a4k H3IM
2022 4 6 J

B B M E X FEFE R
JOURNAL OF NATIONAL UNIVERSITY OF DEFENSE TECHNOLOGY

Vol. 44 No. 3
Jun. 2022

doi;10. 11887/j. cn. 202203024

http://journal. nudt. edu. cn

MBI AEEESHRTMRENRBEMBRBERRTE

W AR RN T2, RIS TR Ak’
(1. FTAKS MFEIRESRE, LT 101416 2. MEIAEKS REMLEZ, LT 101416;
3. RERXTEFRLIEFR FETHEE, T4 KA 130117)

AR A 5 R R S S R SR AR R IR P RO R AR O X DL ds AL e A
T ity FlRf S TR AT DR SR B TR, 2 ) — B T A TEASE R HEL R B2 100 28 2 ot R s A vk o AR XU i 47 2%
XA GE I BB E AT B , S Ak A [ IXURS: O 57 A28 0 it a2 ) DR IR T 3 5 8 R G 24
FERl ;2% IBAT 43 R BRI B T30 A I 256 TR 30 ), 25 1 Ok (40 3 BE a0 A =X, O 38 T4 4 B8 e Sk AT
TUERT s 25 M AL T R 5 BE A A b SR R Y 249 7 2 FIRL U BRI v, SE B T I BROM] ke SR A
BRI AR T o DRRCAS SRR 8 1R RE 08 A AL PRI BRI e 3R A5 8., BRIBOKS ] 2 I i 45 1F
A ARSI 4E , B T 7 AT

SRR IR s HLRE B2 BT B NIURCRE A 5 45 0 Rl 5 T P 24 T s SR N

FESLS EI XEAREE:A XEHS:1001 -2486(2022)03 -201 - 10

Hesitant fuzzy rough set decision-making method for determining
spare parts variety of new small-scale equipment
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Abstract; Aiming at the problem that the prominent features of hesitancy and fuzziness of decision information and it's difficult to use the

traditional method to determine the varieties of spare parts for new equipment of small scale, a method of determining the varieties of spare parts

based on hesitating fuzzy rough sets was proposed. The risk preference coefficient was used to extend the incomplete hesitancy information, which

laid a foundation for establishing the hesitancy information system for different risk preference. Considering the influence of the score function and

the numerical continuation boundary, an improved inclusion degree formula was given and proved on the basis of the definition of inclusion degree.

The reduction condition and rule acquisition method of spare parts varieties decision attribute based on the improved inclusion calculation were

given, which realized the depth mining and effective utilization of hesitancy and decision information. The results show that this method can deal

with hesitancy and decision information effectively, and obtain a simplified and practical decision rule set of spare parts varieties, and the feasibility

of the method was verified.

Keywords: hesitant fuzzy set; rough set; new equipment of small scale; varieties of spare parts; attribute reduction; decision rule

R A P Bl T 5 AR I A A R S A
SR FFROR SRR . SRR 2
FLR T ECE A & PR SR 5L, 2 15 R AT 55
) S5 5 #6171 it Ao PR TC 3% D 2 16 o 11 R B o
NI3 9001 W I B S BRI T
FLRT [ A SRR g8 1 SR R A7 e B T e A
FE MR R AR E TR BRI AR
b b, A BHARE  w A a7, A RS T

«  UYrFE HH9:2020 -09 -29

CEZT B A AR R Y L R, T
JEE A5 R 2 TR RIS HA 2 S

R EBOR M PR A J R B AR )2
JSEFH  fol Ao 2R A B SR i BE A AR L fEL )
SRR RUIC R O M, 25 A 2 A A A R S O
AN IS ER IR R R 22 S RS R A (A
F R RO B = LA LSRR , AINT45 45 1F dh A
B R TRRIATENE . LG & Fah Rl

BT 4 E MR BT H (TI20172B05001) ;4 25 72 3 2505 A W BT H (JY2018C210)
TEE BN A (1983—) , 5, WdbakiF A 5T A4, E-mail : 278874923 @ qq. com;
M/ B GEAGER) 5 PR, 1+ 42 S0, E-mail :m18911249846 @ 163. com



202 - e AN o 4

5544

SE T A TR i AR Y
SRR T L S PR K
RGEE L S (HK BT A P S A
L AL A B — T 5 L, T TR/ 5 1 5
A, — 7 T A5 e 3 1) o P e e A B R A
SE DAL H R 4 T B BT, e SR £ R B
P 50 g 2 5 55— 05 TR, R S AR B
P 2886 B DRI (], 15 7 15 8 phe 3% 1 7
o A A R AT UL B 00, X LA 2 i — 3K
B USSR R W L R
b ol ke 506 ek R e e 6 £ 3K Rl L R P < A
P 0RO A A L e S 1 A R
W AL GER 7 2 T, {HL 22 e 36 15 B 0 ] 4
P, BRAR T E FEORHENE BTS2 A 15 B 5k
W, SR B BT A . BUA A1
i 7 TR IR 80325 BT B/ N RS 45t 55 135
ER BRI SE i S 5 0 R R i
FIRbE AL A R B 3

Shfifppie bR LR, 7 S0 SR A i
H b BRI R — 3 R SE A B A A
BT BEE A IR 43 S5 HU 3R O T 45 4
¢ tH A RLRESE BE S VE AT R 538 T, A 37 25/ A0
R 240 1 R A 0 1 T TR M KRS 2 781 [
it 55 AR e P LG, 40 % 2 S ot s 2 A D0
(IR

1 &R

1.1 REEME

TEZ R R oy, B PR3 B0t T 1
HEFTPEA I 22 5 25 X6 JLAS 7T BE I BUE AL B AN bk
I HPe N 5L 2Z [ DA i — B0 WA Ol 143
e, X AP DR BRI E R T
SUSL RN &8 Y SN i R S S S NI R X ey
P25 R, Torra Fll Narukawa $2 5 T JL B BOR 4
IR , i S AL TQBR AR R R 4R () 41 T 2K,
AR AT REEARNES" . &
FEOKFN Xia B K45 T 20 2 BOR 4 1 B2 3k

ijjﬁ[lmzojo
EX 1 & X RHAEEES, WK
H={{x,h(x))|xeX] (1)

ABAILE o by () 2Z[0,1] E—28n]fg
JREES, FRILR « M THEA A KREER
Eh h=h, () FR—DIRBEEB LR N7
i, 85 X b B A 000 B R 5 Ml B i
HF(X) .

EX2 B h AMBEMICE, UFKs(h) =

L3y kb i B

h yeh

o) = [L3 (y-sm] @

N h w2 RE e 1, S b TR ANy ot
FEWME TP RBERCE by F1 A, L
FHEF 7k R

D)% s(hy) <s(hy) 0 h, <h,,

2)# s(hy) =s(hy) U

O# o (hy) =a(hy) M h, =h,;

Q@ o(h,) <a(hy) M h, >h,;

@ o(h,) >a(hy) , W hy <h,,

EX 3 By, (x) by (x) APATCREAKEL
Bk L, LB A G, W s IR R B
S B R A

- Ip
hy(x) Nhy(x) = {[L;J]h =min{’y?,’yf} ‘y‘; eh,(x),

‘YiBEhB(x>% (3)

h(x) U0k () = | Uk =max|y! 9! | |y} e,
(x),

Y ehy(x) ] (4)

B (3) ~ (4) ATH0, P B A A fe
FITT 3R W AHAZHIT 2% % TG 3R O BUIMEL, PN IETR
BOBITCHR I J5 1 70 28 S AR I 1 2% X T R 1948
NI
1.2 fHAEE

FRE S TS i 2 B K Pawlak 44T,
JE— AL B AN B E 5 BB B AU TR
B LASEM O R AL RR I, 2 1R R v
BRI RIOC R R A O MG, S LR
BT SR A BRER B 1R B, HOEEAO PR ST
ARG RR—FHE M KRR L —)s
P 24 fRI—3R W7 Ak g ok SO I A 6 E X
LI

EX4 WWITH S= (U, A,V.f) ,Hip, U=
Py 2y, 000 o P R RIAES GIRES R MIB
W, | UIZREAMEEGA = a0y, 0,1 F
IR AT IIE SV = UV, SRR P
AV, FnENE a e A W{EE . U xA-V &
—MEREELEAEANXE T —E R
H, 0% VxeU,acA, f(x,a) eV,, WIFK S Ky
—MEERG . FRRGE T &L Z4ERBIER
M BEE R  FoR A R 5 IR EZ B R

MEEEABMFMEEES C=lc,0,,
¢ o) FISRE IS D =1d,,d,, - ,d |, | HIL



3 )

Pk, S5 B R /INRIUERE 46 46 1F it Bl R A DTSSR AL e DR SR 7 2k $ 203 -

W,A=CUD,V=V, UV, bV, R5rFE e
WSV, NIRRBEBMENES, NKRELRSE
S PR B RS, AR G B 2.

EXS5 WEER%S=(U,AV,f),BCA,
W BAEU FREM LR R, H:
Ry=1(x,y) eUxU:f(x,a) =f(y,a),VaeB}

(5)

#i(x,y) € Ry, WFR x Fly KT B HEM K
JEH R SRR . SFM R R, ¥R
B U R — 50210 U/R, 8% U/B AL
JCE x EMIGEN Ry (x) 5[ 2], 0

M S HPRIE R RGN, b &R AT
R 3 R R S50 2 B D3R T P EA T I ) 43 R

EX6 WEHERGES=(UAVHHXCU
HUB—DFHE,RE—DFEMRR,MX T
IR (X) . FIERL R (X) L IEIR pos, (X) | 113§
negp (X) M A bn, (X) 5350378 N -

R(X) ={xeU|[x],CX (6)
R(X) ={xeU|[x],NX=D (7)
posg(X) =R(X) (8)

neg(X) =U-R(X) = {xeU|[x],NX =}
(9)

bn(X) =R(X) - R(X) (10)

T IE Rl TR B B R L AR R T X
RO R SN WD S SER i1/ TS Wb i VP x =1 EF 2/
AFHRFIRTATREIR T X M R AR G 5 fl
ST R AW E AR T XX 5 20

B IO B S RIEZz 22, Blih AeoE
— AT HE R DI, AR B O A A AR
X KT R ZTEM, S Z 2R Y

EXT WHEERGES=(U,AV,HH,ae
BCA i R, = Rzﬁm JUFRREME o 72 B 12T
R, WINFRIEIE o 75 B 0 26 2R B
A BT A T PEAR A0 R, WIBR B 2 S A 5 40 2R
L& B'CB#RA Ry = Ry, H B/ JE ML 1Y, AR
B'jE B —A2T 20 R, (B) =B,

JE LY RARTEA I 5 B R SRR AE T 10
HIH2 T, I R ITAR B, fe 5 B R G TE R
PURTR AT 2, 220 10 2% 1 s A AR o 58 s M ) A R 38R
Fr, AR X R SR S A Ak A0 ] R B T A Y e SRR
D), DA TR A B A1 B SRR UL S A A B8 A 5

ARAIR , 2y SR IR 15 B R GE 0 K B
AL B/ NE T XS A AR R SR TR O B
O FNY4 A 5 ST Y A R - el

core(B) = NR_,(B) (11)

EX8 WIRERARSZG S=(U,CUD,V,

)XY, SRR U/C R U/D S K,

des(X,) R X, XF T & A Z A1 I8 MR8 /Y BUA,

des (Y,) F ¥, XEF VAP, WA L
5 A

ri:des(X;)—des(Y;), Ximyj#@

2 ETHRBEMEEERRNEGRM
HEEE

TR GERLE HE DR 3 73 D0 FH T 8 H B o (L
B I RAAR B, XL A AR 58 4 B 2L/
PURERE £ 75 P i b R 34 L 5k = 4 O 174 Ak B
J1o PRI A1 K 0 RSN 2 B FURLRE 46 PHL e
PEATHHRE R , RSl 4 1 ol R f A 1) 0 TR L
R PRSI
2.1 MEHFHRMHENLBEMRRERRS

Z RIS R 15 B R G IEATE X, W& I 4
S = (U, A V.f) &R R LR R A5 B RS,
U = {2y, g | R R G IR
HE R BIIAFIE B & Fahff;A=CuD,C
AR E R N KA, D R RE
FAFRIRA RIS , A E " BB A AN B A
JE A s 2% 5 i DR 3R B 5 FL s (L = T ) e
KZ,V IR RN G P 2R B P E, HL
{EICO P EE , W S 26 1 i Ff 0 52 (9 AL 85
BMIPR AR R RS
2.2 ETRRERTRBHBELTH

FERHGL R, AR 2 B T A R
SRR Ty T AR 2256 1 k-5 B 45 H Do
H BRI, XA 2 B B 5T T 42 35 1)
TER B A BLG , FE TR R P S S A
Mrid e AT UEAT 5 SERTHE AT, 5 2R
M—EBITER LR B S AT . TR
AR T R IR AR A R
T B R/ METC R B LB JTAh 5%, B AR
IEF s IR DR LB TP Y
RRMETCRBEATHST , BN IR AL $175 o

TEAF AL E 1 DR SR T i o TEAE G 2R
Pa e VE IR BRI 25 G T8 S5t A7 XURS ) W , i AN fiE
2 S A LB SR WP AR i o A g RS — [+
L, AR SCAR Y — o T XIS i 4 2 0 R A
Wik

B0 e [0, 1] RS i 47 2250, WAL A oo
h(x) FARFIEIIICER b7 N

(12)



- 204 - N R N 1 445
h” =6h" + (1 -0)h" (13) DB - 1 ;s(hg(x))

AT R h () PR ERCRIEITER b~ K h(x) S 2 {z [s(h7(x)) V s(h5(x))] *

B/ MEICE . 24 0=1 1,7 =h"  ULHAEATHY

JEARWLVTEAT , REAE AR AL RS 5 24 6 =0 I, A7 = 2 o) }

h™ BEBEAT 2 AR WAL 1T, AN BEAE AR FHAT: 55 X ;<h3”><x> VR (0) + R (1) VR0 (2))

W o PRI, XU i 4 22 8K 60 B K, B i % 7 HH XL

B, WP SR 4 S A T R SR . 4R S A A

B ICE N

h(x) = {h™" (x) ,B7 (x) - k7 (x) |

(14)

Hp,o(1),0(2),,0(n) N 1,2, m —"

FHHES, — R R R (x) (AT HES,

h7 D () 2 h(x) WA i R BEE

2.3 ETHGHERETENEELRFMNIZRE

2.3.1 et 5H4E
BN AT EES AB,CeHF (X) %

Bl D:HF(X) x HF(X)—[0,1 ]9 2 T3 5&1F,
WFx Dy HF (X) EWAL &,

1)0<D(B/A) <I;

2)ACB=D(B/A) =1;

3)ACBCC=D(A/C)<D(A/B) ,D(A/C) <
D(B/C) .

HHT, RA WD 52235 X I R ORI 45 %
FETHE AT TR &0, A R
A MR T R, A 5 T IR G LA T
28 FFia B HAESE PRz B B AE— 2 1) JR R
o BRI, AR AL % B A A BRAL R S, AR SO Sk
T XU Al - 22 506 D0 A T B (B AT A8 4,
T RE S FEAT 0 R, X B IR 5 1 BT
FIOCEMLEA R, 4 IR BB 0 B 5E

/L\\I‘:

D(B/A) = % 25U () )
;[s(hj(x)) V os(hg(x)) ]
> (hgV (x) +hi" (x))
D (hff<l)(x;6)\(/ g (x) +hg (x) V hg(])(x))}
) .
JIEEA

1) Bk ,0<D(B/A) <1,

2)EACB, M Yxe X, h; (x)<h, (x) H
hy (x) <hg (x), 7€ 2 af 41, A0 ) KU 5 4L
0 T, hT" (x) <hf” (2) &s, (A7 (x)) <
sp(hy” (x)) K

] 1[Zs<hé<x>> S, (5 () +hg“><x>>J
U3 shi(0) i S (5 () + 05  (0)

=1

3)#ACBCC N Vr e Xohi(x) <
hy(x) <hg(x) Hh;(x) <hg(x) <h;(x),[[FE
AR R 250 T 7 (x) < b2 (x) <
RO () eos, (hI9 (1) < sy (h39(x)) <
5o (R (x)) 8K

()
Y [k () Vi) ]
S (120 () 4150 1)
Z{(hz“’u;dv B () + B o) VRS ()

D(A/C) = ;{

_I[E,Xs(hf{(x)) 3, (5 )+ 10 ()
U3 stz +zx<hz”><x> s (x))
<1{_2Xs<hx<x>> 3, (0 )+ 10 ()
U3 sty +;<hz<’><x> Sk ()
| Y s (x))
_ 2{ .
Y Ls(h5(x)) V s(hy(x)) ]

xeX
> (A (x) + A5 (x))
xeX
D (R OV R () + AT () V R (x)

= D(A/B)
[R PR, A[UE D(A/C) <D(B/C), U]
2.3.2  BM2E 5 AN KR

EX10 AL LL, - 1,) =_r’iAjzj(1sljs
ry) PR AAFERE

mpA(l by l,) = DAL =A(L e, e B)

(16)

RN RAR AR YE B R

BED(C -/ ) AIRHB L B, WX T BC
A,id

Dy(lla,e B) =D(D,/A(l;1a, e B) )

{MB(ZJ.|ajeB) =D, 1D, (I)la, € B) =maxD},(I;la, € B) |

(17)



3 )

Pk, S5 B R /INRIUERE 46 46 1F it Bl R A DTSSR AL e DR SR 7 2k © 205 -

EX 11 X Vi<r(jsm), X M,(lla e
A) =My(lla; e B) o7, WIFR B B T 3R
FEAGS MEKIR AL, & B2 S MRK
PR EME AR, H B AT FAEERA S S iRk
WUMRLE , WIFR B o S (B KIS AR 4 o

BT EE 4 B ICRE B RS
iy 1 243 T AR SR I 1) — e A B

BN IMBEMPICRFERER S=(U,A, V.0,

B S YR R 24 T A2 RN USR]

B R TR R SR, R B &R
PEEHTA G 5 IR R (5 B K.

TR 2ATEAH G BB R F R RS
S B AR R I T A

B 3 MR E L8, R A R R
F

B 48 T A% F B M O SR i Tk
SRERLIN 5 R DU AS A2 156 WY ) 98 7 2% A Ji 7k T
A, W R F R THE, DAL HE s A5 00, DA 4%
fHE P 2y, WIOR B, AT A5 31 e Rk R 2
fRf 4
2.3.3 BAFFAE

Zi b, AT T U TR AR A R B 1 & 14 o
B2 AR TR A 1 PR

D

BT FRPLRAE B

}

HESE AP SR E R
IR BRI B R

R
(TS

A 4

FT ok S ER
[R 2

A

TR

}

BRI PRI

l

RPN AT
A B A

Sk

BT T IU R ORRRE HE A & 1F i Flfe 2 D
Fig.1 Process of determining the variety of

spare parts based on hesitant fuzzy rough set
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Tab.2 Hesitancy fuzzy decision information sheet for spare parts variety determining
c1 c, C, Cy D
U
‘n ‘12 €21 2 €31 €32 €41 €42 dy
X 10.7,0.7,0.9] 10.2,0.3,0.4] {0.4,0.5,0.7) {0.1,0.2,0.3] {0.2,0.3,0.4} {0.6,0.8,0.8) {0.4,0.7,0.8} {0.1,0.2,0.2] {0.6,0.8,0.9] {0.1,0.1,0.2}
%y 10.3,0.3,0.4} {0.6,0.8,0.9f 10.2,%,0.3} {0.6,%,0.9f {0.6,0.6,0.8} {0.2,0.4,0.4} {0.2,0.3,0.5} {0.7,0.8,0.9} {0.2,0.2,0.3} {0.4,0.4,0.7}
X5 {0.7,%,0.9] {0.3,%.,0.5] {0.2,0.4,0.5] {0.5,0.7,0.8 {0.2,0.3,0.5} {0.4,0.6,0.8) {0.2,0.3,0.5} {0.5,0.6,0.7} {0.5,0.6,0.8] {0.2,0.3,0.5}
 10.2,0.3,03) 10.3,0.6,0.7) 10.1,0.4,0.5] [0.4,0.50.8] [0.2,%,0.4] [0.3,%,0.6/ [0.607.0.8f {0.2,0.2,0.5/ {0.3,%,0.5 10.6,0.7,0.8|
%5 10.3,0.3,0.5] 10.6,0.7,0.8] {0.6,0.6,0.8) {0.1,0.2,0.3] {0.2,0.3,0.4} {0.4,0.5,0.8) {0.4,0.5,0.7} {0.2,0.4,0.6] {0.4,0.5,0.8] {0.1,0.3,0.4}
% 10.4,0.5,0.8) {0.2,0.3,0.5) {0.1,0.2,0.4} {0.7,0.7,0.8} {0.8,0.8,0.9} {0.1,0.1,0.2} {0.4,0.6,0.8} {0.2,0.4,0.6} 10.3,0.4,0.5} {0.7,0.8,0.9}
R3 BELHRRHRBEMRRERR(0=0.3)
Tab.3 Hesitancy fuzzy decision information sheet after the value extension(#=0.3)
c ¢, C, Cy D
U
‘n ‘12 €21 2 €31 €32 €41 €42 dy
% 10.7,0.7,0.9} 10.2,0.3,0.4} {0.4,0.5,0.7{ {0.1,0.2,0.3} {0.2,0.3,0.4} 1{0.6,0.8,0.8/ {0.4,0.7,0.8} {0.1,0.2,0.2} 1{0.6,0.8,0.9} {0.1,0.1,0.2}
% {0.3,0.3,0.4] 10.6,0.8,0.9} {0.2,0.23,0.3} {0.6,0.69,0.9} {0.6,0.6,0.8} {0.2,0.4,0.4} {0.2,0.3,0.5} {0.7,0.8,0.9] {0.2,0.2,0.3] {0.4,0.4,0.7}
%3 10.7,0.76,0.9} {0.3,0.36,0.5} {0.2,0.4,0.5} {0.5,0.7,0.8} {0.2,0.3,0.5 1{0.4,0.6,0.8 {0.2,0.3,0.5} {0.5,0.6,0.7{ {0.5,0.6,0.8} {0.2,0.3,0.5}
%y 10.2,0.3,0.3} {0.3,0.6,0.7} {0.1,0.4,0.5! {0.4,0.5,0.8} {0.2,0.26,0.4} {0.3,0.39,0.6{ {0.6,0.7,0.8} {0.2,0.2,0.5} {0.3,0.36,0.5} {0.6,0.7,0.8}
%5 10.3,0.3,0.5] 10.6,0.7,0.8] {0.6,0.6,0.8) {0.1,0.2,0.3} {0.2,0.3,0.4} {0.4,0.5,0.8) {0.4,0.5,0.7} {0.2,0.4,0.6] {0.4,0.5,0.8] {0.1,0.3,0.4}
% 10.4,0.5,0.8) 10.2,0.3,0.5] {0.1,0.2,0.4] {0.7,0.7,0.8] [0.8,0.8,0.9] 10.1,0.1,0.2] [0.4,0.6,0.8) {0.2,0.4,0.6/ {0.3,0.4,0.5/ 0.7,0.8,0.9]
®4 FUHBMEARMRBRMRREER
Tab.4 Hesitancy fuzzy decision information sheet after the conditional attributes reorganization
U X X, X3 X4 X5 X
¢y Ney Ney; Ney, 10.2,0.3,0.4110.2,0.23,0.3} 10.2,0.3,0.5f {0.1,0.26,0.3} {0.2,0.3,0.4{ {0.1,0.2,0.4}
¢y Ney Ney Ney,  10.1,0.2,0.2410.2,0.23,0.31{0.2,0.3,0.5) {0.1,0.2,0.31 {0.2,0.3,0.4} {0.1,0.2,0.4}
¢, Ney Neyy, Ney,  10.1,0.2,0.2)10.2,0.23,0.3} 10.2,0.4,0.5 {0.1,0.2,0.3} {0.2,0.3,0.5} {0.1,0.1,0.2}
¢y NepyNeyNey,  10.1,0.2,0.2110.2,0.3,0.4)10.4,0.6,0.7f {0.2,0.2,0.3f {0.1,0.2,0.3} {0.1,0.1,0.2}
cpNeyNeyNey,  10.1,0.2,0.2110.2,0.4,0.41 10.3,0.36,0.5) 10.2,0.2,0.51 {0.1,0.2,0.3} {0.1,0.1,0.2}
cpNey Neyy Ney,  10.1,0.2,0.2410.2,0.23,0.3} {0.2,0.36,0.5) {0.1,0.2,0.5} {0.2,0.4,0.6} {0.1,0.1,0.2}
cpNey Ney Ney,  10.1,0.2,0.2410.2,0.23,0.3}10.2,0.3,0.5f {0.1,0.2,0.4f {0.2,0.3,0.4{ {0.1,0.2,0.4}
cpNey Ney Ney, 10.2,0.3,0.4110.2,0.23,0.31 {0.2,0.3,0.5) {0.1,0.26,0.4} {0.2,0.3,0.4} {0.1,0.2,0.4}
¢, Ney Ney, Ney, 10.4,0.5,0.7410.2,0.2,0.3} 10.2,0.3,0.5f 1{0.1,0.3,0.3} {0.3,0.3,0.5} {0.1,0.1,0.2}
¢y NepNey; Ney,  10.1,0.2,0.2110.3,0.3,0.4)10.2,0.3,0.5f 10.2,0.2,0.3f {0.1,0.2,0.3} {0.2,0.4,0.6}
¢y NeyNey; Ney, 10.1,0.2,0.3110.2,0.3,0.41{0.2,0.3,0.5) {0.2,0.26,0.3} {0.1,0.2,0.3} {0.4,0.5,0.8}
¢, NeyNey, Ney, 10.1,0.2,0.3110.2,0.3,0.4) 10.2,0.3,0.5f 1{0.2,0.3,0.3} {0.1,0.2,0.3} {0.1,0.1,0.2}
cpNey NeyNey, 10.2,0.3,0.4110.2,0.23,0.31 {0.2,0.3,0.5f {0.1,0.39,0.5} {0.4,0.5,0.7} {0.1,0.1,0.2}
cpNeyNeyNe,, 10.1,0.2,0.3110.2,0.2,0.21{0.2,0.2,0.2f {0.3,0.39,0.6} {0.1,0.2,0.3} {0.1,0.1,0.2}
cpNeyNey; Ney, 10.1,0.2,0.3110.2,0.3,0.4) 10.2,0.3,0.5f {0.2,0.26,0.3} {0.1,0.2,0.3} {0.2,0.3,0.8}
cpNepNey; Ney,  10.1,0.2,0.2110.6,0.6,0.8) 10.2,0.3,0.5f 1{0.2,0.2,0.4f {0.1,0.2,0.3} {0.2,0.3,0.5}
d, 10.6,0.8,0.9/ {0.2,0.2,0.3} {0.5,0.6,0.8} {0.3,0.36,0.5} {0.4,0.5,0.8f 1{0.3,0.4,0.5/}
d, {0.1,0.1,0.2f {0.4,0.4,0.7} 1{0.2,0.3,0.5} 1{0.6,0.7,0.8f {0.1,0.3,0.4} 1{0.7,0.8,0.9}
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Tab.5 Inclusion degree and decision rules of combine

conditional attributes in configuration decisions

U d, d, M,
ey Ney Ney, Ney, 1 0.96 BB
¢ Ny Neyy Ney, 1 0.99 [T
e Ney Ney Ney, 1 0.99 fic &
ey Ney Ney, Ney, 0.98 0.96 Fil &
e, Ney Ney, Ney, 0.98 0.9 AEE
e, Ney Ney, Ney, 1 0.99 Bl B
c1a Ny Negy Ney, 1 0.99 (L=
e Ney Ney Ney, 1 0.96 fic &
ey Ney Neg, Ney, 1 0.90 Fil &
ey Ney Ney Ney, 0.95 1 ANECE
¢ Ney Ney Ney, 0.92 0.99 ANBEE
¢ Ny Ney, Ney, 0.98 0.99 NS
e Ney Ney, Ney, 1 0.94 [T
e Ney Ney, Ney, 0.98 0.9 AECE
e Ney Ney Ney, 0.94 0.9 AEE
c1a Ny Ney Ney, 0.87 0.97 ANBEE
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Tab.6 Change of inclusion degree and decision rules of
combine conditional attributes in configuration

decisions except "key" attribute

U7 A N

gsgm d dy R
SRR 1 1 0.96 ECE R =
DERAI] 2 1 0.99 [E A =
PLFEFLN 3 1 0.99 MHE A =
RN 4 0.98  0.96 [iE AE g
REHNIS  0.98  0.96 [E A i
geRme 1 0.9  FE A &
DERAI 7 1 0.99 [EH A =
PUORMMS 1 0.96  E  ORA P
TRAREHLI 9 1 0.89 MLEHE A =
PR 10 0.86  0.97 AflE A e
MM 1T 0.91  0.99 RELE A4 =
PN 12 0.97  0.99 AECE AE =
PURM I3 1 0.89  fitE  AE J2
PHEHN 14 0.98  0.99 AfE A i
PURM 15 0.91  0.99 AflE A e
M 16 0.86  0.97 KELE A4 =

FARIFIRE I TT 35, 20 o KBRS AR AT 3R
SRR A0 22 Dk TR PR AR AR, AR MU 2 A
PO TR SR B 22 A 15 B0 , 5 7 745 21045 Jas M A e
SRALI g R 2 f i D0, Wk 7 P

R FHEMHRBITHEBL KR

Tab.7 List of conditional attributes that can be reduced

IR HRHLIN  OGBEE RESE  ATARERME Uik
PSR 1 T 7 Tt v
PSR 2 ek E\ i e
PSRRI 3 e v e e
HRHLI 4 o & g P
PR 5 i i 0 P
PRI 6 T 7 it T
PSR 7 s = Je e
AL 8 P e e P
HFHLI 9 P e 2 P
LA 10 e v o 2
PRI 11 P Je 2 &
PSR 12 e i 2 &
AR 13 2 e P P
HRSRHLI 14 2 i 2 P
AN 15 e v e P
HHLI 16 2 I 2 2
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