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ABSTRACT 

Most of maritime freight carriers tend to attract large shippers by offering 
discount freightage to enhance shipments and revenues. Freight forwarders, on 
the other hand, are willing to book their shipments in advance with carriers to 
ensure lower fares and reliable services. This study aims to explore the 
bargaining process between forwarders and maritime carriers by applying the 
revised Nash bargaining models. We first constructed the demand functions of 
the forwarders, and then formulated the profit functions of the carriers and 
forwarders and solve for the bargaining sets. A case study was demonstrated 
using data collected from forwarders and carriers who transport cargos 
between Taiwan and Los Angeles. The results showed that Nash equilibrium 
existed in most of the bargaining process of the business. In addition, the study 
provided solutions by taking into account the variation of market demand in 
cases that the carriers or the forwarders may dominate the bargaining process. 

Key Words: Bargaining games; Payoff functions; Maritime carriers and 
forwarders 
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2.1 ������ 

�789:�� (bilateral monopoly) 7�(�²�ø8'(IO��NBä;78

'(ÙO#<��=�	�y��¬>��>����³�¶·'(�+�²�?l�4
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EdgeworthQRS\8TUB�S 1�V�AÊB��¶·'(�|4�Ø XÊY���£

K7�Ua1ÊUa2�V A�bWXY�� Ua1ZUa2£³Ü�Ub1ÊUb2ÊUb3�V B�bWX

Y�� Ub1ZUb2ZUb3£AB�Vû{XY£C ©�V'(7I�<6[\�4��q)
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� 1  Edgeworth ��� 

4S 1Î��?ÂS 2B_S 2?q�C©�V'(7I�rstìí7�Âu��
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CÜ	���ScH (Pareto efficiency)  

�	CÜ½Óöì¬�'("��¦é�n¥�+¯�������¯#��?�l

u�	�'(¦é�?ä��öì¬�c;³�[\B�8S 1# EdgeworthQRSTU

�CÜ��N A> B���öì¬�XÊY�=���£½.�����ScH�'("

��¦é����� (core) E1E2ÈB 

CÜ=�l¡�IJ�9Tf (independence of the irrelevant alternatives) 

�CÜ�TU�l¡�t��\��Rl�êë'(�¦éB 

CÜ��n�f (symmetry) 

wüý,�n�öì¬+¯a�n�f���'(¦é�ä��öì¬�Â�c;�

Í¡�B 

CÜ��n����bLWf (invariance under strategically equivalent representations) 

öì¬�c;*µ�1@.Î�#�G �¡³������'(¦él��c;*

µ@.Î��êëB 

Nash dU���«3��CÜ�'(+ (bargaining solution)�lme��?�P	

�� 

)dS)(dS(max 2211
SS 21

−−  (1) 

O7 d1�d2 ���öì¬¡x
y'���Â����S1�S2.���öì¬x


y'���Â���B_�N��'(�¦ék¢�'(�¦é���öì¬£�'(j

¤��� (d1�d2)¥(S1�S2)BS 37�S�?¤�'(ñò�¦Y CD���S�HXY�

(S1 − d1) (S2 − d2) �§�"��N¨��XY«B 

 

� 3  Nash ���	 



������� ������ ���� � !��"�#�

�124� 

©��LM'(ÜÝ�,��� Nash���CÜ+�Â+�B>K Nash�Y���

CÜ��M�CÜ=#l¡�IJ�9Tf�?ª«�¬­�®�R�ÕÖìíÜÝ�¬

¬�� Kalai´ Smorodinsky [2]�n Nash�Y"�CÜY"¯°BK+�Nash'(+�Ò

;�����>23�#'(ìí��CÜ=#�	G?
TB����ÕÖ4±z Nash

'(+�Ó+����>23�#'(¦éB 

(È��'(ìíÜÝ#ÕÖl��K7�²³V [3] �Yf'(ÙO7�Þß'(


� (bargaining cost) >r��t (discount factor) n�'(»¼�êëBYf'(ÙR´

�±z Nash'(ÙR¯µ+
�KÕÖ�¶� Nash��CÜ7�n�f>l¡�IJ9

Tf��	1�ç����4����	·Æ�+STYf'(ÙRB 

©��ÕÖ¡Q;²³V#YfÙO�K<�#	���ð�Þß#'(·����

µ¸#¹(��9�Ny�#µ!>�(���r��t#o;l"£<�#=��n�

f�	I���ðE�ºÏ�à7�»nåæ7I#'(êëÁ¶·¼½�à£+n�l

¡�IJ9Tf#�	�_��ð�Q;#¾�üýÙO�Rl¿À�	�	���l)

¶·¯°B 

2.2 ���������	 

��23���Re -�+�6z	Áy�� ( -) �k �8!'(�8Â�

7*#LÃB��=H���q)�âã
Äêë���23��ÅÆ4����ÂÇ

È��op8&Z��= (~�¡�#x�=) >y�!É��CÊ�{B 

+êëy�·�#���D’Este [4] Ë���23��ÌÅ¹º�Ky�E	ÍÎ�±

z��1Ï#y��Ð���Ñ�qÒ�ä;eÓvf#ÔÕ�1Ö���R×ØlÙ�

k&�{|y��°±6z�_��1ÚÛÜXÝZ�Ñ��23���;Þß�àÆ�

�B�Å�D’EsteË����23�°±�����1Ú7��	N�áâ§e���	

áâ§��»¬�¤ã���~A��Í>��)Ó�*µB©� Aaker [5] #ÙO.Ë�

��23���;	ä�»�t (determinants)�����Yq�A���å2Kæc�

R�æc�°±��B 

	Á+¯���y�z{  (��û{) 7��½��çè�-½�é  (essential 

terms) [6] £¤×
z{�ø� 

1. y�5ê©�w�@ëìnì��ú�ÒUVí ì�C�ì�ñò£w�Ûz�ú�

.ÒUV^ ��C����Üh}B 

2.  ��îB 

3. �~hdµ!>�=^�B 

4. ��=H�ïðKÃñ\=B 
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6. �ú� ³§nA��2òB 

7. nû{ló· í�µ!¡x
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1. �M -#y�!l"�Ñ����#'(n÷8��23��-£ 

2. '(56©�����>23�#q)ÚÛ+£ 

3. 23���¸¹º��Ä�ØIOøyF����y� �£ 

4. 23�>�My��#'(�óÈ8�q�Ñ23���øÄùNL(2ú£ 

5. ij �)Ó!]�âãêë�Ñ23�>����þbc#q¥�#��£ 

6. ����>23�#'(¤Á>âã��£ 

7. y�!¡xz{½Ó����l�n23�¬û8üýþB 

8«�	#Ü_?�3����	 1TU�ð¡Þß�M -y�·�#<�£�	

2�S 1>S 2'(ÜÝ#Ò;£�	 3TU�ð�S×#23���)ÓÙO�)À�

#º���£�	 4TU23�>�My��#'(�ó���¤�����ðø8ùN

L(2ú23�#��£�	 5>�	 6þTU���#��¤Á>'(¤ÁÉ]�âã

��Bâã���23��	���²�Â
��=«��R	cÎ���My����

���23��'()*&|£¡À��¢âãl����������y� 5�²�

���23�&"�'()*B�	 7ø�ÕÖ���
ü�����	ÁRl�ny�

!¡xz{#23�¬�8üýþ�Ñ�üý�élêë23�¬#
�B8�F!��

ÕÖÙO#TU�K7�ä;#��> �p����ñ� AB 

3.1 �����
��
�� 

�ÕÖ´��;��23��l³����YqA���Þß��23����Ø 

������¶·y��×S)Ó (�Ø) ÙOB?®��;���°±ÙO�ÓÂ��

23�#°±¤H (�ØÙO)�¶+4°±¤H8���y�# ��õ�4 ��ØÙ

OÎ���)ÓÙO��S 4�VB 
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3.1.1 ���������	
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°±y����êëc;*µ#��.ïð�=Ê�·�¨Ê�·�*>A��ÍB©�

y�!��ØkH.�CO (2) �VBO7# kl
ijα Êβ Êγ Êδ � ϕ ��12#öµ�K7 kl

ijα
�IJ�N�µ�ÙON¤12 K−1 �IJ�N�µB8�=�Ï��¡³�½�w�
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3.1.2 ������ 
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Ø!�4���23���)ÓÙO�8O (4) �V#B 
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z{ÌN�²��8&~#�=¶·3 �Bu%~�,�Rb�&�0�Ñ�ÕÖ�
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k
ij

k
ij

k
ij

k
ij

k
ij

kl
ij qCOCCOCTSCTCEHCHCSCTC ×++×++×+= 21)(2   (13) 

jzO (11) > (13)�?4����#��*µµk
O (14)� 

[ ]{ } kl
ij

k
ij

k
ij

k
ij

k
ij

k
ij

k
ij

kl
ij

kl
ij qCOCCOCTSCTCEHCHCSCOF ×++×++×+−= 21)(22π   (14) 

9 kl
ij2π ��+�µ C2π �.�_
µÎ�?8Â���ÙO�O(15)� 
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[ ]












++×++×++= k
ij

k
ij

k
ij

k
ij

k
ij

k
ijkl

ij

Ckl
ij COCCOCTSCTCEHCHCSC

q
OF 21)(2

2π
 (15) 

«O?ÞßÚÛ�=>y�!=
µ#*�
Ä�ø��S 6�VBS 676�=�

���XY�K7 12π > 22π ��������XY#	N�µ§���I���XY�

�N���§ 12π &«I���XY��§ 22π |���³>y�!���=�Z^��

Z�Ñn����+¯�«I���XY#��§�ZB 
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� 

3.4 ���� 

�;12�Â#��)ÓÙO������XY�8�23����XY��ð?Ó

+23�>��#�=>y�!q)ÚÛ+�|4��)ÓÙO>�����XY#^©

�'(56© (�S 7)�R�"KÃ?ä����>��23���[\#'(+6z�

|4²1ÚÛ+�23����XY�>�����XY�6³ò"#ñò (�S 10)�

�&ÍÎ�M�8��!7TUB 

3.4.1 ��������	�
���
������ 

�ÕÖ#l���=>y�!�Ic��8�����n��23�y���Ä��

�"�»¼vN#�=�4#�=�nÒ#y�!B4����#���XY>��23

�n#��#)ÓXY¡^©#mJ�ÚÛ�=>�!��S 7�VB 

ú`Ic.?4��23���)ÓÙO�4O (4)  �������ÙO�4O
(15)�ÓF���Úx
���"�#�=Bµ¬Ó+�O (16)� 
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Max kkl
ij ∀2π   (4����Úxu�"��) 


�O� kl
ij

l
ij

kl
ij PQq ×=   (16) 
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3.4.2 �������� 

�|!øn��23�>�������ÚÛ+#Å��ne�?ä7I��Ú[\

#'(+6z¶·TUB 

1. '(+6zle� 

'(·��	G��Sµ¶�4À���#µ¶lo
KÃ���#�}����½

¶·'(����l¤ä8�	�öì¬����}£Ñ¢8��=>y�!�
j�ô

�+	I#����.b'(#)*B 

S 84�b'()*#TUSB¢����x
���"#pN© O�+��23�

���XY°�>�����XY¡^� O©�.7Ib'(#)*B 

2. '(+e� 

¢�������XY>��23���)ÓXY^� O©��+��23�²1 O

©#���XY?×
	�h}�.�h}ÈF©Ú?ä7I��[\�47Ie�'(

+��S 9�VB��	h}�[\y�!8'Â&~�=��7I��Ú[\B 

�	�	©�#h}�.±zS 10 �V�²1�©#�������XYZ�<u

#���XY� ���[\B³Ü�²1�©#��23����XY� �#���

�;�<u���XYBÑ�h}#8	©�q�7I���Úl�r� O©B 
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S 1076�s����XY�K7 1Ê2Ê3�����#���XY�XY�N#

��§"|Ft� 3u2u1£4Ê5Ê6 ���23�#���XY�XY�N#��§"

|Ft� 6u5u4BS7XY 1> 4×
#h}�'(µv+h}��w+w��h}�

q�7I#��Ú&<\©ZB©�w¶·'(�w+¨��h}7�û�.)57I'

(¤Á+NB 

'(Á�7I'(xy�8'(ìíÜÝ�T�'(Á>�Â���
°kBA©�

V����f����'(Á�Ñ����Ú_���Â£C©�V��23�f���

�'(Á�Ñ����Ú_��23��Â�B�=G¼z{,��B�	 B ©�7I
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'(ÁÚ�������¢����'(Á&"¬��w+.�¨� AB#*£À#�¢

��23�'(Á&"¬��w+.�¨� BC#*BAÊB> C©#Ó+µ¬O�O (17)�

(18) > (19)� 

A©�(OFA, qA) = arg max kl
ij2π (OF, q)  


�O� kl
ij1π (OF, q) = kl

ij1π (OFO, qO)   (17) 

C©�(OFC, qC) = arg max kl
ij1π (OF, q) 


�O� kl
ij2π (OF, q) = kl

ij2π (OFO, qO)  (18) 

B©�(OFB, qB) = arg max ( kl
ij1π (OF, q) − kl

ij1π (OFO, qO))  

× ( kl
ij2π (OF, q) − kl

ij2π (OFO, qO))  (19) 

� 10� B������ 3�	� Nash
��
��������� A�C����

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

'�34�56789��: (17) ���� A ��;	�<='�>?�@ABC=D

'� (EFGH) IJ�KL:M;EFNOP�BQRS�� TU�V: (18) ���
� C��;	�<=%�>?�@ABC=D%� (EFNOP) IJ�KL:M;EF

GH�BQRS�� TU�V: (19) ���� B ��W��� !X�-��4./

56�YZ[�\./]-����^_BQ�`aX]7 
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������ 

���bcdef�EFNOPYEFGH� ghi:��jklmno [7] �pq

567pq`arstuvw��xyz{|7uf�EFGHghi:�}~����

���; 2�	7 

��; 2����EFGH�ghi: (: (14)) ���: (20) ��� 

kl
ij

kl
ij

kl
ij

kl
ij qTSOF ×−×−×= )724.10028.095.0(2π      (20) 

���0�F� (OF ) YF� (q) ���: (21) �	� 

)724.10028.095.0(

2

−×−×
=

kl
ij

kl
ij

kl
ijkl

ij
TSOF

q
π

       (21) 

u�������i:���`a������>?
���GH�F��EFNO

P�F�������gh�V����>?
��W� TU��������0��

 �7 

� 2  �������	
���� 

�� ���� �� 

	
 (OF) ***(�) �
�� 

	� (q) ***(�) 40�� 

��
� 

��
� �� (SC) 

��
� 

942 �
���*� 

����
 (EHC) 135 �
��*� 

����
 (HC) 208 �
��*� 

���  (CTC) 2.8 �
��*! 

"#
 (COC1) 5� × OF �
�� 

$%&#
 (COC2) 96 �
�� 

�'	
(	�)��*+,-./ 

4.1 �������� 

4.1.1 ��������	
�� 

����EFNOP�F�d�� ¡¢£¤¥¦�i:�§EFGH¨©ª��x
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¨0«¬� 12 ­
� ���7}­��F��WGHBk¦�®�M�l¯gh®�

��gh°_�§�7 

4.1.2 ��
�������� 

����Bk SST ±²³�i:s�pq7uf��	´µ¶·¸¹º»P¼y½

¾¿�ÀÁ3Âpqi:s��»x���ÃkÄ|´¹º³�pq�56�; 3�	7

uf�fF�i:�G�YÅF�i:�G�-ÆÇs��ÈyÉÊ�ËÌÍ�Îu t�

Èy�Ï�Ð�uÑpq���ÒÓ�ÔÕÉÊ�ËÌÍ7Ð�G�YG�-ÆÇs��

Ö�i:fy�Ï�u×»012��(1) Ø���yÙ�2ÚØ��yÛV(2) �2ÚØ
�f�G�YG�-ÆÇ����Ü´y_V(3) ÝdGÞ&ßØP¼à¦�á´��x7
xA�âãµ¶¦äåæçèé�ê�Ø�ÆëìlíX�µî7�bcïË��Ä|´

ðñµ¶�äå�èéç�òÕ�ubó t�òô (õWèéç�à�Ód�Z)7�; 3

Wö�bó t�õWpq�à 1/3�Îy÷øpq���ùú´ (unbiased)7 

ÎDÕ�¤¥¦�i:ûü�G�ýÕ�ý1¾ÅNOP¼�þF�½7»x��þ

F���-�u�¥������xZ56úbÉÊEFP¼���ï�á´7 

� 3  �������	
��
��� (���� t�) 

01� 2	�34 5	�34 6	�34 

Maersk Sealand −0.68245     
(−5.18964) 

0.28850      
(1.45336) 

0.71473      
(3.32814) 

78 −0.64277     
(−3.7307) 

0.42580      
(1.79454) 

1.39540      
(5.56232) 

9 
: 
; 
< 
1 
� => −0.39351     

(−2.84150) 
0.48329      

(3.12780) 
0.45743      

(3.00245) 

	
 (?�
) −3.20923 
(−13.26324) 

−8.44691     
(−27.94460) 

−9.38042     
(−23.49556) 

@� (��AB) 
0.14883 

(3.18105) 
−0.0271315    
(−0.60808) 

0.36581      
(6.00794) 

@CDE (10!) −0.86960 
(−1.74386) 

−0.67062     
(−1.30480) 

1.04596      
(1.06860) 

FGHI −0.45330 
(−10.56642) 

−0.48342     
(−6.56683) 

−0.30206     
(−3.74122) 

L(0) −1622.00  −2245.80  −1746.70  

L(β) −1412.90  −1476.30  −1013.30  

ρ2 0.13  0.34  0.42  

JKLMN 49.66� 67.47� 66.11� 
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4.1.3 �������� 

�����; 4 �èé�Bk Mathematica ±² [10] d	��EFNOPY}EFG
H
��>?
�F�YF �u56�; 5�	7uf�EFGH�EFNOP���


���Wâ� 2,500���§EFNOPYEFGH�� TU�gh�Ô�; 6�	7

D; 50Ì�F�ýÅ�NOP¼0����Õ�F����Î]Ø�i�NOP¼��

�GH-����F�A�����GH�G�� !"#�YG�-Æ��$%EFW

ö�uF�&�uÑP¼ÅÎ'»2�ÕG�Y�(àG�-Æ�)��uÑP¼O*+

Õà,F��È���Åà-gh7 

� 4  ���������� 

OP Maersk Sealand 78Q	 =>Q	 RQ@	 

@� (��B) 1 2 1 1 

@CDE (!) 12 11 11 13 

FGHI 2 1 3 4 

� 5  ������ !"#$�%&'%( 

34S 2	�34 5	�34 6	�34 

@T UVW)XY 
Z%	� 

300 
Fue 

1,000 
Fue 

3,000 
Fue 

	
 (�
) 2,256 2,012 1,993 
Maersk Sealand 

	� (Fue) 69 269 694 

	
 (�
) 2,339 2,046 2,063 78 
Q	 	� (Fue) 110 404 1,385 

	
 (�
) 2,247 2,002 1,976 => 
Q	 	� (Fue) 66 235 467 

	
 (�
) 2,234 1,983 1,979 RQ 
@	 	� (Fue) 55 92 453 

4.2 ����� 

ï�.*�1�y�ô*�gh (&Úk) à/0��§1��l¯gh (&Úk) 

��12W34��³7Wx�����©ªGHYNOP¼�� �Wö�de©ªG

HYy]þF��EFNOP¼��
�
�F�YF���156³�34��³7 
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� 6  )%�*')%+,-� !"#./ 

34S 2	�34 5	�34 6	�34 

UVW)XY 
Z%	� 

300 
Fue 

1,000 
Fue 

3,000 
Fue 

Maersk Sealand[\ 26,734 41,478 94,256 

78Q	[\ 51,412 76,148 284,219 

=>Q	[\ 25,083 34,602 56,999 

RQ@	[\ 19,722 11,336 54,103 

UVWZ[\ 22,618 329,597 962,395 

�'[\)��]�
/ 

 

; 7�	W7k8: (17)�(18) Y (19) 9:§��567D; 70Ì��Maersk Sealand

Yô�fF��EFNOP¼³�� -�Àv' A ��B �& C ��
0êF�;Ö

<þF����uf�A��GHBQ��ÎNOP¼=>�?@à'ï�AB�EFP

WGH�'�>?VC��NOP¼BQ��ÎGH=>�M;à'ï�yAB�EFP

WNOP¼�%�>?VÐ� B��ÔGHYNOP��gh
 ����W Nash��

 
���M;à'ï�AB=>�EFPÀ��à%�&'�>?7 

��Z¾à'��Maersk SealandC*à'ÅF�àNOP¼-�DEÀ� FÆ�

�ÀÁ2Ú³�� 7xA�; 7�	W�ZNOP�gh�YGHNOGP¼,H�g

h�D�GHNOà,�ûl�2NOP¼�»xu-BQ¦6I��J&�KL7; 8

�	ÔW A�B�C��F��F�Ygh��M�7 

�xNO����0�P$%EF�Q³EF���REGFYô�f�ÅF��E

FNOP�³��� ��u56S�TU B�T; 1ÐT; 37uf�Q³EFYô�

fF�EFNOP¼���$%EF�REGFYô�f�ÅF��EFNOP¼�
V

�0����gh�� �7 

-5§9�NOP¼W`YXZY¥��GH�� �0Fk��þF�à�:�


��ôF��Zà�ê�GNOP¼+(2 [\]�+,7̂ Z�C�O,�Õ�GH�

_0�W`� `a�b\]*`c]�+Õ,d�Ð�uÑeXZY¥�NFGH�Ô

01Cf,d;Ö�gh7 
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� 7  Maersk Sealand')%+,- !�01 

34S 2	�34 5	�34 6	�34 

@^ T (�
) 26,734 41,478 94,256 
[^ \ 

UVW (�
) 22,618 329,597 962,395 

	^ 
 (�
) 2,256 2,012 1,993 
_`a 

bca 
	^ � (Fue) 69 269 694 

@^ T (�
) 33,950 55,820 94,256 
[^ \ 

UVW (�
) 22,618 329,597 962,395 

	^ 
 (�
) 2,125 1,997 1,993 
A 

bca 
	^ � (Fue) 130 400 694 

@^ T (�
) 30,224 48,545 94,256 
[^ \ 

UVW (�
) 26,226 336,768 962,395 

	^ 
 (�
) 2,109 1,996 1,993 
B 

bca 
	^ � (Fue) 123 350 694 

@^ T (�
) 26,734 41,478 94,256 
[^ \ 

UVW (�
) 29,834 343,939 962,395 

	^ 
 (�
) 2,093 1,995 1,993 
C 

bca 
	^ � (Fue) 116 301 694 

� 8  Maersk Sealand')%+,- !�23 

^ 34S 2	�34 5	�34 6	�34 

@^ T (�
) 7,216 14,342 0 [^ \ 
1^ � UVW (�
) 0 0 0 

	^ 
 (�
) −131 −15 0 
A 

bca 
1^ � 	^ � (Fue) 61 131 0 

@^ T (�
) 3,490 7,067 0 [^ \ 
1^ � UVW (�
) 3,608 7,171 0 

	^ 
 (�
) −147 −16 0 
B 

bca 
1^ � 	^ � (Fue) 54 81 0 

@^ T (�
) 0 0 0 [^ \ 
1^ � UVW (�
) 7,216 14,342 0 

	^ 
 (�
) −163 −17 0 
C 

bca 
1^ � 	^ � (Fue) 47 32 0 
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������� 

5.1 �� 

1. ����� ijûklEFGHYEFNOP�Æà���0mW��nû� o�

þFÊõ-�s�7 

2. ïD¤¥¦�i:s�pq0�p��EFNOP��EFGH³�þF-�_Õ�G

H�F�WXZ+���7xA�Õ�¤¥¦�i:�	�G�ýÕ�ý1¾ÅNOP

¼�þF�½�xZ56úbÉÊEFP¼���ï�á´7 

3. ïDþFd¬i:0p��EFNOPðñ��$%EF�qYZr�sÒÊ7xA�

EFNOP�ðñ�GHt2�_à� FÆV�
�
�-d¬�Õ,��GH0�

2�_�� FÆ7 

4. D� �v�Ì�>?
�F�YF�Èe��gh^_�­Ê��ïD��à� 0

�¾Å��gh7Î� �'5V��Ô¦u��gh5¢§��Èe�2GH&NO

Pv0�³�� 7 

5. Dböde�Ì�NOP¼W`YXZY¥��GH�� �0wD��þF�]��

ôF��ÈêGP¼+2 [\]+,7^Z�C�,�Õ�GH�_0W`� `a�

b\]*`c]�+Õ,d7 

6. Dböde�Ì�Maersk SealandYQ³EF��YÅF�EFNOP¼³�þF-�

u� FÆxy��ÀÁïD� ¾Å��gh7x�&YMaersk SealandYQ³EF

�>z{�y2�7 

5.2 �� 

1. ���|�G��G�-ÆY !}�~���gh^_��F�YþF�7��à�

�0��G��G�-ÆY !}��ç��m���³����wx0��q���

*gh�÷ø7 

2. � ÈeZ�� �1
�^����0���� �����;»� (discount factor) 

��� ��-���7 

3. ������� ��Ê�Ð�^�� 01��Ô¦������ 1!����

�7 

4. ����kl�ZGÞ�EFNOPY�ZEFGH�� �W�£���à���0

���klÕGÞ�EFNOPYÕªEFGH�� �W7 

5. ����klEFGHYEFNOPÆ�� �W�»xEFNOPY,�Æà� È

n�������£�����0�x~����7 
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 A  ��� 

l�� l������	 

k�� k���
�	 

L��������
	 

K���
���
	 
kl

ijP ������ l� ij
����
� k���������� 0� 1��	 
kl

ijV ������ l� ij
������ ��
� k���!"#
	 
kl

ijOF ������ l� ij
��$��
� k���%&�'�()�*+,-	 
k
ijFre ���
� k� ij
���./
0
	 

k
ijTS ���
� k� ij
���
12
	 

kl
ijLev ������ l� ij
��3��
� k4567�89	 

l
ijQ ������ l� ij
�����:�()�40;-
	 
kl
ijq ������ l� ij
��<��
� k��:�=> l3 k�?)@A:	 

l
ij1π ������ l� ij
����BC�()�*+	 

11π D 21π $ C1π ������EBCF��GHI
�	 
l
ijTR ������ l� ij
��JKL��MNOP��'�OQ�()�*+	 
l
ijTC ������ l� ij
����RS�()�*+	 
l
ijOF ������ l� ij
���TH�'�()�*+,-	 

l
ijOFn1 ������ l$� 1U)
�V9W��'�()�*+,-	 

l
ijqn1 ������ l$� 1U)
�V9W���:�()�40;-
	 
kl
ij2π ���
� k� ij
���X��� l���NYZ�BC�()�*+	 

12π D 22π $ C2π ���
�EBCF��GHI
�	 
kl
ijTR ���
� k� ij
���X��� l���NYZ��OQ�()�*+	 
kl
ijTC ���
� k� ij
���X��� l���N[\��RS�()�*+	 
k
ijTC ���
� k� ij
����RS�()�*+	 
k
ijFC ���
� k� ij
��]HRS�()�*+	 
k
ijVC ���
� k� ij
��^_RS�()�*+	 
k
ijSC ���
� k� ij
��.K�-N@`a�?)RS�()�*+	 

k
ijHC ���
� k� ij
��.Kbc-N@`a�d-RS�()�*+	 

k
ijEHC ���
� k� ij
��.Ke-N@`a�d-RS�()�*+	 

CTC�.K�-�fgRS�()�*+,-	 
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k
ijTS ���
� k� ij
��e-���	 

k
ijCOC1 ���
� k� ij
��.K�-N@`a�hi'�()�*+	 
k
ijCOC2 ���
� k� ij
��.K�-N@`a�j�ki'�()�*+	 

),( OO qOF �OlNhmn�'$�:�()�*+,-D40;-
	 

),( AA qOF �AlNhmn�'$�:�()�*+,-D40;-
	 

),( BB qOF �BlNhmn�'$�:�()�*+,-D40;-
	 

),( CC qOF �ClNhmn�'$�:�()�*+,-D40;-
o 

 

�� B  ������	
��
�� 

�� 1  ��������	
��
� 

� ��� ����� ����� 	���� 


� � (�
) 51,412 76,148 284,219 
�� � 

��� (�
) 22,618 329,597 962,395 

�� � (�
) 2,339 2,046 2,063 
��� 

��� 
�� � (Fue) 110 404 1,385 


� � (�
) 65,900 77,174 304,725 
�� � 

��� (�
) 22,618 329,597 962,395 

�� � (�
) 2,194 2,020 2,061 
A 

��� 
�� � (Fue) 200 470 1,500 


� � (�
) 58,484 76,764 295,004 
�� � 

��� (�
) 29,862 330,110 972,648 

�� � (�
) 2,164 2,019 2,048 
B 

��� 
�� � (Fue) 194 471 1,550 


� � (�
) 51,412 76,148 284,219 
�� � 

��� (�
) 37,106 330,623 982,901 

�� � (�
) 2,134 2,018 2,034 
C 

��� 
�� � (Fue) 189 471 1,600 

 



��������	
��
�����
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�� 2  ��������	
��
� 

� ��� ����� ����� 	���� 


� � (�
) 14,488 1,026 20,506 �� � 
�� � ��� (�
) 0 0 0 

�� � (�
) −145 −26 −2 
��� 

��� 
�� � �� � (Fue) 90 66 115 


� � (�
) 7,072 616 10,785 �� � 
�� � ��� (�
) 7,244 513 10,253 

�� � (�
) −175 −27 −16 
A 

��� 
�� � �� � (Fue) 84 67 165 


� � (�
) 0 0 0 �� � 
�� � ��� (�
) 14,488 1,026 20,506 

�� � (�
) −205 −28 −29 
B 

��� 
�� � �� � (Fue) 79 67 215 


� � (�
) 25,083 34,602 56,999 
�� � 

��� (�
) 27,650 329,870 962,395 

�� � (�
) 2,060 1,998 1,976 
C 

��� 
�� � (Fue) 104 245 467 

�� 3  ��������	
��
� 

� ��� ����� ����� 	���� 


� � (�
) 19,722 11,336 54,103 
�� � 

��� (�
) 22,618 329,597 962,395 

�� � (�
) 2,234 1,983 1,979 
��� 

��� 
�� � (Fue) 55 92 453 


� � (�
) 25,835 11,585 57,925 
�� � 

��� (�
) 22,618 329,597 962,395 

�� � (�
) 2,125 1,975 1,975 
A 

��� 
�� � (Fue) 100 100 500 


� � (�
) 22,795 11,481 57,212 
�� � 

��� (�
) 25,675 329,721 964,306 

�� � (�
) 2,103 1,977 1,974 
B 

��� 
�� � (Fue) 96 98 500 


� � (�
) 19,722 11,336 54,103 
�� � 

��� (�
) 28,731 329,846 966,217 

�� � (�
) 2,081 1,979 1,972 
C 

��� 
�� � (Fue) 92 95 500  
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