
� 32�� 4� ��������� Vol.32, No.4

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

����: 1000-6788(2012)04-0752-08 �����: F272.3 �����: A

������������	����
�	�

� 
 1,��� 1,��
 2

(1. ���� ���������, �� 400030; 2. ������ ������, �� 400067)

� � 	
������, ��� !"#$%&"#$
'Æ(�����)*%����+
,- �./�, 01�234�!�
'Æ�)������)*%����+,-56��.
�2.7, !89��:3(�-;<=�, (�>�?��, �:��+,; ����+,@ !
�"A#�-!89�$B,  C%"A#�-D&E�'�-:()B; &"#$
'Æ, (�
F*G:-��HI�%G:-��+,. !89�JK3(�#LM
N, O+3�P��-Q
,; �), ,&"#$
'Æ(�-#LM
NGK.

�
� ����; ��+,; ��)*; RS�

Optimal investment timing and investment scale decision making
under uncertainty
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Abstract In the investment decision making, the enterprise focuses not only on investment timing choice,

but on investment scale choice as well. Based on real options theory, by solving the analytical expression of

optimal investment timing and optimal scale under the condition of fixed output and variable output, the

paper studies comparatively the decision making in simultaneously selecting the optimal investment timing

and optimal investment scale. The study shows that the uncertainty increases the expectation waiting

value, thus the enterprise will postpone the investment and increase the investment scale. The paper also

illustrates that the investment scale is associated with the uncertainty of expected market demand but

not associated with a certain size of earned value, which reflects the market demand. Under the condition

of variable output, the enterprise has greater investment critical value and larger investment scale. The

uncertainty decreases the enterprise’s capacity utilization, resulting in the existence of over-investment.

Meanwhile the enterprise’s capacity utilization is lower under the condition of variable output.
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2.1 abcd
A���PJ��, 	
�KC#�MC [19] ��:

P (t) = θ(t)− γq(t) (1)

E�: P (t)�KC/0, q(t)=KC����O��, γ ���,�U���/0�SD��,����KC�
�. θ(t) ���KC=T, �I�EKI?
@
��KC#����, E@QQ1U4RVJS: dθ(t) =
αθ(t)dt+ σθ(t)dω(t), E�: α �U∂/T.0811 272.34 5.72 TD∂(U)Tj∂/F10 1 Tf∂0.3854 0 TD∂(t)Tj∂/F3 1 Tf∂0.3614 0 TD∂())Tj∂/T4 1 Tf∂0.12 0 0 -0.12 110.5202 287.22 Tm∂(�)Tj∂/T3 1 Tf∂84.0/F3112 1∂(U)Tj∂/F101 Tf∂84 0 TD∂(K0 9.9626 2996L5 0 TD∂(C)Tj∂/T4 1 Tf19.9626 Tf∂τδT2 1 Tf∂84.0002 0 TD∂(β)Tj∂/M Tf∂84 0 TD∂2 Tc∂(��)Tj∂/F3� Tf∂84 0 TD∂(K)Tj∂/T1 1 Tf∂45 0 TD∂(C)Tj∂/T4 1 Tf∂402 287.22 Tm∂(,)Tj∂/T1 1 Tf∂0.13 5.512 1∂(U)Tj∂/F10 Tf∂0.12 0 0 -0.112 4097 -1(σ1 Tf∂0.3854 0 TD023)Tj∂/F3 1 Tf∂0.3614 0 TD∂())Tj∂/T4 >/F10 1 Tf∂0.385461 0 TD∂0 05/T3 1 02 287.22 Tm∂(�)Tj∂/T3 1 Tf∂84.3∂0.0∂(t)∂(�)Tj∂/F3 1 Tf∂ 1 Tf∂9.9626 0 Tc∂(��)Tj∂/F326 187.08115 0 TD∂(∂/T.0811 272.3999824(t)∂(�)Tj∂/F30 1 Tf∂0.3854 0 TD∂(t)Tj∂/F3 1 Tf∂0.3614 0 TD∂())Tj∂/T4 1 Tf∂0.12 0 0 -0.12 110.5202 287.22 Tm∂(�)Tj∂/T3 1 Tf∂84.0 T 0 21∂(U)Tj∂/F101 Tf∂84 0 TD∂(KTc∂(��)Tj∂/F3L5 0 TD∂(C)Tj∂/TTj∂/T1 1 Tf∂τ Tf∂84 0 TD∂(K)Tj∂/T1 1 Tf19.9626 Tf∂TS∂/T4 1 Tf∂84.0001 0  9.9626 180.8402 287.22 Tm∂(,)Tj∂/T1 1 Tf∂0.1466 0 21∂(U)Tj∂/F1-0.0/F.4407 ∂/F3 1 Tf∂0.4939 15639.9626 180.8 1 Tf∂0.3854 0 TD∂(t)Tj∂/F3 1 Tf∂0.3614 0 TD∂-0.0034 Tc∂(),)Tj∂/T3 1 Tf∂0.12 0 0 02 287.22 Tm∂2 Tc∂(α�)Tj∂/T3 1 499.5123)∂(U)Tj∂/F10α Tf∂9.9626 0 0 9.965)Tj∂/F326 187 0 0 9.962Tj∂/5)Tj∂/F3K4.0002 0 TD∂(β)Tj∂/T3 N∂/T4 1 Tf∂84.26 05.019626 81.84G.9626 0 0 9.9626 187.0�5 0 TD∂(C)Tj∂/T4 1 Tf∂�4 0 TD∂(J)Tj∂/T1 1 Tf∂�4 0 TD∂(�)Tj∂-3816.005θ02 287.22 Tm∂(,)Tj∂/T1 1 Tf∂0.1122311 257π�
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�������,��8��E, X"8, ��O�� Q, V�����
[> θ∗ (Q) 3W����/
>��Q. X θ ≥ θ∗, ��V�Q�RW, �������=Y���; X θ < θ∗, 6�ZKC#���, �
�5T7W, �7W�8Y���������, E8U�
���][, I5���@S5����V�.
BC Dixt 	 Pindyck[2] UK�
����
�, �����/>�:

F (θ) = L1θ
β1 + L2θ

β2 (4)

E� β1 > 1, β2 < 0 =
� (5) �B:

L ≡ 1
2
σ2β (β − 1) + αβ − r = 0 (5)

�: ⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

β1 =
1
2
− α

σ2
+

√(
1
2
− α

σ2

)2

+
2r
σ2

β2 =
1
2
− α

σ2
−

√(
1
2
− α

σ2

)2

+
2r
σ2

(6)

.� β2 < 0, 7Z θ = 0 � F (θ) = 0, 6 L2 = 0. �����/>
�U�:

F (θ, Q) =

⎧⎨
⎩

L1θ
β1 , θ < θ∗

θQ

r − α
− γQ2

r
− δQ, θ ≥ θ∗

(7)

�����
[6 θ∗ ;-/>\]	^^
�:⎧⎪⎨
⎪⎩

L1θ
β1 =

θQ

r − α
− γQ2

r
− δQ

β1L1θ
β1−1 =

Q

r − α

(8)

�E
�X (8) [:

θ∗(Q) =
β1

β1 − 1
(r − α)

(
γQ

r
+ δ

)
(9)

L1 =
θ∗1−β1

β1
.

Q

r − α
(10)

_P (9) �X@� Q = 1, 6� Dixt 	 Pindyck[2] 
:"/, �\�� NPV 
6 A, 
���
	

��W[�����
[>��, 7PY
������, �����
[> =Æ�. � Dixt 	
Pindyck[2] 
:
�2V��_P (9) ��3� γQ �, ]�Y
����

���
[>���. W�,
PY��

 γQ ��, ��
[>� =��.

�
@��
��, ��������B�7���

 Q, X���������� Q, ���_�
^ Q ��, ����X������`. �
_A�, 4>��3�T�`a, �H��3�T cu (capacity
utilization) ����������������

�a�A. X��������K,�j
/T1 1 Tf
0.120007 j
/85j
 ,��2.7601 263.7 Tm
(.)Tj
/T4 137f1298 191.58 0 0 -0.12:Tc
(5.15j
 za)5418m
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�E_P (14) [�����

:

Q∗
f =

rδ

(β1 − 2) γ
(15)

_P (15)WU����

����KC#�G-, 5YZY, 
@��
����aaBCKC#�
�
���b������

, �����#�G-. _P (15) WU ∂Q∗

f

∂β1
< 0, ._P (6) 
Z ∂β1

∂σ < 0,

W
∂Q∗

f

∂σ > 0, �UPY
������, ����

��, ��,	���b��

3;-��#��
4�#�.

X�8, _P (15) ]>_P (9) 
�������
[>,

θ∗f =
β1 (r − α) δ

β1 − 2
(16)

_P (16)WU�����
[>� γ G-,5YZY���KC����������
[>G-,�
��KC��a��������

����. _P (16) �Z ∂θ∗

f

∂β1
< 0, ._P (6) 
Z ∂β1

∂σ < 0, W
∂θ∗

f

∂σ = ∂θ∗
f

∂β1

∂β1
∂σ > 0, �PY
������, ����
[>���, 
���������7W/>, ��

b[YFb��.@��N, 
���������7W/>,��Fb��,H�\���b����

,
3;-��KC#��4�#�, 5� Dangl[14] c� [�.
2.3 iNOPeQfghRaST

�����, .���K]\\I�"��:2�, K
3BCKC��#��@Q, 30
@�> (�
dS�	Hcc) �d@�������, WEL�8���Q, 1�, �����?�Æ��������
���	����

����.

�
@��
:�������e�� Q 
�, 
@��
:�#�d]������������,
���������;-L�8���Q:

max
q

π = max
q

Pq = max
q

(θ − γq) q (17)

._P (17) 
Z, ZKC��#�� θ �, ��������� q∗ = θ
2γ , �=8�� π = θ2

4γ . I.�
������ q <��

 Q �O, �W���� q ≥ Q, ���B��� Q, W��34f�
�U�:

π =

⎧⎨
⎩

θ2

4γ
, 0 < θ < 2γQ

θQ − γQ2, θ ≥ 2γQ
(18)

e θ1 = 2γQ, �H 0 < θ < 2γQ �RW I, θ ≥ 2γQ �RW II.
�
@��
:g^, ,��8�_V
@��
��������	����

: X"8, O� Q

I?�, �����������
[> θ∗ (Q); XL8, �������

 Q∗; X�8, ������

[6 θ∗ 	���K52.24 301.5 Tm
(�)Tj
/F8 1 Tf-7/F10 1 Tf
9/F3 1 Tf
9.9626 0 0 9.9626 462.6 316.5 Tm
m
(�)Tj
/F8 1 Tf
6.9738 0 -0.1.40��X8

,,�28.40�71/T1 1 T9626 0 0 9.9626 531.8401 316.5 Tm
(Q)Tj
/T3 1 Tf
0.12 0 15Tf
80�71/T1 1 T��
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W A2 = 0, � lim
θ→+∞

V2 (θ, Q), W B1 = 0, V (θ, Q) � θ1 V=fT
bf�, 6;- V1 = V2, V
′
1 = V

′
2 , Ic

QN��: ⎧⎪⎪⎪⎨
⎪⎪⎪⎩

A1θ
β1
1 +

θ2
1

4γ(r − 2α − σ2)
= B2θ

β2
1 +

θ1Q

r − α
− γQ2

r

β1A1θ
β1−1
1 +

2θ1

4γ(r − 2α − σ2)
= β2B2θ

β2−1
1 +

Q

r − α

(22)

�E
�X (22), Qi
[:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

A1 = θ−β1
1

1
1− β1

β2

[
−

(
1− 2

β2

)
θ2
1

4γ (r − 2α − σ2)
+

(
1− 1

β2

)
θ1Q

r − α
− γQ2

r

]

B2 = θ−β2
1

1
1− β2

β1

[(
1− 2

β1

)
θ2
1

4γ(r − 2α − σ2)
−

(
1− 1

β1

)
θ1Q

r − α
+

γQ2

r

] (23)

�K@J����4�RW I	II �I?. X����4�RW I (0 < θ < θ1), 6O� Q, �=��

[>� θ∗(Q), �����/>�:

F (θ, Q) =

⎧⎪⎪⎨
⎪⎪⎩

L1θ
β1 , θ < θ∗

A1θ
β1 +

θ2

4γ(r − 2α − σ2)
− δQ

r
, θ ≥ θ∗

(24)

BC/>\]	^^`d
�, ������
[> θ∗(Q) =;-:⎧⎪⎪⎪⎨
⎪⎪⎪⎩

L1θ
β1 = A1θ

β1 +
θ2

4γ(r − 2α − σ2)
− δQ

β1L1θ
β1−1 = β1A1θ

β1−1 +
2θ

4γ(r − 2α − σ2)

(25)

�E_P (25) [�����
[>;-:

θ∗ (Q) =

√
4γ(r − 2α − σ2)

1− 2
β1

δQ (26)

L1 = A1 +
2δQ

β1 − 2
θ∗(−β1) (27)

_P (26) WU ∂θ∗
∂β1

< 0, .� ∂β2 D o 
 Q 
 B T 
 / F12 1 T f 
 6 . 9 7 3 8  0  0  6 . 9 7 3 8  1 61. 8 8  3 4 4 .22 T m 
 0 . 0 6116 . 9 . 
 E T
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XL8, �E����

 Q∗ W[�����/> F (θ0) = L1θ
β1
0 ��, 6 Q∗ ;-"`
�:

∂F (θ, Q)
∂Q

=
∂L1θ

β1
0

∂Q
=

∂
(
A1 + 2δQθ∗(−β1)

β1−2

)
θβ1
0

∂Q
= 0 (31)

, θ1 = 2γQ 	P (26) ]>P (31) �E
[����

:

Q∗ =
δ

γ
(
1− 2

β1

)
⎛
⎝ − 1

β1
(1− β1

β2
)
(
r − 2α − σ2

)− β1
2[

−
(
1− 2

β2

)
1

(r−2α−σ2) +
(
1− 1

β2

)
2

r−α − 1
r

]
⎞
⎠

2
2−β1

(32)

�
@��
: �, Q∗ ��IKC#���� θ(t) G-, a�KC#�@Qb� -. EB�H1�
�, ���������

�, KC#��@S=E��@J18. Gk�l, KC#��@Sb�, �=
����KC=T, ��Æ`�3��37@b���

���. �Zg"�Ic�KC#����, �
�.:230E����3;-KC#�. 1��IKC#��g"���> θ(t) ���
=���hi
������-, Ic�KC#��@Q6���

���mj -.

�"8, Q∗ ]>P (26) 
�[��
[>,  =�������/>. 3� Q∗ = θ∗ b�RW I �
�E, X θ∗ b�RW II, 6��
E[ =� Q∗, �FI�
O�E�E, B��>E.

X�8, �
@�� �, ,P (32) ]>P (26) 
�[�����
[>.

3 jkdl

A�����0 0 9.9626 228.2401 520.14 Tm
0.0059 Tc
[(()9.3(32))]TJ
/
9.962jk
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3Dfj��, ������3�THF 100%, �=�����, B��������, 2�PY#���
4l8�3����, 7PY
�����3, ����

ho�4, ��������3�Tb�b�.

@I?�, 
������3�T�@Q����, �
@I?�, 
�����3, //�����3�
T�1F�ZW. ������
@�:2�O��5��b��/>, ��b[Y������

, I
�����3�T.b�.
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m 2 eÆfnomuvwxjkt

4 ny

�6������KC#�
��I?�,���
@��	
@��
����	�������	
��

���, 5��o/�������Y3����	��YH:

1) G�
@��p=
@��
��, �����
[>	����l,PY
�����3�Wp
��, 
����O�//��Fb��, H����

;

2) �
@��
�� A, 
@��
��, ��I�b���
[>	��

, 7PY
����
�3, �;28�mnWp��, 5YZTj
/T1 1 Tf
84Tf
D
(�)3 1 Tf
9.9629998/F3Y1 Tf
85 0 TD
(�)Tj
/T1 1 Tf
85 0 TD
(�)Tj
/T1 1 Tf
85 0 TD
(p)Tj
-38�1 Tf
85 0 TD
(
)Tj
/T1 1 Tf
85.0001 0 Tc
(p�)Tj
/TT4 1 Tf
254.9999 0 TD
0 Tc
(A)Tj
/F3/T2 1 Tf
85 0 TD
(�TD
(�)Tj
/T5 1 Tf
85 0 TD
(�)Tj
/T1 1 Tf
9.9626 0 0 9.9626 282.9601360.366 Tm
(5)Tj
/T4 1 Tf
0.12 0 0 -0.12 212.6402367.086 Tm
(5)Tj
/T4b1 Tf
85 0 TD
(p)Tj
-38[1 Tf
85 0 TD
3.0001 Tc98/F3YF1 Tf
170.0001 0 Tc
(b)Tj
/T4 1 Tf
83.9999 0�)Tj
/T5 1 Tf
85 0 TD
(�)Tj
/T3 1 Tf
85 0 TD
(�)Tj
/T4H1 Tf
83.9999 0��� 


��A

� � A 1 0 1 5 1 0 1 5 �  T D 
 ( 9 0 1 5 ) T j 
 F 1  T f 
 8 5 . 0 0 0 1  0  T c 
 ( @ � � 
 ( Y Z T j 
 / T 1 � � 1  T f 
 8 4  0  T D 
 ) 6  T c 
 ( A ) ) � 3  T f 
 8 4 T f 
 D 
 ( � ) 6 8 T c 
 ( 
 ) T j 
 � 1  T f 
 8 4  0  T D 
 ( � 0 1 5 ) T j 
 T 1  T f 
 8 4  0  T D 
 ( � ) T j 
 / T 1 
 ( Y Z T j 
 / T 1 h f � 1  T f 
 8 5  0  T D 
 2 5 1 T D 
 0  T c 
 ( 
 ) T j 
 1 1  T f 
 9 . 9 6 2 6  0  0  9 . 9 6 2 6  2 8 2 . 9 6 0 1  7 9 . 3 6  2 2 6 T D 8 
 ( � ) 4 . 1  T f 
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