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Abstract

and simplify the information system while maintaining the classifying ability of the system. But traditional rough set

Attribute reduction is an important application of rough set theory, which aims to delete redundant attributes

theory is based on an equivalent relation, which seems to be a very restrictive condition that may limit the application of
the rough set model. To overcome this shortcoming, type-2 fuzzy rough set is obtained by combining rough set with
type-2 fuzzy set. Two type-1 fuzzy sets,defined on the universe and the product space of feature spaces respectively,are
used to construct a type-2 fuzzy partition of the universe and a model for fuzzy rough attribute reduction is expanded to

the framework of type-2 fuzzy rough sets,and then a model for type-2 fuzzy rough attribute reduction is obtained. An

example is given to show the application of this model.

Keywords Type-2 fuzzy set,Rough set, Type-2 fuzzy rough set, Representation theorem, Attribute reduction

1 518

FIM 20 42 80 AT = BF K Pawlak & ML KE 46
IR B TR R AR AERAA T ANER, €
1 — R R FRR IR T B B 2 s B FH T LS 2 )
AR B BRI I U R R A S . B 12
fa R AR U WL E 2 ST BRI I S A R B AT B
— AR, R A R BRI H B R B A L [l —
— ROk UL ARG AT S L A R ITE R R R  E
WA LR PERIIARE) . BTiBR LM, BURTE R IR 2
REENAZERISMT MR H AP AR E A EEN B
IR A ) SR A A ) TR T B 15 IR 9 B PR S 1 R B R S
R, B2t 1T LR B RS AR R R E N
T R0 B A S TEL S o B8, BT 7 Ak BRI

Xt SRR T R T ARG R REN B AR E

FIFG HH1.2016-08-11  1R1E A #:2016-09-27
S 760 B (2015091001-0102) %55l .

ZEE T FWHRFE. Skowron™ {8 H T B M R B
IBET TR T A B ERARAAE S HERRSR
TR IR 4 ] 78 s Wang 2509 23 5 T TR 43 55 Y
B AE B9 A 1 29 71 A0 R BUBUR & R S R R 0 TR ks
RAEFIBII T — B R R R LN kR
TS 7 TRLRE SR B Tk 24 TR 7 B2 A B R 5 R A
FP22DVBR T ORI 5 JR e 24 TR O B0 5 X e R K R
ENTR AR M AR R AR L B TR TR P2y T Y
— R s XS R R E AR T — AT R AR5
#REFREREAE N,

ZMAHBEE R T HEM R RN, MFM LRERESIE
DU T I T TR TOHRE SR B I RO . A AR ST
HLRE £ 8 HAEAL JRAT 5 BU A B8 | (B3R AT S P ) B vp T
BB Y (AR W B B 75 5 B A S (e X R R
22 MR RS SE BHIE EFTH#E . Dubois 1 Pradel Vi HURE 52 540

A ZEF A RBI LRSI H (61672331,61573231, 61432011, U1435212) , 111 7 25 Rl 47 3L Al

381981 —) & WA PRI, EEBES T A RO RORLRE SR 38 BT B, E-mail: nancylu0312@ 163. com; ZEE E (1965 ), B, 1+,
O FERTIUN W R R I VRO BR ISR 5 AR I E-mail  lidysxu@163, com,



BoH

B 8,55 RIBOHDHIRG B L AR R 29

BIEGEE, 1 TR R AR RS £ 498 S ; Jensen F0
Shen™ 48 {4 T MRS B M 2918 B0 — FP AL RS ; Tsang 4504 5}
WTHERREENBHARNERESSEW. M ET—F
FAXMERT B TE AR MBS, B TR RS
AT BB B s Maji U5 4R S — B O E M e e A
B SR AT RO 42 AR A L R 1 O 1 TR IR B 0O o
T kT AR S O B A R BB s 5 Zhang SIS T &
FHEOB R E N E R AR TIR A BB IEE M k.

RIS Zadeh XTSRS BT AR 0 —Fh i
R, HFEAMMENRBERSRE MRS RS
— RIS G BN BT L, R S Re R
FEMABENE., XA ZRHENER - REHEN— /M
L, R KB RBELN 1 IR RENE, h TRER
B RSN O, LB B T R TIZ %
WX ] —RUBOMI A SR R S AR RS B T X (H] RUBEH
RIS, WSS L, X8 = BB AT LISR R g4t
RN E M A RE T, B At T 2 T X 18] = R AR R N SR A Y
MR THEEBREFEERENBHEARE, &3 BiHERAH
THRABEE. Maji FP R T AR KARIE K XM
FE B M 1T IX (6] — RUBERTRLRE SR USSR IR R B T L

KRR 5 RIS AR T RIS RIRE £ 19
D A SCTHE MR A R R SR T T 0B
#2418 . Jensen F1 Shen™ 48 H} T BN HURE & 1 24 8 A9 — Fb
BERY, XM R I S M RN AL . B RRAT
WESE A AR — RO, R EER
Jensen Z5RUBE R HE Bl — RUBERIRIBEEIE F .

2 WEHA

TEMAPABNEAESERETNR, ML
e mEREESHCER22-23].

ZE—MEEHRBE X, —
TN

A={((xst) spi5 (xyu)) |2 € X u€ J.S[0,1]}
HAt (o B A B BRI R B B 0y (2, <1,
SHERBREMN 2 € X,

1 )= J o fr /w1 SL0,1]

K g (o, —ANEREY R, fo RA—NRERIR R

Mendel 1 Johnt®1F 2002 4E$2 1 T BRI £ 0 —F
HMIFE R E RN Representation Theorem, FREBE#HA X
T, R X AT HUE N 21500y XN ME BB x
b XERIE T WA M ME. JEIOTIER BRI R
XM XM, BEBHEENES BHFIEH
RIERI&E,

F—- BB EEHE A CHBRA ZRES A £
— R RIS

A= S ) /) /2130, € ., SUS[0,1]

EATREMESET NAIE, X NAPTEy -,
uv BAEANT oy oo oy PRIB— DR IE R, 3 B £

“RIBEHRLRESE A AT LY

BT R R ERBE fo (w) .
XA —REA, ,

MF BB RENE A, BB A—RES A B
— RS .

Ac=u/zisu, € ], CUCL0,1]

BEPMEGEENAITE X NDTEM w1y un B
BA Ty e T PR —ATTRIE B A 367 1M, A3
R A—RIEA,,

I 1(Representation Theorem)™ X F — B &Y
TR AA RRA B MRAZRES B

Al={} s fu () D ]i=1,+ N}
H o/ € {uy k=1, ,M}. A TUFERIEHFTHRA
RIEEHIHE, B

A=A

~ N
9pr (uN) 9A ;:'\:ﬁl;[lM

st n=1IM,

Representation Theorem #4517 Z BRI £ &0 — R/ 5
HIRR AR R =R,

XY RRIMEZAREHEAXBY B8
B REE NE X XY ERN— A ZREHEE REF(XX
Y. R X=Y, M R#%HHF X LH—_RIEHIXR.

BREMX= (a1, 2 B Y={ 1 3 } I—EEHL
B BRI R B [ MRATRIX AR TURRNY.
RE={Cty s S, G [i=1, 000
He auf,- € {ug le=1,,M;}. TP _EEMXRbR A
B4, RV LLF) B Representation Theorem 83 ;

,n;j:l’-o-’m}

R=3R!
K*’nR H HM
¥ Eﬂﬁﬁﬂ% SHBELSESE ISR R SRDES

F7 | X=(ar,0om) B— A EEARBELA R X EH
—AEBCEBEMEREX F— BB RN,

~ M. . TR_
e <
A‘fez.i(f_ti W) /ul Y/

prg=1
EBRACRES Ma_—_HEMERBESR -/ Z14d
(R, RAy)  Erp

RD=3 ¥ R@E Rd=F ER@

11]1—

Eg(ﬁﬁ)?;{ /:\ltgcq..ym) () A fe, Cu3 )]/

K [a—do Vil

L(Aj =2{/\[g<, ) (W) A fr, (43D ]/

i=1 m=1

mz|

V (e i}/,

AR (X, R — A = B L% ), B SR



30 it &AL #

2017 4%

FCO—FOOFR:FOO—FCO 4 BIFRA T ZRAIALBEE
TR AR RE L D T

Jensen 1 Shent* 45t} , IE M0 24 A8 S AR REEE v (%00 HE
A BRSNS AR 4 R P L B —
RO 43 B A 7 A9 — 5 IF BB B 48 47 AT LAAE S B
EMA,

WP HBHEEANTE . X/P={F, F)BXHWHE
BRI, R Y R, I Y 4 P-TF TR P- B
L LA -

iy (F) = inf max{ 1= pap, ) opay ()

pl—,y(F,):stll_p min{gp, () sy (2}

H,i=1, 0k, XTREHEARIGIEL AT LIRE SO .
ey (0 :FZL)I(QP min{ g (1) ,ylgf( max{1—pr (3) sy ()}

s, ()= sup min{zy: (r),sup min{pr (), py ()}
pY FeX/p yex

BT RDBRERE 58 00 R 4 24 1A S ST 7 AR T 30 o) Y S B
b AT e 24 18 4 A SR A A R H

3 ZEIEHIEERMESE

3.1 ZEEHNS

TR R A, “ RIS S 2Rt R
WK B AR P EEMS . RISE— R R 4
FaRLEY — W T AV AR IE I T LA RIS 2., TE
FRAE Dubois F1 Prade'?!$ H BB R 43 HE 4 45 h — AUAEEH
R4 sE L.

EX M R X B —RIERBRIE ¢ = (Fi, -,
Fob | XDFRA X 8— M ERIRI 53, R

(g REM TSI E 3 X, Binf max F; ()>>0;

() TP E N HHAE , Bp Y £»j>sup min(F; (o), F; ()<L,

EX2 SE X EM—EEM T RIBE g =(F, -,
F.yn<<| XDFH X Bg—A R4, an SR

(DIFE— yE€ 0, 1] AFBHCL UL Fi (o) () >0;

OIMEE i 1 yELO, DEBR U, (Fi (M F ()
() >0,

HrzHu.m:Lo0, 1000 X [0, 110 —[0, 170 5

#Zﬁhwwfﬁf\:f M’B:J Ca A BE
w u w

w

[O’ 1][().1] .

ALIB= J“wa(u) A glw)

uVw

A“B:Uu. Qo A glw)

u\w

HERIFHBE S R 25 o filw GBI EA B F 8
u \V w, B A6 FE 3R B R — A RIBE  fE S i B ik
BRBERKH.

T TR 3 BE R O 0 3 09 R 43 R — R ARSI 4
Janet Aisbett, John T. Rickard Fll David Morgenthaler'®' #4 14
Ty A —5E LAEIR I, X FIRHEZS [ VR FR %S (B) b AR
WIER—F RS ] F AR 8 Sl X g —
RIBHIER T k. HhE—MEMEMEN X TR s

SR (E 5 55 — ISR L — RO S e E 2L . 15 B
TR O] LU E LAE X B — TR

Rk F B9 E BECH f: XXV—~[0,1],G B8 ssh
g:V—[0,1], ¥ &K I (Extension Principle)!"s) 8 LL#F £ X
TV EBEY BN E XAEL0, 1] AR XA €
XAy EBEM,TUAR X FH— RIS E, K38
B F . XX[0,1]-[0, 11 XN

Fr,y)= _sup {flx,v)) € X, ye[0,1]

T TR, A R T B S V
B — A — BB 2 iR X B — A R R 4y .

ER2 i g:V—[0.1]G=1,mEVH—-I—EE
BIR4, SR bR B A R R B XX
[0,1]-[0,1]¢=1, W RIEMM B FIBRT X #—
A ZRIEIRI 4.

TR RF B R R 5 & X P A& 4R
ALY
HF{g &V H— P —2EH o Biks

il’ll’filrll%).(”g,' (v)>0
gt 215

v "LYGV,i:r?za_l.g"g,-(v)>O
MY €V, Ji,s. t. g (>0, WK fFERIWEX b &
EAERITRIE A8 52 € X, RTFAE 00 €V 78

FCrav)>0

— DT R FEA w0 SFELE i 1 g, (vo) >0,

Fo Crogy (wo)= o ?u)p ( ){f(.r;v)})f(.r,m ) >0

i "To
F— TR %,
’Fi(!l'ﬂgi("(/n)): sup
CEVig (=g (eg)
FRLLA .
WU F oV g (0= A F Congi (o)) AT, G
= (£t
iy (UU 1)) >0

{f(Al'y"U) }>f(.l'9'l’0)>o

Hoft, Vg (o) > (000 >0, B2 X TFAERH) 0€ X, 77
oy, €O NFBULF () (3,)>0, XEEER LB,
MU Fr G ALy D2 AL U Fie)) (3,00
He, ALy >0, XEERA T8 —AD &R,
THEUEHSE — A&, WEE 5. B sup min(g; (v),
g (o<1, LIRE V v, min(g (v), g (0))<<1, AE + €
X, 1 v @18 fCru) >0, B AX T v . A

F{ Cr g (v )= sup {f(.’l',"v) }2](‘(4[’1’,‘ Y>>0
CEV g (0 =g (v
Fj(-l'9gj(vl-))= sup {f({l',zr)}>f(_l~’lh)>o
ué‘/’gj(z-)f‘gj((ir)
Bl A

(Fi COME; (e (g (o) A g (0)) >0

g(w Ag (<l

WRLR UL 6 FAEE o F77E v, <L B (oM EF (o))
(3)>>0, BESLATLIEH].

U (F (oM E (N ,y.)>>0
Heb, Voy <1, XFEFRUER T8 AR AE0ERT .



9 3

B 18,5 RIBORTHDR R Y R A 31

3.2 “RIEMBEREAY

EX3 BPRBUHEAW—-NTFE X/P={F,-,
F )& X —4 ZRIEmRI45, YEF O REE L — A
WS, WR

. - v, (ulh
Y=Z§Y§ =1§<;§;[g Iul-u ):I/I' }

~ T 3 .. (
kzzk:Fiezzk:{%[fk' vh)]/li}

B4, ZRIBH] P- T AL AR P- b 5E 1T LUE LK

#ﬁ(m—z E(/\fk, W) Mg, (u)]//\[(l—v )V

i=1j=1 i=1
%1}

,upy(Fk)“[EI 12{ /\ (e, () A g, (i )]/V (v A ])
Hek=1,,m,

Xt FRM AR ST B P- TR 1A P- EE ol a]
uﬁi%ﬁ%)‘iﬁ

e (0=

P (2D =

{pp (@ gy (F))
Pel—)](/P{#F (M iy (F)

TE AR RERES B 1t 24 1o S ST ZE MO TS IRL RO M Rl
E#G, — RURRIRLRE B 1 24 1A th R @ A — A I 1L B4
SRBTH.

BX4 BPHMQERBUEAWFNTHE, — X%
z€X E?‘:Eﬂﬁ*ﬁﬂﬁﬁﬂ@iﬁﬁﬂ)‘(ﬁ:

rosp@ ()= YEX/Q ey (), 2€X

TRV LR AR R BUE K -

7 (Q) = | rosp @ (2 | =.§me61°<0> ()
’ X X

HA Cros,p @ (OB ppos, @ (O I Lo
RUTERHERBREAE  RITEEL L BIENHEE.
— i,
X/P=@{X/IND{a}) |a€ P}
X/P R BN EEBER TSN, H— PR EBTX
T EMENBEETUBSIES RO SMA F,
(=1, ,m) WAZHEED.
i, e, (O =TTyt ()
3.3 “HEEMEREEARNGITF
RIFIAHT I HEMBF, X={ req B X}
REGEE) A=CUQRBHE, Kb C= L&, JLRK, &
B RFGRERE, Q= (B BRI RKESEE. RRTHAM
R MR MR KB R S TFEI A
. REGER WREERIREN—FE. XRENEH
BEHSEZENE AR, X E4E R R AR .
F£1 _HEHEREBEARNFT

€19€249°°°

B# L& BAX i/ C bl
) b3 p3 36. 3,36. 4 FS
e p3 F-3 37.9,38.1 7
€3 2 P2 38.8,39.0 b
& S Fd 36.5 %
e % F 37.8,38.0 FS
€ % £ 39.4,39.5 Z

# =&, =A%, c ={&iE, 0

X/Q={Y, Yot={{ezses,65},{en yess€s )}
X/{ﬁ}:{El 9E2}:{{el y€2 993}’{34 1€5 vee}}
}

X/{CZ}:{FI’F2}={{31’92133’64’96}’{65}
TREITETE.
|POS., @1 _ 1,2, dalYl
(cl)(Q)_— |X| EX|QX| =0
_IPOS, (@] | 2 {e}Yl
‘)/(cz}(Q)_ |X| = IXI =1/6

FIFBMIEE gn : V10,11, g : V[0, 1158 HEA“ 4k
BRIEH”F“RR”, H A V=[36,42],

1, x€[36,37]
gN(1)={—1+38, x€(37,38)
0, 2€[38,42]
0, r&[36,37]
gufo) ={1—37, x€(37,38)
0, 7€ [38,42]

e 5 f:XXV_"[()’l]aE‘{ztﬁ)\(ﬁ:

11

1 1
f(el)_ss 3+36 g0 S e)= 37 97381

_ 1
fles) 38 EREETY o’f(e“ 36.5

_ 1
fles)= 37 8738 o’f(e‘“') 39. 4+39 5
FULPT LS B = BB 20 26 X/ (s ) =(N,H} , &+

1/1+1/O 1+1/0+1/30_+_1/1_+_1/0 2+1/0 1/0

es

1/O+1/O 9+1/1+1/1+1/O+1/O 8+1/1 1/1

ee
FAEX 3, LA S
o~ 4 ~ .
Hicgrr, (ND =j§1<1/1_:1/'\4_5[1_N(€i 0] =1/0
Hieyyy, CH)=1/0.2+1/0
w, (ND=1/0.94+1/1
Y, (H=1/0

{
A
Hiepiy, (er) = [pg (e My,
(H)]
=(1/1M1/0U1/0Mt/0. 2+1/00]=1/0
By, (01) = Lug Ced Hicy)y, (N)JUL g CedM iy,
- (F] o
=(1/111(1/0. 9+1/1)OLK1/0M 1/0)

=1/0.9+1/1

)=1/0. 24+1/0, 1, v, (e2)=1/0.1+1/0
Y=1/0. 2+1/0sp1,, v, () =1/0

frgr, @) =1/0s 1y (e)=1/0.9+1/1

iy, (@) =1/0.241/0,pay . () =1/0.24+1/0

iy, () =1/0.21/0,p1,_y, () =1/0

1 _E T S T LI E] AR 2 o € X BT EURH
IESMREE.

HPOS (e, (@ (& )Z/‘_‘i"ﬁ (el Hiey 1Y, (e)

=1/0LU(1/0. 9+1/1)=1/0. 9+1/1

(N)]U[/lﬁ (e Hicgry,

[
ey, (€

Hicy 1y, (€3




32 it BB

2017 4¢

1108, @ (ez):pﬁy] (eIl Piey v, (ez)
=1/0.2+1/0.1+1/0

Hros.. @ (e3) THie, (e3)d e, v, (e3)
=1/0.2+1/0

Hrossic, @ (ey) =y, (e Piey 1y, (ey)
=1/0.9+1/1

Hros ., @ (e;)zmc_s)Y] (es L Py, (e5)
=1/0.2+1/0

Hros o, @ (es) te, 1y, (es )L Piey v, (es)
=1/0.24+1/0

H i,

|#msu.,;><a) (e)] gllcms“_?}(@ (e;) 9 3

Yie, (Q)= “Xi =" IXI =75

I LAE W B o AT LLHE 3 — R RORHURE MBS A B K
WAL XN B I A B TELI T A . gk kit
BLAUE X/ oo ={ENN.ENN.E.NH.E.NH#
X/lcses b ={FF NN, NN, FENH, F, NHY it & B
Viey ey =4 1/657, e =5.75/6. HFIRIE ¢ WAL 1 e e
AT LAY 2R AU RROR R A58 RE  BE KB L PR T A 24 T
PERERT {crseste RGBS o WMABELEE
B T LUFF] 7, )y =5. 8/6. SKTTH £ 401 Tt o
B AL B B e 2 xRy AL B M A R A9 1| R, AT
LA S erven Bl o ves PERRLITT L {oy ) BAKL 7L, o) (Q =
Viepuy (@ =10

2 MREREEARWE T

L B33 ALK g e
e & = EH %
€ = F-d & P
€y & e L= &
€4 % & i %
€5 & & [ %
e & s RE L2

AN L T TR AT LAAS B 253 7T A Sl AR A0 149 [ R0 745 2
a3 WIAGET 2540 2k — 45 B, IR T RUBOR Y T R e )
U 8483 3 AN EENEEEHES cheha.

BRIE ASCE T RIS T AR A —
ARV 2 O RE S B R A5, 41 8 T i8Ry — Bk
IR 5 BRE S IR TE RN H R T — A R RS B 1
LA, ZRISTRIMRE MR E AR T2 T E AR
SEPE BRI 21 09 29 87 A BB 1R 2 30 RURS 48 (0 B A A TR TR R b
WA B AR B, (HL 0T LATE R IR 545 BT T8 8 &1
B EEA A A, A S T R R 0 R T
Mendel B2 th i) — BUBEMI 42 & MU IR B U0 &R, th Bl
Representation Theorem, Mendell® $§ My, — % 81 8 £ &
Representation Theorem #Ei#F TS #HE S o Z3EH A A
RHAEIEE N HFITEN HH, XN I mE A
Fon, BMERT T — N AR R A A T RUR 4
B na WARIEH B RM BT AASC G T — S f s
1907 S LA X A BRI RDR ARS8 M 2 T AR B R L T O L T
WA BT EI B BB ST AR R B A 5

Rexf T RIS RLRS SRR AT 00— R 3R R . KRR ERRE IR
B IE A T RUEORE RS S B AR IR O i LUE S
TRIBORTRLRS G2 IR AR UL SE PR R AR

2 % X W

[1] PAWILAK Z Rough sets[J]. International Journal of Computer
and Information Sciences,1982,11.341-356.

[2] SKOWRON A,RAUSZER C. The discernibility matrices and
functions in information systems[ M // Slowinski R, ed. Intelli-
gent Decision Support- Handbook of Applications and Advances
of the Rough Sets Theory. Kluwer Academic Publishers, 1992

331-362.
(3] sk, 215, REE. RBRE S MR ZIIMI. de5t Blag b
wRAt, 2003,

[4] ZHANG W X,MI ] S, WU W Z. Approaches to knowledge re-
ductions in inconsistent systems| J ]. International Journal of In-
telligent Systems, 2003, 18;989-1000.

[5] WANG F,LIANG J Y,QIAN Y H. Attribute reduction; A di-
mension incremental strategy [ ] ]. Knowledge-based Systems,
2013,39.95-108.

[6] WANG F,LIANG ] Y. An efficient feature selection algorithm
for hybrid data[J]. Neurocomputing,2016,193:33-41.

[7] JICL,YANG Y. Attribute reduction of consistent covering de-
cision system{ ] ]. Computer Science, 2012, 39 (6A): 288-290,
303. (in Chinese)

HRALBE. ~BEEUE AR WEELEL) ) RN,
2012,39(6A) . 288-290,303.

[8] ZHANG Y C,SU B H,CAOQ J. Study on application of attribu-
tive reduction based on rough sets in data mining{J]. Computer
Science,2013,40(8) :223-226. (in Chinese)

TRAE, AU, IR, TR R B AR RIR SR P
L FHBFFEL) ], THEHLRE . 2013, 40(8) : 223-226.

[9] TANG X,SHU L. Improved algorithm of attribute reduction
based on granular computing{ J]. Computer Science, 2014, 41
(11A):313-315,346. (in Chinese)

JE, 82 B TR R B R B8], HHENRE,
2014,41(11A):313-315,346.

[10] LIU J,MI J S. Attribute reduction based on closure operators
[J]. Computer Science, 2014,41(10);249-251,265. (in Chinese)
XV R A. BTHETREHARL L HEALR2, 2014, 41
(10):249-251,265.

[11] LIU F,LI T R. Method for attribute reduction based on rough
sets boundary regions[J ]. Computer Science, 2016,43(3) . 242-
245,284, (in Chinese)

X35 BER . BRTARBIARSELREBEAT 0.
HEHURL,2016,43(3) 1 242-245, 284,

[12] DUBOIS D, PRADE H. Rough fuzzy sets and fuzzy rough sets
[J1. International Journal of General Systems, 1990, 17 (2/3).;
191-209.

[13] JESEN R, SHEN Q. Fuzzy-rough sets assisted attribute selec-
tion[ J]. IEEE Transaction on Fuzzy Systems, 2007,15(1) .,
73-89.

[14] TSANG E C C,CHEN D G, YEUNG D S, et al. Attribute re-
duction using fuzzy rough sets[J]. IEEE Transactions on Fuzzy
Systems, 2008,16(5) : 1130-1141.



59 3

B IR, T RIBORIEARL R P L AR R 33

[15] MAJI P,GARAI P. On fuzzy -rough attribute selection; Criteria
of max-dependency, max-relevance, min-redundancy, and max-
significance [J]. Applied Soft Computing, 2013, 13 (9); 3968-
3980.

[16] ZHANG Z X,FAN X Q,ZHAO S Y, et al. Fast reduction algo-
rithm research based on k-nearest neighbor fuzzy rough set[J].
Journal of Frontiers of Computer Science and Technology,2015,
9(1):14-23. (in Chinese)

KR . HEF RES.H. SRR & A R 2 R s
BT HHEYRE 55K, 2015,9(1): 14-23,

[17] ZHANG X, MEI C L, CHEN D G, et al, Feature selection in
mixed data: A method using a novel fuzzy rough set-based infor-
mation entropy [ J]. Pattern Recognition,2016,56(1):1-15.

(18] ZADEH L A. The concept of a linguistic variable and its applica-
tion to approximate reasoning-1[J]. Information Science, 1975,
8(3):199-249.

[19] ZADEH L A. Fuzzy sets_J]. Information and Control,1965,8(3) ;
338-356.

[20] LI D M, LI T,ZHAO T. Continuous attribute reduction algo-

rithm based on interval type-2 fuzzy rough sets[J]. Application
research of computers,2015,32(5):1379-1382. (in Chinese)
AN, T, B BT XE RIS RN EEBEAN
B[] A EYLNABTS, 2015,32(5) : 1379-1382.

[21] MAJ1 P,GARAI P.IT2 fuzzy-rough sets and max relevance-
max significance criterion for attribute selection [ J]. IEEE
Transactions on Cybernetics,2015,45(8):1657-1668.

[22] LU J,LIDY,ZHAI Y H,et al. A model for type-2 fuzzy rough
sets[J]. Information Sciences,2016,328(c):359-377.

[23] MENDEL J M, JOHN R 1 Type-2 fuzzy sets made simple[]].
IEEE Transactions on Fuzzy Systems,2002,10(2),117-127.

[24] DUBOIS D,PRADE H. Putting rough sets and fuzzy sets to-
gether(J]. Intell. Decision Support,1992,11,203-232.

[25] AISBETT J,RICKARD J T,MORGENTHALER D. Multiva-
riate modeling and type-2 fuzzy sets[ ] . Fuzzy sets and systems,
2011,163(1):78-95.

[26] MENDEL J M. Advances in type-2 fuzzy sets and systems[J].
Information Sciences,2007,177(1).84-110.

(E#EF 22 7)

{17] MA S S,CHEN G S,FANG X Q. Research on Prognostic and
Health Management System of Complex Equipment[]]. Com-
puter Measurenment & Control,2010,18(1);1-4. (in Chinese)
SRR, BREG, 77 260, B AR 5 @RS RS
B TEHIME 548, 2010,18(1) . 14,

{18] CHEN J,PENG Y,LI Q,et al. Data-driven PHM software sys-
tem for airborne equipment[J]. Journal of Electronic Measure-
ment and Instrumentation, 2015,29(10):1536-1543. (in Chi-
nese)

M, £, 28, & SURKS N E PHM R RE L]
BT E 5 a8%R,2015,29(10) : 1536-1543.

[19] CUI J,HE J,LIU Q,et al. Research on the Architecture Design
of UAV PHM System[J . Computer Measurement & Control,
2016,24(6):133-135. (in Chinese)

EE S NE,. % BAN PHM RS0 R4t mrse (]
HELIR 515, 2016,24(6) :133-135.

{20] GUO Y M, CAI X B,ZHANG B Z, et al. Prognostics and Health
management technology for new-generation weapon[J]. Com-
puter Engineering and Application, 2008, 44 (13);199-203. (in
Chinese)

WA MR, KF2 F F—RESN R 5 @R ST E
HBARD] WHRHLIE SN, 2008,44(13) :199-203.

[21] GUO Y M, CAI X B,ZHANG B Z, et al. Review of Prognostics
and Health Management Technology[J]. Computer Measure-
ment & Control,2008,16(9):1213-1218. (in Chinese)
WK, RER, S RN S #RRSEEIRE R
000 HEHLI R 5 ¥, 2008,16(9) : 1213-1218.

[22] JIA H,XU H Q,QU Q L. Maintenance support for ship equip-
ment [J]. Instrumentation Customer, 2006,13(3) ;8-10, (in Chi-
nese)

WE,EEE, EiEA T PHM WAL SR B HEERR
(7] X 8842/, 2006, 13(3) : 8-10.

[23] LONG F,WANG Z,CHENG X J,et al. A PHM Blueprint Based
on Information Fusion for Military Digital Devices[]J]. Micro-
electronics & Computer,2010,27(9) :86-90. (in Chinese)

R ER, BER. %5 —HETHEERENEMRBF»™&
PHM F ®iil[J]. e F3 53T HH.2010,27(9):86-90.

[24] WANG H Z,YANG ] P, WANG S H. Research on the Mainte-
nance Support System for Radar Equipment Based on the PHM
[17. Journal of the Academy of Equipment Command & Tech-
nology,2008,19(4) :83-86. (in Chinese)

FRF.HIE, THE BT PHM W E SRS A B RERR
U] B R HORE B2 4] , 2008, 19(4) : 83-86.

[25] ZHANG B Z,ZENG T X. Advanced Prognostics and Health

Management Technology[J]. Measurement &. Control Technol-
" 0gy,2003,22(11) :4-6. (in Chinese)

WED, G R, ol RTINS RESEESEAR] WiEHK

A,2003,22(11) : 4-6.

[26] DISCENZO F M,NICKERSON W,MITCHELL C E,et al.
Open systems architecture enables health management for next
generation systermn monitoring and maintenance [ R]. Develop-
ment Program White Paper, 2001.

[27] LV Z B,SUN Q,WANG J,et al. Research on Prognostic and
Health Management (PHM) Model Verification Engineering
Process[ ] ]. Computer Measurement &. Control, 2016, 24 (9);
281-283. (in Chinese)

B30, 3ME, £18.%. PHM BB TR IRIE Bt ()]
HEHLE 5, 2016,24(9) : 281-283.

[28] WANG Y Y. The Study of Fault Diagnosis Based on Informa-
tion Fusion Technology[ D]. Shijiazhuang: Hebei University of
Science and Technology,2010:10-12. (in Chinese)

EE BT EAHAEEARNKELH T PR ID]. ARE:
TR K%, 2010 10-12.
[29] BREfE. REFE(M]. Jba - £ 8 Tk HiAR4t, 2006 1-2.



