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An efficient cluster sampling generation method and its application

SHI Wen, CHEN Ao
(School of Business, Central South University, Changsha 410083, China)

Abstract: In the context of big data, simulation models often involve multiple factors. The purpose of simulation
screening experiments is to identify the small subset of factors (also referred to as simulation inputs or variables) that
have the most significant impact on the response (simulation output or system performance). Currently, two commonly
used screening methods are sequential bifurcation (SB) and elementary effects (EE). In recent years, the EE has gained
traction in various fields due to its advantage of not assuming specific mathematical relationships between simulation
inputs and outputs (i.e., it is model-free). However, it suffers from computational inefficiency. To address this issue and
improve the computational efficiency of the EE, this paper proposes an enhanced and more versatile method called
enhanced cluster sampling (ECS). Unlike existing cluster sampling methods, the ECS automatically constructs a
sampling matrix by decomposing the matrix, enabling the generation of an equal number of target elementary effects for
each factor. This approach significantly saves simulation budget. Monte Carlo simulation experiments demonstrate that
the ECS greatly enhances computational efficiency without compromising statistical effectiveness, providing
compelling evidence for the effectiveness of the proposed method.

Keywords: Morris method; elementary effect; cluster sampling; simulation experiments; factor screening

0 51 &

B 15 BB AR 1 R, O SR W R 15 B
AR FRAE . B8R 012 38 P, At B S5 s 2
TEREARAIL T 385 7 10 S . 3 4F SR K B0 5 2 i W
V535 B BRLE I TT I $ASFBURI, I 87 B4k £
A 2% R0 . 220, W) 2 A AT LAKKEE
ety BATHSE A T B U5 4 7 5 A Bt X, IF
T 1) 25 AN I T AR S A 9 R0, 0 2L IE A K

i HER: 2023-01-08; 3EFA HER: 2023-07-04.

X 3, H PR P R AR T R (S R
FHE TR, IF AR R sk S
A 47 LR SN LK) R LY A0 K, 7 AR R R
PR SR P A AR A . R R A
AT ST, M B AE AR SR T (4
AR, MO HAA . B ESH), 4T
HH PR AL 2 R, 2 1) i ZR TR TN (80,/20 J
H) ERIN R GE R i A AT D B B (AR

BEUH: HXK ERRFE S ERTH (72293574); FER ARRFEIE ST EIRH (71971219); 2022 4TS24 % 1
H (22XJ03025); WiFGH A HHFHETH (20221110084).

RIERE: FINtE.
T IFA/EH . E-mail: aochenao2001@163.com.



% 8 H L A TFTAREEHEMEOERAS AR T HERN R 2729

7 Bk H B R G G20 R B B 1 FH B BRI, R
HH X e S A B 5 %) R 1 A R EL
S ) R s B B OV AR, A e DR
A AY i 1 2 e 2 B A Bk MR Y ie) RO H T 9 Ik
SEIG (factor screening) # TA 942 fif R 12 1] L 1) B2 22 4
WA,

7 B S5 8 E A T 51 49 SC I (sequential
bifurcation, SB) Fl Morris [ & 2 B #% (elementary
effect, EE) PR Fii {17 L 0 & 52 56 J7 v, 8 72 3 2
i 1 2% A R HT 32, SB 4 A S a2 B A A B A 318K
6 R (b B 05 FLR B MR A (3% 1 2K AR 22)
FA) O B O s S 36 T RIS ISR BT A B0 AR L 4
RE T /2 SB 1) J L6 f B 2% AHUSY, {91 G 38 4% R0 AN g
PRAIE X 55 AN 55 2R R i S0 A4 T SB, EE AN 32 R K
AR PR I B IE N KRB R FEZ )
(R PR 7K ST U A S A SR AN W e 5 8 FH T Ak 22
A 38, Morrist!") 5z B8 W T & i e PR AR 2 (1) EE
T3, 30 I A 2N A R DR T R AR R i ) S
Campolongo Z51%1,  Cropp ZE'8 70 T 28 H. AN 1)
0 306 7] e, Sin S5OV UCAE A5 FH Morris 777 925 I s 3
BRE (1) A 2 N B, DA PR 52 A RS Y e ) i B A 1
HEAT W58 ) 07 20 it S A0S 4 T R T AR A o
Bootstrap i & 46 LA K O R I3 R Z2 F il 1) “ J5 4
BN Rk SLIR W 7V, HR BE 7 VL R B Bl
U B T 1 — s 2 2 T Morris 7771
HEZE (EMM)I2Y; Boukouvalas 252 2 H 7 —Fh 7 51 7
VEIG AL G5 EE J7 VAR Bouh B TE S R, AT IR
HA H BRSOV 1) F 15 Fédou S 2 BE 7 1 — Fil
PO VR & 28N IR EE 37 8 7 v, AT Ak T PR 28
BN AW TR 2 RAE T = EE T iE BT 1
DL R0 PRl 28 LA AR R 2 MR 087 (R 1Rl g 77, % T
PSR I T . B E A O TN AL AN
Wik N, EE J7 V275 fif R S 0] A (1) 92 FH 1328 25 1)
EFTT BRI A K . Chang 551231 Fi| Hf EE X8
RN 768 92 155 1 4 -5 4 o A 28 o g AL - 3R A 7 ke
5 53 #1; Diepens 256124 3 H 1K 30 8 FH 31 ol 28 AT 5
I A B A B P rh AR 2R S A v AT
PEAS £ 4 0 2 55 T RO R A LIRS T A
KU 2 J , Koks 252516 Morris 712 N FH 31/ i Ak
% Al 5 T 7 R A 3K 22 9 b XU 23 AT o B, Lu
SOV 7E FLURAT 0 5 R B 1Y) 4 SR BURK B2 43 b b S
EE AT 1t — D s B #r

EE 7774 #% 0 A2 H A FF (sampling) LI, 1 F
FE 5B B (sampling matrix) 38 HX K 720 &, 38 i v 5

ANFER - 2H AT & DR ) B RN, f 28 S X B4
DRl 1 3 208 5 28 280 I 07 SR 32 = EE O
B TE SR, Morrist ! B2 R B B B (cluster
sampling) 1) 77 V228 G R RE. H BT{NA Shi &20-27)
WEFT 7 BT AL J7 75, Shi ZERO R Y 7 — P dh A
P27, I — AR R M B DR AR B T R e B
(1 B85 2 5, Shi S5P7 4B 7R 1 A B il R A0 R
HHRE R P D7 R B AR . SR 1T, Shi S 120270 HE H (1)
BTN T U7 7L H Fahia AT & HA
RE DR UE LR N B DA A BUAH [F) B0 R B 8N, TH B
R EK. LAk, Campolongo 251281 8 i 50 EE 1%k
S8 LU RARE S P 7 LSR5 AR

i b3 Sk AT PLE Y, EE J5 VLS & R B
15— R FE N il o 22 Fh S B o] AR L A5 Bl AR
T, 32 1 7R TH B RO X — IR A 6 Dy 7 3 QT
BRI T IEAE IR = BETH R AR EE T LR
Yo — /N B AR Y R R AU, AR S LR TR A
FEAR b ok ) H R — SR B B R R DT
(enhanced cluster sampling, ECS). 5 &2 i) 8 A
J7EAH L, BCS 58 A AN T N T# AR, v] SEELiE
— ARSI B D R R AR AR () B 1) R A
I, H 525 5 B sz (8] (0 22 FEAR /N, e i e oo £ i 5k
K B UE ECS A7 Rk, 5205 R 2 1 HSE 3 R W], ECS
TNEAEA R G R B Bt b mT sEalvh AR 1)
=Tt
1 EE

AN Morris [ 5 24N (elementary effect, EE)
H R 2 R R R B2 — o B L — RO () Gk TV,
WSS 48 EE BB A NE S AP IR,
11 EKEE

fBE ff AL A A kAN B B a4 S
HAE Y B350 T [0, 1), AT A4 B — A K 4 7 S5
2 = [0, 1F AREE—KFE 0, 1] K p A
K AR AL, T S8 7F 8] 2 9 — AN k4 p JZ BT,
Hopl 7 SR e W oE. Wy(x) NIBITT
LA RAS B A Ha B, 0T T SR8 2 E) 2 R R A S
k), B 5 IR RN E SR

d; () = y(w+ejj) —¥@) i _1a k)

Horbe; Ay 7510 bR k4B 1] By A SR SRS E T
BEMSH HAE— AL/ (p — 1) PIASEL 18 H 1 B
T, A = p/[2(p — 1)]; & Jy NS5 =5 8] £2 o BE AL
PR FHE, B (x+e;A) € 2,0lz; <1-A M
Mia; 7£[0,1/(p — 1),...,1— A FFEUE, KL T 5 g

xr = (.Z‘l,l'g,...,l?j,..




2730 # % 5

xR ¥39%

BUIK P E A p — Alp — 1), BI04 A = 1/(p — 1),
K LT p — 1A K (RIS 2; = 1THIKP),
HEE -1 MHEFED,1/(p—1),2/(p—1),...,1]F
HUAE, 3 p AN KF, T X S R 7 2Tl e ph L p —
Alp—DNMHEFHAE, E T HLH p 1 p—A(p-1)]
ANFER, 3K LS FE R ) 43 A5 1 Fy R

Morrist! Ay, %5 F; I & i AR B 2, ) 3 1))
AL 7 5 0k o 7 L A7 AR ) = 200 T PSR FEE AR v U
TR BRI 1 5 %o e [ P 5 AR 3 Ak PR (1 £, B
PRy j B A AR 5 B 52 ELAGRE. PR AT BAAR 45 F AR
PRI S FBRHE 22 py F oy B 7RI 23 8 R ik 3251 1)
ANEZERFE T 2) A F R F T 3) A 58 B (BLAEL
Y)Y SR T oy B oy B — AN TE i T2 59 70 A

fEd =T =12 ks @)

6,28 =\F——— j=1,2,...,k (3

N -1

Fordy WIRF § 10950 S
12 dEEEEmA

EE [ 1% 0 76 F 375 B 7 O L 20080, A 1T 40 47 4
BRI 9 J 12K 3. L0 36 02 1 7 SC (D28 (1)), 2 4
BT 10— 56 2 57 7 7/ B 4L (D D
FLIEAT), T4 T HU % 797 8 0 50, 75 B P 3
NASERRIRA T o, 716, HE— S5, 9 T 005 5 2
B e B kA BT 7 12K 0, 35 9 2Nk AN T4
B AR, M kBRI, B EE 7 7 0 07 iz AT
VORI 4 B k. A T D A7 OB (R R 8
30, Morris!!7) 35t Pl 8 46 e 3 78 46 B 7 R
SR B A O 28 M 2 SUM R S R N S
FE 7 A 2 e 15 R 728§ B (0
A7) 1 . 7EBEIERL -, Morris 35 th AR S 1
5 R A R )

(00 ... 0]
10...0
B=|11..0]. )
11...1)

#%ﬁmﬁﬁﬁé%ﬁﬁ ANk +1) x ki
O-1HEFE, Fo28 147 9 0 M) &, Ja kAT N — A X M 46
TIREENIBT =AM WL @), W AB H#H
BRI PIAT WAL Rl — AR RN, 40 d4 (0,0, ...,0) =
[y(A,0,...,0) — y(0,0,...,0)]/A. Fi¥ B N Ml

7 BEHLIE 2 B SR Y U FE (B B 5. BY),
AT BLORAREAN 7 AR RN AN, ok B =
1,2,...,N) N BRBENIE . B AT LOsEE—A4
E%%Aﬁ%ﬁﬁB;ﬁmzﬁnn
1.3 EEEfIhAE

N T R E R AE, Morris B UK B R R AR
MeC. SARERHMFE M B AL, C 193 B4 s 0 i
o fa N b — LA AT B B, T DO RN T
HE U 2 AN () C 2T R T B). il
[0 0 0]
100
110
111
010
00 1]
B, Gk = 3,2 CHFE R A @) 8 B
2 24T R T LI RRAN TR B4 AR i 1 AN RN, TR,
C HE R 2 51 1(6/6) E B JERE 2 5 PE 3/4 56 .
Wen A& C R R A2 B 58 38 B 0, T — AN e
HFEH P C 22 0] LUABA BT EMsn = 28714
SN0 TR 2 kAR KB, 8 — A C HERE 2 55
AN F RN AN EEYRL(N < 280, A, RE
i F — A~ C i B ] DA SE A AR AS TR 1 A L 5 40
R S AN TP ee s LS T R = R W (R S 2
B REELE (B BS ;... BY) A EL, {3 A R il
FEFEPE C o S E GBI K. N T L 5%
R GTE R 4, Shi 2520 £ kg ] DU AR A
DR A i AN BRI C B 1w AN BEALTE 20
Clrye (W = 1,2, w)%ﬂaéjj( ()1 (n);g;---;
Clyw) NIMABEANHFAEBN = n x w MY
JRE. 5K 3 Foft Al 1) 155 7%, Morris 82 WU FH T

%ﬂﬁfﬁﬁiﬁﬁF (] = 1 2, k) s E Ry 2=
R (kM—1) »+ Pk (n —1)s3
U? - npkk' -1 ’ ©)

O d e 1 Clonye KB T 5 2 R 35 A2
BN, = 1,2,...,n,w" = 1,2,... w;p"k! A—>
S REAE HE T LUR A BB BLIE 3% 1R 2 52,
§2 4y BRI 7, B

2 w*=1
> > (i = dyur)?
82-, _ w*=1 i=1 . (8)




BBEMEOEZSGERFHERE R 2731

% 8 H NS G S S o & i
iiizjj = (nw)! Z djwssis = nl.
w*=1 =1

ZW

B R U I T R T 0
T o] 532 1% 2 O A At R e, B R B A
B 177 2 52 0 22 5 2 1) L 5 S 5 5 T A B
A Al ] PR R b 3 T AR 07 LS B TR 1
ST R 2 — /™ LA B R £ 1 . Morris! )
R L TR i SR RE AR R © 177V, BT
L i I 20 D T A L 4 B U T T 33k
HX. Shi 51201 HOKL 5 BT TR 4L 5 O SR At e

M C Xy h
CHL 2 #3 HA e Hh-1 ko
e[ 0 0 0 0 0 0
G| 1 0 0 o 0 0
o 100 9.9
|0 0 0 0 0 i
G|TT 1 0 o 0 0
c- | L9 19 00 ©)
0 0 0 0 11
Gl 1111 e 11

He:C,ZmmHCHIAEES ¢ M1k — ¢ N OIAT
IF1) 2 2 ol PR RO B . T X 8 7 U R R F 9T, Shi
SHRO S5 DU S50 EOR HEUERE C, AR AR
FERUNE, WAL R P C HR b 206 & U B C, o R AE

ZEE R IR A R R AR C T

JSEAE Morris 177 % G Fir gk, {5 Shi 5542 H
() B B A R D7 2 8 40 5 SR AT SRR T 2 5 5 1) T
BNERAE, T ECFLAS B E HL A R 3 o R
2 BRI BRI T

JRE COHSH I T EE BB 7%, (H
WA R AL T VAR AE — B AR R T LS5
I F B AR B 5 v e PR B = BB AR, 1X FR
il 7R TR AT R R, AR SCHE O A
fitlh bt — ol e 1y HL R — FROE ) R R T
(enhanced cluster sampling, ECS). ECS ¥ C,, 1%
— R — PR NN RS RE C IR
5 Cym X BRI RER T BIERE C), ] Cy 1 12E
B, i 4 SE I IE C ) 1 H . AT AT B B3 4l
FETJ7923, ECS AR FAAE T2 H RN PR 1A 1R 2 2
A e A AR (], HL5 S PR 5 AR R ) 22 20 B B 22
AN T g, T @ B H BN, AT Je € LECS & i
3NMNERTS A Cym T,

EX1 A(s = 1,2,... k) £om¥s k4 pfrsE
B TC R AR A A 8 5 s — 1S BT (J T AR 7T 23
R 3l 2 AU BT A3 AR RE, b Ay K 4E A R R

B, 2k = 4R, Ay JyEALHE P, K Ay BT

0100
KGR I RAER A, = 8 8 é (B ALK
1000
0010
TR AR 2 A Ay = ‘1) 8 8 (1) .
0100

X2 C, o WU C, h I — Bl T 4L
B3 m A TYSERE, m = 1,2, M, 5 M, $H
SEYHRE C, T HHEHE C, R

T 2 o A — BT AR R O, AT,
24 HL 7 26 W U A R — 5 96 O 1 0 76 36 T 5%
BN % W), AR 1T 17 e 5e & — BLIAT I A, 1%
s AR R C, g ML |76 I

AE—EAT. BN, Mk = 4R, B Cy =

—__0 O
SO O
_— O == O
O, OO

0101
Wi Co MRS AT 1 0 0] etk [ A B30 1 AN 2 fir,
BIHT 3 AN 70 25 AT B 1AL, K AL 70 8 30 fir, 43 3
01 1 0], ZFR 5 Co MR HIE 24T M5, [73, 55
VAT I A R 50 2 1 3R A556 3 47, B B 3 hr 3K A3 48 44T A
I, BT 44T R G —BUAT 7 B T — AN Cy . 251U
HUAT LR LS 5 55 6 4T 2 Mt — B0 AR %8 LT LA
5 Oy FEERI 4y A R AN T HeA -

C21 = 01

_ o o -
O O = =

00
}(1’ , Cop = [1 Oéﬂ. (10)
01
X B BRI 2 0 4 A 2 BT AR RS TR
B Con IINEI C )y = (Co; Chs...; Cyr) FHHBAT LA
RN IR AR R ) 5 A B 8O A s =X (10)
H 1) Co .y AT LN BREAN TR F-2E 2 N U, T N Cg o
uﬁjﬁ/\l¥$ﬁ21/\%iﬁzf ACH 1.3 %5 1 Shi
SRR MR RS C, ., BB T IR 18,
MR K C R — AT IR C, W N
UC = (Co; C1;...; Cyur) AT LR A2 B
k x 1 ANFERE N (erCqu’Jﬁiﬁ)
T (10) H Co g F1 Co o AT B X0, A S8
Com W HNULFFIRE: 1) C, L ST BN KIS (—
FRABE ). C g FAE—AT [F) 2 1) T 32 B4 W) 4 #5 5))
KK € {1,2,...,k — 1) AHAL (5 H 7GR IHAFE



2732 # % 5

xR ¥39%

ANZEFI), M= A—A 5 5 —A7 M EA FE AT,
I, i B E B, — SR kA “EE— 30 B94T, AT
Coum N— Nk x k 4EPGERE. 4141 (10) H ) Ca 1.
2) Cy i ITHUNT R WITETE (REERIE TR ). K HOBUE A
TiFER E — 1, NI 3 C, FIATEUNT k. 1 d0:
K (10)H Co o WA —ATALREIL K = LB T 54
— AT BEAREE = 2, FENELK = 20 A3 T H
H &, \ifi Co o BIATEHCN2, /N Tk = 4. N T fefIX
PARRE T & AL — ik DA 7 A3, A S A2 A
AT A A B Hb S 0 5 B AT 1 T 2) R
Com WIER— Nk x BYEHEFE. X 5 5 AR N
AT C o, AR LUT “ R THFE” IS,

EX3 C;,, NCHIFEmAk x kYE“EH” ¥
A C, BAGE L 2T Cyn —FE B AR
T Bk x k5 B, TR L 8 147 i N .

E X3RRI HH (Cp 15 Ch a3+ C ) T
B X NEREIC, = (Cyy;Ch ;-5 Cya,)»

PR “RER” ARG 3R 8 S ARSCAS B LU M.
M2 C RN TR CY, #W H
Cy1 FEFEI M THFE C)_y,,,(m/ < m)n L2
WIEEAT AL #1476 R A5 38, D
C,.=Cl |, +A,m <M,  (11)

q—1,m

Mg = 1, mALREEL 1, TG CF | A k 4 SR A4
M. Zq > 2, AMERBLC,,, ZHC,_,,., + A,
PRI b x k RE B, H4 3 AN i 0 - B 5 B EAT
J&, RPRI 45 346 B C, BSE I T HUERE C . 1002 24
q = 2B, T Cy RBALERE, B —1T1UA 1 ML R
BUE N 1. 456 Co5ERETT LLR I, Co R RE— AT # 0]
PLE Cy AT M B AEREAN O e R A & Bn b 143
B BT ORI, AN s I HUEAE a0 N RLE: ¥ s’ N
Cl_ | B VAT RGN 1T R FI AR, (1)
s IEHE s + 1 < s < k. B, C FREI | A
(b2 < s < k) BRI 2T 5390 5 2/ ME N 1
MITCER I b x kFERE, B CY . B0, 2 k=48, H C) 4

1100
0110 -
=C + A = 0011 , XA E 2 $R F
1001
“ BT RN CY R BT B B A, I Coy =
1010
= / 0101
CQvl' HfiﬁCZQ — Cl + A3 - 1 O 1 0 ) ;E;Xj‘m
0101

% E 2R BN “RPERIEIE” B Cy o 5 1. 24T 9%
S EE 3 AT ESE. B, EARG R Co,, T E LR

Ch, TEEMAT. Bt — B L CL, 5 Cop K,
Co o (VA 247, Ch , AT H 4, R Co 0 5 A, TEiE
FEIN, BRTGE B H Co o #3E T HUIEFE Cs 1y, 111 HE
THIBECY o WG G A R 11K — I i, 1% 2 AR
() R KRR B AR 38 2 —. 5 AR R C 5, AN A
RILCh 35 Cy T HIAT 58 AR, Kk Co (VB &
R TR CY N CY .

BT LR BE C, T B B Rk —
o BT, A SCHR PP SE B ECS T2 1) e itk F g

q

= argmin {Z(f:ll)2N};2)1Z€7§(>{%CO,C1,...,
qe{2,3,...k} V13

Cyr TN C ) I oy = (Coi Cis..
q—1
A BAAREA T AR Y (Eo) AN SRS 3) 6 4

=1
52, WL A1 77 A R O, 4 T U AL .
5 3 SR C oy o, FE T 945 B 26 R

q—1
THIN = () AN ERS, RS S RAT.

Bkl ARG O, 5T,

N T8 R R kDA TR A B
FNEEN,1 < N <28

step 1: 115 q.

= i ~ (i1 > N}
q qgigﬁ}g}{ ; (=) = N ;.

step 2: 4% .

1) }Jrﬁii{%%?ﬂ/l\?rilﬁi%%%lﬁjﬁ%

p
N=Y (5.

2) G,

DOWEN —0m+—1,m «1,s+ s +1(sF
ANC) g TR 1A 1TTR AL ).

Q EBEMBIEEC, ,, « C!_, .. + A (C,
BN HE ).

®#s =km —m +1,0ls s+ 1; KN
s+ s+ 1.

@ C, 5 HA B S W £ % O
BWEERC,, PEERATHERARCym, Hm «
m+ 1.

®Cyr + (Cq15Cq; - - s Cym), T Cy- FEFET]
LA T A RIS MR ' ' & rg/k (r
HCym PITED.

q—1
© EHQ ~OLHBEHESIN >N -> (7).
t=1

step 3: £/ C(n) + (Co; Cy; ...

5Cq—1)

;Cy-1;Cy).



%8

M L AT R AN A A BT LR R

2733

FH ECS E A5 SR A 57 1 w45 4 NP,

M3 BCSTIEA R Cpy N 74 B
BN E = En — N < q.

8 SE PR B A g 18 5 8N, BT DAY BT 3 AR IE T
C () B BRI AE B B R4S 0B R v e il N

3 HELRENH

AW T xSRI AT S0, A e TR T
S R BRI RN B N H R 2% AR B
C () FE B A TR A o 1) i 28 R o 75 A2
n— N < q. BB AEBBEH R 20T X b, s
HA VY. B AT SR = 205 54, B ECS Al
A T35 5 W R 7 32 R85 28 BN, T PPAN ECS
TEAJ B S8 w1 A 1
3.1 EEAWMERE

A A (k, N) 44, EL 8 ECS 4 i
C () NEABFF A BN B n 5 H bR

Ko N 2 A, K38 ECS SV I Rk, AR S0 o e
ke {4,5,6,7}, N = 5 FH ECS A C ) HiFE, WL 5E
AR DR A2 50 PR i 2807 B0 75 L [R) 9 4 T
T2 n — N < g, NIT5UE ECS 4 241k

B4R ER T Lid (K, N) 44 T ECS A LI
Cy FFE. FTUAE H: Mk = 4, ECSAHI C ) A
BT DUNBEAN R FAE i = 7 AN 20007, ) Bef e R
1C,Hq =3, n—N =2 < ¢4k € {5,6, T} i,
HI ECS 13 2 1) C 5 H FE v LR B T A2 flin = 5
ANFERE, HIXBEHERER Cpe g = 2,7 Bn — N =
0 < q,BIECS %t (1 C () FEFE BN IR 728 1 1 2
RS HCEAR, IE Bl R %M n — N < ¢, XIIET
ECS [ 2tk 78RRl b A SCHE— 2035 /8 ki
N BUECRAB I, ECS & B 3, 364 Cy FERE S
I A BB Al A 77 10245 B 80 B AR R AH EL AL, 30 e B
BEMFE VA B

Sr000000 07
¢Gl1000000
C7000000T 0100000
) . CiT0 000 0] C|100000 0010000
Groooo Cl10000 010000 0001000
C|l1000 01000 001000 0000100
0100 00100 000100 0000010
0010 00010 000010 0000001
_0001 _looo0o01 1000001 Cs11100000
clirYe Cl11000 C 110000 0110000
_ jorroo| . 011000 ~ loo11000
C(H: OOII’C(S)— 00110/ o OOIIOO)C(S)_ 0001100/
1001 000110
00011 0000110
1010 000011
10001 0000011
0101 100001
10100 1000001
11110 101000
Celo 111 01010 010100 1010000
1011 00101 001010 0101000
110 1] 10010 000101 0010100
L0100 1] 100010 0001010
01000 1] 0000101
1000010
010000 1]
k=4 k=5 k=6 k=7
E1 ARk NHEETHC, 5K

R 1R 1L (k, N) SHOBLE VB ER, ECS
) C (y FEFE S EREA DR 2E ) 2 RN B, S

B L Coe FEFE R g 1B FEREATHOUA K AE BT 240
BCE TR AR 215 21K BAERE 94T 4

F 1 ECSH I CIEFEFN BEEER TS5

k N n q Cny M1THL (By; Bs; . ..; By) HITH
100 101 3 751 2100
500 503 4 2911 10500
20 1000 1003 4 5411 21000
5000 5000 5 21556 105000
10000 10001 6 38250 210000
1000 1000 3 35051 101 000
2000 2002 3 68451 202 000
100 4000 4000 4 135051 404000
5000 5003 5 168051 505000
2000 2000 3 140 101 402000
200 4000 4001 3 273501 804 000
300 3000 3000 3 315151 903 000
400 4000 4000 3 560201 1604 000
500 5000 5000 3 875251 2505000




2734 # % 5

xR ¥39%

R 1A H: DIERKT (k, N) S35 E T, ECS
I BT (R e RE. AR R C ) HE FE R E A BE
YRGB R REAN DR AR N AN RN, (Hon 5 N
ZEAH AR BE A N I 3G T g 38 hn, 1 2 A0 Ak T —
MEARIKT, WG KW En — N < ¢, X AE T
ECS (14 2. 2) %t bt B A B 7T LUK I, ECS Ji VL4
H Cw FFERATEOZR /NT (By; B . .. By), K31
TEETEHIRE T VR U, XS B S0 AR
mn B H B O 3) YR PR B AR, TN AN
RIS, ECS %5 Hi 18 C ) R (1947 ¥ 3958 /N T
A e BRI AL A3 2 () B AR F AT S0 35 38, BRI N
IASWTIE K, C ) H B 1 22 57 PEAE AN T4 e, T
BESIRE SRR I 22 B M1 2 BART C ) FEBE.

i _E R 4 BT Al BUE L ECS BB R4 1A 2%
P, AR (B, N) 28005 B 50T DL H 39 2 241
s R A, MET AR S, ECS AR B T 2 1
FERIG G, IO AT Bh T3 s B S50 0%,

32 Y RZHESH

A5 K H Morris f# F (19451 1 LL 3% 7 ECS 544 4

EE 595 2 [8] 1) SE 36 RCR AU 1 22 5. 415 EASE U AE

H:2j = 3,5, 7T, RGN AR S w; = 2(1.1;/
(2 4 0.1)— 0.5); HA P 7 PR H LA A e w; = 2(a;
— 0.5). Xf F—r M #2808, = 20,5 € {1,2,...,
10};8; = —15,4,5 € {1,2,...,6}; K&, M3,
MARAE IEZS 73040 N (0, 1) AL HIFE. X5 T =i A 7Y
&5 B = —10, 14,5 € {1,2,...,5};Bs1i; =
5,8,0,4,7 € {1,2,3,4 ; LRI Bri j~ By, M Bo #B
wAO.

AR SV e 48 A% B8 BE S35 (B AR BB 4k FE 7
), WBNGNHEFARMERNEEAN =
10 000, 15 2] & PR - 1) B US43 A F (10 S AR 391E fo
FBRHEZE 65, FF A0 3 T 75 B HEAT IO RN B AT B
A% TTVE W SR R VAN bR v R I, ACHIE 5T AR
ECS 777, BB 4> CH A BB A2 i R R
Ko n VA C R I BENUE XA B W, 15 21 % B 1
(1) 3 BB 3 AT By () AR 3AE oy FARUEZE 65, FRid %
Pt it EEREAT RO AT IR A, AR A LA
() B R 7 35, B Morris B2 Hi R H BB RE 7 725 (G
N EEC) LA f Shi S 20N 2 Hi (1) EMM J7 V2, #4) it B4 4
BEFE R I FHRAE (n, W) 44 LLSRBL S ECS M H]

RTHE® = (21,22, 25) RIOFIH A (R IE AT B, 75 3% B 11 2, EEC A EMM 7E 44
y= S O T 0 4 A T T SR AR 9 T HE R B LR
20 20 20
B, A 58X AN [ 1 52 56 2H A 3 3547 1,000 7 4k
By + Zﬁjwj n Zﬁi,jwiwj 4 Z Brs junwiw;+ jjﬂ:ﬁﬁ AW j; [ ‘% A :u‘ /jA 17 (X
= Py ot SLREA. 2R T ACCH RIS Bk 8 5
20 5 22 1 g B L A R R B, A
2, Pusjenssiss U sy R
s<I<i<j
#*2 ZHRBHELE
70 (n, W) BHLIE 4T B
& EE ECS EEC EMM EE ECS EEC EMM
1 (1,10000) (3,4500) (3,3620) (3,4620) 210000 184 500 184 620 184 800
2 (1,5000) (3,2250) (3,1810) (3,2310) 105000 92250 92310 92400
3 (1,2000) (3,900) (3,724) (3,924) 42000 36900 36924 36960
4 (1,1000) (3,450) (3,362) (3,462) 21000 18450 18462 18480

HE— 25 i, A SR Shi Z5 0291 35 ) 32 808 558
RN S YRR 1R 2 (ARE) YA BE SR,
TE IR

koo
1 .
ARE, = — E ‘u , (13)
kj:l Hi
k ~2 2
1 |67 —
ARE,» = — ( j J). 14
k;; = (14)

Hots o Fl oy 5y BUAIR T J (95 0SB4 £
BRI, 1, T 6, 59 B R %07 14531
BT RORE A SRR 22 1 A A

ARE {H 8k, 3275 7% 7 v 8 51 1t 45 5 5 B0
LS (i 22k, DR L He R ) 7 2 F 9 ARE

AR R /IS BV AT S 33K 28 7 vk 0 280 0 AT W, AR S 4y
TR 3 N RN AE EL UM ) ARE HEAT P RE AR ¢ 56
Ho: ARE]"=ARE;® vs H;: ARE" #ARE;"; (15)
Ho: AREES = AREESS vs Hy: AREES £ AREESS. (16)
Horfr: ARE; I AREDS 37 Hif% 4t EE 532: (R4 B2
Eill S A RP K EII TR N S VRS R SRR S S ERURPN
%, ARE, % fil AREZS® 3 HH ECS 73 21 i) 32 208 5558
BN [ S G AR 2. AR 5 A5 B A B ECS 47
| ARE /N T 8% T Hi 44 4t EE 13 21 1) ARE, JUI & B
ECS EAMETAE A EE M1 307.
B2 R T LR 4R L5 35 50 T S i3

[¥] ARE,, #1 ARE,> fii.



% 8 H M X AT R R B ARAT AR T HER SR 2735
200¢ : 0.16}
£
160 I T 3 = 3
: 0.12¢ : s
120} . . !
) 2 0.08} =
< 80t <
“%%%+%%@+ °M%$4é%$44% #
0 EE [ECS[EEC IEMMI EE [ECSTEEC [EMM] EE TECSTEEC [EMM[ EE TECS [EEC [EMM 0 EE [ECS [EEC |EMM| EE [ECSTEEC [EMM] EE JECS JEEC [EMM[ EE JECS [EEC [EMM
Wl Y52 W3 Y4 Wil Y52 W3 Y54
(a) ARE, (b) ARE,.

B2 4FmiE7s ARSH) ARE ERIELER

ARSCR I 1) 20 (15) F AR BEAR 56 36 466 Ho, 20 (16)
(¥ MR BER 36 B 52 Ho. 4546 B 2 W) A H: ARESS <
ARE]" H ARE[S® #1 ARELS, IX B0 1E T ECS 75 1%
R H W 38w T A% 45 BE, X6 38 H RN AR ) W 2k
715140 BE JC WA 5ol 22 5, 3% 55 AR 50 U 50CR — 3,
BSAE T ECS iAW G vt 30 10 &1 T 4% L EE. 2) %4
FRE 77925 1 52 36 R0 W i o 1 AR B B R vk,
WIAE A S256 3 5 1 TP A% 58 BE J7 iR LIS AT B
210000, 1 ECS 77 2 L 1T IR BN 9 184 500, 4H
5T 45 4 EE 51508020 T 25 500 TR (2 12.14 %) #5541
BT, X R T RS VA P s SRR
MF4. 3) 5L A IR Fh A 7 V2 A0 L mT DR I, 7EAH
T AR SIS AT YR BN, ECS A1 EMM i J2 B 1) ARE
L #EE HH BAK T BEC, EHLH KU () 3 v A1 A8 B
SNE R S BE 775 R I BRAT 5 35 4 R T T sh R A,
NI AN TR e L b ) 365 8 8 ol 5 4 B, ECS U
ANEA FRGE. W 2, F R RO LR R R
UE T ECS M RTAT P, SR BB FE 77 VLM L, ECS A
BRI HEARALS, BEE ML TAESEEN S
TH071; 5B B EEBERN AR 7 VA0 L, BCS 58 & AMK
N T H R AR R i ae ). & EE R
e, BARECS 4t T #i& Cny(n < 28 1) 7,
m*%ﬂﬁM$Acm%@ﬁtAl%$&mﬁﬁ
LR n R AN 1Y, IE A 0E B 40 Shi 527 & HY
I WA C ) 56 B K BE AL 28 84 PR 7 A2 B
n o WANTERON, M T S B S 56 25056 5 2% 0 1 -4
4 & #

KBTS 50T, 05 EAS A b i R 7 i S e 3
o, R S r ot AR Y A B T I [ IR A I SR
NAR 22 A S AR BIE T AT Il L A A o B v 1 S
ISR RN, Morris PR S 800N VL AR VF 22 S84S5 31 B
FH AN W7 Jee. 9 T il A 5000 2 A D 34 o v = R
22 1R B N A 43 N 12 7 7 B 7R IRASRLIZ AT IR B

ORI K T, S v ST 96 AR A G AE R B D9 R e ik N ik
(ITH SRR, A SO A L A B Atk B 572 ) — b it
L SE R B (Y B Sl A VA ECS. BT 2
BRI 05 025, 2O IR RIIE T AE BN RR ZVE R
DR B 2 FSORH [ 506 ML AN BRI 7
SR A KSR T SRR, B
RIS S ARRAEAFIE FT R [ R 1) 3R vy B
BRI BEXS R 3 52 ELONE (R0 BE 05 2) AE AR
UEAN K GE vt 200 fHT 3R R, el A1) ECS R AT /g
R T SRR 3) T EE EL#E VR 3 I S UL 45
3 2 DR T 0 T RN R A LN, R ECS 2 =i
TR AR 4) T B AR B2 ) 6 A i A L A 3 5
2,45/ n 5 N Z A ZE R,

SE 3CH#k (References)

(11 BRE, RN, BGL 2R, 55, 48 PR SRS 55 N R8s oK
B BT TS Bl — A S w7 I (0],
PRl 2R, 2018, 21(7): 1-10.

(Chen G Q, Wu G, Gu Y D, et al. The challenges for
big data driven research and applications in the context
of managerial decision-making: Paradigm shift and
research directions[J]. Journal of Management Sciences
in China, 2018, 21(7): 1-10.)

TRk, RENT. A LIRS T BT ARIT R
YR R pa i OPN S LVAS SIS R A AL U Rt RS
YLk, 2022, 37(1): 175-184.

(Xu X H, Yu Z X. A large group emergency decision
making method and application based on attribute
mining of public behaviour big data in social network
environment[J]. Control and Decision, 2022, 37(1):
175-184.)

WX, tRVE, FIEAE, A AR A AR L -RE
%HWHm%%*U}hﬂ%&ﬁJmL%Q.
2049-2062.

(Guo G, Xu T, Han Y H, et al. A survey of cooperative
optimization of traffic-grid networks in the era of
electric vehicles[J]. Control and Decision, 2021, 36(9):



2736

F %£39%

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

2049-2062.)

KA, BRI, R 5K, 30T DI B A R A A
R RIAR T AR AL B 7). 4 51k 5K, 2023, 38(3):
759-768.

(Liu C S, Chen H X, Wu Z. Programming model and
optimization algorithm for the mixed fleet vehicle routing
problem in urban logistics distribution[J]. Control and
Decision, 2023, 38(3): 759-768.)

TRORAR, IR, FRARAE, & KB WAl A L th
SRATUTURAL[)]. B ERHE S, 2014(11): 158-163.

(Xu Z B, Feng Z Y, Guo X H, et al. Frontier topics of
management and decision-making driven by big data[J].
Management World, 2014(11): 158-163.)

Robinson S. Simulation: The practice of model
development and use[M]. Bloomsbury: Bloomsbury
Publishing, 2014: 77-124.

EAL, AR, OCE, BF R TIR R S 2
O B % ) SR U [0). A R, 2023, 38(5):
1457-1463.

(YanJ, XuL, Cao W Q, et al. Design of formation control
algorithm for multiple autonomous underwater vehicles
based on deep reinforcement learning[J]. Control and
Decision, 2023, 38(5): 1457-1463.)

Kleijnen J P C. Design and analysis of simulation
experiments[C]. International Workshop on Simulation.
Cham, 2018: 3-22.

XUTNAE, B X, BRBAARIE. w8 ¥ Rl 43 Sk 7 vk
KAGTEN[T]. REGEHEER, 2021, 30(1): 3-13.
(Liu L J, Ma Y Z, Ouyang L H. An efficient
factor screening and classification procedure based on
multi-response sequential bifurcation and applications[J].
Journal of Systems & Management, 2021, 30(1): 3-13.)
Campolongo F, Braddock R. The use of graph theory in
the sensitivity analysis of the model output: A second
order screening method[J]. Reliability Engineering &
System Safety, 1999, 64(1): 1-12.

Kleijnen J P C, Sanchez S M, Lucas T W, et al.
State-of-the-art review: A user’s guide to the brave
new world of designing simulation experiments[J].
INFORMS Journal on Computing, 2005, 17(3): 263-289.
Borgonovo E, Plischke E. Sensitivity analysis: A review
of recent advances[J]. European Journal of Operational
Research, 2016, 248(3): 869-887.

Ankenman B E, Cheng R C H, Lewis S M. Screening
for dispersion effects by sequential bifurcation[J]. ACM
Transactions on Modeling and Computer Simulation,
2015, 25(1): 1-27.

XUFNA, & 3, RREAARIE, &6, Fifais e T/ 5Ly
ST IR R S RO S (1], RS TAR R 5 SRk,
2020, 40(5): 1281-1292.

(LiuLJ,MaY Z,Ouyang L H, et al. The influence of data
contamination on sequential bifurcation and its counter
measures[J]. Systems Engineering — Theory & Practice,
2020, 40(5): 1281-1292.)

Tt S, e FUE, T, KB T R L SR MR
ZEPSHIRAUR N (] R4 TREFEIS 552, 2018,
38(9): 2300-2314.

(Shi W, Leng K J, Qing Q K. Simulation screening

[16]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

[24]

(25]

[26]

[27]

(28]

[29]

and error control for big data[J]. Systems Engineering
— Theory & Practice, 2018, 38(9): 2300-2314.)

Woods D C, Lewis S M. Design of experiments
for screening[M]. Cham: Handbook of Uncertainty
Quantification, 2017: 1143-1185.

Morris M D. Factorial sampling plans for preliminary
computational experiments[J]. Technometrics, 1991,
33(2): 161-174.

Cropp R A, Braddock R D. The new Morris method: An
efficient second-order screening method[J]. Reliability
Engineering & System Safety, 2002, 78(1): 77-83.

Sin G, Gernaey K V. Improving the Morris method for
sensitivity analysis by scaling the elementary effects[M].
Amsterdam: Computer Aided Chemical Engineering,
2009: 925-930.

Shi W, Chen X, Shang J. An efficient Morris
method-based framework for
screening[J]. INFORMS Journal
2019, 31(4): 745-770.

Boukouvalas A, Gosling J P, Maruri-Aguilar H. An
efficient screening method for computer experiments[J].
Technometrics, 2014, 56(4): 422-431.

Fédou J M, Rendas M J. Extending Morris method:
Identification of the graph  using
cycle-equitable  designs[J]. Journal of Statistical
Computation and Simulation, 2015, 85(7): 1398-1419.
Chang S L, Harding N, Zachreson C, et al. Modelling
transmission and control of the COVID-19 pandemic in
Australia[J]. Nature Communications, 2020, 11(1): 1-13.
Diepens N J, Koelmans A A. Accumulation of plastic

simulation factor

on Computing,

interaction

debris and associated contaminants in aquatic food
webs[J]. Environmental Science & Technology, 2018,
52(15): 8510-8520.

Koks E E, Rozenberg J, Zorn C, et al. A global
multi-hazard risk analysis of road and
infrastructure  assets[J].  Nature
2019, 10(1): 1-11.

Lu X F, Borgonovo E. Global sensitivity analysis

railway
Communications,

in epidemiological modeling[J]. European Journal of
Operational Research, 2023, 304(1): 9-24.

Shi W, Chen X. Cluster sampling for Morris method
made easy[J]. Naval Research Logistics (NRL), 2020,
68(4): 412-433.

Campolongo F, Cariboni J, Saltelli A. An effective
screening design for sensitivity analysis of large
models[J]. Environmental Modelling & Software, 2007,
22(10): 1509-1518.

Shi W, Chen X. Efficient budget allocation strategies

for elementary effects method in stochastic simulation[J].
Naval Research Logistics (NRL), 2018, 65(3): 218-241.

EEBN

WS (1981—), 53, #d%, L S0, MR 4 A bl

HOREYIR SN B RS 0 T LA
I REHE P05, B-mail: wenshi@csu.edu.cn;

WRBE (2001—), 53, fil 1 2E, 45 FLSL IR it 5 70 1T

HL#8 5 > 250 4T, E-mail: aochenao2001@163.com.



