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il

AR S ER THREETHE P, AMIEFERBIXHEMEE, XEE
BRI ES TR, NEMTWEHE L& , X E BB/, R MG R
R AR BCE R A X LG B B AN EMiIAREE S 53T eI
AR REML, AT ER T XREENEBRE. EitEILSHTERA
ZHERAMA R, WA GEWBEFETERXEER AT ENL LR EE
BIBE) T RME, — S EE AN AR B TR, 2 B 2E K Z. Pawlak H($% 1982
SR 4R HHLEE (rough sets) , 45 AR 19— MR PEBF 5T, Z. Pawlak B K TAEHA AMTHE
FRLE BAE AR T BHE SRy ik, XL (R B R BB B 9T 5 N R B 9 45 3
JZM I RIS T REM B RR. HENMNABHER TS —%88: REE
B AR RERSHT RARK SRS WK RE BEEIZHE .
MRRIE. HECHIHRGEIE 5N AR EA.

SEWEE Z. Pawlak HERBHFHE(R_(X), R (X)) , XB X EXERB U L
KTERES,XCU,R_ (X)BRXCUMTEMR (X)BRXCUKEEM,RETE
FMX R RAIM Z. Pawlak HIENLEHEEED . OMRAETES XCU,R-TE
EMIE,MR_(X) R (X)hHE  HE(R. (X),R (X)) HE. QFRTES
XCU(B R-TTEHEME[x]1) TR TLEBHES X; WARFES XCU(FHR-TT
REME[x]) ZIMITEHIAES X. RE5ED:Z Pavlak HE R RAHEFFM
RIS X . B, Z. Pawlak $HAE AR VG B2 + 208 BRI, 45 518X F 303
FENESMAR RERE HERLE . BREEHRG-MTRE B KEITHE.
A FNR & B AT I8 2 M.

TER—NEBHET B, (2], (2], [x]c B A,B,C ZHARBFHA
HRMIEE([x],, (%], [x] TUBRER A,B,C Z#H%MA). BHIZHIE
B, — B RAE R A HARBERIN A B (], o, 8 (], MR ESY 7K (card
([21)ZXR). BA—BJFEH, (2], PERFLE ABE T ARAKKBEHITE, X8 A X
Flx)p, G [ 2], B9FF M SR (card ([2],) 2E/N). EAFEER, [x], PK
FLe NG T b C HuRIFHIITE, — S RNHTHE & C HiRIF AR T F 8, XA
SB[ «], &, F 8 x] . BBRERREE XS 7K, 80 card ([ ] ) B /N B
card([x] ) K. RIEFBES XCU MR RAE THEMBIBIFE([«], MM
W, (2], EAUER) ,GEFEBES XCUMMREAR T WA s B[« N
W L AMYTEK) . IR E R X CU BA T 3085 (B 1 s 85, Wa sh &4
%) 2B ENSHENES XCU BEHEY? RS, XMHER— M4
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FEF7 FIH] Z. Pawlak #5209 THE,2002 4F 82 FF R HABFA KNS E SR, Ltk
YL S-HLEE (singular rough sets). S-H#E B A BT . ¥ m S-H1£E (one direction
singular rough sets) F1XY 7] S-$H£E (two direction singular rough sets) , A 4525 4 S-H
Hm— . o S RA AR, X TS BIEEHE S MRLAHR R
GBS BT A, SR UL T IS TR AMTTH ARE 0] Z. Pawlak H1%E S-H1
RGN NTRETWREZE AR RAH G MERTEN. XERN
Z. Pawlak M5 S-HERILFFFAER : ENH R L R-TEEFME (<] E XK, R-TT
RFEME« ] ARAHERILE AARAE? — 1T RBHARE—T0E A
Z. Pawlak M, S-HEXTHHEIZHE MR K AN REAFT ELZNRBEE LS A
BOGEMHBR REFRRE SR BOC MR, S ANHENRE—-BENRREP
FEIR R BANTINR R AR R & 4. 1E SR AR E,2005 4E 52 7F
REBAHHSREER 0C2(Q=0°,0=0") $2H k%L S-H £ (function singular
rough sets) , A% S-HAE BB WARIE R, B M) S-HLEE (function one direction sin-
gular rough sets) Fl R E X [w] S-#£E (function two direction singular rough sets) , A< 4
25 PR R S AR B —RETHE. BRBL S-HLEE X TR Z WY &M RS AR BT R
% ARGERERINRG LW RREFEZ RET AR, RERSHAR
A B RUEAZ R IR BRRIBIT ST , SR T SIS SRR O BT 5T AR

MR AR A B HIN AT, 3238 R 15 B AYIAIR . Z. Pawlak HER
S-HERIFFB, S R S E R R 2, RE S-HE R S-HEN— P
A, S-HER Z. Pawlak HEMN—BIER.

R BIE BEE — A 7E Z. Pawlak M (R_(X),R™ (X)) £/ XCU
RSN BSERDSEMNRS. TR SF £MESR%E P, AMTBRIMNE
BXCUMERER) ZRIAEN. AT RFEHEES ZHNHEREIEHE
FrEIR B 457 S G X C U, X B singular” — 1] R X R 3E” , BH R X 4R
W, ABA I S-HE R S-HEXFH T BIREHE.

ABAEIES F | EFENE Z Pawlak HIE ,E WA FHEE HRE
BEEI RS NS 2 ~7 BERIF TR SHHAE, B S-HAEMITIE . IS T S-HEME
¥4 S-HLSE 9 53 A -0 IR S-HLEE 938 1% |\ S-HLEE M2 . BR 3 S-SR EE MM 5 4
PR SRR (S-HLPUIR 4 55 8 AR S-HIE S MBS X B E BEKN
e, XEREN THENEEIRSHNAMREA R £ THELEE 2HB0R
AT IRAFETHEZTHMMNA TEEREEENSSME, X FIRLIEE
BUEA NI LMW ER-RAA BB XREN EEES
—RERITRES B — B FEN R EN TS5, 5 i E 28, EiTHe HE.
EERAEMAABHNASERNETBRA A GRE SFR% BHEHAL L5
AP ZEHIHTR, BRI R EERA B OACRE. & R E X & R G
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$£1E Z.Pavlak HEHNEBESENA
§1.1 Z.Pawlak Hl£ 5 M4

B UR—ANERITRISER, X 2 U LHRTRES XCU,RE U LKITRFM
KF,[x] 2 RITEEME, E 1.1 Pror.

T
U
% 2 ¢
y %
7%
/W
&1

Bl i — AN B R-TTESMAE ] AR PHEQTRE XCURTFEMR. (X)

EXLL1 FRR_(X)RES XCURTEM,ME

R_(X)=U[x]
={xlxeU,[x] CX} (1.1.1)
EXLL2 R (X)RESXCUMLER,WEH
R (X)=U[«]
=lxlxeU,[x] NX= D} (1.1.2)
EX1L1L3 HR (X),R (X)MBMES,FRIEXCU K R-HE,FHRXCU
fFEAE , T .
(R_(X),R (X)) (1.1.3)
EX 114 B (X)RXCUWRHLF, MA
Bx(X) =R (X) -R_(X) (1.1.4)

ﬁ“ -&‘Vajﬁ U= {xoyxl’xZ’xB’x4’x5vx6’x79x8’x99x10} ,U_L'ﬂ‘J R-fﬁ?ffi’%@



. 2. F1E Z Pawlak HEMNMESMNA

[x]l ’[x]z’[x]h[xjw[x]s’ﬁﬁﬂ

[x]l = %xo,x,f
(2], = {x;,26,%
[x]3 = ix:&’xs}
[x]A = {xuxs%
[x]5=§x7,x,0f (1.1.5)
BRULHFEX= {xo’xa’xuxs’xs,xlo} CUNMAXCUMTEMR_(X), Bl
R™(X);mH
R_(X)=U[x]
={xlxelU,[x] CX}
=[x];Ulx],
= { x5 ,%, ,%5 ,%g | (1.1.6)
R (X)=U[x]
={xlxeU,[x] NX#=B}
= [x]l U[x]3U|:x:|4U[x]5
= {xo 2 X1 9 X3 3 Xy 3 X5 3 X7 ,Xg ,x,o} (1.1.7)
XCUMWMER_(X),R (X)) £
(R_(X) 9R-(X)) = I {xsyxa,?cs;xs% ,ixo,xl ,x3,x4,x5,x7,x8,x,0}} (1.1.8)

AT BRI L. Pawlak MBS, X B — B ARG 45 H g R
B 1.2 BR—RKITEEF B, ENTHFSR/MITIE AR

Nl %% X
X3
& 1.2
BAHBMNLROES X

R 1.2 RS — KT I 4 R AT — TR, I 1. 2 R BT Y
AR AT A 4 SRR BT A %0 %5, %, BN, AN 1.2 BN, BTSUSIR B #E A
HE X FR,NE X =2 ,0,%,,% 1 XBRES X BRITESEMT RERL.
BERFFREPLERIN, R —EWE, SAE N, AT R4 KA
8 EL R BB 4 XU B, TR R EAR B A D TAETE S ERF, AT 8 4 52



L2 R XWTELS LERXR -3

REMLITTIEESN? EEETEMN. RITAHEL 3.

1.3 2—3HREREF 2.

QR BRIV B EER R B RT AR I 1. 3wl 2R BRSO 4 B2 ( 3 0 B ) HAR i
4 BEEE, BT %y, %y, 23, % FAR(KRIFIE) , A0 1.3 s ; B A B B30
SR A WU BRI T R B A4 B (IR R ARD . AfITE SRR, B ER 53 AT LU af B
#p 77 HERA KT A4 B, AT Al RIS e[, Blan, R &, @
PHE, RLYATHE 2. 53 I EE. R, B 1. 3 P RY I Z 5 BURAS F R K20 AT 4R 6. 53
XUB #E.

Z

2
%

.
7z
7

oo

K13
HAERNAFHES X

P 1.2 A0 1.3, A S8 BIXAEMESE . 8 1. 2 SRR B BB R R B
H%CE (4 %) ;8 1.3 FREFIE B B BEOR B B0 % H (6. 53 ). B 1.2 B
WEETE) TR, BE X = {x,,2,,%,,%,| ;B L3I AERAEEEOCERE) BT
XAEB T, — A RE 2.

MERAEE 1.2 RE 1.3 PRHFE-ITKABERE—THAERAGCTE) W
B R-TTESEMAE(«] , E 1.2 AT R-TEEME [« DEHER, B 1.3 /7]
DUA R-TESEM K[~ DERER. FMXRPEPH— N EEME

ST L3, ] 44 SRR U E, HES MBIk Rk
1. 379 2 MK Z. Pawlak (2T 1982 4E4R HHE (rough sets) ') (HEE. Bk,
PO UM T — N FRERS 5 5 2 3. ME I RN R RE LA, EE
B R S BRSBTS EE M5 AR Al

§1.2 &4 XWTFEMS LEMXRD?

HERET X, YCU,R_(X),R™(X)5IR XCUKTEM, LERGR_(Y),
R™(Y) 2512 YCU TR, Bl A

1° R_(X)CXCR (X) (1.2.1)

2° R (@)=R (Z)=9F,R_(U)=R (U)=U (1.2.2)



- 4. £ 1E Z Pawlek HENESSMNA

3° R (XUY) =R (X)UR™(Y) ' (1.2.3)
4° R_(XNY) =R_(X)NR_(Y) (1.2.4)
5° XCY=R_(X)CR_(Y) (1.2.5)
6° XCY=R (X)CR (Y) (1.2.6)
7° R_(XUY)2R_(X)UR_(Y) (1.2.7)
8° R (XNY)CR (X)NR (Y) (1.2.8)
9° R_(~X)=~R (X) (1.2.9)
10° R ( ~X) = ~R_(X) (1.2.10)
11° R_(R_(X)) =R (R_(X)) =R_(X) (1.2.11)
12° R (R (X)) =R_(R (X)) =R (X) (1.2.12)

R 1° HxeR (X)) Mx]CX;MMixel«], Bk
xeXHR (X)CX
FaeX,Bhxelx]NX,Mx]NX=d, Hitk
xeR_(X)HXCR_(X)
22 ANTHREITEF-IEEGT.R (F)CIHMBALCR (2), LA

R (8)=0
B R (B)#8. WHFEx,MH xR (2) , A
[xINg#d
RHAx]NS =&, 5RFE, A
R (B)=0
B 1°,R_(U) CU,#EHEUCR_(U) X FxeU,H[x] UM xeR_(U),FTLA
R_(U)=U

f1°,R"(U)DU,{BR (U)CU,fTLL
R (V) =U

3° FHaxeR (XUY), SHMHE«INXUY) #B=([2]1NX) =SV 2] NY#
G eR (X)VxeR (YV)=xeR™ (X)UR™ (Y)=R™ (XUY) =R" (X) UR" (Y).

4° FExeR_(XNY), BYHMNY[x]CXNY=[x]CXA[2x]CY=xeR_(X)
AR_(Y)=R_(XNY) =R_(X) NR_(Y).

5° HAMNEXNY=X,H4°BH R (XNY)=R_ (X).BHAR_ (X)N
R_(Y) =R_(X)=R_(X)CR_(Y).



§ 1.3 FRMR BB ©5-

6° YHNHBXUY=Y,XCY=3R (XUY)=R (Y). H3°HIR (X)U
R (Y) =R (Y)=R (X)CR (Y).

7° HAAMXCXUYMHYCXUY=R_(X)CR_(XUY),XHANR_(Y)C
R_(XUY)=R _(X)UR_(Y)CR_(XUY).

8° HHANYCXHAXNYCY=R (XNY)CR (X),XHAR (XNY)
CR (Y)=R (XNY)CSR (X)NR (Y).

9° MH{H[x]CX,[x]N(~X)=F=xeR (~X)MHxeR_(X)=>
xe ~R(~X)=R_(X)=~R (~X).

10° FEIHH ~ XX, WA R (X) = ~R_(~X).

11° H1I°BB R (R.(X))CR_(X),xeR_(X)=[x]CX=R _([x])C
R (X),BHHNR_([x]) =[x]=>[x]CR. (X)MHxeR_(R_(X))=R_(X)C
R (R (X)) H1IBAER (X)CR (R. (X)), HxeR (R.(X))=[x]nN
R (X)#8 fitkyelx]l,yeR_ (X)=[y]CX,Hlt[x] =[y]=[+]CXTMiHxre
R (X)=R (R_(X))CR_(X).

12° FHxeR (R (X)),[x]NR (X)) #Z, 3 FHEye[x],yeR (X)=
lylnx=d,mMB[y] =[x]=2[x]NX#B=xeR (X)=>R (X) DR (R (X))
BR (X)CR (R (X))=R (R (X)) =R (X).

H1°BE R (R (X))CR (X),FR_ (R (X)) DR (X)WL, %Y xe
R (X),[x]NX#B=[x]CR (X). AR, FHyela] ,My]NnX=[x]NX#7,
BlyeR (X)=xeR_(R (X)),HHtR_(R (X))DR (X).

§ 1.3 FIRAR PR L

Z. Pawlak #HERLL R-ITEFM L[ 2] E XK, R BRER. B, B o, = 40
fo,o, =EK,BHER={a,,0,| ; BABM o, 0, BFER 2,5, ,2; 2, WHK TR
Yoo, B RITEFENHE 2] (qa = 12,205,515 T0R 2,,%,1,%, XTRMA
a0, NAT43HE, 04

IND( {x,,%,,%;,%,} ) (1.3.1)

ap@

B, M KR R REAR AT T HER A
WMRIERESE R PEHIEM—NBYE o = IR, WEBEER = o, a,
a3} ,R"ﬁi%m%[x] (ay.0p.03) = ixz ,x3} ,ﬁ%

IND ({x,,%;]) (1.3.2)

ap,az,03

MRBHER =la,0,0, PHEREBY .0, WEBHEE R = o, | ,R-TEH



6. #13%E Z. Pawlak HERBL S SMA

m%[x](a,) = x2 ,xz 9x3 9x4 ’x5 9x6 ’x7 ,xail 9&%

IND( {x,,%,,%; %4 %5 %6 ,%7 X5 | ) (1.3.3)
oy

XA RS EURRAT: R B HEEE R PRYEMEE, W R-TTRFM [« ]
HITCEANEEI R B A R PR Z, W R-TTRSEMAE [« ] KITTR B
A SR BYEE R PRIBHEA B, B R-TTEFEME L] PRI AL
F I, R-TCE LML« ] BA BRAFE . —4 R-TEFENE 2 IFME—DHR [« ]. B
B, R-ITCESMAE ] SRR« ) RFANFMEEE, FR [« ] BABRFE .

B5EE.

G EHA[ 2] B BOREE . KB TR MR R AR, R [« ] A
iR x] P BHEHE , RCR".

@E2 KB TREMEE R FRBEELD, MRl ] KT AR «] BAR,
R"CR.

B &lxlg= {2, 25,25 ,% s Xs R U EMFARLR = {a), a0, P RAMR[x ]
WB P, SR o, A R =RU |} =la,a,,05,00} BAVR[ 2] B HE
&, MHE[x)p = {2,%,%5 ). BRI2] Clale BRlx] RIKBTXBHE R B
BYEA TSR . TERNT BYESE R HAT R TEZAN, {2, %0, 25 | REBMAE
Lxy 4 %p 3% %4 x5 | T, BROOATJBPESR BB PERNTE , (48 {2y 20,5 | Ny, 20,5, %4, 25 |
ISR . XA R B ELEIRANT AR OEIE T EIFRAMARE
AR -

T §1.4~ § 1.8, BIABFWEENTAE.

§1.4  FRBBURAFIE

A% 16)

FERLZS R — A ZICFX A= (U,R) ,UR—NEZHRE, RIELK,
RE-PM_TEMXER,RCUXU, WHKMEU EW—P AT THXE . U/R=
{[u]lg lueUl ,ZRRREU LH—4R4, 8 UhBIXR u FIER R-FH
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