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Global optimization method for chance constrained problems combining
computational statistics and evolutionary computation
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In order to solve practical Chance Constrained Problems (CCPs), which are
formulations of various real-world problems under uncertainties, it is necessary to estimate the
probability that a candidate solution satisfies the constraint conditions using a large number of
samples selected randomly from a probability distribution. In this study, we devised a method that
can estimate the above probabilitiy from a much smaller number of samples than the conventional
random sampling method. Furthermore, by combining the above sample reduction method and an
evolutionary algorithm called differential evolution, we developed a global optimization method for
CCPs and confirmed its effectiveness on several practical CCPs.



CCP Chance Constrained Problem

1
ccp
ccp [1112]
ccp
1
ccp
CCP
CCP
ccp
CCP
2
CCP
ccp
CCP
EA Evolutionary Algorithm ccp
@
W_ECDF Weighted Empirical Cumulative Distribution Function [3]
SRS Simple Random Sampling
CCP W_ECDF
1
1 W_ECDF
CCP W_ECDF
ccp
@
DE Differential Evolution [4] EA 1
DE DE EA
CCP DE EA DE
EA EA
[5]
CCP
(3) SAW
CCP SAW  Surface Acoustic Wave
SAW
SAW CCP CCP DE
SAW

[6]



W_ECDF 3
Bonferroni W_ECDF
[71 Halton [8]
Ccp
El|
CCP  DE EA
Ccp EA
El|
EA
EA [10]
DE ccp
SAW SAW [11]
[7] [12]
ccp
() W_ECDF [7]
Ccp
W_ECDF
2 W _ECDF
W3 =' 3
L] U A
S 25 "R T 25 %g&s
g 2 .%. § 2 ; Ol A H
£ e = AT
g 15 . g 15 ey
= =
[} =1
- I0.5 1 1.5 = 10.5 1 1.5
Random variable: £ ! Random variable: u,
1 2
£ 1 2
B i)
=
= &
005 005
= 2
k= =
£ E
=) =
“ 25 3 35 © 25 3 35
Quantile: Quantile: ~
4
ccp 10
4 W _ECDF 10
W_ECDF
3 4
(@) Halton 8l
CCP W_ECDF
Halton 2 Halton
6 Halton Halton
7 RS Halton WHS
THS 7
Halton Halton

CCP

CCP

Halton



®

*

8 8 5
10
3 3
CDN CbN
§ 25 § 25
g 2 )
o o
8 8
= 1.5 = 1.5
s s
1 1
0.5 1 15 0.5 1 15
Halton point: 91 Halton point: 91
5 Halton 6 Halton
0.1 -\ < £y
——RS X X X
e 1 2 3
% 0.08 -B-WHS a, a, a,
g 0.06 1 —&—THS
— X X X
E 0.04 6 7 8
2 0.02
0 T T T T )
0 20 40 60 80 100
Number of samples
! 8
Bl
CCP WSS WSS
9 10 WSS
WSS
3 3 .
w25 =Mo5l  riiiin,
) (5] Sl
e 2 = 2 R
E £ LR
@ 19 S 15 R
1 1 :
0.5 1 1.5
Sample: 91
o 10
[10]
EA DE EA CCP
EA EA
EA
11 2 12

11

12



1 [ ] [ ] .. i 2 |
038 'F.O * e ® e o ..l
0.6 ® e . % RS
S R )
[ ] [ ]
02 oo * o ° *° o
0 . . . . °
0 0.2 04 0.6 0.8 1
11 12
(5) SAW [11]
13 SAW cep DE
Halton
W_ECDF CCP SAW
14 W _ECDF
— 0 Upper bound
m ower bound
Sm =.-20
SMSA IDT.T IDT.T SMSA |~ g
L"E% E 10
substrate §
g-éo
dm < Sm
output dg >l se %00 900 1000 1100 1200
Frequency [MHz]
13 SAW
14 SAW
[1] 2015

[2] A. Prekopa Stochastic Programming, Kluwer Academic Publishers (1995)

[3] K. Tagawa A statistical sensitivity analysis method using weighted empirical
distribution function, Proc. of the 4th I1AE International Conference on Intelligent
Systems and Image Processing, pp. 79-84 (2016)

[4] K. V. Price, R. M. Storn, and J. A. Lampinen Differential Evolution - A Practical
Approach to Global Optimization, Springer (2005)

[5] E. M. Montes and C. A. Coello Coello Constraint-handling in nature-inspired
numerical optimization: past, present and future, Swarm and Evolutionary Computation,
Vol. 1, pp. 173-194 (2011)

[6] Differential Evolution SAW

C Vol. 130 No. 7 pp. 1238-1246 2010

[71

C Vol. 138 No. 10 pp. 1260-1268 2018

[8] K. Tagawa An approach to chance constrained problems using truncated Halton sequence
and differential evolution with application to flood control planning, WSEAS Trans.
on Systems, Vol. 18, pp.119-128 (2019)

[9] K. Tagawa An approach to chance constrained problems based on huge data sets using
weighted stratified sampling and adaptive differential evolution, MDPI Computers,
Vol. 9, No. 32, pp- 1-20 (2020)

[10]K. Tagawa and Y. Orito A mapping-based constraint-handling technique for
evolutionary algorithms with its applications to portfolio optimization problems,
SICE Journal of Control, Measurement, and System Integration, pp. 1-15 (2022)

[11]K. Tagawa Critical fractile optimization method using truncated Halton sequence
with application to SAW filter design, Proc. of PPSN 2018, pp. 464-475 (2018)

[12]

TOM53 Vol. 12 No. 2, pp. 59-68 (2019)



21 20 0 5

Tagawa Kiyoharu Orito Yukiko 15(1)
A mapping-based constraint-handling technique for evolutionary algorithms with its applications 2022
to portfolio optimization problems
SICE Journal of Control, Measurement, and System Integration 62 72
DOl
10.1080/18824889.2022.2040268
Tagawa Kiyoharu
A Mapping-Based Convex Constraint-Handling Technique for Evolutionary Algorithms 2021
Proc. of the SICE Annual Conference 2021 808 813
DOl
12
2021
26 35
DOl
Tagawa Kiyoharu 9
An Approach to Chance Constrained Problems Based on Huge Data Sets Using Weighted Stratified 2020
Sampling and Adaptive Differential Evolution
Computers 32 32
DOl

10.3390/computers9020032




Tagawa Kiyoharu Orito Yukiko 140
Simultaneous Optimization of Interest Rate and Portfolio For Diversified Investment using Loan 2020
IEEJ Transactions on Electronics, Information and Systems 1257 1263
DOl
10.1541/ieejeiss.140.1257
Tagawa Kiyoharu
An Interest Rate Decision Method for Risk-averse Portfolio Optimization using Loan 2020
Proceedings of the 5th International Conference on Complexity, Future Information Systems and 15 24
Risk
DOl
10.5220/0009208400150024
Kiyoharu Tagawa
A support vector machine-based approach to chance constrained problems using huge data sets 2020
Proceedings of the 52nd ISCIE International Symposium on Stochastic Systems Theory and Its 46 53
Applications
DOl
Kiyoharu Tagawa
Data reduction via stratified sampling for chance constrained optimization with application to 2019
flood control planning
25th International Conference on Information and Software Technologies 485-497

DOl




Kiyoharu Tagawa

A big data based approach to chance constrained problems using weighted stratified sampling and 2019
differential evolution
SICE Annual Conference 2019 1473-1478
DOl
12(2)
2019
59-68
DOl
Tagawa Kiyoharu
Group-based Adaptive Differential Evolution For Chance Constrained Portfolio Optimization Using 2019
Bank Deposit and Bank Loan
Proc. of IEEE Congress on Evolutionary Computation 1557-1564
DOl
10.1109/CEC.2019.8790109
Kiyoharu Tagawa 18
An approach to chance constrained problems using truncated Halton sequence and differential 2019
evolution with application to flood control planning
WSEAS Transactions on Systems 119-128

DOl




Kiyoharu Tagawa

Chance constrained portfolio optimization using loan 2020
IARIA The 12 International Conference on Information, Process, and Knowledge Management 34-39
DOl
Kiyoharu Tagawa
Extension of weighted empirical distribution and group-based adaptive differential evolution 2018
for joint chance constrained problems
Genetic and Evolutionary Computation Conference Companion 223-224
DOl
10.1145/3205651.3205711
Kiyoharu Tagawa 11101
Critical fractile otimization method using truncated Halton sequence with application to SAW 2018
filter design
Parallel Problem Solving from Nature XV, Lecture Notes in Computer Science 464-475
DOl
10.1007/978-3-319-99253-2_37
138(10)
2018
C 1260-1268

DOl
10.1541/ieejeiss.138.1260




Tagawa Kiyoharu

Truncated Halton Sequence and Adaptive Differential Evolution to Solve Joint Chance Constrained 2018

Problems with Application to Flood Control Planning

2nd European Conference on Electrical Engineering & Computer Science 1-6
DOl

10.1109/EECS.2018.00087

Kiyoharu Tagawa, Shun Miyanaga 102(3)

An approach to chance constrained problems using weighted empirical distribution and 2019

differential evolution with application to flood control planning

Electronics and Communications in Japan 45-55
DOl

10.1002/ecj .12148

Kiyoharu Tagawa 2

Chebyshev inequality based approach to chance constrained portfolio optimization 2017

International Journal of Mathematical and Computational Methods 66-71
DOl

Tagawa Kiyoharu Miyanaga Shun

Weighted empirical distribution based approach to Chance Constrained Optimization Problems 2017

using Differential Evolution

Proc. of IEEE Congress on Evolutionary Computation 97-104

DOl
10.1109/CEC.2017.7969301




Tagawa Kiyoharu Fujita Shohei

Chebyshev Inequality Based Approach to Chance Constrained Optimization Problems Using 2017
Differential Evolution
8th International Conference on Swarm Intelligence 1CS12017 440-448

DOl
10.1007/978-3-319-61824-1_48

18 0 0

2021

2021

133

2021

2020




2020

/

2019
127

2020
120

2018




Halton

2018

2018

122

2019

11

2017




2017

2017

2017

2017




2017

116

2017

45

2018







