
� 32�� 4� ��������� Vol.32, No.4

2012 � 4 � Systems Engineering — Theory & Practice April, 2012

����: 1000-6788(2012)04-0760-09 �����: F253.4 �����: A

���������	
����
�������

� � 1,2,��� 2

(1. ������ ���	
, �� 201204; 2. ���� 
���	��, �� 200092)

� � ����������������Æ���������� , !"��� !#$%
&"#',$%&'��(()*+,����� ( !)-.)/,012����345+,�
����-.67*8'9:�+,;<+-=>.?@, ABCDEF-.G-HIJ����
�����KL/"��. MN0O: ��PQR��� !-.��S��� !�1T2K�
>.3U��HV���WXYZ[\, ]�EF-."��� !, U^L/_`"��, a�
R*8'b�c�de4f16gh'��ij3��L/5%kl.

	6
 ����; +,���;  !-.; >.; "



� 4� (/, -: 44955).667:�./890;1/7<: 761

%���. !����
� , 0&1�
�������
��
��	���2�����;;���
�, 3����=�!8���, ��<���4>#,-.

!45#,-& (9(%�������), ����67������ ����"#��, �� Liao
� Shyu[3] =>�2�����%�	�8?����9, �������:$:�, �2�$�?
;�
@;���67. �<A	�2�	=7��"#>�B3, ?
;�@@;����67, �<>���
$:���C@ (crashing) �!� (=?DE [4–7]). �!4>#,-& (9(%���������), �
���67@��45>�?��, ��"#A���, 3����� (
@) ���6���A7�"#�
B [8]. FC���288AB3��(%����!�, C?�#�(%������DG (=?DE [9–
12]), 3�HDG !+(%���
@���B�, �$��$(%���
@��:�@>����

@C@�"#.

DE����D�&�������, �$ 0����Æ
�������������� (
@)
�����"#���, #DFG����
� �������������I?, �;�"#HE9!
>(%���
@C@%J, CI��
��������Æ�����	�8?C@��9, �����

@���:$:�, 	��$�:�;K, C?�����&#�(%�����C@�	��
	�F
��DG, L���?
E�C@����Æ
� �����
@@�M�"#�&J.

2 <=>D?E@FG

#D!�0	���
�D�A
G�

B"�	�F��G, ������
�>���, �&1
�

"#C���&EC?DG, ���D�&:

1) � N ���
, ����
N�

���#�!�, ����
����!�F#��	, DO�
KI�!���� Di(i=1, 2, · · ·, N) ����. �� (Q, r ) ��L�$", 9F�	��!� i��PH

JG r i(5>�?) �>�>�, >�*�� Qi, !���'�I�.!<H (backorder).

2) ������Q�����
, ����M�R)��S 1 �T (A I B I C I D I E I F I
A). #D�$ �!��
EJ�,-, !+�R)�JKL� (line-haul)���
JFUN (local)�N�
(back-haul) >!%, L��N���7�,  ���

 CO���
�PM, �S 2 �T (L�� A I
B, ��
JFUN� B I C I D I E I F I B, N�� B I A).
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V k =
k∑

j=1

a j +
N+1∑

j=k+1

bj =
N+1∑
j=k

bj −
k∑

j=1

(bj − a j) = V 0 −
k∑

j=1

(bj − a j).

P]UV�D�&:
Ai �!� i���>�"#;
h i �!� i�DO��"#;
p i �!� i�DOI�"#;
W W�A:� (MI��);
w i �!� i�DOI�;
d i ��
 iJ�

�PM;
z ���DOPM�Æ"#;
k �Æ ��^U"#;
X ��
%RJF��X;
T >�K�;
t >��K, 9�>� ������KKY [12].

3 <LMNO

&1�

�"#0�&Z
�B", ��"
#�I�"#�>�"#��Æ��"#, ����
�
@C@"#.

1) ��S�"#�I�"#. 0!+%�$O,
���� Q�����
,I�!��>�K� T

�>��K t ��7�. ! (Q( I I�S�
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0 ! + % � $ O � � � � � � R P M dM � � � � 
 J F U N P M � � N X � � 
 
  C O � � � 
 � P

M , 9 [ � � � 
 J F $ ^ ` 2 � � dM � G , 0 � $ � dM = �
�

XN + 2 min( di )( i = 1 , 2, · · · , N ). � � �

D O P M � Æ " # � z, � � � � � � 
 � � � Æ " # � zdM . Y � Æ " # � , � � � � 
 � Q  � ^ N �

� � 
 � " # � Nk , D O � K ' � Æ � � � " # �

zdM + Nk
T .

4) � � � 
 @ C @ " # . + � � � � � � K � 
 @ C @ " # � R(V ), 6 D O � K ' 
 @ C @ " # �

R (V )
T . ! + � 4 1  4 k � � � � � � � 9 > � 
 @ C @ , � � � � 
 @ � R(V ) $ 3 B P T � :

Vk =
k�

j =1

aj +
N +1�

j = k+1

bj =
N +1�

j =1

bj Š
k�

j =1

(bj Š aj ) = V0 Š
k�

j =1

(bj Š aj ),

R(V) = ck (VkŠ 1 Š V ) +
kŠ 1�

j =1

cj (bj Š aj ), V � [Vk , VkŠ 1] (2)

5) � " # . � " # � � � S � " # � I � " # � � Æ " # � > � " # � � � � � 
 @ C @ " # � � , D

O � K � � " # � :

T C(T, t, V ) =
� N

i =1 Ai + zdM + Nk
T

+
� N

i =1 D i (hi + pi )
2T

�
V +

�
t Š

N�

i =1

µpi Š ldM

� 2�

+

� N
i =1 D i hi T

2
+

N�

i =1

D i hi

�
t Š

N�

i =1

µpi Š ldM

�
+

R(V )
T

,

V � [Vk , VkŠ 1], dM = �
�

XN + 2 min( di ), i = 1 , 2, · · · , N.

4 X Y Z [ \ ] ^

# � � H " # % J ( � $  � : � ; K % � , & 1 � 	 
 " # C � � P & E Q � � :

min T C(T, t, V ) =
� N

i =1 Ai + zdM + Nk
T

+
� N

i =1 D i (hi + pi )
2T

�
V +

�
t Š

N�

i =1

µpi Š ldM

� 2�

+

� N
i =1 D i hi T

2
+

N�

i =1

D i hi

�
t Š

N�

i =1

µpi Š ldM

�
+

R(V )
T

, V � [Vk , VkŠ 1] (3)

s.t.
� N

i =1 D i wi T � W.

� V � [Vk , VkŠ 1] , % O � T C(T, t, V ) � V � � _ � 5 _ Y A � , W ! � (2) % O $ �

�T C (T, t, V )
�V

=

� N
i =1 D i (hi + pi ) Š 2ci

2T
,

�T C 2(T, t, V )
�V 2 = 0 (4)

0 � � D ] $ O , � Z S [ � � > � K � T � > � � K t , T C(T, t, V ) ! V � [Vk , VkŠ 1] � � � V � � � Q

� .

G � T S � � , ! � � $ : � � � 6 7 L C @ � ! �  , ! + 5 > � ? = � � � � V � � � µD L + &

. � � SS, & . � � SS= k× � � � ' � � � E � @ �
�

L , 9 r = µD L + k� D
�

L . G � C ? � � � & E

Q � < , � & E Q � � � � � L � � _ � 5 _ Y A � , D ] P [ � _ A � � � � � 5 _ A � � � � , 9 � Z

S [ � � > � K � ( 
 > � * � ), ! L � [L k , L kŠ 1] � � � L � � � & E Q � � Z Q � , � � , C " � � �

6 7 G K � ! � � � J K � [ ? � . C " ` � � ` 
 � � & , = > � I [ ? L k % O W ! & E Q � , � ` L k

� � � C " > � K � , C < � I � � � J K [ ? L k �
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+&EQ�� (3)  ����
@ V ���!%"#� Φ(V ), 6 Φ(V ) �PU��:

Φ(V ) =
V

∑N
i=1 Di(h i + p i) + 2R(V )

2T

=
1
2T

[
V

N∑
i=1

Di(h i + p i) + 2ck(V k−1 − V ) + 2
k−1∑
j=1

cj(bj − a j)
]

=
1
2T

{[ N∑
i=1

Di(h i + p i)− 2ck

]
V + 2ckV k−1 + 2

k−1∑
j=1

cj(bj − a j)
}

.

Φ(V ) 0N!%B" V
∑ N

i=1 Di(hi+pi)

2T � R(V )
T . FG���
@C@"# R(V ) �PU� (2) $O, R(V ) !

V ∈ [V 0, V N+1] �Q�Sc��	dV��9B"�]�, � V
∑N

i=1 Di(h i + p i) ! V ∈ [V 0, V N+1] ��Q
�Sc��%�9, �S 4 �T. �ZS[�� T (T > 0), Φ(V ) �Q�Sc���	dV��9B"�]
�, FG

∑N
i=1 Di(h i + p i) � ci ��G,-�>#$��Se, �S 5 �T.

R(V)

V
V0VN+1

1
( )

N

i i i
i

V D h p

H 4 R ( V ) _ ∑N
i=1 D i( h i + p i) VW`Ha (N =5)

VV 0VN+1

( )V

1
1

(1) ( ) 2
N

i i i N
i

D h p c

1
1

( 3) ( ) 2
N

i i i
i

D h p c

1 1
1

( 2) 2 ( ) 2
N

i i i N
i

c D h p c< +

H 5 Φ( V ) VW`Ha (N = 5)

0�H%J$O, �ZS[��>�K� T �>��K t, C"���
@ V ∗ �UE�H%�, ��
V ∗ ��G� T � t f�, � V ∗ ��`
�%�&>#,-L�: 1)



� 4� (/, -: 44955).667:�./890;1/7<: 765

N�`b`cZ�[
∂T C2(T, t, V )

∂T 2

][
∂T C2(T, t, V )

∂t2

]
−

[
∂T C2(T, t, V )

∂t∂T

]2

=
2
{∑N

i=1 Ai + zd M + Nk + R(V ) +
∑N

i=1 Di(h i + p i)[V + (t − ∑N
i=1 µ pi − ldM )2]

}∑N
i=1 Di(h i + p i)

T 4

−
[∑N

i=1 Di(h i + p i)
T 2

(
t −

N∑
i=1

µ pi − ldM

)]2

> 0.

0b`cZD]$O, �ZS[�����
@ V ∈ [V k, V k−1], T C(T, t, V ) ��� (T, t) �iQ�, a
∂TC(T,t,V )

∂t = 0, ∂TC(T,t,V )
∂T = 0, `�C">��K��>�K��PU��:

t∗(T ) =
N∑

i=1

µ pi + ldM − T
∑N

i=1 Dih i∑N
i=1 Di(h i + p i)

.

��$�:�;K�C">�K�������
@�PT��:

T̂(V ) =

√√√√{
2
[ N∑

i=1

Ai + zd M + Nk + R(V )
]
+

N∑
i=1

Di(h i + p i)V
} ∑N

i=1 Di(h i + p i)∑N
i=1 Dih i

∑N
i=1 Dip i

(5)

�$ &EQ� ��:���, N� V ∗ W!� (5), 6C">�K� T∗ �C">��K t∗ %O�

T∗ = min
[
T̂(V ∗),

W∑N
i=1 Diw i

]
, t∗ =

N∑
i=1

µ pi + ldM − T∗ ∑N
i=1 Dih i∑N

i=1 Di+ Vi
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] 2 UV;Vgab`h
f*7:�lg 7:�po 7:��qg )hhog )hhig cn)h89ab

k µ k(ol) a k b k c k(i)

,r7:� 1 1.6 1.6 3 200

0*e 5 8,7:� 2 2.5 1 1.2 300

0*e 4 8,7:� 3 2.5 1 1.5 350

0*e 1 8,7:� 4 2.5 0.5 1 400

0*e 2 8,7:� 5 2 0.6 2 450

0*e 3 8,7:� 6 3 0.7 1 500

] 3 ^f`ÆVjSijkkjSl
i µ i (ol) h/m`5j r i (i) h/`5pi Q i (i)� 1  - 0 . 1 2  5 9 5 . 8 0 m 1  D o 
 Q 
 B T 
 / T 5  1  T 0  0  8 . 9 6 6 4  1 6 4 . 1 6  5 9 5 . 5  T m 8 0  T 4 0 . 0 0 4 9  T c 
 [ ( 1 ) - 5 6 4 7 . 4 ( 2 8 9 0 4 ( . 5 ) - 5 8 2 1 . 4 ( 0 6 2 0 6 4 7 . 5 9 4 . 6 ( 9 m 
 ( ’ . m 
 - 7 
 q 
 4 0 0 . 1 ) - 4 5 8 8 0 0 2  4 7 . 3 ( 2 8 9 0 4 5 1 . 2 ( 0 4  5 9 3 3 . 0 5 9 5 6 ( 9 m 
 ( � ( m 
 - 0 
 q 
 4 0 0 . 1 ) - 4 7 2 2 0 0 2   T c 
 [ ( 6 ) - 5 6 4 7 3 3 ( 2 8 9 0 4 1 1 . 2 ( 0 4  5 9 4 7 . 5 4 . 5 6 ( 9 m 
 ( ’ . 1 3 7 . 6 q 
 4 0 0 . 1 ) - 4 5 8 8 0 0 2   T c 
 [ ( 4 ) - 5 6 4 7 . 4 ( 2 8 9 0 4 ( . 5 ) - 5 8 2 1 . 4 ( 0 6 2 0 6 4 7 . 4 7  8 6 ( 9 m 
 ( ’ . 5 0 9 5 6 q 
 4 0 0 . 1 ) - 4 7 2 2 0 0 2  4 7 . 6 ( 2 8 9 0 4 ( . 5 ) - 5 8 2 1 . 4 ( 0 6 2 0 6 4 7 . 4 7  8 6 ( 9 m 
 ( ’ . 5 0 9 5 6 q 
 4 0 9 . 4 8 0 0 1 1  0  0  - 0 . 8 4  1 5 1 . 1 8 8 0 0 4  6 0 7 . 2 4 8 5 2 3 . 7 2 
 / I 8 1  D o 
 Q 
 B T 
 / T 5  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  1 4 7 . 3 6 0 9 2 . 5  T m 2 1  
 0  T c 
 ( ] ) T j 
 / F �  1  T f 
 1 4 4 . 0 0 0 8 4  T D 
 ( l ) T j 
 / F �  1  T f 
 0 . 1 2  0  8 5 9 5 . 5  T ) T j 
 / F �  1  T f 
 7 1 . 9 9 9 8 8 5 T ) T j 
 / F $  1  T f 
 0 . 1 2  0  8 4  T D 
 ( l ) T j 
 / F T 2  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / F %  1  T f 
 0 . 1 2  0  8 5 9 5 . 5  T ) T j 
 / F �  1  T f 
 7 1 . 9 9 9 8 8 4  T D 
 ( l ) T j 
 / 3 T j 
 / F � �  1  T f 
 1 4 4 . 0 0 0 2 7 0 l ) T j 
 / F T 0 1 5 @  1  T f 
 0 . 1 2  0  1 6 9  T D 
 ( l ) T j 
 / F C @  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 2 2 4 5  T m 2 1  
 0  T c 
 ( ] ) T j 
 / F ,  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  4 3 5 . 6 0 0 2 3 1  
 7 1 m 2 1  
 0  T c 
 ( ] T 2  1  T f 
 1 4 4 . 0 0 0 8 4  T D 
 ( l ) T j 
 / F �  1  T f 
 0 . 1 2  0  8 5 9 5 . 5  T ) T j 
 / 3 T j 
 / F C "  1  T f 
 1 4 4 . 0 0 0 2 7 0 l ) T j 
 / ) T j 
 / F >  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / F �  1  T f 
 0 . 1 2  0  8 4  T D 
 ( S ) T j 
 / T K  1  T f 
 7 1 . 9 9 9 8 8 5  T D 
 ( 5 ) T j 
 / T �  1  T f 
 0 . 1 2  0  8 5 5 ) T j 
 / T �  1  T f F 9 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 3  5 9 6 0 0 m 2 1  
 0  T c 
 ( ] T T  1  T f 
 8 7 1 . 9 9 9 8 6 2 5 . 3 8 9 7 7 6  6 2 5 . 3 8 9 3 3 4 5   T m 2 6 - 0 . 0 0 4 9 ( ff  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 3 3 8 . 8 7 1 m 2 1  
 0  T c 
 ( ] T c 
 [ ( 6 ) - 5 6 4 7 = 7 . ) 6 - 0 ( 5 2  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  2 1 0 . 0 0 0 2  5 9 5 . 5 3 T m 2 1  
 0  T c 
 ( ] ) T j 
 / F �  1  T f 
 7 1 . 9 9 9 8 8 4  T D 
 ( S ) T j 
 / T �  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 3 8 3 9 5 . 5 3 T m 2 1  
 0  T c 
 ( ] F ,  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  3 6 3 . 4 8 0 2 9 0 4 5 . 5 3 T m 2 1  
 0  T c 
 ( ] 3 T j 
 / F C "  1  T f 
 1 4 4 . 0 0 0 2 6 9  T D 
 8 l ) T j 
 / ) T j 
 / F >  1  T f 
 0 . 1 2  0  8 5  T D 
 ( 5 ) T j 
 / T �  1  T f 
 7 1 . 9 9 9 8 8 5 T ) T j 
 / F �  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / F K  1  T f F 9 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 4  5 9 0 . 5 3 T m 2 1  
 0  T c 
 ( ] ( t  1  T f 
 8 7 1 . 9 9 9 8 6 2 5 . 3 8 9 7 7 6  6 2 5 . 3 8 9 4 5 9 4 6 T m 2 6 - 0 . 0 0 4 9 ( ff  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 4 6 8  
 7 1 m 2 1  
 0  T c 
 ( ] - 5 8 3 8 8 0 0 5 6 4 7 = 1 ) . 5  . 9 7 . 4  1  T f F 9 . 1 2  0  1  0 2 8 3 l ) T j 
 / ) T j 
 / F .  1  T f F 0 . 1 2  0  0 . 2 i µ ) ) T j 
 / F 9  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  2 1 0 . 0 0 0 m 2 1  5 . 5 3 T m 2 1  
 0  T c 
 ( ] F �  1  T f 
 7 1 . 9 9 9 8 8 5 S ) T j 
 / T �  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 5 2 2 9 5 . 5 3 T m 2 1  
 0  T c 
 ( ] F ,  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  4 3 5 . 6 0 0 5 2 9 . 7 . 2 4 8 5 2 1  
 0  T c 
 ( ] F I  1  T f 
 7 1 . 9 9 9 8 - 3 8 1 5  T D 2 9 . 1 2 0  T D 
 0  j 
 / T �  1  T f 
 1 4 4 . 0 0 0 8 5 9 5 . 5  T ) T j 
 / F !  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / F �  1  T f 
 1 4 4 . 0 0 0 8 4  T D 
 ( l ) T j 
 / F �  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / 3 9 5 . 5  T j 
 / F C "  1  T f 
 1 4 4 . 0 0 0 2 7 0 l ) T j 
 / ) T j 
 / F >  1  T f 
 0 . 1 2  0  8 5 T ) T j 
 / F �  1  T f 
 7 1 . 9 9 9 8 8 5 S ) T j 
 / 3 T j 
 / F * �  1  T f 
 1 4 4 . 0 0 0 2 7 4 l ) T j 
 / ) T j 
 / F �  1  T f 
 0 . 1 2  0  7 ( l ) T j 
 / 3 T j 
 / F C " 1  1  T f 
 7 2  0  T D 2 5 5 l ) T j 
 / ] F 3  1  T f 
 0 . 1 2  0  0  - 0 . 1 2  2 1 0 . 0 0 0 1 8 T c 
 8 0 m 1 4 8 7  8 6 c 
 ( ] 3 T j 
 / F � T  1  T f F 0 . 1 2  0  9  T 6 2 . 9 7 7 6  9  T 6 2 . 9 3 9 4 . 5 2 0 m 1 4 8 7  8 6 c 
 ( ] ) T j 
 / F ,  1  T f 
 1 . 1 2  0  0  - 0 . 1 2  3 6 3 . 4 8 0 2 0 8 9 5 . 5  T 4 8 7  8 6 c 
 ( ] F �  1  T f 
 7 1 . 9 9 9 8 8 5 T ) T j 
 / F �  1  T f 
 1 . 1 2  0  8 5 T ) T j 
 / F D  1  T f 
 0 . 1 2  0  8 5 5
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∑N
i=1 Di(h i + p i) ≤ 2cN+1, Bw�DOC@"#C��_9Bw>�
@C@; F��V��#�� 137%

<, I_9�
@Z.C@, _Y ∑N
i=1 Di(h

767137%
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��, #D�2����
@C@DG�@�������D�, �]z"�:�;K, ������
�������($%`�	�$C@�9��o,-%J. 	�, #D��!�����!+��&L�
����
@C@"#, ��������� �(%:�&�����VG�
@	�C@"#, {�w
>�vx!!�.
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