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AL, B TRICBWC UL UIEEE T2, /A X&6 T 2B OFHERE L 72 0 O 7= 72 R LR FE 0
RELTOFENEDRHFEEIT o7 b D TH Y, TERMMEFHEICL D /A XEFT 5B Ol SEL, 6 LY
R Ihs.

F1E Fia) T, £9, KaXoERE LT, /A X207 2 BBOMMHERE LA IO A M2 X > THEFIFOME & 5%
SHFIREIZ 0 D Z & Bk 5. HRBIEAHRICERBL SN WT 7 v 7Ry 7 2) o, HIKBNIEIIRTH D560
D725tk e U CHEBIEEHE DR H B Z & ik _T21%, ) A X EHT 5 BEEOMRHE T E Lo 72 OREAF O T EE LA
HREE, BB OMEEZE T2 L 2BRHT5. RIS, RXOBMIL, /A XE2HT2EH07 T v 7Ry 7 A
Bo MR (LB XL O RESHNEET 57 7 v 7R v 7 AR O MHEREL 2, BEFTFE L D LR 0BlIE e
NIRRT DT 7o TR L E PR R E T D 2 e TH H 2 L 2Rk D . HIRIS, ARSI DHF5ED L L BFRIZOW
T L 2%.

%2 BEOITE) T, £9, #FL LT, IRENRT T v 7 Ry 7 AREEGEL D 72 O b B 7= FEE L i T
e LT, i —#TH 5 DX-NES (Distance-Weighted Exponential Natural Evolution Strategy) & CMA-ES
(Covariance Matrix Adaptation Evolution Strategy), EIEEZAT LT Y X LG GAD—F Th 5 REX/IJGG
(Real-coded Ensemble Crossover / Just Generation Gap) #1925, WIZ, AFGSCTHRO IS /A X&H 9 2 EfilH B 5
b3 KOS HIRE2 7 2 B E LD EHX LR ~, fiEIcxd 2H 177 FE L LT, Uncertainty-Handling CMA-ES
(UH-CMA-ES) %, #%E kT 5H1728FFEL LT, Loughlin & Ranjithan ®FEQR B ZHNA L, EkEEREEZES
T DIER 72BN A LB L T 5N S 5 2 L 2T 5. &KEIC, LERBRIEOENET 2 =D ORGH I T 2Lk
WTIEAD.

BIW [ ) A XEHTDHIEENT 7 v 7Ry 7 AR MIFHERGE LD 72 0 BRI ] TiE, REM 2R LD
OO DX-NES %, RHeNRBRBED 7= 012453E L7z DX-NES for Uncertain Environments (DX-NES-UE) #1254 5.
DX-NES-UE (%, #RZEZREMEEDONT A% EBT 57280, BUERRTOMFEEICR T 2 ABEE OB RIIXT 5/ 4 2D
HXTE e K& SUTHEDSW TR A K 4 XW) & TE A4 X 2oL, R A X#) CiiEz, T\ 4 X
TEHHMEENLL b ETEE L 2 REEFEAXOMEE FAWVTIREZIT . ZIEESERr— A G T % 20~80 Rt DRI
W) A R Mz TR F~—7 EE A= ERRIC X v, DX-NES-UE i, BEFETFETH S UH-CMA-ES kv H0 7208
W CEBE R ERTE D L ERT.

A JEAREERINEET T 277 v 7 RNy 7 ABBO RO 72D O FHUE GA) Tix, BLIERE | U5 4 2
FIF LT H BB O WIFHE & 52T rlREfE R 2 HEE 3 5 F28l GA T % History Distribution Controlling Genetic Algorithm
(HDCGA) %249 5. HDCGA I3, HEERIEDIZ S 2 & KT 5 72 OIS EARE D 72 WMER O E 0 Il R 2 B4R L,
BEEHIR O TR 2B LB IERF 2 AW CTHEOEL 2 RET 5. BEEBRICLY, FHRBEETFETHS LRIELY b7k
W TR g S c& 52 L &Y. L, HDCGA I, BEZFAT L Z Lovh, ZEMGFHEER X OWMGIE
BRRKERDMTERD D Z & E2EHT 5.

%5 m RN EGT 27 7 v 7 Ry 7 ABBOMRHEREL D7D O B RELERIE] <X, HDCGA OFIFHED
MEZ TR 2720, 2 WEEAUC X 0 BRSO WIFHE & FAT e 23l L, HDCGA & [F U 4FIEF 2 Vw2 ko1
DX-NES-UE %413 L 72 DX-NES for Chance Constraints (DX-NES-CC) ##Z%& 4 5. #fHERRIC LY, DX-NES-CC %, #l
TR L7-PEREA HDCGA & [RIFRREEICf -7~ £ £, HDCGA LV bEHEZ KRS Y TE 5 Z & 2RT.

%6 [l T, AL, /A X%2ET 580 ERKELE, fOFEIZL>T A4 X2FTHERHNT T v
7Ry 7 ABBOMHERGE L) & [BENRESHINE G T 27 7 v 7 Ry 7 ABBOHFHERGEL) IHEL, ZnEhoxt
LEBEIC LT, BEFTFEOMERZRRL, BB LOHAEROBLEN ORI MELZM L2 HNE LT, FHeirE
B R TEEIREL, TOMEMEZIT 72 b D TH D ERIET D, £z, SHOMEL LT, EFIEORTA—FD
HELHE DR RO R FIEOAEINEE R 72D O BRI /AT, 3 X ORGRSC TR D220 o T M D i b ~DIEIR N2 Hihv
Tl milND.
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Thesis Summary (approx.300 English Words )

This thesis proposes evolutionary algorithms for expectation optimization of noisy functions and confirms
their effectiveness. This thesis is titled "Expectation Optimization of Noisy Functions using Real-Coded
Evolutionary Computation" and consists of six chapters.

In Chapter 1, we, first, state the background and the purpose of this study. The purpose of this study is to
propose new evolutionary algorithms for expectation optimization of unconstrained black-box noisy functions
(UBNFs) and implicit-chance-constrained black-box noisy ones (ICBNFs). Then, we discuss the way and the
importance of this study.

In Chapter 2, we, first, define expectation optimization of UBNFs and ICBNFs. Then, we introduce the
uncertainty-handling covariance matrix adaptation evolution strategy (UH-CMA-ES) and Loughlin and
Ranjithan's method (LR-method) that are state-of-the-art methods for expectation optimization of UBNFs
and ICBNFs, respectively. Then, we point out problems of UH-CMA-ES and LR-method. They require a large
number of observations to obtain good solutions.

In Chapter 3, we propose a natural evolution strategy for expectation optimization of UNBFs named the
distance-weighted exponential natural evolution strategy for uncertain environments (DX-NES-UE).
DX-NES-UE approximates an objective function with a quadratic polynomial. Numerical experiments show
that DX-NES-UE requires fewer observations than UH-CMA-ES does.

In Chapter 4, we propose a real-coded genetic algorithm for expectation optimization of ICBNFs named the
history distribution controlling genetic algorithm (HDCGA). HDCGA estimates objective function values and
feasible probabilities with observation history. HDCGA uses preference order taking account of feasible
probabilities. Numerical experiments show that HDCGA requires fewer observations than LR-method does.
However, HDCGA requires huge computational space and time.

In Chapter 5, we propose a natural evolution strategy named DX-NES for chance constraints (DX-NES-CC)
to reduce computational space and time. DX-NES-CC approximates an objective function and feasible
probabilities with quadratic polynomials and employs the same preference order as HDCGA uses. Numerical
experiments show that DX-NES-CC requires less computational space and time than HDCGA does.

In Chapter 6, we conclude this thesis and discuss future work.
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