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AES_ PR AES_PK AES_ RKFIH—fREIEARL 5 5
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1) Paviani PR
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f(x) = z[ln (x, = 2) +1n2(10 = x,) ] —( %)

=1

x e [2.1,99], f. =—45.778 4 (10)
2) Trid BREL(Trid) ,n=10

OEDNEESIEED W

x € [— 100 100], £, =— 210 (11)
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SRR, b 455 N RoR 50 I
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A3 HTER 1 ARARS 45 2 v 0, HSRAHO 5
2 REAE BT B 2 i A I eR B MR S AL A B
Trid #1 Ellipsoid o8 £ SMIE A BE Y45 T Mo A7 %
ESGOHSR F1 HAM, ESGOHSR J7¥:7E Trid Al Ellip-
soid PR ARAT 1Y £, 4 (E fe 42 T 92 B 42 JRy e G
fift ,{B1E PR %X Paviani , SumS F16 £ Sphere 1, 435
BT R TR AR AT i R SR B LA R . HAM
J7EEAE BRI X Paviani | Trid | Ellipsoid Fl F16 1, 345
IPAES S A R, LA S e ik, oy Ttk —
R HSRAHO J7ik 8k, 18 3 45 T 4 pR%K 50
WAAL 25 R 0 o A I, NI a] DL R F
HSRAHO J7 15 3R 15 W A Ak A o3 A 3 50, B 0 M o

5, ESGOHSR 77 ¥ Hk  HAM SR 55 . fifb4s
LKW ESGOHSR 1 HAM FikfE i Rid B & 5
Fa AR EB et , T HSRAHO J5 125 5% E 5 W AR 4 1 F-
5 7RI K A R AR ER A RS O TE AR B
AT 2 P AR SR 45 5 vT S, HSRAHO Jf
AERR Trid pR BN RE LA S5e /N B 98 R SR A5 Y 84
PoAbfi#, DL Paviani pR%X R 4], HSRAHO J7 %71
U B LSRR 129.7 YR, e ESGOHSR 7
POFH/E T 109.1 ¥k, e HAM J7 37 3 /08 i
163.7 ¥, 534, ESGOHSR J7 ¥ 7E pR % Paviani .
SumS \F16 Fl Sphere 1, 7334 35,21,29 134 TS
PARAGUSA AL A, HAM J7 325 ) 2 7 A 0038 o 4
A ERARTG 2 Nl A, 253 3R I A
SCHE I 22 2 BT 25 (A1 48 0800 0 BB A% o iff 1R U3 6 55
SR 4 R fe A A A R0 T A5 R 1T ESGOHSR
FHAM J5 3R A B T2 1) 408 ok 5 ek D) I 2% 14
FENL

S Z  HSRAHO J5 ik H 2/ A AL RN | 36
I 25 IR B T s, FE S s AR ARG B R e ) [T e
RES A FO RT3 ), AR SCR B 2 & T LT
2 ESGOHSR Hl HAM

®1 RUBENRERITLL

- HAM ESGOHSR HSRAHO
A T A i i I
Paviani [ -45.4959,-42.5802] -44.1590 [-45.493 7,-42.467 8] -44.5478 [-45.6127,-45.3220] -45.4221
Trid [-197.110 6,-52.110 0] -117.680 9 [ -210.000 0,-208.135 8] —209.870 8 [ -209.238 1,-207.900 6] —208.495 5
Ellipsoid ~ [0.003 9,0.619 5] 0.128 9 [0.000 0,0.007 6] 0.000 9 [0.003 0,0.009 9] 0.007 3
SumS  [0.004 2,0.850 7] 0.193 3 [0.000 0,1.143 1] 0.203 5 [0.003 4,0.009 9] 0.007 0
F16  [25.997 5,29.923 6]  26.652 5 [25.9522,27.3039] 263147  [25.9819,26.1335]  26.073 6
Sphere  [0.008 0,0.285 7] 0.088 9 [0.000 0,0.741 6] 0.203 4 [0.005 0,0.009 9] 0.007 7
F2 MAMEMLERITLE
- A HAM A ESGOHSR A HSRAHO
Fien il SEIE (R MK E) BN il SR (R MOk ) b il FIHE
Paviani [ 185,>300] >293.4(46) [67,>300] >238.8(35) (86, 226] 129.7
Trid [ >300,>300] >300.0(50) [67, 260] 94.2 [107, 197] 135.3
Ellipsoid [ 224,>300] >279.0(31) (44, 261] 133.0 (99, 135] 114.9
SumS  [287,>300] >299.2 (43) [72,>300] >244.9(21) [134, 215] 166.4
F16  [262,>300] >297.1 (44) [52,>300] >205.5(29) [81, 146] 114.1
Sphere  [248,>300] >296.2(44) [179,>300] >284.9(34) [150, 279] 180.7
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An approximate high-dimensional optimization method using
hierarchical design space reduction strategy

YE Pengcheng'>, WANG Congcong®, PAN Guang'*

1.School of Marine Science and Technology, Northwestern Polytechnical University, Xi’an 710072, China;
2.Key Laboratory for Unmanned Underwater Vehicle, Northwestern Polytechnical University, Xi’an 710072, China;
3.Luoyang Institute of Electro-Optical Equipment, AVIC, Luoyang 471000, China

Abstract; To overcome the complicated engineering model and huge computational cost, a hierarchical design
space reduction strategy based approximate high-dimensional optimization( HSRAHO) method is proposed to deal
with the high-dimensional expensive black-box problems. Three classical surrogate models including polynomial re-
sponse surfaces, radial basis functions and Kriging are selected as the component surrogate models. The ensemble of
surrogates is constructed using the optimized weight factors selection method based on the prediction sum of squares
and employed to replace the real high-dimensional black-box models. The hierarchical design space reduction strate-
gy is used to identify the design subspaces according to the known information. And, the new promising sample
points are generated in the design subspaces. Thus, the prediction accuracy of ensemble of surrogates in these inter-
esting sub-regions can be gradually improved until the optimization convergence. Testing using several benchmark
optimization functions and an airfoil design optimization problem, the newly proposed approximate high-dimensional
optimization method HSRAHO shows improved capability in high-dimensional optimization efficiency and identifying
the global optimum.

Keywords: high-dimensional expensive black-box problems; high-dimensional optimization; hierarchical design

space reduction strategy; ensemble of surrogates
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