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ABSTRACT 

The minimum cost transshipment problems are traditionally defined as a 

linear cost problem, to reduce problem complexity. In reality, the unit cost 

decreases as the amount transported increases, resulting in a concave cost 

function. Great efforts have been devoted to the development of solution 

algorithms. However, they were confined to specical transportation networks. 

Besdies, their methods were focused on local search algorithms or traditional 

heuristics. Recently, researchers began to use advanced neighborhood search 

algorithms to solve concave cost bi-partite transportation network problems to 

enlarge search area and find near-optimal solutions. This type of research, 

however, neglected flow transfers in transportation networks. We developed two 

neighborhood search algorithms referring to the threshold accepting algorithm 

and the great deluge algorithm to efficiently solve transshipment problems. 

Problem characteristics were first explored to efficiently generate initial 

solutions, which are then improved by neighborhood search algorithms to 

near-optimal solutions. To evaluate the proposed neighborhood search 

algorithms, we designed a randomized network generator to produce many test 

problems. We employed C++ computer language to code all necessary 

programs and perform tests on personal computers. The results show that the 

developed neighborhood search algorithms performed well in the tests. 

Key Words: Neighborhood search; Concave arc cost; Transshipment problem; 

Threshold accepting algorithm; Great deluge algorithm 
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h�ijklm5ABn/oplmq2*�?A�^_��39:PQrs_tuv`

w]uv�x��3����3yz��%�34{�|}�Y�3��,~����]

�3���#*01Y���L69:���<9:��3������]����B

^_�3��GH9:d^_{�f�Ygh*�:A��T�?�oplmq2��3

9:�4B	6�!��9: (� Yan ] Luo
 [1,2]

)*01��9:�;<��,���

��uBn�9:v�����9: (concave)�#���9: (piecewise concave)��k

L6������9: (fixed charge cost)��� 1��* 

f(x)

x

fixed-charge

piecewise concave

concave

 

�����Yan � Luo
 [2]� 

� 1  	
������ 

�89:�;<��!��/�o����Z���@� O¡��u¢c/�

��� (Ahuja �£ [3]
)*Y���EF9:/�89:�;<���(����+¤7

!¥C£�^_�¦)�3§¨)�+,	l©4�(�)���ª9:«/�8K¬�

��¦)�¨)	!(�)*@�;<o���,®¯T NP-hard �� (Garey ]

Johnson
 [4]

)�°�@�±�²³´�µ¶�����·�* 

��A�����EF9:���	#!�¶�¸¹1.º»C����JK!F2�

���F2o������¼2.C½F2��#94�¾����F2¿ÀÁ����#

�F2 (piecewise linear) ���p���k�Â4o� (integer programming) ����

�*ZÃ©JKU�F29:�B°�ÄÅ��9:�Y°�µ¿À�·�*§T�F2

¿ÀÁ����9:�(����0Æ��op�¶�®��Â4o�p�®C�T��

ÇÈÉ�f�Y°��� (Yan] Luo
 [2]

)* 

¿O Yan] Luo
 [1,2] Ê�Ë¿Ìc�·K��Á��ÍÎÏÐÁ (tabu search, TS)�Ñ

ÒM»rÁ (threshold accepting, TA)�pÓÔÕÁ (simulated annealing, SA) �Ö×ÏÐ

Á�ØÙGÚ/"#$������ÛÜ��ÝÞÁ�ßl©àá%âV��ãÛ�U�

Ûäåæç·*XY�Z"#$�����è&{��(����@���\éA�ê

V(���!JG�°�ë�s012�(���* 
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:ìí�î�@ØÙ���EF9:��89:�;<���(����ïðZ�

��q2��ñ�ÛÜ�å��ò¿ÏÐÁ*!óôZò¿ÏÐÁ���õå�:ìíö

�÷øùú��Þûü�ÛÜàá��ýþ��àá`wop¶8�����!�?

>��Zv(�����&* 

�T:ìí��@45A	�v! NP-hard �� (Larsson �£ [5]
)��:ìíÛÜ�

��¸/ãÛ��Á���*:ìí��	45Aïð���EF9:(����q2�

	
��)�Ìc�·K/�Á�������#Ú����Á����ÛÜc¢�

ò¿ÏÐÁ*@���ÁA�:ìí��&'��EF9:�q2�\é¢c��9:q

2/������&Ë¿ò¿ÏÐÁ,�ÑÒM»rÁ (threshold accepting)�¶��Á(great 

deluge algorithm) ]ÍÎÏÐÁ (tabu search)�ÛÜ�å�ò¿ÏÐÁ*:�+����

���"E���������E� ���EF9:/(����45���!E\é

��ÝÞÁ��"E���#àá��$E%&'�]()* 

������ 

:ECØÙ�=��9:�3��/���Á��%��Ìc�·K���ÛÜ�4

uãÛ��Á*0��*/U®Ù:ìí
���uò¿ÏÐ�+�ãÛ��Á*�,�

 * 

2.1 �������� 

��9:�3��/������ 1E,�-����]����B^_�3��

GH9:d^_{�f�Ygh�.Nlm5A/oplmq2 (Yan] Luo
 [1,2]

)*/0�

aÙT��9:/�����@1���Bn�2�9:������� (Sheffi 
[6]

) 

�-/�²³�S;{f�²³32�49:ùúf��!0u2�9:�����]

:ìíïð���9:����`w*2�9:����@45A01¯2���(convex 

program)�@��AV��9:���� (! non-convex��) !JG* 

5����8K��9:�;<����	
��6ïð*�� Zangwill
 [7] 
7ÙZ

��8&9)� (extreme point) �q2�@�:^t (multi-commodity) JK!G0^t

v��;<��(=G0¦)§G0>)���p���ë�@þý«?^p�A*+�

�<@o�Á�ÏÐ���9)��AÐ8�·�¼XYB>)C¶s D��®��E)

�DEF4CC¶s 2
D
−1*G�/��Þ²³C¶H9I*Zangwill�%%����9:

����¶�J°@TZu��K���Ö×�·��01ÏÐ��LÁ�å��µM

×�·��YNOÃ©PQ��Ö×�·�����R���²�����±* 

Gallo] Sandi
 [8] ����ò»�
�q2�	��9:��·K��)���

AS6�9)��PQ��ò¿�9)� (adjacent extreme flow)��Ê��·�T@	�
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�9)�q2�CR��JKU�UQ����¼�V&de�opC¶�ò¿)/ª

4C3V4op9I*Rech] Barton
 [9] ��3G0^_uv	 m�¦)s n�¨)�½

22#�F2� (non-convex piecewise linear network)���#W>±Á�µ�±�¼+

�Á�TXY�·K«ãÛ��Á/³*Gallo�£ [10] �G0¦)§��>)��89:

�;<���Ê�#W>±Á8ÐM×�·� (global optimum)�w²Ê�F2Z[R

���±Î���µ�±�*Gallo�£�\!�T9:�4��2 (concavity) ]�Ç

ÈÉ|}��Ù]8s�·��µ^J°�SZ01�Á�_�ãÛ��ÁOÏÐ��`

aÖ×�·�* 

ÙT��EF9:(����.�5.	`w�)��ìí*Jordan
 [11] ïðÖ×#b

,c (local distribution center) «d?�ef�ÙT�8K����9:�¶���_

�ãÛ��Á�éÞgh9:��F2o� (linear programming) OÄi��*/0�6�

Blumenfeld�£ [12] 
	þý����%?^��6ïð^_�9:�Y Hall

 [13] ïð^_

Fl©jc(�k�º»�lî�m�Fno��*Z���hCR^��#94

�V8�¾�����~p0�¦)«>)�PQ��	�FÌcO8¾��·

���Äi�Þ��^_{Ìc*Thach
 [14] ®Ù��¸2�/�·K��9:;<�

��	
��)îq�4#�9P��]¾����#���rYsÎ#,��/*

Guisewite ] Pardalos
 [15] ØÙG0EF!��9:�+�!F29:�ß!G0¦)§�

�>)�EFLA±��ÛÜ0�t�F�²³ÝÞÁ (polynomial time algorithm)�C

un�vc	 2
k 
w! k + 1���å��* 

Yaged
 [16] 
7lØÙ¶��x� (y 100 ~ 200�E)�200 ~ 300zEF) ���9

:��EF�ÛÜÖ×�·��ãÛ��Á*Larsson�£ [5] 
7�{|Z[Á (Lagrangian 

relaxation) ��EF�;{±Î��8K��9:�;<���%}0�±���Ê�

F~ÉÁ (subgradient method) ��{|�4�Äi�Þ*Larsson�£ [5] �%sQ�6�

u�Á	�8s�·�����de
�#W>±ÁOÙ�'æ*Balakrishnan«Graves 
[17] 

i7
��aw�+/{|Z[Á�� fixed-charge cost/���Y Amiri« Pirkul
 [18]®�

�`�-0�/p��@{|Z[U/p�,�f�0���2�<EF;{��4�ö

ZCp�#!��¾���
�F~ÉÁ���	VG0p��ùls��*Nourie ]

Guder
 [19] 
7_�ãÛ��Á�ÙT#�F2 (piecewise linear) /��9:�����C9

:#9þý9:]�39:��#���±Î���� (restricted-entry basis) ���`�

G�Á (simplex method)��Äi��F2���8&Ö×�·�* 

����#�F2��9: (piecewise linear concave cost) ���²�B��DE

FA/#� (`w9:�4) #�!�zEF��Z#�ÁC
µ�opC¶�f��

�²³*Dukwon] Panos
 [20] 
�ñZ�+%&�<@���P����f�0x�Ö³/

����X#�EF
µ�opC¶��Z����	V�=#����*Á�ùµ�

�*Suwan �£ [21]
 7jÂ~�G� (packet-switched networks) /EF�{V��� 

(link capacity assignment problem)�ØÙ#�F2��9:�4��*+�Á�C`	�#
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/�4@( )¡¿�¢F£¿�9	�#�4��Ù{|�4¤�����@l��²

N	'¥* 

/0���9:K�EF;{¦¸�¶;{]�8;{�§K/q2�Kuhn ]

Baumol
 [22] 
7%&¨©Á (greedy method) ��4uãÛ��Á�+��ª«!¹V��¶

;{§9:�8�EF�@ Yan] Luo
 [2] ØÙ"#$�����,�i
�Z�+ÛÜ

����D¦>)�}S{]¬�{¦¸�M��MLV� (all or nothing)* 

2.2 	
��������� 

��ò¿ÏÐ�Á!Ö×ÏÐÁ (local search)�+lB6s®�¥¯��·� (local 

optimum)¬�J°��RLÁ%}���¿À�*!±d+²)�1980 ³´��Ë�ã

Û���µ+¶·�9��¸90¹Ëº�ìí»¼*Z�Ë¿ãÛ��Á�PQ��ª

«hk@	��Ö,0½½¾<�¶½`aîq�4M��
ÝÞÁK�	¯��·�¿

z�ûü�w²Àû¸�·�Á¿* 

Â	 Glover @+�ÃÄ��¥ÅvãÛ��Á (meta-heuristics)¬�ÆÇU�¥Åv

ãÛ��Á¬0ÈÉµ�45.�\wY��§Ê (Glover ] Laguna
 [23]

)*�ËÅvãÛ

��ÁÌk���ãÛ��Á!Íc���'c���ÏÐª« (meta-strategies)��V�

+Î¿¯��·��¥ÏY8s���� (Osman] Kelly
 [24]

)*A-���ÏÐª«¶�

ÐÑÂ_
K5�þ_ÂX�£vÒ&/�!�ÓÔ*Õ��ÍÎÏÐÁ (tuba search�

TS) (Glover 
[25,26]

)�pÓÔÕÁ (simulated annealing�SA) (Kirkpatrick�£ [27]
)�ÑÒM»

rÁ (threshold accepting�TA) (Dueck] Scheuer
 [28]

)�Ö�ÝÞÁ (genetic algorithm�GA) 

(Goldberg
 [29]

)�¶��Á  (great deluge algorithm�GDA) (Dueck
 [30]

)�×Ø�ËÁ

(record-to-record travel�RRT) (Dueck
 [30]

)�ÙÚÛ<Á (noising method�NM��	�&

Charon] Hurdy
 [31] �ÜÝÞ]ßàá [32]

)��§ÎâÁ (flip-flop method�FF��	�&

ÜÝÞ�£ [33,34]
)�ÏÐã³gäÁ (search space smoothing�SSS��	�&Gu]Huang

 [35] 

�ÜÝÞ]ßàá [32]
)�vÇl� (neural network�NN��	�& Reeves

 [36]
)�*Z�

Ë¿ÝÞÁ�aV�=�ãÛ�ÝÞÁ�	�å�Î¿¯��·��
µÏÐåæ�¶�

SY%��µ�·� (�V·�) �	û2�SZ@`h�ë�,�Éµ�`ç�9æ*

¿OZ��Áièþ&������Ìc���� Booker
 [37]*!�
ÝÞÁK�	¯�

�·�¿z�ûü�w²Àû¸�·�Á¿�Du�ÁÛÜ`w�ª«�Y�éª«.!

�é�Áaê/�PQëì�@ (ín� 1)* 

î-în�Ê�Ë¿ÅvãÛ��Á����9:�����+,ï Yan] Luo
 [1,2] 

7ØÙ"#$ (bipartite) ���ðñ���EF9:������+�·�NT@9

)�ßZ9)!0	��Üò (spanning tree)*Yan] Luo����9:���K�E

F;{¦¸�¶;{]�8;{�§K#b²�+ª9:V8�q2�ÛÜ0�����

�0½� TS�TA « SA �ÝÞÁ`a���*/U��ö�»r���+ÛÜ& linear 

threshold accepting (LTA) �ÝÞÁ�làáÛä+å�óT TA� SA* 
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� 1  �������	
���������� 

��� �����	
���� 

SA ���� e
−∆��������������	
��� 

TA 
� !"#$% (&���'())�*+,#$�-./0123#$%�4#

$%56789 (:;#$%)� 

NM <=>�?@ABCD�EFGHEAIJ���KL;FGMANOPQR��

SSS 
STUVJW'AXY�Z�[H\]^!_A`abc (de�bc) f�gh�

�9i�	
��Ajk� 

GA 
�lm (no&p�qr&p�) Kpst�*uvwx@yz?@{U|�lm�

Kp}~gp�`a����	
��A��� 

TS ST����� (���-) �=�����	
��� 

FF 
����K��U�	
��A��()��e�XIJ���de[��'AR

�IJ����' (��) ������ 

RRT 
�I���A
���\%�w��%��� �IJ%¡��%q¢£ce

¤�������	
��A��� 

GDA 
¥¦§n¨ (©;#$%) A���ª&�¡«¬`aT®���§�&p��

���	
��� 

¯°E±²³w´ [38]� 

2.3 ����� 

Ë¿�ò¿ÏÐÁ,�pÓÔÕÁ (SA)�ÑÒM»rÁ (TA) ]¶��Á (GDA)�Í

ÎÏÐÁ (TS) ç!ôõ�ß@`h�ë�,�µsç·�'æ���	�& (ÜÝÞ�ß

àá
 [32]�ÜÝÞ�ö÷ø [39]�ÜÝÞ� [33,34]�ÜÝÞ�ù�ú [40]�Yan « Luo

 [2]�ûA

ü� [41]
)*+,�TA] GDA@^�àá,ýóT SA��:ìí,� TA] GDA�uò

¿ÏÐÁ�þc��ÔK;�/ TS ÛÜÖ×ÏÐÁ��*0àáâV*���JQ��

Z�ÝÞÁ�*Á¹ 

2.3.1 ����� 

pÓÔÕÁ (SA) À pÓ��Á�pÓw�Á�	�vTs��ÐóÁ����

Kirkpatrick�£ [27] �%&�ö�pÓ_������©�����ls��²�	64@

%
�w�����O��Ìc�·K��*SATÏÐò¿)²�ÙTîq�4M (�8

K) �`a/¸�� (downhill) �Ü (move) NX»r¼Y��T�Ö×�·��BË�

�ÜîqM�`a²�ÙZ¸A� (uphill) �Ü��0s� exp(−∆/Tm)»r/�+, ∆

!îq�4M�f{��4 Tm!î-��É* 

+U Golden] Skiscim
 [42] 
7� SA����]ÖH��*���dsnÐ��ýþ�

���ÙT��©�,ls��²/w����k_��ëDg�w���¼'æÛä   

SA �Þ²³I��Î�4ÙT��²³«��Æ�É|}^¶*Robuste �£ [43] 
7Ê�
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SA���������«��F�� (vehicle routing problem, VRP) �\!�X SA¡

�ðñÙ01 HP-Hard�����	��TM×�·)��de��opf����²³

C9V49I��½��å��Á���!����Ìc�·K��/
��K* 

Alfa�£ [44] 
7� SAÁ'c 3-optÁ�� VRP�@��©�,_��â4PDg��

�w�¼�T��,%s`w����]`w�w���C��T`a SA����¶�

��'æ��Zu���O�ü*@�´ l! [45] iÙ VRP��vÀ�ìí�'æ�

�\6åæ��²�]���·�ë^8��÷ø��²³I�LÁùú��* 

2.3.2 ���	
� 

ÑÒM»rÁ (TA) �5k� Dueck ] Scheuer
 [28] Û��+��	�v!�ñ���

(deterministic) ����O`a�����GÁ��½�ðT TSP�'æÛäóT SA*TA

] SA½"aÀ��ÑÒ4PO#6k$»rË��Ü�%k�ÜU�<9:@ÑÒM´

��I�»r�YB��ls��²\!��C`�¶H�<�SZCÑÒM·FD

g�&ÇnÐË��Üºs�'ÑÒ4P* 

TA] SA�¶`w@T¹SA@ò¿)�Ðó©�,���s���¤!»r�ñ¼

YTA®Ù��Ë��Ü(Q+îqM`�{�TÑÒM (�8K��) »r*Dueck ]

Scheuer
 [28] ���i%s��T TA ���q2�SZ���	�dsnÐ��ýþ*Ü

ÝÞ�ö÷ø [39]�ÜÝÞ� [33,34] 
7� TAO�� TSP« VRP�+��7âV`w�ÑÒ

4PDg����()Ù)���F2Dg�ÑÒ4P��åæV·¼'æ�Ûä TA�

û�åë�T TSP% VRP*ûAü� [41] 
7� TA��é*ón���Ûäåæ�e��

�V��ò¿ÏÐÁ!·* 

2.3.3 ��� 

¶��Á (GDA) � Dueck
 [30] Û��!0ñ�����Á�vÀ TA*GDA] TA�

¶`w+@T TA&'�k]-0��ëìHÉk$T@ÑÒ/´��¤!��»r]$

��ñ*Y GDA@&'Ëò¿�»r]$²�`&'-t��Yk]+�\6�q, (�

6) ¤0âV�(Q@Zq,/� (�8K��)�`-+�.¸`aHÉ�hI�»r*

] TAvÀ�GDA´�.\6¦��6M�/U�¶·w��6M�ºs\6����6

MY/*ÜÝÞ]ù�ú [40] ØÙ TA] GDA@ VRPTW��A/ë�¤0ïð�+àá

'æÛä GDA���ÆÉV TAOµ·����²³.VI* 

2.3.4 ����� 

� Glover
 [25,26] �%&�ÍÎÏÐÁ (TS)�+�+OÂT£�÷0�k¿� aB1

Ñ�Ìc�·KãÛ��Á*Glover7%s���23ÝÞÁ0Æ2s34j5/�N


6è8sM×�·�iLÁ�`a¼YÍÎÏÐÁ7`8®��-¡8©�Ö×�·�*
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TS T�F�Ü²ýnÐ`a����Ü�¸��ö�ÍÎ9PO:/ÏÐ��¸;(�

O�w²À��<=sÎ (aspiration) @ÏÐq6�¸�ÍÎ²��Xû>2nÐV��

�Ü�����Ü©�Ûþ?@ (cycling)* 

ÍÎ9P:Ak0u���& (first-in, first-out) �BP�+î�@×Ø�¿�F�Ü

²��#¯2*@ÍÎ9P,�� !ÍÎ� (tabu solution)�CD8�RÍÎ���Ü�

¸ (tabu move)�B�F�Ü²EÛäaw¯2¡&ä@ÍÎ9P,®	FGZ0�Ü*�

T�Ü²E×Ø��¯2CH�¶{²³@�âÙA�SZ01(×Ø4�&Q�¯2*

/0�<=sÎk!�IË��Ü@¡�\6!ÍÎ�Ü²�E+9:8T<=sÎ�4

®�»rZ0�Ü*�kS!ÍÎ9P(×Ø��¯2��<=sÎO��	���Ü�

±Î* 

ÍÎÏÐÁë�JK�@�����6�Glover
 [25] 
7�ð TSP ���'æ��*@

+�L×� Sinclair
 [46] 
7C TS]+�4uÌc�·K�Áaâ���"FV����ð�

Ûä@&'��t��-%��TS óT+�ãÛ��Á*Reeves
 [36] 
7ØÙsM�²N�

(machine sequencing) ����ð TSóT SA¼Hu
 [47] ®��·K\éO�ð�Ûä TS@

nÐò¿)²'cds�Ü (random move) ���ÙT��fO�4/M×�·K (global 

optimal) ���k0�å��K* 

2.4 �� 

	�A����	ô���ÙT��EF9:������_�#W>±Á�<@o

�Á�YÙTVJW�#�F2 (piecewise linear) 9:���®	�`R:¢�T�F2

������G�Á��k�ãÛ��Á�F2¿À��.	#�EF�ýþË��

��/*/0¢�T�P0±Î�89:�;<��/{|Z[ÁQF~ÉÁ�.	�

O�F2¿À�* 

@Ë¿Ìc�·KãÛ��Á,�� TA�SA�ë�@��9:����.���'

æ (Yan] Luo
 [2]

)���R±TqS/"#$�ë��T«��,&Q/(�q2*

Z��Á�ë�T01(���A�OØÙ(���q,\é��,"#$�/GÚq

2*:ìíØÙ��¦>)�ßK�(�)/�89:�ìí�Ê� TA�GDA % TS

�Ë¿ò¿ÏÐÁ�ÛÜ�å���ÝÞÁ����!01K�@��89:(���* 

������ 

01@+
����²�B�F29:O6��39:�+PQRS@TJKU�F

29:VWT��*XY�E&'oplm�q2����]���K��L69:�

��<9:��3����B^_�3��GH9:8d^_{�f�Ygh��+�3

9:�4B	6�!��9:*/0�@1���,�E&'UVW9:��3�
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���� Sheffi
 [6] �-/���²³�S;{f�
µ��²³32�49:ùúf��

®	6�Z��!2�9:�4�����*
�A�2�9:����! convex ��
[6]���AêV��9:���� (! non-convex �� [2]

) !JG*SZ�:EØÙ01

K�¸2/���9:�89:�;<��/45p�¤0X-�ßïð+��¸2�

Üò (spanning tree) /ae
�q2��!UOÝÞÁ\é/�ñ* 

3.1 �	
� 

Y��¸2/� )A,N(G = ��012/��+,N!��E)/vc�A!E

Fvc�®���EF9:��89:�;<���(���	6�!¹ 

Z(���p� 

Min ∑
∈Aij

ijij xf )( � (1) 

S.T. i

k

ki

j

ij bxx =−∑∑   N∈∀ i   (2) 

 0≥ijx   ( ) A, ∈∀ ji   (3) 

���(1)�����	
��� ij �	
���� )( ijij xf ���	
����(2)

���������� i ��� �! 0>
i
b "�#$�! 0<

i
b ��%&� (�'(�) 

0=
i
b ����(3)���)*���+,-A./0123�4,-�5678123

9:��;<�=>?@+�A�BCDE�
BCFG&���HI����+JK

I�0���I��LM�NOP9:QRS�H���I��LM (Ahuja TU 
[3]

)+VWXY�Z��[\>��	
9:�]LM0N^_�
BCG`�� �T6 

�#$��a>bcdDE�9:!efgh 0=∑ i

i

b  4ij+56kJlINmn 

o���#�7pq�$_1��rsZtuvwx�ywx�#��z��#�{q

b$_+ 

>|'(LM�`}~Z��0�����0� ��OP�0�#�y'(��(

���0#$���z���(�	
���+���6���4���
BC�LM�

�����FG� 

1. �0�����6 0�H��4���~���HI�+ 

2. �6
BC�k���-� ¡�_�¢£k¤���	
(¥LMI�¦£3�a

>�6	
����7§¨v��+�A�LM�©ª«�1�DE�
BC¬ Yan  

= Luo
 [1,2] 
®�	
�G¯�FG&�	
� ijijij xcf = ��® ijx ���� ijc � 

	
¬�+>����°/±²(¥	
³(���´uµ´u�¶·¸�(¥	
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( ijij xc /= ) ¹³(���´uµº»¼½�+kJlI�>	
����¾¿ÀÁ( 

¥LM4	
��+56�Â¾��	
���DE�N�bÃBC+ 

3. Ä��� �T6��#$��tÅÆ9:����+ 

4. Ç��NmÈkÉÊ124��>Ë12��	
�³Ìcd�7r`Í@+ 

3.2 ������ 


BC9:LMÎ6)�3�����	
9:�]LM+�Ïrs��9:�]L

M�$_�ÐÑ£Ò�Ó (spanning tree) 4ÔÕ$_�Ö×9:·Ø� (network simplex 

method) (AhujaTU
 [3]

)+krs���9:�]LM®�rÙN^Ò�Ó (feasible spanning 

tree) Ú.�Zr�N^��_�Í�6·Ø�®�Û
N^_ (basic feasible solution)+µ

N^Ò�Ók�3ÜÝLM�
ÞI��N./	rÙß�_ (extreme point) (GalloTU
 [10]

)+�6
BCLM�&�	
���	
�àáÙ������	r��	
�� 

(AhujaTU
 [3]

)�µ¬ Yan= Luo
 [2] 
¾¿�\â�>��	
��4'(LM��ã_�

eäkN^_åæ (feasible region) �rß�I�&ß��råæ�ã_+ 

�6
LM����=rs��	
9:�]LM��������Í@�a>¾¿

6ç9:LM�è�0�#��� �é#$�ê�á��¹�0ß�_ (Ò�Ó) ��

á�_ (Ahuja TU
 [3]

)+ë×I�ì�a�ã_eäkß�_I��t�6��	
��

��9:LM��í±æ�ã_�1�#î�ïðÀÁ�åæ�ã_+a>×ñ0òó�

�ïðß�_Éí��ã_��Z
BC�ô�+ 

>õ�VWrö�Z�k��	
9:® `rÙN^Ò�Ó�e�¢÷r�r�:

ø_���gh� �=#$��4(�+ùâ×�� `rÙN^Ò�Ó§���úû�

=����Hü�a>��	
9:k>=�3	
9:Í@+7ýþ�49:�812

39:é781239:�N^Ò�Ó®�YË���0ri:����9:&:ø��

N��0:����uW��a>�¢÷r�r�:ø_��+ 

�-Iì�
LM0���3� 

1. �ã_äkß�+ 

2. ß�_	�á�_�
�¢÷r�r�:ø_��+ 

3. �ã_	�ß�yá�_+ 


BC9:LM�r)�3ÜÝLM (NLP)�èOP�����$�ã_�¹�ý

I#��Ï_��0�3��_�×>#������WÍ���+�µ���Iì

�ã_	�ß�_yá�_��3��
BCk��P�®��#þ����ß��^

$_+��4�
BC�N^_åæN�����3_,-���5²��ß�_,-+

>Tß�_�äk�3_,-®�=rsá�ÜÝLM���_�äk�3_,-®��

3Í¿�àNÑ£rs$_á��3ÜÝLM (ILP) ����� (é�-�ã��¡��

_�) �^$_+ 
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�b�VWXY�Z�9:k$_P� !ð"#�"$ (Yan = Luo
 [2]

)�Ö×k·

Ø�®�rÛ
N^_®�è0���%¹./�#�&�+a>kz£Ò�Ó$_
L

M!�a
LM�#�k&'(��4(���7#)P�0Ò�ÓI�� (:ø)�a

>Nm!0ÀÁ�I���%*�>69:·Ø�®NtQR���t+�#��S, 

(AhujaTU
 [3]

)+�k
BCbÑ£åæ��G¯���I�t-��+	S,�1

��
£��V��./�12I�Nm0t1�#�"$�a>�!z£2���

ÔÕÉS,#�"$�>G¯�k�ut�3+ 

��������	 


BC¬4�R
 [48] 
þ� TA"TS"SA=&|�-¡��_��Ç�5(¥9:L

M�DE�6�"� TS�$_7Þ89ã�¶$_Í��!�µèt TA�- TS:;�

×m<-=>�?@¬�='A_�¹�$_Bò C TS �ã+a>�
BCDEt¡

��_�®��-�_��EF0òócd'A_��bG�-�9:I�N^Ò�Ó�

��^S,�H<- TA"GDA T�-� ¡����- TS :;�É./ZI+�J

Kij+ 

4.1 ��	 

��tL)Måæ��'A_C>��bÃS,��6N!C> (Yan= Luo 
[2]

)�

a>
BCz£¡��_�®��-�_�0òóOcd>�PA_+
BC����	


�3��¦-�'A_�+ 

Kuhn= Baumol
 [22] 
QöðRS� (greedy method) T��|¡��_���$_:;

��úû����5	
�����k Yan= Luo
 [2] 
BC®�Q¬�T�öð��U

2�'A_¡�_��ZV���	
(¥LM��3���+
BCV���	
��

3�¢£k
LMI+6WÊ� ��� �(�X	b���Y� ijx t	
�� 

ijij xc  ZY)P��	
�H��rÙ� �4(�+µ� ��[\]^¹V_� 

 ��������[\+>PA_��`abc×����×d 2�/� 

bc 1. Å`�#�üe�t�fQR��fV./� �N�+4#$���gh4+ 

bc 2. �� �V_� �����i^+ 

bc 3. V^[\� �(�5#$�� 

3.1 V^[\� ��^úû+è[\Xj�¹�^bc 5�I¹�^bc 3.2+ 

3.2 Vbc 3.1[\4� �� �
��	
�� ijij xc ZY�0:ø	
�Ht 

 �fQR��V�Y�:ø	
$W� ���%&�4�k:���gh4+ 

3.3 �N(���#$�V_#$�i^�����lm� �4(���gh�#
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��=(��+ènHN(�4#$�¶o%� �
i

S �6 0�¹�^bc 4+

è� �T6 0./(�X	�¹�^bc 3.5+ 

3.4 ZY:ø�� ijx + 

3.5 tY� ijx ��	
�� ijij xc ZY:ø	
�Ê�bc 3.1+ 

�������

�	
��������

��������������


�����

����

 !

"#

$%���&

��'�(�

)*����+���

,-��./�

0�123*4567

89

:

;

����<=

;

:

 

� 2  ������ 

bc 4. p��#��=(��� 

4.1 VFÏbc 3.3 4gh�íð(�5 j �4� � i’"(�� x+è
i

S < x�¹�

^bc 4.2�è
i

S  = x�¹�^bc 4.3�è
i

S > x�¹�^bc 4.4+ 

4.2 FÏgh i’"j4(��S� x = x −
i

S ��gh i"j=(��
i

S �ZY:ø���

Ê�bc 3.4+ 

4.3 qrFÏgh i’"j=(�� x�gh i"j=(��
i

S �ZY:ø���Ê�bc

3.4+ 
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4.4 qrFÏgh i’"j=(�� x�gh i"j=(��
i

S �ZY:ø��=:ø	
�

Ê�bc 4.1+ 

bc 5. z£��st� (flow augmentation algorithm) (Yan= Young
 [49]

) �N^_'��

Ò�Ó+�§��QS Powell
 [50] 
4��	
��st����k9:I�í��

	
��st:� (least cost flow augmenting path)�tN^�]_ ()Ò�Ó)�

Ûu��>)Ò�Ó_st	rÒ�Ó_+ 

5.1 �[r� R�Ò�Ó4�� (root)+gh R6rv� Q®+ 

5.2 w\ Q®xrÙy�g��g� a�è�0�ê�gP�¹�^bc 5.6+ 

5.3 � ak9:®Í�l4���z����V^t b./�./5�brÙ b�

¹Ê�bc 5.2+ 

5.4 è b�gP�¹Êbc 5.3Z��rÙ b�è by�g¶7k Q®�¹gh b�

Ï{�� a�� bghk Q®�Ê�bc 5.3�Z��rÙ b�è by�g¶k Q

®�¹�^bc 5.5+ 

5.5 >!0|}cd���Ï{�íð>|}��z£��st�S�>|}®&

����~r|}+Ê�bc 5.3Z��rÙ b+ 

5.6 &�=Ï{�����4,-~�rN^_�è�HÏ{�*./���7

Q£�4'(��¹³Ìt9:®4r����	rÒ�Ó+ 

4.2 ������ (TA) 

Dueck= Scheuer
 [28] 
����Vl��®HýY�����VZI0S,��î��

V�S��k��V���tl�+���=���
 [39] 
t'A��V�t�`����

�'A��V+
BCt���=���
 [39] 
1�G`PA��V�µtY���V�=

���V��ó§�./ZIk��V��V�+ 

0�'A_�N�^S,bc�
BCS,1��[\)Ò�ÓI�uvÒ�Ó

®�Hz£��st��	Y�N^Ò�Ó�t+	S,+�µ�[\)Ò�ÓI�!�

è�±²Nm��¹W����0 m − n + 1 (m����n���) i�y@�

����_#îDE�×>#����!�+VWrö�Z�Golden = Skiscim
 [42] 
(£

SA�� TSPLM�QÄ n��k� swap�rÙ epoch��gh�®�ã�����V�

W���ZI+�m�!��M�Ï���VZI�tÏ�ñrÙ epoch���VÍ@�

è0Í�¹��?@n+�m��N�t��+Yan= Luo
 [2] 
�¬�§��Ñ£ epoch

�[_�ÔÕÉ���_�~������_ (�[�) G`�rÙ epoch+a>


BCÄ�[�� epoch = n� ���[���� n"2n"3n"�T����[�®

[ðS,¡«����É¢£��12�t>1�É���_+ 

56?@m��Yan= Luo
 [2] 
Qz£Ë|1�./?@ZI+�m��rZ¤Ê-� 

(iteration) 1��ÇZt8I���by0S,�y���� (no_update) 1�+
BC
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¬�§�¢£k
LMI�56ñ*C�-¦¹k�r®��+
BC¬ Yan =

Luo
 [2] 
4 TA��¦-
LM4�����(£'A��V 

0
T "����Ù� num"W�

��!��[�� epoch"Ê-� iter =y���� no_update T¬�+è¤Ê-�

(iteration) 1�?@m��¹>�48Øbc×�� 

bc 1.  `'A_�'Aij� 

1.1 cd�ÙPA_[\��V�ã�_��'A_+ 

1.2 G` 
0

T "num"iter"epoch"no_update+Ä count = 0"x = 0+ 

bc 2. [\�ã�����^-�� 

2.1 t³Ì�1������[_®[\���[ðS,¡«����uv�Ï

�Ò�Ó+ 

2.2 )���st�~r|}cdY�N^Ò�Ó��¯���V+ 

bc 3. ¢£Y���� 

3.1 ¯�∆E = Y_���V¥�Ï_���V+è∆E V�6��V¹l�>rY

_�è�6éT6��V�¹�t¦§��^bc 4+ 

3.2 èl�Y����¹ZY��V=�Ï_+ 

bc 4. è+�m�! (count > iter) ¹�¨��V 
i
T �x = x + 1�count = 0�I¹Ä 

count = count + 1�Êbc 2+ 

bc 5. è x > numÚ.���nz£X�¹�©�I¹Ê�bc 2+ 

XY�èty���� (no_update) 1�?@m��¹Iìbc 3.2 #uI count = 0

úÄ+bc 4�úÄ (count > iter)�#S� (count > no_update)+ 

4.3 ���� (GDA) 

GDAz£§���V= TA4Í���V1�7@�¶Û
�ÔÕ¾¿+rsk?@

+�m�!�¨ª«n��í�Y_���V¨6ª«n¹l�>r���¬4�¹7l

� (Dueck
 [30]

)+
BCkª«n�G`I�t�Ïí��>�_�Û��t>Û�I

®r»¼��ó§�ª«nPA=�¨�1�+èí�Y�_����V¨6�Ï�>�

_�¹ZY�Ï�>_=���V�a>ª«nNm¯°�¨��Y}��l��Ï�>

_4®r��V±²��_�×>§�N³´¾¿ TAz£��V���ó�§�!�N

m�µ	��V¶Ã�·�¸zY�_=�Ï�>_���VÍ�¹Á�&�+ 


BC(£'Aª«n�ó 
0

G "ª«n��Ù� num"W���!��[��

epoch"Ê-� iter=y���� no_updateT¬��è¤Ê-� (iteration) 1�?@m��

¹>��8Øbc×�: 

bc 1.  `'A_�'Aij� 

1.1 cd�Ù'A_[\��V�ã�_��PA_=�Ï�>�_+ 
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1.2 G` 
0

G "num"iter"epoch"no_update�Ä count = 0"x = 0+ 

bc 2. [\�ã�����^-�� 

2.1 t³Ì�1������[_®[\���[ðS,¡«����uv�Ï

_ (Ò�Ó)+ 

2.2 )���st�~r|}cdY�N^Ò�Ó��¯����V+ 

bc 3. ¢£Y���� 

3.1 ¯�ª«n G = 
*

0�G �Ï�>���V ( gV )�èY_���V (
n

V ) �6 G ¹l

m>rY_�è�6 G�¹�t¦§��^bc 4+ 

3.2 è 
n

V  �6 gV �¹ZY�Ï�>_= gV + 

3.3 èl�Y����¹ZY�Ï_=���V+ 

bc 4. è+�m�! (count > iter) ¹�¨ª«n
i

G "x = x + 1�Ä count = 0�I¹�Ä 

   count = count + 1�Ê�bc 2+ 

bc 5. è x > numÚ.nz£��¨�ª«nV�¹�©�I¹Ê�bc 2+ 

XY�èty���� (no_update) 1�?@m��¹Iìbc 3.3 #uI count = 0

úÄ+bc 4�úÄ (count > iter)�#S� (count > no_update)+ 

4.4 ��������	
�� (TTA) ���� (TGDA) 

��öº$_7Þ�³´a#�µ	rH�Í@12�»¼�t´uY���Ì

!�
BCDE½£2�� (TS) :;6��Vl��=�ª«�®+TS � Glover �

öð��6n�P���12�(£2�¾�k¦��g¿ØÀ��ghY���²�

Î3�7��Y�����Vr`î0S,��îY�127k2�¾�®��tZY�

a> TS ÁÀY_���VCTÉ���×>�7!Âvåæ��ã_+Glover
 [26] 
Qö 

��2�¾��Ã«�$_7Þ�Ä0°Å�»¼��ÆÇ®ÈÉ2�¾��Ã«� 7+

µ
BCLMk2�¾��ÊÈ=�M1�®�è�ghP�®��Ëz�¹7ht¬

ÌY���ZInÍ©�ègháÙ cycle ��]²��¹#îgh���Ò�Ó�Î�

µ×>�Ï�ÐÁ!�k�MI+a>�
BC¬ Yan = Luo
 [1] 
§��T����®  

�0�	��	
�&�Ir�6 0 = 1 4��³ÌÑ� ijP ��WY����×��   

�/� 

T���� ijijijij xcxf =)(  (4) 

Y���� 1 ijijijijij xcPxf 1)( =  (5) 

Y���� 2 ijijijijij xcPxf 2)( =  (6) 

 M  M  
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t�Ù7@����¯�@rÒ�Ó�gh�W�&V§�2�¾��¬V�è�

�®í��ËÙÒ�Ó�&����VêÍ@�¹./ËÙÒ�ÓÍ@�Ì!ÒÓ+
B

CQþ�7@���e�ÔÕ�^DE��"è���6 5!�C!µ	2�_�Ö.�

µU¸�ò6C���C0¬Ì2��×m�µk 5�tI�¹y�"0Ö.2�_�

&Ø��$_�ò6�Cã+�6 5�tI�DE�$W���VêÍ@�¶t 5��D

E!��k (a#È\2��Î=���!��k)�a>
BCkb�t 5�7@�e

�ÔÕ�^DE�~Wi��¢ 5�e�V�tcdÙÙ7@�����V+ 

Úõ��6Ò�Ó�#���� n−1i�¶�7#îX±z£ n−1i�Égh�

#�(��a>Ò�ÓI0NmèÛ����� 0�µk�-�Ür|}!�W�s

t|}I��4���Na>Nm� 0�à!µ	��VH�]�#�"$+a>�


BCk[\�uvÒ�Ó�^-��bc!�ghuv4��Úr|2�¾��./

ZIl�bÃ4��12+56>2�¾��Ã«�$_�>��¹#îutDEÝ`+

�-Iì�
BC0Ë|2�¾��r�2�Í@Ò�Ó�����VÔÕ�Þ�2�¾

� 1�Ç�2�#�_�2�ÔÕ�Þ�2�¾� 2+ 


BCrIìÇ2�¾��G`õ��¬ Glover
 [26] 
G{ßàÌ���~èY��

�_8Èk2�¾� 1�¶è���VNS,�Ï_�¹�l�>Y��+�-
BCÇ

2�¾�=ßàÌ��
BC2���:;×��
BCtÒ�Ó�Û
_��rY�

��_=2�¾� 1 �_Í@!�./í�PÜ�12��µè=�Ï�_ (2�¾� 1

®���_) Í@!�./á�#�_+a>��rY���_=2�¾� 1�_Í@!�

¶7Z#�!�¹r)ghßàÌ��I¹7�l�+�µ�èY���_=2�¾� 1

��Ï_Í@! (~�#�)�¹>!è-�4��k2�¾� 2®�¹./>�12

!W�PÜÍ@�Ò�Ó�a>�t2�+Í¬��è>!-�4��7k2�¾� 2

®./�_8�#�_�¶Y���Ò�Ó�7@�a>�z��_7¸Pâã��


BCäl�>#�_��12+VWrö�Z�kuv TS:;��b�TTA= TGDA

#H�rb�Y���12ZIk2�¾�4®�t./ZIl�>rY_�t0òó

Oå[ðNm7¦-���12+a>�> TTA= TGDATæ-�����8ç0è6

T
 TA = GDA �î��V�S��éY_���Vk��V��l��§��¶ä[

0 TA= GDAk�I���Vl��Þ+> TTA= TGDA�G¯e�- TS"GDAy

TS� ��NàéWCã�$_Bò+ 

�b�
BC(£'A��V 
0

T  (é'Aª«n�ó
0

G )"���� (ª«n��)

Ù� num"W���!��[�� epoch"Ê-� iter"y���� no_update"=2�

¾�Ã« tabu_numT1�¬��G¯ TTA= TGDA��8Ø�bc×�� 

bc 1.  `'A_�'Aij� 

1.1 cd�Ù'A_[\��V�ã�_��PA_+ 

1.2  `1�¬�V+ 

bc 2. [\�ã�����^-�� 
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2.1 t³Ì�1������[_®[\���[ðS,¡«����uv�Ï

�Ò�Ó+ 

2.2 )���st�~r|}cdY�N^Ò�Ó��¯����V+ 

bc 3. ¢£Y���� 

3.1 V� TAé GDA�1�./ZIl�Y���Z¹�^bc 3.2�I¹�t¦§�

�^bc 4+ 

3.2 �Y���7k2�¾� 1®�¶ghßàÌ��ék2�¾� 1��Ï_®�

¶7k2�¾� 2®!�¹l�>rY_�I¹�t¦§��^bc 4+ 

3.3 ZY2�¾�+ 

3.4 èl�Y���¹ZY��V=�Ï_+ 

bc 4. è+�m�!�¹�¨��Véª«n�I¹Ê�bc 2+ 

bc 5. è����éª«nz£X�¹�©�I¹Ê�bc 2+ 

������ 

��¢£xê�öð4���4Bò�
þ�8123¤���	
9:�t

ëìcd:9�Î�lÅt7@1�cdPA_�Ht7@Ì�1�S,1���b<-

íî«DEöð�ý�ï=¦£¬�+
BCz£ C++ ð�ñò���DE����DE

óô� K7-700 4ÙUëì+
�õ×��5.1 ùâDE9:4cdbc�5.2 DE

&���$_Bòy¦-�?@¬��5.3t 5.2�W��ã?@¬�DE��9:�

C&����4RÅ3+ 

5.1 ������� 

rsµ��6�-�ã�LM4¡��_�¬�4G`�é�C&����Bò�#

î0���9:�ö§�DE�a>÷øGùëìÓ°(��×m�Ëò9:cdú�

��tÑ��1�³ÌOcd��³Ì9: (randomized network)+DemeulemeesterTU 
[51] 

ö�7@���k7@Ü<=¬��W��Bò7@�a>kG¯³Ì:9tDE���

!�¢t7@Ü<y¬�V�³Ì9:�¥v+Ö× KlingmanTU
 [52] 
Qþ�úûLM"

�3	
(¥LM"y��	
�]LMTG¯P³Ì39:cdú�� (NETGEN) tD

E���Bò�Yan = Luo
 [2] 
þ�(¥LM�cdÇ�5
0123�(¥9:�^D  

E+ 


BC�9:cdúG¯1�EFÅ`9:�� n�t��Áû./9:�Ü<

��+�b[\rÙ�tR2�lÌó fP  1�ZI=�Â�+	���+	��¹

´uriR2�6Ë���@!³Ìcd�	
�� )( ijij xc  4e� ijc V+�R2+
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	��!t¬2�lÌó bP  ./ZIÈk¬2��èÈk¹cdÚr jic  V�¬2

�	
��4e�+µ��[\]^tcdÑ�1�³Ì[\��t�l±² s1�Ë

�Í����±²�èË�züýP s!�¹7�^��+�bH./>9:ZI�

�Ã3 (connected) 9:�è��Ã3�¹9:cdX	�è7��Ã3�¹./�0

�þ�	�Ùåæ�Ht³Ì[\7@åæ���^����µ+	9:�Ã4��+

>��Í�cd��`abc×�� 

bc 0.  `PAij�n" fP " bP "s+Ä i = 1�a = 2+ 

bc 1. ³Ìi^�� 

³Ì[\7Qþ[\���È6r�ÔÕ R®� iR  Ú.x iÙ�zü+ 

bc 2. +	���� 

2.1 j = i + 1  

2.2 t fP  ./ ji RR →  ZI�l�èÍ�l¹cd	
e� ijc ��t bP ./

ij RR →  ZIÍ��Í�¹Hcd jic V+ 

2.3 j = i + 1�è nj ≤  
 sj ≤−1  ¹�^bc 2.2�I¹ i = i + 1��^bc 2.4+ 

2.4 ni <  ¹Ê�bc 2� ni ≥  ¹�^bc 3+ 

bc 3. ��9:ZIÍ��Z¹�©�I¹./bc 2 µ	 k Ùåæ�4���¶&

åæ�7Í���^bc 4+ 

bc 4. 9:+	Í�� 

4.1 kåæ a®³Ì[\�Ù�=åæ 1®³Ì[ð4�+	R2���Ht bP

./¬2��+ 

4.2 ´ubc 4.1+	�l4R¬2��� �³Ì�	
e�+ 

4.3 åæ a=åæ 1�-�Y�åæ 1�a = a + 1 

4.4 è a > k¹�©�I¹Ê�bc 4.1+ 

X	IìbcNW�r���01239:+cd�9:���=�	
��f

G{�#�=�#�tX	Xá�9:¥v�ö+�#�=�#�t³Ì1�cd�EF

[\r��� ��H�>��Yk9:®�]Move_Num�Í������b�]

���G`�#$��ÊÈ��g>Ë�+4b�H³Ìcd�#����u�Ë�

n)Èk��#��×>X	rÊ-bc+Í©tIbc Ass_Num Ê-b��NX	9

:��#�=�#�cd+�®r�xrÊ-� �tprÌó[\&�õ��ÂÊ-

� �4[\tÌó kP  ./[��¾���-Ìó*��gP��®[\�7�-

Ìó*��Ây�g�[\+�gP��./Q)��#�4�+�]��

Move_Num=WÊ�#�êtÑ�k&�G`�I���cd�Ass_Num¹t���t

r1��#��«�¬� D W��D V±²�6 0 ~ 1�kcd9:Ï `+>�#�c

d��`abc×�� 

bc 0. PAVG`�G` kP "i = 1"&��#�� 0+ 
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bc 1. [\� �� 

1.1 F× i = 1¹³Ì[\9:®��� ���g� ���^bc 2�I¹�^

bc 1.2+ 

1.2 cdrÙ 0 ~ 1�Ñ��è�6T6 kP �¹³Ì[\�gP���è�6 kP �

¹³Ì[�y�g��+ 

1.3 �g� ��i = i + 1+ 

bc 2. [\#$�� 

2.1 �� ��A�³Ì[\Í�4��]��]Move_Num�JK�JK!�]

�����x iÊ-#$�+ 

2.2 �g#$�+ 

bc 3. �u�#��³Ìcd�#�V�u5�#�I+ 

bc 4. è i≤ Ass_Num�¹Ê�bc 1�I¹�©+ 

t>1�cd�9:eÈk0N^_�N³´H_�&��d+��M
BC�öð

4�����¢��Bò�
BC£ÉDE�:9�0 10"20"50"100= 150T��

Ü<�Ü< 50"100 = 150 �9:&�<- 0.2"0.5"0.8 �Ù1��#��«�¬� D

V�µÜ< 10= 20�9:a��P	�DE DV� 0.5��#��«��
0 11|

9:+&7@��9:4��=9:�«�6. 2+�ÂG`V�×�	
e�G

`Vk 505 3004��WÊ-�#�k 15 1504�+Ö×d 3� 20Ù��¬� D = 0.5

�9:d�
BCt 20_0.5./�9:��%9:�t>¾¿1�./+ 

� 2  �������	��
� 

����� 10 20 50 100 150 

����� 17 47 220 730 1117 

���� (�) 17.0 11.8 8.8 7.3 5.0 

14
11

18

19

1

7
6

16

13
12

17

3

2

9
10

5

4

8

15

20

164

170

-56

51

-3

-38

-288

 

� 3  20_0.5 ��� 
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5.2 ����� 

�6�-�ã�����67@LM����¦£4?@¬�é07@�ë�67@

�9:|¾y9:Ü<�¬�����Nm»¼$_7Þ�a>ef�&?@¬��^D

E�t�míð8 =$_7Þ�?@¬�+VWXY�Z�
BC�öð�&åæ�

�¦£�?@¬��e��
LM��µ��56ZIm¢£6�ÂLM�¹#HutJ

\+ 

k&|�����¬�1�DEP�®�
BC��C&1�$W���V=� 

_��VÍ���tÖ����./����k¢£&_�k7@9:��J\Bò�Ö

�����./�1�¬�k�9:$_��6>+
BC�îöðN^�$_:

;�
��&���4?@¬��PbDE�íð¦£�¬�G`�56Z��=Z�Å

�DE¹N��bÃBC+ 

5.2.1 ��� 

�ÀÁÆÇN�"�åæ��$_7Þ='A_Íü��C>�'A_�A�!

0C>��6 (Yan= Luo
 [2]

)�a>
BCcd���PA_�[\�®��V�¨�_

�åæ�4'A_��t>'A_DE7@�����<-¬�G`��Y}�ê�@

r'��A��DEñ|���<-¬�!0C>��6+à
BCt��PA_cd

�cd 1,000 Ù_�[\�®�>�_�åæ���'A_��C��9:DE�W'

A_×. 3�/+�. 3�°/>'A_ä0Í��S,À�+ 

� 3  �������	
��� 

�� 100_02 100_05 100_08 150_02 150_05 150_08 �� 

����	
 33927.4 59815.5 70202.8 54988.8 98198.0 106113.1 70540.93

���� 10.0� 27.1� 30.8� 30.1� 32.2� 35.0� 27.5� 

������ (�) = (����	
���������������� �	
) −1! 

5.2.2 TA � GDA �����	
�� 

TA �Íî�?@¬����V»¼1��
BC¤�3»¼��1��µ'A��

V�G`1��k���=���
 [39] 
�BC®t'A:ø	
��`��� 0.2� ~ 1��

§�'A��V�Yan= Luo
 [2] 
¹t����V��]óÉ����V./�V���Z

��V�]¡«k��V4�ê�tl��a>
BC'A��V¤'ANl����V

�]�ó+ 

GDA= TA��èk6 GDA¤§����Vl�1��= TAÍ���V7@+µ

§����V~ª«n�G`1��
BCt�Ïí��ã���V�Û�uI>Û
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�tr�ó�W�V����ª«n�'Aª«n�'A_Nl�=�Ï�ã_��V�

ó+ 


BCtC��9:�Ûu�DE TA = GDA �?@¬��×'A��V"��V

��Ã«"W���!��[��+56ZI+�m�DEË|¬��xr��`Ê-

�"xÇ��I���b�ÃHS,���+&DE1�4?@¬�V�6. 4��6�

��1�e¤�`��4³Ì��à&1�Í©DE 3��\ 3�®�>r���6�

� TADE�64��VÖ�����6. 5�GDADE�64��VÖ����¹�6

. 6+ 

�DE�6�"�TAk 0.5�'A��G`V=��V��Ã«� 60�1� B0C

>��6�GDAk 0.39�'A��G`Vµ��V��Ã«� 100�1� E0C>��

6+TA��ã_�6ç 6 GDA�6+�®�a� GDAt�Ïí��>�_�Û�

Nta�>_�ZYµ�¡�¨ª«n������u°m�ò6+56 TA¹ �CÓ

�'A��VC	���V��Ã«0>��6+ 

� 4  TA� GDA����������� 

       "# 

��$% 
A B C D E F G H I 

��&'
 0.39 0.5 0.1 0.39 0.39 0.39 0.25 0.2 0.39 

&'
�()* 60 60 60 100 100 30 30 100 100 

+,-.� 2n 2n 2n n n n 2n 2n n 

/012� 30 30 30 10 50 10 50 0 0 

3�� 0 0 0 0 0 0 0 200 100 

� 5  TA�������� ! 

4  A B C D E F G H I 

100_02 0.0� 0.0� 0.0� 2.2� 0.0� 2.5� 0.0� 0.0� 0.0� 

100_05 0.0� 2.5� 0.9� 6.4� 4.3� 5.3� 4.7� 0.0� 3.5� 

100_08 0.0� 1.3� 3.3� 1.9� 1.1� 3.2� 1.9� 3.8� 5.7� 

150_02 3.4� 0.3� 0.3� 6.5� 3.2� 4.7� 1.3� 2.4� 4.7� 

150_05 4.0� 2.9� 2.8� 3.9� 1.0� 5.4� 2.9� 4.1� 2.6� 

150_08 2.5� 0.8� 0.7� 1.6� 0.0� 1.9� 1.8� 2.8� 0.7� 

�� 1.65� 1.30� 1.33� 3.75� 1.60� 3.83� 2.10� 2.18� 2.87�

������ (�) = (5��6��7�	
���������������� �	
) −1! 
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� 6  GDA�������� ! 

4  A B C D E F G H I 

100_02 0.0� 1.5� 0.0� 0.0� 0.0� 0.0� 0.0� 1.5� 1.6� 

100_05 4.8� 4.8� 4.8� 4.9� 4.0� 5.4� 1.7� 6.3� 0.9� 

100_08 1.9� 3.2� 1.2� 7.2� 1.9� 7.9� 1.3� 3.1� 2.9� 

150_02 2.2� 3.6� 2.4� 2.8� 1.4� 5.7� 1.6� 3.3� 2.9� 

150_05 2.5� 2.5� 2.6� 3.6� 0.8� 9.4� 4.7� 4.2� 0.7� 

150_08 2.3� 2.7� 0.7� 3.3� 1.8� 4.0� 3.1� 2.9� 4.1� 

�� 2.28� 3.05� 1.95� 3.63� 1.65� 5.40� 2.07� 3.55� 2.18�

������ (�) = (5��6��7�	
���������������� �	
) −1! 

 

5.2.3 TTA � TGDA �����	
�� 

�6>Ë|1�Z�õk TA� GDAI�a>¬�����¸= TA� GDAÍ@�

���'A��V"��V��Ã«"W���!��[��"Ë|m�DE¬��`

Ê-�=�I���b�ÃHS,�����´ur�2�¾�Ã«£t�ý¦£42�

¾�Ã«+&DE1�4?@¬�V�6. 7 (XY��6�-ò¢�DE�6. 7¬�=

. 4 ¬�7@)�TTA DE�64��VÖ�����6. 8�µ TGDA DE�64��

VÖ����¹�6. 9+ 

�DE�6N��TA= GDAuv2�ÔÕb1�Ní�C��Ö�{pV+VWX

Y�Z TTAk2�¾�Ã«� 3 (1� G) !�Crs2�¾�Ã«� 7é�6 3�1�

I�0C>�$_�6�Nm�Tak6�2�¾� 1È07	#�_�µCk�2�¾

�Nl�CÁ�#�_�12�àN´u�±²+ 

� 7  TTA� TGDA����������� 

       "#

��$% 
A B C D E F G H I J 

��&'
 0.5 0.5 0.5 0.5 0.5 0.5 0.39 0.39 0.39 0.39

&'
�()* 60 100 100 30 100 100 100 100 100 100

+,-.� 2n n n 2n 2n n n n n n 

/012� 30 10 50 50 0 0 50 50 50 50 

3�� 0 0 0 0 200 100 0 0 0 0 

89:()* 7 7 7 7 7 7 3 4 5 6 
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� 8  TTA�������� ! 

 A B C D E F G H I J 

100_02 0.0� 2.2� 0.0� 0.0� 0.0� 0.0� 0.0� 0.0� 1.5� 0.0�

100_05 0.6� 5.1� 3.7� 5.1� 3.3� 2.6� 3.8� 6.1� 3.7� 3.2�

100_08 0.4� 2.7� 3.7� 3.8� 3.8� 2.2� 0.0� 2.8� 1.4� 3.9�

150_02 2.8� 0.3� 0.0� 3.6� 1.6� 4.9� 0.3� 4.5� 2.2� 0.3�

150_05 5.8� 2.5� 4.3� 0.6� 3.2� 3.6� 0.8� 3.0� 3.3� 3.2�

150_08 3.0� 2.5� 2.0� 2.3� 0.5� 3.2� 1.3� 2.9� 0.6� 1.0�

�� 2.10� 2.55� 2.28� 2.57� 2.07� 2.75� 1.03� 3.22� 2.12� 2.10�

������ (�) = (5��6��7�	
���������������� �	
) −1! 

� 9  TGDA�������� ! 

 A B C D E F G H I J 

100_02 0.0� 1.5� 0.0� 0.0� 0.0� 0.0� 0.0� 0.0� 0.0� 0.0� 

100_05 5.4� 5.0� 0.0� 5.6� 5.1� 2.2� 0.3� 2.0� 0.0� 1.8� 

100_08 1.9� 2.7� 3.1� 6.7� 5.3� 4.5� 4.4� 6.2� 1.1� 1.9� 

150_02 0.3� 5.3� 0.3� 0.3� 0.3� 0.3� 3.6� 5.7� 0.3� 2.9� 

150_05 3.2� 4.7� 4.0� 2.9� 0.0� 3.4� 2.1� 4.1� 3.1� 2.9� 

150_08 2.4� 3.5� 0.2� 1.4� 0.7� 0.2� 1.0� 0.9� 3.2� 1.3� 

�� 2.20� 3.78� 1.27� 2.82� 1.90� 1.77� 1.90� 3.15� 1.28� 2.20�

������ (�) = (5��6��7�	
���������������� �	
) −1! 

5.2.4 ����� 

�6Ïì&åæ�$_1��DEP�=�6�
BC��ðt��3� 

1. 
BCþ�8129:�<-�[\=��st�TÒ�Ó+	��-�:;�(

£�-�ã�¡�_�É$_¤��	
���9:�]LM�a0#�"$�d�H

uv2�1�1�b$_��60S,+ 

2. �6t³Ì�[�®�ã�-�����V��1��W���!7�t±²�

§��[_+èW���DEÐÁ�NmÏ�PÁ�!�kDE|}=��stb

c+ 

3. 2�¾�7r`#G`ÐÃ�Ck�2�¾�Nm��12��C	����Ö×)

DE�6�TTAt2�¾�Ã«� 30C>��6+ 

4. �
BCöð�ê|åæ��� TA"GDA"TTA = TGDA &�<-¦£41��t    
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��VÖ����°/DE�6��=PA_��VÖ����r@�6. 10+�®t

TTA<-1� G�ò6�ã�{pÖ������� 1.03�+Úõ�TA C GDAã�

TTAC TGDAã�TA= TGDAÍ�+ 

5. ��rb�C
BC�������
BCÑ£ LINGO7.0�;ÜÝ�Ø�^$_�$

_�6�6. 10+XY��6
BCLM�r non-convex )�3ÜÝLM�àÈ0Á

�åæ�ã_�a>��Ø�$W��6Nm��r ²�ã_ (>�ùârs)�3

ÜÝ��ã��ØH�Å[$W non-convex LM��ã_)+�6°/ê|åæ���

�$_�6pC LINGO�ã�ÍC4��LINGO�{pÍ�Ö�!� 10.52�+Úõ�

LINGO W��$_!�!k 2 ~ 20 "��µ
BC&���W�$_pNk 20 ~ 100

"�X	�°/�
BC�DE�LMÜ<�Ç*p80=>�$_òó+8 LINGO

�$_!�Ck (tÜÝLMµ��>T�#$N%;)�¶Í����VÖ�Ð��   

äC7¦-$_> non-convexLM+ 

� 10  ��	
�"#$%��&'�(��� 

��� 
������� 

��� �	
 
;�� TA TTA GDA TGDA LINGO

"# < < B G E C < 

100_02 30848.7 10.0� 0.0� 0.0� 0.0� 0.0� 10.5� 

100_05 47058.1 27.1� 2.5� 3.8� 4.0� 0.0� 10.1� 

100_08 53664.0 30.8� 1.3� 0.0� 1.9� 3.1� 14.9� 

150_02 42273.1 30.1� 0.3� 0.3� 1.4� 0.3� 11.2� 

150_05 74286.7 32.2� 2.9� 0.8� 0.8� 4.0� 13.5� 

150_08 78608.1 35.0� 0.8� 1.3� 1.8� 0.2� 9.1� 

�� 54456.5 27.53� 1.30� 1.03� 1.65� 1.27� 11.55� 

������ (�) = (5��6��7�	
���������������� �	
) −1! 

5.3 ��������	 

��9:® 10_05= 20_05ËÙ9:)U&$\�
BC�W����Vê�>ËÙ

9:��ã_��V��®�k 20_059:®�LINGO	N$W�ã_�×. 11�/+

Úõ�&åæ����$_�6�pC LINGO �ã�°/
BC�������k$

�ã_I�Pbò69ã+ 
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� 11  )	
�"#��&'�(��� 

��� 
������� 

��� �	
 
;�� TA TTA GDA TGDA LINGO

"# < < B G E C < 

10_05 4639.6 0.4� 0.0� 0.0� 0.0� 0.0� 19.3� 

20_05 19756.8 0.9� 0.0� 0.0� 0.0� 0.0� 0.0� 

50_02 12883.0 7.5� 0.0� 0.0� 0.0� 0.0� 3.0� 

50_05 25733.1 14.7� 3.5� 0.0� 4.1� 3.5� 3.5� 

50_08 38494.7 24.5� 1.8� 3.0� 0.0� 1.8� 1.8� 

�� 20301.44 9.60� 1.06� 0.60� 0.82� 1.06� 5.52� 

��"# 10_05= 20_057���� (�) > (5��6��7�	
��?�	
) −1! 

@A"#B���� (�) = (5��6��7�	
���������������� �	


) −1! 

������� 

6.1 
� 

'@Ik�(¥	
!��$A���Át�3	
ÉA�<���µJKI(�

(�	
 ³���´uµ)0»¼�·¸(�	
��~8(�)*Ü<�3�a>&

'((�	
 ³(���µ	��½ (concave)+
BC���kþ�¤���	


�'(LM���0òó�_��t	
���1��OP'(���0� ��� �

(�5�0#$�I+ 


BCF��;Ô������	
4(¥LM=�-�ã�LM�ü�3�V�

��	
�3��0ò�'A_��H¬Y�����®���Vl��=�ª«

�ty2��:;��� TA"GDA"TTA"TGDA TêÙ¦£
LM�S,_��t

$_¤���	
��	
9:�]LM+�DE&����Bò�
BCÚG¯r³

Ì9:cdú�cd��9:�Î�^DE��6=>+
BC�-�0DENW��$

ÙCÍî��ý� 

1. 
BCLM8�7Zrsá��-�ã�LM�¶k�ã_	�ß�_yá�_��3

��	NÑ£�-�ã��¡��_��<-ëì¯°(��z£Y�0ò����

��× TAy GDA�t0òóíð&ß�_��µ$W�¿�ã_+ 

2. �69:LMk��P�® !�d#�"$�a>Ñ£����$_!��>uv

+K#�_�Ì��t¼	7eî�DE��+×
BCk TA y GDA ®uv+K#

��2��:;�G¯ð TTAy TGDA�)DE°/�$_7Þ�ÅpC TAy GDA

�ã+�®�ët TTA�ò6�>+Úõ�&���= LINGO�;ÜÝ�Ø�DE�



��������������� !"#$%&'�

�303� 

6Í�C�&����$_!�8çC LINGO �Ã�¶&����$_7Þêâ°C

LINGO�ã�
$_ä8òó+°/k"0�_�®�
BC������ò69ã+ 

3. ³Å9:��Ü<�´ué³Å�#��«�´u�&��� CPU !�0´u�

,-�¶ CPU !�!���é�#��«º�3»´�üe�./$_!�7!

³LMÜ<�¡«�ºú�	Ã+t
BCDE�LMÜ<µ��DEòóp¹ã�~

ztC��9:µ��&���W�$_pNk 20 ~ 100"�X	+$_�7ÞI�t

�9:�RÅ3DE°/�
BC�����pNí��ã_+ 

6.2 � 


BC�6yÉNH.ÃBC�12�ÈÉ×�� 

1. �6
BC�FG������ ijij xc ¾����	
���é���HI�T�ê

NkyÉ/0µ�^Z¨v���+�®��6�Â��4��	
���¢Nt¾¿


BC��4����^$_��µ¦£4?@¬�¹Nm7@�#îH�rbDE+

Úõ��0���I�49:�kN^Ò�Ó�õÈI�#î�¦��QR�µ>

�!»¼'A_=S,_�G¯�568Ø�§�NkyÉ.Ã��+ 

2. 
BCt³Ì9:cdúÉcd7@Ü<�9:��®���9:)�U&(�J\�

ÅJNt>$W�ã_�µ��ÂC���9:��Ï��
BC�ö�&���ty

LINGO�;ÜÝ�ØÍ�C$_�6�yÉN½£�Â�$_1� (×�12��) $

I��_�tM\
BC����$_Bò+ 

3. 
BCÑ£ TA= TGA��- TS:;��êÙ�����^$_�yÉN.Ã��

�Â�-�ã�1��× TSé GA�t�^$_��C�$_Bò��#+ 

�	
� 

1. Yan, S. and Luo, S. C., “A Tabu Search-Based Algorithm for Concave Cost Transportation 

Network Problems”, Journal of the Chinese Institute of Engineers, Vol. 21, 1998, pp. 327-335. 

2. Yan, S. and Luo, S. C., “Probabilistic Local Search Algorithms for Concave Cost Transportation 

Network Problems”, European Journal of Operational Research, Vol. 117, 1999, pp. 511-521. 

3. Ahuja, R. K., Maganti, T. L., and Orlin, J. B., Network Flows, Theory, Algorithms, and 

Applications, Prentice Hall, Englewood Cliffs, 1993. 

4. Garey, M. R. and Johnson, D. S., Computers and Intractability: A Guide to the Theory of 

NP-Completeness, WH Freeman and Co., San Francisco, 1979. 

5. Larsson, T., Migdalas, A., and Ronnqvist, M., ”A Lagrange an Heuristic for the Capacitated 

Concave Minimum Cost Network Flow Problem”, European Journal of Operational Research, 

Vol. 78, 1994, pp. 116-129. 

6. Sheffi, M. J., Urban Transportation Networks: Equilibrium Analysis with Mathematical 



������� �	
	�� ��� ���
	����

�304� 

Programming Methods, Prentical-Hall, 1984. 

7. Zangwill, W. I., “Minimum Concave Cost Flows in Certain Networks”, Management Science, 

Vol. 14, 1968, pp. 429-450. 

8. Gallo, G. and Sandi, C., ”Adjacent Extreme Flows and Application to Min Concave Cost Flow 

Problems”, Networks, Vol. 9, 1979, pp. 95-121. 

9. Rech, P. and Barton, L. G., “A Non-Convex Transportation Algorithm”, E. M. Beale, Ed., 

Applications of Mathematical Programming Techniques, 1970. 

10. Gallo, G., Sandi, C., and Sodini, C., “An Algorithm for the Min Concave Cost Flow Problem”, 

European Journal of Operation Research, Vol. 4, 1980, pp. 248-255. 

11. Jordan, W. C., “Scale Economies on Multi-Commodity Networks”, GMR-5579, Operating 

Systems Research Dept., GM Research Laboratories, 1986. 

12. Blumenfeld, D. E., Burns, L. D., Diltz, J. D., and Daganzo, C. F., “Analyzing Trade-Offs between 

Transportation, Inventory, and Production Costs on Freight Network”, Transportation Research, 

Vol. 19B, 1985, pp. 361-380. 

13. Hall, R. W., “Direct Versus Terminal Freight Routing on Network with Concave Costs”, 

GMR-4517, Transportation Research Dept., GM Research Laboratories, 1983. 

14. Thach, P. T., “A Decomposition Method Using a Pricing Mechanism for Min Concave Cost Flow 

Problems with a Hierarchical Structure”, mathematical Programming, Vol. 53, 1992, pp. 

339-359. 

15. Guisewite, G. M. and Pardalos, P. M., “A Polynomial Time Solvable Concave Network Flow 

Problems”, Networks, Vol. 23, 1993, pp. 143-147. 

16. Yaged, B., “Minimum Cost Routing for Static Network Models”, Networks, Vol. 1, 1971, pp. 

139-172. 

17. Balakrishnan, A. and Graves, S. C., “A Composite Algorithm for a Concave-Cost Network Flow 

Problem,“ Networks, Vol. 19, 1989, pp. 175-202. 

18. Amiri, A. and Pirkul, H., “New Formulation and Relaxation to Solve a Concave Cost Network 

Flow Problem”, Journal of the Operational Research Society, Vol. 48, 1997, pp. 278-287. 

19. Nourie, F. J. and Guder, F., “A Restricted-Entry Method for a Transportation Problem with 

Piecewise-Linear Concave Cost”, Computer & Operations Research, Vol. 21, 1994, pp. 723-733. 

20. Dukwon, K. and Panos, M., “Dynamic Slope Scaling and Trust Interval Techniques for Solving 

Concave Piecewise Linear Network Flow Problems”, Networks, Vol. 35, 2000, pp. 216-222. 

21. Suwan, R. and Sawased, T., “Link Capacity Assignment in Packet-Switched Networks: The Case 

of Piecewise Linear Concave Cost Function”, IEICE Trans. Commun., Vol. E82-B, No. 10, 1999. 

22. Kuhn, H. W. and Baumol, W. J., “An Approximate Algorithm for the Fixed-Charge 

Transportation Problem”, Naval Res. Logistics Quarterly, Vol. 9, 1962, pp. 1-16. 

23. Glover, F. and Laguna, M., Tabu Search, Kluwer Academic Publishers, Massachusetts, 1997. 

24. Osman, I. H. and Kelly, J. P., “Meta-Heuristics: An Overview”, Meta-Heuristics: Theory & 

Applications, Kluwer Academic Publishers, Boston, London, Dordrecht, 1996, pp. 1-21. 



��������������� !"#$%&'�

�305� 

25. Glover, F., “Tabu Search, Part I”, ORSA Journal on Computing, Vol. 1, No. 3, 1989, pp. 190-206. 

26. Glover, F., “Tabu Search, Part II”, ORSA Journal on Computing, Vol. 2, No. 1, 1990, pp. 4-32. 

27. Kirkpatrick, S., Gelatt, C. D., and Vecchi, M. P., “Optimization by Simulated Annealing”, 

Science, Vol. 220, 1983, pp. 671-680. 

28. Dueck, G. and Scheuer, T., “Threshold Accepting: A General Purpose Optimization Algorithm 

Appearing Superior to Simulated Annealing”, Journal of Computational Physics, Vol. 90, 1990, 

pp. 161-175. 

29. Goldberg, D. E., Genetic Algorithms in Search, Optimization, and Machine Learning, 

Addision-Wesley, Reading MA, 1989. 

30. Dueck, G., “New Optimization Heuristics: The Great Deluge Algorithm and the 

Record-to-Record Travel”, Journal of Computational Physics, Vol. 104, 1993, pp. 86-92. 

31. Charon, I. and Hurdy, O., “The Noising Method: A New Method for Combinatorial 

Optimization”, Operations Research Letters, Vol. 14, 1993, pp. 133-137. 

32. ��������	
����������������������� !"#$

%�&'()*������+,-�+./�012345�6 103-1297 

33. ����819�����	������ TSP� !"#*�����	
����

�������0123:5�6 283-2927 

34. ����;<=�����	"#
���>?����� !$%*��������

+@3:-�+@/�0123:5�6 253-2807 

35. Gu, J. and Huang, X., “Efficient Local Search with Search Space Smoothing: A Case Study of the 

Traveling Salesman Problem (TSP)”, IEEE Transaction on Systems, Man and Cybernetics, Vol. 

24, 1994, pp. 728-739. 

36. Reeves, C. R., “Improving the Efficiency of Tabu Search for Machine Sequencing Problems”, 

Journal of the Operation Research Society, Vol. 44, No. 4, 1993, pp. 375-382. 

37. Booker, L. B., “Improving Search in Genetic Algorithms”, L. Davis, Ed., Genetic Algorithms and 

Simulated Annealing, Pitman, London, 1987, pp. 61-73. 

38. ABC�	DEFGHIJKLMN!$%*�1ODPQRSTUV$%WXYZ[�

0123,5:\7 

39. ����;<=�	
���� TSP� ]!"#*��������+@34-�+

@/�012345�6 163-1887 

40. ����^_`�	TA� GDAabcdN�� VRPTW� ]!"#*�D�01+e

fghi�$jk�012325�6 83-927 

41. l]m�nop�ABC�	GHIJqrKsMNtB?�!$%uvDEFGHIJ

qrwKsxy*��������+.3z-�+z/�01,3z5�6 143-1707 

42. Golden, B. L. and Skiscim, C. C., “Using Simulated Annealing to Solve Routing and Location 

Problems”, Naval Research Logistic Quarterly, Vol. 33, 1986, pp. 261-279. 



������� �	
	�� ��� ���
	����

�306� 

43. Robuste, F., Daganzo, C. F., and Souleyrette, R., “Implementing Vehicle Routing Models”, 

Transportation Research, Vol. 24B, No. 4, 1990, pp. 263-286. 

44. Alfa, A. S., Heragu, S. S., and Chen, M., “A 3-opt Based Simulated Annealing Algorithm for 

Vehicle Routing Problem”, Computers and Industrial Engineering, Vol. 21, 1991, pp. 635-639. 

45. {|}�	M~���>?���V!�j*���������	���������

��0123.5�6 185-1927 

46. Sinclair. M., “Comparision of the Performance of Modern Heuristic for Combinatorial 

Optimization on Real Data”, Computer & Operations Research, Vol. 20, No. 7, 1992, pp. 

687-695. 

47. Hu, N., “Tabu Search Method with Random Moves for Globally Optimal Design”, International 

Journal for Numerical Methods in Engineering, Vol. 35, 1992, pp. 1055-1070. 

48. ����	�������gh� cdN?�!$%*�1ODPQRSTUV$%W

XYZ[�012345:\7 

49. Yan, S. and Young, H. F., “A Decision Support Framework for Multi-Fleet Routing and 

Multi-Stop Flight Scheduling”, Transportation Research, Vol. 30A, 1996, pp. 379-398. 

50. Powell, W. B, “A Review of Sensitivity Results for Linear Networks and a New Approximation 

to Reduce the Effects of Degeneracy”, Transportation Science, Vol. 26, No. 3, 1992, pp. 

230-245. 

51. Demeulemeester, E., Dodin, B., and Herroelen, W., “A Random Activity Network Generator”, 

Operations Research, Vol. 41, No. 5, 1993, pp. 972-980. 

52. Klingman, D., Gelatt, C. D., and Stutze, J., “NETGEN: A Program for Generating Large Scale 

Capacitated Assignment, Transportation, and Minimum Cost Flow Network Problem”, 

Management Science, Vol. 20, 1974, pp. 814-821. 

 


