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Abstract 

This research focuses on the modeling and solution technique of Pickup and 

Delivery Problem with Time Windows Problems (PDPTW). We first formulate 

PDPTW as a set partitioning model.  This model takes customer requests, service 

precedence, time windows, vehicle capacity, and working time into account.  The 

objective is to find a set of feasible routes with minimum cost. 

A column generation based heuristic method is developed to solve this model. A 

shortest path problem with multiple side constraints is formulated as the sub-problem 

in order to find columns which could improve the objective function of the master 

problem.  We also propose a modified Dijkstra’s algorithm to solve this shortest path 

problem.  

Numerical experiments indicate that the proposed solution method is sound and 

promising. The testing results also demonstrate that this method is good for large 

scale problems. 
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( � �� �Á * � �/ � �� ��» \ N ( � �� �� .�J < � �� ! � 0 » ���L

M\� � � ¼ I �� ¸ � � � º� O $ � �1 � * ��� � º � .� � � º § Ì ¼ I �

% �J < � �� ! Î F þ ¼ I �� � º�l�J 7 O � Ô µ y � U M < � ���ª �

2.142.2 ���m § % �J < � � � ! Î F þ ¼ I � � � º �l7 . � � � � ü �C W�
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ª� 2.3 ��� * � � / � �l �  J K � � � C W � 0 » � � �L M \�u { ¼ I �

� ¸ � � � º �¼ I � � � º �J ] } H { ¼ I � � � º �$ à �¼ I � � � º �J ]

} H. ¼ I � � � º �t J ] � � � C W	H{ � � Ô µ y ¸ � ü � U M �ª� 2.44

2.5 ��$. � � � \� � � �� � �� �l� � �J N ( � � � �� �J � � � <

� 	À� T J U M � ! ¼ I � p q �� � � ! � ( � *)�F ! { O T J U M 0 � � �

ª� 2.142.2 § � ] $ 

 

� 2.1 N ( � � � � � ] �  

 

� 2.2 N ( � � � � � ] �  
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� 2.3 N ( � � � � � ] �  

 

� 2.4 * � � � 
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� 2.5 * � � � 

} � � . / � � ] �« �� Y ÀHO w O = �� � ¹ � \ � � N PDPTW � �$�

^ N � õ 1 " ��1 2 " ' ( �Û N={P1,P2,…,Pn,D1,D2,…,Dn}� » \ Pk � \ � k � �

*�� � � º �Dk � \ � k � � *�� � � º $Û P={ P1,P2,…,Pn } � \ � � � º ' ( �

D={ D1,D2,…,Dn }�� � � º ' ( �¡ N � �� º Ñ Á� N å � 7 �� � � º ! � �ª

(P1, D1)���t P�D=N�|N|=2n�|P|=|D|=n�� Ô n N � º ! � $ � � � º t∈N À

Ô N � � ¼ I �	
� [Et,Lt]Á�6 ü T 7 8 Wi� » \ Et � \ � � ¼ I � º t�F � 	


� � û F � 	
�Lt � \ � � ¼ I � º t�F � 	
� � û F � 	
� % � º t∈P l

Wi>0� m § % � º t∈D l Wi<0$ � º i » � º j �   I 	
l O tij \ �� ) u �K

¹ � Z ¡ * �¼ I � º � 2 �	
· B ý 9 tij\�} D ¼ ½ @ 5 �/ 0 �g  � K - ¢

�J & ¼ I £ � � � ! � ( � *)�� � � º ¤ ¼ I � � � º �� tji^�M� » \ j∈D�

i∈P�(i,j)= (Pk, Dk)�M�� N ¥ z �� � �û Ö À I L M , - 	} * Ù Ú » X à �L M $

F ! Û V � \ Hw �J K ' ( �|V|=m� �J § µ y � C$ 

2.2 �������� PDPTW � � � �� � � �� � � �� � � �  
. " # PDPTW � �	�H 
 � � �@ A Á�^ @ A � � � N � � � � � ! { W

¦ � v ( �# S m " # �ª Xu et al. [4]4Lau et al. [5]4 Gronalt et al. [9]4Avella et al. [12]

? À û w 4 ¹ � � » \ Xu4Gronalt � Avella ? ; � � C �� � �� § P � �L M

(route/tour)�� : L M ¨ Ù Ú 	l � 7 �� § P � l� 1�m § l� 0�4 � � �� � À

Î l Õ � Ô �1 � * Ñ Î ¨ ¹ º  u { � | �� � �G 4 § ê XuÁ Avella�� � Õ ^
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� L M � Î G YJ K � ��  � Gronalt �� � l^� K � ` 	
ï ��  � ¾ ª �

� � � ��	
� �  4Í � º © 3 
�   I 	
�  4L M � Z   	
�  ? $é ê

Lau � � C �� � �� § P � l � \ L 7 (arc/link)�� : L 7 ¨ Ù Ú 	l � 7 �� § P

� l� 1� m § l� 0�^� ��  8 ª l Õ � Ô �1 � * Ñ Î ¨ ¹ º  u { � | 4�

J Î � � � < �   F � Î 0 » � � 4�J µ y O | 5 & �  (Precedence Constraints)	


� �  ? $nO ï �� � � � Hs �PDPTW � �H� � E + � , - (Integer Programming)

� � ! " # �O = O Avella et al. [12]� � C � PDPTW � � � ¾ � 

Min  ∑
=

cn

j
jj xc

1

 

S.T.  1
1

=∑
=

cn

j
jij xg � oni ,...,1=   (2-1) 

 k

kb

kaj
jj Txc ≤∑

=

)(

)(

� tnk ,...,1=   (2-2) 

         { }1,0∈jx   

» \ xj� � � P � �� L M j ¨ Ù » 	 xj=1� m § xj=0�cj�L M j�	
E � �

nc�HI �L M � � � « � P � �(Column) � � �gij� � � ¬ � �� �1 � * i �L M

j �¹ º 	 gij=1�m § gij=0�nc(k)� � k K J �HI L M � � �Û a(k)= nc(k-1)+1�b(k)= 

nc(k)�no��1 � * � � �nt�J K � � �Tk�J K k�F z C D 	
$(2-1) � �� "

¡ N �1 2 " ¤ Î ¨ £ J K ¹ º » � u Ô � | �(2-2) � � " ¡ R J � C D 	
} H c

Z F z C D 	
$t # � PDPTW � �	H& �� �� � �+ � , - � � m " # �+

4 � � � �Y= . G © \� � " # + � , - � ��# S Á# � �� �$ 

2.3 PDPTW ������������������������ 
nY�J � � I �� � �L M � Y�1 Ã 9 � ´ � { è Á9 : ; < �1 � � � Ô

F þ  T z � á â �+4 å � �k l # S } u . � ® ï Ô # � � �� ¯ vÝ �. ° º ï

ë { Ô � 7 w m � · ü 5 � ��1 ¹ º �t � ± O m � F � � ` � " ² 9 � � � � � ß

�§ � [1][2][3][4][5][8][9][10][11][12][14][16]$ 

nï � © Hs . " # PDPTW � �	�H�� �� � E + � , - � �  ! " # � 

� Ì " # + � , - �# S H) �Í z x �� �F C # # S (Exact Solution Method)�é �

l�V W� # S (Heuristics Algorithm)�» \F C # # S O ) ³ � � S (Branch-and-Bound 
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Method)�z ´ ��  ô n µ ¼ PDPTW � � ¶ Y NP-Hard � �[5]� % û w F C # S "

# z ` u { ± | , � ; G �� ��  " # Z [ Î ð É z y �1 l 	
�) u � S . Ô �

�	
´ ´ Ö F C # �+4 ) u } * / 0 O F C # S m " # PDPTW � ��·  � § �

� � û w V W� # S �{ � . ; b �	
´ ´ Ö � � } ~ � � ¸ F C # �t � v ï � `

� � " À � w V W� # S m " # PDPTW � �[3][5][8][9][14][12][16]$� � � �Y 2.4

G © 0 � �� �� � �+ � , - � � ! � w F C # T U �k l S m " # § å � �

v�Y 2.5 G © 0 � PDPTW�V W� # S Á# � �� �$ 

2.4 � � 	 
 � �� � 	 
 � �� � 	 
 � �� � 	 
 � � �� ���� ���� ���� �� 
n 2.2 G © Hs . " # PDPTW � �	�H� � E + � , - � �  ! " # �t � G

© & � � " # + � , - �å � � vÁw m # � �� � D � 0 � � 

Gademann and Velde [11] � � �� ��� � * ) ¹ ± | �. � I ) º � » ¼ \� s

� Ô Q � � O   I 	
 F G � � �$ : � � % & � C : � ��1 l 	
 � � Ý

(Computational Complexity)�g µ ¼ : � � ¶ Y NP-Hard � �� O � % { � �  ¡ ¹ |

} 8 ª c Z Í N � * O ï lHO . ` Q � 	
(Polynomial Time) ´ # � $§ ! � : � �

W ¦ K � ? branch-and-price F C � k l S m # � : � ��� 4 & � : � �� � �� ú

�' ( ) * (Set Partition) � �� ! û w P � Q R S (Column Generation) m " # ' ( ) *

� �� � A , - ½ ¾ (Linear Programming Relaxation)�n ° � q r ½ � F C � k l S �

¿ � Û ; ¶ � $ 

Sung and Hong [1] � � � N ` T 3 � L M (Multicast Routing) � ��. 4 � �\ � À

Ñ Î � m � 3 (Source Node) 3 � � ` N � �3 (Destination Node)�g   B C . ) � Á L

\F G �E � Â �» \� Ô ) � © � � Ã Â Ø � Ä & w Å �$D " � 4 � �O + � , -

� � \ ��� w branch-and-price k l S " # F C + � # �% & � w å � �� �@ A m

í L # T 
�{ û w P � Q R S m " # 0 ô í L # T 
� � A , - ½ ¾ �F ! � C � ?

) ³ § Æ · Ö + � # �n ° � q r ½ �: k l S HO . ( | �	
´ # � ° Ç z G ��

�$ 

Savelsbergh [10] � � � ú � � � � �(Generalized Assignment Problem)�: � ��B

C ª« �` N � º � � w ` N � | ; �û Ö � È F z � �� � ¹ � �$ 	 Ñ Î l Õ ¡ N

� º u ¨ � � w � N � | ; �  } Ö r m ¡ N � | ; �µ y �  $D " � C � ? n �k
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l S m # � : � ��û � branch-and-price�% & � : � � É �� ú �' ( ) * � ���

� � + � , - � �� D " � � K � ` ) ³ � § Æ O û Ö . ) ³ � � Â \

(Branch-and-Bound Tree)�¡ N © 3 HO û w P � Q R S � ² n Ê ( P � Q R S Á) ³

� � S m " Ö F C + � # $ 

Barnhart et al. [2] � � � Ô z y P � � + � , - � �� 8 d � ú � � � � �

(Generalized Assignment Problem)Á; < � > � �(Crew Scheduling Problem)�� ú � �

� � � 0 Yï � � � v � � Z �. 4 } { Ë � � ; < � > � � Æ H û � ! � � �

(Pairing Problem)�� � �¡ R : � u ) � w � N ; < �� ��: � HO � Ì : 4Ã J 4

� 1 Í J 4 Î J ? $ D " û w P � Q R S Á) ³ � � S m # � X x z L �+ � , - �

��. ) ³ � � Â ï �¡ N © 3 ï } � Q R P � � � µ ¼ � A , - �F C A �$ 	 D "

ë � � K P � Q R S Á) ³ � � S . ¼ I ï � ß ��ª) ³ § Æ O | # � � A , - ½ ¾

�Ô � ¹ � $ 

� ï � � v\Hs P � Q R S u ¨ w m " # P � ` �� � , - � ��+4 O = Ï Ð

« Ñ P � Q R S O | # �� ¥ V § [ $P � Q R S � nDantzigÁWolfe Í � � " Y1960

� � � C �¹ S �Æ û � Dantzig-Wolfe Decomposition[17][18]$e � Ò � �� w � A ,

- \�� Ó | � (Dual Theory) m Q R � Yc d � f Ø Ô ¯ v�P � (Column)�O � F ð

É ~ z �	
m Ô Õ ß Ô ¯ v�P � $+4 �P � Q R S u w Y# � � Ô ~ z P � � �

A , - � �(Linear Programming Problem)�u ¡ �ª' ( Ö × � �(Set Covering Problem)

Á' ( ) * � �(Set Partition Problem)�nYO " # �HI A Á¹ � A m Y ��  # � �

� � É �' ( Ö × � � * ; É �' ( ) * m �Ð �t ` � � � * �� � É �' ( Ö × �

��§ ! { � v � � Ü + :  O l Õ ' ( ) * �� " $O = � O ' ( Ö × � �§ " # m

Y ¼ P � Q R S � ¥ V § [ �. 4 �^� N ' ( Ö × � �ªO = ��� 

Min  ∑
∈Rr

rr xc  

S.T.  ∑
∈

≥
Rr

rkr xa 1� Kk ∈∀   (2-3) 

         0≥rx � Rr ∈∀   

ï � �� � ��' ( Ö × � �\�e � �(Master Problem)$. � � e � �	�nY

� . / �� �@ A u u ¥ " Ø Í C � Ô P � �+4 ` O V W� # S ¸ ; C ¹ � B » � D
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Ê   HI # �P � � { O * 9 S (Simplex Method) " # � Ì e � ��F C # $ 

þ = m 
 � � Ó | � ��e � � É �� Ó � �(Dual Problem)�Û πk�� 7 Y(2-3)

� �� Ó P � �tÉ Ù ! �� Ó � �ª= ��� 

Max  ∑
∈Kk

kπ  

S.T.  ∑
∈

≤
Kk

rkkr ca π � Rr ∈∀   (2-4) 

         0≥kπ � Kk ∈∀  

§ !l � � ] � � mQ R � Yc d � f Ø Ô ¯v�P �(Column)�̀ � � ] = À Á

] � � � � �F b LM � � (Shortest Path Problem)��ï � �� Ó � � \ �� Ó Ø 3 9

] � � \ "# �% Ú � "# C m�P �H c d � f Ø�l ý 9 e � � \ T n "# �T �

Oï ¥ V �F » � S { Q R n �P ��� s º � Ì 8 ª �P � 0 ô ] » F C # $ Ú �

] � � � Q R �P � � h � Ô ¯vÝ �Sl � 
 � � Ó H I A (Dual Feasibility)m¶

x�n (2-4) � Û � H s � ª r � Y » Ö � ú / 0 � P � (Column) À l Õ

∑
∈

≥−
Kk

kkrr ac 0π �l}w { / 0 X c � ú ý 9 �P ��+� Ö Y À � Sc d � f Ø�4

	 l B » F C # �m § �H O� � ú ý 9 �P �\  B » � N H û ∑
∈

<−
Kk

kkrr ac 0π �P

�ý 9 e � � T n "# $% � Ö » �F C # �+ �# �� � Ü m' ( Ö × ¸ ' ( ) * �

F C # � % }�+ �# �l � v ï ) u { � w) ³ � � S(Branch-and-Bound Method)m

"Ö + �# [17][18]$ 

2.5 PDPTW �������������������������������� 
V W � # S� Ò � � * & Q R � N H I Ê   # � � ! . Ê   # � Ý � ¬ Þ

(Neighborhood) ´ ¬  H O c d � f Ø�# �X N B D û � Ý � ¸ ¬ Þ ¬  (Local 

Search)��  � K � F u B » ¬ Þ F C # (Local Optimum)�! a V W � # S ) u ¤ Ô »

@ ß �:  à á ¬ Þ F C # �» » Ö ú ¬  �# T 
¬  �X N B D l û �� Þ ¬ 

(Global Search)� I � V W � # S � S¶ � H OB » F C # � O ¾ ¾ H O # µ Ö » � �

}~ � � ¸ F C # �. . / z L � � ¸ Ô 	 � A �� � 	 � ; Ð �"# ¹ S$O= � �

û wV W � # Sm# � PDPTW � � �� vD � � � Y ¼ � 

Nanry and Barnes [16] � C � N v 7 A â ã ¬  S(Reactive Tabu Search)m# �
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PDPTW � � �. l Õ 5 & �  (Precedence Constraints)Á u q �  (Coupling Constraints)

� ] = û w � a } $ � ä B/ Ä Ù ¹ � ´ Ö n � Ý � # �g   ^ _ K � ? Ù Ú Ý � # � å

æ § Æ �û {� BM ø . � a Ý � # \ Ù Ú g   h i ¬  �¹ º �é ê D " ë � C � ?

¹ Sm ç o � h è 9 ¬ Þ F C # � é ê �g � · à C ¬ Þ F C # �¹ � $F ! D " � K

� µ v 7 A â ã ¬  S� � Ý �O ë ì Â (Slomon)[15]�� 	 
� �  �J K LM � �

(Vehicle Routing Problem with Time Windows�VRPTW) § f í ¾ � �T U � î � v wY

PDPTW � � �f í ¾ � � k l So p �no p q r Ö s � � # � � � ¸ "# � Ý ¤ Ô

}~ �\ \ $ 

Li and Lim [3] � C � a ï ' V W � # Sm# � PDPTW � � � û � â ã ð 9 � � ñ

ò Î S(Tabu-Embedded Simulated Annealing Algorithm)� � "�� f �F G � û wJ K

�4O  I E �4� [ ® 
Á9 : ; < ? ó 	 
�Oô �ï � � õ N / 0 +. À Ô å �

7 � ö T Ø�O ÷ 5 C +. § 
�å � T � A $â ã ð 9 � � ñ ò Î S�� � Ì �F C

# . ô Z �N ø � � � � ¬  Õ ß Ô c d 	 �   V B 1 D �F !�k l S ? wYh c ·

ë ì Â (Slomon)� VRPTW f í ¾ �  n Q R � � D o p J ¾ �no p q r Ö s : ¹ S

�# � ` a J K PDPTW � � � � � ¹ S$ 

Lau and Liang [5] � C � N Í å S(Two Phase Method)m# � PDPTW � � � � "�

� f �F G � û wJ K y ÁO  I ; < �Oô $. Í å S� � � å 7 \ �� C � a Ê (

3 4 ù 9 S(Insertion Heuristic)Á ú Z S(Sweep Heuristic)�5 3� n � � � k l SmQ

R Ê   # �. � � å 7 \ l û w â ã ¬  S(Tabu Search)mc d # �� f Ø� û Z � a

} $ � Ý � ¬ Þ ä B ¹ � mB  F C # $F ! D " �: k l S ? wYh c · ë ì Â �

VRPTW f í ¾ �  n Q R o p J ¾ �no p q r Ö s Áf í # å ü § = : ¹ S�# �

t u Ð �$ 

Gronalt et al. [9] � � � J l ü � ] = � PDPTW � � �nY D " x� T J � � I �

Y� 6 1 � ï ß Ô � « ý ý × Ø�t �� f ½ . � "F G � T J � ä B; < $� � : �

� D " % & � � � N F C � + ��� � � � { 
 � Á L § y �� þ ½ ¾ F C �� � � �

² nX N ½ ¾ !��� � � H _ l C � f � �= � Ø(Lower Bound)�4 ê D " � C õ a

O © Ï S(Savings Algorithm)�T U � n � V W � # S�g û w� G L J ¾ W X Y ¼ : k

l S§ ¥ V § [ $F ! D " û w � : Q R � J ¾ mo p n � k l S�no p q r Ö s À



 15 

H O � � �B » � � t u Ð �# $ 

Snežana et al. [14] � � � � ¢ " � . / �BM PDPTW � � � ¢ " Ñ l Õ $ Ò ´

(Same-Day)�� � � � "�   � 1 2 "g t H û w � : � � (Stochastic Model) ø o �$

BM PDPTW �f > # S � � wn Psaraftis[13] � � C � � B 	 
 � (Rolling Time 

Horizon)�� � � � n � � º w £ K J 	 �ë � � $ 	 / 0 X à �� � � Yb ® 	 
 �

Á � ® 	 
 � � á â ü ; Ð �� » . @ ß � ] = �ì Ð � �  J K � � / ? ó 	 
� Y �

±  � H { * í L OLM E ��+4D " � C � N h c · ù 9 S(Insertion Heuristic)� �

	 
 � (Double-Horizon) V W � # Sm# � BM PDPTW � � �» \ � 	 
 � � / 0 � ®

Áb ® $o p q r ½ � û w � 	 
 � V W � # SH � · }~ # � � $ 

Renaud et al. [8] � � � � � �   I � � < � � (Pickup and Delivery Traveling 

Salesman Problem, PDTSP)�. X N � � = � B C ô Z ��Á�N � � � ! � � � � �

	 � 
 (Hamiltonian Cycle)$� � X N � � D " � C � a } $ � B V W � k l S

(Perturbation Heuristics)�H � �` a  � k l S à á ¬ Þ F C # �:  �ª $ â ã ¬ 

S� ú �X � a ) 5 � Instance Perturbation(IP)4Algorithmic Perturbation(AP)Á Solution 

Perturbation(SP)$no p q r ½ � SP # � � � 5 Y AP�AP # � � � Æ 5 Y IP$ 

Avella et al. [12] � � � N � ^ Ã 9 1 � � ^ �� � �: Ã 9 Ñ Î � wµ y À } $ �

� � J o � ! a � ^ � � N z L �\ ä � ^ � 1 � � ) ¶ ! ø�G � ^ �  (fuel 

pump)�� "�� f � �û wH Ö � � � ( J K Á9 : ; < ) l Õ � Ô � *   F G � 1 � �

O  I ; < $�� � � C V W � ÁF C # Sm# � : � � �V W � # Sl· · © Ï S�

Ò � �}� � � zG � � À H � � Ö » � H I # � F C # Sl � & Á � � O' ( ) *

� L (Set Partition Model)\ \ �O D " � C �V W � # S& "C Ê   H I # � { w

Branch-and-Price k l S"Ö F C # $o p J ¾ l � n � ^ Ã 9 � ° Ç � � Ö m�o p

q r ½ � û wV W � # SÖ » �# ü Ã 9 � Ì �O  I E �ÁJ K � L �% û wF C #

S"# l H OÖ » ü Ð � � � # $ 

2.6 	 
	 
	 
	 
  
ô n 0 � PDPTW � � § å � � v H s �̀ �� � Ù Ú û wV W � # Sm"Ö � �

}~ � � ¸ F C # �O® W {� # � ; z, � �� � �̧ � {� ; Ô � � ø Ö » � D H

I # �O � K "# � Ý  û wV W � # S�. 1 � �# T 
\ � B » F C # Ñ � � }H
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{��  µ � é 9 ¬ Þ F C # � é ê \ �% ß Ô � d � à á :  � � E � T � H I $ 

�� � � � � � PDPTW � � g t � ". � b 	 
´ � 	 � � �Q R LM · Ü Ý ; < û

w�m § V W � � . H þ � �1 l 	 
´ "Ö � H I � ; C LM D ( � H �t H / 0 v

wF C # T U �k l S"# �O � F V W � # S. ¬  # T 
	 � � ï � H 3�t ��

� �} v wV W � # Sm# � PDPTW � � � � � wF C # T U �k l Sm"# �Ê

( P �Q R SÁ) ³ � � S�g ^ _ � ? h i �k l Sm"# P �Q R S\ �] � � $ 
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����������������� � � �� � � �� � � �� � � � ����

nY�� � � � � � PDPTW � � g t � . b 	 
´ � � Q R J K � � � LM �+

4� v wF C # T U �k l Sm"# �O � F û wV W � # S é 9 ¬ Þ F C # � H I $

% & �� 	 
� �  �� � � � � � � E + �, - � � �nY� � � � � � � Ý z�¶

Y NP-Hard � � [5]�� Ô Õ � Ô �J K LM mB C F C # � t u ð É 	 
� ¸ å � }H

{�t . �� � \ � v wP �Q R S(Column Generation Method)m"# �+�P �Q R

S. "# �Z [ \ � | � / 0 R � �P �(Column)�� we � � Á] � � 
� � Û 3

��e � � �� Ó P �Ø 3 w ] � � �] � � � n Q R �P � 3 0 e � � �û Z � Ó H

I A m � µ n P ��¯vÝ �� ¥ Ö » F C # �ª4�H ñ À "# � � �g H � F + P

�Z `  � / � S"# $% û wP �Q R S"C �F C # g t �+ �# 	 �{ q ( ) ³

� � S(Branch and Bound)O ´ Ö + �# $ 

3.1 � �  �� �  �� �  �� �  �  
�G © �� � � c . � � � � § [ \ u ¡ � � � � Y ¼ ª= � 

1. � º �� 1 Ã 9 þ ´ õ 1 " �� 1 2 "( � * )!� � Q R � N � � � º Á� � � º

� ! � �� 1 Ã 9 Ñ Î � J Ì ¾ � � 3�g . � � �	 
� ´ ¼ I � � � º �§ !

Ì ¾ � � 3g . � � �	 
� ´ ¼ I � � � º �ª4 � E 4 � � 1 2 "$. � � \

� ï � � 3 � � \ � � � � º �� � 3 � � \ � � � � º $ 

2. � � LM �¡ K � J � �� C W !¼ I � p q � � º �F � { 0 » ��� � º � û

� � � LM � � û LM $ª� 3.1 � � �� J � �� C W !I  � � � LM ���

�- � � � º 1- � � � º 1- � � � º 2- � � � º 2-��$ 
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� 3.1 � � LM � ` � 

3.2 � � � � � � �� � � � � � �� � � � � � �� � � � � � � PDPTW �������� 
�� � �� � � PDPTW � � Ô O= Ñ 3@ A � P � � 8 ªO= �3 � � � 

1. ` J K O * � J a � t ¡ K J �H ü T µ y å $ $ 

2. 9 : ; < Ô ø � �= > 	 
�4 � �� J H ¼ I � º �F � 	 
$ 

3. u / 0 � N ��$ 

4. ¡ N � 1 2 " � � \ � D � � Á� � � ! � �t ¡ N � � � º Ñ Ô � N � � � º Á

» ! � � ¡ N � � � º ë Ñ Ô � N � � � º Á » ! � $ 

5. ¡ N � º À Ô �� ¼ I �	 
� �J K u {. 4 	 
� ´ ¼ I � º �% Y	 
� Ì

» ] 	 l Î ? ó � F � �� ¼ I � º �	 
�ª4�Q R ? ó 	 
�m § % Y	 


� ´ » ] l H F þ ¼ I � º ��ß Ô ? ó 	 
$ 

6. ¡ N � º À Ô � 6 ü T 7 8 �% �� � � º l � 6 ü T 7 8 �i Ø�% �� � � º

l � 6 ü T 7 8 � D Ø$ 

7. � 1 2 " 0 s } { P B� « � � � � º Á� � � º 0 s $ 

8. ¡ K J À O���C W 3�F � { 0 » ��$ 

9. ¡ K J À � N ( � � � � �ª 2.1 G © \ � � $ 
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10. � PDPTW � � § E � u / 0 	 
�t "# � f �Ö » � D � É 	 
F L �J K �

� LM D ( $ 

3.3 � �� �� �� �� �� �� �� �  
. / y PDPTW � � � Ô LM D ( , � Z z� � � = ��� � � ² nP �Q R S

(Column Generation Method)m"# PDPTW � � �: ¹ S�  "# �� � ) E e � � Á

] � � m"# �� | � / 0 � R ) �H I P �(Column)�"# e � � !H Ö � D � Ó P

�Ø��� Ó P �Ø 3 � w ] � � �{ "# ] � � O® W Q R � Ye � � Ô ¯vÝ �P

�(Column)�� h � Ô ¯v� n� Ó H I A m � µ $% � µ !�} l Õ � Ó H I A l �

\4 P �� Ô ¯vÝ �t �4 P �ý 9 e � � Ý Þ "# �O � ¥ ´ Ö F C # �m § l\

� 4 P �}� Ô ¯vÝ �}w { �4 P �ý 9 e � � \ $ª4   !   �F » � Ô ú Q

R �P � À l Õ � Ó H I A �O� E P �Q R S�+ 9 # � § [ $ 

. û wP �Q R S� � � = ��� � \ � PDPTW � � � � �' ( ) * � � (Set 

Partition Problem)�g ½ ¾ + ��  !E �� � A , - � � ��§ � �P �Q R S\ �

e � � (Master Problem)� !Q R � D e � � �H I Ê   P ��� w * 9 S(Simplex 

Method)"# e � � O ´ Ö � Ó P �Ø�þ = m�] � � ^ _ E � a � Ô ` Q � � � @

A �F b LM � � ��� "# e � � \ Ö » �� Ó P �Ø� 9 4 F b LM � � �§ !�

� � W ¦ � N O Dijkstra k l S�T U �F b LM k l Sm"# : a F b LM � � �"

# C �F b LM � � \ e � � \ �� N H I P �(Column)�4 	 l ² n� Ó H I A m Ú

� � h �4 P �ý 9 e � � \ Ý Þ "# �% } l Õ � Ó H I A l ý 9 e � � �m § l Ö

s 0 ´ Ö e � � � A , - ½ ¾ �F C # �ª4l " ¢ P �Q R S�# � § [ $nYe �

� �� � A , - � � �t P �Q R S�F C # H {�t + �# �4 	 l � w) § � � S

(Branch-and- Bound)m"Ö + �# � % � E P �Q R S! � Ö �F C # � �+ �# �l

Ö s B » PDPTW �F C # �ª4�H q # + N � � � � $�� � § � � � � ª� 3.2

� � � P � � � � \ ! ¥ V W X Y ¼ ª= � 
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、設 定 提 送 貨 任 務  貨 車 載 重 材
積 與 司 機 下 班 時 間 等 資 訊

將PDPTW問 題建 構 為 集 合 分 割 問
，題 放 鬆 整 數 限 制 成 為 線 性 規 劃 問

題， 此 即 為 主 問 題

最 短 路 徑 是否滿 足

對 偶 可 行 性

目 前 主 問 題的 最 佳 解

是否為 整 數 解

， 。找 到 最 佳 解  結 束 求解  

否

是

是

否

產 生 一 組 可 行 的 起 始 變 數 集 合 代 入
主 問 題 ( M a s t e r  Pr o b l e m )中

利 用 單 體 法 ( S i m p l e x  M e t h o d )求得
目 前 主 問 題的 最 佳 解 與 對 應 對 偶 變

數 值

將產 生 的 最 短 路 徑 所 對 應 的 變 數
( C o l u m n ) 加 入 主 問 題中

利 用 分 支 定 限 法 求整 數 解

建 構 子 問 題為 最 短 路 徑 問 題

定 義 子 問 題之 網 路 並 產 生 網 路

將對 偶 變 數 值 傳 入 子 問 題網 路 中

利 用 修 正 後 的 Di j k s t r a ' s  A l g o r i t h m 求
解 最 短 路 徑

 

� 3.2 � � � � � 
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1. ^ � � � � � º 4� J ü T 7 8 Á9 : = > 	 
? � �  


 � 3.2 © �� � @ A Z � �^ � � Ô � � � � º 4� J ü T 7 8 Á9 : = > 	 


? � � � D �k l S³ · � ^ m � �¡ � � � º � 8 ª � � � ª\ 3.1 � � � 

\ 3.1 � º � � \ 

� * Ä À  © 3 Ä À  � º x L  F � 	 
 F � 	 
 ü T 7 8  

1 2 � �  2 5 9 

1 5 � �  6 8 -9 

» \ b © 3 Ä À h�4 � º . Á L\ � � \� © 3 À $ �b � º Ä À h�4 � º �

¶� � * À $ �b � º x L hl\ � 4 � º �� � � º ¸ � � � º �b F � 	 
h��

� ¼ I :� º �F � 	 
�b F � 	 
h��� ¼ I :� º �F � 	 
�bü T 7 8 h

�4 � º �� 6 ü T 7 8 �� 4 � º �� � 	 l ü T 7 8 �i Ø�% �� � l ü T 7 8

� D Ø� � * Ä À å $ �� � � º Á� � � º û �� � º ! � �� º ! � § ü T 7 8

ý O� % $ 

2. � PDPTW � � � � �' ( ) * � � � ½ ¾ + ��  E � � A , - � �  

�� � � PDPTW � � � � E ' ( ) * � � (Set Partitioning) L � �» � � � � ª= � 

Min  ∑
∈Rr

rr xc  

S.T.  ∑
∈

=
Rr

rtr xa 1� Tt ∈∀   (3-1) 

  { }1,0∈rx � Rr ∈∀      (3-2) 

» \ xr � \ � L M��L M r ¨ Ù » 	 xr=1� m § xr=0�cr�L M r�	
 E � �

E � �� ��Y �õ & Y ¼ �R�� Ô H I L M§ ' (�+4 � f �� � " � Ô H I L

M� O E � F G �.(3-1)�\ atr� � � ¬ � ��� º t�L M r �¹ º 	 atr=1�m § atr=0�

T�� Ô � º § ' ($t(3-1)��� " ¡ N � º ¤ Î ¨ ¹ º » �   u Ô � | � (3-2)�

u � ^ � xr� � � P � $� � � g } / 0 ¼ I � º �J K � �t Y ï � �' () * � �

\ g ú ý 9 ÁJ K � å � ��  �$ 

�ï � �' () * � � ½ ¾ + � �  ���(3-2)��E � � A, - � � ���P �

Q R S § e � � (Master Problem)$ 
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3. Q R � D H I � Z   P � ' ( � 9 e � � \  

� � ¡ � K J u ¹ º � � � * �� ¡ K J u ô Z � �� � 3Á� � 3�ª 4 Q R Á

� * � � å $ �J K � � L M� ¡ N L M� å �7�P � �� Z   P � ' (� ! '

9 e � � \ $ 

4. � w * 9 S (Simplex Method) " Ö � Ì e � � �F C #Á�7� Ó P � Ø  

n Y e � � �' () * � � ½ ¾ + � �  ! § � A, - � � �t � � � û w * 9 S

m" # � A, - � � ��� w CPLEX ( 9 m" #� Ì e � � �F C #�g ´ Ö �7 Y

(3-1)�§ � Ó P � Ø ���7 Y � º t § � Ó Ø $ 

5. � � ] � � �F b L M� �  

� � � �� �] � � � � E � F b L M� � �" #C �F b L M� � \ e � � \ �

� N P � (Column)�§ ! 
 � � Ó H I Am Ú � � h � 4 n P � ý 9 e � � \ Ý Þ "

#$ 

6. � � ] � � § Á L g Q R Á L  

� � ] � � Á L �©34©� Á©� E �  ! Q R Á L �� R � �Y �õ & D W X

� Ï Ð $ 

7. �� Ó P � Ø 3 9 ] � � Á L \  

��õ ¥ V � w � � ( 9 " # ´ Ö �� Ó P � Ø jπ 3 9 ] � � Á L \ � jπ ���

7(3-1)� j � º �� Ó P � Ø �ª 4 �H " C ©� E � �À  û w F b L Mk l S " #$ 

8. � w h i ! � Dijkstra's Algorithm " #F b L M 

n Y � � � � ^ _ �] � � Á L � l Õ � ` � � � @ A� Á L � � � Y X x Á L

� � \  B F b L M	�g t 3 4 �F b L Mk l S H F þ #� ��t � � � �h i 3

4 � Dijkstra’s k l S m" #] � � �O .{ l Õ ! a � � � �  = B C O ©� E � F

G �L M� W X �k l S § [�Y �õ & Ï Ð $ 

9. Ú � F b L M � h l Õ � Ó H I A 
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� w � Ó | � \ �� Ó H I Am Ú � � w h i ! � Dijkstra's k l S " Ö �F b L

M�Y e � � � h Ô ¯ v Ý �% l Õ � Ó H I Al Ö s 0 ] F C #�m § % l � \ 4 L

M�Y e � � � f �Ô ¯ v ���7 4 L M�P � ý 9 e � � �T � 44748 ¥ V Ý Þ

" #$ 

10. Ú � � Ì e � � �F C # � h �+ � # 

% � Ì e � � �F C #��+ � #�l Ö s 0 B » F C #�" #Z [q # �m § l

Î � w ) ³ � � S (Branch and Bound) " Ö F C + � #$ 
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�	��	��	��	�����
 � �  � � � �
 � �  � � � �
 � �  � � � �
 � �  � � � � ����

� � � Y �� & \ � �� 	
 � � � � � � �� � ¹ S � � + 9 A� ) � �Ö s �

� � � v w O F C #�T U �k l S m" #�./ y " #�	 � AÁ� � � � � � ~ z

, � = �� � � � v w P � Q R S (Column Generation Method)m" #� P � Q R S e

� � n e � � Á] � � Í R � � E �X Í R � �^ _ Á" #¹ S À + � � �A � } $  

�$.� � � \ ] � � � R ) ª 3.3 ©� � ��] � � ^ _ g � � �� F b L M� � �

§ ! ² n h i ! � Dijkstra's Algorithmm" #F b L M�" #C �F b L M� � \ e �

� \ �� N H I P � (Column)� { 
 � � Ó H I A� Ú � m� � � h ý 9 e � � \ $ 

4.1 �������������������������������� 
� & e � � �P � Q R S \ � � ] � � § Á L D � W X � Ï Ð �t Ñ Î & � � Á L

\ �©34©� Á©� E � �  { � � C ] � � � Á L �O � ! Þ P � Q R S § " # §

[� W X �� �ª= Y ¼ ��� 

1. ©3� 

A. ] � � Á L \ �¡ � � º � \ � ©3�Û T={1P,2P,…,nP,1D,2D,…,nD}� � º '

(�» \ KP � \ � K � � * �� � � º �KD � \ � K � � * �� � � º �

¡ N � � � º Ñ Á� N å �7�� � � º ! ��ª(1P, 1D)� � $ 

B. ©3 � � 8 d ©3 Ä À 4� * Ä À 4� º x L (� � ¸ � � )4	
 � [ETt,LTt]4

ü T 7 8 �» \ ETt � \ � � ¼ I � º t�F � 	
 �� û F � 	
 �LTt � \

� � ¼ I � º t�F � 	
 � � û F � 	
 $ 

C. ©3 O4D � \ � � �J K * n � � (O) C W ¼ I � º �F � 0 » � � (D)�+

4 ©3 O H � � Á L § Z 3�©3 D H � � Á L § + 3$ 

2. ©� � 

(1) ©3 O4D 
 } { Ô ©� F þ å p  

(2) ©3 OÁ� Ô �� � ©3å p �©3 DÁ� Ô �� � ©3å p $ 

(3) � Í � º ©3 iÁ j� ` � i,j∈T�i,j ©3
 Î g (= Í @ A � H å p � 
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A. ETi + Time(i,j) � LTj�» \ Time(i,j)� � º ©3 i » � º ©3 j� ° Ç  

I 	
 �} 8 ª ? ó 	
 $ 

B. ETi + Time(i,j) �EndT�» \ EndT � \ 9 : ; < �= > 	
 �J K Y �

� � \ À Î / 0 ¼ I = � � � º �¼ I 	
 � h c Z = > 	
 � % c Z

l } H ¼ I : � º � m § l H ¼ I $ 

3. ©� E � � 

n Y P � Q R S � 
 � * 9 S § � Ó H I A(Dual Feasibility)m Ú � � h B » F C

#�+4 Û i,j ©3
 �©� E � � Cost(i,j) =Time(i,j)+ WaitTj – jπ �» \ WaitTj � \ ¼

I � º ©3 j �? ó 	
 � % J K » ]©3 j �	
 ATj<ETj	�� J K Y F � 	
 §

Ì » ]�l J K Ñ Î ? ó 	
 �(ETj-ATj)� ` � WaitTj= ETj-ATj�m § � % J K » ]©

3 j�	
 ATj>ETj	�l J K � Î ? ó � H , ï ¼ I � º j�̀ � 4 	WaitTj=0$ jπ

�e � � \ j � º ��7�� Ó P � Ø $ 
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F � 

	
  

1 0 W 0 0 

2 1 P 0 10 

3 2 P 2 9 

4 3 P 1 11 

5 2 D 2 11 

6 1 D 1 15 

7 3 D 2 12 
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² nï � � E Á L \� © 34© � Á © � E��� � !�� H 
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� C ! a x L �] � � Á L �ªz ¸ G , � Á L 4� ¸ � 1 Ý Á L ? �Á L � � � E!

� H ² n�� � � � C �h i Dijkstra's Algorithmm" #F b L M�" Ö �F b L M 


� � Ó H I A m� � � h ý 9 e � � \$ 

4.2 �������������������� 
n � � & Á 4.1 G © Ö s ��� � � ^ _ �] � � � 8 ª � ` � �� @ A �F b L

M� � � Ñ Î / y � �� � º� � � ¼ I 	
 � 4� �� � º ! �4� �� 5 & | 5 4

9 : => 	
 ÁJ K ü T µ y ? +. !�F !g H Í C � @ � + �F b L M$) u . "

#F b L M� � � û w � Dijkstra k l Sg ß Ô / 0 X c � �� +. �t � ��� � §

] � � F b L M� �  � � � S F þû w Dijkstra’s k l Sm#� �+4�� � �h i
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�� � � � C �h i ! Dijkstra’s k l S�/ y ` a � �� +. =�F b L Mk l

S�+4 G K 2 Dijkstra’s k l S. ¡ N © 3ï 3 · 	
 E�f 4 Ø ê � � Î 3 · ü T

7 8f 4 4ï 5 3f 4 Á� Ó Ø f 4 �E�` T f 4 �F b L Mk l S�g . k l S\

ý 9 9 : => 	
 ÁJ K µ y � ç � : �O. } r m => 	
 ÁF z ü T 7 8�� 

=B C O © � E�F G �L M$éê �k l S. B  F b L M	ë Î l Õ 5 & � 

(Precedence Constraints)Á u q � (Coupling Constraints)�̀ � $ � � * �� � � º Î 5

& Y �� � º ¼ I �  ¡ �� * �� � Á�� � ºÀn $ � K J ¼ I �Oû h i !�k

l S{. l Õ ` a � �� +. =B � @ � + �F b L M$ 

�F b L Mk l S � O Dijkstra’s k l S�T U D h i �+ 9 k l S� Ò � § [ Á

Dijkstra’s k l Så $ �O � . ü n ¡ N © 3�f 4 	�2 � � � ! N © 3D= Í � a �

� Ú � �û Ö k l S{. l Õ ! a � �� �� +. =B C � @ F b L M� 

1. 5 & � �� � $ � �� *  � �J K 7 & ¼ I : � * �� � � º! ¤ H ¼ I : �

* ��� � º$ 

2. � �� ( | A � �% J K �68 ü � } ? Y %	�} � � 0 ��$ 

3. 	
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 ÁF �	
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 !» ] �l } � � ¼ I : © 3 � º$ 
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 � �% J K Y £ � © 3�¼ I 	
 c Z 9 : => 	
 �l } � � ¼
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5. J K µ y � �% J K Y £ � © 3�68 ü T c Z J K µ y �l } � � ¼ I : © 3
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�ï � � a � �� �  8 9 Dijkstra's k l S!�k l S § [ ª� 4.2 � � �§ !�
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�f 4 ØÁ¼ I 	
 � � Ô z �° Ç ¼ I 	l � w � � N ¥ z �� $O=� �X c

� ^ D � � Y ¼ � 
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 �O EndT � \ 9 : ; < �=> 	
 �� � ª 4.1 © � � $ 
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} ¶ Y S ' ( Í x �) 5 O i∈SÁ i∉S \ � § �% i∈S � \ © 3 i 9 �E�

f 4 Ø F G § © 3g f 8 § �û E� S ' ( § � . § � $ 

D. F � 	
 �O ETi � \ � � ¼ I © 3 i � º�F � 	
 �� � ª 4.1 © � � $ 

E. F �	
 �O LTi � \ � � ¼ I © 3 i � º�F �	
 �� � ª 4.1 © � � $ 

F. ? ó 	
 �OWaitTi � \ Y J K Y © 3 i�? ó 	
 �� � ª 4.1 © � � $ 

G. ü T Ø�OWi � \ © 3 i� ü T Ø�% © 3 i�� � 3	Wi>0�m § % © 3

i��� 3	Wi<0$ 

H. 68 ü � �O CWi � \ © 3 i�68 ü T Ø� � ^ © 3 i�ï 5 3� © 3 u�

l© 3 i�68 ü T Ø H n=� " Ö �CWi= CWu+ Wi$ 

I. E�f 4 Ø�O L(i) � \ © 3 i�E�f 4 Ø$�� � � � C �F b L Mk l

S� . ¡ N iteration \ ² n ü ; ! © 3�E�f 4 Øm� � I  �L M��

E�f 4 Ø F G � © 3 ½ 9 S ' ( \$ 
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 30 

2. ü n © 3 v � ^ �ü n © 3 v�? ó 	
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 ? � ^ $ 



 31 

 

� 4.2 D1 k l S § [ � 



 32 


 � ï � � a � �� �  Ú � mB  F b L M�k l S § [ \�»#� ¥ V Á � �

e � 0 ; < K 3 4 Dijkstra's k l S�. ¡ N iteration\Y ú f 4 Z � © 3' ( \B  E

�f 4 Ø F G � © 3� !f 4 (Label Setting) : © 3�+4 F � � û + 3ß Ô ï 5 3  

E�f 4 Ø ¥ z � O . »Ö © 3À0 ô f 4 Z � � ] =� 0 � * � + 3f 4 =  !q

#�ª4� � SQ R � @ � Z 3 � + 3�H I L M$� Y � / + 3ß Ô ï 5 3�+. `

� +�Ô K � �� ( | A �� �`� � J K �68 ü � } ? Y %	�} � � 0 + 3(�

�)$ë � � . F !Q R �L MH { * Ô � �� © 3 � S ! �� � ] W R �`� J K �

� L M\¼ I K £ �� * �� � � º� O ß Ô ¼ I : �� * ��� � º$ 

O=O� 4.3 � Á L m Y ¼ + 3H {ß Ô ï 5 3� � � ���\ � ¹ SÁ� 4.1 �

Á L . / � � å $ �»\ © 3(1-0w)� Z 3� © 3(8-0w)� + 3$ � ^ � Ì k l S¼ I

»� © � B »�L M�(1-0w)>(2-1P)>(4-3P)>(3-2P)�`�: � J 0 ô ¼ I K � �

�4 � ��Á � ��� * �� � � º�+44	 © 3(1-0w)4(2-1P)4(4-3P)Á(3-2P)À

0¨ f 4 = �`�(1-0w)4(2-1P)4(4-3P)Á(3-2P) ∈S�ª� 4.4 � � �»\ ? @ � © 3

� \0¨ f 4 = � A  � \ � J �I î L M$ 
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� 4.4 + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ � �  

þ=mª� 4.5 � � � � ^  © 3(6-1D)�F b �+4 f 4 = © 3(6-1D)�`�

(6-1D)∈S�4	Á © 3(6-1D) å Ý     } ¶ Y S ' ( � © 3�(5-2D)4(7-3D)Á + 3

(8-0w)�O � J Å } � � F þ� (6-1D) 0 » + 3(8-0w)�+�4	� J u ¼ I � � � ��

* �� � Á�� � º�J ï 0 Ô � ��Á � ��� * �� � �`� J K 4	�68 ü �

} �%�. � ú ¼ I � � ��Á � ��� * ��� � º § Ì �� J g } � � 0 » + 3$

Æ � ^ 4	� J � © 3(6-1D) I î � (5-2D)Á(7-3D)	�À } l Õ ü n (5-2D)Á(7-3D)�

E�f 4 � �t . X | iteration\ u f 4 = © 3(6-1D)�g ü n © 3(6-1D)� � ^ Á^

� ï 5 3�(3-2P)$ 

 

� 4.5 + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ �� 

þ=mª� 4.6 � � � � ^  © 3(7-3D)�F b �+4 f 4 = © 3(7-3D)�`�

(7-3D)∈S�4	Á © 3(7-3D) å Ý   } ¶ Y S ' ( � © 3�(5-2D)Á + 3(8-0w)� O �

J 0 } � � F þ� (7-3D) 0 » + 3(8-0w)�+�4	� J u ¼ I � � ��� * �� � Á

�� � º�J ï 0 Ô � � �Á � ��� * �� � $ Æ � ^ 4	� J � © 3(7-3D) I î �

(5-2D)	�} l Õ ü n (5-2D)�E�f 4 � �t . X | iteration\ u f 4 = © 3(7-3D)�
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g ü n © 3(7-3D)� � ^ Á^ � ï 5 3�(3-2P)$ 

 

� 4.6 + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ �� 

þ=mª� 4.7 � � �� ^ þ=m  © 3(5-2D)�F b �+4 f 4 = © 3(5-2D)�`

�(5-2D)∈S�4	Á © 3(5-2D) å Ý   } ¶ Y S ' ( � © 3 � Ô + 3(8-0w)� O � J 0

} { F þ� (5-2D) 0 » + 3(8-0w)�+�4	� J u ¼ I � � ��� * �� � Á�� �

º�J ï 0 Ô � � �Á � ��� * �� � �`� J K 4	�68 ü � } �%�. � ú ¼
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� 4.7 + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ �õ 
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] =�. F !� N iteration \Õ � * Á + 3 w f 4 = � !q # D1 k l S� O 4	 +
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� K #� ï � � � ��� � éê ^ _ O=õN ¥ V �k l S�. + 30¨ f 4 = O

Å ß Ô ï 5 3� � ] =û w �� � . l Õ ï � � ! x � �� @ A =� � C � @ ( � � �

� ! �   L M O E�G Y %�L M� 

1. 
 � � Ì } � + �L MmB C L M\7: ¼ I O ß Ô ¼ I � � º © 3�Õ ¾ m Y %

� Ì L MÔ ô Z � � �� * �� � © 3�O Å ß Ô ô Z � � �� * ��� © 3�4

	 � � � � � �� * ��� © 3 B  ù 9 L M\�O� E� + �� �� L M$� ^
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2. 
 � � � ¥ V � | 5 �X c � º © 3 B � ù 9 L M\�ù 9 �Sl�. l Õ 5 & �
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 � � Ó P � ØnG »z � 5 � E � � 5 q r ä G � �
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!�L ME�G Y %�l�4 L M � �7�P � ý 9 e � � \Ý Þ " #�m § l Ý

Þ F p ä G =� N� �� ! �$% F p � Ô ä G � N� �� ! ��H {!À ß Ô B

»E�G Y %�L M	�l �   ä G Í N� �� ! ��, l ¥ V Á ä G � N� ��
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�P � ý 9 e � � \Ý Þ " #�m § l Ý Þ F p =� a ä G Í N� �� ! ��H
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S$ 

4. 
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��   �% f 4 � �� ! �!¼ I D1 k l S � " Ö �L ME�G Y %�l�4 L
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� � �%4 � + L M�L ME�G Y %�l�4 L M � �7�P � ý 9 e � � \Ý

Þ " #�m § %4 � + L M�E�z Y ¸ ? Y %�l �   ¼ I � � ¥ V �h D k l

S$ 
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� 4.9 #� + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ � �  

3. � � Ô � � * ( � � � ! � ) 
 � � Ó P � ØnG »z � 5 �% � 5 �q r �

1<2<3�`�� � �� * �� Ó Ø G Y � ��� * �� Ó Ø� � ��� * �� Ó Ø

G Y � ��� * �� Ó Ø� E � � 5 q r ä G � � ¥ V ´ Ö �L M\�� �� !

�$ 

%& n� | ä G � � � �� ! ��   $+� � � �� * �� Ó Ø F G �+4 &

ä G � � �� * �� �� ! ��`�ä G © 3(2-1P)Á © 3(6-1D)�û L ME��

(1-0w)>(4-3P)>(3-2P)>(5-2D)>(7-3D)>(8-0w)�ª� 4.10 � � �%4 L ME�G

Y %�l�4 L M � �7�P � ý 9 e � � \Ý Þ " #�m § l Ý Þ F p ä G � �

�� * �� �� ! ��`�ä G © 3(3-2P)Á © 3(5-2D)�û L M��(1-0w)>(2-1P)

>(4-3P)>(6-1D)>(7-3D)>(8-0w) ��  . Á L \ © 3(4-3P)Á © 3(6-1D) g � ©

� å p �+4�4 a ä G ¹ � g } ( | �t�} 8 9 / 0 $þ=m{ F p ä G © 3

(4-3P)Á © 3(7-3D)�% F p � Ô ä G � � � �� ! ��H {!À ß Ô B »E�G Y

%�L M	�l �   ä G Í � � �� ! �$ 
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� 4.10 #� + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ �� 

O� Ì Ô 3 �� * � Á L � ¾ �
 � � Ó P � ØnG »z � 5 � | ä G Í ��

* �D ( Ô (1,2)4(1,3)Á(2,3) C � a H {�+4%& ä G � � �Á � ��� * ��

�� ! ��û L ME��(1-0w)>(4-3P)>(7-3D)>(8-0w)�%4 L ME�G Y %�

l�4 L M � �7�P � ý 9 e � � \Ý Þ " #�m § l Ý Þ F p =� a ä G Í N

� �� ! ��H {�+�. · 4¾ \b0 B � ù 9 h� � º © 3 � Ô Í N�t m=2�

+4% F p � Ô ä G Í N� �� ! ��H {!À ß Ô B »E�G Y %�L M	�l

�   ¼ I � õ ¥ V �h D k l S$ 

4. 
 � � � ¥ V �� Ó Ø � 5 q r �� 1<2<3�nG »z f 4 = � � ¥ V ´ Ö �L M

\b0 B � ù 9 h� º © 3�� �� ! ��. 4¾ B � ù 9 �� �� ! �� � � �

Á � ��� * �� �� ! ��`�© 3(2-1P)4(6-1D)4(4-3P)Á(7-3D)� ! T n

¼ I D1 k l S$ 

%& nf 4 = � N� �� ! ��   �+� � � �� * �� Ó Ø G Y Á � ���

* �� �� ! ��+4 & f 4 = � � �� * �� �� ! ��`� f 4 = © 3(2-1P)

Á(6-1D)�ª� 4.11 � � © 3(2-1P)Á(6-1D)ÀO ? @ \ � � !¼ I D1 k l S�

ª4 B C �L M�} * 8 ª © 3(2-1P)Á(6-1D)�`� � Á L \& H G © 3(2-1P)Á

(6-1D)!{T n B F b L M�%� " Ö �L ME�G Y %�l�4 L M � �7�P

� ý 9 e � � \Ý Þ " #�m § l �   F p f 4 = � ��� * �� �� ! ��`�

f 4 = © 3(4-3P)Á(7-3D)� !¼ I D1 k l S�%� " Ö �L ME�G Y %�l

�4 L M � �7�P � ý 9 e � � \Ý Þ " #�% F p � Ô f 4 � � � �� ! ��

H {!À ß Ô B »E�G Y %�L M	�l �   f 4 Í � � �� ! �$ 
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� 4.11 #� + 3ß Ô ï 5 3§ J ¾ Á L Y ¼ �� 

. 4¾ \b0 B � ù 9 h� º © 3�� �� ! �� � � �Á � ��� * �� �

� ! ��+4 � | f 4 = Í � � �� ! � � � f 4 = � � �Á � ��� * �� ��

! ��`� f 4 = © 3(2-1P)4(6-1D)4(4-3P)Á(7-3D)� !¼ I D1 k l S�%�

" Ö �L ME�G Y %�l�4 L M � �7�P � ý 9 e � � \Ý Þ " #�m § %

E�z Y ¸ ? Y %�l+�. · 4¾ \b0 B � ù 9 h� � º © 3 � Ô Í N�t

m=2�+4% F p � Ô f 4 Í N� �� ! ��H {!À ß Ô B »E�G Y %�L M

	�l 0 » � � ¥ V \ Ù Ú (7-3D)>(6-1D)� ù 9 | 5 H {�Ý Þ 
 5 ¼ I ¥ V �4

�4õ$ 

+4�ï � � a � �� � Á� K #� + 3ß Ô ï 5 3�õ ¥ V k l S�� I ý 9

3 4 � Dijkstra's k l S\�O� E+ Nh i !� Dijkstra's k l S� ² O" #] � � �

» Ò � § [ ª� 4.12 � � � 
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1.資料初始化

迄 點 D 是否屬 於 S 集 合

從 不 屬 於 S 集 合 的 節 點 中 找 出

成 本 標 籤 最 小 的 節 點

，為 u  並 使 u 屬 於 S 集 合

否

節 點 v 是否

、 、滿 足 時 間 窗  司 機 下 班 時 間  

車 輛 容 量 限 制

節 點 v 是否

滿 足 車 輛 累 積 載 貨 > 0

不 能 回 倉 庫 的 限 制

節 點 v 是否滿 足 優 先 限 制

節 點 v 成 本 標 籤 是否

大 於 車 輛 到 達 的 成 本 標 籤

2 .更 新 節 點 v 資料

是

是

是

是

是否尚 有 與 u 相 鄰

，且 不 屬 於 S 集 合  且 未 曾
由 u 嘗 試 行 駛 的 節 點

是

否

否

否

否

否

結 束

是

迄 點 是否有 上 游 點
是

是

否

依 照 排 序 結 果 移 除 路 徑 中 的 j

，對 提 送 貨 配 對 節 點  j= j+ 1

否

是

否

是

，依 據 對 偶 值 由 小 到 大  標 籤
住 ( s e t t i n g )  j對 強 迫 加 入 任

，務 節 點 的 提 送 貨 配 對  重 新
執 行 D 1 ，演 算 法  j= j+ 1

是

是

否

使 用 謝 爾 排 序 法 ( S h e l l  
，s o r t )  將 提 送 貨 配 對 依 據 對

偶 值 由 小 到 大 排 列

找 出 未 完 成 的 任 務 節 點

，( 令 共 m個 節 點 )  窮 舉 插 入 任

務 節 點 的 次 序 ( 令 共 n 種 次 序 )

令 計 次 變 數 i = 1

以 第 i 種 次 序 強 迫 插 入 未 完 成

， ，的 任 務 節 點  使 完 成 路 徑  
i = i + 1

否

是

令 計 次 變 數 j= 1

令 計 次 變 數 j= 1

路 徑 成 本 是否< 0

i≦n

j≦m

路 徑 成 本 是否< 0

路 徑 成 本 是否< 0

j≦m

否

否

令 此 節 點 為 v

 

� 4.12 h i !� Dijkstra's k l S Ò � § [ � 
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4.3 � �� �� �� �  
�� � ^ _ � ª Ô 8N © 3�G L � �� Á L �g ² nï � �F b L Mk l Sm"

#�Á L . / ª� 4.13 � � �»\ © 3�\ � ¹ SÁ� 4.144.3�� � å $ �éê . ¡

@ © � ï �� � � \ c © � �   I 	
 � ! © 3�Ê   � ^ ª\ 4.2 � � �»\ ! J

� � � ª 4.1Á 4.2 © � � � 

 

� 4.13 Á L . /  

\ 4.2 © 3Ê   � ^ \ 

� *  

Ä À  

© 3 

Ä À  

� º 

x L  

F �  

	
  

F � 

	
  

E�f  

4 Ø 

¼ I  

	
  
ü T  � Ó Ø 

¶ Y S 

' (  

0 1 W 0 0 0 0 0 0 0 

1 2 P 0 10 10000 10000 5 7 0 

2 3 P 2 9 10000 10000 3 0 0 

3 4 P 1 11 10000 10000 2 5 0 

2 5 D 2 11 10000 10000 -3 8 0 

1 6 D 1 15 10000 10000 -5 0 0 

3 7 D 2 12 10000 10000 -2 0 0 

0 8 W 0 10000 10000 10000 0 0 0 
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þ=m^ � 9 : => 	
 � 15�J K µ y � 10� � H �   ¼ I h i !� Dijkstra's

F b L Mk l S$O=� � J �k l S� � � N iteration _ l Z [ �»\ ! g À �� �

ª 4.1Á 4.2 © � � $_ l Z [ ª= � � � 

1. Ú � D } ¶ Y S 

2. Y � Ô } ¶ Y S ' ( � © 3\B  E�f 4 Ø F G � © 3�g Û : © 3� u   ¶ Y

S ' ( � « �� 

min{L(v), where v∉S}=min{L(1),L(2),L(3),L(4),L(5),L(6),L(7),L(8)}=0�Û u=1�u∈S$ 

3. Ú � � h Ô Á 1 å Ý � © 3�B » © 3 1 Ô å Ý © 3 2$ 

4. Ú � © 3 2 � h l Õ 5 & � �+ © 3 2� � � �� * �� � © 3�t l Õ 5 & �

$ 

5. Ú � © 3 2�� �� ( | � �+ © 3 2�� � © 3�t l Õ � �� ( | A � $ 

6. _ l © 3 2�? ó 	
 �+ ImpT1 +Time(1,2)=0+3=3>ET2=0�t WaitT2 =0$ 

7. Ú � © 3 2 � h l Õ 	
 � 49 : => 	
 4J K µ y � � 

A. + ImpT1 +Time(1,2)=0+3=3KLT2=10�t© 3 2 l Õ 	
 � �  

B. + ImpT1+Time(1,2)+WaitT2 L M N O N M L M KEndT=15�t© 3 2 l Õ 9 : => 	


�  

C. + CW1+ W2=0+5=5KC=10�t© 3 2 l Õ J K µ y � $ 

8. Ú � © 3 2�E�f 4 � h H ü n � 

+ L(1)+Time(1,2)+WaitT2-π2=0+3+0-7= -4<L(1)=1000�t H ü n © 3 2 � ^ $ 

9. ü n © 3 2� � ^ � 

A. ü n © 3 2�E�f 4 �L(1)= L(0)+Time(1,2)+ WaitT2-π2=0+3+0-7= -4 

B. ü n © 3 2�¼ I 	
 �ImpT2=ImpT1+Time(1,2)+ WaitT2=0+3+0=3 

C. ü n © 3 2�68 ü T �CW2= CW1+ W2=0+5=5 
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D. ü n © 3 2�ï 5 3Ä À �Γ-1{2}=1 

10. Ú � � h Ô Á 1 å Ý � © 3�B » © 3 1 Ô å Ý © 3 3!�¼ I 4~9 ¥ V $ 

11. Ú � � h Ô Á 1 å Ý � © 3�B » © 3 1�å Ý © 3 4!�¼ I 4~9 ¥ V $ 

12. Ú � � h Ô Á 1 å Ý � © 3�© 3 1 ß Ô »Ö å Ý © 3�q # h i ! Dijkstra's F b

L Mk l S� � � N iteration$ 

�h i ! Dijkstra's F b L Mk l S� � � N iteration�_ l q r + | E\ 4.3 © 3

� ^ �ª= � � � 

\ 4.3 1N iteration!� © 3 � ^  

© 3 

Ä À  

ï 5 3

Ä À  

? ó

	
  

F �  

	
  

F � 

	
  

E�f  

4 Ø 

¼ I  

	
  

68

ü T  

¶ Y S 

' (  

1 0 0 0 0 0 0 0 1 

2 1 0 0 10 -4 3 5 0 

3 1 0 2 9 2 2 3 0 

4 1 0 1 11 -4 1 2 0 

5 0 0 2 11 10000 10000 0 0 

6 0 0 1 15 10000 10000 0 0 

7 0 0 2 12 10000 10000 0 0 

8 0 0 0 10000 10000 10000 0 0 

� E + N h i ! Dijkstra's k l S � § [ ! � H ´ Ö � @ F b L M �

1->2->6->3->5->8�L ME��-4�© 3 � ^ ª\ 4.4 � � $+�� Ì " C �L ME�G

Y %�n 2.4 © �� Ó H I A � � µ ¹ � H s 4 L M�Y e � � � f � Ô ¯ v �t7�

�74 L M�P � (Column) ý 9 e � � \Ý Þ + NP � Q R S�#� § [ $ 
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\ 4.4 � Eh i ! Dijkstra's k l S� © 3 � ^  

© 3 

Ä À  

ï 5 3

Ä À  

? ó

	
  

F �  

	
  

F � 

	
  

E�f  

4 Ø 

¼ I  

	
  

68

ü T  

¶ Y S 

' (  

1 0 0 0 0 0 0 0 1 

2 1 0 0 10 -4 3 5 1 

3 6 0 2 9 2 5 3 1 

4 1 0 1 11 -4 1 2 1 

5 3 0 2 11 -6 9 0 1 

6 2 0 1 15 -3 4 0 1 

7 4 0 2 12 -1 4 0 1 

8 5 0 0 10000 -4 11 0 1 

û Z h i !� Dijkstra's F b L Mk l S�� H . � � Ð � Á L \" Ö F b L M�X

@ L M. e � � \� � \ � P � (Column)�§ !� w � Ó H I A m Ú � � h �4 P � ý

9 e � � \Ý Þ " #�% F b L MY + 3�E�f 4 z Y ¸ ? Y %�l Ö s 0 ] F C

#�m § % G Y %�l � \4 L M�Y e � � � f � Ô ¯ v ���74 L M�P � ý 9

e � � $ª4�H � EP � Q R S§ + 9 " # § [ $ 
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����������������� � � � 	 
� � � � 	 
� � � � 	 
� � � � 	 
  

nY � 	
 � �� �� � � � � / 0 �H I P � � y Z Y ~ z �+4�� � F p O

P � Q R Sq ( ) ³ � � Sm" #� 	
 � �� �� � � �»\�P � Q R S�e � �

� � � ½ ¾ + � � �' ( ) * � � �] � � l � � E� F b L M� � �g ^ _ h i !

� Dijkstra's k l Sm" #] � � $� K o p ² nP � Q R S" #� 	
 � �� �� �

� � � � �� F ð É z y 	
 Ô Õ L MO#� � � � H I ��� � �· I ^ _ õ a 8 ª

} $ © 3� � Á L À I o p �WX �o p Z [ Y 5.2 © Y ¼ �F !Y 5.3 © ¦ � o p �

q r $ 

5.1 � 	 
 � � �� 	 
 � � �� 	 
 � � �� 	 
 � � �  

�� � 
 � 4.1 © � � Á L © 34 © � Á © � E��� � �N 5 � � õN� Ô } $

© 3� y � Á L �) 5 � 8 ª 8414450Á 100N © 3� Á L �¡ N Á L À8 ª � N Z

3Á� N + 3�» P � © 3À� � º © 3�»\� © �� � © 3�é� © l��� © 3$

+4 . 8 ª 8N © 3� Á L \�� n 3 �� * � Q R 3N� � © 3Á 3N�� © 3�{

ý ï Z 3Á + 3 � D E� 8 ª 14N © 3� Á L l � n 6 �� * Q R 6N� � © 3Á 6

N�� © 3�{ ý ï Z 3Á + 3 � D E� 8 ª 50Á 100N © 3� Á L ë � 
 4 ¹ �

� D E$F !^ � ¡ N © 3� � � ¼ I 	
 � �`� F � 	
 ÁF �	
 �4 R � n�

� � � � ! N © 3^ � � �( | �	
 � $ 

5.2 
 � � 
 � � 
 � � 
 � �   

�� � �o p Z [ � ² nAMD Athlon(tm) XP 3200+, 1.00GB RAM�N; Q R m1

D�D¢ S 4 �Microsoft Windows XP Professional SP2�û w Microsoft Visual C++ 6.0 Ä

TU,-hi!� Dijkstrajs k l S� ² n CPLEX 7.0 [6][7]\� Concert Technology

�� C � m "#P �Q RS\e � � � A , - Á+ �, - � � $ 

Y 5.1 © � � � E Á L . / !� l �   � � P �Q RS\�e � � �% & Q RÊ  

P ��P ��JK 4 	 ^ � z Y ¸ ? Y % �t� � � A , - � � $.� � � \Ê   P �
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� � \ � @ u ¹ º � �� * � � � L M�̀ � L M� Z 3> £ �� * ��� 3> £ ��

* �� � 3>+ 3�À u ô Z õ N © 3$� � 8 N © 3§ Á L  � �+ 8 ª 3 �� * t

� 7 ) 5 � 7 YX 3 �� * � 3 N Ê   P �� ! 8 9 e � � \�g 
 5 Í C X 3 ��

* � Q R� 6 N � º © 3�� 7 �  � � !� w Concert Technology�� C � �O *

9S(Simplex Method) m "Ö � 7 Y�  � �� Ó P �Ø πk=�k=1~6�{�X c � Ó P

�Ø3 � » Á L \� å � 7 � � º © 3ï $ 

þ = m û w C++[ � 
 � ,-hi!� Dijkstrajs k l Sm "#] � � �% "Ö �

L ME � <0�l n ñ � N � 7 Y : L M�P ��g � 4 n P �ý 9 e � � \ $ 	 hi�

f � Á�  � � $ à �^ � X N n P ��JK � z Y ¸ ? Y % �§ !{ û w Concert 

Technology�� C � T n "#e � � �O ´ Ö n �� Ó P �Ø�{�"Ö �� Ó P �Ø

39 ] � � \� å � 7 � � º © 3ï �T n û w hi!� Dijkstrajs k l Sm "#�F

»hi!�Dijkstrajs k l S"#C �L ME � >0 	 � ¢ + N P �Q RS�#� § [ $ 

§ !� w Concert Technology�� C � �� Ì e � � \� Ô P �� � M É � � � +

� L M �û �e � � E � � + �, - � � �{T n "#e � � O ´ Ö + �#$� Y 144

50Á 100 N © 3� Á L ë � 
 � ï � �Z [ D J ¾ o p$ 

5.3 
���
���
���
��� 

� õ N ) 5 8 ª 8414450Á 100 N © 3� Á L 
 � 5.2 © � Y ¼ �o pZ [ D o

p�Ö »"#q r ª\ 5.1 � � $.�h û w b#� + 3ß ï 5 3h § k l S¹ . �n

\ H s J ¾ � � u 8 ª 8 N © 3�G L Á L �¼ I D1 k l S!�g ú W R + 3ß Ô ï

5 3� � � �+ 4 } 2 � ¼ I b#� + 3ß ï 5 3h� õ ¥ V k l S��  � Á L , �

� V W z 	 �ªJ ¾ � 4 � Á õ �¼ I D1 k l S!� * W R + 3ß Ô ï 5 3� � � �

+ 4 2 � ¼ I b#� + 3ß ï 5 3h� õ ¥ V k l S$ 

� "# � �  � �� w P �Q RSm "#� 	 
 � ��� � � � H O � � �"#�

   � Y, � � z � Á L � � "#� � r � ¼ ½ $OJ ¾ � � ¾ �J ¾ � 8 ª 14 N ©

3��n 6 �� * Q R 6 N �� © 3Á 6 N � � © 3�{ ý ï Z 3Á + 3� D E �% û
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w Ô Õ S�� Í Õ 2501,393,97!12*!10*!8*!6*!4*!2* 6
6

6
5

6
4

6
3

6
2

6
1 =+++++ CCCCCC @ L M ¤

H "#� � � � � w P �Q RS"#� G K Ü & �Ê   P �ê � u Î { B » 20 @ E

� � D �L M�� » � � 7 �P �(Column) ý 9 e � � \� � H "#C O E � � 24�

H I L MD ( �J ¾ � G K Ü & �Ê   P �ê �u Î { B » 149 @ E � � D �L M��

» � � 7 �P �(Column) ý 9 e � � \� � H "#C O E � � 89�H I L MD ( �J

¾ õ G K Ü & �Ê   P �ê � u Î { B » 401 @ E � � D �L M�� » � � 7 �P �

(Column) ý 9 e � � \� � H "#C O E � � 177�H I L MD ( $ 

\ 5.1 o pq r  

 J ¾ �  J ¾ �  J ¾ �  J ¾ õ  
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