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Uncertain control optimization of resource planning for
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Salema � [5] �*� � � - +� � � �8� � � � ���29���#, ! Fleischmann � [6] �3/� �

�# RNM 4,0, :���/ . !� / �
��+ 0 �1��2/3/;<�������, 3- � =+5
1 45�� MILP �#. Wang � Hsu[7−8] ���.>6? - +� � � *�� � � � ��� 2 67@��,
3 � ��2�4 8A 5 6 �3/ 6 ������ 5
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S = {(ti, sj, xti
sj(ozh)) | i, j ∈ G, rti, rsj ∈ R}, xti

sj(ozh) ?L L M � eti
sj �� — 	
 	 � � � (ti, sj) 0, M

K @ L oz(oz ∈ O) � h(h ∈ D) +� � � . � � h !	
 	 � sj � . !� 
 �NY . !�M�O� dhj �

fhj. utctl � usctl �O?L���	
 0 �� rl(rl ∈ R) !1 � �
 t � (t ∈ Tm, m ∈ M) MNO�NY
�Æ. ! 1 5 W �FA��	
�N 
 0, 
�
�K m(m ∈ M) !FA p(p ∈ [1, W ]) �T I 
�P�
3-� � �2 D, I 5 3 �B��
� � �� rl(rl ∈ R) ��2�
� Tmlp = {tmtp, tmsp}. �� � �! ;

< �����!"���FA p 0, ��� � � � N � ∀rli ∈ R ���+ 0 �� � , �Q � 4���2�
�F�
� � , ��� � ��N������R@� 8 S.
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�	
���� � � � ����7Z ; < �������!", 
EA����N N . : 3����4
5������� � 
�
, �=!� � ����� � �>���5$�. : 3��$������4Æ�
� �� � �� � �2�
� � $��� / 7G1/, O=
��+ 0 �� 	 �E���� — 	
�
, �

�� / 6 
 �P	���D/�, ��+ 0 �� � ��6 
 �E�����D/�, T��M>� � �


1 � � @ 
���+ 0 ���� � . � �  � 5��	
���� � � � ����� � ��#, J�3-4
5 : 3 � 
�
�A[O�#.
3.1 8P9:Q;<|=>

-
�U���!!�� �L, ;��� � Q8 3 2��\���#B��� ���#, M>
�
 ��� M RV � ]< 6 �0?�, 3 ���#��BP���#�� [12]. !1 � �	
���� � � �

�����������,6$�� 1 5 : 3�, 0 SW���^��� (mixed integer linear programming,
MILP) �A[O�#, MILP A[O�#�=Q_��JML [13−14]:

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

max y =
n∑

i=1

[ki + E(γi)]xi + [k0 + E(γ0)]

s.t.
n∑

i=1

[aij + E(ξij)]xi − [bj + E(θj)] ≤ 0, j = 1, 2, · · · , m

xi ≥ 0, i = 1, 2, · · · , n

xi
��, i = 1, 2, · · · , l

(1)

��, xi � � �P � , ki�aij�bj ��#�P � ��, γi�ξij�θj �CA� � ������ ��, �< 6 O

+X� (probability density function, PDF) �O� φi(γi)�ωij(ξij)�ϕj(θj), E ?LA[O. =Q� ��
� PDF X�E/, Y�#���#�#, �!�	
���� � � � ����>��, ���������
!!, ���� 	 � � $� / �� �� PDF X�D/, !"H���R�N N �, �5, !�8���R
�, �
�# � � � 
 � : 3��F.

� x∗ ��	
���� � � � ����� � ��R, �� : 3�R��:⎧⎪⎨
⎪⎩

cj = Pr
{ n∑

i=1

(aij + ξij)x∗ − (bj + θj) ≤ 0
}

,

c = min
j

cj ,

j = 1, 2, · · · , m (2)

��, cj ?L x∗ 
�
 j � : 3�R�, c � x∗ 
�#� : 3�R�. S c −→ 1 � � `.��, �# � �

� � : 3��>, ZTU � ��R 1 57 � P �.

? �� (1) � cc �
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�
 : 3�R����� � , 1 ��� (6) ML.⎧⎨
⎩
Pr

(∣∣∣∣
n∑

i=1

yi

∣∣∣∣ ≥ ∆
)

≤ 2 exp
{ −2∆2∑n

i=1(ei − di)2

}

i = 1, 2, · · · , n, yi ∈ [di, ei],∆ ≥ 0
(5)

⎧⎨
⎩
1− 2 exp

(−2{[bj + E(θj)]−
∑n

i=1[aij + E(ξij)]xi}2∑n
i=1[(vij − uij)xi + 1

n (qj − pj)]2

)
≥ c∗j

ξij ∈ [uij , vij ], θj ∈ [pj, qj ]
(6)

?@ �� (4) � Hoeffding � � � /

Pr
( n∑

i=1

yi ≤ ∆
)

≥ Pr
(∣∣∣∣

n∑
i=1

yi

∣∣∣∣ ≤ ∆
)
= 1− Pr

(∣∣∣∣
n∑

i=1

yi

∣∣∣∣ ≥ ∆
)

≥ 1− 2 exp
{ −2∆2∑n

i=1(ei − di)2i

}
(7)

? �� (4) � 3 Hoeffding � � �� yi a�� {[ξij − E(ξij)]xi − 1
n [θi − E(θj)]}, � �� � 4 ξij ∈

[uij , vij ], θj ∈ [pj , qj ], � � {[ξij − E(ξij)]xi − 1
n [θi − E(θj)]} ∈ [vijxi − 1

npi, uijxi − 1
nqi], >V� (7) � �:

Pr
{ n∑

i=1

[ξij − E(ξij)]xi − [θi − E(θj)] ≤ [bj + E(θj)]−
n∑

i=1

[aij + E(ξij)]xi

}

≥ 1− 2 exp
(−2{[bj + E(θj)]−

∑n
i=1[aij + E(ξij)]xi}2∑n

i=1[(vij − uij)xi + 1
n (qj − pj)]2

)
(8)

[�� (8) UV ≥ c∗j , �VV7� ≥ c∗j , � �H � 4���
 j � : 3�R�. AUHW. ? �0�A
U, � !M  � ��#��V�� (6)ML� : 3�R��2,����� � � � ]� � 4�#�2, W��
��# 1 � : 3�.

? ���������, 
�	
���� � � � ���� 
 ��\XL�F, 3-=�������
#. ��, =����� � � � �Æ�b�, � 
� � 	 �� “WY7c”, Q � Z R 	 � 
 “ S X@	” ��
�. T =����� � ����N N �, � 
 � ��R�d:Y+, Q � Z R ��������� “^[@
	” � “Z U @	”. �\�#�J:

min
∑

cn∈C
h∈D

∑
i∈rt

∑
j∈rs

utctle
ti
sjaijxti

sj(ozh) +
∑

cn∈C
h∈D

∑
j∈rs

∑
i∈rt

usctldhjfhjaijxti
sj(ozh) (9)

min
j

(
1− 2 exp

(−2{[tmtp + E(θti)]−
∑

i[aij + E(ξij)]

o
i j 236
(+)T35.58f
9.9626 0 0 9.9626 307.44 353.7 Tm
(0.0084 38.58f
9.
/F3 0 Tf
9.[.3854 0 TD
(o)Tj
/7262.-0.0034 Tc2v738 0 0 6.9738 252 389.82 Tm
-0.000
(j)T7.14j)Tj
/F11 1 Tf
9.9626 0 0 9.9626 260.04 385.62 Tm
0 Tc
(f)38.58f
9. Tf
0.9997 0.7D
(E)Tj
/F3 1 Tf
0.7u738 0 0 6.9738 252 389.82 Tm
-0.06508(j)T7.14j o

i5.52
(i5. Tf
6.n26 0 0 9.9626 443.76 385.62 Tm
341162 T38.58f
9...3854 0 TD
(o)Tj
/F14 1 Tf
6.q738 0 0 6.9738 434.4 384.18 Tm
004.622j)T7.14j

E
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X Y �M>P^�_��f� � @ � � �����,� 1 5B�>��	,1\�Æ � 7� �. MCM

�� [0, 1] 8 \�0�� ��4,����\�< 6 �0�� P � , ����U���
 9 . MCM��
� P � �F Z ���9�5
J [ + [19−20]:

1) C CDF X�� —— 3 9 Xg�

T \ MCM ����\�< 6 �0�� P � � F C ] M< 6 �0X� (cumulative probability distri-
bution function, CDF), `�� PDFM�=��. ; < �	
���� � � � �������>�����
���!", h
 ^ i�0 (Cauchy distribution) ��< 6 �0X�, ���� ^ iX�� “`j” �0�
ab ; < ����!"���T1 1 Tf
83.9953.22ist1 Tf
83.9999 8Tc
(�)Tj
/T3 1 Tf
84.T3 1 Tf
84.T3.9626 274.08 712.98 T429.22 Tm
0 TD
 1 Tf
83.9953.22ist1 Tf
83.9999�U13
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�>��, ��9k�
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�!", @I
� � ����2�@ 1 5
=������, ��2i��O?L�:
tmtp(o1) = 120 + θ1�tmtp(o2) = 80 + θ1

� t :��1
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0.7, � 3 ���#2 � ? C�N��, Æ D���� � ��R
����!"�Hv�+. 6$ Matlab7.0
� 1 , �$ q ^���^� (particle swarm optimization, PSO) 
w�Æ^� : 3 � 
����# 
 �2

� , q ^� m = 50, q ^x+ n = 12, q>f� k = 100, P^�� � ���O (�? 4).

e 3 kl;%<&/0?�m}inop

glmg m2 r xti
sj(oz)

&�g Y ∗
(i = 1, 2, 3; j = 1, 2; z = 1, 2)

ξ1 = −0.58, ξ2 = −0.55
(0.62, 0.59, 0, 1.63, 6.41, 0,

3.75, 0, 6.32, 0, 0, 0)
68,433θ1 = 2.18, θ2 = 2.09

N = 10000

ξ1 = 1.38, ξ2 = −2.02
(0, 0, 0, 3.86, 4.68, 0,

2.14, 0, 6.00, 0, 0, 0)
56,412θ1 = 0.62, θ2 = −1.71

N = 100000

ξ1 = 1.55, ξ2 = −0.79
(0, 0, 0, 3.76, 4.83, 0,

2.25, 0, 6.00, 0, 0, 0)
57,094θ1 = 3.23, θ2 = 3.85

N = 200000

e 4 fg PSO ?qnrsinop

glmg m2 r xti
sj(oz)

&�g Y ∗ uy s r5

cmin(i = 1, 2, 3; j = 1, 2; z = 1, 2)

ξ1 = −0.58, ξ2 = −0.55
(0.89, 1.59, 2.45, 4.76, 3.09, 1.88,

0.45, 0.64, 1.67, 4.08, 0.07, 2.68)
83,283 0.87θ1 = 2.18, θ2 = 2.09

N = 10000

ξ1 = 1.38, ξ2 = −2.02
(1.21, 0.46, 1.29, 3.67, 4.02, 1.99,

1.38, 0.83, 5.63, 0.25, 0.07, 2.67)
76,335 0.79θ1 = 0.62, θ2 = −1.71

N = 100000

ξ1 = 1.55, ξ2 = −0.79
(1.79, 2.18, 1.83, 3.16, 0.98, 2.53,

1.22, 0.62, 2.54, 1.47, 1.73, 2.45)
76,601 0.84θ1 = 3.23, θ2 = −3.85

N = 200000

j: stuls 100 t, t o'vLmvww0l 0.5.

Æ^��
�#I�	$ � F��2 � , p�M>]������:q>zq u S�� � . 
 ξ1 = 1.38,
ξ2 = −2.02, θ1 = 0.62, θ2 = −1.71 � A , �$ PSO ^� 
 � 100 fq>, 2 � M������X�O?8
/ v , �# � � � �q>���O/ v < = �P 3 ML:

2
4

6

2

4

6

2

4

� � � � � � � � �24

6

2

46246迭 . 7 51 / 3 时 粒 粒 粒 粒 粒 粒 粒

2

4

62

4

6

2

4
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�	
���� � � � ����:�H;���#��,E5���� 8 I�5@ � � �+��.��
< 6 �0 8 D/��	��. �5, ? ��������������, ! � � � ��� � ���F�� �

J, 
�	
���� � � � �b�n�Æ� � ��R�8N�����, 3- � =+4� MILP ����
� � 
���#. !���#�M>�V : 3� � 
��, U�$ W \ X Y ���_< 6 �0, � � � � �

��.���������N����. �wM>^ A �P���2 � , A� � Y�#�^�
��� � �

� �������� � 
�5@�.
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