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ABSTRACT 

In the past, research scholars usually used deterministic passenger demands 
as input for inter-city bus scheduling, simplifying the stochastic disturbances of 
daily passenger demands in actual operations. In addition, inter-city bus 
carriers in practice may aim at maximizing both the operating profit and the 
market share in their short-term operations, instead of confining to a single 
objective which was usually adopted in the inter-city bus scheduling literature. 
Considering the multiple objective and stochastic demands in actual operations, 
we employed network flow techniques to construct a stochastic-demand 
multi-objective scheduling model, with the objectives of maximizing the 
operating profit and the number of passengers, to help inter-city bus carriers 
effectively plan their bus fleet routes and timetables in their short-term 
operations. The model is formulated as a multiple objective nonlinear mixed 
integer program. We used the weighting method and the simulation technique to 
develop a heuristic algorithm to solve the model. To compare the performance 
of the deterministic-demand and stochastic-demand scheduling models in actual 
operations, we developed a simulation-based evaluation method. Finally, we 
conducted a case study using real operating data from a major Taiwan inter-city 
bus carrier. The results indicated that the model and the solution algorithm 
could be useful for inter-city bus carriers. 

Key Words: Inter-city bus scheduling; Stochastic demand; Multiple objective; 
Weighting method; Simulation 
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;23<=>?�@�AB<=CDE�@&<=F�GHI���JK�LMNF�O

PQR�LS�T�UVWX�YPZ�%��[\]^_`abcCWX�de*7f

gh !/ij(klmn�opqrCstuO��C��*(�vwxQyz{|}

EH~*G���%&'�LS��w6��O��*9v��6.����� 

6��������C���t*Yan � Chen [1] ��������t*����$

E<=��T��de*�����@�<=��y�$*� ¡�¢£��AB<=

¡¤*¥¦�=��.�0��*§£+�CAB<=Fv¨*e©�ª��«¬C

���®¯*Yan � Chen [1] CT�786��-./0*d��� !°±�7
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8�²³Q´µ��-§2345�*¶�,·�./�-C78�²¸t¹º»¼�

o½¾��¿ÀÁÂ*ue���«¬§����Ã?5ÄºCÅÆ�W�*Ç²:F

a�78�¢£ABE<=�DE*ÈÉ�5�yÊË¡�ÌÍC������T�*

Î�Ï²ÐÑgh���� !5�ÒÓ��*ueÒÔG��JK§23ÕÖ×� 

:Fa�78�ABE<=Ø��������%&'��*"(ÙÚÛÈ¡5Ä

ÜÝÞßà�5áâ�*���,���� !6ã3*:Fa�78�¢£AB<=

�DE*ÈÉ�ABE<=Øa78����T���5�C=ä�t*,ÐÑ !5�

��UVLS��§%&'�®¯*åæ9çu�èßà"a78��Ø*���$E<

=���=�Céêä (non-dominated solution)*"�ë�)ìAB<=CíîØ*ï

ðâABE<=���=�Céêä*G�«¬ñòó�[ôéêä*e�ßà",õ

�ö÷Û�È¡5ÄÜC��� 

ø�ùúCñ*£+�Cûü@OQR§LMýÈQRCþ� (�¶W6�B�O

f������YPZ��_)*"�ë�)	
ABE��� !"�����*�

+"�%&R���¹ºC�$�QR*,���ë�QLM��FAB��þr 

(Yan� Chen [1])*����T��v:;�_ABWX��â*�ð/CAB��*¶�

�v�±C�������B °QRC�!_*Î",�$��QR��#$�6¹

º©�T��bc0§=ä%"&*����v:F�_ð/CABWX��_WX�"

Û',���T�6()**+þ,\-6ç./§���T��®¯*���,ghÓ

01ü������ !�6�*e� !"����C���*Û5:F
21L�

3Ê�4s *W�����v56
21L�:F� 

���"T�����*789: Yan� Chen [1] ���T�*��a�Q:;ü<

=*��a>Ck?;ü§�L?;ü*,$�@�§LM"Q:)C?î>?*9ue

þ,�ÈÉ�ABE<=��T���T��$� (formulate) 6�a78a�@AAB

;ü?îÁÂ����9:,õa78���=ä�t*��B�t (the weighting method) 

§T#CD*ÈÉ�a78AB���EÈät*,=äABE<=T��®¯*6ïð

�AB<=T�§�$E<=T�"ABÌÍ)��Fê*���	ÈÉ�T#GH�

t� 

�ÝGIhN¶ØJK�VLµgh¯ÄÜÝÞ*KMV�ã��T�9ÈÉ¹Ê�

=ä�t�T#GH�t*KNV,�gh����1O��P6�*uOQqH~*

KRVÒý«S�Û'�²��C�T� 
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���78"ßàABEWX�a78�������%��C��*de,õ��

����CÄÜ��)*�UHCßàV6z{�W�*�VHWX�5Ü1ü����

�%C�Y���a78��§AB���ÄÜ��*uOÝÞLµ� 

2.1 ���������	 

5Ü1ü�����%C�Y��*�Z��[\�v³*]H6i21L (urban 

bus) §���� (inter–urban bus) ^/_*f!ÝÞðaâ`!�i21L�a/b�H

6üc�Y��%�Y§ücd�%�YM_�eâ�_��CÁÂDE§����C�

�ÁÂfvÄ³  (Yan � Chen [1])*��Vvg¼hÄÜÝÞhN�i!�9:¶

Jansson [2]�Kocur� Hendrickson [3]�Chua [4]�Koutsopoulos_k [5]�Ceder�Wilson [6]�

van Nes_k [7]�jkl�mgn [8]�Ceder [9]�Chang� Schonfeld [10,11]�1 Pattnaik_k
 [12] _� 

"���o�a*Salzborn [13] �Òý5Ü1L
2C�%tÎ*G�p"âqc§


2|}RCrÊ*5Üsëqc|}78"â=ätu§vu1L�wLQR*�âsë

��Cüc�Y��%�a*Îx5u�èy6ßà�z{l [14] �:;au�üc�%*

G��LM�F|}�@OQR�$*,~À%��1LNF]^���JK_]^*=

ä.��Hw%&����§��� [15] ����aua]RawLpC����|}T

�*,=���|}����@�_���C��ø���ã [16] �,�ät§��t

��%&��*9ïð]RL§	�L�%C��§ªÎ�Berkhout [17] �Òý�«Êk

l§�î��C«�E�t (structure method) uO%'�=ä���-_k [18] ����

a�&*"�$C%&Ø*������§;üC<=*���%T��¹�C�&^&�

������� [19] ��� �, PoissonHrAB¡�*H~së�� �����$,

�AB¡�>?Ø�_¢QR§LM�%1������£¤¥ [20,21] �,ä~ET�ß

àÓ01ü��¦�
2|}*HWïðH~	����
2���¦���â³�ÌÍ

�Æ�ÌÍØ��§�¨�����©}ª [22] ���cE«¬ü;T�*/Ê]®¯�

üc����%�Y_M>aÁÂ�°±²_k [23] �X�Ó01ü���³¦�u*´

�cE«¬ü;*HWµ]�u��üc��%�,:F*uO¦�|}��§�%Á

Â=ä� 

eâ�¼��CÁÂ¶·§�t*¸t¹�â���gh����� !C��<

8*W� Yan� Chen [1] (â����� !ã3*Z¸�$CüB�ÄÜ�]^*:

F@&¦�*,.�|}��678*��a�Q:;ü$�k@&?î§LM?î*�

��/Ê@&<=§%&���LS��T�*,ÐÑ����� !����� 
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2.2 
��� 

Hwang [24] �"a78T�C=ä�t�*Z¿À!¹º»¼u6=ä(��QB½

,H_�Zeleny [25] �¾ýa78"¿ÀC(�)�³Q:;a¿¿À78C����*

�p"âº78R5ÄÀ�ÁQ*Â¿À!²5�ÃÄÅ5��éêä1�
ì�ÆÇ

ä�eâ(Ùa78���ÈÉÊ��âh¿ËÌ�)*�wLµ,Ø�Í§�oÄÜ�

ÝÞ� 

Î�Ï��)Ð [26] �,.��o��67878*.�@�¦B&�6&878*

��a78¿À�t§;ü?îCD*ÈÉ�a78ÑÒ;üüc�Ó&��T��Ô

u� [27] �����§<=^�a*Õ�écE���t*�ã/Ö�o�Y×.�

0T��ØÙÝ [28] �X�rÊ/ÖÚ�|}�
�1LC�Y×*³Q:;� !

§��!�ã3*,��!¢£Û@OQR��.���!¢£Û���.�67

8*�ã�a78��T�*,ÒÔ¿À�aÜE�¾�E�£ÝÞ [29] �³Q:;�

!§��!Cã3*,�!¢£�±�Û��.�0���!¢£Û@OQR.�0

678*956@�<=F�@��Y�F§LMNF_9��v�$E*�ãTßÌÍ

Ø�1L�Y×a78��T��Yan � Huo [30] ���àá/����t*:F@�

èO���_¢QR�þ`Ò&��âÒ&_WX*,�Bã¾w]^*���a78B

ã¾wT��9��B�t�ä�å¥t�Hæ÷]t�ç+ä0B�t*ÈÉ^¿5�

��=ä��t*=��¿éêä*�¿À!9:� 

2.3 ��� 

èd,õ������CÄÜ��)*�âAB��Cßàð6z{*é"Gê�o

ÄÜCËÌ)*�5��X�ABíî���uOßà�¶JMulvey � Ruszczynski [31] 

�ÈÉ���Hä (scenario decomposition method) ��t,=ä/ë�AB��ÁÂ�

9,ì���ÁÂ  (financial planning problem) §Ò:@A��ÁÂ  (air freight 

scheduling problem) 6�*uO��t��Qq�Du� Hall [32] �,«¬ü;6�*X

�ABE<=Ø�@LLS��ÁÂuO���íîï§ðgñ [33] ���5�<=@&

�òT�ó=*Õ�A�ôTT#Cö*���<=o½@&�òT��Î�Ï§�õ

ö [34] �X�Ò:1Oú¯����§�íî�ÄÜEuO��*j(T#*ßà"

�)5ABrÅCÃ?Ø*¶÷�/�%'*,¨Ê�ë%BC�&§
+�Yan_k [35] 

�X�Bã¾w��§øQ�íîRÄÜEuO��*9#$�ù|}ECT#��*

H~Bã¾w��s ì%B��þrC���ø�ùúCñ*�¼���w��ë�

�íî�ª��%'1¾wC��uOßà*9x5u�è=�ABíîØ�.���%

'1Bã¾w�Kenyon�Morton [36] �:FABLM@OQR§AB<=Ø�ABELM

üúÁÂ (SVRP*stochastic vehicle routing problem)*9ÈÉ�5��=ä��t�List
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_k [37] �X�<=v�$Ø�LS��ÁÂ*,ûü©� (risk-reduction) 6<=*�ý

"þ�.�0 (robust optimization) )+����ø�äÆ� (mean-variance) C�t*�

Û'LS��ç¨Ê�ëC�<=�ø�ùúCñ*���)����LS��T�6

�)�±��*9Û:F°±�íîØ���%'� 

�Ê,�ÝÞLµ��*"����CÝÞ)*³Q:Fa�78�ABE<=D

EC���%&'��*"(ÙÚ¸ÄÜCßà� 

������������� 

���,gh����� !6ã3*:Fa�78�¢£AB<=�DE*��

�ABE<=Øa78����T��®¯*åæ	��a78��C=ä�t§T#C

D*ÈÉ�a78AB��C=ä�t�.`*6GH�T�"AB�÷)C��*

���ÈÉ�T#GH�t� 

3.1 ������
������ 

�����a�Q:;üCD���ABE<=Øa78������T��T��

��L?Q:;ü§a�k?Q:;ü*,$�LS§@�"Q:)C��§o4��T

��$�6�a78a�@AAB;ü?îÁÂ��V	�T��(����L?Q:;

ü§k?Q:;ü�T����$�� 

1. T�(��� 

6�$T����[\�]^*���9:gh����� !C��s *
��

1��Øa�PJ  

(1) ��23ht�p��"<=HI 

����23�<=����V6xQyx×*���â5]���*6��T�

0t�*��@�<=�HIë����ø�ùúCñ* !"Û'���T�Q*�X

�G�ëC<=ë�½,��� 

(2) ����1O,./�-�.aò�@��678 

�¸§� !C����*�1OC°��78�"�=1OC./�-¯*	�

Ö�2345�����������1O"��78ØuOLS��§%&'���ù

ú*Ç !C�786��!��*Î��0���T�6·�78�� 

(3) ���X�·L��� 

����1OCLS�²��¿L�*6�â��T�*���wX�·L�uOT

����Û'Ç8ÈÉaL���T�*�,·L���T�6()*\-`Ý)·�L

?Q:;ü6a>L?Q:;ü*9��L�RC��ý]^� 
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(4)  !v:F@���t�3u��_*é:F¦�C�_QR 

së��6�$Q�%'��o*@���Z1IC%'Q�Òf¡�tu*���

u`�O��*�� !"�ë��s )�+v:;@�ât�u��_QR*w:F

¦�(�)C@��_QR (Yan � Chen [1])����T�w:F¦�(�)@�C�_

QR�|}C����*v:F@�"t�uC_�QR�dÇ<:Ft�uC�_Q

R*Î�¹º\-`Ý)k?;üVcC��� 

(5) YPZ�%§LS[\��<F�rÊLS���«¬ 

YPZ����$Va*G�%s � ø6�¿ÄºbcCÁÂ�LS�$±[\

��	�²��LS���de*:F"��s �*��kZ�%§[\��ðLS�

�!"E*¶gh !5`#YPZ��Y,���$RH%[\�À *������

�&�/a,LS��F�#$*YPZ§[\ÄÜs Î'F½,rÊ*v��Q(u

OUH%&�)� (Yan � Chen [1])*�*�������+%.�`�`+ls*�"

���)�v½:;� 

2. L?Q:;ü 

�����Q:;ü$�LS��*L?6LM?î��,*�,'-LM"Q:)

��O�G)L?Q:;ü$�LS"Q:)���*¶� 1�-�� 1)�.«ý'h

3u�/:RHI012«Î'-��s �/QRþ+0����"L?;üC�Y�*

:F%'�����<=*;ü�Q��&�,/£063±�&��â !"Û'��

�T�Q�ZG<8*þ�,363±� 

L?;ü)��5Vp�Vc�8X�Vpý'�3u"�D$QR�Q:p�Vp

�����<=ý'â�Vp�u61?ý|}CLM��Vcý'^Q:pRLM�4

î���Vc?Fý'5��CLM?î�F�Vc6�7H6%&Vc��8Vc§9

ÌVc_M�*HW	�¶ØJ 

(1) %&Vc 

%&Vc�,'-LMâv³3uR�?î*63uR�üú*ý'��²%&�

%&VctpQR6ÈLQR*�pQR6OPQR���:;¼QR*	��6�,�

�rp��QR*��LM�"E�ÈLKp�§��JK�%&VcCÓ��Y*

Zht�uRC<�=Q%�v³*HW�½v³>?&CÈLÓ��Vc��6OP1

@� ,¢1@������*Vc?F�]6 1*ý'5%&.aÈ�� 1&1Ø]

6 0*ý'vÈ��� 
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�� 1�� � � � �

�� 2�� � 	 � �

�� 3�� 
 � � �

24:00

6:00

8:00

10:00

12:00

14:00

16:00

18:00

20:00

22:00

2:00� ����

4:00� ����

����  1 ����  2 ����  3 ����  K

(3)

(1)

(2)

 

� 1  �������	� 

(2) �8Vc 

�8Vc�,'-LMâ3uC�8��Vc"L?;ü)6³�3uTØAþV

c*�,'-LMâ3u�QB)�8*G?F�]63u�N5LMC�]1Ø]6 0*

'-LMâ5QBv"�u�8�Vc��Î6�QBC�Lx�� 

(3) 9ÌVc 

9ÌVc�,'-³�3u¢�3±�9ÌçcVc*ç
�¿3±§&�3±�V

c�G��6�3±§&�3±R��Lx�*?F�Ø]CúkÎ§�8VcÄ³��

âQ:;ü�3±�&�Z !C��<8�/*����3±�&,��6�� 

3. k?Q:;ü 

�����k?Q:;ü$�@�"Q:)C?îÃ´�k?6@�?îC�,��

���¢�@�AB<=>? (scenario) Ø*¢�t��<=���k?Q:;ü*¶�
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2�-�¢�k?;ü��5Vp�Vc�8X�Vpý'�3u"�D$QR�Q:p*

GVp�Y��§L?;üÄ³�eâ@�t�<=D,Vc���Y*�hVp¸��

1<=�Vcý'^Q:pRLM�4î���Vc?F6ý'5��C@�?î�F�

Vc6�7H6@�?îVc��8Vc§@&<=Vc_M�*HW	�¶ØJ 

(1) @�?îVc 

@�?îVc�,'-@�âv³3uR?î�6rÊL?;ü%&Vc�t�QR

§:R*�@�?îVc�Y§L?;ü%&VcÄ³�Vc�]6LM�E� ,h

t�����Fò�1Ø]6 0*ý'5Q%9¸o4G÷@��Vc��65%&ò4

�¿@�Cäî��� 

(2) �8Vc 

�8Vc�,'-@�â³�3uC�8QR��Vc6³�3uTØAþVc*�

,'-@�â3u)�8*G?F�]63u�N5@�Ck��]1Ø]6 0*'-¸

@�"�u�8�Ç6t�^Lu��8VcÎVc��6à*GI (6¦�u) Vc�

�6@�¦�C·_¢QR��� 

(3) @&<=Vc 

6�ç
tp��pLu�oQ:�TVc*QR�&,t�@OQR������

�@��4QB*G?F'-�¿t�� (�¿v³3uR) â5QBhÈ���@&�

F�@&<=VcRH��Y*�Z !G23DE1� <=�:F�½"E�Y*Ç

���a��@��QRïðIJ*Î��Yð��QRRH*¶��t�<=KL"ð

�CQBh.��41o�*Ç���a��@��QRðvIJ*Î��Yð/�QR

RH*¶��t�<=�"ð/CQBh.��4��Vc��6MN�6�Oø (W�

�����T���78�$�6|}��.�0)�ùú*�Vc?F�]6"h@�

AB<=>?Ø*5@&QBh�@�<=F*�6�ABä�1Ø]6 0�m=ä�V

c?Fý'"hAB<=>?Ø*5t��âGQBh@&���F*eVc�]�<=

Fø§=äVc?Fø�ÅP65QBh*hAB<=>?ØÛ���@&F� 

4. ��$� 

�����^+%AB�� (two-stage stochastic programming) Có=$���T

����^+%AB��Cst*�Q¿ÀÈ¥"AB���� (realization) ��`*�

H6K�+%§K�+%��*Ä�Õ�¿Àä�ø,6K�+%¿Àä�§K�+%¿

Àä��Gúk6"K�+%�¿À*<"AB����fµ�º¿$1eK�+%�¿

À*�"R�AB����`*SuO���g7�^+%AB���ó=§st*�9

T Higle� Sen [38]�Birge� Louveaux [39] 1 Ruszczynski� Shapiro [40]��¸Gó=*99

: Mulvey � Ruszczynski [31] �T�*"���C�����*LS��L"@�<=>

?��f.����eºR�AB<=>?��`*ø�"G<=>?Ø*uOk?@&

���*=�"5<=>?Ø�.�k?��1./��k��W�*���QK�+%
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��C6LS����*��Õ�¿Àä�ø6L?;üä�1K�+%��*6"hA

B<=>?Ø�@�?îÃ´*��Õ�¿Àä�ø6k?;üä�� 

( 3 )

� � - 1 � � - 2 � � - 3 � � - k

( 1 )
( 2 )

( 1 )� � � � � � ( 2 )� � � � ( 3 )� 	 
 � � �

6 : 0 0

7 : 0 0

8 : 0 0

9 : 0 0

1 0 : 0 0

1 1 : 0 0

1 2 : 0 0

1 3 : 0 0

1 4 : 0 0

1 5 : 0 0

1 6 : 0 0

1 7 : 0 0

4 : 0 0 (� �� �� �� � )

3 : 0 0 (� �� �� �� � )

2 : 0 0 (� �� �� �� � )

( 3 )

O D  p a ir  :  (  1 ,2  )   - - - -   (� �1 ����� )

O D  p a ir  :  (  1 ,3  )   - - - -   (�  2  � )

O D  p a ir  :  (  1 ,4  )   - - - -   (�  3  � )

O D  p a ir  :  (  m ,n  )   - - - -   (�  p  � )
 

� 2  �������	� 

�L?§k?;ü�(�]^�� *̄"�����â���%&'LUVØW�

P¯]^��J��LS�Tv�X(¡5��LM�1��@�§LM�Fò]^�®

¯*���9: Yan� Chen [1] �st*Qk?;ü�Vcä��6��ä�*�"¡�

��CÁÂ���v/�eâ���³Q:F !�=.����§./��k���

78*W��T��$�6�a78a�@AAB;ü?îÁÂ�GÄÜ�ä�$k¶ØJ 

ijX : '-L?Q:;üVc ( i, j) �?F1 

)(ωd
ijY : '-"K ω ¿AB<=>?Ø*K d>k?Q:;üVc ( i, j) �?F� 
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GI9�$k¶ØJ 

N, A : HW'-L?;ü)�5Vp§Vc�?Ê1 

ijC , ijU : HW'-L?Q:;üVc ( i, j) ���§�]1 

Dd , : HW'-K d>k?;ü§�5k?;ü�?Ê1 
d

ijT : '-K d>k?Q:;üVc ( i, j) ���1 

Ω : '-�5@�AB<=>? (1��) �?Ê1 

)(ωd
ijH : '-"K ω ¿AB<=>?Ø*K d>k?Q:;ü@&<=Vc ( i, j) ��]

(øý'"K ω ¿AB<=>?Ø*K d¿t��*âVc ( i, j) QBh�@&<
=F)1 

d
ijU : '-K d>k?Q:;ü@�?î§�8Vc ( i, j) ��]1 

dd BQ , : HW'-K d>k?;ü)�5Vp§Vc�?Ê1 
dBS : '-K d>k?;ü)�5@&<=Vc�?Ê1 

dBD : '-K d>k?Q:;ü@�?î§�8Vc�?Ê1 

F :  '-��CLM�F1 

CF : '-L?;ü)�59ÌVc�?Ê1 

SA : '-L?;ü)�5%&Vc�?Ê1 

ijW : '-%& ( i, j) CLM��NF1 

ωE : '-hAB@�<=>?Ø�±Ïø�G)* ])([ ∑ ∑
∈ ∈Dd Bij

d
ij

d
ij

d

YTE ωω '-hAB

@�<=>?Øk?���±Ïø* ])([ ∑ ∑
∈ ∈Dd BSij

d
ij

d

YE ωω '-hAB@�<=>

?Ø��k��±Ïø� 

T�����¶ØJ 

T��J 

Min ])([ ∑ ∑∑
∈ ∈∈

+
Dd Bij

d
ij

d
ij

Aij
ijij

d

YTEXC ωω   (1) 

Max ])([ ∑ ∑
∈ ∈Dd BSij

d
ij

d

YE ωω   (2) 

S.T. 0=− ∑∑
∈∈ Nk

ki
Nj

ij XX  Ni ∈∀  (3) 

 FX
CFij

ij ≤∑
∈

  (4) 

 ijij UX ≤≤0  Aij ∈∀  (5) 
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 ijij
Dd

d
ij XWY ≤∑

∈
)(ω  SAij ∈∀ ,  Ω∈∀ ω  (6) 

 0)()( =− ∑∑
∈∈ dd Qk

d
ki

Qj

d
ij YY ωω  dQi ∈∀ ,  Dd ∈∀ ,  Ω∈∀ ω  (7) 

 )()(0 ωω d
ij

d
ij HY ≤≤  dBSij ∈∀ ,  Dd ∈∀ ,  Ω∈∀ ω  (8) 

 d
ij

d
ij UY ≤≤ )(0 ω  dBDij ∈∀ ,  Dd ∈∀ ,  Ω∈∀ ω  (9) 

 IXij ∈  Aij ∈∀  (10) 

��� (1) �����	
������������������������

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

!2��� (2) ��3����������45�6����1!2� (3) ���7
8��9:;<=�2� (4) �>?@ABC�D6EF #G.#HBC�D62� (5)

���78IJ�9
K�<�<=2� (6) ���L�DCMN<=��>3����
������OP#QRSTIJ��U��VW78
����XIJ�9Y�EF

 #G.#OP���STIJ�9Z
[�D\]^92� (7) ���������
����78��9:;<=�2� (8) ������������78_��T��
IJ�9
K�<�<=2� (9) ������������78_����XL`a
IJ
K�<�<=2� (10) ���78�b6<=2 

�cRdCe�fg5
hi3jklm8J
@� 45ST6�<=V�nH	

'�o�pq<=�r 

tw
DAij

ij LX
tw

≥∑
∈

 Gtw ∈∀  (11) 

s_r 

DAtw : �>tuvw twx?@STIJ�yz{ 

Ltw : �>tuvw twx?F|}�� 45ST6{ 

G:  �?@tuvw�yz2 

~q�c��Ce��� Ruszczynski Y Shapiro [40] ?dC�����H����6

ijX ����������)]�� )(...,),2(),1( ωijijij XXX ��#��_�	���<

=�  (nonanticipativity constraint)2-������R��\]����6���

)(ωijX �)�>3� ω ����������VW78IJ (i, j) ��92�,���
����H������?>2s_�<=� (22) �����<=�������63
��������F .2�cRdCe�,����������¡¢?£¤�¥�

��¦£§¨�©ª2 
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���r 

Min ])()([ ∑ ∑∑
∈ ∈∈

+
Dd Bij

d
ij

d
ij

Aij
ijij

d

YTXCE ωωω  (12) 

Max ])([ ∑ ∑
∈ ∈Dd BSij

d
ij

d

YE ωω   (13) 

S.T. 0)()( =− ∑∑
∈∈ Nk

ki
Nj

ij XX ωω  Ni ∈∀ ,  Ω∈∀ ω  (14) 

 FX
CFij

ij ≤∑
∈

)(ω  Ω∈∀ ω  (15) 

 ijij UX ≤≤ )(0 ω  Aij ∈∀ ,  Ω∈∀ ω  (16) 

 )()( ωω ijij
Dd

d
ij XWY ≤∑

∈
 SAij ∈∀ ,  Ω∈∀ ω  (17) 

 0)()( =− ∑∑
∈∈ dd Qk

d
ki

Qj

d
ij YY ωω  dQi ∈∀ ,  Dd ∈∀ ,  Ω∈∀ ω  (18) 

 )()(0 ωω d
ij

d
ij HY ≤≤  dBSij ∈∀ ,  Dd ∈∀ ,  Ω∈∀ ω  (19) 

 d
ij

d
ij UY ≤≤ )(0 ω  dBDij ∈∀ ,  Dd ∈∀ , Ω∈∀ ω  (20) 

 IX ij ∈)(ω  Aij ∈∀ ,  Ω∈∀ ω  (21) 

 )()( 21 ωω ijij XX =  Aij ∈∀ ,  Ω∈21, ωω ,  21 ωω ≠  (22) 

 

��������	
�����������������	
������

� !"�#$%�&'(�	
)*+����,-./012345�6
��7

8��	
����9:;<�#�=>	
$'(52349?@AB	
)�C&D

E/�FGHI�3J"KLM'N52O3J"KLM)�P�Q3J"KLM�R$

�34�STU343V,"KP9W)	
PH3JXY ijX Z'N5 m
ijX ��[�

\]^Y�+ ijC � ijU _Z\R�'N5 m
ijC � m

ijU `)�P�mST: ma34)bc 

,Yd
���Zefg34h��ijkl�1	
m5*�n5 1)( ≤∑
∈ Mm

m
ijX ω �j 

So�pqr2Fs�34t.�q)uv
  (12)  _Z\R�'N5 

])()([ ∑ ∑∑
∈ ∈∈

+
Dd Bij

d
ij

d
ij

Aij

m
ijij

d

YTXCE ωωω )w��[\]9kl
_Z\R�'(��xy� 

DEF5z{�=>6|) 
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3.2 ��������	 

�=>	
F}
5�2uv~�����YAB����� NP-hard��)���

�=>^�1�2uvAB��9��6E����OEG�2uv����5�Iuv

��)9����	����YdAB6E����1	�5��92uv�����E)

�����+ ¡ 

1. 2uv����6E 

2uvAB���6E¢2�£¤/F¥¦§¨�,§¨©@Pª«¬9®¯°5

±² (Hwang [24]))�P��OE52uvABP³����4�´6E�,1�µs¶·

��)¸���=>^� Yan¹ Huo [30] 9DE�,��6E/0º��OE%W2uv

��9��)w���F»�¼��EFD5�½�=>6|) 

�OE9¾�5,uv¿YÀ�}�a�O�ÁGf���ÂauvÃ1fÄ�Å2

uvAB���ÆÇIuvAB��%W���eÈÉ�O�XÊ���Ya~Ë�Ì�

1Í§¨�ÎÏ)ÐÑ�Â�O Iuv��9rÒ��n5�2uv��9�~Ë� 

(Yan¹ Huo [30]))¸��ÓRuv
 (12) � (13) �=>�}��O|Ô {α , 1−α}�bc�

5Õ�Öuv
I×��=>Gr£t.ØÙYuv
Ú1�ÛY�ÜÝ9ÞÔ� k�G

HÛYI×��Ç�b�uv
 (rßàÕÇ�) \8�I×)¸��/áÖuv
F�

â5I�uv
+ ¡ 

Min













+ ∑ ∑∑

∈ ∈∈
])()([

)( )()( ω ωω
ω ωωα

Dd Bij

d
ij

d
ij

Aij
ijij

d

YTXCE  

( )













−− ∑ ∑

∈ ∈
])([1

)()( )(ωω ω
ω ωα

Dd BSij

d
ij

d

YEk  (23) 

�P�α 5�O�� 10 ≤≤ α )k5ÛY�ÜÝ9ÞÔ�) 

�������,��5Iuv	
���ãä	
mP9~åækl
�#F,ç

}��O� �º�è}�	
����Â��éê 9rÒ�)Birge ¹ Louveaux [39]

ë Ruszczynski ¹ Shapiro [40] ìÓRIuv	
í�î�R�rßÆ���ï���	


9rÒ��ð}£�`�Â��éê rÒ�9ñò� (æó�))¸���=>P�,o

��O� �Â��éê rÒ�9ñò�FD5U�O f�uv�9� k�) 

2. ���Z�?@	
�� 

G/á2uv	
º��OE��5Iuv	
���=>º�	������1	

�5��9�����E)���ôõ��ö÷ Sø9ØÙZ�Ô�Áùú	
m9ûü�

ãä	
mP�~åækl
 (22)�+�nFGH���AB����5 Saè}�Z�

?@���Áº� CPLEXYdABýy��Âè}�Z�?@��9rÒ�)ÐÑ�,
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Â�O� �� Sa��Z�éê rÒ�9ñò� (æó�)�FD5U�O� uv�

9 k�)9��GÂ��éê rÒ93J�þ�1�Z��Ê³ß93Vpq5�ü�

�Î�Z��Êéê³ß9��pq),�Î/��=>���ùúÂ��éê93J?

@�þ�Õ�3JLM/Âpq (n3JLMP9pq��) 9O	î
�qY��, S

øP�î
qY�©å��î
�"�#ST�pq³»����Z���Ê��Ã1

�Î)9���}ÀY��Ps�Îî9pq�e1H�Â��éê9Z�Ô�����

Â��éê�3J�þ)+�O	/á�Î©@������Y�©å����Y��

�)r���}ª���Ps�Î9pq�e1� Sø��éê9ñòZ�Ô�º�è}

�Z�?@�����[9pq) 

5�����pq�Î96
�����*��+ ¡��Öpq A � B��, 30

a��Z�éê î
�qY��5 21� 12q)Á��î
��Îv�5 50�)¸5p

q A�î
 � 70� (= 21/30) �©å��î
� 50��ª1ôõè}pq A³»��

��Z���ÊÁÃ1�Î)b�6!�É�pq B�î
� 40� (= 12/30) "�å��

î
� 50��¸�ôõ7�Îpq B)ÐÑ��å��î
��pq#}�6
����

u�,�Îî»�����Ê9pq��-$AB"���F%©2q&'1�}�³

Ò9î
�(�Î6
�w��=>��9�Î�l�_F)5���9^�) 

����E�ûü�0%©	�����Î³»����Z��Ê9pq�1*�-

$�����Ê+,)���pqz-�Îv��³.����Z�9�Ê (_n,7

8���Z� ���³7/})�#º�Â��éê 9ñòZ�Ô�����pq)

xy�ï�����E����ü0G?@�����Ê901�2ßpq34�156

àÕ©£��Ê�7"�89)+����H#�æ»����»����Z��Ê9

�y3:?@(pqS)����9;<&=+ ªT) 

>&= 0?¡ �}��Z�éêY S@���Y M@å�9î
���O� α) 

>&= 1?¡ Ag	
BC�DEFG"KLMBC (7HØqZ�Ô)@Ç�BC(3V

BC`) 

>&= 2?¡ ��ö÷ Sø789ØqZ�)Áãä	
mP�~åækl
 (22)�+�

nFGH��AB�����5 SaIJ�è}�Z�?@���+	
;

ªT) 

 	
; 

Min ( )













−−














+ ∑ ∑∑ ∑∑

∈ ∈∈ ∈∈ Dd BSij

d
ij

Dd Bij

d
ij

d
ij

Aij
ijij

dd

YkYTXC αα 1  (24) 

S.T. 0=− ∑∑
∈∈ Nk

ki
Nj

ij XX  Ni ∈∀  (25) 
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 FX
CFij

ij ≤∑
∈

  (26) 

 ijij UX ≤≤0  Aij ∈∀  (27) 

 ijij
Dd

d
ij XWY ≤∑

∈
 SAij ∈∀  (28) 

 0=− ∑∑
∈∈ dd Qk

d
ki

Qj

d
ij YY  dQi ∈∀ ,  Dd ∈∀  (29) 

 d
ij

d
ij UY ≤≤0  dBij ∈∀ ,  Dd ∈∀  (30) 

 IX ij ∈  Aij ∈∀  (31) 

  

��� 3�� ���	
 m = 1� 

��� 4�� ���� s = 1� 

��� 5�� �� s������������������ 

��� 6��� s > S�� �� 7!"#�s = s + 1�$	%�� 5� 

��� 7�� &'()*+, S -���.�/0*1��2/034+567/0

3�#89,)*� 

��� 8�� � m > M�#� �� 9�"#�:;�<=89�)*�m = m + 1�$	

%�� 4� 

��� 9 �� :;=>89�)*�$?, S-������@A���������

?�BCD�)*�'�E�F:;���=897)* (GHI1J)�K

:;LM� (24) NOP� (25)Q(26)Q(27)Q(28)Q(31) �R89 XI1 (G

H)*I1)�ST��UVKF� 

��� 10��WXYZG[;\] (Yan^ Lin[41])��B(YZG[ _`\� 

ab�cdef;g��h�g��ij�kl�mno?Ep S-�����

�@A������� 2�7�����Bq(rS.7f;g��)s� 

3. �tuvw] 

cuv�g��ijhf;g��ijxy�z{kl�mnoWX�t|}~�

Zuvw]�,uvw]����� D �7������, D �����h�<

S��������*������������rS.7f;g��h�g��)

s�?�������7w��d��Bx)s�����z{J�����
��7�

�z{J�?uvx)s���z{kl� 

,uvw]7���.� 

��� 0�� 6;�tuv� D� 
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��� 1�� ������������;7GH�`���)*�\ (K�ZrS.7

f;g��h�g��)s) N� ¡m�� (��¢�*���)� 

��� 2�� ��� D�����*��� 

��� 3�� �uv� d = 1� 

��� 4�� ��B7)s�?� duv��������(£H�`�����w��

'�E�F:;����GH7I1J�K:;LM� (26) NOP� (27)Q

(28)Q(29)Q(30)Q(33) � XI1 (GHI1)�ST��UVKF� 

��� 5�� � d > D�� �� 6!"#�d = d + 1$	%�� 4� 

��� 6�� &' D uv�.���¤¥���(rS.�@A¦XG[1Q@A)*

1Q@A�*§¨3Q@ALMz{JQ@AW©Qh@A§¨£1� 

JBZª7«�q�� 6��Duv����¤¥F�sf;g��h�g��i

j�q�����z{s0�¬,�mno? D uv����¤¥�®¯q�ZrS

.�f;g��ij=B7°±��+������²³+�g��=ij7��2�

�¤¥«"´Fµ¶°±�� 

������ 

c·¸�g������+¹º�X�z{�mno?»�Z¼½��¾y�¹º

������ ��·¸Nde�mnoqMicrosoft Windows�¿¾@À.�? Visual 

Studio C++ 6.0ÁÂ C��ÃÄ�¤
 CPLEX 7.1���ÅÆ� ��ÇÈh���$+

INTEL P4 2G�1Gb RAM�-£ÉÊË ��� 

4.1 ������ 

mno?»� X ¼½��ÌÍ���)*sN2(`\Î� ����cÏÐ��

 ·¸�,·¸��¢ÑÒQ`\��QGÓQÔÕ�������Q¡m��QÖ×�

�NÑÒØ _ÙØ��Î�2��¡mQÖ×Q�¾G[1N�*§¨�Î��ÚÛÜ

ÝÞß [42] ����$àáâ7ã6Näv�qÑÒN`\��wå�mnoæÐ X��

ÌÍ�çèéêèë��ì�s�íÌÍâÙ7 _`\î>ïèðñ�2�òñó+z

ô`\�èõñó+ö�`\�m*no�÷ø?zô`\cù�ú0�ûüýÄ��Ü

þ��§¨)*1h(`\�Y� G*1EOOP� 

mnoqÑÒ9��d��+·¸÷øh��i�7Ü���9� X ÌÍ³��s

g�õ-ù�	
���Q��Q�Q��N���N 6ñ¹º��`\ (12ñ��Ô

ÕÑÒ`\)�¢�����Q����Q�����Q�����Q�����h�

����Î�� ·¸de�q`��6'E�Ü� X��+�» 90ê 8ë�����
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Ò6�c��Ò�¬,�mnoÏ� X ÌÍ0>���w��ã6����+��Ò�

 ��9��ý�]�2�ÑÒ� ���ab�,¿]��³�
0����w��

�4 !"UVi��#$��7%&'�G(i�wå��+mno�)÷õ-ÑÒè

ïñ��`\� ·¸�$*Ü�=>��`\�¬,qG(i�E�ÛÜ¾y7��0

��ã6FXG[1c 170[�q+,1�wå�d�> 33Q35Q37+Î�Ó�c�-

�Ô.�mno�(/0�G[1cYZGÓ�$ã62+,1c 35 +�qG[ _2

3wå�+34�?@A 70 Ì56Ùcã6�G[@A _23�$7EG[89ÙØ

15d:�� v�(ÑÒØ�)*�\ÙØ� 

q�*���d�2�������d;<=��+Z>��ÌÍ$�?@���A

+£BCB�OP�cD+·¸�mnoã6�*��d;§EF=dG�ab�¾yq

*H¦X,��Ù�F)÷¹º7��<=I?JK�2�LM���NmOÇ�PQ�

mnoq)*�\R'6'E?èõd:cZÙS�Tq�*���\76'E�Ü�7

«?Z�ÙcØU��*�����+,�`6'�]Vfv'�èõd:��*��

��¬,WXY�G[ij��Z[�?\]=�§¨��*^+_�����(��`

\�ij��Ú?G��1`?ab3 0.6c��J�÷,ij��¾yFÏ(`\�c

g� de�PQ�*Hq�fgVfv��*7��.�FJK�`���h7�*

���\�R'háâi4ij���j�gVkl����ijUV� 

4.2 ��	
�� 

mnom^�*·¸��~0�����1 (K S) huv� (K D)�qn^ 30-

�=�B7�huvz{¤¥ko�4�T=����ÙØp4 h7�¬,�cwD·

¸�mno7�����1h�tuv�Ú6;c 30�qý�,6;FÏ¾y¹ºÜ

�� de�PQ��+�����¢>�¬r�YZ7·¸¤¥F�³���sg�

¬,mno? 5 s·¸t (�s��� 30 -�������huv�) � ·¸d

e�2*�q56/03E�m�*·¸��6;c 50��K)*/0*1n^ 50��u

� 89$:;���	
1�d�æÐ·¸7mv�6;c 1	
�rSJ�d�mn

od�?õÓrSJ� ·¸�K (1, 0)Q(0.75, 0.25)Q(0.5, 0.5)Q(0.25, 0.75) h (0, 1)�

w+2�7rSJ�F+*Hno��Z�·¸�PQ�mnoæÐh¾y34¤¥��

£1�xy�â�J k6c 244.8z6£� 

cuvmno{~�]���{¥�q(rSJh·¸t.�WX? 30 -���

��.����@AJ�¿círSJhí·¸t.�LMJ.O���;�.O�Øo

�.�  

.O�Øo (�) = | ({~�LMJ�.O�LMJ)6.O�LMJ | (32) 
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ab�,.O�ØoFX?|�{~���4F�}k�·¸¤¥�s 1=~�q=

>7rSJh·¸ts
��(.O�ØoÚq 2� ?��K({~�7�4F�}k
Úq 2� ?��2��qrS (0.5, 0.5) h·¸t 5.�.O�Øo���2J�c 0.03�!  

� 1  �������	
 

������ 
��	
�� 

() 
��	
�� 

() 
��	�� 

(�� 
��	��	�� 

(�) 

(1, 0)     
1 −2342283.29 −2324766.33 0.75 4333.4 
2 −2352207.69 −2329746.93 0.95 4195.9 
3 −2347145.14 −2346197.42 0.04 4772.2 
4 −2351792.93 −2348001.46 0.16 4379.1 
5 −2344089.55 −2338190.56 0.25 4667.3 

��� −2347503.72 −2337380.54 0.43 4469.6 

(0.75, 0.25)     
1 −2332119.79 −2286154.31 1.97 4137.4 
2 −2341959.98 −2317736.97 1.03 3989.6 
3 −2333456.27 −2314428.20 0.82 4508.3 
4 −2341466.14 −2297955.41 1.86 3950.8 
5 −2331809.08 −2318673.57 0.56 4318.8 

��� −2336162.25 −2306989.69 1.25 4181.0 

(0.5, 0.5)     
1 −2308535.53 −2285168.79 1.01 4283.9 
2 −2325016.88 −2316702.94 0.36 4080.7 
3 −2314958.27 −2301769.56 0.57 4187.8 
4 −2316878.03 −2288997.33 1.20 4117.4 
5 −2309142.75 −2308463.38 0.03 4180.0 

��� −2314906.29 −2300220.40 0.63 4170.0 

(0.25, 0.75)     
1 −2293736.07 −2264342.66 1.28 3437.2 
2 −2339793.30 −2308319.08 1.35 3672.4 
3 −2322582.16 −2303705.86 0.81 3943.1 
4 −2296079.04 −2289177.62 0.30 3623.4 
5 −2294455.65 −2283390.08 0.48 3769.9 

��� −2309329.24 −2289787.06 0.84 3689.2 

(0, 1)     
1 −2376719.93 −2350572.21 1.10 842.2 
2 −2374962.49 −2350893.23 1.01 712.1 
3 −2371343.64 −2365031.73 0.27 779.1 
4 −2372065.64 −2357734.73 0.60 859.1 
5 −2368421.74 −2341340.31 1.14 899.4 

��� −2372702.69 −2353114.44 0.83 818.4 
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ârS (0.75, 0.25) h·¸t 1Ù�.O�Øo��4�q�> 1.97��q(rSJ7

²³�d�rS (1, 0) .�2 5s·¸t�@A.O�Øo����c 0.43�!rS (0.75, 

0.25).�@A.O�Øo�4�q��c 1.25���sq(rSJ.�=�B7�A�

â�������~mno=~��{~�]�q����E{¥���q��ÙØw

å�qrS (0, 1) h·¸t 2.=�ÙØ����c 12d:!qrS (1, 0) h·¸t 3.

=��¼�� 80d:�q(rSJ��ârSJ (0, 1) Ù�5s·¸t�@A��ÙØ�

���c 12d:!ârSJ (1, 0) Ù�@A=����ÙØ�¼��c 75d:�,Î�

�ÙØq��ijUVE�â>{3��~mno~�7{~�]�Fc¹¨ÛÜ� 

JBZª7«��q,·¸¤¥�~�mno~��{~�]����h{3���

qýq¹º�XÙ�¾y´�)÷���rSJh·¸t� ·¸�?��2¦X�OP

h����*��B�b7�Ù�#Fáâ7de{~�]�� 7P��/0376

;h89)*�PÎ�?�B�b7����,´�]�B�7�Ù�#FÛÜmno

�{~�]��Z�~�>{��{~�]�?ª������ 

4.3 �������� 

PQ�c²³f;g����h�g����xy�¹º��z{kl�mnoW

XEp��tuvw]�²³xyq 30���� (K D) .�z{�2��qf;g)
s�d�mnod�?(s·¸t=��� 30 -����� (K S) 7@A�����
����?B(s�f;g��)s�²³¤¥�s 2=~�s�1ÐÚ«?f;g��

��cNk� ²³�q'�E�2�¦XG[1kQ)*1kN@A§¨3k�«?�

g�����¤¥"�f;g�����¤¥=B�kJ�PQ�LMJkQW©LM

Jkh§¨£1LMJkwå�Úcf;g��h�g��)s�? 30 ����u

v�7²³¤¥�2�LMJkhW©LMJkqrSc (1, 0) Ù���ýLMJkh§
¨£1LMJkqrSc (0, 1) Ù���2'�w�d��.=~� 

LMJk (�) 

=  (�g��)s. 30-uv��@ALMJ�f;g��)s. 30-  

uv��@ALMJ)6f;g��)s. 30-uv��@ALMJ (33) 

W©LMJk (�) 

=  (�g��)s. 30-�t��@AW©�f;g��)s. 30-  

uv��@AW©)6f;g��)s. 30-uv��@AW© (34) 

§¨£1LMJk (�) 

=  (�g��)s. 30-uv��@A§¨£1�f;g��)s. 30-  

uv��@A§¨£1)6f;g��)s. 30-uv��@A§¨£1 (35) 
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quv�����+GH�`JRm:;����)÷ 30 ���*��� £H�

�����¬,(·¸tAF�2�����«)÷f;g��g)s�(·¸t��

tuvÙØ�Úq 1d:���²³de¤¥B��qrSc (0.75, 0.25) h (0, 1) (?Y

Z�4§¨£1cLM) Ù��g)sq 5-·¸t7LMJA³f;g)sc��2

@ALMJkd�c 0.94� N 0.55��T�+?�4§¨£1cLM (KrSc (0, 1)) 

Ù�2LM�$��¢¡m7Ü��¬,q��7^������¦X������g

)s7¦XG[1h)*1�A ��+f;g)s�PQ�ârSc (1, 0) h (0.5, 0.5) 

Ù��g)s�LMJ4�ô+f;g)s�2@ALMJkd�c 0.91� N 0.41��

ýârSc (0.25, 0.75) Ù�WX~0�g)s7¦XG[1h)*1�q 5s·¸t

�A¡+f;g)s�2@A§¨3$+f;g)s��ý¦2LMJ³f;g)s¢

k�xy7@ALMJkc −0.21��c,õrS�³cc£7tr�q²³+2�rS

J2kl³� �� 

PQ�WX�Z��(LM�Y¤d�²³de�~0W©LMJq��rS.��

��uv=B�¤¥q 5-·¸t�4�³ô+f;g���$¥� 5-·¸t7@A

JF¦/��§W©LMJ7rSh7�2¨© '>h47ª«�2@AJ¬+ 0.17�

w 0.91� Ø�w+q§¨£1LMJ�d�ârSc (0.25, 0.75) Ù��g)s�§

¨£1q 5-·¸t�4�$+f;g)s (2@A§¨£1kc −0.34�) Q�q2Dr

S.��g)s�§¨£1 �ô+f;g)s�5 -·¸t7@AJ¬+ 0.55� N
1.41� �Ø� 

����s 2F?~0�ârSJc (0.75, 0.25) Ù�q 5-·¸t��f;g��

ijqW©h§¨£1LMJEA³�g��ij7�k (c�t��¤¥)��~q,

rS.�f;gij=B7°±���³+�gij7��A�®«°±��K,Î

f;g��=ij�°±�¹ºER¯�b��ârSJc (0.5, 0.5) Ù�~0q·¸t

3 h 4��g��ij7�qxLMJ�A�]�Ùô+f;g��ij7���~f

;gij=B7°±��²³+�gij7��q,x·¸t�´Fµ¶°±��,ª

«qrSJc (0.25, 0.75) Ùg ��5-·¸t��·¸t 1Q�f;g��ij=

B7��q2D·¸t���³+�gijÚFµ¶°±���?E¤¥~0�âxy

LM7rSh7 (K¾y³S1xyLM) Ù�F~0f;g��ij�°±��q��

�A�®«°±��ýâ§¨£1LM7rSh7 (K¾y³S1§¨£1LM) Ù�f

;g��ij7°±���³+�g��ij�´Fµ¶c°±�7²3��h7�,

¤¥�~�f;g��ij�°±�q����¹º¤¥�Z;Ú°0±²5'�°±

��>F�Rmc³±� (inferior solution)�� (0.75, 0.25) rSJ�(·¸¤¥�,¤

¥Fª³´µyqå¶�·¸Ù� �LMij��ab2±ij7¹°±�º�q»

¹º����¬¼½¾��F�$°¿K7°±��¬,´µyq� ijÙ�F�$

�Z;�À�±ij�¹¿Kº°±��F��¹�Áº°±� (2��ÙØöF³�
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°±�c�) ?c´µ�,¹�Áº°±��ó³±��Th°±��k�Â�q»�

¬¼¾Ã��2¤¥F�I¡c°±��´µyF�Ù��°±�N¹�Áº°±��

$ZÔÄ�´µ�Ü��?g�µ¶´µ¤¥q¹º���ûü�°±�g� 

� 2  �������	
� 

��������	
������ ��� 

��� 
���� 
�� (�) 

���� (�
 !) 

"#$%
&� (�) 

�'(� 
(�) 

)*�' 
(� (�) 

$%+��'
(� (�) 

(1, 0)       
1 4 10 0.48 −0.22 −0.22 − 
2 6 16 0.86 0.34 0.34 − 
3 6 6 1.42 1.69 1.69 − 
4 7 12 1.67 1.64 1.64 − 
5 2 14 1.74 1.09 1.09 − 

"#( 5 11.60 1.23 0.91 0.91 − 

(0.75, 0.25)       
1 8 13 1.24 0.76 0.53 1.46 
2 7 27 1.53 0.70 0.34 1.81 
3 6 10 0.82 0.59 0.47 0.96 
4 1 11 1.14 1.09 1.01 1.35 
5 2 9 1.27 1.53 1.55 1.49 

"#( 4.80 14 1.20 0.94 0.78 1.41 

(0.5, 0.5)       
1 4 2 0.77 0.66 0.42 0.90 
2 4 16 1.27 1.31 1.12 1.50 
3 3 8 −0.26 −0.61 −0.91 −0.31 
4 4 14 0.31 −0.02 −0.40 0.37 
5 0 −3 0.54 0.72 0.80 0.63 

"#( 3 7.4 0.526 0.41 0.21 0.62 

(0.25, 0.75)       
1 −21 −18 0.73 0.99 1.38 0.86 
2 −16 −6 −0.53 −0.58 −0.48 −0.61 
3 −9 −9 −0.05 0.06 0.40 −0.06 
4 −31 −23 −0.59 −0.40 0.45 −0.68 
5 −23 −16 −1.03 −1.12 −0.90 −1.19 

"#( −20 −14.4 −0.294 −0.21 0.17 −0.34 

(0, 1)       
1 45 198 0.46 0.52 − 0.52 
2 43 186 0.49 0.56 − 0.56 
3 42 184 0.89 1.02 − 1.02 
4 45 196 0.34 0.39 − 0.39 
5 43 150 0.24 0.28 − 0.28 

"#( 43.6 182.8 0.484 0.55 − 0.55 
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mno?»�Z¼½��¾yc÷ø�Ü����LMN�g��cg�ÇÈZ�

g��.�LM¼½�������$?�LM��w]��rS]cNÅ�Æ^�t

7|}~�Z{~��]� ���mno$6'Z�tuvw]�?²³�g��i

jhf;g��ij�kl�·¸¤¥�~�mno~��{~�]7����h{3�

��quv��²³~0�mno=~���g��ij��f¹³R�?@A���

 7f;gijc��PQ�mno~0f;g��ij�°±�q����¹º¤¥

�Z;Ú°0±²5'�°±��>F�I¡c³±��mno��Q��Ç�]QN·

¸¤¥�FÈ�ªÉ»�¼½��¾yhÊË¸ÛÜ� 

��mnoq¹t·¸�dù�?zô`\c÷ø�ÈÌ*HF7�ö�`\�?Ü

�¾y=>���`\�$)÷ö�`\+���7���§¨)*1�¹¨OP (��

(11))�,���¢ 24 ñ`\�2UV7i�NÍÎ'5j�4 h7�F�Ï¡��E

7%&��*HF���Z�¨©�~�>{37��Ç�]�?�����PQ�mn

oL<�)÷���¾Ã��� ®¯�2D�¾ÃÐÑ��G[� ÙØQG[7

%ÒÓ}Î�i�¾ÃNÐ�QÔÕQÖ×Î¬¼Ï¡�4i�¾ÃÐÑÎ�Ø÷��

¤¥Ï¡�;�LM�ÈÌ*HF�Z�)÷� �¾Ã¬¼N��¾Ã7�'� ®
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