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Evolution permutation optimal Latin hypercube design method

LI Guosheng, ZHANG Xi, WEN Qian, YANG Jiawei, ZHANG Weihua, WU Zeping”
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract; Latin hypercube design is one of the most commonly used computer experimental design methods, in response to the problem of

one-time sampling and difficulty in balancing spatial uniformity and computational efficiency in existing Latin hypercube design methods, an

experimental design method of permutation evolution Latin hypercube was proposed. By evolving small-sample designs, inheriting and expanding

permutation information, the expansion and optimization of samples were achieved with a relatively small computational effort. In addition, this

method gives consideration to the relationship between existing samples and new added samples and realizes the sequence expansion of samples,

which is very convenient in the actual approximate modeling process. Through several groups of numerical experiments, the advantages of this

method in space filling quality and calculation efficiency were verified.

Keywords: designs of computer experiments; optimal Latin hypercube design; permutation information inheritance; space-filling quality

AR, SRR R0 H TR AE
S BLSEE AR Y AR A R AT RS
JERYBGAN , R G By LA AR AR AR W AR .
TR RE TR, fEf KRR ERR RS
)RR P oE S22 R 3T ((design
of experiments, DOE) 753> DOE ] L 7E %
THAs [B) N A JSES &) 23 AT AR A % Bt =5 8] i A
RO o, BT 8 7 J B3 ((Latin
hypercube design, LHD) DAL F5 1Y 25 [a] 5 2] ¥
RER 12 L T B

¥ LHD pPge , WF90 A SR Ae v il 5
HESNIE S & B8 T — R 95 H T AN A 4648
TRIPLAHL T 7 J7 133 (optimal LHD, OLHD )
Tiio BB S ] DR TG A HE ) 254 7

W fs HHA:2022 - 04 -26

FAE, I = 27 S IR I | 5 I s o
W b, HEWISE 5140 : Morris 45 IR ALLIR K 5
R AR R AN CRYAY/ B 41 AR R 0 WEE B Ly ek B
1k (enhanced stochastic evolutionary, ESE )% k3
PRALBETF A 25 ] 24 A1 PERET ; Viana 2538 1 F- 7%
f&+% (translational propagation algorithm, TPA) &
WA A LHD s Zha S5 52 Y 3 2 e B A%
(successive local enumeration, SLE) &3, sk Ft
Al 45 2 T R0 4 20 4 R — OB AL LHD 438
W BRI SR e T Ay BT S gy B
A T ETEARLE/ IEAS 25 A T ROR BT (B E
REASHE B FIRCHE B34 I, 2= (] g Sy v A T3R8
FM BRI R eAh 207 0 R — PR AR I
JIA FEA B BB SRAE 7 125, ME LW T BE AL PR 52

E€WA : HK B APARE R T H (52005502 ) ; ERFRHE R 2=RHIFHRIGEB5 H (ZK19 -11)
FE—1EE 2R (1998—) , 5, a1 0F5E 4, E-mail ; Liguosheng1 26 @ 163. com
BB BT (1990—) 53 17T E R AIFFIC B, ML BT L/ S, Eomail s repingl 23@ mud. edu. cn



3 ]

R, A5 A HES AR TR T B Tk - 151 -

Ky hs TR

FEXS E R R, AR SR A OLHD J7 3k A i 4]
R A, $2 T AL HE S BT 8 S Oy kit
(evolution permutation LHD, ELHD) J5 ¥, I
FEAN 7o AR RUE 18T 3 AR A TN 0 A AR AR 2Z [1]
(3 A 2 50 1, DL/ SR S 3 B iy B
Bl , K4 T S bR LRSI,
| AT B

FIXSYERE R d FEARCE ) N )8 33T A
AR LHD J7 35 3R 45 70 A1 ¥ 2] g FEAS . LHD
ISR T AR R N —A N x d KON BT,
A B — AT U s — AR B —F1 R
JIT J 7% 5 10 AN [ BB, I HL T AR o2 5k
1~ NiHES . LHD F BT RE A7 LE (V) FhE
A5 20, X AEATREALA: Y LHD 58 34k LR 35 B
TS [ X 5 RE

&, MENIB V2 0 ] PP A A 3 ] 34 5
AE , HAZ O AR N A PR A AR i TR /R S B K, |
A ¢, HEN 3 LHD 7] R 4 i e i 25 ] 145
P BB | RIS j A RAE S 1R A RS
T d;(1<i<j<n) W ¢, &L N:

¢, = (Y > d7)” (1)

i=1j=i+l

A, n R p N IEBEE (AR p =
50) s AR ES (A Kl

FIE—A N x d (BB, AR A =
18,8y, Syl WAERFE R (2) FioR, S, i
i AR

X X X4
A= Xop  Xpp Ut Xy (2)
%”1 an T xnd
KH ¢, HEWY OLHD Jy 2 i — e A0 R AT

450

SR 1 BELA IR LB L

FR 278 L BT AR A 2 e e A AT 13
=AYt

S8 3GTR BT o, #ENIME, L RE R
(UK S ETilIE oYW ¥

S|4 T3 DB IR, BB LA L
FIE

TERL PR ZE /A [R] BRI, OLHD J7 3k HAY
RAFRIZR L. HEEE L #4404 AR N
(¥4 0, OLHD (315 5 2 e (V1) * g SR B
FARAR 0 25 18] 29 5 1R BE L 25 R BR BRI, B Xt

OLHD 15 F540 FE A 45 P T HERE AN HLAE 0 L
ST 07 v 0 0 A 12
FLHD Jy ¥, V0 v A A AW  HH 91 £ .
IR TR S0

2 EUHEII R E

B X RE A B R MR 5 1T, R T 4
P AT LA S B R AR . AT R
AR P BE R IR0 R FE A S I HESE B
ARSI RS T T, AT R
TRk KR IR REARHESI S B, R (S B4R
TR 58 BT AN T 1 AL HE S B TR STy i
ke
2.1 HiERE

#£ ELHD o 5 28 6 90 4R B PR 7 I A 454
PIERASY TR Bl R A, 2R F e 48/ A
TS A I LA L B B TR . A, 1
FHHES I S8 4k Ak DU N s AL e
MR, ELHD R R E 1 s, &
ABRANT  FFAESS 2.2 TR 2.3 1 4 A R
A BREITEAN UL

Figi

| S OLHD A e 1M ok 7 |
| LB SR T |<—
| D L ey |

v
‘ p=2p+l

| R A HEFPIO | y

Pes

| WS A |

g

/1 ELHD Jr kit
Fig.1 Flow chart of the ELHD method

S LA OLHD J5ii A58 p + 1 ~¥55r
MEREARVE N VI HEASE A, = 15,,S,, .S,
Sy b HH S FORM i AREAR

SR 2@ A, AT AR S
FE Ao

TR]3:A, B p ATIBEHIE R — 4~ p x d 1



<152 - ES I S = o

RIRZS | B, o WAL A, S0 35 2 8]
B, 1 135 M A B, .

R 4:% A B, ##17 2.3 T HESIE
SRR SRR IR A A 9 B A8 4 G 2R
A DL AL SR —4EHE S B A i, DAY A
HiFE A B, 1Y) &, 54 B s BB, 75 3] 4
RFEA S SIPEDL R B3I

RS AR 2p + 1 H5RORHEA
g n FR/PRR A 2p+1 <n W4 p=2p+1,
ERAR2 FILRS HE 2p +1=n,

BB 6: AT FEA LA LA, B
SN A T e
2.2 BV EMBEAEREX
2.2.1 An4si%+t

OLHD py#yi A] >R FH 2 Fh a5 k , Horp ESE 55

bR 2204

Y 25 1) 34 5] AR N B T B2 B A
21 YEH] ESE MM A A p + 1 ANKEAHY
VIR A, FEAKE R -
X1 X2 X4
el T
Xpent Xpan2 Xp+1)d

A, Y p o+ T AR SO R R B B
K153k p A DX TA], 3386 DX B B — A8 i it
RIGAS ] By o FEASIR 28 ] — 4R 52 AN 18] 2 B,
T2 p NPT SL BRI 2 (/] B, WIH AT

e —— e —0 —— 0o —— 0 ——e@

A 'S B, #i
P A

B2 REA 4R A

Fig.2 One dimensional projection diagram of samples
2.2.2  mALEAM

X WA BE T PA T Ak 45 A DA 3R AT 3 78 BT 77
() p B0 H TR0 06 FEAS FOFD 1 B0 2 2
R 1,3 353 A BRI AR A o i A SOk R
SRR R N B 1 O v o T A 3 T ) R
#ﬁﬁﬁﬁi%ﬁﬁﬁﬁﬁﬁﬁméﬁw@

PERE R AR, AR, LI A A HE S
Sk, T REAR I 1 7 75 13 o, HLAAR D 3R
.

S MBRRILR BT REAS 5, DUARAS U AL
AL

5546 &
AT X1 Xig ]
By (i-11 (i-1)2 (i-1)d
Aj = (4)
X+l Xasnz T X(ixnd
LY e Xp+1)2 X(p+1)d-

B 230 Py AT FEAS 5, A min ¢, O H AR,
MBA AT Ak R AR Ao

! ! e !
X1 X2 X1d
! ! e !’
A Xy Xpp X4
lbest — . . . ( 5 )
! ! !
Xy X %y

2.2.3  FmBAE
B A B EREAS R T & N 2% =S [ B,
AR R AL B,

X1 X1 Xiq
X1 X1ip X4
X X X
A B, = R .22 21 (6)
xl;l x];z xI;[l
—x(I?‘rl)l x(p+1)2 x(p+|),1_
2.2.4 AEAHLEEA
BAERIE— MR P

B, WA E SCHRL L1 ] 9 7 v W B3 B 2 >4 i i
TS ] T BRI Y TUAR B
2.3 ﬁFﬁU'fE.mﬁi‘ﬁ%ﬁf

Zfh OLHD J7 ¥ 5% H 91 7T R ¢ # 8 %
o FITCER AR IS H8 TE VTR I 1 6] — 1) vh 52
BB AR T E ' SR, B 25 A B
FIZE B2 1R 3G i, 51 70 38 A2 e R0 il 29 46 1 5 3
TR, A XZ I, 4 —Fh B T RS B
4% 7K $: /E ( permutation information inheritance
operation, PIO) 1 1 #:AF J5 & H1 7 557 0t 4k
BT .

LHD 4L Big P, F1 P, P20 L X" <
x< X" EBCHES, X R XY 430 R X R A

R,
P = [x”,le-,-“,xwi]T
{P/ = [xlj,xzj, . x\/]T (7)
S LA ARSI R AL R P, YT
i P, 250(8) A 5,
P =T,P, (8)
K, T RN R N x N B 1



3 ]

R, A5 A HES AR TR T B Tk 153 -

AT 2R 4 LHD [ & 51 #8A] 5 H 5 0 3]
FHCHC . A B =1, WA B 5 R 2 —
FURASCHE . TERFF AR IR TN ZRTE LT,
i Xt LHD Jfr 75 45 [ 19 26 — 51 AT 51 0 R 58
e, mT LS BB A BT A SR, % 5 AR RO HE
FIME B AR B LR/ S x4 B sEit o
1, % FCHEAT HEF A5 B Ak R B AE B 25 R 1A 3
PR o

X1
HATPIO

|>|3012
03|21 o a2

&3 PIO /REE
Fig.3 PIO diagram
WK, 7E PIO Z )5, LHD W& —3EEA T

Ak, M LHD, H e, fE i ge =5 [\ B, H
AT PIO, IR RFRY AL A\ B, R HEA B 17
B, AR AR GBI HER R A, DUBAIR
ATHIE AR SE A B R B BT, FE T A 4
Hh PR ] 3450 ot it B i — AR AR S 1Y
FAAA,:

%11 X12 %14
[ [ cee o
X1 X12 X1d
21 2 2d
AA, = (9)
o o cee o
xpl xp] xpl
LY+ X(p+1)2 Xp+1)ad

L wl FoR 23 6] B, R IR HES

SR IR L8 T HE LHD Ay 2
(N RHEZ (N, R 825156 PLO [l R0R
PEATRAIE, 4 ELHD #y R4 T

HB 1: i ESE Bk A iR ARB0E 11 1)
BT A, K 4(a) FiR.

H8 2 XWIR I AT A B, 15 B RE A
Bt 10 By iE Lt AL, E 4(b) s,

SB35 B RS R B A B, N
4(c) i, i =M E RS+, 2
(IR 5 R A I RFE S

HB 41T PIO I LG T A A,
WME4(d) FiR, B ERiEFE ARG —Fs
SAMEIRLE R, A 4 (e) FIE 4 (F) fs, Hoep
LT 5 BN TEIZAG IR TR AT I BT R AR A5, 2R R

BUARFEA
B, S MBRICA S IR 1t

(b) Witk
(b) Evolutionary design

(a) MR
(a) Initial design

TLII T llell
- e aas
i i+
1. i
4A ....... S 4‘.
v
; .
PR :
*
R T ENENPENL 4]
P
(c) ¥ 7 (d) B8P 5
(¢) Extended matrix (d) The first expansion
RO I YL I Tt :,O_,,, '. St el ]
| IR i1 i »s ®
@y { :~= r’g { i 0} " »
ERNAA SR L e e
RAARNRE AR i rey P &
hd L IRIRIPY * ® 2 o
R T e i B s
Sunnnsnn uunny B SRS A SNRNLARE N YNLS
Sl * » R i . FiY
* e EEEE ‘. Tlieyiiey
* . 0 r ¥ s o
POl e e e el 1
R, e

(e) H_HY 7

(e) The second expansion

(D) E=4 %
(f) The third expansion
4 ELHD f{y — 45 f
Fig.4 2D example of ELHD

S5RHEZA T P48 1, ELHD £ 9 5k
AETSEBL T HREA 5 A FEARRAR R 5T
I HESE B AR  F8ES LHD (g HES 55
— B I BRI T R A B TR

GHEBEVIR AR KN, 52 S50 p MK
{HYE L, e A — e . 2 p /MBI 46
FEA L & IHESE BN 21, 25 ) B i
W 25 R % Y p 1L KRBT, AT B AR Al
KR FrLL, T a2 A EE R X T S5 p 1Y
ML o
2.4 S¥p WD

T thZ4p sz, AT 4EE N 2 F
10 FEASECE M 180 2| 500 11— R 515



- 154 - (FE TR SR S AN S

55 46 &

Ry 2. 2 15 AR AS MR A I R i R X
PRAR A TR E BT SRS, 8 B Y 7 ik
PRIHR REAS B /e B0, 2 58 i — A KN Ky
100 F3ETT, W n] B A W) IR FEAS /Ny 2 51,26
A 14 2, 5 226 BT FEREC 5 1 IR2 IR
3K, HAE AT 20 Y LA BE B R 3R
R . AN, TR H R, FF R (10)
xF &, MEHEATIA—1k.

— qbp — min ([)P
Horr max ¢, il min o, 531F7R FILIR 0 FT 3R
o, WAL/ ME

B2 N S B AR IR 0 (i /i 4
H RS REEE R TR RE R SRR A . 7R RS
H A — B BT R Tal— ZR 0 R
s It 157 % 285 p BRI, FT LA B
A p BB, ELHD f RS A 11 12 ] 25 5] 1 fig &2
B E & i, 5 2.3 35 4 — 2.
21 TES A RIERBEAR p (.
BRI LA, Y p e [14,28 T 0, nf 3K75 55 fE
iR,

el time 22times ®3times m 4times ® 5 times ® 6 times

(10)

1.0
0.9

0.8

0.7 . i

0.6

05 ' ’

04

1 1 N
B -

02
01 [Feme" et

T,

&5*

= ]time o2times ®3times ® 4times ®5times ®6 times

1.0
0.9
0.8
g o7 .
T 06 :
ﬁ 05 ’ .
= 04 .
2 -ﬁ é " * -
0.3 l *
0.2
|
180X 10 230X10 300X 10 500X 10
FeAH R X HEE
(¢) 10 gEtEA r AU
(¢) Box diagram of 10 — d sample
S &, LR ORI
Fig.5 Box diagram of the normalized ¢,
®1 B—RIFEERENSH )
Tab.1 The best performance p in the same series
BEARYERE  HAMOE YRR P
180 3 22
230 3 28
2
300 4 18
500 5 15
180 3 22
s 230 4 14
300 4 18
500 5 15
180 3 22
230 3 28
10
300 4 18
500 5 15

180X 2 230X2 300X2 5002
FRACH R X 2

(a) 2 HEREA A XA
(a) Box diagram of 2D sample

=] time o22times ®3times ® 4times ®5times ® 6times

1.0

0.9

0.8
g 0.7
1 06

Hiawd bW

0.1

180X 5 2305 3005 500X 5
FRACH R X 2

(b) 5 HEFEA A=A
(b) Box diagram of 5D sample

3 HERXRE

A 3 o B 5 I, LB ESE | TPA Al
Ihsdesign =Fpi5 15 5 ELHD ByAFEREAZS (0] 14 4)
BT ERCR 2SR DL ETE BRI R
Windows 10 N4 Intel Core i7 —9750H 2.6 GHz
CPU .16 GB RAM #F1 MATLAB R2019b (154~ A it
B LGB 1T o R BRAR AL i , LR B3k S
IB1T 50 AT IRAR I S(EAE a2
3.1 = EHEERIER

FRZE ELHD [R23 A1 ¥ 5 PR Re, #4177 — &
HiREE . LHD FRARIR S W 2 iR, AR5 % 18
T Viana 25" HEH A RAER B ) A5, ELHD LU/
FEAC OLHD g4 RN w h it 45 G 9 7
BREZ S TR RREAR . T



3 ]

R, A5 A HES AR TR T B Tk - 155 -

HELAF T (HEREIRF] 10 48 K LA ) ESE {315 i
), A ST 4E R O 2 21 8 py R
TURAE L

®2 LHD RHERE
Tab.2 Sampling settings of LHD

2N PEAK
UEBE NEURBERIEE P RRAERIA KRR ) A
2 12 20 120
4 30 70 300
6 56 168 560
8 90 330 900
10 132 572 1320
12 182 910 1 820

B 6 45t 1 R A BRAE [] s ] 2 2] PR BE A
FeE R . T LA i, Thdesign F 1 fiE 5 22 HL R
HLIPERGER . TPA FE4E R AR A BRI 3%
BLRAF, B 4R A3, Hsa 4 I TR 1ERZ

—_
<

B Thsdesign
9 OTPA
BESE
8 mELHD
7
-
S
g 6
=
& 5
4
3
2
1
0
20X2 70X 4 168X 6 330%38

REABRE X 4
(a) HRBURAE A ERY HLAK

(a) Comparison of medium-scale sampling problem

» B Thsdesign

OTPA
BESE
20 EBELHD

120X2 300X 4 560X6 900X 8
FRACH R X 2

(b) RELRAE I HOEL

(b) Comparison of large-scale sampling problem

K6 KA BERAE MBS H

Fig.6  Comparison of large and medium sampling problems

B O, ESE 5 ELHD A5 35 AHRL 2 B 45 1,
HUT BT H AP R 5% . ELHD 748K 2 %7
A E BRI RN, HAL R A B T 4
JEE R 15 T S W
3.2 HEHMERER

BT ELHD 1 ESE {25 [a] ¥ 5] i s 75 K £
TR &8 R 3350, B ELHD J7 3 (1490 U R AR 38 1
ESE B4 5, % ELHD F1 ESE {3 BRI T
X, DL IE ELHD 4 RE

B 7 5oR TARYERET (d=2,5,10,20) ,F
AR R 100 F1 200 B HRRCRT LR A R .
Bl 7 ATLVE S, 548 T LHD () 44 15 , TPA F
lhsdesign #H%% T ELHD #&0f 55/, 4K 1fij, TPA F1
lhsdesign 425 [ 4 SJPEAEAE A AR . 7RI
BRI AT R, ELHD §) 333 30R 20
WALT ESE, JfH., & 488y 34 m, ELHD 14
Pk i LW,

1x10°

B Thsdesign
OTPA
BESE

1% 10? | BELHD

1x10

AR /5

1X10°

1x107!

100X2 100X 5 100X 10 100X 20

AR R X 4 e
(a) AL T 100 AFEAR 1 HAE

(a) Comparison of 100 samples with different dimensions

3
1X10 B Thsdesign

TTPA
BESE
1x 102 | BELHD

1x10

AR /5

1X10°

1x107!

200X 20

200X2 200X 5 200X 10
FRACH R X 2

(b) ARZERET 200 SHEARY AL

(b) Comparison of 200 samples with different dimensions

K7 ANIFI4ERE T A FERS Y LA
Fig.7 Comparison of algorithm time consumption in

different dimensions

h T R ELHD i @3t , F k47



- 156 - B BE K 2= 2 i

55 46 &

S EWVIRREAS SR T I e . TR RCR IR
TRV A B 58 BT T 19 AR 8], I 2o
A1) P LR PR 5 R A RER L o

R=usw (11)

TELHD

K, Ty T Ty 53 00 7R WP ARV ) A ]

WESH p 5k 20 125, 754 A 4 B
(d=2,5,10) L#A7 759 70, W55 55040 F sk
FHIFERT EL AN 8 FT/R o

S5 W], A% T ESE, ELHD R3S
FEAR SR AN AE BT IEAH G . Bl R A B0 1 3
ELHD [R0R B 25 82 5. BLAh, 7EREAR I A TR
FIETLT , 4ER s  ELHD [l 34 i . o
EEXF 800 x 10 ff% 31, ELHD %134k %4 ESE
T2 96% . ELHD e HL7s [ 35 5) e Re S it 5a
AR RURAE [ B B, X R
#3425 F ELHD 3l iy Ak B 7o S5 34 vl A B 35
BUAEABORE P FN Y1 . IF B, T HERIME B 4k
HRERAE A BT I BT O Ak [ B 7 725 5 ) 4 HE
NP iRl (R Ky o A [ PO RS X W A 2 B e
T 2 B b 2 AR, DT i — 20 4 i T ik

HHE.
28

21 p-S==

14 f-mmmmmmmee

FERS L

B e BT S

40 80 160 320 640

AR
(b) p=25

K8 FEmFELXS L

Fig.8 Comparison of time-consuming ratio

4 ZHig

ASCHR I T —Fh R T AL Sk p b T
SEIT I k. DT R A HESIE Bk Rk,
AR/ NSRRI SE B T X B AN B SR A
o RAEUEFFIXS ELHD 55 HAh 3 Ffig W75
F18 25 ) 42 20 Jo e R AT XoF B, PR 43 2 i) 24 ) A
GBI O AT RRCR BT . 1E 8 SR
RURAE R A BEAT 1 28 () 2 ) PR RE Y LA, 45 2R
7, ELHD {975 6] £ 2] £ B W 2 fC T+ lhdesign |
TPA PRI %, 78 K& 70 5 Bl b 5 ESE 1 REAH
o Hm, #HXF[E—Z&F T ELHD 45 ESE (3155
BERAT X o 45 R W], ELHD (1920 3R ] 2 AR
T ESE, AR 3Bt 45 A A 2 8 0 HCE: 1) 3G 0 $
T, BT 800 x 10 B, ELHD #EHf Y 75 ESE
4% Fidy o 25 LTk, ELHD Jg #EA7 R i RUR
FERIA RO . F H, Hr A M sh 597 52k
Aol A S B TR IO P g LB SR e AR A
ASBICHEE , M 38 5 1 o 8L L B3 3 B TR 9%
S5 )AL, RH AT HA — U R D A B T
{2

2 % 3k ( References)

(U] ximesk, BROCR, ISR, & T kit Jr ik

BRI TT]. B B 30k 2% 22 4, 2011, 33 (5):
73 -717.
LIU X L, CHEN Y W, JING X R, et al. Optimized Latin
hypercube sampling method and its application[ J]. Journal of
National University of Defense Technology, 2011, 33 (5) .
73 =77. (in Chinese)

(2] XU, 9 &0 TRRRGN ERR SRR BTy

B EPRHREAR, 2009, 31(6) @ 95 -99.
LIU X L, GUO B. Studies on the optimization of Latin
hypercube designs for complex system simulation[ J]. Journal
of National University of Defense Technology, 2009, 31(6) :
95 -99. (in Chinese)

(3] f3k, R, EIEW, & RIEMZZRER T B

e [J]. [ BB Ok 2 22 4l 2019, 41(3) .
174 - 178.
XU J, DUAN X J, WANG Z M, et al. A new construction for
flexible multi-layer nested Latin hypercube designs [ J ].
Journal of National University of Defense Technology, 2019,
41(3): 174 —=178. (in Chinese)

[4] SIMPSON T W, BOOKER A J, GHOSH D, et al
Approximation methods in multidisciplinary analysis and
optimization; a panel discussion [ J ]. Structural and
Multidisciplinary Optimization, 2004, 27(5) : 302 -313.

[5] SIMPSON T W, POPLINSKI J D, KOCH P N, et al.
Metamodels for computer-based engineering design; survey

and recommendations [ J ]. Engineering with Computers,



3 ]

R, A5 A HES AR TR T B Tk - 157 -

(6]

[11]

2001, 17(2): 129 - 150.

FREm, BRI, AME, S —FRIE T 2R s A AT
SEOTICRUORE [T ] MU S i, 2021(8) : 43 -47.
DUL, LYULY, SUN W, et al. An Latin hypercube sampling
approach for constrained design space [ J ]. Machinery
Design & Manufacture, 2021(8) ; 43 —47. (in Chinese)
i, B, KT, & RS R SRR IZ )
WfRP SE 8 Btk [J]. HE#EROR, 2022, 43 (9):
354 -363.

WEN Q, YANG J W, WU Z P, et al. Time-sequence
experiment design for pintle motion scheme of solid divert and
attitude control system[ J]. Journal of Propulsion Technology,
2022, 43(9) : 354 -363. (in Chinese)

SUN Y B, MENG X Y, LONG T, et al. A fast optimal Latin
hypercube design method using an improved translational
propagation algorithm[ J].
52(7): 1244 - 1260.
MORRIS M D, MITCHELL T J. Exploratory designs for

Engineering Optimization, 2020,

computational experiments[J]. Journal of Statistical Planning
and Inference, 1995, 43(3) . 381 —402.

JIN R C, CHEN W, SUDJIANTO A. An efficient algorithm
for constructing optimal design of computer experiments [ J].
Journal of Statistical Planning and Inference, 2016, 134(1) .
268 -287.

VIANA F A C, VENTER G, BALABANOV V. An algorithm

for fast optimal Latin hypercube design of experiments[J].

[12]

[13]

[14]

[15]

[16]

International Journal for Numerical Methods in Engineering,
2010, 82(2): 135 - 156.

ZHUH G, LIU L, LONG T, et al. A novel algorithm of
maximin Latin hypercube design using successive local
enumeration[ J ].
551 -564.
SREET, 2208, 3L, . R TEOh AT
SISO L [T RGN HAR, 2020, 32(11)
2185 -2191.

ZHANG T T, LI N, GONG G H, et al. A fast Latin hyper

Engineering Optimization, 2012, 44 (5) .

cube experiment design method based on soduku
grouping[ J]. Journal of System Simulation, 2020, 32(11);
2185 -2191. (in Chinese)

BRits, sk, BORRS0 R T B Tk sat (1], REe
Bl 5502 | 2020, 40(2) : 366 - 374.

CHEN H, ZHANG Y. Uniform projection sliced Latin
hypercube designs [ J ].
Mathematical Sciences, 2020, 40 (2): 366 — 374. (in
Chinese)

WU Z P, WANG D H, OKOLO P N, et al. Efficient space-

Journal of Systems Science and

filling and near-orthogonality sequential Latin hypercube for
computer experiments [ J ]. Computer Methods in Applied
Mechanics and Engineering, 2017, 324 . 348 —365.

VIANA F A C. A tutorial on Latin hypercube design of
Quality and Reliability
International , 2016, 32(5) : 1975 - 1985.

experiments [ J ]. Engineering



