����S*��34#/Î<ÕÎ$�ö�èéK

¤6'�34#/Î<ÕÎ-A¶Ö��Î�����S*����
#/Î�Õ��

����0�èéK¤pk����S*�Ã&¶Ö����$¤ç3¥´§��èé

K�Ã&Y4����$,¼ûü<$ 

5. s 	¶Ö��Î<34!�p��ã=�®² 	��Î<34!Y4����ã

=$¬&�Ô�e�âõ��<�1�Ë\��<�	�eP	Î�Øûü<$ 

6. ô7» 3.4.5>ø�»�34�6'��¶Ö��Î�sC�,Ì�â'>ø 7$ 

7. ���34¤¯ö¶Ö��ÎÌ��	�eP	Î�P	Î�Ô���#/Î×£�3

4�¶Ö��Î$ 

8. ��>ø 2�»6'34�sC�,Ì�â'>ø 9$ 

9. ûüÊ34<¶Ö��Î2�	�eP	Î$ô7» 2ú» 7>ø�!ë�¾Ê34<

¶Ö��#/Î��1��Øûü��<�	�eP	Î�lú�	�eP	Îýþ£

�$ 

2.3.3 ���������������	
��
 


����1�ÈË�­,£·�Ñ 

1. ûS\6'34�­m���Î�ýS\6'34�¶Ö��Î�¯";÷lúýþ£

�$ 
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2. ûS\6'34�¶Ö��Î�ýS\6'34�­m���Î�¯";÷lúýþ£

�$ 

3. ûS\��34�­m���Î�ýS\�34�¶Ö��Î�s
!ëS\6'34

�­m���2¶Ö��Î�¯";÷lúýþ£�$ 

4. ûS\��34�¶Ö��Î�ýS\�34�­m���Î�s
!ëS\6'34

�¶Ö��2­m���Î�¯";÷lúýþ£�$ 

�p·�ÈË��­¬&­m�����2¶Ö����6T\<��Î�£��

Î�!Ò��1<Ì�$�·�ÈË�6T\<ýþÎ¯ö�0!��?£��<�16

�$�·�ÈË�6T\�6�Lö�0�±�ýþ?£��	���?$ 

��������	 

3.1 ���
��� 

)}~©Ny�ñ���<�&|Î�!ÌÍÎcÑÏUÐ4����£¬âõ�É

}~$!HIK�R��¤W���}�Ì��1Ê�­õW���<���Ø�\��

W����	
èéK<�©$)}~6ã	��1èé0�£ÏUW�}�2­õ��

<�10�$5HI�_
 [43] 
�¬&,-01êë�ã=��B\·7��8�2 137�

134$)}~�©ç8�2�134�ôB¾=Ø�'�õ­õ4<©NÇ�!��G

H.UV*®.��qr.2WX�õ
·E1º�	Z 11 E�134�Ê34#ç	

§s� 16±$£]¯ötø<9:|Î®'�Ù4<��à/�29:Î'�<34Î

�!ÉÎ�±$Keeney ¼ Raiffa [26] 
 \�34*&<34�,50'��4 

(completely).­��4 (operationally).­,?4 (decomposablely).¶ô74 (nonredun-

dantly).�-H�4 (minimal size) 
Ä750$�p�134<�,! 4E �1�

6ðùF 11 7qr34�
��­5èégh<ôíz4
���*��450$6�

	<34�'�§�®Ô·�õ��*­��450$578qr¢ä,?�]�1�ê

T!
;�U'­,?4$�	<34�A ¡*&'¯ö<qr*��ñ'ô74$�

	<34�U'+�4�ñ'������*�-H�<50$ 

)}~�	<�13425HI��6ù<34'¨�ÕÖ�ÓÔs§Ñ 

1. ��GH �¨ñe().�U().!#�õÌ�2�õ()Ò��*+
34S

($�� ��²��9:|Îf���X�K2G�K6�lmº��X�2G�g

h�¢
!ñe()2�U()+�$5HI6]&<�Uý'34�����Ù<Þ

{��2�Ú	9ÝL��Ç²ù'$�õÌ�2�õ()�Ò�03GH*+�+�

5HI6ù<Ò��õÌ�$ 
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� 1  �������	
��
 

�� ���� �� ��	
 
��


��

����

���
 
��
��

�����

���� �� �� !" #$ �%�&'

()*�� 
10 2100, 

1700 
400, 5 

+,�� ��-. /.01�23�� 6 35, 25 10, 1 
45

67

�� 89:;�8
9��<=>

?@ 

��-. /.89:;�89��<=A
BC>?@ (:;D
E/�:
150�FGHI�) 

6 85, 115 30, 2 

JK8L� MNO-

P 
Q,/PJK8L� 6 40, 55 15, 1 

RS#TUV � Q,S#8L�-Q,W8L� 5 60, 30 30, 2 
,X

?Y

�� 

Z5N[� MN 

 

Q,\]^_#` 500abcd
ef_#` 800abcdgZ5
TWN[� 
(h�.ijkl_N[mF 258
MN) 

6 50, 70 20, 2 

nopq ar 

 

stuTQ,v#wxno (y
z 84{|}~������) �
��� ��_T\����(Q
,����mF 60ar) 

5 45, 20 25, 2 

����pq � 

 

\�6��� �� ����

lpq�����������

 �T¡¢���¡¢£uF¤

��¥��~¦T¢§ (�� 3 
�� 2 �� 1)�(¨©_gT�
���ª 7� ��ª 7� �
�ª 40�) 

5 30, 3 27, 2 
«¬

pq

�� 

­®¯�°± ² 
³#` (´§�µ¯�) ­®
�h(Q,#`W�mF 45�) 

5 35, 5 30, 2 

%¶·¸� � Q,%¶·\���¹Q,�º

\�T»{U�%¶#`�¹Q

,�º#`�»{UT¡¢¼½

8 25, 70 45, 1 
G¾

¿9

�� 
ÀÁÂÃN� N ÀÁÄÅÂÃ>N� 4 1000, 0 1000, 100

 

2. UV*® �¨���Ú	.�Þ�<�y.����	
34S($5HI6ù<�

���UU2��ôÔñ��Ñ¡34�¢'	§��2	ÎL�¡gh�Ç !¯

&$)}~�	<UV*® ��!®ïâUV��<î¬42�õ4�oN �£

ì$ 

3. ��qr �¨"#qr.C$%Ûqr.&�y��'
34S($ÏU�()*+
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<½¨'³º�§�¢ç­½¨,���Ø<*+N��5HI��Ø²ù'�1 

��¢ç��ÏUWY����A()*+á-qrñ'.ÔÕÖ�Ç¯ù'�13

4$5HI��5��qr �<34Î��!Ä;/0�æ��
���£ìÛ�¶

��4<(	�/$)}~Gl/³Ç!®ÚÛN;<	În�±"#qr.C$%Û

qr.2&�y��'
34$ 

4. WX�õ �¨�ê�§;êÝ201��êÝ¡34S($�ê�§;êÝ£�ê�

�º<©N�çÎ9<lmqrÏU<e|()�öÌ��²nÎ�ÈO.2�¬&.

2��34'�$015¥���	£�õº<©N�!5¥�	<�6�±01��

<êÝ�
34­!��\WX�õ<m�êÝ$ 

)q534,(��GH.UV*®.��qr.WX�õ
·E1º�ìí8�¤

AÓÔ�î$ÊE34<7¢­'¯ö���$¬s��1 ���Wb­¨]&K*+ 

(GH).�UK*+ (��).�]&K*+ (��).	
�õK (WX�õ) �·E1º

n8©$�)}~�*&P	ìí�!34£à�6ñR�34s97¢Ø¯qr�34

*&P	�ñR$¤ 3.3Ò����<S*�W�5ÓÔs9ã=L�4�934<ã=

��$ 

3.2 �������� 

)}~!¾*­m���2¶Ö����34*&P	âõUV������¤�W

�134<#/ÎÌ�%�µ§ù~�Ñ 

1. "�34÷�#/Î<¥¦�:;�Êê������<�ÔÎ2�-Î�!·<��

�16�_A­õÑ�î$ 

2. "�34÷�<#/Î<	8%¯-A�Êê������<	8�!ï�*&P	Ñ

ÅÊ����<®Û$ 

3. �W34#/ÎÌ�Ê#/Î�<ÕÎ��W£¯ö�	Î (�%©ª�34A�Êê

����<ÕÎ)�!j�Þ��34�yzv+��234���Î�èéoN$s


�®��èéK�A����Ì¯ö ¡êÝ<ÕÖf��Ø­ï����1�	<

°�êÝ$ 

!�p�¡E~�<�W50�¤�Ô2�<�#/Î�­=¯öÜÝqr�&�#

/Î 2E�]T"E34ú¨' 4E#/Î$¨A�k34<�Ô2�-#/Î<Õ>.

Ô���Í& 4E#/Î5]Ê#/Î��>¥¦�Ô�`�Ù¶�T\�34<¶Ö�

�$£Z?l¶Ö���èé<qr�$%ïùf,34<#/Î$!ñe()£¬�¨

Añe()�*&P	�@634�2ç334�<S*¥´����ñe()2ç33

4��yzv+��¥¦L»��$%�W���#/Î$¬s�ñe()2��34S

*Ì<#/Î<Õ>�2ñe()2UV*®34S*Ì<#/Î<Õ>'6¯ö$Ç5

ñe()ý×,Øïù#/Î�!2,�³·�34�óo��$!
50�¾Ç�ñe
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()<#/ÎE	ï£ 10 E�
�êöÌè	Zñe()Ê#/Î���-Õ>$ç3

Ê34#/Î<E	2#/Î�-Õ>�!�p50öÌè	�ç6�ùA� 1$ 

3.3 	
��
���� 

)}~Í&Z 11 E�134âõÔ1ÏUW�������»èéKöÌº�s


1��34Ì�5m!'*�³·���\�����Ç$%
;ghØ!Ð4;�êë

nã=$op ¡�<�A�W­,£Ë¢ä�2¾FBC�¡Ô¢
 [44]
$Ë¢ä�":

Â�¡E34<¯ö#/Îâõ�1�)}~5º�����S*���gh�Ç)}~

!�6'34�¯ö#/Îâõ�1�¾FBC�âõ$)}~¢�134##/Î1

��Ç�A�W��¶�Í&�¾�¾FBC�âõ�A�W�á!
��f,í¢�W

âõ
 [45]
$Í&op ¡��L�qr� \��K�_�®öÌ��ËúÕE34<Õ

Ö�Ç£Z�*èéK¤����Ì±"®Û<|D������E	234M	�¯E

.�
 [46]
$)}~¿�6�b°±ÕE34���S*�Ã*��K¸¹$Ç)}~!¡E

�����"E����ÕE34<¯ö����S*�èéK��$ 

¨A)}~�341��Ç$%�f,í¢�W�â�>�ã=$ç���534,

Sâõ����<S*��Ê34S*��$%:F��ö�34�
�ö34­�£¯

ö34S*�Ê34<@6�s
î­T\*&P	�6'34�<yzv+��
 [45]
$

!)}~<�Éz4�
@634!ñe()�£ÃE�¢ç2ç334��yzv+�

��®£èéK6Z?$Ç)}~!ñe()�£@634�¤"E����S*��ù

'$ 

¤�W��S*Ì�£îAèéKT\�Ê����<(L�!�����¾F*&

<ÕÖ�Ç5�'�a4�z'qr<34S*¤��$¬s���GH �î<�U(

)2�õÌ�*+342UV*® �<���	.Þ�y.����34<�a4�

9�34	Î�z'qr�cqrèéK�A��*&<¾F ¡±"$`
GSî�3

4z42��qr2WX�õ �<�a4� $̈WX�õ �<�§;êÝ201��

�	<34c2��qr34s"#.C$%Û.&�y��'�34�'�a$�§;

�êÝlmcqr��<34êÝ���<qr201��'�$��§;201���

	<342�U().X�*+.���	.Þ�y.����
34<�a4�¶$Ç

)}~!çz4534,£·¢�ý!��S*z4,(¡¢�!S*�!534L�4

<ghîf;ã=�'*,H34Î�<*&Ir�ïâ��<?Ú®Û$ 

!�p505����S*,(¡¢�»�¢¨ñe()2��GH ���U()

¼�õÌ�2�õ()Ò��*+¡34�!#UV*® �����Ú	.�Þ���

y.����	Õ34S($"�����S*�¨ñe()2£ÄE34!ë�,�¡

E34S($!ë�,Ì�5��GH ��¡34ù£�S�UV*® ��Õ34ù

£�S�":¨¡S�Ê�,�E34�![xJE¯ö34S*$»Ë¢0¨ñe()

2��qr ��"#.C$%Û.&�y��'Õ34�!#WX�õ ���§;ê
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Ý201���	Ë34S($����S(���2»�¢Lö�b[xJE¯ö34

S*$p���­]L�4­®�9�34\É¤ö�����S*��­¬&���1

lm?è34L��gh$)}~�"_��K�j� 12 E����S*�ç���Ç

Yñe()^<Ê34�ú¨\ÉAË����S*�$ 

34#/Î<\É!����ã=�û!34<#/E	.�,­Ê#/Î_AK	

�<¥¦�ý¨LM��[xK	�!
�,#/Î$
�ê¨LMê�ã=$��S*

�ê%G�����S*�Ê34#/Î<*=4�!]��K¸¹Ì®NOÔP���

�S*<�§234�<yzv+��$����S*�34#/Î<�W%©ª34�

yzv+���­®¥¦$¬s�ñe()2��qr �<34S*Ì�ñe()<3

4ÕÎ��-��ñe()2UV*® �<34S*Ì�ñe()<34ÕÎ0­�

Ô$»34#/Î'�a4Ì��©N��S*Ì#/ÎÔ-<�Ù4$¬s��§;ê

Ý34#/Î�9<�����çñe()<34#/Î���9$
^�S*����

Ì�ôõµ��º�µ��º<ÉÙ�×ö�S*������Õ34<#/Î��A�

�A£������
Ì5¶�2TÊ34��yzv+��$)}~¤B	H0Çû¨

LMê��,34#/Î2S*�����ØQY¯*=2¶�±¼34yzv+���

����S*$bÇý!����âõGR$ 

3.4 ���� 

)}~<�É�Ù�ÌÍÎcÑÏUW�������¢
��K%U'y��º<

@ST®!#����èé<®Û�Ø�ÌÍÎcÑ�y�2Î�ñ�'L»�Z?$£

Z?@S�U2õ	f���V����Ù:FZ�W2���õ	f�!#y�2Î�

ÈO'�<@S�Ò�U$ 

���Ù£ÌÍ�	
 (2y�#Î�ÈO'�<�
XYú�.Zú�.[\.Ü

�.Ñ�.Ñ�[\).�W�_ (2y�f�'�<èé�_�sy�fW	].UV}

~6.9^_WXÏUS.õ	`Gñc.}©c).ÌÍ�Ñ2Î�ÈO#y�'��

i�aF ((bÔiy�c=diÐ.Î�WIÐ.�eÔifUc=Ð.ghd�Ôi

¯i[GHÐ).2i¤ÌÍÑÒj y�HIS��kgZ] (�l.mn.o�.pE)


$)}~<g���!»º,q¸¹�!rs��ã=$��2�ý¥´,¼£ÌÍ�

	
È\ 30t��ý 29t��W�_È\ 30t��ý 22t�iKÈ\ 20t��ý 16

t�@ÅÈ\ 20t��ý 14t��W�� 100t��ý'*g� 81t�u 81�$¸¹

�)	�W 972v$ 

��K!wU�� (w 68t�x 13t)�ìí£�t� (25y!§ 1t�26ú 35y

25t�36ú 45y 28t�46ú 55y 21t�56y!� 6t)��!9iuz� (}~6!

� 52t�Ôi 24t�Ô@!§ 5t)$ 
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)}~úûñR�£��à��Y4�����ý,¼ñR­m�����.¶Ö�

���.­m���2¶Ö���¾*���Ø��Ê��<{*$Ê���¬& GAUSS

|}~Fê��!�Ô�e�âõ�1$ 

4.1 ������ 

Y4����<�16�s� 26±$���Ê34<�	���³·$Y�õÌ�

2�õ()Ò��*+34<�	�¯°�^�çR34�L»°�$
6��±¬&o

p ¡	 ñR�34*&P	·�­ò\Ê34��yzv+��$���<�e� 

� ρ 2
Î�£ 0.1197��±����Ø²©N��ôí�?ÚM	$)}~�����Ø

��	�Ç¶�T\L�A��u'y��e� �$ 

� 2  �������	
�� 

�� � � �� ��� (t�)  

	
�� 
� −0.0051 (−4.9) 

���� 
��� −0.0603 (−2.0) 

�������������� 
��� 0.0179 (1.3) 

�����  !"�# 0.1048 (4.8) 

$%&'() � −0.0276 (−2.5) 

*+!,�  ! 0.0667 (3.9) 

-./0 12 −0.0349 (−2.6) 

3456/0 7 −0.0570 (−4.7) 

89:;<= > −0.0390 (−3.7) 

?@ABC � 0.0409 (3.4) 

DEFG!� ! −0.0007 (−2.4) 

H�� 
LL(0) 
LL(ß) 

ρ 2 

972 
−673.7418 
−593.1970 

0.1197 

4.2 ��	
��� 

­m�����<�16�s� 36±$¨AÊ34�#/Î�£H�Î�Ç�1­
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m���ÎÌ�®!LùË#/Î�<��Î�£±"��/$��<­m���Î£L

ùË#/Î<�ãÎ$ÔA (-A) ����±»�����34�#/ÎÔA (-A) �
�ÎÌ�èéK5¯c�,�����$��Ê34��	Î (tÎ) �Ã&Y4����
����S*<�16�$¨��­�\¤©ª­m���Ç����?Ú®Û'Ô��

áâ��e� � ρ 2
¨ 0.1197 ï�� 0.2572$Y4����Ê34��	Î�'L»Ô

�áM�Ôf,34��	ÎM-���'f,34��	ÎMÔ$Ê34�°�êÝ    

(t Î) �'¢e�áM$p�±©ª­m���Ç�f,34��yzv+��'ZL»
Ô�áM$ 

¤­m�����1�ê�­®\É§ùÕ�¥¦Ñ�����S*�<6'34�

���K�¶­m���é�����S*��'�34����K'­m���é2�

����S*�'¡E!�34����K'­m���$»�2»Ë¡�¥¦�¯%£

õã=$»Õ�¥¦Ì�$b�����S*�C���Ã&­m���34<#/Î�

�A£��� (s
�®�µ­m���<±	/0)$
Ì34�1�ûÇ:ëØ¯q

r��<�16���­®qr��K�åÃ&��34£­m���<±"$£?è


gh�)}~¤�1\����Ç�ý5Ê34<­m���Î��+'Ê��K���

��S*��!ò\�å«¤»Õ�¥¦$�'
¥¦�05L�34�ù£���K�

­m���$ 

¤ 11E34��Y�U().�õÌ�2�õ()Ò��*+."#qrÕ34^�

çRÊ34�­T\­m���$5��Î+'Ê��K<op ¡	 Ç�­T\Ã&

Ê34­m������K$Ê34Ã&­m������K¤ 4�ú 17�<�$iK.

@Å.�
.�W�_·GF�.�"�'­m����34	�yL»md��£�9

A 1$'­m����Ê34��ñe()2�Þ�<�y!�W�_�y�9����

Ú	.&�y��'.�§;êÝ!�
�y�9�����	!iK�y�<�C$%

Ûqr!iK�y�9�01���	0Ã&�	�¨$ 

�Ã&­m���34<��Îk'Û�Ç­ÈÉ��Þ�<�y.C$%Ûqr.

&�y��'.01���	
·34<��Î�£­®��Î�<�-Î�
6��±

Ã&pk34�����K­®�!pk34�£è	4��
34$3�¯®ïä�9

�Þ��y.�C$%Û�qr.&��y���'.!#ë9�01��$ 

4.3 �

��� 

¶Ö����<�16�s� 46±$¨��­�\¤©ª¶Ö��Ç����?Ú

®Û'Ô��áâ��e� � ρ 2
¨ 0.1197 ï�� 0.2967$¶Ö����<?Ú®Û°

b�A­m�����$��Ê34��	Î'L»Ô�áM�6'34��	Î�M

Ô��ï���yØ¯Lö$6'34�°�êÝ (tÎ) �Îï�$p�±©ª¶Ö��
Ç�f,34��yzv+��'ZL»Ô�áM$ 
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¤¶Ö������1�ê�������S*�Ã&¶Ö��34<	8�Ã&3

4<±"Ø¶qr�­¨���1�êã=$5��Î+'Ê��K<op ¡	 Ç�

­T\Ã&Ê34¶Ö�����K$Ê34Ã&¶Ö�����K¤ 8�ú 27�<�$

iK.@Å.�
.�W�_·GF�.�"�'¶Ö���34	�y'L»ÕÖ��

¡GF�£ 1.5�`Ç¡GF0�£ 2$'¶Ö���Ê34���U().�Þ�<�

y.C$%Ûqr.�§;êÝ
34!�
�y�9�����	.01���	!�

W�_�y�9�çRÊ34¤¯öGF�0¶.ÔÕÖ$ 

�ôí�34ñe()<¶Ö��Î£ 30����±����ñe()<ÕÖ¤ 30

��îÌ��k��Kc(£Ø¶ÕÖ$��E9þ 2,000��WX`a�pE	��3

*=$01���	<¶Ö��Î£ 900���±Ã&���K���34#/ÎÕÖ�

Ô������'6Ñ¼$çRÊ34<¶Ö��Î�£)}~6�W��Ô­®¶Ö�

�Î�
6��±pk34¤E¼Ã&���K<����èé�Ø²Cù'©ª$�_

��1}~ÔÎ��èéK¤�1Ìc56'��134�ù'©ª��pÈÉ0 \­

®'f,èéKØ²5�k34ù'�1<©N�$ 

4.4 ��	
���

����� 

¾*��¬&¯öÈË�6T\<�16��ÐLö�ç6�s� 56±$¨��­

�\Ê34�	<���³·���L»°�$��Y4����2Õ����Ê34<

t ÎÇ�­ÈÉ©ª­m���À­ï���<?Ú®Û��Ã&
��<����S*

¤�1Y4*&P	Ì�ß�Y�¤�)	½¨�¥´§�34<°�#/­®�<$`

¶Ö��­ï���<?Ú®Û���)	Ø²áM�Ç34<°�#/¢`ï�$¾*

����e� � ρ  
2
Î£ 0.3784���pÕ���9\Ó���±���?Ú®Û�%

¡$ 

��� 3.4.5<��ÎÇ�­ÈÉ¾*��Ê34�­m� (¶Ö) ��Î2­m

� (¶Ö) ����Ø¶¯ö�`�Ã&Ê34��Î���Kb¶¯ö$p6��±­

m���2¶Ö����1z£QR�Ø¯c�
qr$!§�
�!ÓÔ$ 

���34`a���K�èéH0­,(¯Ã&��.�Ã&­m���.�Ã&

¶Ö��.öÌÃ&­m���#¶Ö��·�¢T$�Õ�¢T���K�­m���

Î2¶Ö��Î<�1z¯qr$»��KöÌÍ&¡����èéÌ�0%¨��èé

H0�!ÓÔ$¨»ËÒÊ�����ÓÔ­L�������S*<�34Ã&­m�

���0��K$%��
�34#/Î��<����$�<�������S*<�

34Ã&¶Ö���0��K$%��
�34#/Î��<����$���Ó��ö

���K`a�çÃ&­m���<��S*2Ã&¶Ö��<��S*�z��Ç�1

Ì�
QRz¯qr$
6��±¾*����15L»'*y$ 
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� 3  �������	
��
 

�� � � �� � ��� (t�) 	
�
�
�

���

��
���

���
����
���� (����
���������)

� !" #$ −0.0040 (−3.5) > 1900 12 (1, 3, 3, 5) 

%&!" #$'( −0.0478 (−1.5) − − − 

)*+,-)*!" 
./012 #$'( 0.0323 (2.0) − − − 

34)5� 6�7'8 0.0483 (2.0) < 52 17 (5, 2, 8, 2) 

9:;�<= �� −0.0227 (−1.9) > 30 8 (1, 1, 2, 4) 

>?�@� 6� 0.0311 (1.7) < 65 11 (1, 3, 4, 3) 

ABCD EF −0.0268 (−1.9) − − − 

GHIJCD � −0.0308 (−2.3) > 3 12 (5, 3, 2, 2) 

KLMNOP Q −0.0269 (−2.4) > 5 14 (2, 2, 7, 3) 

RSTUV �� 0.0247 (1.8) < 59 16 (3, 3, 7, 3) 

WXYZ�� � −0.0007 (−2.6) > 0 4 (2, 0, 1, 1) 

["� 
LL(0) 
LL(ß) 

ρ  2 

972 
−673.7418 
−500.4478 

0.2572 

\]����� 81�^_��� 16�`
�� 14�`�� 29�`�� 22�^

� 4  ������	
��
 

�� � � �� � ��� (t�) ab�

�cd�

���

��
���

���
����
����(����
���������)

� !" #$ −0.0106 (−8.5) 30 27 (5, 5, 10, 7) 

%&!" #$'( −0.1451 (−4.4) 10 17 (2, 2, 10, 3) 

)*+,-)*!".
/012 #$'( 0.1165 (5.9) 30 27 (5, 4, 8, 10) 

34)5� 6�7'8 0.1770 (7.2) 15 8 (3, 0, 1, 4) 

9:;�<= �� −0.0645 (−4.4) 30 13 (2, 2, 6, 3) 

>?�@� 6� 0.1165 (6.0) 20 9 (2, 1, 1, 5) 

ABCD EF −0.0752 (−4.0) 25 9 (1, 2, 2, 4) 

GHIJCD � −0.0861 (−5.2) 27 8 (1, 0, 6, 1) 

KLMNOP Q −0.0607 (−4.2) 30 10 (1, 2, 3, 4) 

RSTUV �� 0.0964 (6.6) 45 11 (1, 1, 6, 3) 

WXYZ�� � −0.0010 (−2.8) 900 13 (1, 2, 4, 6) 

["� 
LL(0) 
LL(ß) 

ρ  
2 

972 
−673.7418 
−473.8228 

0.2967 

\]����� 81�^_��� 16�`
�� 14�`�� 29�`�� 22�^
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��
 

��efghi������ 
(�����������) 

��j �� ��� 
(t�) 

	
�
�
�

ab
�
� k��	


��

k�� 
ab�
 

l+��
	
�-
ab�


� !" #$ −0.0088 
(−6.7) 

> 1900 30 7 
(1, 2, 2, 2)

22 
(5, 4, 9, 4) 

5 
(0, 1, 1, 3)

%&!" #$'
( 

−0.1396 
(−4.0) 

m 10 0 17 
(2, 2, 10, 3) 

0 

)*+,-)*!
"./012 

#$'
( 

0.1031 
(5.0) 

m 30 0 27 
(5, 4, 8, 10) 

0 

34)5� 6�7
'8 

0.1294 
(4.9) 

<52 15 17 
(5, 2, 8, 2)

8 
(3, 0, 1, 4) 

0 

9:;�<= �� −0.0554 
(−3.7) 

> 30 30 8 
(1, 1, 2, 4)

13 
(2, 2, 6, 3) 

0 

>?�@� 6� 0.0811 
(4.0) 

< 65 20 11 
(1, 3, 4, 3)

9 
(2, 1, 1, 5) 

0 

ABCD EF −0.0684 
(−3.5) 

m 25 0 9 
(1, 2, 2, 4) 

0 

GHIJCD � −0.0624 
(−3.6) 

> 3 27 12 
(5, 3, 2, 2)

8 
(1, 0, 6, 1) 

0 

KLMNOP Q −0.0467 
(−3.2) 

> 5 30 14 
(2, 2, 7, 3)

10 
(1, 2, 3, 4) 

0 

RSTUV �� 0.0815 
(4.9) 

< 59 45 16 
(3, 3, 7, 3)

11 
(1, 1, 6, 3) 

0 

WXYZ�� � −0.0010 
(−2.9) 

> 0 900 4 
(2, 0, 1, 1)

13 
(1, 2, 4, 6) 

0 

["� 
LL(0) 
LL(ß) 

ρ  
2 

972 
−673.7418
−418.7872

0.3784 

\]����� 81�^_��� 16�`�� 14�`�
� 29�`�� 22�^ 
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�7�
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 !EI��JK���
LM� 1EN" 

� 6 &��O.PQ (R
S�T0UV) WR
XYPQJ�
Z[\]^_`

a��b[cdefghQ
 [47] 
i�j 

�kYl0 µW mn[lo0&j 

))*/(),cov(2/)var(/)(var(*/)/var( 2222 λµλµλλµµλµλµ −+=  (5) 
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������
��� 

	
��
-ab�
nohi p�qrhi 
��,�<� 

st� (udv) 95� 
wxy, st� (udv) 95� 

wxy,

)*+,-)*!"./
012'%&!" 0.7 (0.5) 0~1.7 0.3 (0.4) 0~1.1 

34)5�'%&!" 0.9 (0.9) 0~2.7 1.7 (1.9) 0~5.5 

%&!"'� !" 15.9 (5.9) 4.1~27.7 11.8 (6.7) 0~25.2 

9:;�<='� !" 6.3 (3.1) 0.1~12.5 5.4 (3.0) 0~11.4 

>?�@�'� !" 9.2 (8.5) 0~26.2 13.1 (11.5) 0~36.1 

>?�@�'34)5� 0.63 (0.6) 0~1.83 0.64 (0.8) 0~2.24 

ABCD'� !" 7.8 (3.2) 1.4~14.2 6.8 (3.5) 0~13.8 

GHIJCD'� !" 7.1 (2.5) 2.1~12.1 11.2 (3.3) 4.6~17.8 

KLMNOP'� !" 5.3 (2.2) 0.9~9.7 7.6 (3.4) 0.8~14.4 

RSTUV'� !" 9.3 (9.8) 0~28.9 8.0 (8.7) 0~25.4 

WXYZUV'� !" 0.11 (0.05) 0.01~0.21 0.13 (0.07) 0~0.27 

 

�� 6�p�qh1rs��
Z[\]^_`a[m1j 

1. O.PQWR
XYPQtuvwd& 95� 
���>xyzF�ZWzF
�{|�

S_W}~
���
Za0[mn&���"�N����bS_���nW���

�[}~
����n����o����W����"��a0mn[��nWuv

�Z���O.PQ[����1�" 

2. O.PQ��z�0W}~
���
a0[mn& 0.9��N��!��3��  0.9

¡¢�}~
��B3£2¤� 1¥¦�z�"��N§�¨& 25¢�}~©�ª«

�¬"R
XYPQE­®[§�¨& 47¢"�cde���O.PQmn[¯°±

1R
XYPQ²�³2" 

3. }~
�W�	
���
a0[mn& 15.9"g�	
�W}~
�['´µ¶`

a��q­·�!a0mn[¸0&�����¹'ºW¹»º[¼
 [48]
"�½¾}~


�W�	
��q'n�N�¿À¹'ºÁÂÃÄ�=�nÅ&��¹»º[���

�"��
mn�¸0& 0.06 (cde& 0.02�uv�Z& 0.02~0.10)"��}~�&

30 ��gÆR>+QEi[¹»º& 0.03�ÇÂÈÉ[uv�ZÊ��NO.PQ[

���Ë.Ì"R
XYPQ[��8Í² (¹»º��n& 0.09)�Î¯°±1� (u

v�Z& 0~0.19)" 

4. ÏÐÑ[mºW�	
�Z��
a0[mn& 6.3��N��!���  6.3 ¡¢�

�	
��BÒÓ 1� �z�ÐÑmº"�0ÔWË3£5 65¥¦z�¶�1� z��
ÐÑ�Z��& 7.5VÕ��30���Z�n�Ö"R
XYPQ[��W��Ö" 
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5. ¤�¦×0W�	
���
a0[mn& 9.2��N��!���  9.2 ¡¢��	


��B�  1¥¦�¤�¦×"�n1R
XYPQ&Ø�Î¯°±1²" 

6. ¤�¦×0W��z�0[mn& 0.63�WÅÙ( 1[����"�nWR
XYPQ

[���Ö��¯°±1�" 

7. ÚÛÜcb�ÝÞßàW�	
���
a0[mn& 7.8 (cde& 3.2�uv�Z&

1.4~14.2)"áâãäW�	
�[a0mn& 7.1 (cde& 2.5�uv�Z& 2.1~12.1)"

åæ\çèéW�	
�[a0mn& 5.3 (cde& 2.2�uv�Z& 0.9~9.7)"<�

ÚÛÜc[�n��êëìÍ²��#í�îïð��	ñò
�ßà���!óÚÛ

�n�ô��ó��2"�õ6ö�R
XYPQ[��Í²÷±1ð" 

8. øhù÷±W�	
���
a0[mn& 9.3 (cde& 9.8�uv�Z& 0~28.9)��

N��!���  9.3¡¢[�	
��B� øhù÷± 1�"q 60úûüP[ý~

þ�6ö��N3�  1 úû[øhùæ÷Ï�  15.5 ¡¢"g���ì«�ð�ý

~þ�ü���
 [43] 
Ê	EÁ�3úû
R��	�øh
�1²

�¨2� 11 ¡

¢�1GøhÑ�[	�
�1²
Ñ�¨2 5.5¡¢ (1.2; 1.5úû¨5 1GÑ�)"

ÈÉ�����nW��[	�
��Ö"R
XYPQ[3úûøhùæ÷
�[­

®n¨& 13.3¡¢" 

9. ��Có¦0W�	
���
a0[mn& 0.11 (cde& 0.05�uv�Z&

0.01~0.21)"�mnCD%��Có6�æ÷�eEÏ� �Y«
������"0.11

�N5 1000¦�rCó��Ï�  110¡¢[
�"�
��Ö(��º& 6���	

ñò& 1800; 2000¡¢����[���Y«
�"R
XYPQ[��1²" 

�qÈV����O.PQ��®���Ë���J�
Z�\]^_`a��Ë.

Ì��N Â���W�o���O.PQ�ð���R
XYPQ���# �Î�


a0n�1&.Ì" 

��������	 

�!:{EÉ���½¾E��[��!ó! iG
"+,�R
S�T0#$��

N&j 

ij

n

j
jiU χβ∑

=
=

1

 (6) 

�b n&�
[0%��½¾&�� 11G�
g'&�	
�(}~
�(zF�ZW

zF
�{|�S_(��z�0(ÏÐÑ[mº(¤�¦×0(ÝÞßà(áâãäß

à(åæ\çèé(øhù÷±(��Có¦0" jβ &! j G�
)�®[*0��a

0nL� 5EN" ijχ &! iG+,! jG�
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Ë��!óE5+®�
���������o����(6)Q,&�ó! iG
"+

,[S�"�Ë��!ó-.�
5���,/óS�T0 q01"qhg�����

W�o��VH23"4567������89"Ë��!ó-.�
5������

6-�
"+,:.�
�wdnb5;<�G=(>�
������n����
W

>+,ó��!�S��&?�@ð�����!*A>+,�Yº&B"C-
"+,

�E5�
�D(>��!��������>+,ó��![S�L(6)QEN" 

Ë��!ó-.�
5�o���ÎEó�í2+,�*A8Û��FÌ�+>81

&GH"qhVHIJ�8923"!��89íË��!ó-.�
5�o����J

+,Z�
wdn[��ð(�o��n�����o��JKLMN��J+,J�


[S�n�L(6)QEN�K/�;<01"!:�89íË��!ó-.�
5�o�

��6E5J+,Z�
wdn[��Ù(�o��n����/ÀE5+,5�o��

�
�wdng(3)Q01&�����:.�
t+®�ÀKLMN�"!<�8í��

89���/Eó�#�OP'Q"RL��#�'ST�+,Z-�
[wdnJ��

o (wdn[�Ù(�o��)�TU�+,Z-�
[wdnV��o��SU�+,Z

-�
[wdn85�o[OP'Q"�½¾����![%�t(+*�W��
"+

,�=��hÉ+>FÌ"45t2G
"+,b;�*X�+,�g(3)QW(4)Qp�

��+,b5�o��[�
[wdn�J·Y��+,tÃÄJ�
�o��h�GH

*AYº"Z���+,b*X*AYº1²�+,W[\*X�]�
"+,�F+

*�L�K^�F;+*�W�+,&_"�`ZqW�+,&ad�g/p���
"

+,5�o��[�
[wdn�Zg�01`[�
wdnbÂ2cXYPQ�p�J


"+,�d*Yº"C��!óJ�
���o����e5�o����J+,Z�


wdn[��ð(�o��n��>+,J�
[S�nL(6)QEN" 

�½¾��ÈÉ+>E�f�2�
S�+,+*PQ��F��ì«�ý~
"+

,[+*"$ü�g4
 [43] 
ü�ý~
"��Ã¶z/Vhi9(
R¤�jk(�	+

Q(ÚÛßàèél%m½n� 4 G�F
"+,"�b A +,[ý~
R5 4 o�p

RqqrQ
Rs���t��¼²uv
����wRx�tyz¼��{���Jh

���R|�}~\µ���R8qÚiRk���{b����Rq��Rx���{

b�¼t��"�� 61úû��b²
� 25.5úû�øh� 35.5úû"Ñ�5 46��

�b²
Ñ�& 17 �"B +,í�<o
R-.6
�
"�pR¤���{t��;

²uv
����wRx��ù�¼��{����R8x�tyz;��{t��"�

� 60.4úû��b²
� 38úû�øh� 22.4úû"Ñ�5 45���b²
Ñ�& 24

��%Ð~Ïs�]�� 4�ÐÑ�"C+,Va�<o
R-.6
�
"�pR(w

R(�R��`aW+, B����+,W A(B+,[K��t(
R�qr+QW�

ÚRx�+Q��o"�� 62.6 úû��b²
� 45 úû�øh� 17.6 úû"Ñ�5

44���b²
Ñ�& 29�"D+,Va�<o
R-.6
�
"�pR(wR(�

R[ü���`aW+, BW C����
R�FW��+Q5.�o"�� 64.6úû�
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�b²
� 38.9úû�øh� 25.7úû"Ñ�5 45���b²
Ñ�& 24�"g��

G+,�
�ü���Á���	
�(}~
�(��¦0(¤�¦×(ÚÛßàl2

G�
���+®*Ã" 

4G
"+,[�
�
]5D=�K��yW�[+,"L A+,�øhù÷±W

²(ÝÞ�ßàWÙ(��	
�W2"B+,�5}~
�WÓ(¤�¦×W2l�
"

C+,�5�	
�WÓ(��z�0W2(øhù÷±WÓl�
"D+,8�5ÐÑ

mºW²l�
"=/��+,+*+>�FW�+,�+*" 

�½¾��� 5[��W�É[S�T001$8�gü�g4[ü�0��g/·

Y3�4� !ó 4G
"+,�*AYº"À3G��!óJ
"+,[*AYº �

���,�p�J
"+,�·���*AYº"Yº ��+Q5�����íYº¼�

,À��!J
"+,[*AYºnÆ� �"]��íg4 ��,ÀJ� !óJ


"+,[*AYºnWð![Yºy& 1��7
"+,[Yºy&B"J
"+,[*

AYºW*A¦0L� 7EN"��b���K7ígYº¼�g4 �+Q�J���

�[*A�5������g'&+, C(+, B(+, A(+, D"�b+, CV&$

ü�g4�� AHP>+*�[W�+," 

� 7  ��������	
��
� 

  �� � � �� � � 

  A�� B�� C�� D�� A�� B�� C�� D��

�	 (16�) 0.063 0.313 0.625 0 1 5 10 0 


� (14�) 0.071 0.214 0.714 0 1 3 10 0 

�
 (29�) 0.103 0.138 0.759 0 3 4 22 0 

�� (22�) 0.045 0.318 0.636 0 1 7 14 0 

� 

� 

� 

� 
�� (81�) 0.074 0.235 0.691 0 6 19 56 0 

�	 (16�) 0.072 0.339 0.573 0.016 1.2 5.4 9.2 0.2 


� (14�) 0.074 0.367 0.551 0.008 1.0 5.1 7.7 0.1 

�
 (29�) 0.110 0.309 0.573 0.008 3.2 9.0 16.6 0.2 

�� (22�) 0.056 0.396 0.538 0.010 1.2 8.7 11.8 0.2 

� 

� 

� 

�� (81�) 0.082 0.349 0.559 0.010 6.6 28.2 45.3 0.8 

 

�½¾[+®��W$ü���[+®�����UV$%í$ü���EÁ� 4G


"+,[D=�
�3��,W�+,3�D(/�+,"ð�6ö��½¾E���

+>5�GD�"45��½¾��S�T0�ä �J¡ó¢ywdn�
"+,�F

+®"Ë+®£÷b�'��
"+,��¤s>�
"+,J�
�wdn4(>�


$�·WðWWÙwdn[jkÊ���Æ���E�®�S�T0W$5
"+,�F



����������	
��
����

�195� 

m1�K¥r��F¦§"Ë�+,��
wdn¨�$�·jk� (���#©M1ð

��ªe�)���'��+®�
��9/«ó��wdnW�
�FÙü8�¬¦�

,�W$¦§0�.­�FPQ[�®W+,[+®"%�����½¾�+>�ð�Ò

Ó+®EÏ��ZW
�" 

�/��½¾�+>�«óK��Ïs�F+®"RL�C��!9r®���8t

+®
"+,��9ÃÄW��5`��
"���Ë(À���
��o��®&�@

ð"]���½¾E¯�[��°±V1���+®+>2"RL��
Z[\]^_`

a�²y���n��[jk³G����^[´ÃµEWÍ�ô��N&K����-

Zó+,�¶·ç¸¦[g�³�
��W�o���N&����÷±WÍ��V�g

�" 

������� 

�½¾����ì«�ý~þ�
"+,[0��F�¹V��qºÉ
Í�>»¼

�#��!�Í�0��J�f2�
S�PQq�F
"+,[+*�tPQ�½�£

÷��¾6+®�
������W�o��¿À"½¾��L'��R
XYPQE�

f[2�
S�T0��# [��ðUV�
��Ë�������N��ºÉÍ�0

��f2�
S�T0°��Á�J�
Z�\]^_`a"tÃÄ����![���

�Â
�6K���!Z�oÃ
[��hE�f��������o��PQ��ð�

� PQ���# ��(ðUV��
ì5I�(UV��!��������o�

��=óJ�
Z�\]^_`a5�Ëð�ßà"�o��PQ���# D(���

��PQ"��ÃÄ�����O.PQ8ð�� �PQ���# �E5a0��Ë

��Î�Ä1°�J�
a0nZ[\]^_`a��Ë.Ì"�½¾VL'�����

W�o����®]&Åf�JK«Æ�ßà�:�ð�ÒÓ��®�ÇÈ" 

�½¾����NÃÄ������W�o���2�
S�PQt+,+*È5

�Ëð�É ���½¾�L'��.5)��Ê½¾�ËÀ"45��½¾�(Eó2

�
�+,+*¿À�tÃÄ� !ÌÍ	��%mh�ðUV�
�9�'t3�� 

!��;<G
"+,-.b":�#	
�>p�UV� !t-.�
È���n"

L<t2�
�+,+*¿ÀÈ���IË��Î�·+> (RL
"+,-.bÏÂÐ

2��
�Ð2�
"+,)��3��
�K�wdn�#�'t
"+,-.b�Î

K«	
� !�ÌÍÇÈ�np��Ê�½¾" 

�/�tW�+,�+*È��½¾L'J�
��o��n�&>�
wdnZ�

Wð�Ñ���Nó-�
5�o�����!JKr®>�
�t·Y
"+,�*A

Yº�J\ÃÄ>�
"�C½¾L'�o��n1�
wdnZ[Wð�Ñ&Ù��t

·Y�GqÈ
"+,[*AYº�,/�HFÌ"%&���#�'ST�+,Z-�



������� ������ ���� �� ��!�"�

�196� 


[wdnJ��o (wdn[�Ù(�o��)�TU�+,Z-�
[wdnV��

o��SU�+,Z-�
[wdn85�o[OP'Q"�½¾����![%�t(

+*�W��
"+,�=�Ò��hÉ+>FÌ"45t2G
"+,b;�*X�+

,�Y��+,tÃÄ�o��h�GH*AYº"Z���+,b*X*AYº1²�

+,W[\*X�]�
"+,�F+*�L�K^�F;+*�W�+,&_"�`Z

qW�+,&ad�Y�J
"+,�d*Yº"�ÈÉ+>��5���Ð��+>�

��2+,�o��PQ�*AYº¿À�5)��Ê�½¾" 

!<��½¾����!�oÃ
�,UV��!ó-�
5���UV��!8ó

>�
Ó5��"a�È�:íÀ��!�Ô&�G{Õ"C#À��!�Ô&2G{Õ 

(RLÀ��!V&���!(²��!(Ø��!)�ÅÐ#CD��!���F&":

��>óPQ���# (PQ�®�ÖY>(W0��si[ßà��Ënp��Ê½

¾" 

W`��½¾t)*+,-.wdn��·��J\Æ�����
"+,�wd

n�6aq�&*Ã0�r��·wdn"���>�D�íwdn�-.12�1#Á

���!���Í�W�#���n"ÎtEó+®£÷E©M��)*+,���Æ�

I�"�×�8&)*+,-.J¡���
"+,��#ßà��!���Í�"<�

+®8Û1I.���½¾�wdn�·+>�<�+®8Û1I.����
"+,�

wdn�Vnp��Ê�½¾" 

�	
� 

1. Mishan, E. J., Cost-Benefit Analysis: An Informal Introduction, 4th ed., Unwin Hyman, London, 
1988. 

2. Brent, R. J., Applied Cost-Benefit Analysis, Edward Elgar, Brookfield, 1996. 

3. Gastaldi, M., Pradayrol, J. P., Quinet, E., and Rega, M., “V aluation of Environmental 
Externalities: From Theory to Decision-Making”, Transportation Planning and Technology, Vol. 
19, 1996, pp. 207-219. 

4. Bennett, R. and Tranter, R., “The Dilemma Concerning Choice of Contingent Valuation 
Willingness-to-Pay Elicitation Format”, Journal of Environmental Planning and Management, 
Vol. 41, 1998, pp. 253-257. 

5. ��������� !"#$%&'()*+,-%.'/01����������

23456�237�89:4;<�= 33-67> 

6. Odeck, J., “Ranking of Regional Road Investment in Norway”, Transportation, Vol. 23, 1996, pp. 
123-140. 

7. Souza, P. D., Everett, J., Gardner, B., and Culp, M., “Total  Cost Analysis: An Alternative to 
Benefit-Cost Analysis in Evaluating Transportation Alternatives”, Transportation, Vol. 24, 1997, 
pp. 107-123. 



����������	
��
����

�197� 

8. Souza, P. D., Cohen, H., Haling, D., and Hunt, J., “Using ST EAM for Benefit-Cost Analysis of 
Transportation Alternatives”, Transportation Research Record, No. 1649, 1998, pp. 63-71. 

9. Hayashi, Y. and Morisugi, H., “International Comparison of B ackground Concept and 
Methodology of Transportation Project Appraisal”, Transport Policy, Vol. 7, 2000, pp. 73-88. 

10. Hwang, C. L. and Yoon, K., Multiple Attribute Decision Making Methods and Application, 
Springer-Verlag, New York, 1981.  

11. Mollaghasemi, M. and Pet, E. J., Making Multiple-Objective Decision, IEEE Computer Society 
Press, California, 1997. 

12. ?@$�	
��
������ABCDEFG()�H�89I4J<> 

13. Schlager, K., “The Rank Based Expected Value Method of Plan  Evaluation”, Highway Research 
Record, No. 238, 1968. 

14. Hill, M., “A Goal Achievement Matrix for Evaluating Alterna tive Plans”,  Journal of the 
American Institute of Planners, Vol. 44, No. 1, 1968.  

15. Roy, B., “Problems and Methods with Mu ltiple Objective Functions”, Mathematical 
Programming, Vol. 1, No. 2, 1971, pp. 239-266. 

16. KL8�MNO���P-Q�.'-R1������2457�89;4;<�= 65-86> 

17. Schoemaker, P. J. H. and Waid, C., “An Experimental Compari son of Different Approaches to 
Determining Weights in Additive Utility Models”, Management Science, Vol. 28, No. 2, 1982, pp. 
182-196. 

18. Zhu, S. H. and Anderson, N. H., “Self-Estimation of Weight Parameter in Multiattribute 
Analysis”, Organizational Behavior and Human Decision Processes, Vol. 48, 1991, pp. 36-54. 

19. Saaty, T. L., “A Scaling Method for Prior ities in Hierarchical Structure”, Journal of Mathematical 
Psychology, Vol. 115, 1977, pp. 234-281.  

20. Zahedi, F., “The Analytic Hierarchy Process*A Survey of the Method and Its Applications”, 

Interfaces, Vol. 16, No. 4, 1986, pp. 96-108. 

21. Fishburn, P. C., Utility Theory for Decision Making, John Wiley & Sons, New York, 1970. 

22. STU��VWX0-QYZ (EBAU) '[\1������2457�89;4;<�

= 117-134> 

23. ?@$�]9^��_VWX0G`'abcdeAfg#CD'/01������2

437�89:4<�= 173-200> 

24. Morisugi, H., Miyatake, N., and Katoh, A., “Measurement of Road User Benefits by Means of 
Multi-Attribute Utility Function”, Papers of the Regional Association, Vol. 46, 1981, pp. 31-34. 

25. Pearman, A. D., Mackie, P. J., May, A. D., and Simon, D., “ The Use of Multicriteria Techniques 
to Rank Highway Investment Proposals”, in: Lockett, A. G. and I dlei, G., (eds.) Improving 
Decision Making in Organizations, Springer-Verlag, London, 1989, pp. 157-165. 

26. Keeney, R. L. and Raiffa, H., Decision with Multiple Objectives: Preference and Value Trade 
Offs, John Wiley & Sons, New York, 1976. 



������� ������ ���� �� ��!�"�

�198� 

27. ]9^�hij��Afklmnop'()*_VWX0G`'/01�������

24q7�89;4;<�= 173-188> 

28. Kroes, E. P. and Sheldon, R. J. “Stated Preference Methods:  An Introduction”, Journal of 
Transport Economics and Policy, Vol. 22, 1988, pp. 11-25. 

29. Hensher, D. A., “Stated Preference Analysis of Travel Choic e: The State of Practice”, 
Transportation, Vol. 21, 1994, pp. 107-133. 

30. Daniels, R. F. and Hensher, D. A., “Valuation of Environmen tal Impacts of Transport Projects”, 
Journal of Transport Economics and Policy, Vol. 34, No. 2, 2000, pp. 189-214. 

31. Adamowicz, W., Swait, J., Louviere, J., and Williams, M., “Perceptions Versus Objective 
Measures of Environmental Quality in Combined Revealed and Stated Preference Models of 
Environmental Valuation”, Journal of Environmental Economics and Management, Vol. 32, 
1997, pp. 65-84. 

32. Ben-Akiva, M. E. and Lerman, S. R., Discrete Choice Analysis Theory and Application to Travel 
Demand, The MIT Press, Cambridge, 1985. 

33. Tversky, A., “Elimination by Aspects: A Theory of Choice”, Psychological Review, Vol. 79, No. 
4, 1972, pp. 281-299.  

34. Krishnan, K. S, “Incorporating Thresholds of Indifference i n Probabilistic Choice Models”, 
Management Science, Vol. 23, No. 11, 1977, pp. 1224-1233. 

35. Lioukas, S., “Threshold and Trans itivity in Stochastic Consumer Choice: A Multinomial Logit 
Analysis”, Management Science, Vol. 30, 1984, pp. 110-122. 

36. rO^�stu��vwxyWAzmnYZ'()1���	����24{6�2q

7�89;4{<�= 169-186> 

37. Young, W. and Bertran, D., “Attribute Thresholds and Logit Mode Choice Models”, 
Transportation Research Record, Vol. 1037, 1985, pp. 153-170. 

38. Young, W., “The Role of Thresholds in Transport Choice”, Behavioural Research for Transport 
Policy, VNU Science Press, Utrecht, The Netherlands, 1986, pp. 153-170. 

39. |}~������VW��_����YZ'()1���	����2q46�2q

7�89:4<�= 103-126> 

40. rO^�|������������Azmn����YZ1���	����2q4

56�2{7�89:45<�= 565-595> 

41. Roy, B. and Vincke, P., “Relational Systems of Preference w ith One or More Pseudo-Criteria: 
Some New Concepts and Results”, Management Science, Vol. 30, 1984, pp. 1325-1335. 

42. Brans, J. P. and Vincke, P., “A Preference Ranking Organiza tion Method, the PROMETHEE 
Method”, Management Science, Vol. 31, 1985, pp. 647-656. 

43. ����
��c��[\���� !"#$%�&'���(�89:4q<> 

44. rO^�������R����'����E Q�.1���	����2q456�

2J7�89:45<�= 1-44> 



����������	
��
����

�199� 

45. Kroes, E. P. and Sheldon, R. J., “Stated Preference Methods : An Introduction”, Journal of 
Transport Economics and Policy, Vol. 22, 1988, pp. 11-25. 

46. Bradley, M., “Realism and Adaptation in Designing Hypotheti cal Travel Choice Concepts”, 
Journal of Transport Economics and Policy, Vol. 22, 1988, pp. 121-137. 

47. Fowkes, T. and Wardman, M., “Non-Orthogonal Stated Preferen ce Design”, Proceedings of 
PTRC 21st Summer Annual Meeting, Seminar D, 1993, pp. 91-97. 

48. Beggs, S. D. and Cardell, N. S., “Choice of Smallest Car by  Multi-Vehicle Households and the 
Demand for Electric Vehicles”, Transportation Research, 14A, 1980, pp. 389-404. 

�� 1  ������������������ 

��� ����� �	�� 


� �
 �� ���� �� ���� 

1 �� 1 ���� 2 ������� ! 
2 
3 
4 
5 
6 
7 
8 
9 
 

10 

�� 
�� 
�� 
�� 
�� 
�� 
�� 
�� 

 
�� 

1 
2 
0 
3 
0 
2 
2 
2 
 

2 

���� 
"#$%����� 
& 
'()*�+,-.�/0-� 
& 
"#$%�/0-� 
"#$%��� !  
1234����� 
 
"#$%��� !  

0 
2 
0 
0 
2 
1 
0 
6 
 

3 

& 
1234�5634 
& 
& 
1234�789: 
1234 
& 
789:�"#$%�'()*�

+,-.�;<������� 
1234�5634�789: 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

�� 
�� 
�� 
�� 
�� 
�� 
=> 
=> 
=> 
=> 

0 
2 
2 
1 
0 
0 
1 
2 
2 
2 

& 
"#$%����� 
������� !  
����  
& 
& 
1234 
+,-.����� 
1234��� !  
"#$%�+,-. 

2 
0 
2 
1 
3 
0 
2 
1 
3 
1 

789:�+,-. 
& 
789:�"#$% 
1234 
"#$%�'()*�/0-� 
& 
789:�+,-. 
/0-� 
789:�;<������� 
1234 

21 
22 
 

23 
24 
25 

=> 
=> 

 
=> 
=> 
=> 

0 
0 
 

1 
0 
0 

& 
& 
 
'()* 
& 
& 

0 
4 
 

0 
1 
2 

& 
'()*�;<��������

/0-� 
& 
1234 
'()*��� !  

26 => 2 1234����� 2 1234�789: 
27 => 3 +,-.�������� ! 1 5634 
28 => 1 ���� 1 1234 
29 => 2 ���� ��� ! 1 789: 



������� ������ ���� �� ��!�"�

�200� 

�� 1  ������������������ (� 1) 

��� ����� �	�� 


� �
 �� ���� �� ���� 

30 => 1 "#$% 2 1234�5634 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 

3 
1 
0 
3 
0 
3 
0 
3 
0 
1 

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

0 
1 
3 
1 
1 
2 
3 
1 
2 
2 

& 
1234 
'()*�������� !  
1234 
�� !  
1234�5634 
1234�5634�789: 
1234 
5634�789: 
1234�5634 

41 
42 
43 
44 
45 
46 
47 
48 
 
 

49 
50 

?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 

 
 
?@ 
?@ 

0 
0 
1 
0 
1 
0 
1 
0 
 
 

3 
2 

& 
& 
1234 
& 
�� !  
& 
1234 
& 
 
 
"#$%����������  
���� ��� !  

1 
0 
3 
1 
2 
2 
2 
9 
 
 

1 
3 

����  
& 
789:�;<���/0-� 
���� 
5634�789: 
������� !  
1234�789: 
789:�"#$%�'()*�

+,-.�;<��������

������� !�/0-� 
1234 
5634�789:�'()* 

51 
52 
53 
54 
55 
56 
57 
58 
 

59 

?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 
?@ 

 
?@ 

3 
1 
1 
1 
2 
3 
0 
1 
 

0 

"#$%�������� !  
"#$% 
+,-. 
"#$% 
�� !�/0-�  
+,-.�������� !  
& 
1234 
 
& 

1 
2 
1 
0 
3 
1 
1 
5 
 

3 

5634 
5634�'()* 
1234 
& 
1234�5634�'()* 
5634 
'()* 
789:�����������

�� !�/0-� 
������� !�/0-� 

60 
61 
 

62 
63 
64 

AB 
AB 

 
AB 
AB 
AB 

2 
0 
 

0 
1 
2 

"#$%����� 
& 
 
& 
'()* 
'()*�+,-. 

0 
4 
 

1 
2 
1 

& 
'()*�������� !�

/0-� 
+,-. 
789:��� !  
1234 

65 
66 
67 

AB 
AB 
AB 

1 
2 
3 

'()* 
1234����� 
1234���������� 

1 
2 
2 

1234 
1234�789: 
1234�789: 

68 AB 2 1234�/0-� 2 789:�"#$% 



����������	
��
����

�201� 

�� 1  ������������������ (� 2) 

��� ����� �	�� 


� �
 �� ���� �� ���� 

69 
 

70 

AB 
 
AB 

0 
 

0 

& 
 
& 

4 
 

1 

5634�789:�;<���

/0-� 
789: 

71 
72 
 
 

73 
 

74 
 

75 
76 
77 
78 
79 
 

80 

AB 
AB 

 
 
AB 

 
AB 

 
AB 
AB 
AB 
AB 
AB 

 
AB 

2 
1 
 
 

4 
 

0 
 

0 
0 
0 
0 
2 
 

0 

+,-.��� !  
�� ! 
 
 
1234�'()*�+,-.�

�� !  
& 
 
& 
& 
& 
& 
1234����� 
& 
 

3 
7 
 
 

1 
 

4 
 

3 
2 
1 
0 
6 
 

1 

;<��������/0-� 
789:�"#$%�'()*�

+,-.�;<��������

/0-� 
1234 
 
+,-.�;<��������

/0-� 
789:�"#$%�/0-� 
5634�789: 
+,-. 
& 
789:�"#$%�'()*�

+,-.�������� ! 
1234 

81 AB 1 "#$% 2 1234�5634 
 
CD���-� 81-EFA�� 16-G=> 14-G?@ 29-GAB 22-E 

1. HI��J�����K�	��LM�N 43- (�� 7-G=> 9-G?@ 16-G
AB 11-)E 

2. O��J�����LM�N 8- (�� 4-G=> 1-G?@ 2-GAB 1-)E 
3. O��J�	��LM�N 25- (�� 3-G=> 3-G?@ 10-GAB 9-)E 
4. P����LM�N 5- (�� 2-G=> 1-G?@ 1-GAB 1-)E  

  



������� ������ ���� �� ��!�"�

�202� 

 



 

������  Transportation Planning Journal
��	�
� ��
  Vo1. 33  No. 1 
���	����  March 2004 
� 203 � � 226  PP. 203 � 226 

 

�203� 

��������	
��
���

���	����

ADAPTIVE SIGNAL CONTROL VIA AN INTELLIGENT  
TRAFFIC CONTROLLER 

��� Tang-Hsien Chang1 

��� Zhi-Hua Chang2 

(91� 7� 31����91� 12� 19���	
��92� 1� 20� 

��	
��92� 12� 31�
�) 

�� � 

����TCIS (Traffic Communication and Information Station) ����	


��
���������������������� OPAC (Optimization 

Policies for Adaptive Control) !"#$%�&'!"()*+,-./01�2

345678�9:;<=>?@A(BC����DE JavaF"GHIJK

�
TCIS���LEM!N<=�/0!"�OPQRS�>?TU4�VW

XYO�(Z[\23Q]�<=#RS^_ �̀abc�d4eXYO�fg

h]ijk14OP>?l/,mnop1q#r�4+ V/C ^ 0.7 Vs14

���(��
������tVuvwxOPQRS4+V/C� 0.51ym

z��?{�|eijk}~V/C^g 0.814���
����!"�M�1

��?{�e� 

�����������
���������<= 

 

1. ������������������ (� !"#106 �$%&'()*+ 1 ,���
�������)- 

2. ����������./����01- 



������� �	
	�� ��
� ���
	�	��

�204� 

ABSTRACT 

This study develops an adaptive signal control logic for an intelligent traffic 
controller “TCIS” (Traffic Communication and Information Station). The 
method uses two stages rolling on the projection horizon for vehicle estimation 
and phase-changing decision, which modifies the OPAC (Optimization Policies 
for Adaptive Control) model. The proposed method can save time for 
decision-making, and reduce errors from detectors. A system for application and 
simulation of the proposed model is built. The performance criteria guiding the 
decision model is the total delay time, estimated on the basis of queue lengths 
for all the approaches. For the simulations of the study, the model works well in 
conditions of under saturation. The delay observed is reduced when V/C is 
lower than 0.7. This constitutes an improvement compared to a pretime system. 
The optimal effect occurs when V/C has a value of 0.5. However, when V/C 
approaches 0.8, the proposed model gradually becomes equivalent to a pretime 
system. 

Key Words: Traffic control; Adaptive traffic control; Traffic signal system 

���  � 

��������	
��
������������������� !"#$

%&����	'(�)*+,-.����/�0123�/4�5�6�789:�

�/�;1*+<=>?�@A�BCD�����EFGHIJKL ITSMNAO��

�	 !PQRS�T!UVW	�	�XYZ[\+]^_`����	ab�cde

fghijklm2Nn���	XYopq
 [1,2,3,4,5,6,7,8,9]

�r�stcd:uvwxyz

A{�(�|}J~�cdZg�S�	� TCIS [10,11,12] 
opK�)*+�@����c

d�L2Nn�	Z#\�J�pqo���9:��$��	�����u2Nn��

�	o������"�B'�N����A{ TCISO��2Nn�	J 

�pq�d���g��@���(1) 2Nn��o����� J(2) 2Nn���
�o$��	b¡J(3) �	����¢£¤¥¦J(4) 2Nn���	2�W§@¨Jp
q©ª'V,«¬�­o2Nn���	�B\®¯°±�	J²�«¬�­³~�´�

µ'�
¶¥��·¸�¹º»�¼½�mu¾ �o��"�S��	$�¿��J�

pqÀ�ÁÂnÃ�ÄÅ?Æ���ÇÈ�¢£�	����É,�­�	ÊH$��Ë

M#�­ÌÍÎ$Ï��	ÐÑJ 

��OPAC ���	 

�%ÒÓ2Nn����"���gÔÓÕÐ���Ö#×ØÕÐ���MOVA�SAST



�������������� !"��#$%�

�205� 

¤ COMDYCS-IIIÙuÚÛ����ÜÝÖÓ#�ÞnÕÐ���OPAC��ß#ÚÓà

áÕÐ��JâÔÓ��Òg)ãyä�)àáÃ�@å�½� 

×ØÕÐ��)�	W´O�æ��ºçè,©ª�é,ÒÓW	êëàáo��J

�àás�"��ì�	W´íîïhiÕÐW´�)ðñ,òóWôõt�õt ©ª� 2

ö5÷ô��øÖùÕÐW´"�fú�×ØÕÐ���S�àá#ûÍðü�ý/Öù

õt Wô�þk��ü�ý/S�@4êëo<����B�� !ÍÎ�o�	��J

ÕÐ�
ì��ÖùõtW´S����	W´ì�
½�ÖùõtòóWô���O�à

á��o�éJ 

�ÞnÕÐ��ß#OÖ�	�´� 50ö100÷�,)�	ðñ©ª�Bì�	ðñ

©ªíîïhiòóW´õt�G×ØÕÐ��\P�#)�	©ª����æ��ºç

èðñO¤�¥��ºçèðñJ����$2¿W	ÕÐ½����ÚÕÐW	 (�

�)�)ðñM,�æºçðñ�BÄ�	ðñ�½��Öù�æºçðñJ�ÞnÕÐ

��oQ����?l��� !�	W´oWôðñ����M !�æ��ºçè�

"� !�¥��ºçè��ø#$2¿�ÕÐs�"�f#O�	W´d¾g��ºç

è�é,ÒÓW	êë�àá$%J[:)$2¿ÕÐ��ÕV$�W	êëWôä�&

�½��Öù��ðñWô���S�$2¿ÕÐàáJ 

�pq'�N����'(���	� TCIS�S�2Nn�	���	��i)*

® OPAC ���R+�,, OPAC ,�Þnoàá���2{'(S����À�)~

-./01�23,����'�4UV5æoMWab6N������ÕÐ��JO

�7 OPAC��89:;J 

OPAC (Optimization Policies for Adaptive Control) ���: Gartner [6,7] 
²�«¬�­

¾-<o4UV5æoMWab6N������ÕÐ��J=Ö � OPAC$�¿�

�Y (>?, OPAC-1)�,ÖÓ./01��Y��i�´ÕÐs��F@$�¡ÐÑJ

)'�AB#:¶¥�C<�D�¥�@4¹èEº»[F���¥G�Hù5æo5æ

¹è!�?I�J¤KgIoº»�9�üL/�M/�Tm�­$�¿���� (./

01Y)�®¯�­$ðý/G$Ný/O	¤P�PQQR�����W	�	�ES

ðñ�TE¤ÍÎ*Hé,ÊH;ÉJ 

:u OPAC-1aUV�	W´dWX��
=Yºç�Ä��ZN�Wôd��¾g

X[�,Ú OPAC-1�\B\]{WHn��3W'(23|GKY�N��g)^}_

y�`�Ju#g�=× $�¿��Y (OPAC-2) �9mOC OPAC-1./01Y�

OPAC-2��é,� 

1. ì�	W´ T1@,ab�´ (stages)�Toðñ~-uT!�5æðñþcð (� 50

d 100÷)�øù�´f@,XHù (Kù) eT�W´ (intervals)��f', 4þ 5÷ (g

/9Fh�i
Wôðñ)J 

2. øù�´"dj��Ö#���êë�$i8�hdk#��)��l#,�5$�¿

�ab6NÐÑ�mnnJ 



������� �	
	�� ��
� ���
	�	��

�206� 

3. OPAC-2 ��$�¿W	êëoÞ¾5��XY?p$�¿ÞqO	rsYt(Optimal 

Sequential Constrained Search Method, OSCO)J�ÉuH,Ò�­ÊH;ÉoÌ_��

v#��Ò8�X[oÊH;É�8�X[M,��´ nWêëoÞ�aÚÖX[�Ê

H;É���ÖX[,��ß8C �ÖX[�ûßMwxS��ÖX[����$½

M8y<$ÏÊH;É�oX[z{J)ÊH;É (performance function) M,�´d

�{|ES�Dðñ�9��=Y�
H½&}t~Á�
H�Ì_� 

)(),,( 0321 ii
i

n DAQtttP −+=∑  (1) 

)" 

0Q �{|ES�ðñÜ 

iA �øùQ� i¾=Y��
HÜ 

iD �øùQ� i¾~Á��
HÜ 

1t � 2t � 3t �W4êëoWäJ 

OPAC-2����Z� OPAC-1�mMWn�r��mgXù�´��
=Yºç�

+�é�,Ú��\��$�¿s�oÊH����¹è�	X�éCS�M�5���

¶¥�¾-.oºç�O�?��Y (ROPAC) ��	¹èJ�?��Y�ìÖù�´ 

(stage) �ðñ@ï KùW´���´ðñl43uÖù?I5æðñJ:Ò³~�´o�

�¶¥�¾y<% r ùW´�_`�¹ºç (?,��)����� k-r ùW´ ("�) ß

:23�����y�J��é�#ì¶¥��'u��­T���� 10d 15÷�:¹

��WôF���ðñM,�
���¶¥�dT����:¹��WôðñJ)�é�

Þ, (*�� 1)� 

1. ÕV�?l�� k�¤��æô rJ 

2. :¶¥�y<%Öù rùW´ (��) o¹èº»��:"&����½ k-rùW´ ("

�) o�¹ºçJ 

3. À� OSCOY��$�WÞêëÐÑJ 

4. ����æô (��) �WÞêëÐÑJ 

5. �� rùl��?� (projection horizon)���<���´Ü��Q� 2d 5J 

OPACÕV"����gkÓ� 

1. "&UV�� (Fixed Tail, FT)�"&�øÖQ�Eu�	W´?I¹è�fHJ 

2. �/"&�� (Static Tail, ST)��´d�øÖQ�5�Ö\P��)�,�	W´�


=Yo5æn?I�J 

3. ./"&�� (Dynamic Tail, DT)�Û-u�/"&���Mì�	W´d�øÖQ�

do_`�
=YH��s;H?�Y��<J 



��������	
��
�����	����

�207� 

TA IL

PR O JEC TIO N    H O R IZO N

H EA D

PR O JEC TIO N    H O R IZO N

H EA D

PR O JECTIO N    H O R IZO N

H EA D

r0 k

r 2r k+r

2r 3r k+2r

STA GE 1

STA GE 2

STA GE 3
TA IL

TA IL

R O LL
PER IO D

R O LL
PERIO D

 

� 1  ��������
 [7] 

OPAC���f2{N��@���	o«¬�­�F�§"��J¶¥�'�uT

��¤��FÒÖù���·¸¹è¤KgIJ¼ OPACo'��ß"�ú� !ÍÎ

$Ï,)ÊH;ÉJOPAC,�Þn�ÕÐ����æ�
ºç�d���WX�¡�	

W´do�
=Yºç��+gHUVB�	�­ÊH�r#8+:u¶¥�o ¡��

�=�æºç�¢£n�9��	W´�ð�a�� ¡�ì� !g��������

�­ÊH¤¥�þk#GY¦��æo��J,Ú�pqìO¤¥�æ�
ºç� ¡,

X��À� OPACo��ÍÎ¹��O¤�?��Y�BÄ9m§¨W4o���©N

�	W´ðñ�À�×ØÕÐ���}j¶¥� ¡�� !ÊH��o��JBÄú�

Java��ÇÈ�¢£2Nn���	��J 

��������	
��
� 

�­���èªWô�«ä�\á¬.��I­¹èW2�VW���	�r#�¬

.®¯���®°��7�5<�­ÒW4gHý/W´�5�HI¤¥�,Ú'�2N

n���	���7��UVÚÖ�É�������A{¶¥�o'����T��G

��¶¥��À�¶¥��·¸MW��¹èº»�±7#�æ��ºçè (advance 

traffic information)�À���¹è�¥���ì�æ��ºçèêëï�æ²Y�­T�

�o�æ��è (expected traffic data)J��pqo��"ì����æ��è��Ô�

@�Ö#«¬�­³~�´�T��%oES�ðñ�ÝÖ,�Ö�´²YT��o�æ

�
=YèJ 

®è³c´µ¶·ðñ�NÄ�¹¬.����·¸�ðW´ÄWX (�®¯§�E)

��æ��ºç¸��^}���pq-<pÔ�´�?��Yt(*�� 2) é,¹Jº



������� ������ �� � !"#��$�%�

�208� 

N_`���¬¿�Y=2Nn�	���J�YM»¼O×ØÕÐ��CS OPACo

$�¿ÕÐ¹��Mú©N ROPAC��G"�oðñÒ,õt�'Võt, 5÷�©N�

	W´,Ôùõt�´�M, 10÷½�)"õtðñEu�æ��ºçðñJ©N"�ð

ñoãä�\aC<¾ðWôoWX�æ��ºç�ÕÐWô©N�,Úa�æ��ºç

è�� ¡���ÖùÕÐòóWô"8OMWºN�9O¿¢�ÀÁ�æ��ºçèo

 ¡ÂÂ����	ÊH���ñ�ÏJ 

�pqo�­ÊH�Ëú��­ÌÍÎ,ÊH;É�rG OPAC¾\P�u�pq

®è�#§¨W4�ÍÎ�JËM�pqo��OÒ³~�´oES�ðñÌ_, !�

ÍÎ��®¯ÔW4oÒ�´�ES��
H�Oé,y<ý/7o*®$%J 

� 2  	
������ 

3.1 ������ 

�u�pqo !�'V,«¬�­������Ã',� 

1. �æ��ºç\®¯§���J 

2. g/9�FhW´{�,i
WôÄ, 5÷�)Ã'Å%Æ�
«¬�­��­�Ï�

'��g/ 3÷�Fh 2÷J 

3. 4UV5æO	�$�ý/Wô, 120÷�$Ïý/Wô, 15÷J 

4. �æ��ºçðñÌÄ, 10÷�aO?IJI 36km/hr �����¶¥��'ó�a

� 80ö90>ÇFJ 

5. «¬�­g�ù³~�´�úC×W4���W4'���´È�, 1�2�3�4J�

´ 1�2,=ÖW4Ü�´ 3�4,=×W4J 
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3.2 ���	 

�pqo��ú� OPACo¹�9O¿C�9m§¨W4�ÍÎ�����É�¤

O	��É�ÊËÌÍp$2¿�	��N�u� «¬�­2Nn��W	ÕÐ��o

@¨pqt
[5] 
"oO	�9O¿C�)�����u«¬�­Æ��´"CÖ³ÎÍÎ

��é,����Jr��pq"B�C³ÎÍÎ�Ï,�����#ìøÖ�´oÍÎ

´Ðm���Ob<�¢£o�­ÍÎ�J��Á|W� !Ñ��´,FhW´ 5÷�

o½'VX� 1�2 ,{|ý/@4 1�BÄÁ|S�=Ö#��ÌÍÎ�@Ò, Pn1 G

Pn2JPn1 , !Íðý/oÌÍÎ��Pn2 , !��ý/oÌÍÎ���X����

´ 1G�´ 2J 

��´ 1 "�S�Íðý/Wô�ðñ,õt�þk#��ý/S�@4êëoÍÎ

����&
½��Öù�´�M���´ 2oÍÎ��9ÌÔ�´oÍÎ��ß,àá

 !ÊHoÌÍÎ��9Oàá#ûÍðþ���%@4�S�/�êëJ 

�êëoÞ k < i < jW�S�ÔW´o Pn1G Pn2o���aÕVÍðý/Wô�ß

��ÖùW´õt�&S��Ö�´o����� 3 ¾1J3êëoÞ i < k W (k�Min 

GreenTime/õtÜMin GreenTime = 30 secÜõt = 5 sec)�ß!1|GY$Ïý/WôO	�

ì\S�/�êë�þk#3êëoÞ i = jW ( j�Max GreenTime/õtÜMax GreenTime = 

120 sec�õt = 5 sec)�!1ZY$�ý/WôO	�4� !ÌÍÎ#ûàá�Íðþ�

�ü�ý/���4ÓÔSm@4êëJ 

 

� 3  ���
�� 
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�pqo����¹��� 4¾1J]�:;��� 

Pn1(i)�= iùêëoÞ�=ÖW4ý/wxÍðoÌÍÎÜ 

Pn2(i)�= iùêëoÞ�=ÖW4ý/êë=×W4ý/oÌÍÎÜ 

Pn min�$ÏÌÍÎÜ 

T0�$ÏÌÍÎoêëoÞÜ 

Ti�= iùêëoÞÜ 

j�Max GreenTime/õTÜ 

$ðý/Wô�120 secÜ 

$Ný/Wô�30 secJ 

� 4  �����
� 
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3.3 �������� 

�pq�OÒ³~�´oES�, !�ÍÎ��®¯ÔW4oÒ�´�ES��


H�Oé,y<ý/7o*®$%J,Ú�pqo��#OK�u«¬�­�³~�´T

����)�
³~ÍÎ��$Ï¿��Ï,~�Wô��«¬�­$2¿2Nn��W

	@¨o�ÉuHJ 

�ÉuH� 

Min ))()()()(( 4321

1

0

kPkPkPkPJ
k

kk

+++= ∑
=

 (2) 

O	�� 

)1()1()1()1()()1( 432100 ++++++++=+ kPkPkPkPkPkP   (3) 

))()())(1()(())(1()()()1( 115111 kukCLkukELkxkFAkSWLkP ×+−××−−+=+   (4) 

))()())(1()(())(1()()()1( 225222 kukCLkukELkxkFAkSWLkP ×+−××−−+=+   (5) 

))()())(1()(()()()()1( 335333 kukCLkukELkxkFAkSWLkP ×+−××−+=+   (6) 

))()())(1()(()()()()1( 445444 kukCLkukELkxkFAkSWLkP ×+−××−+=+   (7) 

)()(2)()()1( 555 kukxkukxkx ×−+=+   (8) 

)1()1( +=+ kPkSWL ii   (9) 

����� 

)(0 kP ���� k	
��
����������� 

)(kPi , i = 1 ~ 4���� k	
��
��������
������ 

)(kSWLi ���� k	
��
��������
���� !"#$%&� 

)(5 kx ���� k 	
��
���'��()*+,- )(5 kx = 0���./	01
�2(*+�- )(5 kx = 1���.3	01�2(*+� 

)(ku � �� k	
��4567(+89:;,- )(ku = 0���<67(+89�
- )(ku = 1���67(+89� 

)(kFAi ��� k	
��
�������
� !=>?� 

)(kCLi ��� k	
���@A	BC�
�������
�� !DE?� 

)(kELi ��� k	
���FG2(	
C�
�������
�� !DE?, 

3.4 ������ 

HIJ�KLMNOP 4Q��-6RSL Pn1T Pn2UV	���()W./	0
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2(*+�X )(3 kx = 0�FY�Z[\]^_� 

(1) ̀ <a�()�X )(ku = 0�b./c
de���
����W� 

1111 )1( ELFASWLP −+=  (10) 

2222 )1( ELFASWLP −+=   (11) 

333 )1( FASWLP +=   (12) 

444 )1( FASWLP +=   (13) 

 fg./c
����� P(1)W� 

)1()1()1()1()1( 4321 PPPPP +++=  (14) 

 hiSL.3c
����
����O�jdk� 

1111 )1()2( ELSAPP −+=  (15) 

2222 )1()2( ELSAPP −+=  (16) 

333 )1()2( SAPP +=  (17) 

444 )1()2( SAPP +=  (18) 

 lm=.3c
����� P(2)W� 

)2()2()2()2()2( 4321 PPPPP +++=  (19) 

 noZc
SL�lYm=./	02(p<a�()������ Pn1 X"�.

3c
����� P(2), 

Pn1 = P(2) (20) 

 hiSL`a�()������ Pn2�qT<a�()���� Pn1rs, 

(2) ̀ a�()�X )(ku = 1�./c
de���
����W� 

1111 )1( CLFASWLP −+=   (21) 

2222 )1( CLFASWLP −+=   (22) 

333 )1( FASWLP +=   (23) 

444 )1( FASWLP +=   (24) 

 fg./c
����� P(1)W� 

)1()1()1()1()1( 4321 PPPPP +++=  (25) 
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 hiSL.3c
����
����O�jdk� 

111 )1()2( SAPP +=  (26) 

222 )1()2( SAPP +=   (27) 

3333 )1()2( ELSAPP −+=   (28) 

4444 )1()2( ELSAPP −+=   (29) 

 lm=.3c
����� P(2)W� 

)2()2()2()2()2( 4321 PPPPP +++=   (30) 

 noZc
SL�lYm=./	02(pa�()������ Pn2 X"�.3

c
����� P(2), 

Pn2 = P(2) (31) 

oY�a�()T<a�()������SL�lYm= Pn1T Pn2�OP 5�6

7rsFZ[\]� 

(1) - Pn1tPn2�b���%2(������u�2(89��������467

�%2(/evt%&�qwxyz/e	
{|4/evt%&�}~67SL, 

(2) ̀ Pn1�Pn2�b���%2(���������2(89��������46

7(+89�6R@A	B�qwxyz/e	
{|4/evt%&�}~67S

L, 

�xyz/evt %&�byz��.3c
 !=>?"�yzx./c
 !=

>?�O�k� 

ii SAFA =  (32) 

� 5  ������ 
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�yzx./c
��"#$%&Wyz�./c
�����
����O�k� 

)1(ii PSWL =  (33) 

������ 

HIJ�����Nk'����	�F��[������lY��������

'�������	��=���'��� 

(1) ��Nk� 4�¡¢£¤lY¥¦§¨©� 

(2) ª�«��¬Y­®, 

fg�¯Z°f±'�?����²� Java ��;WH³k'�������fW

Java��4/[�F´µ¶w'·¸��plY¥¦§¹7'Nk���º�)»ª�«

� �¼½'¾¿ÀÁ��;�Java ÂÃÄ�¯¦§�;Å,fg�Æ� Java ��Ç�

��4ÈÉ'��, 

fWHIJ� Æ�Ê¨ËÌ«'ÍkÎm MÏÐ�ÑÒ67ÓL�Ô��ÕÖ�

×�� !ËÌ«ÎmÏÐFØÙ�fgÚ� M?ÏÐÛXÜÝ !ÏÞßÆ� Java

NkÇ³àËÌ«áâ !�qpQ³àáâ' !=>ãäåÄæçè (Poisson) ã

ä, 

HÃ�¢)»ª�éêëNk£¤ìíhî !ËÌ«ÏÐx�67���'SL�

ïno���rs'UV�ð���ñGÈò�¹7óô�ÈxNkõö45a�(+�

Þ),ëNk�£¤OP 6Q��÷øFÚ����O�� 

Pn1(i)�. iec
2(ùú�%����� 

Pn2(i)�. iec
2(89����� 

T 0�2(	B� 

T i�. ie89ûü� 

Max_Green�È�2(	B 120 sec� 

Min_Green�Èu2(	B 30 sec� 

SOSTC�	089�"#$%&� 

SWL�"#$%&� 

SSS�	0*+�0�./	02(ý1�.3	02(, 

�þ�¨S��ëþ�lY¨���de�
"#$%&ýÈ�2(Y�È�2(�

	Bý���ì��S	/
Ý	BýËÌ«�R�ÏÐý<a�()��� Pn1ýa�

()��� Pn2,ëþ��F
�ý�:ý��Y���de��������K;
Ý�

ìí./	0Y�.3	0'89c
�yz��evt�Y���./	0�.3	0 
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� 6  ������� 
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��	B,þ��ÍW��(+��P��-��¹7	�����)»(+'*+,f

Q¨S�Ã�¢)»ª�éê�� T !ËÌ«�h�ß !ËÌ«���ÏÐ8�Ü

ÝÏÞ%&�fg�F³à !áâ'þ����	��áâ� M?���ëNk67

 !SL,P 7WNk��¹7x�ëþ�"k, 

 

� 7  ������ 

P 8W/#P$�-ø��-./	02(¹7=. 7c
	�<a�()����

W 14��a�()����W 11�a�()����su�QYn%&x�6R@A	

Bc
�q67	089,fg�S./	02(�'¹7 7 ec
�2(	B�' 35

�,6R.3	02(x�<a�()����/(��a�()������fWÈu

2(	B��W 30��QY<67	089�¹7=. 7c
	�.3	02(	a�

()���W 25u�<a�()'��� 27�fgn%&6R@A	B�67	089�

fglYm=.3	02('¹7 6ec
�2(	B�' 30�,QYm=./e
Ý

	BW./	02(	B)�.3
Ý2(	Bï)�Z*@A	B 10 ���'
Ý%

&W 75�, 

n+Y�UV}~67����SLTrs�lYm=	/c
'���Y�Èò	

0¨��q��QF
Ý�OP 9, 
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������� 

HIJ��Y§,-%.�T/0,�12�W$�Æ�3456ÏÐTÕÖ56Ï

Ð67ÕÖ�	ª�T³àÃ�¢ª��rs, 

5.1 ���� 

§,-%.�7/0,�12�W893	0ª�����%.�W: Aä©�%

.�;�<Íw�¨�W���
 1�=>(7ý?8�@8�%.�<�;Íw�¨�

W���
 2�=>(7�?8��4A�@8,/0,�����1:wBäF@8 

A�¨C�,Íw¨�W���
 3�,�CÍw¨�W���
 4,� 1WD��'M

w�	�Sþ��÷
Ý%&��	0�2(	BãWEF7GFZ[��EF	B
Ý

%&W 200��GF	B
Ý%&W 150��÷øìí�	0@A	B�H()�IJ	

B' 5�, 

� 1  ��������������������� 

 �� � � � �����	 
����	 

� 

� 

1 

 

90 
 60 
 

� 

� 

2 

 

100 
 80 
 

 

���	)»ª�'0ÚK�7��ñG�L�MÍk�SLNm,HIJ�'�M

45ãO�SLÏÐL÷ø AM 08�02= AM 08�42' 40ãO'P3e
ÝÏÐ,fg

lYNL	/c
�Íw�DEQ�qyLö�Íw��c
�"#$%&��)xlm

�������R,P 10Q�W������RS$, 
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� 10  ��
�������� 

HIJY��³àÍk�³à��
 !=>ãä�qYg !=>Q�ãT67Ã

�¢)»ª���	)»ª�������ÓL�67ãUrs,�ñGVWÍ��ßÆ

�34ÏÐ7ÕÖ56ÏÐW$�67dXã12ãU�YYZHÃ�¢éê�l7¢, 

5.2 ������	
��
 

[\56�-"# ]�FG2(	BY^7DEQDE	�	��O�DE?_�

2= 5!�B,nHIJãT�<`FG2(	B^7DEQ EL = 37 4Ç³àãU,a

b EL = 3�¦c���W	 25.11��sh�ÕÖ56'¦c���	 28.68�,d

gßQ56��e���
 !=>QÏÐfRNkø�67Ã�¢)»ª��³à�÷

øÈ�2(	BL 120��Èu2(	BL 15�,³àabTÕÖ56�	)»�³à

�	)»����rs�gOP 11Q�, 

hPølY�i�HIJQjö�Ã�¢)»ª���Xã	BølYß�����

FGklm 10�Y��÷¦c���W	 5.42��sinkl 81.1�,�
Ý�R��

oH�	)»ãW 12e
Ý�n³àÃ�¢)»éêª�b> 59e
Ý�� 2��F�


Ý��	0'%&,h�ølY�i�	0�p�Èu2(��W	0%&�X67	

089, 

5.3 ������������� 

�q'³àr�È�2(	B 120�TÈu2(	B 15�Qm�ab,Hqßº�

<`'È�2(�Èu2('��6712³àãU,o�È�2(���¯eãU$
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ø�q<�Ms=
Ý�R�fW56�
' M?Bt>^7M?���
'"# ]

BÒ�/e
ÝCDEuv�QYq<�>=È�2(��,WwxÃ�¢)»ª�ñG

�RN&�yzãT³àÈu2(	B��W 30�ý45�ý60�ý75��\], 

� 3���[Èu2(��\]'¦c���ýT�	ª�¦c���rskl�{

ãrý�÷ª�	
�
Ý�,o�ø�i-Èu2(	B����|)	�¦c���

}�|)�
Ý�b~�,J÷o�rfÈu2(	B'��|%ß¶�-"# ]Y^

7DEQDEux�	0�tX	�����	0��
"#$ùú|)������²

m������|�¶���ñGkl, 

hY�ãUlYm=�%.�T/0,�12�� M?t>^7 M?	�`��

������Èu�h¦c���kl'�&Ç��Èu2(	B'���u�Òm=È

u'¦c�����4	089ß�+���,fg�?l��'�����Y�7��

+��	B�HIJ�WÈu2(��� 30 = 60 �Bý¦c���kl 50� = 70��

BWlh����, 

5.4 ��������� 

[\�è�� [4] �IJ�- V/C�� 0.4	��	ª��K;ñGß�<ò��Ã�

¢éêbÃ��øý�M?��T4 V/C�_� 0.3�0.6	,fg�Y�ß67ãU<

` V/C��HÃ�¢)»éê'������R,HIJ67 0.4ý0.5ý0.6ý0.7ý0.8�

e<` V/C ��³àrs�V/C ��SL�rd\1�XKõIJQ�2001 §����

� ?¡¢£
[13] SL��4Y���
 ?W¤¥�QmabO� 4Q�, 

� 11  �������	
��
���� 
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� 2  �������	
��
��� 
���� 

 ���� �	 1�� �	 2��  ���� �	 1�� �	 2��


 1�� 45 25 20 
 30�� 40 20 20 


 2�� 40 20 20 
 31�� 40 20 20 


 3�� 40 20 20 
 32�� 40 20 20 


 4�� 40 20 20 
 33�� 40 20 20 


 5�� 40 20 20 
 34�� 40 20 20 


 6�� 40 20 20 
 35�� 40 20 20 


 7�� 40 20 20 
 36�� 40 20 20 


 8�� 55 20 35 
 37�� 50 30 20 


 9�� 40 20 20 
 38�� 40 20 20 


 10�� 40 20 20 
 39�� 40 20 20 


 11�� 40 20 20 
 40�� 40 20 20 


 12�� 40 20 20 
 41�� 40 20 20 


 13�� 40 20 20 
 42�� 40 20 20 


 14�� 40 20 20 
 43�� 40 20 20 


 15�� 40 20 20 
 44�� 50 20 30 


 16�� 40 20 20 
 45�� 40 20 20 


 17�� 50 20 30 
 46�� 45 20 25 


 18�� 40 20 20 
 47�� 45 25 20 


 19�� 40 20 20 
 48�� 50 25 25 


 20�� 45 25 20 
 49�� 50 20 30 


 21�� 40 20 20 
 50�� 40 20 20 


 22�� 50 20 30 
 51�� 40 20 20 


 23�� 40 20 20 
 52�� 40 20 20 


 24�� 40 20 20 
 53�� 50 20 30 


 25�� 55 20 35 
 54�� 45 20 25 


 26�� 40 20 20 
 55�� 40 20 20 


 27�� 40 20 20 
 56�� 40 20 20 


 28�� 40 20 20 
 57�� 45 25 20 


 29�� 40 20 20 
 58�� 50 20 30 
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� 3  ����������������� 

��
��� (����) 15 30 45 60 75 

����� (������) 5.42 7.93 12.63 14.61 17.65 

���������� 81.10� 72.35� 55.96� 49.06� 38.46�

������� 59 34 24 19 15 

� 4  �� V/C������ !"� 

V/C 
��
��� 30� 

0.4 0.5 0.6 0.7 0.8 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 7.20 9.25 14.61 21.10 125.50 

�$ 60.24� 63.45� 56.10� 50.53� −0.02� 

 

� 4��HIJ�Ã�¢)»ª�éê�����}i V/C�'|)�|),� V/C

�W 0.4ý0.5ý0.6 	���ñG¦§i0-¨�'*+�ª�ñG{©�'r�	)»

Wò�- V/C�>= 0.7	�Ã�¢)»ª�'ñG��O�	ª�/ª��«¬)­�

qF®¯°��±²��³������ñG´Ô!��	)»ª�,- V/C = 0.8 	�

�	)»THÃ�¢ª�éê'���§i�µ*+��/u	�³àx�����ãT

W 125.47Y� 125.5�B0-<¶·,����¸N���	)»Y�HIJ�Ã�¢)

»ª�B¹ºFGDEg1��fg»����¼|�½÷Ã�¢ª��x¾
\nr�

	ª��¿����À��	ª��]���Á '\], 

5.5 ������� V/C �	
�� 

HqßÂº<`'Èu2(�� 15ý45ý60ý75�Y�<`' V/C� 0.4ý0.5ý0.6ý

0.7ý0.8�6712ãU, 

� 5���Ã�[\n³à��¦c���Y�¦c����k�,h� 5�k�Ï

ÐÄÅ�<` V/C�'rsOP 12,hPølY�i� V/C = 0.5	�	/[Èu2(�

�¦Fsò���¦c���k��i�÷*4 0.4�ï÷*4 0.6,wx<`Èu2(	

B��'	/ÆS$�B4��0`'Ç²�h V/C = 0.4= 0.5�¦c���aÈ�&|

)��xÉ�k��mÊ�'4Èu2(��W 15�'S$�- V/C�h 0.6��W 0.7

	�÷~�¦c����{ãr�k���hPølYEËW- M?�	���'	0


Ý89q<Ò��~���¦c���,fgn+ãUxlY�iHIJ�Ã�¢)»

ª�éê� V/CW 0.5	FÈòª�Gb�lY��kl�����,  
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� 5  ������# V/C$%&'(� 

   V/C 

   0.4 0.5 0.6 0.7 0.8 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 4.58 5.70 9.82 24.23 140.01 
15 

� 
������$ 74.71� 77.48� 70.49� 43.19� −11.59�

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 7.20 9.25 14.61 21.10 125.50 
30 

� 
������$ 60.24� 63.45� 56.10� 50.53� −0.02� 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 9.89 13.53 17.96 27.12 127.47 
45 

� 
������$ 45.39� 46.54� 46.03� 36.41� −1.59� 

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 12.23 15.75 23.87 32.06 138.51 
60 

� 
������$ 32.47� 37.77� 28.28� 24.83� −10.39�

 �������� 18.11 25.31 33.28 42.65 125.47 

!"#������� 15.03 19.55 27.06 37.59 138.73 

� 

� 


 

� 

� 

� 

75 

� 
������$ 17.01� 22.76� 18.69� 11.86� −10.57�

) 12  ������# V/C$%&'(���� *+,-) 
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HIJÆ� OPAC�SL��MN�Y�Ì¦yzº�qp)R��	0�SL�

�ÍÎ'Zc
Ì¦yzº�WHIJSLÃ�¢ª�éê�ÏÐ,Hº�!Ñ��Ò�

ª�	
%&�~�ËÌ«ÓÔº��ñGSL�Ms,HIJ���ñG�rL���

���WñGÕÖY����
�"#$%&�7W��'������Z	0���


'"#$ !��Y;W×m2(Ø�K�d\, 

HIJn³àãUQj�Ã�¢ª�éê�-Èu2(	B����|)	�¦c�

��}�|)�
Ý�b~�,¶or-���
t>^7 M?	���ñGð��È

u2(	B'��,�¿�}i V/C�'|)����{}�°��� V/C�W 0.4ý0.5ý 

0.6 	���ñG¦§i0-¨�'*+�ª�ñG{©�'r�	)»Wò�¦c��

�aÈ'�&{}i V/C��|)��k,� V/C� 0.7Y�	�HÃ�¢)»ª�éê

lY©�kl�����,�- M?ùú|�	���'	0
Ý89q<Ò��~�

��¦c����V/C�> 0.8	�gÃ�¢)»ª�{ßÙG,gXãtÇlÂºÚ�

	0��IJ��%
ÝÛ�
Ýº V/C��	º��ÜÁ�Msrs,�g�^7 

M*+�HIJb
ÝaL Bang-Bang ª�óô�gÞÍºlKß Chang7 Lin 0ÚI

J�b [14]
, 

HIJàz4��³à'ab��HNkál� TCISÕÖ�K;�â�Â NãÂ

���67ÕY,�¿�HIJøqt��ä ��
T��'ÕÖMs�zßä �?

9L�uå -?ÇSL,xúIJ-)R§�'ä  M�¢�³kø�²m³k��

¢j°�YåÄ§�ÕÖ M�¢, 

�	
� 

1. %&'()*+,-.!"#/0��12 (OPAC3MOVA3SAST3COMDYCS-III) 4

�5678(9:;<=6>?@AB(CDEFGHIJK 
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DEFYHIJK 
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JK 
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