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ABSTRACT

Traffic calming has improved the poor traffic condition of local streets
and become more popular than before. Since countermeasures used in traffic
calming are merely planned and designed based on practical experiences, to
develop a theoretical method for evaluating the performance is then
necessary. In this research, the risk indexes of pedestrian�vehicle conflict
with respect to traffic safety, including exposure index and severity index, are
developed. The times of the pedestrians keeping away from the passing
vehicles are adopted in the exposure index, and the kinetic energy of vehicle
impact on the pedestrians are considered in the severity index. The risk
indexes have been verified to have reflected the traffic safety condition of
local streets.

Key Words: Local street; Traffic calming; Safety; Risk index
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;¾¿)�[�O�À2ÁÂ�L¸2M��ÃOQR�¦��­Ggh���bQ

Äb��P��&QRST���G2��mgh	W&ÅÆ�/��)gh&	

W�*ÇO Rudolf Limpert[3]� Todd Litman[4]xÈ�vwu#&���� ÉÊËÌ&

ÍÅÎz´
��Z©l Gary A. Davis[5]��P&ÉÊEF�M��¸\bQÏÐR

ÑÉÊk�RÑÒÓÔbQ&Õ��Ö���bQÏÐvwk&{×��./QRS

TXYgh*¤Ø2��mgh ��)gh&ÙÚ.

2.1 �������

��m(exposure)?Û¤Ø2Ü?ÝÞßQ�?Ý��àáxâã��u#vw&

ä¦.KL��m¹å�®æ;u#vw&ä¦5ç¹å.��m�\�no�pY

qrP&k²����ÏÐ�pY&���O\����vwu#��&ºè.M�

�}\'()��µP�QR�¦��G2��mgh.KbQÄbé)&êj�}

�2QbÅë RbÅëÍb&ìZb��mghí� QbÅë RbÅëîï&

ìðñ��mghí�����òóôõ¶Ü

2.1.1 ��������	

1.EFö
 é)÷È

QbÅë RbÅëÍb&QRST��u#��øZb�EF	ùõf 1 x

ú.ö
'()��µP�RÑû\ V&�ËÌbß�/bQû\ VP&�ËÌÄb�

1Åë 2Åë&RÑüÌ�2 Q1 Q2�âýM��þ�Z�O K-S c¤�°�õ

æ 1 xú�'()��µRü��Ì����c¤�	Zê
�2��
(Poisson)�

�µ���º2��
���wM��û}RÑ��Ì
2��
���«�
�©

��/ 1 Åë 2 Åëb��R��&bQüÌ*�2 QP1 QP2�ý�M����

Ý��&Q����k R&ST����wêôbQ&��Ì2�����/\�

�Q���� RST���bQÄb��s L&���� jë���ë&bßR

Ñu#�¦.

*QbÅë RbÅëÍb&QR�¦�� rE′�\ý�Qi��¦R�Ù\�

�k²&bQ�m�¬��õ(1)Fxú.;P��k²s�l��'(��Í��b

k²�¾¿&CD�M�køê� s�wê!O?Ök�"#�$�/©l;ª%

&��µ	'[2]�! 5�$2��køs.

[ ] [ ] 2221212111 )(U)(U)(U)(U PrrPrrr QttQttE +++=′

[ ]{ }∑ ∑= == 2
1j

2
1i ij )(U Pjr Qt (1)
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 1 ���������������

Kolmogorov-Smirnov �����

���	
��
���(Poisson)�� !/e)(P kk k λλ −=
(λ 
 1�������k 
 1������)

����

�
�
 
�

λ ��!" D D0.025

��#$
%&


�����

k 2 3 4 5 6 7 8 9
'()166* 33 4.58

+, 3 9 8 2 6 2 1 2
0.088 0.231 -.

k 0 1 2 3 4 5 6 9
'()166* 34 3.76

+, 1 1 8 5 9 5 4 1
0.058 0.227 -.

k 1 2 3 5 6 7 8 10 12 13/0)12

4163
20 7.25

+, 2 2 2 3 1 1 1 1 4 3
0.233 0.294 -.

k 2 3 4 5 7 8 13 14 19 21 23 25 26 31 32 36456

789):
23 14.4

+, 3 1 1 3 1 1 3 1 1 1 2 1 1 1 1 1
0.385 0.275

;

-.

k 0 1 3 4 5 6 7 8 9 10 11 13 14 15<=)

>?):
25 7.45

+, 1 2 2 1 2 3 1 4 2 1 2 2 1 1
0.139 0.264 -.

k 4 5 6 7 8 9 10 11 13 14/0)12

3093
34 7.85

+, 3 6 3 6 3 3 6 1 1 2
0.059 0.227 -.

k 0 1 2 3 6
@<)933 28 1.60

+, 7 7 9 4 1
0.048 0.250 -.

k 4 5 6 7 8 9 10 11 13 15<=)

>?):
29 8.75

+, 2 2 4 5 1 1 7 4 1 2
0.103 0.246 -.

k 3 4 5 6 7 9 12 13/0)12

4163
12 6.33

+, 2 3 1 2 1 1 1 1
0.174 3.75 -.

k 2 3 4 5 6 7 9 10 11 12'()

A=BCDE
32 6.00

+, 3 7 7 3 4 4 1 1 1 1
0.246 0.234

;

-.

k 1 2 3 4 5 6 7 8
9F)30* 22 2.80

+, 1 2 6 2 4 5 1 1
0.085 0.281 -.
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�� )(Uij rt � rt ��� j��	
��
�� i������������

��

PjQ � j ������������� ����!(�/"
��(5 #

$))�

rt ���������%&���(#$)'

2.()*+

,�����- L����./���������0��.��1��234

56��.���������%&�� ]/)/1([ PPr VVVLt −= �.���7489�

��.:����;<���=���������>��.��1��23456

��.���������%&�� ]/)/1([ PPr VVVLt += �.���?3489��

�.:����;<��'��@A!BC�DEF(Poisson)#G.H	
��
�

������I� )(Uij rt .J���������%&����� %��89��

�.K(2))%LM

]/)/1([)(U;]/)/1([)(U 222111 PPrPPr VVVLQtVVVLQt −=−=

]/)/1([)(U;]/)/1([)(U 112221 PPrPPr VVVLQtVVVLQt +=+= (2)

NO���������P������I� rE′�(3))M

[ ]{ }∑ ∑= ==′ 2
1j

2
1i ij )(U Pjrr QtE

2221212111 )](U)(U[)](U)(U[ PrrPrr QttQtt +++=

1211 }]/)/1([{}]/)/1([{ PPPPPP QVVVLQQVVVLQ ++−=

2221 }]/)/1([{}]/)/1([{ PPPPPP QVVVLQQVVVLQ −+++ (3)

��������	
��
����������������������

�� !�"#$�%&$�%'�������� rbE′ % rcE′ % rmE′ ()*+,-.
/0./1 L���234������56789��:���;<	=>�?@

Er*AB1C��������D-./<	=>�E78�FG��#$�%&$

�%'��<	=>�?@ rbE % rcE % rmE *H

LEE rbrb /′= % LEE rcrc /′= % LEE rmrm /′=

0I<	=>�?@ rE *(4)JH

rmrcrbrmrcrb EEELEEE ++=′+′+′= /)(Er (4)
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1211 }]/)/1([{}]/)/1([{ PPbPbPPbPbrb QVVVQQVVVQE ++−=

2221 }]/)/1([{}]/)/1([{ PPbPbPPbPb QVVVQQVVVQ −+++

1211 }]/)/1([{}]/)/1([{ PPcPcPPcPcrc QVVVQQVVVQE ++−=

2221 }]/)/1([{}]/)/1([{ PPcPcPPcPc QVVVQQVVVQ −+++

1211 }]/)/1([{}]/)/1([{ PPmPmPPmPmrm QVVVQQVVVQE ++−=

2221 }]/)/1([{}]/)/1([{ PPmPmPPmPm QVVVQQVVVQ −+++

�� rE ������	
��� 5 
���������������(�-�/

��-5
�)�

rbE , rcE , rmE � !��"!��#�������	
�

Vb, Vc, Vm� !��"!��#���$%&(��/')�

VP����()�*+�,�%&(��/')�

Qbj, Qcj, Qmj� !��"!��#� j-.�/&�j01,2(�/')�

QPj� j-.��123�,�)�*+���/&�j01,2(�/5
�)4

2.1.2 ��������	

1.56789:;<=

��-.9��-.>?���@ABCDE)2FGH�56IJKL 2 M

N478OP;*2����QRS V�T%&�$�U��RS VP�T%&,��

3 -.9 4 -.��Q/&
� Q39 Q4��VW&�XYZ
[�U 5 -.GH*

2���/&� QP5���\,�]2^ A_�`abcdeGH*2��fghi

GH�jk�GH2l W�*2�)TmGH9GH�no��9>?-.��$�

QDE��pq4

W

3��

4��

VQ3

V Q4 Qp5

Vp

5��

5��

A

�

� 2 ����������	��
��
�
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r��-.9��-.>?������� cE′iSst�uv����wS�

�xj(yz{� 5
�)�����|}~�K(5)6MN�

54535 )](U)(U[ Pccc QttE +=′

[ ] 5
4

3i 5i )(U Pc Qt∑ == (5)

�� )(Ui5 ct � ct xj� 5-.t���uv9 i-.�/���Q��v�

��

5PQ � 5-.��,�GH*2���/&(�/��xj(5
�))�

ct ���,�GH*2M��xj(
�)4

2.56��

��GH*2�no��\,�]2^`abcdeGH*2�Tm�fghi

GH�jkGH2l W�*24����GH*2M��xj�����,�GH*

2�xj 1t �9ghiGHjk�Tmxj 2t 4rM�xj ct ��

21 tttc +=

�*2l�� W�U��,�%&� VPx�����,�GH*2�xj 1t ��

PVWt /1 =

)�Q�VW&78�XYZ
[�pq���Qjk���	� (negative

exponential)
[��.���/&� λ4�������GH*2���jk T "1

��,�GH*2�xj 1t �r�DE�#& 1e1)(P 1
ttT λ−−=≤ ����i��GH

*2���jk T  1��GH*2�xj 1t ��DE�#& 1e)(P 1
ttT λ−=≥ �rg

hiGHjk�Tmxj 2t ��

∫ ≥××≤+≥×= −1
0 1112 )(Pde)(P)(P0 t T tTTTtTtTt λλ

LL+≥××≤+ −
∫ )(Pde2)(P 10

2
1

1 tTTTtT Tt λλ

LL+≥××≤+ −
∫ )(Pden)(P 10

n
1

1 tTTTtT Tt λλ

112 /2/e/ee 111 ttt ttt −−++= −− λλλ λλλ

��������	
��
 ct �(6)��
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λλλ λλλ /2/e/ee 111
121 −++=+= −− ttt

c tttt (6)

����������	
�
 )/2/e/ee( 111
1 λλλ λλλ −++= −− ttt

c tt �	���

������������ !"#��$%������&' i5U ( ct )������

�����	
�
�	%()*��'�+(7)�	,�

)/2/e/ee()(U 111
1335 λλλ λλλ −++×= −− ttt

c tQt

)/2/e/ee()(U 111
1445 λλλ λλλ −++×= −− ttt

c tQt (7)

����-.���-./0�����&' cE′�(8)��

54535 )](U)(U[ Pccc QttE +=′

5143 ])/2/e/ee()([ 111
P

ttt QtQQ λλλ λλλ −+++= −− (8)

12345�6
�789���:945�;<=>?$%�����&'�

!
@A$BCD�EFD�EG������&' cbE′ E ccE′ E cmE′  H��IJ3

KL cE �����&' cE′�!CD�EFD�EG����IJ3KL cbE E ccE E

cmE ��

cbcb EE ′= E cccc EE ′= E cmcm EE ′=

����IJ3KL cE �(9)��

cmcccb EEE ++=cE (9)

5143 ])/2/e/ee()([ 111
P

ttt
bbcb QtQQE λλλ λλλ −+++= −−

5143 ])/2/e/ee()([ 111
P

ttt
cccc QtQQE λλλ λλλ −+++= −−

5143 ])/2/e/ee()([ 111
P

ttt
mmcm QtQQE λλλ λλλ −+++= −−

PVWt /1 =

�� cE ������	
��� 5
���������(�-�/5
�)�

cbE , ccE , cmE �����������������	
�

VP������� !�"�#$(%&/')�

bjQ , cjQ , mjQ ����������� j()�*$�j+3,4(�/')�

5pQ ���"��� ,���*$(�/5
�)�

W� ,-.(%&)�
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λ �/)01�*$ )]()[( 444333 mcbmcb QQQQQQ +++++ 2

2.2 �������

�345�678�9:;<=>?@A��BC2���D�E��345

���F���E�>?�GH�I�EJKLM�NABCO���PQRS��

�TU2PVJWXIY�345<=@�Z�EJK[�\DZ�E>?@�F#

$0(\�]^�_`678	
�aYb�cd8 ,e��f<=���345

@�67g.2

1.hijkDl8mn

<=���345�hiop 3qr2jkcd8 ,e���EstuY V�

#$�F��Evw$jk�xyz
{�|�H}�~	�
{2��E�F�<

��A�=>?45���@�D���}����D����H}���E�F�

;�����������@`����A<=>?452jk�E����Y�#

$��������@H��H} T��E�F����������#��� ¡

@H� pt ��E�#�¢£¤¥q¦�@H� st ��E§¨©�@��#$� a��

�ª«V¬­@�jk"�#$®�;�E�F#$�¯��P�°±Q²`�c�

³N����"�#$ 0=PV 2�E;���A<=>?45@�´��F#$ Vµ

¶�#��#$�� Vi@<=>?452

�

�

��

V Via

6��7��

Q7

� 3 �������	�

|45678 S ′�Y´�E�[�]Y<=>?@�E�F#$�0(·¸

¹�o(10)iqrº

2)(ViMS ×=′ (10)

�� M�<=��>?45@��E[��

Vi�<=��>?45@��E#$2
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2.hi»¼

!n45678 S ′��Vi���D�E>?@��E#$�Q�E>?@�#$

(Vi)D�E��F#$(V)�½¾¿�<=��$oÀ 2qrº


 2 ���� Vi
������� V����������

���� ���� Vi ��	�

ptT ≤<0 VVi =

sp tTt ≤< aTtVi s )( −=
TT λλ -e)(f =

Tts < 0=Vi ���(����)

�	 f(T)
��
 T����������
aVtt ps /+=

λ
�������

����� T�� 0�	
�� pt ���
��������	
����
�

������ V�� �!"���� T��	
�� pt �#$%&�� st ���


�� ������� aTtVi s )( −= !'���� T (���#$%&�� st �
�

)*+,-�./0

1./234 S ′5(11)67

2)(ViMS ×=′

{ } { }TTTaTtTTVTM tp
s

ts
tp

tp d)(f/d])([)(fd)(f 0
22

0 ∫∫∫ −+=

{ λλ /2()(P)/2()(P 22222222 atatattTatTVM ppsps ++≥+−≥+=

} { })(P1/)/22/2 22222
ssps tTVaattat ≥−−+−− λλ (11)

�� )(P stT ≥ ���� T��	� st 
��
tsλ−= e 


)(P ptT ≥ ���� T��	� pt 
�� tpλ−= e 


76 QQ +=λ �

�����������������
�������� !"#
$%&�

��'()*�+�,�-.,�-��
� !"# bS′- cS′- mS ′ �/!"#01

�� !"#�'�,�-.,�-��
!"#01 bS - cS - mS �(12)23
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{ λλ λλ /2()e()/2()e(S 22222-22-2
b bpbpbs

tp
b

ts
bbb atatataVMS +++−+=′=

} { })e(1/)/22/2 22222 ts
bbbspbs Vaattat λλλ −−−+−−

{ λλ λλ /2()e()/2()e(S 22222-22-2
c cpcpcs

tp
c

ts
ccc atatataVMS +++−+=′=

} { })e(1/)/22/2 22222 ts
cccspcs Vaattat λλλ −−−+−−

{ λλ λλ /2()e()/2()e(S 22222-22-2
m mpmpms

tp
m

ts
mmm atatataVMS +++−+=′=

} { })e(1/)/22/2 22222 ts
mmmspms Vaattat λλλ −−−+−− (12)

)()( 777666 mcbmcb QQQQQQ +++++=λ

�� mcb S,S,S ���������	�
��
��(�-�� 2/� 2����)�

mcb MMM ,, ���������	�
��(�)�

mcb VVV ,, ���������	�
����(��/�)�

pt ��� �!"#$%&
'()*(�)�

st ���+�,-./012
)*(�)�

mjcjbj QQQ ,, ���������	� j34
5��j =6,7(�/�)�

ab, ac, am���������	�678�)
+��(��/� 2)9

2.3 ��������	


!�:;<=���>?@���AB>��
��ACDE
FG9H?@�

���>I�?@���AB>JK?@���A
L
MN�OMPJKQI�:

;����
��RS3TUN9V!�:;<=��WE�>I�!�:;<=�

� RrAB>JK!�:;<=�� RcA�V RrB RcEX�(13)�(14)TY
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ABSTRACT

Nowadays containership liner service is the major way to transport
containers by sea. In order to offer better service and spend less cost,
shipping carriers are facing the containership routing problem. This problem
has become more complicated because shipping carriers not only design one
containership line, but also bundle of lines that construct a liner service
network. For instance, a major shipping carrier may have seven
containership lines for the trans-pacific service. Furthermore, containership
lines can be operated by shipping carriers themselves as well as with help of
consortium, leasing or exchanging container slots from other carriers.

This paper makes an attempt to develop an optimization model to assist
shipping carriers to solve this containership routing problem. The
optimization model is formulated as a multicommodity network design
problem, which takes ship flows and container flows into account. That is, if
containership lines are designed, ships will periodically visit en route ports
in their lines, and containers can be unloaded or loaded in these ports and
transported from their origins to their destinations. Furthermore, designed
containership lines are divided into oceangoing ones and feeder ones. This
optimization model is tested by some test cases. The results seem promising.
This model is expected to help shipping carriers to solve the containership
routing problem.

Key Words: Liner service; Containership routing problem; Multicom-
modity network design problem
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��$P5��xy��(multicommodity network design problem)U"t�9!*b�
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U
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�²Á/�&-�U
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c. �&�����t!"

��&��H�Q����& mll ∈ 8g�"��(�S©�W©)������

ts�� 1�¼Ó(4-1),(4-2)��U"H lwNP , leNP ´�E����&��

H�¥T-��F�¤,¦T-��F�¤�8R lelwl NPNPNP ∪= �

m
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NPi

ijl llY
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∈∀≤∑

∈
∈
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jil llY
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∈
∈

1, (4-2)
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����������	 NTi ∈ ���������	������ ��	

����!"(5)�#$%��&���	 i�'()� k (OD pair k)*��(
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���!"(6)$%��KH��I()��JK9

LlKkPNiXX l
Ajij Aijj

k
jil

k
ijl

l l

∈∈∈∀=−∑ ∑
∈ ∈

,,0
),(: ),(:

,, (6)

c. �LM1
�

@����N7��LM1:OP��Q��L���*��1�
R�!"

(7)�#$%�� ijlM , H�� lS�L(i, j)T�UVM1T
�W�M1
�X

��YZ�OS[\��T���L]H34�^_�:4�L�:4�UV

�`
�9

{ }fmlS
k

ijlijl
k
ijl lllAjiYMX ∪∈∈∀≤∑ ,),(,,, (7)

d. ab��(cdUV)M1
�

�eSab��T���L�*�.�1
R�:Ofg%S����cd�

UV�Z l�!"(8)$

rlS
k

l
k
ijl llAjiZX ∈∈∀≤∑ ,),(, (8)

h�cd�UViH�jk`M1�SlmT���Yno�pq^rs:t

�uv�wW�xyz{|�}~>?��e�UVcd������Yn^

�[�S��T�o���|I$

e. UVcd�`�
�

���ab����eOcd�UV�]���Z�T
�%�`�����

��� cUV�ab�e���*���/0$

rll llUZ ∈∀≤ (9)



������� �	
��� �
�� ���
�����

�282�
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T S
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g. ¨�
�"

S�©¨���*��¨��UVcd�¨�]ª«¬[��>­�(^�L)

¨�-H 0-1¨��!"(11-1)�#9

{ }0,, ∪∈ NZX l
k
ijl � { }1,0, ∈ijlY � � lAjiKkLl ∈∈∈∀ ),(,, (11-1)
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1, =ijlY lr AjiKkll ∈∈∈∀ ),(,, (11-2)

4.3 ����

1.��� ��
!"

�# 3$
%&'(�)*+���	,-./01234,-5601����

78��9:,-5601
%&;<(��(�=>6
� ��?@ABC�@

D��EF
GHI5
 0-1�� ijlY , �:JGHKL5��

k
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daeNfg�� ijlY , 
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k
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;���3��	 l
I5��(u��$	) ijlY , ZA n(n-1)C�S01=��./ ml

���	J fl ����	�T�301ZA fm ll + �y7��,-�!Y01=l

/�A n(n-1)* fm ll + C ijlY , �����Ov$�
��
j�Ov
KL+:~�j

����	��c�u��	R
KL+:���c���j01+H�c�J�c

��=N�Or��
 ¡LV
Qk7�7¢£�¤`�C}~Ov i �¥¦3�

c$� i’��3$�9§� ¡L$	Q fm ll + �y7,-
Ov$� i)¨©��

]�3^_` k
KLY�M^�Ov
�c$��W� L$	��ª��$	r

�k
,-�W��3��	c��«�u¬��M­�	c®�3 k^_`KL


_�Ov�¬5W¡L$	�¯°_�Ov
�c$�����NR±a,-z;��

|3�,-ZA n(n-1)���$	�J 2n� ¡L$	�²/A[n(n-1)+2n]$	��

�|3�$	�A K C k
ijlX , ������S01=
^_`A K C�T fm ll + ��

	
,-./01�MKL5�� k
ijlX , ZA[n(n-1)+2n]* fm ll + * K C����S¥

¦���	³´µ�>6�¶�TN3A rl ����	(|��	·.�� mC��

J p COPrhk )
01=�M� ���dZ¬¸¥ rl C lZ ��J

(m+2p)* rl * K C k
ijlX , ��( rll ∈ )�:¹�º»��	JM���	
�	,-./

01
¼�NOP� n = 4���A3����	
�c½¾=�My7
,-z;¿

ÀÁ 3�

��������


ÂÃ(�
+V'JiÄ'�7$Z./3�	,-./01
Å¼��:·

.
�q�G¦(�=fg�����ÆVÅÇaÈÉÊ)*�YËwÌ)Í��:

�gM`�	,-./ÎÏ
ÐÑ�5.1$Z%±Å¼�5.2$ÒÓ(�=��Í�


.Ô�5.3$T%±(�
ÕÖÎÏ�

5.1 ����

NÅ¼=�·.�×rØÙ
�	
Ú»ÔÛKL�	�ØÙÜÝÞ
OP�


ßC�àáâã½¾QÚáâã½¾��A¹COP�]|COP��äåØÙ�Ø

Ùaæ�+:2��	«çu§����	��c�:��èé�)¨ÒÓÅ¼=


M­·.ê

1.ëÙR�Ú»�	�c
KLìíî�
º»KL�^_��NâãÞ
à»KL

î�à»�	�ØÙ�ïNÅ¼=�r)*
^_`KLc6���>ðâãÞ
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�f�

2.]N./a�	�æñ�·.+��./
��	�dR�
¹�����Nàá

JÚáâãÞ��+��A3����	
./�

3.·ÔÚ»��	rj�aIò�
���

4.½¾=�A3��M­���×�c
º»�	�ó�	Aîô
³´+åµõ�

ö÷
�NÅ¼=��×øùúNKL�fòû(�^_O`
KL�f6)ük

7üIòJ��Í�
��
ýþ��./�k7
n�a�	,-�

5.2 ����

Å¼r�
��Í�)¨ÒÓ��:

1.KL ¡k7

·.|3C Lu¡Lw�
k7�
 30��/L���O���
���

2.y7c�k7

��k7QKLc�
	
A��M���H 1r��

� 1� ������	�

�����/�

_O

^O
P1 P2 P3 P4

P1 0 10 20 30

P2 10 0 10 20

P3 20 10 0 10

P4 30 20 10 0

3. ¡��

|3CKL
�� ¡L��Q
�
����A��y7R���aOP
�

����A���
Å�ý��NÅ¼=�O
KL ¡���·Ô�
���M/

�æ���ê·.|3����|o�
���Ê
 25 � ¡w��|3�w�+

���Ru¡�3CKL�]|3�I·.��ABC��ÆV ¡�Y3o�
 

¡�Ê
 75��|���� 0.0005-0.0006��
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4.^_`
KL�f6(O/D pairs demand)

��àáâãJÚáâã
OP�A¹C����M�
KL^_`(>ð !)

²/A 2x2x2=8C�|3C^_`
"#æ�JKLc��f�H 2r��

� 2� 
��
�����

����

_O

^O
P1 P2 P3 P4

P1 0 0 500(1) 300(2)

P2 0 0 400(3) 600(4)

P3 200(5) 400(6) 0 0

P4 300(7) 400(8) 0 0

��( )�	
��
����

5.���$%k7

���
$%k7QIU
IòJó��
	
«������º&�r�
$

%k7º'�·.
$%k7�H 3r��

� 3� 
�����	�

�����

_O

^O
P1 P2 P3 P4

P1 0 5,000 30,000 32,000

P2 5,000 0 28,000 30,000

P3 30,000 28,000 0 3,000

P4 32,000 30,000 3,000 0

6.���y7�V��

���y7�V��r(
�N3)*+
�V�Ê��,M­-./0�V


1�2þ��IU��O3ª�3OPÆO4
��5R�V���Å¼=·.
�

q�H 4r��
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� 4� 
��������

����

_O

^O
P1 P2 P3 P4

P1 0 2(3)* 12 14

P2 2(3) 0 10 12

P3 12 10 0 2(3)

P4 14 12 2(3) 0

�*�( )�	������������

7.OPç6y7��

IUçOy7��9(�I6Æ�O
y778���JNI9R:[; ¡L


M­�������Å÷
�Y<çóOn=r>?@
����3��A+Q�

O
Ov�BJOv����CA��7¢£·.
D%�H 5r��

� 5� 
�������

����

OP P1 P2 P3 P4

ç6�� 0.5 1 0.5 1

8.Ovç6@�

IU|�<çOP���EF3Ôj�@�M@�
'�QOPGÄÇ´
 H

uÔIüIUíoJ�×2JAK�
�C�¶A��Å¼=·.
D%�H 6r��

� 6� 
�����

�����/�

OP P1 P2 P3 P4

��	 10,000 12,000 13,000 11,000

���	 8,000 10,000 11,000 9,000

9.|�LÔk7

Y�	
�c�|�LÔ���ak7���a�d[;êIUj�k7üIM



������������ �

�287�

NDJM­��@�C�Å¼=·.Ú»�	Ì)|�LÔk7
 10,000 ��/��

���	
 8,000��/��

10.��	
��O6

��	
��O6Qó�	rj�
IòA��Å¼=·ÔÚ»�	
Iò�


���]���
y7O6
 1800 L�@·Ôà»
âãÞ���Ì)³´+ú


à»
KL�frP����Å¼=.Ô�Q��
O6Dy7O6
�����


O6�H 7r��

� 7� �������

����

_O

^O
P1 P2 P3 P4

P1 0 1,000(300) 1,800 1,800

P2 1,000(300)* 0 1,800 1,800

P3 1,800 1,800 0 1,000(300)

P4 1,800 1,800 1,000(300) 0

�*�( )�	����������

11. ³´µ�
��Í�

·.½¾=A3�����	�ó�	NØÙ
OPJ<ç�R
 P2-P3-P4-P2�

+åµ�
³´�R�
 500C�]�
S�GÄ�Tú:| 100L
Ç´�µ�®

�Ç´³´µ�k7(slot fee)T
 500�U/L�

5.3 	
��
�

78: 5.2$
Å¼Í�D%
yV�ÆVÕ¼
c�WN:� 6CÕ¼=��

�Õ¼ 6
��NÕ¼ 1~Õ¼ 5=�·.01=��>ð³´µ��¶�M=�Õ¼

1
y7D%
XÕWÕ¼ 2JÕ¼ 4��NÕÖKL�f6��`fgÎÏ
ÐÑW

Õ¼ 3NÕÖ���	��k7��`�	./
ÐÑWÕ¼ 5TYZOPç6@�

J��O6��
ÐÑWÕ¼ 6��N)*>6³´µ��¶�
fgý��W78

:R3o$
Í�D%G¦�	,-./(���:�[\]fg^_ CPLEX[10]¥:

fg�:Õ¼ 1
¼�l/M(���A 444C����A 176C�ÎÏ
)*¿é

�Õ¼ 1=�
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1.Õ¼ 1

N 5.2 $
y7Í��B���	,-./(�W CPLEX ^_fg�fg��


 1.15`�nt�
da�
 750,000���fgÎÏT�3�Ú»�	�����

.���	�]�3��	
l��
 36.1���	=r[\
���J���R


�^_`KLc6��H 8JÁ 4r��

� 8� � 1�!����"��

����

���

��

1

(P1�P3)

2

(P1�P4)

3

(P2�P3)

4

(P2�P4)

5

(P3�P1)

6

(P3�P2)

7

(P4�P1)

8

(P4�P2)

����

	


P1�P2 500 300 0 0 0 0 0 0 800

P2�P3 500 300 400 600 0 0 0 0 1,800

P3�P4 0 300 0 600 0 0 0 0 900

P4�P3 0 0 0 0 0 0 300 400 700

P3�P2 0 0 0 0 200 400 300 400 1,300

P2�P1 0 0 0 0 200 0 300 0 500

P1 P2 P3 P4

# 4� � 1��$%&'()

�Õ¼ 1
fgÎÏ+����Ç�	
ØÙ�b:cb�^_`
KLc��

f����./
ÎÏ
Ç3��	�@�� P1-P2üP2-P1üP3-P4üP4-P3CâãÞ


��O6
���.jIUNd��F><ç P2J P3�:bcNe��,fgh


 L�f�

2.Õ¼ 2

N7¼=�F: 5.2 $
Í�.Ô
yV�iíj�w�Q^_O`
KLc�

�f6�:�g�f��`�	./ÎÏ
ÐÑ�kWÕÖfg�?@c6�l�


m�a 1�(^_`
"#Jl�3
c6)¨
ê1ê5�2ê3�5ê2�7ê3)��	.

/
ÎÏFQÜ¼ 1���n�Ç:c6l��3�¶��,fjfgÎÏ����

�	��9�rA
c6�
º»
KL�f�ï¼=®=�A3�º»��	�Ø

Ù�S¬o����	ÆVâãÞ
pK�Z+ú�]¸¥q�
k7�
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3.Õ¼ 3

WÕ¼ 2
)*������	
k7.Ô�'��
ÐÑ���	2JrN


���¶
3����N7Õ¼
./R�stuÕ¼ 1
c68v���wl��

�	
|�LÔk7J$%k7�:ÕÖM2JZ�����	
./W@3¬ÕÖ

c6Jk7Í���x�
ÐÑ�

(1) c6���k7x�êÕÖÎÏ���¹�k7Í�?l�®ms
 1�yz�

MfgÎÏFQÕ¼ 1���n�./ÎÏ`�¹�k7
�w��ÈÉ�

(2) c6Jk7��x�êN�¼=��c68vl�����wl���	
|

�LÔk7J$%k7�:�gM`�	./ÎÏ
ÐÑ�Wfg�²/��

0.91`�nt�da�
 609,365���]��	J���	
l��T)¨


28.8�J 7.6��MfgÎÏ�H 9üH 10JÁ 5r��

� 9� � 3�!����"��

����

���

��

1

(P1�P3)

2

(P1�P4)

3

(P2�P3)

4

(P2�P4)

5

(P3�P1)

6

(P3�P2)

7

(P4�P1)

8

(P4�P2)

����

	


P2�P4 50 30 400 600 0 0 0 0 1,080

P4�P3 50 0 400 0 0 0 30 400 880

P3�P2 0 0 0 0 20 400 30 400 850

� 10� � 3�*+����"��

����

���

��

1

(P1�P3)

2

(P1�P4)

3

(P2�P3)

4

(P2�P4)

5

(P3�P1)

6

(P3�P2)

7

(P4�P1)

8

(P4�P2)

����

	


P1�P2 50 30 0 0 0 0 0 0 80

P2�P1 0 0 0 0 20 0 30 0 50

P1 P2 P3 P4

���

����

# 5� � 3��$%&'()
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��3ÕÖ�����: P1 
^OJ_O
KL�f6{=�Nk7JO6a

>6R��×Z~��O6D��ik7|�`D�
���	�ØÙ P1�]}:�

�	«�<ç��3ÎÏ�QëÙR�×`�3OP2J:��	u���	ØÙ


>6~
�i�

4.Õ¼ 4

�`�Õ¼ 2�7Õ¼��9§�KL�f6a¸¥��XÕ(�2J����

./î���	
�ú�¼=Z P1J P2® P3�:J P3® P1J P2(Y^_` 1ü3ü

5ü6)
KLc��f¸
5.2$=y7Í�
¹��Wfgsnt�da�
1,165,800

���fg��
 1.52`�7¼
�	./ÎÏ²A¹���	�M��)¨
 30.06

�J 32.12��MfgÎÏ�H 11üH 12JÁ 6r��

��7¼
c��f¸¥3�º»��
c6Ne�Jd�Ì)�)¨¸
 2700

LJ 1900L���Ç3��	º»��
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ABSTRACT

The paper presents a simulation model to investigate the rescheduling
operation of a rail transit line with a disturbance, such as the technical
failure of an operation device. Rescheduling operation is vital for a rail line
under abnormal condition, because a primary delay of one train may cause
severe consequent delays for the following trains. This study develops an
event-oriented model to simulate the flows of train traffic and passenger
traffic, under either the normal operation condition or the abnormal
condition with rescheduling operation. Three types of rescheduling
operations are considered: (1) speed and time control to reduce regular
dwell time and/or running time; (2) holding the preceding and/or succeeding
train to regulate headway; and (3) cancellation the operation of delayed
trains. Four criteria are used to evaluate the performance of rescheduling
operation: (1) the average travel time; (2) the load factor difference; (3) the
number of delayed trains; and (4) the total delay time of system. A case study
of Tamshui line with a primary delay is conducted to demonstrate the
effectiveness of the model and to show various observations for the
rescheduling operation.

Key Words: Rescheduling; Rail rapid transit; System simulation
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3Á�6
�+>�ô¶?(optimal threshold headway)-�6
� !Ç�ê@ç3Á

6
"#hÏþ� 5�Ã 15��ø,C�s��6
�1�AB�%UC� !ó[8]�

1 ��DÒ Koffman �E�ÛF��-�G@ç3Á6
"#H�Nê[9]�I
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��

��

m+2

m-2

m-1

m

m+1

A B C��

���

����

���

	�� 
��

��

� 1 �������

J(deadheading)* !1
(expressing)*KL(short-turning)C"#\�#M�E�s

NOPQ��RhÏ�svd�� �)STÇKUV�WX�ØY�S[4\Z!

:(station skipping)�����Lc�����IJ* !1
*�KLC� � K

[s��Ú\]�[10]�


WXY^;_`)1±`%�^;� ab(automatic train protection, ATP)*^

;� c%(automatic train control, ATC)*̂ ;� � (automatic train operation, ATO)

Cwx
��G�Ñd�eì� gO�c%\V�wx�fVgÌ[11]�íð��Y

h1)/ijk�XYwx�g)c%(speed control)�lm�no�p\XYæli�

eîï	¤s+[3�� �)R¸[12]�ð/�Ô�c<=Ùq�)��� �)S

r�st�òD�s<"uJ�vÓwx��w\XYælixDyúhi-æ3�

R¸[13]�eì3� 6
Ïz{�ô�|�"#�Levene�}~1X�F��-<�

	�Nê�Ä��[14]�Özekici`]��"#��"#Ôîïs�����i� K- L

�Ä�����Ç£îïÆì K��� ��|s��	 �Ïû[gO��Ç£î

ï�ì K� L����s�|s��	 �Ïo�"#��Ç£îï�ì L�s�Ô

)îïQ§ãä�� Ps��m�'�w����Í	 s�ps	 [15]��eÐ

Ñ�����wx(APTS)�UV�N�Ä�F:�D�s� �)<"uJwx��

=�O’Dell, et al.- Eberlein, et al.�3�=j���tù��F:�vd6
*KL*

 !1
*IJC�� �)"#�	
��¸�gC�Ç�-@ç�F:hÏ�g



��������	
��
������������

�303�

C��ê���UhÏþ� 15�Ã 50��ø,�C�s�[6,16]�

¹ì� �)�"#Ä��1Y\e3Áwx�
WXYwx�
H�����

YÇ¾46
"#�&��-1��1[�-�ê�íð������eìÒL��

XY�� c%"#	
����w���������-<Ä e¡�í¢�£_

�ëq�íwx{N�0¹í¢���¨¤�yú-�¥¦Ûëq�ãä�§U¨×

Ø� �)�æl©ª��H�0¹�«¬�-�ó�ÏF�Ä�R¸úD�!��

¸hÏw��e� ­-ø,­�F�©ªwxyj*ø,m� �D*�)���

 �)C�¨hÏ®¯1°±ælwx����2·¸²��³j�Y�¢hÏ�e

ÒLwxÄ�z²�æl´3��ê�¹ì� ­�F�Rµ�Lee w�F�� ¶

�����Ï×Ø+Æ�ôCwxyj.Ö[17]ÇCarey Ï� �!-Ñ!C���Q

§Ñ�F����� ·Ñ\ÏZ¸�R:óÑ[18]Ç¹º»Cv¼� !��­s�

�
!s��½�yj�Ï½�F�R:Ä�s���hij[19]�¹ìø,­�F�

Rµ�ø,m� s��¾r\�ÛÚ��¿��Um� s�)m� Hù- m

Hù�À�jãä�¢ælÁ¾�ê[�4\�j¹;[20]Çø,�!@Â\E�ÛÚ

���¦sTÃÄ�UCNÅÆ¥��£Ç�f�ÄÈ(uniform distribution)\[3�

R:[21]�

1.3 ��
������

É�-�Ü��	
��XY��s���F�F:�UÌ¡�Ä�ÈÉ��w

x�������×Ø� �)ÕÖ�� 1.1 Ê<e� �)ÕÖ�Ënh¥�F�

F:�Lctu���� ­*ø,­*-� �)�%ÇÄ��êtu°±ø,ø

�s�Cklop�-~�Ì�)��dCwx{N�F�F:�Í�*gÌ*-L

c�ÔìÎÏÊ<ÐÑáâ�F�F:�ÒÓ�3ÈÉ��6:Ôo��NÅ��e

KmÕÖs�Ñ�F��ÒÓ�êÔ×nìÎ�Ê<�+��É�-��Y-ØÙÚ

�ìÎÛÊ�

�������

2.1 ����

F�s���� ����æé��{N�fV�Ü\r��s���fV�]

\æés���ÏÌ��¹;ò°±wx{N�É�-�F�F:Ô3�Ä��� 
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îï	¤s�Ý�� �)�ãä�wx{N�9���(1)ø,Þ��nefø�s

�p-nßà�9p�á(2)�cH�Þ��nîï� !ùp-nwx8îïs�p�

íð�É�-F�F:�Lctu����âÄ�(1)� ­�F�*(2)ø,­�F�*

á(3)� �)ST�F��F:'E´ãÄ°±¦âÄL¦ä¢�¹;�Ëtu!£

1��ð�âÄÏ°±¦âÄ��¹;�£¿��É�-�F:Í�4� 2Îç�å

��âÄ�LcòÄ Ën4��

����� ���	


���
�


���	
����������

������

�����

� ���!

"#$%

&'��(

)*&'�!

+,-)*./

0123

� 2 ���	
	��
�

2.2 ������

F�� ���Ü��¾�æé�s������j � i+1 !æé�!s�

( 1+i
jAAT )�- j� i!æé�!s�( i

jADT )�eì
WXY�íD\�(double track)

���!L·åæç�(passing loop)-èé�(crossing)�� �·e�� -[�ê

 C�D�UVF�ÌëDì �D�

� ��!¹;��òhÏtí4��

),( 11
1

11 ++
−

++ += ii
j

i
j

i
j hADTCATMaxAAT (1)

1,1 ++ += ii
j

i
j

i
j ARTADTCAT (2)

),( 1,1, CONCRTfART ii
j

ii
j

++ = (3)

(1)��� j ��� i+1 ��	
��
���	
 1+i
jCAT �������
�

11
1

++
− + ii

j hADT ������������� !	�"#�$�%�&�'()*�

+,��-.'()*�/0�123�(2)�45
���	
 1+i
jCAT 67����
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 i
jADT ��
89	: 1, +ii

jART �;�(3)�45�
89	: 1, +ii
jART <�
=�

�
89	: 1, +ii
jCRT �>?�@A�BC CON6DE�FG�H��IJKL��

%MN	OP�Q?(coasting)�RS89	:�%TN	UPVW89	:8?�

��
��XY�ZU[\�*]

),( i
j

i
j

i
j PDTCDTMaxADT = (4)

i
j

i
j

i
j ABTAATCDT += (5)

),( CONCBTgABT i
j

i
j = (6)

(4)���^_��	
 i
jADT �
���	
 i

jCDT ��`��	
 i
jPDT ��

������� j�����
�a�b&�XY�U(4)�/0c�1de�(5)�f

g
���	
 i
jCDT 67��	
 i

jAAT hi^_j�	
 i
jABT ��k�j�	


i
jABT ��lm'ni*��(6)�45^_j�	
 i

jABT <�
=j�	
 i
jCBT �

>?�@A�BC CON6DE�FG�H��op	qrst�lmu+� i
jCBT �

u��v%�wxyz{*�'|}~����i�	
�

���������n����(event oriented)���\�����������

��;�����n� 3 ��8?���H���%�N 1 �(4)�(5)�(6)����

���'n������N 2 ������%�N 2 �(1)�(2)�(3)�������

'n������N 3������D"�������%���� ¡*�¢£¤

��%¤���¥���b�����¦	
�§�¨©�¢ª¥?����«�¬

���­��®N��¯�v°�����¨©±(|²³����´µ	
�H

��� 3�N 6�	
��N 3�	
¶��=����(�N 6·�N 7)	�D¸�

N 4�	
�¸¹¥?�D"�¥���(3·4)/0�����(6·7)�§?����

º!¬��»�`���8?��hi¼���§�XY�º!�½¾�¿L°��

���¤��¨©�¢À�

ig¿LXY�^Á�%��Â�k'n8PÃÄÅ�(linked-list)�ÆÇÄÈÉ

Ê�¾�n�ËÌÍ��Â�ËÎ������	��������ÏÐ����	


��\lm*��i��ÑÒ¦��^_��	
��������ÏÐ����

	
�Ò¦��*���^_��	
�"	Ó�Ôµ��U/0ÕÒ¦*�,��

��	
��7����§�¨©�¿LXY�U�ÃÄÅ�Ö×Ø�ÙÆÇ(^_�

�	
�^_��	
VWÚ)	�Ó������/0ÛÜÝ*������ÏR�

�Þ�ß��ÓàÛÜ"áß��Uâ	
ÃÄÅ�*�ãäåæçèéß��ÆÇ�
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��
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2 51

43

6

�7

� 3 �������

2.3 ������

lmêN�ëì�í
IJKLîïðË�ñN�i*�lmxò°�g���

��Ø(5)�
=j�	
�ñóDE�D"�lm���°IJKL��8?��k

±'ôõ��,:�lm���¬²³DEö÷](1)lm�����ø��(2)lm�

ù�úbûN�(3)lm�rs6t	
�(4)lmi��üb�ýþ��(5)��lm

�*�	
�(5)i�lm�i�	
�>(6)lml?	
6�

lm������ÆÇ°¤	q¤ÔûN�8���lm���ù�ú���%

����ÔûNlm����Â��7s��8$	�lªÔûÆÇ�Ynlm
�

���7��	«
�����ÆÇ�����W	�¤��ù����lª���

����Â��\�»ÆÇ9���W	¤�lm¥�lª��n>�¤ù���l

m�Î�Dop	qlm����­�����­�:��\lm��Â©�§�l

ª��=lm���	

��Õ��¤lm��	
�V�Õ¢ÀûN��Î�~

��lmûN�)�

lm¥�� �rst��!´µ"�lm�6t	
��«���¥��*�

lm*���lm¨#i��¯��	D��ilm$+�b%&Î$�	���r

st��lm�'(¸¹¨#i��'ó6*�(���%^wi�lm)O*+�

op	q�b���¦,¾���-O*+��wxy.Oa�rsi/
0©�Ñ

z{lm12i*��n3��¨#8?�! ��wxyaz{�\�A*+45�

Ñ67lm±/+i�A*+����829�����'n6t*�(�����

�$:�; 5x	%m<=´µ
>v'?@����$:�; 6xAB´µ
>�

���n���$:�; 9x	�%&�iC�"	�ilmÏRDEF<AB�G
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H�

IJ�8KLVñóI)��°MNb'J�op	
��,:lm°ZK�R

Olm�D"�xL'(�MDN	
�����O%DN	
���.P�%rs

6DN�üb�ý�op	
%��i��ü�Qa±��a%i�	R�üb�ý

�þ���S����ýþ�<�Ô�bû��TU���Väå�FG��W��

�; ��X	
�%ÔN�6�	@[6�äå��ËÎ�D"�nûN���V

��TU�FG�'()������Y¸HZlmR[\�@]�v^�s�_`

!�òã��êat�lm%¤�ý�:bc½��Álmd^�:b±­�Áe�

% 24ã�ýf�V+lm6tgP��ý�lmòhi 1.5/24�j�ý°k���¬

'i*�	
�Xl�

lmi*�ý¬'	
�'(�j�i*�lmxò�)!)mò����il

mxòn'(�Xo����7_`!s���^ú@]lmi*�ý	
�lmò

ÆÇ�»¬�ÆÇni*�xò�pdò�i*�	
�qdò�nï�rBs
�

tu�ø�'(D�à(êa�)O*+��v�|��wx�XY��*]

DT = 2.268 + 0.454 DP ( 2R = 0.7028) (7)

(5.19) (11.51)

UT = 1.049 + 0.373 UP ( 2R = 0.7545) (8)

(2.22) (13.12)

�k�DT]*�	
�DP]*�lmxò�

UT]i�	
�UP]i�lmxò�

��y�i*�	
�i*�lmxòzÁ{�XY�÷|� t ï��y�tu

�øk�Oòán>i*�lmxò�
�Yò�% α = 0.05 �y}`M*­y}-

7 0�N	���k�Yò(coefficient of determination) 2R � 0.7ni�y����~

�(H�=±&�

��klm�����7������k�\���lmÝ§*���i�Þ�

�§�\lm*����(7)��=*�¬'	
��ª��\lmi����(8)��

=i�¬'	
�ÑÒ¦i�Ä��	
�

2.4 ��	
�����

�^_���8?���`���8?��D��-	�?Bk�/0â�?�

@A��-Ò¦��Du+�s�KL�:���+��D�s��8$	�±Z�
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Ì�DXÆ��cv±[�±����ý¸¹{O8R�W���s��8$	RO

a�¦�Ñ����k�Ð�����IJKLRO�¦ 10� 20:������?

�@A°�8KL�\�RñN��[6]����¦��ÜnFG�îï�8	�/0

â����?�@A�glm¬<FG �V¡�IJKLOP�89[\¢£ö

¤]XN¢£�
�BC¢£�¥¦��¢£�>§�8?¢£(¨©���±j�¶

u)6�Ds��8!�ª«b�¬nqP§�¢£����­	±~²³�

XN[\¢£®:��
89	:XN�rs¯�	
XN��ÚY�����

	
�¦	�7�
n�8�2A8?�n°±�
8?	
�²³,:���	
�

�Ú�lmi*�	
àÛ´�¯�	
����µ¶Ï����¦�U#P°±r

s¯�	
�·²³,:���	
�s��8$	�	¸�±°nV±89	:�

¹º�D"�
�XN�Qa�´�rs¯�	
��� 25 »��7s���_`

!�¼½!¾a���lm7"9��i*�'�¿	
��¯�	
��� 40»�

¤�V±¯�	
� 18»�s��� 33»���7¤�jÛV±j�	
�lm­

Ïi�	�'n#PrsXN9����������ªj�V+'²³ 7»���

�	
�


�BC¢£V��À��%7.Á��������
�
�D����gr

si6tlmÂ+��,¾����i�lmÂ+g��2hÃñ�±vÄ����

�
��Ñ�°±����
��¥�,¾��ÅÆ��Ç���Áe�
�@['

:�Ö§?��­j�Ö�Ç��­jÈ����Ö���YZ�,��ÉÊ���

��
���
�Ë��ãI��	�Uj��%��R­j��	
��Ö���

UZ�,��ÉÊ�����
���
�W7�ãI��	�Uj��%��R­

j��	
���
�BC'n.Á���������
�
�D���b�W�

 ¡��
%&Î�-���Ìlm%rsi6t	
�

¥¦��¢£DIJKL(ªÍÎ�op	¸ 3Ï5 :�Ð��(������

��Ãñ	��.Á,¾�Ç����	�ÑÒ�ÑÒ¦��>	Qy@A45�'

n¥¦,:���g�Ç��Ó8³Ô(�8?�

ig¤á?�@A¢£7����k��\���*](1)Õ?Ö��­j�Ö�

�­j�Ö'7����k�»*�Ä�	
���! ���­j	�lm^×'

ni��ØÖ��­j	��7��Ñà������'´Ù�������	
�

�(ÉÊ°ÚÕ?­jRÛ�! �Ö��­j	�?�BCîï/0�´ÙÜ(�

(2)�\rsXN�U7����lm*�Ä����lmi*�	
�=ÝÞ�XN

	
�(3)�\�
XN�UÖ'7����k�@[�
89	
�(4)�7¥¦���
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U7����k�@[Ô�*�,���	
 '�

2.5 
���

îïðË�ß�ëì�! ��:à���Ä��ö÷](1)lm�­l?	
�

(2)��%&Î�-�(3)����ò�(4)?B@A�\�	
6��k��áá�l

mêN�ëì��áá��8êN�ëì�

n(��±��8KLîï���lm��X�âÔµ���ù��¬âã�l

?	
�D"�l?	
Zlm���°Vñó�í�ëì�����í�¤89¢

£��-�»lm������¬âä�	
®:�](1)lmrst�	
�(2)lm

i�	
�(3)lm�
l?	
�(4)lm�i6t	
�(5)lm*�	
�>(6)å

l?	
�����7����k�:æ�=¤��7¤���¤ál?	
Ñ~n

"h�×�¦nålmò���lm�­l?	
�

�îïk����¦��	�a,¾"(�����(�Ä��D"rs6tj

(�����lmÂ+�gi�	
Âh�,¾��2hÃñ��������
�

°±�DZg���i�lmçõ�½¾����%&Î�-u��c½�D"�%

&Î�-'Pnèg¤��
*+ÂA��-c½����%&Î�-���*]














−

−−
= ∑∑

+

i j

i
j

i
j

C

n

C

n

ntns
LDF

1

)1()1(

1
(9)

�k� i
jn � j��%�� i��iålmò�C������

ns���ò�nt���ò�

%&Î�-�îï�¬���È���%&Î��hå��.ÁòÀ{éDê�

¬n����%&Î�­×ëZ�����3±N��ò������×�­��

Z�8îï�8Ú����¬X��°�ì»��Zîï¬,¾�FG �V

¡�D���ag���¸¹¢£�§´��	¸�8R��(�d�±�í�,¾

îïîw`M ¡���>	Qy�@Ana<�FG�nîï�8�ïA·ð��

Ë�?�@Aq�'nçõ<��FG���ò��Ó(nñ±�	
»��ò¦

ã�'ó�Z�8Úñ�Ë�¢£�D"����þ�����ò�å��	
áá

R�í
ëì��SKL$	.On����®N��TN���	
Ú�ô»��

�������7�����'n���
XN>rsXN²³,:��	
��?

B@A�\	
�¤��
a�¬�-�����»����ò���à(MN��

����ò�å��	
U�����7¤����	
�å;��,¾�����
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�������

3.1 ����

()*+,-./0123456789:'012;<�/=>?01@AB

(AB2)C-D@EFG(HI2)JKL23<�MNOPQRST 59 44UVWX

M�'()*YZ01[\]^[�_PQ;/`OYZRSab� 6�c@ 9�c

d'aefYgOhiW�M�a 3.59cOjkl�R�,-[a 40UO�mV[

a 25 UOnYg��o"p,q�ROTNr[�
stu 7 UOvwxM�ik

ab� 6�cOYZyzk{aO|YZRS}~�@[�	/�@�3[ad'

012a�/�L2O�<���i��OT����� 60
��� 310
(T

��� 44����OT����[� 7
)O�����O��T<�a 2220
'�

�T����[� 7 
��n����O�()*ik����aT����[� 4


O<���a 1416 
'��012;vw� OV[$!�¡R¢£¤¥¦§�

�3[�/¨R��[�q�©ª~«¬3q�/¨R��¤<�­�3�����

�&45®¯°£ 1~±'

� 1 �������	


����

���� 	
��
������� ���� 	
��
�������

������ 130 130 110 ����� 84 81 104

������ 125 118 110 ����� 84 83 104

��� ! 138 131 112 ���"� 104 99 104

 !�#$ 77 73 121 "��%&'( 85 81 103

#$�)*+ 101 98 110 %&'(�,- 57 55 103

)*+�./ 122 113 116 ,-�0� 57 57 98

./�12 89 88 102 0��3.�� 64 63 102

12�456 73 72 99 3.���3789 61 61 103

456�:; 93 86 104 ��������	
 82 81 105

:;�<= 58 58 104 0	>?@�AB 92 90 101

<=��� 76 75 105

CDEF�3.G�HIJ
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,-./�²³´�Nµ¶45+J·�45¸(binary file)¹gº»O}�>?

012�HI2�AB2�E¼2�½¾2&L2T�R�V[@�3[;¿[�N

�'()*À�Ág|45¨Âa012T�RV[�	·[�N�O+¤@V�3

[3�	ÃÄ'()*ÅRhiTXRS�	@ÆaÇX9ÈO� 6�cRSÉX�

�	O�Ê[�¡R¢£xM<�@[� 59c@Æ'

Ë¬�Ì;YgC01245O()*6ÍÎ
�ÏO(ÐÑÌ;Ò�>Ó�(1)

³´�_PQRS¥¦/=;vwÔÕÖ(2)Ê´ 7 : 319<��01[�× 69c�

;vwÔÕO+¤"#W!�Ë¬Øp,q�Ù�Ø[�q�Ù�Ø����Ú®Ù�

Ø����Ú®Ù�ØÛÜ<�Ù&7Ý¤Þß=�Úà©ª;vwÔÕÖ(3)áâ%

ã"# 3~129c(�ä 39c);vwÔÕC=�Úà©ª;ÔÕ'

3.2 ����	
��


Ø¥¦/=ÙCØ"#W!åæ=çÚàè¯Ù;YZyé°£ 2~±'¥¦/

=§��O�	�=R�HO[��=R�ê 68.09�O��&ëR�ê 19.91�Oì

í�	���;R�îê 88�Oï�ðÃÄ;Ò�Ö� 3.5 9c3M��O�	p,

ë�R�ñê 10.70�'

� 2 ���
�����(��
���)�����

	
�K LMNO LMNO(PQRST)
UV V W

X� YZ[ X� YZ[ \][R X� YZ[ \][R

^3_`X�(�) 105.74 10.70� 116.25 11.55� 9.94� 119.56 11.90� 13.07�

abc�X�(�) 6.64 0.67� 7.26 0.72� 9.34� 7.22 0.72� 8.73�

�c_`X�(�) 196.75 19.91� 198.45 19.72� 0.86� 196.77 19.58� 0.01�

��aKX�(�) 672.86 68.09� 677.52 67.33� 0.69� 675.07 67.17� 0.33�

abd�X�(�) 6.26 0.63� 6.78 0.67� 8.31� 6.43 0.64� 2.72�

eaKX�(�) 988.25 100.00� 1006.26 100.00� 1.82� 1005.05 100.00� 1.70�

fQRgh 0.0459 0.1190 159.26� 0.0878 91.29�

LMi��j 0 130 126

klLMX�(Z) 0 473 443

n 69c%ã"#W!�O~�òÝ;�Ç�=R�ÇóôOp,&ë����

C��õ7R�Ò��Vî� 9�3óôÖ��	���;�=R�óô�öO�Ç
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�=R�÷óô 1.82�'ø 4 aØ¥¦/=ÙCØ"#W!åæ=çè¯Ù;<�ù

úÄûføOØ¥¦/=Ù�OÅX�[åÅ<�;ùúÄüýåðÖØ%ã"#W

!Ù°éåæþ�=çÚàè¯OW! 6 9c%ã;"�<� 26O�C����Æ

9.59cO�ùúÄÃ�=<��¿Î
O"�<�ùúÄ@É 16[;���� 2.0O

@É 11[�\�Æ 3.7O������ 3�<�+ 1.59��@[OùúÄ	
��


O��vwùúÄüý
�óôÍ 159�'()*+��}T����[� 4 
a

��~ik;<���a 1416
On<�ùúÄÆ@ 2.0RO��}T����[�


�|Æ 9
O���	��������;��O������!�~���3�

�'ùúÄð� 2.0 RO��à���	���R�s��ð�óôO| !()*

���R�a2 "�;hi'ÅROn�	��#<�ùúÄðRO|�W!�	

���$%3�&O�R'¦��[�
()�*+O�å�,-ùúÄ�ð;�&'
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� 4 ����
����� !��
�����"#$%&'(�

��(YZYghi<�ùúÄ+ 2.0 a�öOùúÄ�� 2.0 RO�	�[�


(./�012ù�XM<�O3�	45@[6�7+��'n 69c%ã"#

W!RO��ùúÄö8�O~�òÝ;�Ç�=R�ÇóôO�Hp,&ëR�ó

ô 13.07���	��R�óô 8.73�'�ROùúÄüý9�¥¦/=óô 91.29�O

:Ã;ùúÄö8��<=î 4-'>�"#W!åæ=çè¯O��?<�;@�

�·[C¿[O,-%ã<�[�� 0óôa 126OvwA%ãR�Bóô@ 443 9
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3.3 ��������


3.3.1 ��������	
��

� 3°�����¦��#PÝrsXNÞ�Ý�
XNÞ�Ý��
�@[Þ�

Ý��
�@[Þ6ãæ?�@A¢£�îïðË�

� 3 )*��+�,-./01

���� ���� 	
�� 
��� ��� ���
�� � �

�
 �
 �
 ��� �
 ��� �
 ��� �
 ���


����
(�) 105.74 119.56 117.36 15.92� 116.32 23.44� 112.78 49.06� 119.61 -0.36�

�����
(�) 6.64 7.22 7.12 17.24� 7.08 24.14� 6.99 39.66� 7.21 1.72�

�����
(�) 196.75 196.77 196.74 150.00� 190.75 30100� 199.25 -12400� 196.78 -50.0�

	
���
(�) 672.86 675.07 671.80 147.96� 674.78 13.12� 674.22 38.46� 674.62 20.36�

�����
(�) 6.26 6.43 6.40 17.65� 6.39 23.53� 6.37 35.29� 6.43 0.00�

 ���
(�) 988.25 1005.05 999.42 33.51� 995.32 57.92� 999.61 32.38� 1004.65 2.38�

!"#$% 0.0459 0.0878 0.0871 1.67� 0.0878 0.00� 0.0844 8.11� 0.0878 0.00�

��&�	' 0 126 117 7.14� 98 22.22� 156 -23.81� 128 -1.59�

()���
(*) 0 443 363 18.06� 284 35.89� 527 -18.96� 448 -1.13�

D�lm%�i�l?	
hi 88��XN¢£Z"'Ò¦5y�3���
X

N'ng�
l?	
çõh 3.3 »�rsXN'g�­lm�i6t	
çõh 6

»��
XNg��­l?	
3� 33.51���rsXN'3� 57.92��v°XN

¢£Z7%&Î�-�3�:æ� 1.67�� 0��Ë��:�C�îï�8ëì���

��c½DXN��¬3�������ò�îï��	
h� 7Ï36��çõ�[

B���rsXN��
XN·��Ë��ó°D{O89�XN89�	
���

¦ 5ã�
'X 5»ni���¤�
(X	
�7 1~4»��rsXN¤�(°±

�	
'� 7»�

Ö��
�@[�YZ�,��ÉÊ�����
���
�Ë��ã�	�U

j��%��­j��	
�D�Ö��
�@[	�±N	

�>­j	
¿

±��ðË�±N�H�]¬�	

��±	�ag����Ì¶R­j�g��

ilm�i6t	
Â¿��gål?	
Â¿�%lm�­l?	
V±��U

*������Ä�y��Ý���
�Ë� 7.5 :��U��­j 2 :�Þ�V�

�
�@[¢£�
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Ö��@[D�g,:rs6tlmÌ�i��ç��¦�����%&é��

Õ?�gV�¢£�'5y3��­rs6t	
�çõh 6.78»��vD�%rs

iR­j�¬ng�i6t	
Âhh 2.48 »��Ö��@[g�­l?	
3�

32.4���%&Î�-3�Ë��XN¢£�Ë�'3� 8.11���^i�Ó¸%&Î

W7 2.0 �CC�%&Î�-�3�Ë�»2�y}���7��­j�g�TN�

�Ì� 2,���D�g����ò>îï��	
Â��

Ö��
�@[�UZ�,��ÉÊ�����
���
�W7�ã�	�U

j��%��R­j��	
��7���^H� 3.5 :���(��"	����

�
�W7 2.5 :�U��­j 1 :�	�»,¾�Ç�� ������gl?	


Â¿������Ä�y���Ý���
�±7 1.5 :��U��­j 1 :�Þ

	�lm�­l?	
V±��V�¢£�����^HÕ?Ö��¢£	�Ö��

����� 3 ,���D
�W7 1.5 :��7Ô������ðËëìy�Ö��

Ë�Ñ±y}�

3.3.2 
�������	
��

� 5°Õ?�é89[\¢£�í
ëì:à��¦�Ö���égP�Ë�±

y}����¢£�égP­�¤¢£x!gP	���y�¢£�égP�h¾Ë

���k�Ý�
XN"rsXN"Ö��Þ�Úé#gP�3�Ë�V��ål?
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�Ç��Ó8³Ô(�8?�"¢£¢��ø�'®:��e¥¦�$e¥¦á��

���ÚH��ý���ns��8îï_`!�H��ý¸¹X%�ù�VO�¦

������&Îh�' 2ª�����¦�ý¸¹X%�	Qy>�wy7 2:�

�¸¹ò¦��	�UÕ?(�RÛ�×�)�*���+jJ-.!b*³Q,-�

n#�Ç��89�"��e¥¦�¦�����U.OÖ�ÇØ�,���TNc

v��ÇØá,�� '³Ô{O(�8?�v�¦����Ó�lm./�01�

��U.O����%��Ä��2Ç8?����34%_`��(��Ò¦ 6:

����%��(�� 3.5 :��cv*���ÇÈ(��¸¹¢£(�¨#���

�}$e¥¦ã�

� 4��¦�����¦��±¥���¥¦���îïðË�����c5%

±c?B�\>%&ÎW7 2.0 �CC*�ål?	
 �y}Âh�¥����±

¥���ål?	
D�h 0.54 »�v¥á��U�±¥��Âh 13 »���-�

ó·prs6t	
������ò>îï��	
UD��¥¦��W�¥¦á�

��{O8?��
l?	
DN���D°��¦���������*�(��

�(�� 4.5:����±a<�����
��67�Âh�
89	
�

� 4 ����
�����

������ ���	
���(
,�,�)��
�� � � ��
�

���� ���� ���� ���� ���� ����


����
(�) 105.74 119.56 121.45 134.53 112.45 114.39 125.60

�����
(�) 6.64 7.22 7.34 7.64 6.97 7.08 7.47

�����
(�) 196.75 196.77 196.56 196.25 191.84 194.56 194.30

	
���
(�) 672.86 675.07 673.69 672.86 671.57 671.39 671.29

�����
(�) 6.26 6.43 6.55 6.75 6.36 6.47 6.70

 ���
(�) 988.25 1005.05 1005.59 1018.03 989.19 993.89 1005.36

!"#$% 0.0459 0.0878 0.0840 0.0757 0.0875 0.0796 0.0737

��&�	' 0 126 64 43 102 43 45

()���
(*) 0 443 103 139 243 44 118

¥¦���é89[\¢£:à	�
�@[¢£¤	

���Ä��¥¦�

��	�Ö��nÝ���
�Ë� 7.5 :��U��­j 2 :�Þ�Ö��nÝ�

��
�±7 1.5 :��U��­j 1 :�Þ	�lm�­l?	
V±��V��
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�@[¢£�"@[¢£�±¥¦��	DN�v¥¦á��	�Ö��^nÝ�

��
�Ë� 7.5 :��U��­j 2 :�Þ�V��
�@[¢£��Ö���8

9[\¢£U8�±Ò¦Ë����D°��¦���������*�(���(

�� 4.5 :���{O(��¿�á�
�à�W7 2.0 :��cv��±aÕ?Ö

���­jb����¢£�

¥¦��Õ?�é89[\¢£:à��Á^nÝ�
XN"rsXN"Ö��Þ

�Úé#gP�3�Ë�V��±¥���¥¦����c5�¤áí
ëì�5y

��-�¥¦����¥¦á���ål?	
�9h 11.47 »�y�,:�¦��

���Ó(�e¥¦���n¥¦�¦������9�Ç��(³Ô(�8?��

���89[\¢£�

3.3.4 �����������������	
��

���¥�:��op	¸7Ô��¦ 3:��6:��9:�> 12:���ó

�����89[\¢£�îïðË�-�� 5�±N	
¿A�ó��lm�­l

?	
�dþ��k�Ý±¥��ÞY�����¦��<FG��Ç��
� 1.5

:�����Ý¥¦��ÞU��»¸¹M	¥�����	¸�k¥¦���Ä�

y�]lml?	
;�ó��	
Âh�Â¿�� 12 :�������¦	�l

ml?	
�{O8?Âh 7.3����"	�P¥¦��¢£�Ul?	
»�{O

8?Âhh�¾�

� 5 ����� !"#$%&'(%���)*

����

����
	
�� 3�
 6�
 9�
 12�


���� 988.25 992.29 1005.05 1027.06 1060.42

���� - 0.41� 1.70� 3.93� 7.30�

����(����) 988.25 994.49 1018.03 1030.43 1085.67

���� - 0.63� 3.01� 4.27� 9.86�

Ö��
�@[	�±N	

�>­j	
¿±��ðË�±N�n�ó��

9:�(±¥¦��) �H������
� 4.5~13.5:�(
� 1:�)���­j 1~4

:�(
� 0.5 :�)�±N¢£�é�»¬��lml?	
<=��q>��

(response surface)��� 6¬��y�Ö��±N¢£�ðË��-?���Ö��!

�N@�c½�%lm�­l?	
V±��U*�±N	
¿A��ó�����

���¬��V�
�@[¢£�� 6¬��
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����
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����

��� �� �� (1.5;0.5) (1.5;0.5)

��(���� !"#��)$

� 7°����±¥¦���gPÝrsXNÞ�Ý�
XNÞ�Ý��
�@

[Þ�Ý��
�@[Þ6ãæ?�@A¢£�n>¤¢£é#gP�îïðË��

�Ä����DN]±N	
¿A��ó���¦�Ö���égP�Ë�±y}

����¢£�égP­�¤¢£x!gP	���v¸A¤¢£x!gPb�ég

P��3�Ë� ;�ó��	
Â¿� ¡�� 7U°�����¦��Ý¥¦�
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������ó��	
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� 7 ����� -!"#$-���	
�����

����

����
3�
 ���� 6�
 ���� 9�
 ���� 12�
 ����

�%��&'(0) 992.29 1005.05 1027.06 1060.42

(�)*(1) 989.61 66.34� 999.42 33.51� 1018.15 22.96� 1048.12 17.04�

+,)*(2) 987.76 112.13� 995.32 57.92� 1011.87 39.14� 1038.43 30.47�

���(3) 991.24 25.99� 999.61 32.38� 1017.06 25.77� 1045.72 20.37�

���(4) 991.90 9.65� 1004.65 2.38� 1026.66 1.03� 1059.96 0.64�

(5)=(1)+(2) 986.48 143.81� 991.35 81.55� 1004.81 57.33� 1028.21 44.63�

(6)=(3)+(4) 990.87 35.15� 999.11 35.36� 1016.54 27.11� 1045.15 21.16�

(7)=(1)+(3) 988.64 90.35� 994.81 60.95� 1009.13 46.20� 1034.76 35.55�

(8)=(2)+(3) 986.98 131.44� 993.22 70.42� 1002.97 62.07� 1025.75 48.04�

(9)=(1)+(2)+(3) 986.12 152.72� 989.18 94.46� 996.80 77.97� 1017.13 59.98�

(10)=(1)+(2)+(3)+(4) 985.48 168.56� 988.66 97.56� 996.23 79.44� 1016.62 60.69�
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ABSTRACT

This paper develops a heuristic method for the design of MRT route

service pattern after referring to the MRT track’s layout and the passenger

OD matrix. Instead of engineering improvements, the MRT route service

pattern are designed by logic procedures. Two types of routes are generated:

(1) basic operation routes, (2) feasible operation routes.

To achieve the optimum alternative, the effects of routes service pattern

design on both operators and passengers are traded off by minimizing the

sum of operating costs and passengers costs. Through the case studies on

April 2000, it is shown that the optimal of route service pattern for TAIPEI

MRT Network are consisted with three routes:(1)Tamshui to Hsintian;

(2)Shihpei to Nanshih Chiao; (3)Lungshan Temple to Taipei City Hall under

the same considerations.

Key Words: Route service pattern; Heuristic algorithm; System total cost
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! 1 ��"#$%&'�()

D
O

R1 R2 R3 R4 R5 Y3 Y2 Y1 G2 G1

R1 0 10 12 14 28 20 16 8 4 2

R2 6 0 10 12 15 16 10 5 2 0

R3 12 28 0 14 10 11 17 12 20 10

R4 20 22 30 0 1 5 15 12 8 2

R5 8 20 18 6 0 16 15 33 20 15

Y3 16 24 30 14 10 0 12 23 18 14

Y2 8 5 3 10 8 15 0 12 12 12

Y1 14 12 20 22 12 20 5 0 10 8

G2 6 2 12 15 25 15 3 5 0 6

G1 14 4 15 22 23 22 14 2 8 0
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���� ��� ���� ���

���	
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� 15�
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! 3 �� A-B./#0�120-3420-56#207#0��!

�%0

A12
%)�
3

(�4)

A12
%)5
6()

(7)

A12
89%
()
(7)

A12
&'(
)

(7)

A12
%)�
�(�:
	()

B12
%)�
3

(�4)

B12
%)5
6()

(7)

B12
89%
()
(7)

B12
&'(
)

(7)

B12
%)�
�(�:
	()

Y1 / / N/A 180 / / / N/A 180 /

Y1↔Y2 1055 82 18 / 104 1053 80 N/A 180 114

Y2↔Y3 1619 119 18 300 215 1623 123 18 300 174

Y3↔R5 2138 138 25 / 303 2135 134 18 / 246

R5↔R4 696 65 18 / 320 698 67 25 / 249

R4↔R3 1362 97 18 300 126 1364 98 18 300 272

R3↔R2 1140 88 18 300 73 1137 87 18 300 202

R2↔R1 997 80 N/A 180 123 995 78 18 / 112

G1↔G2 830 71 18 / 199 828 69 N/A 180 163

G2↔R5 2142 136 25 / 124 2146 139 18 / 69

G1 / / N/A 180 / / / N/A 180 /

�!"G�q+h����F�#/����/��<����#/����/

����FG?/���/?��� \¡�OP�¢£:��¤h SW-1<SW-2<

SW-3<SW-6<SW-7D SW-8¥¦£���'�����e�
�¤d)V (5+1)C2 = 6C2

= 15 Q�§ R1-R2(SW1-2)<R1-R3(SW1-3)<R1-Y3<R1-Y1<R1-G1<R3<R3-Y3<

R3-Y1<R3-G1<R4-Y3<R4-Y1<R4-G1<Y2-Y1<Y3-G1<Y1-G1¥�W�XY��


�Z[_`�¨ A(1) = 6 £\/©ª«ec���
��g¬e���
�¤h

R1-Y3<R1-Y1<R1-G1<R3-Y1D Y1-G1¥ 5Q'­®�n¯¬e���
� Y1-G1�

°F±²� ��/ R5 ³´OPµi¶·¸��U/�¹ºª��«d%���


��»¼� 4Q��
�§)VI���
�'

3.I���
�ae���

4 QI���
�½ae��#�WH¾¿ À�
���ÁÂÃÄ�JÅ�Æ

Ç>��XÀ��
�ae:È A(2)=3Q��noQR���d)Vh 4C2 = 4C3 = 10

ÉI���
�ae'

4.I���
�ae�no

10ÉI���
�aeÊl`m: A(3)\/ËÌ� <̈A(4)
�ÍÎ�¨D A(5)
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�\Ï:_`�no��dpJqÐÉd%���
�ae'-G�\Ï:_` A(5)

Ñ���Ï�_'

5.�4~Ò

���
�aek
�ÓÔ8[Õ~�:£Ö×�W�qØÓÔ
�Ö×���

ÙÚ�4~Ò�Ö×
��"�Û�Éae R1-Y1D R1-G1(§ SW1-7D SW1-8)d~

VÜ£Ö× R1-R5<R5-Y1D R5-G1'bØÓÔ
�Ö×hÖ×TDÖ×Ü'

.Ö×GXÝÞß/?�4~à� 320<272D 199�b+2�áÏ:~à� 11<

10D 7'°FØÓÔ
�Ö×hTaâ.aãä°«å���
�+aV�¹b�Ö

×ã���
�æd��ÙÚ~Ò
�'�"Ú�Ö×T(§ R5-Y1 Ö×)���
�

(R1-Y1)��ÙÚ~Ò�4
��bçèéA+2�áÏ:� 10(=272/30)áÏ�áê

� 6~�ë8ìPA?� 1926í���î
�+2�E\:� 1926÷60÷(6)=6E'H

R1-Y1(SW1-7)���
��4~ÒïV��ðªñ~Ò�.//?�4��dò

R1-G1 
�G�XÝÞß/?�4� 199�çèéA+2�áÏ:� 7 áÏ�áê�

60/7 ~�ë8ìPA?� 1629 í�¹�
�+2�E\:� 4 E'e�+2�tE

\:� 6+4=10E'

6.d%��
�ae�no

ó�É��
�ae��4~ÒïV��¯oLô¬eXéáÏ: A(6)(õöá

ê 15 ~÷)�_`'
øÛÜ<ùÉ��
�aeG� R1-Y3 
�áêæ� 20 ~÷

�áÏ�ÛÐÉ��
�aeG� R1-Y1 
�áê� 60 ~÷�ÜÉ��
��áê

æúFõöáê 15 ~÷�_`�¹b��ÜÉ��
��áê³ûVõöáêüý

��$%>�þ�
�XÝ�4 A(7) (.Ö×XYáê 2~÷)DrstE\: A(8)(15

E)¥l`m:�¯o�ÐÉ��
�aeæ¬e
�XÝ�4<rstE\:�&

3'����$%>��×��f��'

7.��¥\D�\A?567

�	ó�a��
�ae���a�w
�¥\<�\A?DÏ:567'�Û

�a�"�-¥\(���\¥
A?)D�\Ï:567�7 4 D7 5 +,'+3ò

�56�=A?�;D�\«���;����òt¥\A?V�z�\«�V��

�7 6D7 7+,'

8.d%��
�ae�f���{|

k	(4)#3�ó�ad%��
�ae�f�rstV��JKtV�Xé��

f§�Xc��
�����q'�7 8 d%��
�ae�f���8�D{|

7�-çèéArstV���Gd�q�Û 1a�tV�(15573�)Xé���îa

�d%��
�ae�Xc�f'
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! 4 89-:920()

D
O R1 R2 R3 R4 R5 Y3 Y2 Y1 G2 G1

R1 0 60/34 60/34 60/34 60/34 3 3 3 60/14 60/14
R2 60/34 0 60/34 60/34 60/34 3 3 3 60/14 60/14
R3 60/34 60/34 0 60/34 60/34 3 3 3 60/14 60/14
R4 60/34 60/34 60/34 0 60/34 3 3 3 60/14 60/14
R5 60/34 60/34 60/34 60/34 0 3 3 3 60/14 60/14
Y3 3 3 3 3 3 0 3 3 51/7 51/7
Y2 3 3 3 3 3 3 0 3 51/7 51/7
Y1 3 3 3 3 3 3 3 0 51/7 51/7
G2 60/14 60/14 60/14 60/14 60/14 51/7 51/7 51/7 0 61/14
G1 60/14 60/14 60/14 60/14 60/14 51/7 51/7 51/7 60/14 0

;<=�>

! 5 :9;+()

D
O R1 R2 R3 R4 R5 Y3 Y2 Y1 G2 G1

R1 0 0 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0 0 0
R4 0 0 0 0 0 0 0 0 0 0
R5 0 0 0 0 0 0 0 0 0 0
Y3 0 0 0 0 0 0 0 0 1 1
Y2 0 0 0 0 0 0 0 0 1 1
Y1 0 0 0 0 0 0 0 0 1 1
G2 0 0 0 0 0 1 1 1 0 0
G1 0 0 0 0 0 1 1 1 0 0

! 6 <=������	
>897:920?@()

D
O R1 R2 R3 R4 R5 Y3 Y2 Y1 G2 G1

R1 0 53 64 74 148 180 144 72 51 26
R2 32 0 53 64 79 144 90 45 26 0
R3 64 148 0 74 53 99 153 108 257 129
R4 106 116 159 0 5.3 45 135 108 103 26
R5 42 106 95 32 0 144 135 297 257 193
Y3 144 216 270 126 90 0 108 207 393 306
Y2 72 45 27 90 72 135 0 108 262 262
Y1 126 108 180 198 108 180 45 0 219 175
G2 77 26 154 193 321 328 66 109 0 77
G1 180 51 193 283 296 481 306 44 103 0
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! 7 <=������	
:9�A?@()

D
O R1 R2 R3 R4 R5 Y3 Y2 Y1 G2 G1

R1 0 0 0 0 0 0 0 0 0 0
R2 0 0 0 0 0 0 0 0 0 0
R3 0 0 0 0 0 0 0 0 0 0
R4 0 0 0 0 0 0 0 0 0 0
R5 0 0 0 0 0 0 0 0 0 0
Y3 0 0 0 0 0 0 0 0 90 70
Y2 0 0 0 0 0 0 0 0 60 60
Y1 0 0 0 0 0 0 0 0 50 40
G2 0 0 0 0 0 75 15 25 0 0
G1 0 0 0 0 0 110 70 10 0 0
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45
'1
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7���
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7
�
5
'
1

;<�
��=
>,'
1(?)

R1-Y

1
10

1
R1-G

R1-Y

1
272 10 1926 6 R1-G1 199 7 1629 4 @

R1-R5:60/17

R5-Y1:6

R5-G1:60/7

10 675
1209

3

1276

8
7

R1-G1:14335

R1-Y1:18012

280

5
15573

R1-G

1
10

2
R3-Y

R3-Y

1
272 10 1677 5 R1-G1 215 8 1629 4 @

R1-R3:60/8
R3-R5:60/18

R5-Y1:6
R5-G1:60/8

9 1445
1450

0

1594

5
8

R1-G1:14335

R3-Y1:13743

252

1
18467

R1-Y

3
7 1629 4 7

R1-Y 3 73

R1-G

R1-Y

1
202 7 1926 4

R1-G1

R1-Y3
19970

4
1606 2

@

R1-R5:60/17
R5-Y3:6

Y3-Y1:60/7
R5-G1:60/7

10 675
1339

9

1407

4

4

R1-G1:14335

R1-Y1:18012

R1-Y3:12662

277

1
16845

R1-Y

3
7 1629 4 7

R1-G 3 7
4

R3-Y

R3-Y

1
202 7 1677 4

R1-G1

R1-Y3
19970

4
1606 2

@

R1-R3:60/11
R3-R5:10/3

R5-Y3:60/11
Y3-Y1:60/7
R5-G1:60/7

10 1065
1637

3

1743

8

4

R1-G1:14335

R1-Y3:12662

R3-Y1:13743

247

1
19910

R1-Y

1
1 7

R1-G 4

2286 3

45

R3-Y

R1-G

1
199 7 2007 4

R1-Y1

R3-Y1
16256

9 2139 6

@

R1-R3:60/11
R3-R5:3

R5-Y1:60/13
R5-G1:60/7

13 675
1372

5

1440

0

9

R1-G1:14335

R1-Y1:18012

R3-Y1:13743

296

1
17361
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1.  jklmno

mQRpqr 89 s 4 tu����"#S`�novNjkwxyz{|Sl

}�~b- 42�?���?`�����jk 42×420��"#��wx{|M

� mQRSab*7p����0yznoNabl}����������

�!S�5���h��SX�����!�������! OD�����!��

���p ¡¢N������S���!M

2.  a£`�¤¥+()¦¥

N§¨`���ab©ª�KS«�mQR¤[����¬­s®`�no¯°
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378.8

(�/�����)
1936

(�/���)
1.66

(�/�)
6

(�/ )

� 10 ����
�����������������

!"#�

	$��%

&'(

A(1)

	)��%

&*+�,

A(2)

�� 

�-"

A(5)

./0

123

45

A(6)

./	

623

A(7)

./7

���

A(8)

���
8� 69
�:;3<

3= 2 7� 105> 46�

3.  ̀ ���±~abS²³

´�µ¶hjkSlmno+8·`�¤¥no�¸¹«hº»S��ab¼½

©'��¾¿À±ÁÂ0��`���±~ab*ÃM;��abS�ÄÅO¶gÆÇ

(1)����������lmXÈ²³��XN~É��(�
�������)�Ê

Ë��(���)ÌÈM

(2)~É��Í�lm��ab§�Î�Ï~ÐÑ�ÒSÐÑÓ	-Ô�(_�<�)�

��	�Õ¢ 8C2Ö28�`����;ÊË��-×�ÐÑÓ�ØÙ�	�Õ¢ 3C2

Ö3�`���M

(3)~É��h±¢S 28�`�����- 3�`���(�ÚÛÜ�¼/Ý��ÚÛ

Ü/Þß��ÚÛÜ��)à�´�áâ�v>?ãäÐÑåæçèéÀêÓ��

ëìpíî�ïðî 4 �^Ï~Áñ`���òóô)(õ�?�)§�	öÆ 21

�lm`���MÊË��÷-À�`���(øùúPÜûüý)^Ï~Áñ`�

��òóô)�íîM

(4)~É��h±¢Slm`����� A(2)þ� 3���±~S*'�A(3)?���

���A(4)�������A(5) ?þ� 2�ô)�()¦¥��Æ��öÆ 7�

lm`���±~{(R33-O19,R26-G1)�(R33-O19,R23-G1)�(R33-G1,R33-O19)�

(R33-G1,R26-O19)�(R33-G1,R23-O19)�(R13-O19,R33-G1)�(R33-O19,R13-G1)}Ï

~	z�;ÊË��h±¢Slm`����ZöÆ 2 �{(BL5-BL13)�

(BL5-BL13,BL5-BL10)}M

(5)~É���S�
lm`���±~´��!X�§�������DE��!
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Æ�Zy�� 10ç 15X�0������Ï~a£	z:�;� A(6)ü���

a£N 7X���� µ¶���S���ë;������ã�N 7X�§�¸

�KÆÀ�� A(7)"#Á���� A(8)"#�>?¥S���vM�ab²³g

� 11�� 12hiMÊË���S�
lm`���±~´��!X�§��ab

²³g� 13�� 14hiM

(6)�µ¶¯�²³����� !�, ü���S�*Ã���pã�0"#Æ�

p$(R33-G1,R33-O19,BL5-B13)%S`���±~*ÃS����"#�¢mÁ

��&N 885,398'���"#(S ?)�¥(639))Á*M �, ü���S

�*Ã��ìpã�§S²³�÷p$(R33-G1,R23-O19,BL5-B13)%S`���±

~*ÃS����"#�¢mÁ��&N 780,690'M��, ü���S��*

Ãã�E§h¯�S²³����*Ãã�§S"#�¢m�+!ã�EN���

�5,������ 10~15X�ã-N 7X���4�.0��

�,�/�4

"#�¢m-��ë;Fã�§S*Ã×vNÁ00¯�M

12�mQRh¯�SÁÂ*Ã$(R33-G1,R23-O19,BL5-B13)%�+����¬

­qr 89s 6t�habS`���*Ã$(R33-G1,R26-O19,BL5-B13)%&�34�

��� 12,767 'S"#�¢m:��`�2¢mG* 24,901 '(356,728 '-331,827

')�54«2¢m6� 12,133'(332,855'-344,988')M

� 11 ����������� !"#$%�(�&��-'()*+,-.)
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01,
 -.

(/)

23
 -.
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#

BL6 R33<->G1 8046 65807 30 5294 7112 720 10 329.035 5
1

BL7 R33<->O19 7578 57355 26 4605 6223 900 7 229.42 4
639 338230 211543 565293 776836 1

BL6 R33<->G1 8046 65807 30 5294 7112 720 10 329.035 5
2

BL13 R26<->O19 7578 38830 20 3310 4748 900 6 155.32 4
1013 366605 183474 614641 798115 3

BL6 R33<->G1 8046 65807 30 5294 7112 720 10 329.035 5
3

BL18 SW1<->O19 7578 31526 17 2702 4018 900 5 126.104 4
1118 377236 172407 632917 805324 4

BL6 R33<->G1 15025 65807 30 5294 7112 450 16 526.456 8
4

BL22 SW2<->O19 7578 15595 8 1346 2296 900 3 62.38 4
4146 319450 223051 555161 778212 2

BL7 R33<-> O19 7578 57355 26 4605 6223 900 7 229.42 4
5

BL12 R26<->G1 8046 47282 24 3999 5637 720 8 236.41 5
1203 383291 176456 643480 819936 6

BL7 R33<->O19 7578 57355 26 4605 6223 900 7 229.42 4
6

BL17 SW1<->G1 8046 39978 21 3391 4907 720 7 199.89 5
1384 400278 162623 672768 835390 7

BL7 R33<->O19 15025 57355 26 4605 6223 450 14 458.84 8
7

BL21 SW2<->G1 7473 24047 12 2035 3185 900 4 96.188 4
4795 342666 210245 597599 807844 5

56789�� &��	:;<=>?@A(�)&��	B
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894* BL6 R33<->G1 8046 65807 30 5294 7112 420*** 18* 592.263* 9*

1
842* BL7 R33<->O19 7578 57355 26 4605 6223 420*** 16* 516.195* 9*

639 178397 419883* 299970 719854 6

894* BL6 R33<->G1 8046 65807 30 5294 7112 420*** 18* 592.263* 9*

2
842* BL13 R26<->O19 7578 38830 20 3310 4748 420*** 12* 349.47* 9*

1013 196854 356728* 332855 689583 3

894* BL6 R33<->G1 8046 65807 30 5294 7112 420*** 18* 592.263* 9*

3
842* BL18 SW1<->O19 7578 31526 17 2702 4018 420*** 11* 283.734* 9*

1118 203785 331827* 344988 676816 1

1669* BL6 R33<->G1 15025 65807 30 5294 7112 420*** 18* 592.263* 9*

4
842* BL22 SW2<->O19 7578 15595 8 1346 2296 420*** 6* 140.355* 9*

4146 250133 277515* 440095 717611 5

842* BL7 R33<->O19 7578 57355 26 4605 6223 420*** 16* 516.195* 9*

5
894* BL12 R26<->G1 8046 47282 24 3999 5637 420*** 15* 425.538* 9*

1203 197520 356728* 335100 691829 4

842* BL7 R33<->O19 7578 57355 26 4605 6223 420*** 16* 516.195* 9*

6
894* BL17 SW1<->G1 8046 39978 21 3391 4907 420*** 13* 359.802* 9*

1384 204718 331827* 348138 679965 2

1669* BL7 R33<->O19 15025 57355 26 4605 6223 420*** 16* 516.195* 9*

7
830* BL21 SW2<->G1 7473 24047 12 2035 3185 420*** 8* 216.423* 9*

4795 252407 277515* 447769 725285 7
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1 1263* BL2 B5<->B13 11375 15334 9 1266 2216 420*** 6* 138 9* 0 31083.1 52276* 51597* 103874* 1
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23 ?@ ��� ��A�� BCA�� ./7�� D 

1 56 699806* 173053* 872860* 7

2 50 594547* 192807* 787354* 5

3 47 553046* 200010* 753056* 3

240> 4 40 462526* 262143* 724669* 1

5 50 594547* 194579* 789126* 6

6 47 553046* 202495* 755541* 4

7 40 462526* 268199* 730725* 2

23 ?@ ��� ��A�� BCA�� ./7�� D 

1 38 466537* 257665* 724202* 7

2 34 396364* 286172* 682537* 3

3 32 368697* 296662* 665359* 1

360> 4 27 308350* 380777* 689128* 5

5 34 396364* 288260* 684625* 4

6 32 368697* 299590* 668288* 2

7 27 308350* 387913* 696263* 6
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23 ?@ ��� ��A�� BCA�� ./7�� D 

1 30 373230* 342276* 715506* 5

2 27 317091* 379538* 696630* 3

3 25 294957* 393314* 688272* 1

480> 4 22 246680* 499412* 746093* 6

5 27 317091* 381941* 699033* 4

6 25 294957* 396685* 691643* 2

7 22 246680* 507626* 754307* 7
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(900/720> 4 16 223051 555161 778212 2

F 900/450>) 5 21 176456 643480 819936 6

6 20 162623 672768 835390 7

7 17 210245 597599 807844 5
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5 21 237818* 475622* 713441* 5
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2 16 183474 614641 798115 3
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1936 4 19 223051 555161 778212 2

5 15 176456 643480 819936 6

6 14 162623 672768 835390 7

7 18 210245 597599 807844 5
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2200 4 17 198123* 606769* 804893* 1
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ESTABLISHING A STANDARDIZED PROCEDURE
FOR THE URBAN TRAFFIC SIGNAL CONTROL

SYSTEM DEVELOPMENT

���� Kuo-Chun Hsu2
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ABSTRACT

This study belongs to a series of ITS-oriented projects sponsored by the
MOTC. It aims to resolve those practical development problems of the
domestic urban traffic signal control systems. Research efforts have been
focused on establishing a standardized procedure for the construction, renew
and expansion of the urban traffic signal control system development. It is

1. ��������	
��
����������������������� 
!"#$%&'()*+,)*-./0���1��2��3456789:

2. ;<�	=>?@���AB5CD3E=>�����>�FGHIJ(KL�M
N 701�O"P�QRS 12# 7T� 15E-mail:gjs@nts.tcm.ncku.edu.tw):
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expected that based on the outcomes of this study, i.e., an operational
manual of system development, urban traffic signal control system
authorities can revise step by step their administration procedure to further
improve the domestic urban traffic control system development in the near
future.

Key Words: Traffic signal control system; System engineering;
Standardized procedure
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&¬����¾¿iR.�eÇ��ò����¥n�9¯!�TÑ[1]

1.$%(specification)

»n�$³	
��E��
Dø��NW6EF����������dÜ�

Î������8���æ��*=�o

2.��(standard)

ùx�ø³!���G	¿[���D6��o��6C!»���³NW6�

��/p ò��N!"6����xÉ#�³x$ò�%æ�³!n$ò*=&³o

3.UÝ$&(code of practice)

'( )*Oí��6¾¿�n�ø+����øc�^_[ø��ø��O,�

�E6Gno

4.=$(regulation)

Ï-P=�./��+!0¾&
123!¾¿Y4x��É=
e56736
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dp�C!���i
eÇ�A8Ñ[2]

1.BC8(interchangeability)ÑDx¯�E	
e��BC!8Fo

2.F�8(uniformity)Ñ»G�
'HôdIÜ!EF����8�ºX��F��³

!$J%K6��&9L ¿ B!MÚN[O³zGnP¥
�!\58o

3.Q³8(fixity)Ñ�x�ò9�aRS�!0¿�ïPT�������çè�xU

ä!��o
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e�(VòA8�N�ú���i-D����Ç�WB�ÄÑ

1.Xçi(simplification)Ñ��iY�X���ZvÅMÆ�Å5[!\�o

2.7#i(specialization)Ñ]e��i^�@k7#i!C!o
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��o

2.ØÙÜÛÑ����)ÕÖe3!EUD�������
!��[������

NÕÖk!�
D��/`!�h����³Þ�!��o

3.ø+"#�¸Ñ�'ò��/`Ç�ø+v����!"#�¸*y����'ò

��/`Ç�ÚZv�ÃUwxÞ�ù@dC�6Åa*yo

4.ÚZø+*yÑ�'ò��/`Ç�ÚZv�ÃSwxÞ�æ@dC�6Åa*yo

5.U��"#�¸ÑÊ}�Ë01¥n��¸�À���!*=���345rsD
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5¥!2so

6.���ÚNÑ��¸U���¥��g�z���æzDUV��T! ¡���

�cºP«��¸!¢£o

���	�
��"#�¸»¤UÝ�+©"�¥¦§·=$Drs¨©�<=

�i/`�ª�OP�ä«�[��
«Í*=�Ú�'*yT!¬­�¢����

��"#�¸!��*=®£e
¯!°±%²�/p����É#³(6"#�¸

��¡Ì«�ØÙÜÛ��
ÕÖD×`�&�É�Þ�é´Í³vT`!��"#

�¸�ÀM�7ãäåNµ¯ôd!�"¶ô9·gh¸��Å��QRIÖT��

67ãäå¹º¸»sí¸»>do

���
������������������

����'¼���QR�	�
���!Þ�����½nÜÛ¾(=

(AHP)�®DQRIU¿ÔÞÀ�QRI©Á��N��Â�QR1���Ã�ÄÅ

�+,ÆÇÈQRKÉ��Ê�ÆÇÈ�	¶ô�{ËÔÞ��Ì�{ËQR�	Í

s�çè67ãh~�OPv���	�
��"#/`6¾(3»Î�(ïð 3)�¬

���	�
��"#!Þ�7���C�¾�C�¾Çø�!¾�ùÜd�
$¹

ø+�uÏ���^_1`Vò\Ï�Ð��!¾Ç�ø��¾(ù��/Ñ)oÒ�

NOP6/`¾(3»�¯P±Ó AHP ÞÔø+����Í>dÞÔÕÖ��.�

n×¢£RØ�ù«�ÞÔÙÞo

ÞÔ.»�%»�'¼�!QR�	
��
01çè('¼�ÆÇÈQRÉ�Q

RÈ)�QRI©Á��N�'K�	�
��Úë��às�67Û45�.»�%�

µ+uv 26 ÜÞÔ�ÓÝ 18 ÜÞÔ�ÓÝ? 69.23��ÜÛìÄÞÔ6�;8G�

(C.I.)�ÞRß SattyNOí6ÅK�� 0.1�ÞÔe�?� 100�o

¬e�ÞÔ'd���à�á$âF=+ãX"äTd���åæ��¬pâF

àÁ× AHP ��{�+ã×H.»�%ç¯!Aèé��Àg»'ê¾6�;8�

Å�×`v��QR�	�
��/`'/Ñ67�æë¸��×¯¾(Î�ÇNH

7��à(global value)�+ã!É��zT��6�ºì¸ï{ 1Nño
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� 3� �
�������������������

� 1� �
��������� !	

ë¸ ��\Ï ��/` ��7�

1 uÏ�� =$/` 0.139

2 uÏ�� Úë`F 0.121

3 $¹ø+ 457#8 0.112

4 $¹ø+ =$/` 0.112

5 ^_1` 457#8 0.109

6 ^_1` Úë`F 0.105

7 ^_1` =$/` 0.105

8 uÏ�� 457#8 0.1

9 $¹ø+ Úë`F 0.097
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�{ 1��ív��	�
�#45�����	�
��!/`7�îþ�:

;���äT'çèNïð6zñò�RØ���ÜV*ó½�}Âo

1.�	�
6$¹Dø+*ó

(1)ô�QR�	�
»¤�º!QR1�ø��õ/.ök÷R�{6�ø�¢�

ù£úÂÁ��>×�û�6��$¹*é�ü.ök�(çèN_Ê��ú�

�ÎË6ýþ�&Gzußß�����9�o

(2)�	
�{��Iø�6��¯®£����i��ü.ö���	
�7[z

ñ!4����01çèw�@AkGn7��M.ök�	Úë6
�o

(3)')*çè
���7#86$¹Dø+45�&·��7#45�ÉM���

[����!*��E$¹Dø+�"�ª�z
�d�
�9ao

2.�	��6uÏD��*ó

(1)���	ø�6��9��z^¢�"�Ü�ª¢·ö��Úëo

(2))Ç1�ß�u���¨.jzñ1�çè����o

(3)���	�
��»�T2g����¿��Ý����¢z�cGn��§¨

QRZ oßM0+çèÉ�¸+=D!»0²"`�	�
���.D#Ýç

èîþ9¯�/p���	�
6uÏ"#�Gnçè�uÏ#$�{J��Ý

�
��Ý�¸.e9¯6RØo

(4)7#4^�Ü����3��6EF�%Fùù��7#î&D'�o

(5)C³6uÏ��»!$J�� )ª��(6
�)<=n×±Ó�*�+,<

(�	�
ª�62so

(6)��	7#��Úë6aR-���d¿�æ��EF6./o

3.�	�
^_1`*ó

(1)��C³���Ãe�6012O)�[ôøe012O)�õ�/3�?ß

Ä�/p<=���460î�j����.×P�Dq�
����56GH

��'��N$¹6�ÏQR�	
��
F<=e�)��©"o

(2)�	
�)63�?7Ä�8;zD{�£5�6¨9<��9w��P�5:

"#�-;Jß·!43�Ø�!�P�"o

(3)
�)�P�¹ÜF�Ê<(week)Ë�çè��&A=!²>?Z·�/&�d

UV©"@869¶o
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(4)¨Açô6³PP�ª�BÔCD§6î�WX�'¨96P <=ETø³�

ùù�dQRFG�/&��¨H6QRìIZ o

(5)/9¯ø�ÚëNø+P�JC6P .×*=À9� �̄GH9¯ø�6T<

=���Ï5:o

(6)��7#çè��×H¨9�¨H��	�����	�ÜéK�
�8$¹ø

+�GH�	1�6�Ä<=�Üu¤o

(7)P�ø+��ök÷�3}�&<=Éî�DQR7#þL�ø+P�o

���������� !"#$%!&���

'()��

��QR�	
��
6Oc���D����!UV"#����Mß�
Õ

ÖD¾Ò!×`ÜÛ��¬z×H�
��mn�Ç�'B�"êHÑ

1.QR�	
��
��dyêH

'¼�+,6�+¯�D
+�Ùô'9�¯�õQR�	
��
��dy!

¡ÌF�mn�Ç��BÑ

(1)ußQR�	
��
6µL�d

(2)ußMJ[
b6pM

(3)NO�(23P³

(4)�
P³"`

2.�
$¹"#êH

��QR�	�
�zª�WX�ºuMJ�Ec43�)*�Ù�*ó6 Q�

'(��Fez'�5n6�
ußÎ��À¢Éz���R6A8�&e9¯61

`C�DêH8uß+S�z�º�"BC+eÑ

(1)�
�T<�(System life cycle)6Í³o

QR�	
��
6ußezÊ�T<�«�Ë��$¹êHÍ³�T<�!«

���æ�T<�{'êH!UNP���V�W$¹H�ºß�À�e56!��

Õ¡ÚN'ò�Z*yo

QR�	
��
!�T<�«���¥n �<�!*��ïð 4NñOPz

�
�T³�êH!3»oõX���
�R��[�Y/`�Gnzñ9¯!�T
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����

��������	[4,5,6]
��
�

� 4� "#����$%���&'()*+�

(2)§¨QR�
6ÕÖDÜÛ

QR�	�
{6Q
P��¯ø+�L�/P/)�[�*�u¤zUVd

�Y/p���
Ný^6
�%�U)ÕÖ§¨á$�QRA8�DQR
�ø�

��
o

É�NÕÖ!�
�ETUV§¨�è6Ec�Ù���_vØÙÞ�6�ìN

��ÀÉz�èA8ÜÛÞ�6��d/����Á�W¦]àáP��°±o

(3)Q
àá6�Í

É�³(ÜÛìÄ��ET£�QR1`D
�!C���«�QR
�àá6

�Í���!¦]àáÏÐÑ

a. Q
¾(6�`ÑÉ�WX��`��±ùPé´0îSi6'ò��
�à

á(ïÑ?�Ï5¥8Q
ab)o

b. !�C§[A¨5:
�

c. ��P�$¹

d. P���ø+
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(4)�
U"6$¹�z�ÎÏÐÑ[7,8]

a. �
Î�6Zc

b. 
�çô6¹Ü

c. 
�PH6¹Ü

d. QR2O)69ø

e. d�î�6UO

f. 
�çôT6QB©"3»

g. P�JC*=

h. �
e(©J

i. D ITSæzñ�3�j�
6×Tfó

3.�
ø+"#êH

�
ø+�"R.¥ÏÐÑ

(1)QR
��¯�Q
ab�³PP��$Jø+o

(2)'ò�
ø�$J�ÏÐ�
ÕÖÑ�
�QR�	
�Ñ�
��ÁÑ�
�

{ggh�
�g3�
��Neø�6ø+����h��DO��$J�z

Å.��cLiT�ã��[x�VRn��o

4.�
uÏ"#êH

D�luÏ*�&j���QR�	
��
��C³�É'¼�6�+ôõD

43ì��K;��Ü����!k[
	!kWò*��l�Â��;�ßM�l

¼�+,F!n
	!k
Ï!*��Ã`�	�
��o

�!��!k6�+mW��Yt¢��@8�õx��EF�În@AY�!


	!k�z¬���£oD��!k�éoÉ�!k=pq0Êr..!kBe���


	�sÝtò��8F�ª�î³zm¤å�uz8FNvUã#$�?ÅÄåm

¤6Ë�&�	�
��R.2g�
!k6��������·�/p�!
	!

k!*��Ã`o

�
	!k!*���w��>��6�
�x
��ø+6ª�$J��Xi

"#643WXoõ:�*ó�yLET�!kT16z1*��Á³cº!gP�

DgP*����"���'�"#6ª�o

pêH�"ÏÐÑ

(1){�"#Ñ
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É#!k=p�|0{�*��Ü�8º{��Zc8{�æ��8{�Vòo

z{Ñ

a. 8º{�G�8}*�~�9A³Úë��o

b. Zc8{�G�8}*�U®É�³�J0¿"`Úë�J¸»����~�

iT�J6Úë��o

c. ��8{�G9M8}�¸�~�tã��Úë��[w~��ãÚëí�o

�	�
���$¹�ø+��¯�'��¿��ÝIÜ���z7#8ºX�

É+,!k=pt�t0p��6$³��!ïð 5Nñ6��8{�6sÝ!kî

�"`oõ�dPUã³���8{�cL�O�(23P�*H8}"`o

&��
U"P���!nð 6Nñ6
	���!k!î��"`o9~¥n

sÝ!k{�"#î�[
	���!k"#î��8}èZ�6����LÉ#!

k#$$«�Üd�H�(�&'e9¯!���T�ï{ 2Nño

É�!k=p��t0$³�23"`!k6x�"#���Å.��Åe½��

t�x�6*�oz{Åe½�!*��DÚë���!6¿��EF�ª��ë#

0�[�J�BC�Ú³x�Úëopò*��d�6{�$JcL���Å.��

�GTJÚë�iT$³P!ò����ïpD�!kkª��(!�
o

� 2� ,-./0123454+�

8}{����
#$(�) !k$«

p�� pt� pV�

1W�W�� �1[Í³!k 40? 20? 3?

��ÑW�


	Ñ��

sÝÑW��

�$!k 28? 14? 3?

��Ñ���


	Ñ���

sÝÑ���

»P#$ 21? 11? 3?

���~
���

8}#$��!k

8}#$
14? 10? 3?

��~���
8}#$ 1/10��
£@8}#$!k

3? 3? 3?

���Ç ¶$!k ��!k
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./01"#23456789

:;:<=#

<>?���@�ABCD!E

()FG���H*I,"#$%-!J

K()!L@MN

/
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O

10
O

10
O

7
O

7
O

7
O

15
O

5
O

.

�
�
�
�
�
�

5O

P�QRSTU2KV

�
�
�
�
�
�

������������	[9,10,11,12,13]�

� 5� ���������67,-34�����
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�'()*+�,-./0123

4567'89
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>?��
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$�

ABCDEF�

GH

�IHJ(K"L�M�NOPQ

L�R65S2��9

TUV�W

XYZ

[

\5]

5]\

5]

[

3]

3]

5]

\

\

\

[

[
[

3]

3]

15]

\ 15]

5]

[

1]

M�^�_`� [

\

[
5]

�

2]

7�Babcd2 e

0.5]

10]

������������	[9,10,11,12,13]�

� 6� ���������89:��34�����

(2)Úë�J¸³ÑD���36�	�
��U²&j�zÚë�J�Ü�QR�

	
��
6ø�Úë(����[�`��;6QR
�ø�Úë)D�
��

Úë(�QR�	�
���#Ý6�
$¹ø+��!Úë)�W¼�É�!k

=pt�o0Ê23û��?æEF6ºX�H�
Ï"`{�r.Ë�/p�

�doò�"ôT�'ez¬���õz{�poH*y��5TQR�	
�

�
��6«�o

a. �QR�	
��
6ø�Úë�0

z¬��ø�¿����¢��Úë¿�/U���«�DEFÎn1`Yz�

���¯¿�D�
×TL��ñ4D��¢�EÎn�·o



����������� !"#$% &'(�

�375�

b. ��
��6Úë�0

z¬��e���
��DRj�Á6EF��Yz���yWÉ�Ç�6�

	�2O)ÚëÍ���o

c. �
��6Úë[ø�ÚëFHç�°D

z¬��2sF��¢�!Å.�åH�Yz���<=@A�Ý��o

d. $%�
��ÚëLDø�Úë T��ôT��

z¬��9¯7#�BôT��<�¡RÍ.�3�À�ël9TJ6Úë°

DYz���Úë!7½|Ý9¢ÂÃo

5.�
��OcêH

���êH�zOí�!Wò'�*yÑ

*y�Ñ�#0£¤7#6��ÔÞ8Ì¥Û×¯��6'��:�#0dP#Ý'

¦çèo

*ytÑ�#0��§5'��:£¤7#6��ÔÞ8Ì¨a��'�ÔÞo

z¬­��ï{ 3Nño:;���1`"#�L«�Ç��"BCÑ

(1)É#©11³EB¦ªÚëï�º���O��U³«�«Að[U³«�A�

ð���+S�EF+S��Á³'�+S�À
���«��uPïO'�?

O{�"`N�+��cº6©1S�[��©1�;�<�"�¸BCoï»

£¤'�å��ö£¤6'�çè�O'�+So

(2)Í�Úë�¬­Pø�6§�&#DG8øco

(3)Úë®°�'Bû�O�6¯�o

� 3� ��;<=>?@�[4,6]

*
y

¬° ° � �° ° �

�
�
�

1.
7#'�1`þL���
���E
Fæ@A«�o

2.�±u86��¡���
/¥�3o
3.�²l#0³Ö'�436�øo

1.#0L:�dP¦8çèo

�
�
�

1.#0�²'�2s�rs�R45�À
´Ý��'�6M�o

2.�?��
�Ý�6©"1`���Î
no

1.�����
��6'�M����
��EFæ«��9n��@Ao

2.W��³Ö'�43æ��ì2�6
45hëF���ªo

(4)¦ªÚëÉ$³â��)h?µ��QR^¶æ�Y^_��"o
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(5)"`��D%
6g�DEF1��"o

6.�
O�D�ÝêH

�Ã���6EFæ�
6·³�4��
ø�æ%
6gO�x�6�º6�

��¥â�6gOò¼�Ñ

(1)�Úg�DO�

(2)�)g�DO�

(3)�næ�Ý

(4)g�DO�É�

7.�
©"D1`êH

QR
��
º�u¤×¯�
6���lLOPª�>×¢n�¸"!�¯ø

�æ�¯�
;��
©"xxH6X�3¹N�o��QR�	
��
6©"�

����¨A6QRìIDº¸
e��6���:;��Q»¨9!QRh?Xs

��Â¼!�Äo�óVQR�	�
6�ø+ª�H��Üu¤���êH0ºe

VB�"Ñ

(1)>d43½ô

(2)â�45rs

(3)â�"#î�

8.�
3�D^¢êH

QR
��
¾�ùP86�
�3L^¶t�o¶P93265W©"��X

9·)'���QR�ÙÀ
�¨¿ø�o^¢��!Í³LÏÐÇ�BCÑ

(1)^¢*�

(2)^_ôõ

(3)³��À

(4)¢Á�À

(5)�E�Â

(6)^_ø�

9.�
��D�µÚN

��QR�	
��
6Oc[����!Neª��>��Ý��¥Pù«�

�
��(performance)DQR�µ(benifit)ÜÛ��ÚN�
uß+Sâ�6e�8�

��£��W7y$¹DMJEc6É�o
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ÚN�"û��¥ý^oKIÜ�z����QR�	
��
{���¯6ª

�ÚN�ÏÐ�

�%��P�ÜÛ��_æ3�Ã`�ÃÂæef��
¼ñæ

»Ä½¢ª�6ÚNYp;�X¥ý^'��Åø��2O)��	
�)�æRj

�
ª�6ÚNozt��¯$¹Dø+ÚN�ÏÐ�¯�
Î�¾(æª�«ôø

+6ÚNozV��
��ÚN�0ºw����QR�	
��
©"P�
�{

���¯�¨9
�)�2O)DRj*ó6e�8ÜÛoÅ���QR�µÚNO

��0º»w���
©"����§¨01�Æ6�Ý�µÚNoz¬×HÚN¡

Ì×`ïð 7Nño

��QR�	
��
�Oc>����<(¨A0î�Ù6@A���e�?

)��QR1`���GHÇÆ4�¨9!È�ÉÊPTËÌ���/È�N��!

ÍÎX�ËÌ�pWBÞ¤�+�!�µo���(WB�µ«�³�ÜÛ�¥ÜQ

D¦]³D¦]�!�Ù�MÚN�
>d��ÏÐiD9�ÏÐi6äT�µo�

l��QR�	
��
QR�µÚN6BC+eÑ

1. ÉÊ�È���ËÌ!�µ

a. �P¨9

(1) ¨9�¨HâFÉÊ(Ñ�1)

(2) È��Ü�

(3) âF�Ò���

b. C§

½n��0=.»�XHÇ�tBÚNG�Ñ

(1) ¨HâF�ÆÓ?Ñ���06ÔÕ�Ö×l�ØlQRÉÊ!Õ�P

T�NXH6Ó?o

(2) âFÕ�Ó?Ñ���06ÔÕ�Ö×l�ÔÕ�PT�NH6Ó?o

c. ¨A

½n��0=.»�XHÇ�tBÚNG�Ñ

(1) ¨AâF�ÆÓ?o

(2) ¨AâFÕ�Ó?o

2. 01ÍÎ�/Ù!�µ

R.016ÍÎ»�È��¨9P6ÍÎ��ÅK�/p�	�
¦]��01

�¨96È�ËÌ�ù�/Ù01!ÚÎÛÍopÃ�!nÎÍ«�(ï Herman !«

�)�Nã�0º!°�eVH�ùÑçèÖ×!�0PT�çèÖ×!È���æ�
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��/012

3���
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1. ����������� !"#�$%&'�()*+,(-.
�+/012340

56+7819:+;<=>1?@�

2. AB-����� !"#��CDE�(F+GHF�IJAB-�K���

3. ��LM�-.�� !"#���$%NO+��PQ-.�
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ABSTRACT

Many private schools offer school buses for their students; however,
only a few of them run the business on their own while considering the
operation cost. Those schools which own buses usually take schools as bus
depots. This school bus routing planning can be viewed as a kind of general
vehicle routing planning. However, if school buses are operated by
outsources, the characteristics of the school bus routing planning are
different in terms of vehicle dispatch and benefit calculation. This paper
explores the routing problem of the school buses run by outsources, and
selects a junior college in southern Taiwan as the case for study.
Furthermore, a mathematical programming model is built for this bus
routing problem. A location based heuristic (LBH) is employed to solve the
routing problem. The case study shows that the heuristic seems to be
promising.

Key Words: School bus routing problem; Vehicle routing problem;
Location based heuristic
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 ¡�

­®&'�¯¢���5;<
=��5«¬°R±²³���R9#$%S

T² �[
�7´µ¶�5&'�¯
��5%0·ST
YL 2c9Z
K

��2��?@
Q�ST%¸A=e���
��o¹0STUVºH»�


[M!"�5ST]^¼:½¾
[¿�¯ÀÁ9ÂÃÄ>]^(��ÅÆ[]

^�a|��STUV]^) 

3.Çu&'

[-&'�(���/0È:�
�5/0&'
��
�5�6��(
R�

5%0·STYL 2d 9Z [STUV]^É
Ê�/0&'¢a|&'¦{�


6�ÃÄ 



������� �	
��� �
�� ���
�����

�394�

a./&��%0·STZË b.a|��%0·STZË(a|�(!)

c.a|��%0·STZË(a|�(�) d.Çu&'%��0·STZË

▲.����

� 2� �������
�������

ÌÍÎÏÐ
�����a|&'%��
=8a|�(�%&'�( �ÑÒ

ÓÔ�	
��ÓÔ[1,2]=�/&��%STUV]^�P
Õ�[STUV]^`�

!"�5ST]^¹0ÃÄ ��|ÓÔ�

Q=`Ö¸A�×Ø%!"�5�5

]^(Ö¸AÑÙ)[3,4,5]�STUV]^(Ö¸AeÙ)[6]¦
}M���a|&'(a|�

(�)º%STUV�(¼:½¾
�[
YÚ��:ÛÜ>�Ý¹0[a|��%S

TUV
Þ�ßàÃÄ>á^ 
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¯ÀÁ�â�ã���ÞPÀÁ�ä åæçrèÏÐØ
[��%��o�a

|�(�%&'�( RUVÎéY�.

1.»�CDA

(1) ê�ëêCDA.)*2��¢hiìÙ»�ëêCDA
���êíî

(2) ��êïCDA.2��ð0ñòRóC�%CDA
�ÏÐ�ëêCDA%

C�dô
l�õ�ö(CDA%Ìåî

(3) õ�CDA.Ì��êïCDA%÷ø
å�õ�CDA 

2.UV��ST

Ì����;<dù¢~�hi%Bú
�d§lh�(¹0��%STUV 

3.¤¥�5#$��ST

27�5�6��(&'
û��üý��5mnþ�%��
Y�5mnþ�

��[��
Q[�5e+6�&'
���6��5%�� �~�hiQÌ[�

�/0ên6��5¢¤¥R_#$>ST 

�»�CDA%Îé�	
)*2���~�hi��¢��ìÙ»�Õ+ �

�¤¥�5#$��ST%Îé�	
��2~�hi/0ê���	
%�56�

&'
276��5��/
â�������
û=��¤¥�5#$�ST �

���%STUV�(�	
Y��������ÖA
Q¹0STUVº
�v»

�R¸A
�[
[a|��STUV]^��!"�5ST]^�� �R[��

���C���%��dô�{�=d
CDA��!��
9vUV%&'ST�

� !"
����%CDAô�CDA%#$��¢C�dôeÙ
�[
���

��;<dùM~�hi�	
�%�d§lh�(UV�:ÛÜ%��ST [

|
Y���:ÛÜ>�(¹0��%STUV
eü+�&����ºg
�+'

(�)&'�¯
¹�+­®��%�÷
�C���%��_*:+, -.�	


¯ÀÁ%ÀÁ�>+/zY0.

1.ÏÐa|��STUV]^%��î

2.12a|��STUV%ÑÒô�3(
�:Û4+��¢hi¹0��STUV

§lî

3.ÀÂ-.W5M26
��ÑÒ7$8� 

�7�9%ÀÁ�>
��¯Ó�
:�
;��ÃÄa|��STUV]^%

��¢3(%12�(î;,�¢;��QÌ9À�%12�(12ÑÒô�3(


<¹03(ú�î;:��ÞPÀÁ�
î:ÒW5¢26Qz7;=� 
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2.1 ����

åÍÎÏÐ
��¢hi¹0a|��%STUVº
>v»��5%¸A(Y�

��
Q»��5%ÖA)|
27a|��%�5�6��(&'
û�6��5*

Ò?R@,NO ���%@,�	
)*�A�%&'@ç��B
H�ã!��

>CP6�
D
ÕE�5%&'@ç�=º
QR@,¿�= 27��%&'@

ç1�RD'%��dôM#$%CDAFG
Õ��%CDAH��IJ
Q9v

KL>�÷I=
û��9#$>CDA�H���Jº
Q[��%&'@ç�

=
�R@,¿�=
�[
�6��5���R@,
=MN#$H���J%C

DA
O��;<dù¹0STUVº
àPç��5@,QR�%�S �!"&

'�)�	
E��5%§º�@,
D:�x>½¾º
��=T2 ¡Ur0·

eÙST%�(
V��	
+m� ¡��5%§º�@,½WXµ YE���

6��(&'º
���9mn>6��5+�eÙ
����7��>Z[�\


�7�5%��M ¡%]^}:9;_
�[
��5+��¡`�S�� ¡#

$as��L�bU¦]^�cºdef
�y�%� ¡��5Ughi0·ST

%�(¹0�5rs
�tQR�Q �m��5%@,ey½¾jx
��¢hi

¹0STUVº
=���CDA+d=5���kD'��
�m��59#$>

CDA¢CD>��dô¦�l7!y
�m��5%&'@ç��R�
¹��J

��5@,R�¶%�> �[
��7$¢~�hi¹0��%STUVº
��

�����ÖA�	
+mPR��Y0.

1.�ST%¸A+eÑÙ�:n»�(��oÆ¸Ae��S)î

2.�CDA+��=����kD'��(��oÆ
pD'�S) 

qu�99	
[a|��STUV]^%���r¸Ae�¢
pD'�S 

�
pD'�S�	
ÕsZ7!CDA+d=���9#$
ûCDA-:
p¤

¥(splitting assignment)%�t
Y�L 1�P
+�UV="STÙºB�ÑÙCD

A(L 3)
RSTUVWX
�ML 2c¼:½¾ [|
[a|��STUV]^


YM!"�5ST]^6�C�
�R]^���	
a|��STUV]^�!"

�5ST]^��(s 1) 
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& 1� '(�)��*+�,-
�����*+�./

����

����
��	
���� 
��	������

�	
������� �� ����� 1

�������� !"	


#$%&
!'� ��	
#$%& 2 � !"	
#$%&

��()�	
*+,-� � �

.1/01234	
53�67489��:;<�=

2/0�����>��)?@	
�)A4BCDEFGH	
IFJ	KL4;��)

MN	
�)A4OIF����=

2.2 ����	
�

�3(%12�(�	
Yü�\ST(routing)�S¹0STUV
Þt�Ru

v{�w�S
Õ¤¥w�SMxyw�S 9z¤¥w�S1o�vwA¤¥{�

�5�E|#$
xyw�SQoZx��5��vwA%#$}y
Õ¹0�5%

STZx <5�
wÐ[\STUV]^
_Ùº�\[{�w�S
�²<Þ$

]^º
��¢º~à!u<Ð
Q=
�6��\
<
Ê��Y�.

1.Ùº�\¤¥Mxy{�S

Ì]^���E12ô�3(
H¹0wÐ
Y]^U3�xº
���HDu
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�@(�GÝ¹0wÐ
Y�(��Ý¦ 

2.
��\¤¥Mxy{�S

!"+ð�\¤¥�SH�\xy�S
�i�% �
Ê��Y�.

(1) ð�\¤¥�SH�\xy�S.Õ�\�5%�_"�
ð�vwA¹0


#
H���
#�%vwA¹0STZx
8ð
#HxST(cluster first,

routing second)%wÐ�¼
Y#$�B�@Ý (location based heuristic,

LBH)[7,8,9,10] 

(2) ð�\xy�SH�\¤¥�S.Õð�[�vwAUV!"��ST
H�

�[ST¹0
#
m�
#%ST�tu�5%�\�§º%�_
8ðx

STH
#(routing first, cluster second)%wÐ�¼[11,12] 

��9��a|��STUV]^M!"�5ST]^%C�WX(s 1)Ø
a|

��STUV]^�!"�5ST]^��
27!"�5ST]^×Ø� NP-hard

]^
ûa|��STUV]^_¿� NP-hard ]^
�[
¯ÀÁ>ÌÙº�\¤

¥Mxy{�w�S
å�12ô�3(¹0wÐ|
�|
¯ÀÁ��nðG�\

¤¥Mxy{�w�S
<�\vwA%
p¤¥�t
å�12�@3(
��7

wÐÞ$]^ �Ùº�\¤¥Mxy{�S�	
R¹0a|��%STUVº


_7�5�\�_%�
ÙºZx��59#$%CDA¢R#$}y
ü7!Îé

Õ+wàSTUVWX(L 4)
�ðG�\¤¥Mxy{�S%wÐ�(
Õ°�5�

\�_%�
ð¹0CDA
#lh(L 5b)
n
#��G
H���
#
Ê¹0

�����

��� �	
�

�
����

�����

�
��������

� 4� 0123"#�45678�9:��
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� 5� ;<23"#�45678�9:��

STUV(L 5c) 27GieoÙº�\¤¥Mxy{�S
+:Û­®'G%��

s
��wÐx�STUV]^
�RwÐWXü�!��Ð �7:Ò¸Ae�M


pD'{�S%²<�(
Q
Ê7;,���12ÑÒô�3(º
H6��� 

��������	
���
����������

Y�99
¯ÀÁ�Ìo�Ùº�\¤¥Mxy{�w�S
å�12ÑÒô�

3(
��7wÐa|��STUV]^
�¯�Qð0Ùº�\¤¥Mxy{�w

�S
<ÌR]^��
å�12ô�3( R�
3.1 ��À�123(%1�î

3.2�Q¹03(%12î3.3�QT2oP%��¹03(ú�î:Ò3(12M�

�?àQz7 3.4� 

3.1 ����	��

¯ÀÁ��
��\��g\M��g\>�(¹03(%12
R)*1�o

ð0�n��g\²<��¸Ae�%�S
<�7:��g\�:��g\%�Q

�
H���g\M��g\6��u [|
�²<
pD'�S�	
27�C

DA���=����kD'��
��CDAC����ô��
û���7ã!

CDA9D'>��dô��ÑÌÒ���»��ô
��[\]^+�= ¡¢�

S]^(multi-commodity network problem)%£¤6�²<[13]
�[
¯ÀÁ�Ùº�
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\¸Ae�¢
pD'�S
�
��\��g\M��g\
<�= ¡¢�S]

^%£¤�E12ô�3((��oÆ= �S3() ��7123(
¯�ð��

�9#$>#¥¦f�'§�S(L 6)
<�CDA����S�%�A
�CDAg

�CDAM��g%¨©WH����S�%�T
�L 6�	
Y�A 1����

�
QRª�A���CDA
<�� N�9:�A%«u
�TQ��CDAg%

¨©WH
<
��g¢d(��)g{\�S¹0ÃÄ
o9Y0.

�

��

�

��

����

���

� 6� 
�=���

1.= �g�S

9z= �g�S
Õ��5��
Ê°�/>�S¹0STUV(L 7)
��7

sZ[��%Ö¸A$¬ Y��� 1%�S�	
��A 1���
���2��

?@
Q[�A%���{\� 1
�Rª�A�CDA
<��R��� 1 %vw

\� 1
jb 
 { }1Nj −∈∀ 
Q[ 1

jb � 0-1 � �ô
Y 0b1
j = 
QsZ[CDA j ���

%vw\� 0
¿ÕsZ�� 1e�CDA j�¸A
Y 1b1
j = 
QsZ[CDA j�

��vw\� 1
¿ÕsZ�� 1%¸A�CDA j
27�5%¸A:n»��O!


�[�� ∑
−∈

=
}1{Nj

1
j 1b 
sZü:!�CDA��� 1%vw\� 1
Õ�R¸A [|


Y��gç¢g?�A j%g\
Ê�∑
∈ Ni

1
ijx ¢∑

∈ Nl

1
jlx 
Ìåg\^­%�Q
RÒ�

(_�.

0bxx 1
j

Nl Ni

1
ij

1
jl =+−∑ ∑

∈ ∈
{ }1Nj −∈∀

R�
 1
ijx � 0-1� �ô
��A 1%g\^­�_(Q�.
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∑
∈

=
Nj

1
j1 1x

Y�9:���	
Q_�r�z�_(.

(1) ��g\^­�_(

∑
∈

=
Nj

k
j1 1x k∀

0bxx k
j

Nl Ni

k
ij

k
jl =+−∑ ∑

∈ ∈
k∀ , }1{−∈∀ Nj

(2) ���������	
��

∑
−∈

=
}1{Nj

k
j 1b k∀

���

���

���

�
�

�

�

��

�

��

�
�

�

�
�

� �
�

�

�
�

�

�
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2.
�����

��
������������
��������������� !�"

#$�%&'()��������*��� !�+(, 8)-.%�� 1/0�12

�345� 1 6 ��785�9346����:��� j ��� !;+6

jd ( { }1Nj −∈∀ )�<34�� 1�=>��� j� !+"6 1
ja ( { }1Nj −∈∀ )�6?+

@+: j
1
j da ≤ -.34�AB�C5� j� !�+DE6∑

∈ Ni

1
ijy B∑

∈ Nl

1
jly �FG�"

HIJ9�7��K6L
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0ayy 1
j

Ni

1
ij

Nl

1
jl =+−∑∑

∈∈
{ }1Nj −∈∀

7M� 1
ijy 6?+@+:5� 1���K6L

0ay
Nj Nj

1
j

1
j1 =−∑ ∑

∈ ∈

NO�P'��QRD�S7T=QAUVWXY�ZN�[34����T=

QA\']�^_�`(DE% UBS LBab)�c�<dPe?�^_�`f���

��T=QA�gh�i/j���QRD�klgmno�.34p��� j �q

���	rs��t6 jp �:%
{ }
∑

−∈ 1Nj

1
jjap ab�� 1�T=QA�9[34L

{ }
UBapLB

1Nj

1
jj ≤≤ ∑

−∈

u�_�`ghvw�9��T=QAvxy-6j��z{|}~�����


��
����1����1����.�� 1~�� k�=>��� 6� !�+

DE6 1
6a , 2

6a , � k
6a �:��� 6�;���+6 6d �9[34��� 6� !�	


��6∑
=

=
K

1k
6

k
6 da -ZN���"HI^ !�"	
��^%B��T=QAx

y��9*��_���KL

(1)  !�"HI��

0ay
Nj Nj

k
j

k
j1 =−∑ ∑

∈ ∈
j∀

0ayy k
j

Ni

k
ij

Nl

k
jl =+−∑∑

∈∈
k∀ , { }1Nj −∈∀

(2) ��������	


∑
=

=
K

1k
j

k
j da { }1Nj −∈∀

(3) ���
����	


{ }
UBapLB

1Nj

k
jj ≤≤ ∑

−∈
k∀
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3.�����������	


��
�������������������������������

����� !"#$��%&'(����)"�%*"#$����(��	�

+�	,-�.

(1) 
��
�/0��1234567891���:;<�)"�*����

=>?��/0@AB

(2) CD(1)�,-21��/0EF�G>���)"�H1���:;<IJ�

0KL�����ML����N

O�P 9�Q�R1� 1���IJ�� 1
ijx ST1� 1UV: ( )j,i ���WX�

I� 1
ijy ST1� 1UV: ( )j,i YG>�����WX�Z[\].

1
ij

11
ij xy µ≤

+^� 1
ijx 2 1

ijy ��� 0-1 �XWX��XWX�I 1µ �1� 1 �_��Z!`

aSTbV:0KL1���ML�����c����d[ef1�_�N)"�

HYL1�2YLV:IJ�%ghijkl`.

k
ij

kk
ij xy µ≤ A)j,i(,k ∈∀∀

+^�ASTYLV:�m	N
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3.2 ����

Cn!o�,-�\]+p�q\Oi.

1.L K�1�r��1�'s��+tsuv(O�!��Zw�)N

2.x1�9yz{5�|�+?�}z{N

3.x~Gsr_���1���~G��N

4.x�|}�L_�klN

5.x~Gs�L��klN

6.x1�}L_�klN

O!Yo�O������=>?��/0@A�Z+X��`jTOi.

Min ∑ ∑
= ∈

K

1k A)j,i(

k
ijijxc (1)

s.t. ∑ =
j

k
j1 1x k∀ (2)

0bxx k
j

Nl Ni

k
ij

k
jl =+−∑ ∑

∈ ∈
{ }1Nj,k −∈∀∀ (3)
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{ }
∑

−∈
=

1Nj

k
j 1b k∀ (4)

0ay
}1{Nj }1{Nj

k
j

k
j1 =−∑ ∑

−∈ −∈
k∀ (5)

0ayy k
j

Nl Ni

k
ij

k
jl =+−∑ ∑

∈ ∈
{ }1Nj,k −∈∀∀ (6)

∑
=

=
k

1k
j

k
j da { }1Nj −∈∀ (7)

k
ij

kk
ij xy µ≤ A)j,i(,k ∈∀∀ (8)

∑
≠∈

≤
1j,Nj

kk
ja µ k∀ (9)

{ }
UBapLB

1Nj

k
jj ≤≤ ∑

−∈
k∀ (10)

}1,0{xk
ij ∈ { }0Zyk

ij ∪∈ + A)j,i(,k ∈∀∀ (11)

}1,0{bk
j ∈ { }0Zak

j ∪∈ + j,k ∀∀ (12)

���

(1) �����	
k
ijx �
��(i, j)
�������� k����(i, j)����� 1���� 0�
k
ijy �
�� k���(i, j)���
� ����!����
k
ja �
�� k��"#�$ j
� %���!����
k
jb �
#�$ j&�� k
'(���)'(��� 1���� 0*

(2) +��	

ijc �
��,���(i, j)
-�./�

jd �
#�$ j
0#�%��

K �
��0��
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LB 1
��-�23
45��

jp 1
#�$ j#�6�7�8�'9:;�<=>�
kµ 1
�� k
?��

UB 1
��-�23
@5�*

(3) AB�	

A ��)��
AB�

N ��)�$
AB�

+Z 1C!�
AB*

���D(1)�EFG�HIJK��-�./�D(2)LD(3)�����MN5

OD�D(4)�P#�$&��
'(5O�D(5)LD(6)�� ��MN5OD�D(7)

�P#�$
0#�%��D(8)
Q7��RS)����T)� ��
5O�U

� ��VWX���?��D(9)���
?�5O�D(10)�P��
-�235

O�D(11)LD(12)� 0-1!���Y!���*

3.3 ����

/J�Z[\�]��([4^_ A��)��`a\bc
-��d�ef> 3.2

�
��gDh,(i�Ujkl<mh,no	p�[qrsgD*

3.3.1 ������

A ��
� tuvRtwxyz{�a\z{|
�E}`xybc~� 41

�������� @�4��a\bc�) 3�����*�a\bc
-�<m

���E}�) 14 �#�$����;� %��) 149 %�E}�6���� 3

���(P��?��� 50%)t��sc��s��A����CD#�$
���1

1.�) 5 �(�)[@� ��s��#�$#�����s��#�$��CD#�

$���V��CD#�$�eZ� �3��;CD#�$�

2.��� 
��#�$(¡��s��#�$#�6V¢ 5 %)£��#�$o¤

¥��¦�� #�
§f¨�©ªZ���CD#�$*

«@¬
<mL��CD#�$
���sa\bc
#�$;�­����

��[L-�<m��® 10�
 2L
 3�Q����
 2�P�����
#�$

L�-�23
<m�
 3¡�P#�$
0#�%�L7%7�8�'9¯�<


<m����#�%�°� 5%
#�$�±�/�� 
��#�$�²s��#

�$£��#�$o¤�³s�©��CD#�$*
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� 10� ������	
��


� 2� ����������

��� �� � � � �� � � � � �	
�(�)

�� 1 A
�����	������������������� ! 277,088

�� 2 A
��"#$%
&�'()*��)*�	��+,-./01 363,144

�� 3 A
��23���456&�78����9:�
�;<= 361,504

>� ? 333,912

@ABCDA
�E

3.3.2 ����

/J�´> 3.3.1 ��¬
a\bc-�<m�eµ���?�� 50 %(¡

50k =µ )���� 3K = ��#�$
#�%�( jd )j7�� 7�8�<( jp )�
 3

�Q*¶���+�
µ��·��41

1.��./( ijc )1
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¸�kl��-�./<mo¹[º»�/¼½f>b¾<¿ÀÁÂÃ

TransCAD�Z��LP#�$<mFQ�a\bcÄÅb®@�ef>��Æ(ÇP

#�$È
ÉÊ�Ë�ej�6ÌÍÎCÏ�Z�Ð�Æ�@
��./( ijc )*

� 3� �	
��	���������

#�$ #�%�(%) �<(Ñ/%Ò�8)

ÓÔÕ�Ö 1 4,328

×\Ø¾�ÙÖ 10 4,328

ÚÛÜÙÖ 11 7,128

ÝÞ�ßàÖ 18 7,128

áâã�Ö 12 7,368

äåæçèéêÖ 19 7,528

ëìíÖ 11 7,768

î}áâ�Ö 12 7,368

ïðªÖ 6 7,368

ñò��Ö 7 9,288

óôõöÖ 1 9,040

÷óßàÖ 5 8,240

øùÕ�Ö 3 7,640

úûã�Ö 33 4,840

�����A���

2.2ü@�45�(UB�L LB�)1

¸ýþ;�¨W��P��
2üj����
#�$�­�[L��
� %

���)ø�³s�h,��������¥��'¦�-�./��	
¦�P�

2üé�¨ýþ�¸�µ�P��
2ü�
��k�@YgD
(ioV'RY)

�¹�U�}�¬�P�2üj�-�23�Cnø��³s�/¼½Zµ�P��

-�23
@�45��e���P��
-�23���`s@�45���Ô�

h��P�2üo���*�s@�45�;µ��DH[�)��-�230�


������� !ç	n��"�*�
 2�Q�P��-�23
���� 333,912

Ñ�#µ�ç	n� 15����@5�(UB)µ� 373,981(333,912*(1+0.15)=383,998)
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Ñ�45�(LB)µ� 293,843(333,912*(1-0.15)=283,826)Ñ*
 2P��
-�23j

���
$%Éx& 17((333,912-277,088)/333,912=0.17)���P�
2ü�V�$%

'Ý�/J�S,µ�ç	n� 15��e(¸sç	n�
)!�[h,gD
*+

,	p*

-.[@;+�µ��f>É/KÂÃ cplex6.0`�%Ä0@h,(i*�(i

12�
 4 �Q�EF�� 92.52 3£4��¶�����#�$;56��[��

1�d���7$� A���«6��P#�$Ï�ÉÏ"&ñò��Ö�
�89

Ô
�:
��;��
���s#�$���� �*�j<)��(
 2)�o�s

gD(i
-�./o°(=�$ 15�)�U@�45�(UB L LB �)j���
$3

>oJ�³s��-�./jP�-�23
é�¨���?Qf>sgDh,��

������o)@A*

� 4� ����(� !�"#)

	
� �
 
 
 �
 
 
 �* ����(�) ����(�)

	
 1
A ��������(33)���� (3)�!"#$(5)

�"%&'�(1)�() �(7)
49 297,896

	
 2
A ���*+� (1)�,-./�0(1)�123(6)�

4567	8(12)�9:;<=(19)�>?@(11)
50 369,760

	
 3
A ���,-./�0(9)�ABC0(11)�DE	#

$(18)�67���(12)
50 334,080

*�FG+�HI���J��

«k��q�����P�
2ü��K��ªZ#�$h,BÖ(��#�$�

���}C��� )�UDBÖ<EF�¥���G
-�./W�ª?H; õ�

¡-�./jP�2üé�¨ÈI)Jn;ø�*�/¼½
��gD��K(P�

-�23��K�f>5OD(10)
-�23@�45�
5Oõ[&.�LD@�

45�
$3FJ�Z�P�
-�23F��K�³s�/J�Z��M�s@�

45�()!ç	n�)�h,gD*+,	p�([NisgDO��JP@¬<E*

¸
 5
Q�12W��D-�23@�45�j���
$3FJ��)o�;#

�$)BÖ;<E�²�BÖ12eV��RHç	n�;!°�
nd; õ��

OR�<1SL#�%�;VÞ�%��$%�ç	n� 15�¥�T×\Ø¾�ÙÖ

)BÖ<E��D$3� 10�L 5�¥��	U)V�#�$)BÖ<E(
 5)�U�
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-�./>)?H; õ�s12j@¬
<EW�XB*

�»�~;O`Qd 3�(
 5)�DYJ$3¶ 5�¥��úûã�ÖZ<BÖ;

<E��;Ö±[¤bc�\ªÝ] õ��
-�./��gD
(i12���

�EF�>o��Qd
(i12)?H; õ�s�<E	±B¾�L��-�.

/j� ��¥È
¦��k�@	Vª&[¤#�$h,BÖ��ª^_����

}C��� *³s�/��S`
��gD`k�	>@���ab[¤bc
#

�$Z<BÖ<E�WcS�gD� õD(13)�¡5O#�$ jTde4�����*

1b
K

1k

k
j =∑

=
�j=VWfBÖ
#�$ (13)

3.4 ��

/�Þ¥g¾��������ýþ
h�j_6V�Å³i�e	j¦���

��j� ���([g¾k$V�
³i�ef>�ÑlmÆ�µ�ýþ
no�

g¾	p��
³i�U.[S`���gD��^dõ[Q����Ç12�DB

¾�WXBýþ
�¨(qr 3.3�)*Ls��gD	>�k�ýþ@�¸�#�$L

��
�gsVJ��ªt Ý�;��(!���)[L5OD��#�$X� 100

�����X� 40�¥�s��gDZt ¶° 70u���L 14,000�[@5OD�

³s�o¹L¥v»C�i���L¥(»�B¾i�	jwYf><);xwDy

Çzõ[(i*�/¼½Z��f>S	c
_��(SÏ¦�h�j_6V�Å³i)


(i�D�.[S`xwgD�[f�(iÝ{����ýþ�8�)@|}k�

~h,��
����*

� 5� $%&'()*+,�-. (� !�"#)

�
 K
 L
 M

NO

PQRST

UVWXY

(�)

QRV(�) PRV(�) Z[V

(Y\]^)

_	
����

XY(�)
`�ab

1 15 283,826 383,998 92.52 297,896~369,760 ,-./�0(1,9)*

2 10 300,521 367,303 93.55 305,024~365,432
,-./�0(1,9)

ABC0(1,10)

3 5 317,216 350,608 121.54 317,904~347,196
,-./�0(3,7)

�����(5,28)

*�(a, b)cdef	
5g���Jh_�� a, b^�J�
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�}�¬�¸�@¬
��gD&�#�$L���o�¥�oV�(i�³s

/¼½Z«SÏ¦�h�j_6V�Å³iS`�xwgD�¡f>c���xwz


���e�B/ýþ
�¨�SS`�øµ�c�gD(_c���gD)h,#�

$
	c���
	Uh,P	cÔ#�$
����*³s�[4Z	�J�h,

�Ì����4.1��¼~sc���gD
S��4.2��h,��gD
S`�[

f�#�$
	c���4.3��h,^dQ��4.4��no�ÑÆ�gDjc��

�gD
(i�z
^dQ�12�[Ni�È
$%*

4.1 ������	
��


�c���xwz[9]����vRf>?�5O¨µ�c�ýþ;���&��

��ýþ
'($Sh,	c�LÏ
h,7�	cÔ'($
��^_�³	c1

2Z�P	cÔ
'($�o°�\P	cÔ
����o�^4�W�BÝ{��

��ýþ
(i������ü����[7]�Bramel and Simchi-Levi[9]� Klincewicz and

Luss[10]
	U��f>c���xwz(ic�-��ýþ(location-routing problem)�

����ýþ(vehicle routing problem)�L�G��ýþ(fleet planning problem)���

(i12?Q�sxwz
(i.@W/��U��ü
[8]�Ìf>c���xwz

(i�ø�G�¾ýþ¥�>S`	ph�?�5O¨µ�c�gD�[f�¦�'

($�	ph�¨�
�¨�³s���g¾��������ýþ
	p��³

i�/¼½Z«c���xwz
���S`	ph�?�5O¨µ�c�gD�[

f�#�$
	c��*s��&�g¾k$V�³i�/¼½Z�h,P	c
�

���¥�
��¦���Ã����S���1

1.	c��

�[® 11a�n�#�$�d��h,#�$
	c���D�41

(1) �S` n�#�$���º m��$(seed points)�e�ÇP�$"P#�$L

P�$È
ÉÊ3£ ijc , i=1,2,�m, j=1,2,�,n�Ð��$��s#�$
��.

/����f�º; m��$T���;j��$�U�	c��Ï�)�Z

.�j��$��)��V�j��$���$.�j��$��Z����

#�$�²Vf��j��$���J
��Z�Ð���#�$�	dej

��$
����[h,	c��¥�	Þ¥¦��$W�.�j��$Y�
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�#�$
W��³s��N�Ç�$"P#�$
��./��	
�ÇP

�$È
��./(® 11b)*

(2) ¸�P#�$�	ph�¨���[	?�4�#�$f��j��$���

³s�/¼½Z.[S`	ph�?�5O¨µ�c�gD�[f�	c��


h,����sgD
EFG�Z¦��$
��./�[8�[É°;j

��$(��)���);#�$��/¼½�ZP�$
��./µ���Þ


���vRO³�-�����õ �D�eV±�6Y���)�³s��

�Dàh,������¥�¡�V'¦����>./(¡��./)O�)�

$%*

-.(1)L(2)
µ��D��[® 11a�d���	c��12��® 11c�Q*

2.������

�������ýþ����7k$��¢�Y�Þ�³s�h,����¥�

��&7�	cÔ;'($j��£ÖÈ^_�¤,¥¦§ýþ(traveling salesman

problem, TSP)
���¡W¨.�)'($
����*L«./¼½
S��Z�

P	ch,����¥���¦�k$V�
³i�¾Í@�	;S`��gDYf

>xwz�[f�(iP	c
����U����
k$�²��h,����¥

)©�b¾<m~�ª�����
+¦L®«¬­®Q;¯��/¼½�f>b¾

<¿ÀÁÂÃ TransCAD h,P	c#�$
�����������DO¸),%

§«��qZ	cÔ
#�$«6$��
f> TransCAD �~�;(iÉÊ�Ë


¯��Çf«6$�
#�$;ÉÊ�Ë�eWJ°$�VÞ��56
#�$�[

�±P	c#�$
�)ÉÊ�Ë�
�ºÉ�D;ÉÊ�Ëµ������*�[

® 11c �d��	c��
�Ç12?Q��#�$�	��c�
f> TransCAD

�&P	ch,������ 11d�Q�7	cZW(»4²��������#�

$�f��j��$���������12�Z�s#�$������
�*

4.2 	
��

«.@¬	c��
S��/J�ZS`�	ph�?�5O¨µ�c�gD�

�&P#�$h,	c
���¡h,#�$
h�ª�*`S`sgD
}��c

S³´µªL�/¶µ�41

1.cS³´µª

(1) ���$1�����D#�$�o°¥�WZ�)#�$sµ���$�[

 õj��$
��·ª��	c12©�B¾�Y#�$o�¥��^Kg
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DL õgD
�Ç@A��Wf>��ýþ(P-median problem)
��S&�

)#�$���D;�$�
h,	c��*

(2) ��./( ijc )
�Ç1 ijc 
Q#�$ jde�$ i��
��./*�����

�µ�W	�V�	�	¬�41

a. ¸d./(direct cost)1#¶µ�$ i"#�$ j
ÉÊ3£� ijd ��µ� ijij d2c =
���./*

b. É¹º»3./(nearest insertion cost)1#£Ö"�$ i
ÉÊ3£µ�� id �

&¼�'($ j"�$ ij£Ö
ÉÊ3£	Uµ�� ijd L jd �����./

Wµ�� ijijij dddc −+= *

a.^dQ½ b.�$�ºL./Q½

ijc

c.	c12Q½ d.����12Q½

��������	
 ���



�

��	
���

� 11� ������	
��
��
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-. Bramel and Simchi-Levi[9]�&¾V���./µ��D
Q�12���>

É¹º»3./
µ��D�»
12o¿�f>¸d./
µ��D�²$%V

Ý�/¼½�f>¸d./;�Dµ���./*

2.�/¶µ

(1) ��,ÀÞ��Á���./�Þ*

(2) 7��sÂ?�5O*

(3) 7�$(��)s)?�5O*

(4) 7#�$�	ph�¨�*

«.@¬
cS³´µªL�/¶µ�e��IJK��-�./�EF�s	

ph�?�5O¨µ�c�gDW�D��1

Min ∑ ∑∑
∈ ∈ ∈

+
Ii Ii Jj

ijijii xcyf (1)

s.t. 1x
Ii

ij ≥∑
∈

Jj ∈∀ (2)

ijiij xz µ≤ Jj,Ii ∈∀∈∀ (3)

∑
∈

≤
Jj

iijz µ Ii ∈∀ (4)

∑
∈

=
Ii

jij dz Jj ∈∀ (5)

iij yx ≤ Jj,Ii ∈∀∈∀ (6)

UBzpLB
Jj

ijj ≤≤∑
∈

Ii ∈∀ (7)

{ }1,0xij ∈ Jj,Ii ∈∀∈∀ (8)

}1,0{yi ∈ Ii ∈∀ (9)

{ }0Zzij ∪∈ + Jj,Ii ∈∀∈∀ (10)
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���

1.�����	

ijx �
��
� j������(��)i�������� 1���� 0�

iy �
��� i������ ����!� 1���� 0�

ijz ��� i
"�
� j�#$�%

2.&��	

ijc ��� i���
� j�"'()�

jd ��
� j�*��+��

if ����� i,-./�01()�

LB�23��2#45"*67�89!�

jp �:�
� j��;�2#4,-<=>�?@��

iµ ��� i�AB�

UB�23��2#45"*67�C9!%

3.DE�	

I ���(��)�DE�

J ��
��DE�

+Z �FG��DE%

HCIJKLMNO���PG�QRST%���K(1)�UVW�XYZ[�

35"()�K(2)
�2\�
�]^�P3�����K(3)
�_`�
� j��

� i�����3 iab
"#$c�
� j�K(4)
�23��d����-e��


+�*fghi�AB9j�K(5)
��
� j �-e9j�K(6)
�_`�� i

���(�� ikl)��
� ja`Nm�����K(7)����5"679j�K(8)

nK(9)� 0-1G�9j�K(10)�opG�9j%

4.3 ����

4.3.1 ����

)Zqrst 3.3.1 q�uvwx5"?y�z�{|}x~��JK����

�}���3AB��
����+�( jd )�2~#$2#4�?( jp )�6�C�8

9!(UB!n LB!)�?y�� 3.3.1q�r���01()( if )�q�()( ijc )��

1�`,����I ��

1.01()� 4.1 q,I�)����,`��>01()��r��}�{|�
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z��������01()����r���%

2.q�()�}�>q�()�����()>�K��%

3. ¡���¢,`�
���1���%

£¤CI>?yn&��1�¥¢ 4.2q��#JK�¦�§¨[©ª cplex 6.0

«\+¬­C{|e®�¯¢e®,°�	xL±�¦� TransCAD ²d�	x��


�{|³�QR(´e®µ|	x¶,`�
��§·³¸)�¹C�89!�º�

!��»� 15����e®L± 
 6,�% ¼½�JK�5"67C�89!(´

¾G¿	À!)Á��e®L± 
 7,�����¹5"67C�89!�º�!�

�»ÂZ��`ÃÄ>�
�`ÅÆ>ÇÈ�É�5"()�bÊËÌÍ�}�ÄÎ

Ï³JK�e®L±�rÉÐEST�ÑÒ%rs>«�z 3 �(
 7)�ÓZ�»]

5����ÔÕÖ"Æ`ÅÆÇÈ�}� 3.3q¦�ÄÎÏ³JK�e®L±(
 5)�r%

�}x~��JK���L±×Ø��ÅÆ>ÇÈ�UV!�C89¿	À!Ù

��[ÚÛ��ÐEÄÎÏ³JK�e®L±n}STÑÒ��}�¦�}x~��

JKe®ÜÝ��³�QRSTÞßN|��r 3.3 q,I�à�Þ�C� áâ�


�gN�ÅÆ��N¢x~��JK�K(2)¾G 8�

1x
Ii

ij ≥∑
∈

� j=N�ÅÆ��
��

1x
Ii

ij =∑
∈

� j=gN�ÅÆ��
�%

� 6� ����(��	
��)

��� �� � �� � �* ��	
�(
) �
��(�)

�� 1
A ������
�(33)�����(3)������(5)

������(1)� !��(7)
49 297,896

�� 2
A ���"#��(1)�$%&'�((1)�)*+(6)�

���	
�(12)�,-./012(19)�345(11)
50 369,760

�� 3
A ���$%&'�((9)���
��(11)�67�8

9(18)�:;<=�(12)
50 334,080

*>?@#�AB�
�C�DEFGHAIJKL�M
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� 7� 
�����������(��	
��)


� N� O� P

QR

STUVW

XYZ[\

(�)

TUY(�) SUY(�) ]^Y

(\_`a)

b���
��

[\(�)
c�de

1 15 283,826 383,998 98.97 297,896~369,760 $%&'�((1,9)*

2 10 300,521 367,303 100.05 302,224~365,432 $%&'�((1,9)

3 5 317,216 350,608 128.05 317,216~350,608

$%&'�((3,7)

���
�(5,28)

fgh((5,6)

*>(a, b)Iijk��;l�
�Cmb�� a, ba�CM

�N91gN�ÅÆ��
�gã	äåæÒç�×����èPkl���

�%

4.3.2 ��������	
����
�����

�ÄÎÏ³JK�x~��JK�e®L±ÍtÀÃ� 
 8,��̄ éê 8�

1.�UV!×Ø�ÄÎÏ³JK�x~��JK�e®L±�»ë� 5.4�~7.0��´

ÄÎÏ³JK�e®L±��3*|ìíîÃ·�

2.�����×Ø��CI�z×Ø�MïÄÎÏ³JK,ð$>����ë�x~

��JK>ñòtC�É¹STQJÂó��MïÄÎÏ³JK,ð$�����

¢ôÄ���e®ô�gõ�É�Mïx~��JK,ð$>������»ôó�

3.�¬­"��Ù×Ø�ÄÎÏ³JKöNr�÷Båæ�øùú�û��-ü@Ã

Ä>�Ù{|e®�×x~��JKö¥Á�ýåæ�øùú�û���e®�Ù

�dÃ^%

þHCI�ÀÃ°O�öÄÎÏ³JK¢Ne°Ã¨>®��¢ü@ÃÄ>e®

�Ù�É�C89�º�!��»�de®�Ù¢bÊË>��%H:}�z��


�n�3Ã^�,t������UV!�tne®�Ù����ÃgêÊ��N¤

}���¹STQJÃó��¢`êÊ����)��>��þ�×Ø�¹�
�h

i 100\��3�hi 40���}�#JK¢ð$]^ 70�\��n 14,000\tC

9jK�¦�§¨[©ª cplex6.0«\+¬­Ce®�¯�	:N��>�Ù¶
°

PEý®��}�)��¢¦�ÄÎÏ³JKe®Z�³�QRST�×ó�³�Q

RST¢¦�x~��JK{|e®%
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� 8� ���������	
������� !

noOP

QR

STUV

WXYZ

[\(�)

TUY

(�)

SUY

(�)

no

pq 1

rp

s�

(t)
]^Y c�de nouv 2(w)

1 1344 92.52 $%&'�((1,9) 58.44

1 15 283,826 383,998
2 434 98.97 $%&'�((1,9)

1.xy(1.56)

2.��z{ (<

=20)

1 1344 93.55
$%&'�((1,9)

fgh((1,10)
49.54

2 10 300,521 367,303

2 434 100.05 $%&'�((1,9)

1.xy(1.15)

2.��z{ (<

=20)

1 1344 121.54
$%&'�((3,7)

���
�(5,28)
211.21

3 5 317,216 350,608

2 434 128.05

$%&'�((3,7)

���
�(5,28)

fgh((5,6)

1.xy(1.32)
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ABSTRACT

What are the real factors, other than the price war, that causes huge
deficits for the domestic airlines? In this study, a model was created to
demonstrate that airlines might set a more aggressive pricing strategy when
the over-capacity condition is serious, under a less over-capacity condition
while airlines might resort to a more peaceful price strategy. If the deficit is
resulted from serious over-capacity problems, then to approve the increase of
the regulated airfares will be an unfair play because it sacrifices consumers’
benefit to subside the carrier’s losses caused by wrongly expanding its fleet.
Therefore, setting a policy to control the over-supply situation by reducing
the approved flight numbers will be a reasonable mean theoretically and
practically. In contrast, if the deficit is caused by destructive price
competition, then setting a stable price regulation policy will be a
reasonable way to maintain the market mechanism. This study has shown
that the expectation of relinquishing the banned cross-strait air
transportation is the main factor that made the carriers optimistically
expand their fleet. Consequently, the unrealized expectation had led to a
badly superfluous flight condition and inefficent fleet operation. Eventually,
the over-capacity situation triggered the carriers to engage in a severe price
war trying to improve the revenue.

Key Words: Airline market; Overcapacity; Destructive competition
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¢µ¶·¸z(��[�[��¹�)�&��wx2ºq»¼%½¢�:¾¿§

�D}��À\ºq%ÁÂR;<ÃÄ§�Å«Æ²_2§I�Ç6~¢9%�:=

¥¦§I�¨ÈÉ��ÀÊºq2��§�%CË7ÌMÍÎ36Á�:Ï�2��%

SMÐÑ'ÒÓÔFÕÖ%×ØÙ}ÚËÛÜÝÞ%ß�&��2aàáâã�äå

æç6�³èéaà�wxÓÛÜêëì2íî%Ãï®_��­®'(R2ð!ñ

òóô6

õË{%ö÷2aà�øù¢ú�mû_2ÛÜnop%C��¸üýþ�2Ã

�óô6��³¸�ô��%ßÃ�{�7��2­®��¨	
��bc2)�Ü

�%=+f
	a�à�2t"%C��ý�Ët{2��6È2%ßÃ�{���

7ºq­®��2��%=��¸û_2ÛÜno%+f����bc¥G����

2aà��%ßá}MÚË2�6�³�aàÓÛÜì�m¸��ù¢2íî%ß�

���2­®�S´±� !;<"I{2ñò%f�#=�$Iïñò2²Ö6

½¢�&����:��2%�%�I{�&�8gh2��k%¢fC' (

)2%�)m*+Ã,{%�\7-.¶/�&��;<qr201Ó ï%$23

â¥�×p2456»��y�78����&��bc8\9:;{%�8J�M

�<x=�%+f>?;<@8ABCij ï20Ø6

¢ïLDE�uvE�&��bcÛÜêë-��2FGï)+$23HIâ

ú�¸Ët;J%¨KLE�uvÓ_�(Mì2íî62 %N+¸OÎPE�u

vÓ;<��(M ïCE��bcÛÜêë2OP6Ët{%���bcQR�¨

�E�uv%~¢9%=­®uv¨Sl­®_�%Câ�7ÈÉTô2(Ã%�6

È2%�U9­®_�%ß�V��&���2;<WX%Ì+f	
aà2ù!Y

Z6

����	
���

½¢[���;<\]¸^_��­®2J�%¢78���`_a$2b,%

8c�J�Räudm;<{£ýef(g×6a�d8;<{�Ädh�)%�³õ

Ë{���¸^i45�7��}�ij;<(contestable market)jC2J�(Butler
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��������������������� !"
# 1409$%	& 1900$��#'()*�+��,%-�./��#�+���0
1�2 1600 #'(3456��789:;<=%>?@)#-�A�(B�C�)
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& Huston[1]%klm[2])6õË{%m¸��ij;<n%st�Ãopd�qm2+

,rs%C�t=uv;<iwx2�7%-=�EC+ ;<­®%ßâ}y;<

�72�z6f³¸õË¶"S´�� 1970 �l$%{|Dv��;<­®2}$

t"-m6

¢Ã~{%Sinha[3]%Fawcett & Farris[4]Å�����ÌM�¢�}�ijC%�

CÂ�::;���å2 6�³�E���Dv­®%Câ¡}�7��;<iN

��:wx20Ø%-=�UE��;<+ ­®ß}Cù!C6Ã�{%mDv­

® 2���&���;<%78;<2�� ï=>��*(hub-spoke)\9;*2

� %;<D�ïN�åJ��bc(mega-carriers)-wx6M�ø�9m³¸;<�

���p%C
S�eL�:m���"{2;<�(market power)6¢mIE���

:;<�����2��p%E��wxZÊ{���­®2��%S´�e¦¯L

(Borenstein[5])6

½¢TU­®2Dv%f��N�åJ��bcE[�"2;<����e%Á

ÅS�;<��ijgh%f�?å�Î�:ã�����6¢mIEq�J�n%

[�:\]_�8äU��2��p%�³S´��{|E����NÊ­®

(reregulation)2t"6fl�{%Button[6]�=��Ët2�²(empty core)��%¨D

���;<2��ij�ghC�Mû_C%��äd��ABCij ï

(destructive competition)20Ø6f Tretheway & Waters II[7]ß´���&��;<Dv

­® %�;<��2��- �2[�N­®2t"%S¥�¡í2¢~Ó£¤6

¥Ã{%v;<­®óô¦%��� 1978 �DvE���2­® %S �¸

Ï§Eaà���¨oÓÛÜ�Afô2¡í23(Adrangi, et. al.[8])6©ª{%³«J

232¬�Cå_ú�m6Dv­® }8ÛÜòv%��bc�7�¡í�®2­

®�=>����2�e%f¯��M�\°2a ±%+f²�aàÓ��¨op

³25´{6¡Q9%µ��������Ã /01�'(=¨%DvE���2

+,­®%¶·D}�¸�L6f�ìþ�/01�'( 2FG%v¹º¬��»

¤¼½223¦%C¸Så_¾nmaà���¨oÓÛÜ�2¡í23{(¿ÀÁ�

ÂÃ�[9])6

fmDv­®EaàFG2¡í23n%Foreman[10]Ü� 1929-1990�ì���&

�a ¥Bz�2aÄ%= Box-Jenkins ARIMA;J¨ÅÆaà¥B8Dv­®· 

2��6Rose[11]ßÜ� 1955-1986 �ì���&�a ¥Bz�aÄ%=ÇÈÎPÉ

*%¨ÅÆaàÓ­®2íî6Kanafani & Keeler[12]ß= 1966-1989�ì%���&�

Ê��ÊËÌÔFÍ�2ÎÏÐ�aÄ%Ü���CÑÀÒÉ¤¨¶/aà2��6
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f{Ól�|��6Dv­®E�àÌs~U2FG6f�&Q«J223n%¿À

Á�ÂÃ�[9]%Ô3�[13]%ÕÖ×�ØÙ¿[14]A%S_Ú~L6Dv­®EaàÓ�

�¨o2FGÌM~U6~¢9%{Ó�&¦Ã~2320Ø%å�{|DÈÛLD

v­®â��aà4ÜÝÞ25´6

¢ß�¨%TU��;<ij9àáÞ%=�>?MN�:c�;<âd��ã

���20Ø6�³mDv­®23;<nop%CE��bcÛÜêë2OP%�

øä+fFGaà%S´� $f­�íÓ23:2¦UWå6l�{%Adrangi et. al.[8]

=����æäaÄç 1938-1994 aÄ%Ü�èv\éõnRìXê9É¤¨Ú~6

Dv­®E�àÌs~UFG%ÁQRÅ�eL��bc2ë�ìí6f Rose[11]SÚ

~6Dv­® 2aàÓ�:ÛÜìÌs¡í6¢¼úX[15]Å��6�&��;<�

/01�'( %î}�Îbc2ë�Tô�Eaà}-FG6µï2%{Ól�2

��Så_°~L6��bc2ÛÜÓCaà��ì%�]ÌÙ}�m~U2^ð�

Øíî6

½¢\7�&¦Ã~2320Ø~ñ%��bcÛÜ7�2³ÇÌÙ}Eaà4

Ü��~U2òIFG6¢óÃ��z2¶"fï%èé���:��2f�%Câ

�¥GÀ¨�&��J�'(®ô2õòö÷6¢Ã�{%�&����:2��%

�ø()&�86/01� %�39ij:e,%f��;<��ABC��ij

20Ø+pdø}Cù%�*+¢\7Ã�2¶/ÓÎP%$23456�:}8ú

û
�2ëü%fåv +�ý=���qr;<��E�uv20Ø%8� ��

&��;<��¸Ï§gh��k2f�6

78þ·�&���§wx2ô_%C«���¹º��x­®¤ß(rate of

return regulation)6¢´õË2��fï%Averch & Johnson[16]�D��6i­®¥�

2wxô_%C����x­®¤%ßâä}��E�uv(over capacity)2�7(³�

ï-.2 A-J effect)6�³´õË2¶"fï%³¸wxô_¤â}�7Þ��&�

�2E�uv%��8ÝÞ20Ø6��%8;<ij(M2õËn%E�uvDi

Æï�};<\9:(incumbent)�¨	yqm3+�:(potential entrant)+,;<9

��2¸âd��¨>?Q�+ (dû`)
0 ï2��6�³E�uv2�m%

S�7��:}8ij(Mòv20Ø46

Ã,{%\7¶/�&��;<�Dv­® 2Ã��z��%â���6;<

4. LM��NOL�P
QRSTUVW0XYZ[�\]6
^_#`abc)de
fgVhiQOsborne & Pitchik[17,18], Green & Porter[19], Fudenberg & Tirole[20], Spence[21],
Stigler[22])
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�É*%=���Z92]I($Z9É*DibÒä!¤Ð�)6�³}íE�uv

2�mâ}�7��Q�
02Ët¢~%��7{Ó�&�§Z9 ïý�¸�°

~6

$232þ9�m�»�&��;<E�uv2ÎP%=LD�&��bc2_

�(M%+fèé[��bcÏ���2f�6QR%$23S��2320Ø%7

¥GÀ¨®_¡í��­®'(2õò6f$232�1%HIâú1¸Ët;J%

=zïþ�E�uv>_�(ME��ÛÜFG2Ët}�62 %$23âNÜ�

èv\éõ2ÇÈÎPÉ¤%¨Å°�&��;<2E�uvêëE�:_�(M2

FG6


������

$23-ú1;J�mKL6Â���7qrJ�2;<G»¨�_R%���

�m�¤Ü�ÑåÞ2_�(Mn%8IEMQJ7Ü�x��p%-�72ÈÉï

)+

��m¸�¦KH_��2J�non(�Æï�7qrJ�;<2ijno-

�_)%�¸��CÜ���ï6

)()( QCPPQ −=π

Pï����âQï»!vâC(Q)ï�$��6

¢��LD����8IEMQ�� !p%��ºqECÜ�2OPR%8É

¤{%â��»Ü���E����2¸=²�¨ý"6

[ ]PCMQ
P

⋅+= ε
∂
∂π

1 (1)

ε ï��#C( 0<ε )â PcPPCM /)( −= ï���$$,(price cost margin)âcï

$,�$6

¢ö÷ Furguson[23]2l�%Ò%�$Ó$,�$Æ�_&ï6��î�(function

coefficient, FC)6f³¸íî��ñ×p6

MCACFC /=

AC�MCÎ��Ò%�$Ó$,�$6
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AC

MC

Q

QMES

¥Ã{%ó¸'\éõ2õË�=LD%MC �ù	8 AC �2ÑÇ"%�³m

J�êë�8 AC�ïÑÇ"(QMES)R%C-E(2 FCüâA8 1(õò) 1)6N:%

8J�\é2õËn%AC �2ÑÇ"�Æï6mH_KJ:;b,p%Ñ}<x2

J�êë678m³¸Jvp%Ò%�$)÷*�ÑÀÞ%B¸'S�â³¸J�ê

ë_&ï6ÑÀ:;<xJ�(minimum efficient scale output)56õË{%³¸ÑÀ�$

ÈÉLKJuv2ÍÎÜ�%-=��?Ò%�$*�ÑÀÞ6~¢9%ÂKJvÀ

8 QMESR%ß�ñÃ,KJvÌÀ*�Ñ}<x2J�êë(QMES)%�³�Æï}E

�uv(over capacity)2���K6¡E9%ÂKJvå8 QMESR%ß�ñÃ,2KJ

vDE»Ñ}<x2J�êë(QMES)%�³�Æï}uvMt(under capacity)2���

K6

� 1� ������	��
��
��������

¢ïLº+E�uvE_� ï-��FGï)+É¤{%�Ü� PCME FC2

¸=²�¨¶/ú:ì2�¬íî6f7·Ó PCM2_&�,ý=p*(2)2íî6

FC

AC

PAC

MC
AC

PAC

c
AC

PP

c

P

cP
PCM

1
1

1
1

1
11 −=⋅⋅−=⋅⋅−=−=−= (2)

5. ��������	
��
�����������������������
���������	
 !"#$�%�&	'()�*+,����	
 ��

-./01������	
(minimum efficient scale output)�2�%3	
 ��4
����������!�-�5minimum�67
������8	��1��9
:
��3	 1��!;�<�4����������1��!=>?Stephen[24],
p. 22-23�@A!
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AC

FC=0

AC(QMES)

AC

FC

FC*FC=1

2 %NÜ�*(2)20Ø%ß�,ý FCE PCM2²�×p66








 −
⋅

−=














 −
∂
∂

−=
∂








∂
−=

FC

AC

FC

AC

FCPFC

ACFC
FC

AC

PFC
FC

AC

PFC

PCM

∂
∂

∂
∂ 111

2
(3)

¥Ã{%7) 1â�¶/ý"6ÂJv-N�. QMES/0R(�/1%"2¬)%

ßM3E�uvêëÓ FCü/å%QR AC�Sâ4{52��76�³%FCÓ AC

�ì2íî%â�Ü�) 2¨�ñ6

� 2� �������	
����

¢7) 2 �=ý"6TUE�uv2�e%v FC �å¦(�ïmJvÀ8 QMES

�å8�¸67Jvp%AC�Ó MC�ì28.%âTUJv-Nf9e�å8)%AC

�SâQRT2{5(¥Ã{%) 2nTU FCü2�å%C-E(2Jvâ-N)6�

³: *FC ï¸67 FCü%ß7) 2n FCÓ AC�2�Þ%�ý"×p2íî*6

×Ø *FCFC > %ß
FC

AC

FC

AC >
∂
∂

6È2%

6. ��������	
��
���������������������� �
���	�!"��#$%&�' ()*+�,-�./01(3)�23-45��
� ������	!"��#$ FC�,6��789/:��

7. ;<0=>?�@A�BC��DEFG�H IJK�L�FC MNOPQRF�
ST%UV�<��� BC�=>?��@A�'W)EXYZBC�[���\

XT/]^��_&���� FCOPQRFST%UV�`a�bc)�)EXY
ZBC�[���dX9]^�
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PCM

FC
FC*FC=1

PCM

×Ø *FCFC < %ß
FC

AC

FC

AC <
∂
∂

6

N:%Ü�{ú*-²20Ø%ß7*(3)â�,ýpê¹*2íî6

×Ø *FCFC > %ß 0<
FC

PCM

∂
∂

(4)

×Ø *FCFC < %ß 0>
FC

PCM

∂
∂

(5)

fö÷*(4)�*(5)2��%���m¹= !;t2��p%ß FC Ó PCM ì

2íî%â�=) 3¨�ñ6

� 3� �������	
��
��

f7) 3n2íî%â�¶/ý"6Â *FCFC = R%Câl� PCMïÑå6Ñ

 %\7*(1)�*(4)�*(5)20Ø%ß�È<×p0Ø(�õ=>ÜKL)6

Â FCÀ8 FC*�?ß FC*2>ßR% 0<
P∂

∂π
6

Â FC8. FC*�0�?ß 12>ßR% 0>
P∂

∂π
6

~¢9%�ö÷{Ó20Ø%$23â�Ûýpê2_Ë6

_Ë¸6ÂE�uv�åR%����7=³�¨��Ü�6

_Ë¹6ÂE�uv�ÀR%����7=¯�¨��Ü�6

f_Ë¸�¹2^@�&%ß�KL×p6

ÂE�uväÀR%��m}�2E�uvp%�M�7A�G(�³�¤



������� �	
��� �
�� ���
�����

�438�

Ä-�e23»¤v%B³�ECÌMÜ6¡E9%ÂE�uv�8�¦êëR%

³RE�uv-��2�$B��å%f��ïLCÞ³¸E�uv%-=³�

¤Ä2(ME��â�}Ü96

¥Ã{%{Ó2t"S)DÚL Spence[21]-�ï��2E�uvE_� ï-�

�FG2¶"6f{Ó20Ø�KLL6m}E�uvp%TUE�uv2�e%�

�2_� ïâ/�!Eä6Fï2%Â��2E�uv9åR%C� !=³�¨

CÞã�2E�uv6È2%ß��2��(Mâ�8�S�û_2(M6

f$232Ã~Gz%Sâö÷{ÓËt20Ø%¨HE�&��;<2gh�

�ij ï+ º+ÎP6Ã~{%$23â=ÇÈÎPÉ¤%¨èé$��&��

�bc��2%�-m6C�I�·ÓE�uv-�*+pd�;<2��ij�m

UABC-�*+×Ø��bc2���7E�uv-�%ßJ(�:¥¦wx2!

¤%áâ��KLCw:2ÜM%¨©ª��bc�(NO2�P(�Qþ�Í�ýâ

d;<·RSxNO)6��×³%ßEuvZÊ­®(T×6-yd-��)�}Cù

!C6¡E9%����78ÝCi� ï-�%ßô_¸���®(�³%ßHE�

�p�2­®âÆ{���­®�~ð!)%=V�;<2û_%~¢9�}CÚËC6

�������

4.1 ����

$Ã~Gz��7·¸UËt;Jn%-,ý2_Ë¸>_Ë¹0Ø¨èé6E

�uvE�&��bc2_�(MÓÛÜêë9FGï)+���¸��bc i 2Ü

����_&ï��êë>uv2��6

),( iii CPf=π

iπ ï��bc i2Ü�â iPï��bc i2��êëâ iC ï��bc i2E�u

vêë6

N:%7·U2Ëtý"6mMQE�uvêëp%Câä�����SMQ2

_�(M6�³$23â=¸ÈÉ��E�uv2V���(dummy variable)%¨°~

E�uvE�&��bc_�ÓÛÜ2FGï)+-=%Â<,E�uvV���2

 %{*2ÇÈ*â��ñ×p6
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∑∑ 1,

22

1

1

1
0π (6)

�tkï��bc i2W k�E�uvV���8W t�2üâIïE�uv2Î«

AX�6

$23âE��2E�uvêëYÎï6¦�n�ÀZX(-={*n2 3=I )6

f[XE�uvV���ü27_%ßâö÷��[�E�uvêë¨�_26Â�

¸�2E�uvêë%å8qr[$E�uv2WZ�\Î](third quartile)R%ß_

&^�2E�uvï¦êë6¡E9%Â�¸�2E�uvêë%À8qr[$E�

uv2W¸�\Î](first quartile)R%ß_&^�2E�uvïÇêë6fC¸[�

2E�uv%ßâÆï�nAêë6

ö÷{ÓEE�uvV���27_%ß*(6)2ÇÈÉ¼*�_`ïp*6

itittittitttit ePDbPDbPaDbDba ++++++= 2413122110π (7)

��0
�1
��0
�1

)1(
2

)3(
1

=
<=

=
>=

CCD

CCD

tt

tt

C(n)ïqr[$��2E�uv9W n�\Î]â

Ctï��bc8W t�2E�uvêë6

78m$23223�ìn%�&����§2§I�%D8��[�[��¹

�\ab²_ %Ê=�IC2ºq%�³$23Sâ³ðå\9��%<,ÇÈ*

�_2òvn%f=�_¸RìV���(T)%¨c�³¸\9��E��bc\9d

<2FG6-=*(7)�N_`ï6

ittittittitttit eTbPDbPDbPaDbDba +++++++= 52413122110π (8)

��0
�1 *

=
>= ttTt

tï��ât*ï[�[��¹�2��6

É¤{%$23âö÷*(8)ÇÈ*2î�eè%¨e=2S¡í2 ï��6¢

7·¸U-²ý2_Ë�ý"6ÂE�uvêë0.fgêëR(S´�E�uv�8

¦êë)%Ü�³�=³ÇE�uvêë%E��fï�}Ü96¡E9%ÂE�uv
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êë?ßfgêë(Q=QMES)R(S´�E�uv�8Çêë)%ßÜ�³�=³ÇE�

uvêë%E��fï�MÜ96�³µÚ{Ó2Ët¶"�=ý"6*(8)ÇÈ*n

Pit> Dt1Pitúh2î�g( 31 ba + )âïòâf Pit> Dt2Pitúh2î�g( 41 ba + )ßâï

)6-=$232Ã~Gz%â�Ü���Å_(hypothesis testing)2É¤%¨ÅÆ=

p2ú�Vs��(null hypothesis)�ø��6�ö·ÓËt2t"%ß$Ã~232

Vs����_×p6

Vs��¸6 0)(: 310 ≤+ baH , 0)(: 311 >+ baH

Vs��¹6 0)(: 410 ≥+ baH , 0)(: 411 <+ baH

¥Ã{%\7{Ó��Å_20Øâ��¨S_6

1.×ØVs��¸��%ß�iU��bcmE�uvï¦êë2��p%��bc


Ãâ×·Ó_Ë-,t¸[%â�Ü���ij¨CÞE�uv(M6fm³¸

��p%QR2�K(�E�uv- $6~¢9%uv­®â�ïÚË6

2.×ØVs��¹��%ß�ñmE�uvïÇêëR%Ü���ij¨CÞE�u

v%CE��bcÌMÜ6�³%QR2�K(M�E�uv- $6¡E9%C

�7�&�8ÝC��ij0Ø%-=��­®�}ù!6

4.2 ����

=pâHE$Ã~23n2¡í��%¸¸+ KL6

1.E�uv

õË{%¸���2KJuv��ÈÉCa$�üb,2:;6f³¸a$�ü

b,8KJ»¼n2?�¼U%ß�7CKJ<x¨���¨6¢m\éõ2õË

{%·ÓÑÀ:;<xJ�(MES output)%��³¸ÑjKJ<x2��6dï2%

m³¸KJêëp%KJuvâiÍÎÜ�%=�*�k]�$ÑÀÞ6

¢78þ·�&��J�EE�uv2èl%Ìs¸F¶mv2në%Á�=[

�z2¶"¨£%E�uv2èl�(=[�z2oFx¨pl6¢�ó;<ij2

¶"fï%78[�zoFx2¦Ç%Ã,{���=>��¨o2FG��6�³

�=oFx2¦Ç%¨x_¸��bc2E�uv¦Ç%ß³¸E�uvêë2å

À%-�;<��ij ï2FG%â��8()a$�üb,-��2FG6-=

mDqE�uv2êëR%�=oFx2¦Ç¨x_C¦Ç%ß~¢9âud�;<

 ïFGf��rs6
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}8{Ó�t2òv%$23â=[�2ua �z%¨èl��bc8[�2

E�uvêë678¸'��bcÊ�2a u�z%å_8¥·�D!��]�

�%�³C��R(v�);<ij�t-FG2��%´�oFxM~U6-=$2

3=��bc[�2ua �z(f�=oFx)%¨mvC8[�2E�uvêë(

¬ÚË6

2.ÛÜêë

$23n}í��bcÛÜêë2ë�aÄ%â=23Ew��bc2x·9�

Ü�ïö÷%=y~��$�\92Ã,��%Ìz{�¦|M(�P)>x}A�t

2~�6¢78x·9�Ü�2�aÄMdSý%B$23â=��bc��ë��

�2x·9�Ü�ï}�%Ì=[�9�|M¨èl�[�2��%=+f²ý[�

2x·9�Ü�6

3.��êë

m����[�=·%	
�����9k¸wx­®%�:s¤ºq§�6Á

m����[�
»���������&F���#CwxÃZ!"# %��b

cÉý=�#Cºq§�6½¢��]E[��-_§I��aÄ%�7C_�� 

2ºè��ý"6Á�§I��m��¡í23{%11�M7ÈÉ�;<9(Ã�

�6Ã�{%m�&��wx��¬8­®wx2��p%'ÒE�&[��2�§

|_}¸§I��%¢ î?@�:8¸p���&(Ã�{%�=§I�ï{��

�)%� ö;<�Þ%ºqCÃ,Ä�%�=��;<ij�76�³S´��L[

��[�2Ã,�§Ä�Ó²_§I�%}~U�820Ø6~¢9%�=§I�¨

ú�$23n2�§��êë%C
â}M�2�6

N:%�+ë��ý�[25]E��[���\�2�&�F�§ ïÎPS��6

Ò%å�î} 24��F^ð8�<���<�e�§%f�»� ��ý�§2Æx

ß¦8\�={9678�§2�ÄÌMî�_8�<2���Äâ¡E9%Cå��

\7� �=�§2É*+ (³¸�wm��[���·äï��)6¢f��bc

E� �2�§Ä�%ß11}8	dÉ*Ó�§�v��%fHÊ� �MQ�

�6�³%�!Sý��bc2Ã,��aÄ%ßS�}â{ÓMQ�Ä­�-Ä�

9. ��������	
��
��������� 5������ 2� 5�	���
 !"��#$!"��%��&'�()*+,!"�-�$./&01�(	


�!"�-#23)*+,24���%�5�6� 5�37����� 38��
9:��	
�4;�$�	
�<=4;���4>��?@5A��BC�4>

DEF�G$HIJ4>5DKL�M>#
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§Ê=e�Ò%%×³87Ûý�ïF¶2�§��aÄ6

¢f78{Ó2�ÄaÄ%|¬��bc2����%�³v�=�Ð­�Û

ý%øß¸'23:\]¡�Sý^aÄ6-=$23â�SÜ���bc[�2Ã

,9�|,aÄ%=>=§I�èl2§I�|,(�â[��2Ã,oF�Ô=[�

�2§I�)%¨²ý[�2��î�62 %N=[�2��î�Ô=[��2§I

�%¨,e[��2Ã,�§Ä�6Ñ %NÜ�-eý[��2[���â=>[

��2Ã,oF�%¨ú�^��bcqr2[�����%=zï^��bc8[

�2qr��êë6

4.3 ����

$23âHE0���bc[���W¸�¶[���W¹��2[��aÄ

(  30�)%¨+ 23ÎP6QR78m{Ó223�ì%0���bc\92��

R}�¬%�³$23âî��23�ì 10  f!�|Ï�\92��%+ ¡í

aÄ2 �ÓÎP6f³ 10  ��è}6¡�¢¦£��¡�¢¡¤��¡�¢¥

¦��¡�¢§&��¡�¢¡���¡�¢¨©��¡�¢ªb��¦£¢ªb��

¦£¢¥¦��¦£¢¨©�6

$23n}í[��§I��[��ua yzAaÄ%_�=	
���]«

Ú2���ºè��aÄ#ï23aÄ¨¬6ø¦0���bc2k�9|aÄ%=

>[��29�Ü�aÄ%ß�\7�¡­\é3�®¯aÄç#Sý6

4.4 ��	
��

$Ã~23HIâHE* 82ÇÈ*=ÑÀÒÉ¤(OLS: ordinary least square)¨

+ [hî�2eè6fC[hî�eèü=>CE(2 t Å_ºèü(t-ratio

statistics)%ßÎ�4�8� 1 2W¹°>WZ°n678{Ó OLS eè¤n2

Dubin-Watson ü(D-W üA8 0.615)~U9ø_6^ÇÈeè*2±�hM�}�µ

¡í2Vs��(� 0:H0 =ρ )%�³$23ø=¸ò´�µ¡í(autocorrelation)2eè

É¤¨eè[�î�6f[î�2eèü=>C-E(2 t Å_ºèü%ßÎ�4�

8� 12W\°>W²°n6

QR%7� 12ºq R2(Adjusted R2)ü(OLS9 R2=0.495âAUTO9 R2=0.892)�

=��6=}ò´�µ¡í2eèÉ¤-eý2î�%â�= OLSeè¤-eý2î

�%E���(ÛÜ��)��D��6�³\7�ò´�µ¡íeè¤%¨eè[D

���2î�%Ì³Ú·¸UËt;J-²ý2_Ë%$23â�Ûý×p2Ã~~
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÷6

1.´8h2î� a0ïò(-64459)�ï~UMA8µ(m 10�~Uêëp)â=>stE�

uv�8)�êë%q�ÇÈeè*2´8h( 10 ba + d 20 ba + ü)|ïò90Ø%

_)
ÈÉL0���bc823�ì2����6

2.����2î� a1 ï)(42313)ÁÌM7¶·A8µ2Vs��(t-ratio=1.364)Å_

0Ø�iU6�mMò´E�uvêë-����(M2�¬%+fFGCÛÜ2

 !p%�&���§2��#CâÀ8¸6�³mMò´E�uv-��2�$

B�p%��{¯âE��bc2|M})I%ÁM~U2FG6��%³¸î�

eè0ØS��U6�&��;<�7�mU(M�ª(strategic complements)2i

jJ¸6

3.��êëÔ¦E�uvV���2î� b3ïò(-46129)�~UMA8µ(m 5�~U

êëp)20Ø�ñ6ÂE�uv�8¦êëp%��¥¦��2(M%ßâE��

bc�MÜ%BC(=³�¨C¹�¸2uvï!�6øï2%m¦E�uvêë

p%³�E��bc2|M}~U2)I�&6N:%7 31 ba + 2î�gïò(42313

¢46129)�~UÀ8µ(F Statistics P-Value=0.91)2Å_0ØÍÎÚ~_Ë¸-ï6

mE�uv�8¦êëp%�E�uv-��2�$B�%â>?��bc�S�

Eä2_�(M%=CÞ�¸2uvï!�2¶"6µï2%{Ó0Ø~ñL68

23�ì%��bcì2gh��ij ï%(�&�8�:ïCÞ»º2E�u

v-�6

4.��êëÔÇE�uvV���2î� b4ïò(-5593)%ÁÌM7¶·A8µ2��

Å_6³¸0Ø~ñ6ÂE�uv�8Çêëp%��³�=C¹�¸2uv%ß

âE��bc}Ü%Á<MÌM~U6N:%7 41 ba + 2î�gï)(42313¢5593)%

ÁÌM7��~Uå8dA8µ(F Statistics P-Value=0.246)2��Å_0Ø~ñ6$

23n_Ë¹2fÔ%½«�³¸Å_0Ø-Ú~%ÁÌM~U6

¥Ã{%³¸0Ø�S�iU6Â;<R»äUá�%f��bc2E�uv

�8Çêëp%¥¦��E��bc½�}Ü(�7·ÓW¹h 0a1 > 20Øý")%

¢78�7ã�Cùij:¼½CFo2��p%B¾?msE�uvp%��b

c¥¦�§��2<M«�}�(-= 0ba 41 >+ 2��Å_ÌÙ}��~U2�

�)6dï2%Â;<R»äUá�R%�&��;<2��ij%½�7�mU(
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M�ª2ijJ¸%ÁÅM~U6

fµÚ{ÓWZh>W\h2Ã~0Ø%$23S��6E�uv2B�â}

�7�?�&��;<2��ij%
!(Mpl(strategic substitutes)2ijJ¸

��6

5.RìV���2î� b5ï)(17848)�ï~UMA8µ(m 5�~Uêëp)6f³¸

0Ø�S�h¿ñ6f­�í¥¦�§2§I�%E�&��bc2ÛÜêë%


Ã}¡Â~U2À�6

� 1� ��������	
��
� t���

¸'ÑÀÒÉeè¤

(OLS)eè2î�
tÅ_ü

ò´�µ¡í

(autocorrelation)eè2î�
tÅ_ü

a0 -94217 -1.97* -64495 -1.834*

a1 77315 1.737* 42313 1.364

b1 -42706 -0.563 51733 2.297**

b2 26557 0.5854 7177 0.398

b3 37293 0.521 -46129 -2.181**

b4 -25899 -0.642 -5593 -0.346

b5 5025.6 0.382 17848 2.397**

ºq R2 0.495 0.892

D-Wü 0.615

a0����� a1����	�

b1�
��
������ b2����
������

b3����	 x
��
������ b4����	 x���
������

b5��������

*�10����	���� **�5����	����

��������	�

78����2¥G��}ÁÂC%QRïÃÄ��»¤2b C%'Ò11E

wx�}{���2­®6¡E9%'Ò}8Å����:¥GÆö��¨o2òv

p%�_��p�ßÇ}Cù!C6�³Ã�{E��wx2­®%
�}CÚËC6
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¢m\7{Ó2Ã~230Ø%å�{Dèé�&���:2��%��7�&

�8»�E�uv-�62 %ÈðU�ð!9óôâ�+¸Oþ�6×)mÃÄÃ

�ÓõË2}�{%£¤¸��<xÓbÒ2­®��6¥Ã{%m=1�&���

2wx­®{%­®:-�"2bÒ­®��%å_��=Éè�$2�� 26�

³­®:E§I�2²_%|�ö÷��bc-¥G2�$aÄ¨²_6

õË{%}8�$Iñò2¹º­®É¤}6ÚË��x¤(reasonable rate of

return method)Ó�$>e¤(cost-plus method)6¢Ã�{%78­®:Ó�:m�$I

Ó»!I2ÊË{�=>EÚË��x2�_{%ÌM�¢|ï¸�6�³�­®¥

��ä��»Uba2a$M<xTô%f³¸�wS´�õË{-¿2 A-J<Ø6

QR%{Ó2­®É¤S\�ã�6E¥5\9:2<x%ÌM�}Å�C(incentive)

2ÌÍ6

¥Ã{%óß�¸�¨�&��;<���=��6�:}8úû
�Î�%=

�åvÏ�3�2Ð¬%�78����&��;<%ÍÑUE�uv2f�6�³

�î�â�:2��%È�8;<3+:2e,%f²�;<ÝCij20Ø%ÁÅ

ÒML;<{�mUE�uv2¥Ã%ßÓ)9­®��Ôâ�¥ÕÖ�6~¢9%

�M7QRCÞ;<2E�uv%f¸i=¥¦§�¨ª×�:�P%×³ECw:

�Mfï%Câ�MbÒ96N:%78�&��­®wx2ô_É¤%C«���

¹º=ÈÉ�:�$¶"¨²_§I�6-=�óõË��¨2S6´��fï%�

&��;<Ôâ×Ët-Î�%m A-J<Ø2<(p%E�uv2�mâä�¸ù¢

��¸20Ø6

¢��-N�&��;<E�uv2��%Ët{%C8�&�§wxabR%

(<,Cù��$I�tfe=òv%=z{�îØ�8�$I2ñò%fìð��

E�uv20Ø(�ï�� A-J <Ø)âø¦%f­�íS��»-y2��%æº�

:â�¸a�8;<{hÄ�Ù%=³Ç�&��qr2GH%Ì+fÚD;<qr

E�uv2B�6¢³ú����ø� %Ã�{%C«�m}¸�
y±Ê=Û�6

HI%�ó_�­®wxô_É¤2ÜUñòfï%¸��}<xÅ�C2��

ºq{�®(price cap)Di¥�%ÌDi(�8�m}ij�72Ý��Þ�¥�2­

®Gz{%f��<ö÷(Nei & Bernard[26], Braeutigam & Panzar[27], Charles & Phillips[28],

Barnich[29])6Ët{%��ºq{�®�xL­®��Ó�$>��x2^ðíZC%

Sfl2��_¸��ßòv6
àáâx�KJ���x=>¦K�$�¬A�t

2��{�6fm³¸��{�p%i­®:��<x2¥5¨³Ç��%=�ei
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j�%×³Cw:S�ìð�M8<x2¥5106¢=þ·�&2­® !fï%À

¨�!â³¸­®É¤�TÃ�%HI±Û�9ã���¡í��Ã,��aÄç2

ú�6¸äÃ,Ä�2aÄçú�%×³87ú1¸�7åÈÉ�&[���§(Ã

��êë2��§���6ø¦%¡í���:2KJ��º+�¡íäèæþ>�

�2º¸AGz%S_�ÃZ��ºq{�®2ù! !6¢{Ó¡íaÄ2ç¾%

=þ·�&2nofï%�]_�äå2èk6

¡E9%�ó³Ç�&��qrGH2��fï6ZÚ-y2 ïC½��:\

�����gk%féê��ÝØ %�7ëý�:2 ì%ÁQRCS»IE¨�

bÒ	d¤2í¤�î(¥Ã{%��[���ì�&\����:2ZÚ-y ï%

DibÒ	dï±ä^_í¤)6½¢qr;<õÓ:2 Q-y ï%Di�_ï1

�ðç;<ijno2 ï6¢�ó�¤2ñò¨þ3%)=�ij�72;<no

±i	ó*+¥Ã{%C��}8\éõõË2��6¸��}����ij�72

;<%âäï�ä���Ñå2�ä<M6¢{Ó2ZÚ-y ï%�I{�]DE

qr�&��;<2ijno��_�%¢Cw:Ão9�M�ø��%Ã(�=�

��7�ø�f��ABïöÈ6Ã�{%ZÚ-y ï
ÃDEqr�&��;<

201JKOP%Á³¸E;<012OP%C�øù¢SâäJK;<��ij�

72³Ç%ß«�}ô+¸O¶/Ó°~6¡E9%´�=�2;< !fï%ZÚ

-y ï�Ñ^ð�}<É¤%¨D��&��;<E�uv2Tô%Å�¸Mj2

¥Ã6dï2%¡ík]-(õ�9(�8ZÚ-y ï %�ø}��Èij2 

ï(anti-competitive behavior)(�C�¬��{2Ú� ï)%8��Ú]\éõõË2

��6
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ABSTRACT

In the age of E-commerce, the use of electronic bills of lading can
provide varieties of advantages, including lower operation cost, prompt
delivery of documents, efficiency in operation, and the prevention of
documentary fraud. However, electronic bills of lading must provide a safe
transaction environment and three functions of paper bills of lading, namely
receipt of goods, evidence of contract and document of title, in order to
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replace paper bills of lading. This article explores how electronic bills of
lading operate based on provisions of the ROC Maritime Law, the Electronic
Signature Law, and relevant UN rules. It also examines the application of
electronic signature, encryption and decryption, and certification authority,
etc., in order to look into the legal feasibility of electronic bills of lading.

Key Words: Electronic bill of lading; E-commerce; Electronic Signature
Law; Maritime Law
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���çÔ�

�$¯,5
VNeÒ$xyS��uèk�è©ø�
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þ7�S'(��ì"'(�8]^RB�

W'

NSV$°NîM�

!
6.�673

a.!��çÔ��$�R5
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C¡CçL
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�Wçpq���D'

c.!��DGRÍ�çÔuv$5ä+N®hi

C¡CSV$°NîM$R,

7N®'DGRÓ�N®pq��
 �(�ºD�
þ!���ácq$�<'

4.pq�¬

pq����$��ÜWX����BA�$]^_`J]^_�\
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ÐÑ��Ê�\è©��ì"CB!
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'I�Ó�Í�$�¬��¬
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5.L
î�J°NîM+��k�

L
î�Û°NîM$n�
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N+é

pq/w$¯,5J�R5'^DG�SçL
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¹��
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pq������k�VN~.$xyö)(é�Ðí~í 3B#)3

a.]^R«G�ýAÅ¢°NîMG�'

b.8G�ýAUéG�,-k�voe®��
¶K]^R$�áJuÏÛÝ5


ÈK�é°NîM+L
îM$.S®O�
��°NîMG�35'°NîMG

�VNWX.�����3

(a)f¥R��'

32.�àÆ2­Æøê +(�@ABêë�JtC+¹DE�cFøê �c�ef«
¬ GH�ÈIÉJJKL�M3�

33.ab¡�ef«¬ !#%!'6"9+!(8%��ab 1997- UNCITRALef
«¬N823OP(Draft Uniform Rules on Electronic Signatures)!#%(f)9*!(4
%��À&Ä(International Chamber of Commerce)�ÀíîQR�&�SjT©
(General Usage for International Digitally Ensured Commerce)J “ III. Electronic
Transactions and Information Security”�

34.ef«¬ !4%*!(8%�
35.ef«¬ !#%!79*!(8%�
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(e)G�$C{�i36'

(f)��G�$G�ýA��ÛB�}'
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(a)]^OP$v���(Õ~�4$Ö×+YZ[\)38'

(b)]^R$pq��'

(c)°NîM'

(d)pq����
�
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N��]^Rpq��$

¯,5
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ëV~Ò]^RÓ�
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c¥^â23�iÎ��Ý\æ c2³J+abef«¬ !(4%ÊÜEÝÞ�

i_j�k+i­i_�¸�{}~JÜE+lm²�ÜEÝÞno²â�+�p²

�ÜEÝÞno²â�+��Ý\�lm²�ÜEÝÞno�¶·¸+�äå^_�

¸�{}~JÜE+æq�ùGwrs�

37.©ª�j³t6GwFýJEu�Ûef«¬ !(%+v�j³tæíî«¬«º
JefïðDw}~+mÛ!()%!#5Ê=ÜEÝÞxÜEJ�j³tÒ[�R

Eu¸+­vy��j³tÈwJz{+D|}~KL�M

38.²�[\��E�J��+b�ï 3.2�
39.©ª´
?«´
]¸+,	
���ú���ÓÉefCDEFêë��~�È�
D9¸�

40.Ûef«¬ !#%!'9+ÜEÝÞhØÎ�`æä�����)�+�D_8��
41.ab¡�ef«¬ !('%* 1997 - UNCITRAL ef«¬N823OP!(4
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c. d.

a.	
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2.3 ���������
�

Npq����Ét/0$12����
_d./��������$k��

Ð
m
6DEJ45�1+OP�F7867'(U CMI Rules:àpq����

��3)~.(é�Ðí
~í 4B#)3

1.*+�x�4*+OP
ÈP�Npq����k�����$%&'

2.�]R�]^R$>�@�pq���(N.�� E S/O)
Èz�]^R$��p

è'�7���x�pquè/w$cq
BC/w�V;/pq���$pq�

�+��k���'

3.]^R	��,- E S/Ouv'

4.�]R^�Ó�,-
��R,��
�V.
/0,42'

5.]^R��1]$pq����(N.�� E B/L)"pq�2D��(electronic dock

receipt
�� E D/R)
N+HÓ³pq����
�(electronic bill of lading key
�

� E B/L Key 1)'

6.�]R(+x)À®
����N®�>? (TradeVAN)3�'
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42.�������	�
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������� S/O�������������� 
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7.Î®Á)'

8.�4Y¹'

9.�]R�W E D/R+1] E B/L Key 1(È4�5>]6"e®6�
Õ~�,-k
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�É�Y¹$H¨³pq����
�(E B/L Key 2)'HÓ³pq���

�
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10.]^R	�én�[(})á°±Jt¬)+�,-ç E B/L$��'

11.�]RNpq/wxy
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W�Y¹$ E B/L�H¨³pq����


�(E B/L Key 2)
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�Y)H7³pq����
�(E B/L Key 3)
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13.��Y)>W��'

14.��Y)w E B/L��JE B/L Key 3+é ���`/^QNMY)'
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�QN

MY)H�³pq����
�(E B/L Key 4)
ÈÉ¤H7³pq����
�'

16.NMY)«��Y)>W��'

17.NMY)	�G�R(*x)o�7�'

18.]^R«G�R�W��pè'

19.G�RÓNMY)4�
È�G�R>W��$Òh("$�)
8]^R�QG�

RH~³pq����
�(E B/L Key 5)
ÈÉ¤H�³pq����
�'

20.�4Z¹'

21.G�R4��>]6"é 6��
!w E B/L�Épq�
�(E D/O)(ë!á8

��Ô�
�
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�
m E D/OA�$G�R!�)��¯ü
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23.G�R
# E B/L+H~³pq����
�(�º��/ E D/O)
"N E D/O+

H:³pq����
�(����/ E D/O)
¢<
�'

24.n�}�,-Á�QG�R
È8]^R$pquèÑ
É¤H~³"H:³p

q����
�43
m���4$�>'

��������	
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��������

�����

pq����V
6Û/012����eÒ$7867
,7k�����$

%&'

3.1 �����������

pq����V&~.$DE��3

1.U<�]R E S/O	�$�4��J`�"µK
"éWY$HIJQ�+=>44'

�]RST@×$	�
V«]^R��éü� ?
éõ	� ü�B�Â"B

�$Ó@AéJB"+6�
V8�]RbëCcq45'm]^RB!7ØG$é

D
WXõ�4Ö× ü�GÎ®"C®fE$F�
N+VSG�Rb����

BA�¥8$��cq46'

G G @×$�]R$	�
8�]R��
ÐÂ�^é E S/O
­�]^RN�]

RB
6SV$°NîMHN�

���^�$�áJ�`$�R5
à!��

&Îr�H~��_+H~�~_$�]R12IF$�*{J47'E S/O�]^R

N®È�W��pèÓ�]R$uèb0(�Ò12$�D"uK)
]^OP��

43.�"
#$ %&'
()�*�()
#$� %+,$��+)-�.()/0
��$� %1�23 CMI Rules45�(g)6�78�
#$� %&'.
#9:

;&<=>1�?@�	�AB�C�- �
DE�

44.FGH4IJK�4L64MNOFPQRSTU4M�4M6VW23UNCITRAL

#GXYZH4J[�\4J]��

45.FGH4IJI�4L6OFPQRSTU4M�4I6�
46.FGH4]JK�456\4IJI�456OFPQRSTU4M�4K6\4I
6�

47.23
#9:H4K��
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2.�4$DGLá(�ÔMá'(LM)N+DG$½�']^R�D��]R
6�

�4$�
VN<�]R���pqO`}PQH�]RÓ�DEpè49
é��

VWX3a.�4$Ö×+�¸(ëà�4'(N�ÔMQLM.DG)zb.=D�4�

}Ò�½�zc.ºR�4BC5$pq����
�50'

3.�]R»¼«]^R��D�DEpè'���$�
ç�]RÚ��çpq��

��
�aCR'ÓS�4,�Y¹
DEpè�Y¹}Ò�½�V+hûd'B

ûd�Y¹}Ò�½�
VÛDEpè$é ��&ÒÓ{g
ëA�pq���

�$ÓÝá'

3.2 �������������

pq����V��*@+,-@Û12����
6eÒ$12�`67
,

7C{�F]^OP$��'

1.OP®Ol�+<C5

�7Ípq����7
6Îr�"��B�$&C12�Eg
éxyC¨3

(1) N�*u�pq/w$uè&C12${g'Õ~U��pq���H�_�

�
�eSRÒU
zNpq�`�º#x�'éVN12�$"��øE�


ë!Npq�`t$'þ!8f¥RP�
mÍpq����&�*@$12

{g51'�pq���$4��
ë!./�üÎr�H~�7_�3	]^R

"¹²T�4Y��
õ�]R$¢<
V�Q����'o8����z�

�]R$¢<
Upq�����pq����
��®T����$��


Tpq����o�$'52�

G G @×NÎr��)��$TÒ�éÍpq����$��+�*²�û�

F�
­pq���H�_B�$	º#x���Ó�5Ë$øU
m���

�$���
6DEJOP�F+45�1$67
�7öÓ3�üÎr�


48.^_`a�$� %bc.dX�e 8-9VW23
#9:H4]��
49.f�ghi��
 D/R�
50.23 CMI Rules4K�Ojk
#$� %lmnop�
51.fqr
�s�3t 24�
52.uvwxy�zs{|}~
xy�
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w!Íf¥RV¬pq����e®$5}�-®Oû�F�'���Îr,

-@ëCkI�$4�xy
Õ~
W� 1992�Î@�4]^�HÓ_H~8

��3	�-XYzN)ãZ»
Í��²�T}�pq	èb0"é uè

[°�.×C®��)�3(a)��B�9]^�`$��z(b)�\]^�`$

91J�>"é $:;z"(c)é Û�\]^�`C®¥8'�1978�\]

��HÓ_H^8��3	12
WXpÀ+pÀ��\¥8�(“ Writing” includes,

inter alia, telegram and telex) 53'̈ ���NF��9pquv/w$����"

é I�$�`'

(2) ���+��eS�$e®�*º�_o
f�]RÅ¢��pq����

h
VÛ]^R��pquv��ST
È!P�U CMI Rules ��9pq�

���f¥Ri$5}�-®O'
�Hxy_C~.$#Ò3

a.���)Û��JNMY)+G�R\��ST
 �çè]^RÛ�]RN

�$H7R'õ�
_C��*F��9pq����$45�15ËJDE

+OP�F$67'

b.]^R'(VUu¿"=G CMI Rules$cq+e�z'(¼S CMI Rulesk

EÝ�ì
_C1xy'CMI Rules Óno�Ê`7��r�01
àÍaÙ

OP$Ñ
écq+e�_C1bc'

c.]^R$�d+&CSß'(7=G]^RNOPxyaÙ CMI Rules
ëC

1Ôe'

2.����VA�¥8

��Îr�H~��_B��$����VA�¥8_¼fg�pq����

@
^h#��VA�¥8
�� ij����$67(DEJ45�1+OP�

F)
ç����_VC{54'��$�
pq����$��!aÙ.�¥83

(1) NkÙ_�(incorporation clause)kÙ]^R12����+]lº(tariff)$È

m_�55'�\Èm_�n Çpq����uè/w
^��f¥R�<
à

53.f�s“ includes, inter alia” , ���������7h���>��+��

�O

�l�56�����u��
_�H���TUc�e 125-126�

54.^_`a�$� %bc.dX�e 22V��TU4JI�4M6�
55.{|����sTr�“ All terms and conditions, liberties and exceptions of the Carrier’s

applicable paper Bills of Lading and Tariff, including the Law and Jurisdiction Clause, are
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!�8>?/w
6"!8]^R$>P.�çOP_�'

(2) kÙ CMI Rules k�OPÓÝá$_�
È!IF��]^OP_�Û CMI

Rules Ó�"Coph
VN CMI RulesT.²�56'

(3) �pq����B�F$]^OPVGq{ñ�5$��°P"����«

q
~Ò���12����Ó�57'õ()ñ�5�*Xr`ñ�²�T��

12����$-/58
þ¼��OP_�kÙ
s!�N�9pq����f

¥Ri$5}�-®O
N�*é�	5'õ�
ñ�5�*��w[ CMI Rules

T.²�
m CMI Rules w[pq����Ñ$é _�T.²�'

(4) k�ºRç��ô�5$pq����
�59'

(5) aCR!�<ì��12����$_�60'pq����$Í��.t_`�

>?@:$=+5'BCNpq������C®$ÜQuv�V7Í=>

?
È7Npq��xyEFpq�`$¯�
WXG�R(*x)JY)\'�

��$}BÜºw:>?" EFpq��$ý7
�VCx5��3���

o$q{hy
pq����
�$aCRz¢<]^R�é��$}Òì�

12����
ÈÉÊpq������$BC�Ð'^�]^R���}Ò

 
612����$Ú}_`
V!�z��}{Ê$C�_`$}Ò(Õ~

�]^R$t¬)B�})
�)12����'

��
pq����
�aCRë!`¢<]^R
6Ó��­	 !:;|��

herewith incorporated. These terms and conditions, etc. are available upon request (or are
accessible through xxx (Carrier’s wet site))” .

56.{|����sTr�“ This Electronic Bill of Lading shall have effect subject to the
provisions of the CMI Rules for Electronic Bills of Lading, 1990. In the event of any
conflict or inconsistency between this Bill of Lading terms and the CMI Rules, the CMI
Rules shall prevail” .

57.{|����s�“ The Contract of Carriage evidenced by this Electronic Bill of Lading
shall be subject to any international convention or national law which would be
compulsorily applicable if a paper bill of lading have been issued” .

58.FGH4]JK�4L6OFPQRSTU4L�(b)N�
59.3zs 3.3�
60.{|����sTr�“ The Holder of Electronic Bill of Lading Key has the option at any

time prior to delivery of the Goods to demand from the Carrier a paper bill of lading at the
place where the Carrier has facilities for the issue of the paper bill of lading. Upon the issue
of a paper bill of lading, the Electronic Bill of Lading Key of that bill of lading shall be
cancelled and its EDI procedures shall be terminated” .
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pq����$/�aCR!7�3
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ÈWXÓ³pq����
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�
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pq����
�$/�aCRV~Ò12����$aCRÓ�
7Éz3

a. ¢<�>�4$563z"

61.CMI Rules4J��
62.23
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#$� %&'C�- ��)� %
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��>���
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b. ��G�R
"£ûG�R��ÓR$5z"

c. ?:ô�5Q�ÓR
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;VU.�x�ö)3
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