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Topological Properties of Generalized Rough Approximation Operators Based on Objects

LI Yanyan and QIN Keyun

College of Mathematics,Southwest Jiaotong University,Chengdu 611756, China
Abstract Rough set theory is a mathematical tool to deal with uncertain problems. The core notion of rough set theory is appro-
ximation operators. Pawlak approximation operators based on equivalence relations cab be extended to generalized rough approxi-
mation operators based on arbitrary binary relations. The topological structures of approximation operators are important topics
in rough set theory. This paper is devoted to the study of topological properties of object-based generalized rough approximation
operators. It is proved that the sufficient condition for all definable subsets in a generalized approximation space to form a topolo-
gy is also its necessary condition. The regularity and normality of this topology are studied. The equivalent conditions for the
same topology generated by the serial binary relation and its transitive closure are given. The relationship between this topology
and the topology induced by the object-based generalized rough approximation operator under any binary relation is discussed.

Keywords Serial binary relation, Object-based generalized rough approximation operator., Topology

1 3l

i

1982 4, Pawlak $2 i} T HURESE BB o HUKE 42 BB —
Tl 4ab PR B 22 P ) R0 (0 52 T L RS 52 2 0 T A B R T
RSB B SR A5 B RS M R 4R 2 e 5l S
R 3 AT AL T Bl AR B 280 A 5 R RS 5 A
MR AT Ak A S8 R RO | — 2P 0 B A R
T AT LR 4 G B 20 108 — i E 22 A0 e AR R A BB L OF:
BERL T LA T HLAR 2 >0 5 AR A B L B 3R A B 5 4
PEA2 48 S U

MRS 4 P96 55 I A9 0 6 Rl AE & 2 DO {8125 [A] Hp 5 1
B — XL A B B VRO R T O T DR R IR Y
I3 FH 90 18] 1 2 F 95 5 6 Pawlak MUK SEAERIHE ) b Z R R
BT SOMURE S ALY, B T — B — 50 56 2% A9 ML R 4R A2 A5
MRS G R AR E ML RE R AL S5 W TRT HM KR

FH H W] :2021-11-04 & E HE:2022-04-01
U H . FHRARBEH4(61976130)

Pawlak HLUKESE » Yaol ' N FEFXF G (1 1 HE 43 BT T Pawlak 3T
ez (A rh o L 0 3 FhAEST IR SR T BT T, Zhang
S TFR A A FEHE T T Pawlak 3T 825 ) o i) 3 0L 5
FOIFRFR T HIEAMNR ., Liu S ANEFFRENMER
Pawlak 3 {17 8] H0 3 F F R G0 09 3 UVB T 3T T SCIE Bl
FEPETFREMELE T 00 A 0 TR UE T8
B AT TR FFREMNT GRS F 5 I T4 TR
JUSOGEIE T Z R R

b g R B Y — A EE B4 S T 0 N 2 A SRR 4R
IS G BENBCR . W SR H N TT L S
R LE T . Kondo! #2115 T 41 #MW (Comp) £ 14 IE B T 1§
JE(Clop) MM T A LIE S —A A KR o0k &,
BB T IE R FE SR IME N T, Qin EIEH T
i 2 (Comp) Z5E (4R $M 1 #5555 F 4 3 & A
RAEBEZTXRZFEFWTEMEFS LEMEF. B,

This work was supported by the National Natural Science Foundation of China(61976130).

WAEVEH : % 78 = (keyunqin@263. net)



174

Computer Science THEMEL2: Vol. 50, No. 2, Feb. 2023

B &A1V 25 & XHURSE SE B8 P i SR Fh S5 M BT T IR ALY
WEFE 1 Pawlak™) B 5 % 08 T ORLAE 5 € R I $h.
Yao ' HFFE T H S R OC R T AR R IERT T Ko iy
LTRSS TR I — b= RS S5 N 7. Qin
SRR T ST AR s ) TR R R AR TOn e R R
TIEMEM SR LR $h. Zhang TS T IR
23 ) W e T — B T IT S AR )T SORLRE T (B0 55 5 A PE 5, 45 1
THETXZRM) LR IER T RO AT N TR
FEHGAF, Lin S BIT AR 3B TN R R FRTX L
W SGE M SR I R—HARE. Wu SR T
— B TICKE R LA R R ZIOLOC R TR T R G BV T
AR R T E ST OB Z MK AR,
Yu ZEEM T (IR I8 R R R HIR AL 8 AL AT LU
()R B $ b L ELER R 375 S B9 4040 B9 P 3 1 A0 P 6L 57 23 il
P e e R I g | B ST [P R S S /R
SR T AT I O R T RIS — AR N EIF R
i RE AR Y i

PG A S R TP R AT “IU R R T AT W R X
MRS JT LS8 T3 5 40 F A PR T GIE T T 3 1 X S G T SO AR
23 [i) p BT AT AT S SCH T AR TE B — 9 Y FE O A0 R
TERAF BT T % A I U TE R S S R B 4 s T A
AT 006 2 5 H A% b P A AT LR JRUAH R) 4R 0 B9 S5 40 2600, 1
WTZAINSEE T IUCR TR T X R SORAE I B33 T
Fr s AN Z R E SC AR . WE TS R T 2 5 TR ML RS
AT AL B 0 R il P B AT AR R S, 3 B 0 B R RO A
WA —E NS H M E.

2 TEER
R 81 JBE ) S B2 i) F4 AR 56 3 345 60 AR R b 2 v g —

SeAE

B U SEFIF e 5t 2 i &4 it . RIEU
FH—ATTERER W RESUXU, R H WU R H—4)
SGEMZS E] . X TFALE «€U.x T R MIZE A7 483450 3 i X
Hik () ={y| yEU,(y,2) ER} v (@) ={y|lyEU.(z.3) ER},
FRRIBEU FWERIT 0 RR EMEE 2 €U FHE yEU
By€m(a), BMRIEU LWE®R ICRRA WMEXN TR
22y€EU Y y€ rg (OB B rg (DS rg (). FRAE R e/
3% Z 0K RO R Mt A4, 8k (R,

EX AT FULR) R GER AR, TR XS
U, X XTRMETHLM) ST LEMEFH5E XN

RO = (x| () EX)

RO =1zl () NX#Q)

BARLUMRREU LWEMHR LRI 2 =[alx F
B ab S 1 e I < | W 1 7 el 1 Sl 9 N N i = A S
Pawlak 3125 ] v b LR S8 VB T RES BT,

EX 20 WWULR R GER AR, XSU, W X A
alE CEM AN X W EE I EFE TR,

FFXTLAM T MRS I L A R AR R,

WA B WULR T XM, dFEE X,
YCU.% .

(DR =0, RN =U;

(DR(X)=~R(~X),R(X)=~R(~X), Hrh ~X &
X HyRhME

(HRXNY)SRX) NROY),R(XUY)2R(X) U
R(Y);

(DX FAEEX, Ui € J AR XD = URXD.
ROOXD = NRX Hrin J AR R4 47 e

(OB R,SIEU LMMA ZILRR, & RES, WX FAE
B XCU,S(XHOSRX)LRXNDESX),

R 21 B (ULR) R A (] IR 51 A% 4 S A

(DR ZEHITZILRAR;

()% FAEE XSULR(X)SR(X) 5

(3) RO =0

(1) RWH=U.,

30 R WULR) RS IRz ) R B S AR A

(DR AR KR

(X FALE XSU.R(XHOEX;

()X AR XSU,XSR(X),

WA E BB — A B3, SRR ISl F R E
BIERR . TR A R — S AR

BN BUEREEHE.PUOHORUMNEFEE, S
P g o i LU A A

(LO,UET;

D4 X, YE, M XNYE 5

(DFEX €ri€ ] MUX €.
WFK « 2 U BB —AH40 8 U S (U o B =855 «
HH R BB R A S T BT AR o T AR BORNE B O T4 .

EX AW W, o N Ehasm, .

(DOEX TEZE XSU, X #ZITE, WK o 2
B 5

(2) FAER XU RIFAE N HALY X U 2 7 4 T Fx
b AS [E] (U o Sy B 8 HOH $h 25 1)

(3) EHHINEE U, PEEZ NIRRT E
FRiZ I Fh 25 18] B Alexandrov 25 ],

EX 5" B, o Rmih

(DEX TEBMMHE F.2 € F FERHERNITEV,,
Vo 18 2 €V FEV L MBI b « R IE R .

BN THEEAMZE M EF,  F, A6 A ZE 8T 52
Vi VoAl F SV F CV S MBI « R IEHLMY

(3) EX TR 2,y €U aFy SFAE x ARV, KL I y
BBV M 7F y €V, B 2 &V, 8L AR « 2T 19,

D) HX TR 2. y€EU a7y 2 5 y WA S4B
BMPRIES < RT.HY .

(5) FRIE WA T, 28 6] J& T, 25 )5 IE AL A9 T 25 [l 2 T

= [H]
3 ETHRI EMEFESHNHA

WU RBEH.REU FH XK, Yo FEDIEH T &
1T IER R LA F— A i fhof = (XSU;R(XD =R(X)},



AR, 45 FE T XTGBT SORLRE TR T A9 #h A T

175

FEIR IR BHE M AT AT HE— 2258 T o i — e 47 4h
WA BRI GER A LR & U LT
TIOER RS =(XSUR(X) =R} U Ei—A4i1h.
bR A T ER AT o0 R U A — A T
ST BT UL AR B

BRI RURKTSGEME ML F = (XU R(X) =
ROOVEU R — IS HACY R & U F#y #4708

TEW - (GEZM ) i fir i 4 B ARTSIE

LB FER=(XSU;R(X)=R(X)} & U Fi—4 ¥
IR NG E AL UE L FRRWU) =R, HIRWU) =
UMLRW) =U, At i 2 7T ALR B2 U #9847 =08

R RYLLU LA AT E SCRY T AR B R P Y AR
MFRUEZILXRRZHTH. T AR ZILXR —E RS
FTZIRRAR . TRA LT e,

Wit 1 WW.RAEMER., #REU EMAR
TR ALK = (XTUR(XO =R R U ERI— M Hidh.

e 1R AR T IU KRR ST — DT
PR R 4 T U AR R AR R

Bl 1 B U={1,2,3.4}, “JE K HK R={(1,1),(2,
2),(3,2),(3,3), 3, (4, D}y BR e (D={1),re (D=
{2,k (3)=1{2.3,4}, g (D={1}, B HITFEMHE L = (XS
UsR(X)=R(X)}=1{0.U.{1},{2,3.4} ), BRER U LK
— AN R AR AR,

A5 B R.SEU EWEREMA TR, ST
FHEE XSU. A

(DRUS(X)=R(X)NS(X),RUS(X)=R(XH)US
(X

(DR NSXH2RNSX),R(X) USX)SRNS
(X

(3)R°S(X)=S(R(X)),R>S(X)=S(R(X)),

5131 AR, SHEU ERHITZIRERE W R-SFIRU
SHIEHRAT TIL KR,

GE] . R E X F AR XSULR-S(X)OSRS(X).
R # AT 51,6 FAT 8 XSULR(X) SR(X) , T2 i SH 23
FER S #AF T AL S(R (X)) S S(R(X)) S S(R(X)), B
ReS(X)SR*SCX) M .

R, S 47 0l L 4 FAEE XSU.R(X)SR(X),
S(XOSSXOLFRRXINSX)SRX) USX), 1)
RUSXOSRUSC) WAL i RUS JEHAT I0 K&,

THEZEG Y R, S & U LM EHRAIT L X RM.RNS
A—E BT ILRER,

Bl 2 WU={1.2,3.4) B R={(1,1).(2,2).(3,
2),(3,3),(3,4), (4,1)},S={((1,1),(2,2),(3,2),(3,4),
(4,3), (4O RU LM T RFR. TTLEH.R.SEH
AT AH RNS=1{(1,1),(2,2),(3,2), (3. 4) | K2 BT,

BARCYRZU FWHPIT ZILREREN,. R ={(XCU;
t(R)(X) =t(R) (XD} 4R = (XS U; (RUD (X) =

((RUD O VR U ERHN b I={(x )52 €U E U
LMESE TR,

EHE 2 WWU.R A s |, W2 U E—4
PANZIEE(N

IEM . RFIE A A TR XeX . A~Xef, BItE
XE X, MRX)=R(X), HR(X)=~R(~X),R(X)=
~R(~X)H,R(~X) =R(~X) . A ~ X € o L5,

EE 3 BWU.R S SLERIE E 0.

(DLW, - U FR—Ah e Bon b2 A 5

2)W.H U FH Alexandrov #idhas 6] ,

UEBH : AR 4 e e B 2 WARARIIE

FEE 4 BW,RE) LI IEs H & ER Y,

UERA % F Rk U i EEME o€ F, & —4
FHHFHINFLF IR U R HE., TR AEENMHZEWHEF
M~F ffiff € ~F.FSF for, S =RIENE,

WF,.GREEH U PERMWARNHEZWEE., 2K,
F.GWREU PN HMELEMIFEBMER FEF,GEG W7,
Mot R IE R

@6 WW.oRk— b asE, W o & T, %5 E Y
BAYY ¢ R S SRS P4

3138 2 W &I N o RE Y HAY ¢
BT .

UEBA . O ) B R PR b 25 L R AR 2 T 1

(FEAMO AT E 6 J,c HIAT R S ERIEHE, X
B B—AN N, W o PR SR SRR . T
POREN XQU,X:JL&JX{J}%ﬂ:%O T SR BN,

EIE S5 WoliEU L — DI, T E & E

(DT 1Y 5

PR IET, 1 5

O RET 1Y 5

(DI ET Y

GO EIN AP0 R

HEW . B AR (5)=(4)=>(3)=>(2)=> (1) W37, i H1 51 BE 2
A, (5= (D ]AL L, S5 IR TRIE .,

w7t W REAMRBEU EM _ILER, & Re
R'=R'R=1,M% FAE#E XSU, HRX)=R(X).,
EE6 WREAMRILHMU LMW_JLXR, HFRR '=
R=1,M U, B b2 |,
WER .t 7 AR ATIE .
EBE7 RU.OR—NHIZEM, &5 RS MRS
W,

WEH L RAERE XSU.H RET &R B7H, XSR(X) &

=

ROOSX, FRARX) =X=R(X) . I XE K. X RIF4.45
BARIE.

EE8 WREULWMBITZILRR.SHEU ENTE
ZXFR, #H RSSMACSK

WL R AT R RS WL AMEE XSU.AS(XOS



176

Computer Science THEMEL2: Vol. 50, No. 2, Feb. 2023

RCXOSRXOSSX) M S S HRITH,

WAL X €, MS(X)=S(X), il RES KA 1(5)
ALS(XHOSROXD RSSO FRARCSRX) . X
R #ATAIALROOSRXO, FHIR(X) =R(X), # X € <,

&,

B2 A R.SEU LMSBT ELR M
VL

L TS = off U o IR R AR RS T 2 £
LT .

B3 Wik U Kigsk U LA ek R F 2, 0
R.S,RUSRZU FWBRITZIXRZ . HELHME .« =(0.U.
{(1),{(2,3,4}) =5, XV = (@, U}, BRENG =FV R
ST

EE9 HR.SEU LMW ILXR,#F RNS EH
TR DEN S,

W] AT XE KN MAR=RX)HS(X) =S
COMSE FRARNSXHOSRX) NSX)=RX)NS(X) =
RUSXHSRUS(X)=R(X) US(X)SRNSX) 3, B
ROASCOSRNSO ML, H RNS A7 HL,RNS(X) S
ROSCOHILRNS(X) =RNSCX) L, B X € 809,

FE 10 WWU.RE GERIZ M LR B U LT
TERF M =P L HALY R=1(R),

WEBH : (FE 0P AR T .

(EMOBREE XEA® =28, MA (R (X) =1(R) (X)
HR(X) =R M. Xl RE(R) K fir i 1(5) A1, t(R)
(XOSRX) FRA (R (X)SRX), Nl &4 1(R)ER.
BN AFHE () € (R FE (20 ) € R y € ey (o) i 17
& () Bl 2€ 1 (R) Uy 2 € RUy D FIE. HIlb R=
(R, E5 18 181IE .

#IL3 WWU.RET LEMEEL.RZU EM&EIT
FTRR =P M HMNY RZEU LfE#R TR,

EE 1 BWU.RZ) LEMZE LR E2U LT
TR M RUD =R M H AT Y ((R)=1(RUD .,

HEHT . (Rt AR T .

HEM BT XE AR =%  MH«(RUD (X) =
t(RYUTCORER) (X)=1(R) (X)W . Xt e(R)St(R) U
I=t(RUD EmH 1), RUIXO SR (X)), TRA

tROUIXOSHR) (XD, N A (R UIS (R, Wik
HR)=t(R)UT=t(RUD . 25151,

it 4 ®WU,RE)] EMERL.RZEU LHHFEIT
TEHF M RUD =R B Y TC(R),

Hit5 WW.RET XAEM=NE, # REZ2U EHHEIR
TIRRFR M ARID =B

T I H R 6 R S RV = g ST R B
%M

B4 g U=1{1,2.3}, LXK R=1{(1,3),(2,1),
(2,2),(2,3),(3,3)} MAESHE . (RUD={(1.1,(1,3),
(2,1),(2,2),(2,3),(3,3) } ., df®P =® ={0,U}, BH.R

AU EMARZITRR,
L6 WWU,R)E EMAEN,
J A3 IR R MRV ==,

4 EFREHGEMUEFESHEHERXR

W WULR N SGERIZS A, Wa ZEUS5E B T 3% 0%
F LA S — A = (XSU; XSRXO ) I RABIFE T
AN AN IR . AR BB S ML R,
R TICRRBFEFNIMINEH T 48,
w8 WR.SEU KR _JLXA.N.
(DR = =g RUD =g ®UT,
(D)# RES M5 o5
BOHEUSSENs,
EE 12 WW.RE) ERZE, % R 2H R Itk
<k,
W BAEE XEL MARO=RX), W REARH
A XSRXO=RX), M XE &,
‘L7 ®RWU.RZE ER=ELREU EW&#IT
TR FR M RID =RV C IOVl = g RUD = 0 = £f |
WS th «((RUD=¢(R)UT AR K& ¥ 12 51/ 8(2)
CIRT
HiL8 WW.RZE) LiEM=aEn, H#REU LA
M TIGRFR M ARUD = R = O T RUD — B — ot
EE 13 A R.SERU EMHETZI0RR MU
U NS
UEWT 1 R. S HRAT AT, RV oL VD S g i
B8 ()AL U UtV Sk U S S HE
Rk, A RUD 4 OUD = RO SRR SR ST AL R
T 25 481 8 1T
5 Wit U Kig U EBBA o0k R FF 2, 0
BHRE ARV ={0, U}, %V ={0., U, {1},{(2,3,4}},
F={(XCU;XSRNSXD = {0, U, {1}, {2}, {4}.{1.2},
{1,4),(2,4),{1,2,4}, (2,3, 4} ), B ARYD Ugeuh £

HREU WA

IR

szfﬂso

#IL9 AR.SEU EWAR MG _JukER. MU
5 CRNs |

ERE ACEEUER T GERIES A A2 LR

TEIV WM T o A PR B IEW T i b R
TFSCPATHY W58 T %40 1 B9 IE U D MLV S 3R SR 45 T
HRAT T O0 R R 5 H A% o DA A T LA AR U TR) 3 b o S AR A
e THINESCAHINZ M KR, TERLENR TS,
B BE— 25 BRIT I 0 b 23 () B9 3 40 2k B AR T B T 2
Bl AT ZIn R R T 2T R GRS 5 1 b5 T7 %
M TERRGENIBYELAR . 7R E— 2 R AR 43 25
O B S AR A5 25 DEORE L T TR R4 S PR R A K 2y
Br A5 B .

2 % X W

[1] PAWLAK Z. Rough sets[J]. International Journal of Computer &



AR, 45 FE T XTGBT SORLRE TR T A9 #h A T

177

2]

(3]

[4]

[5]

[6]

(7]

[8]

9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Information Sciences,1982,11:341-356.

PAWLAK Z. Rough Sets: Theoretical Aspects of Reasoning
about Data [ M]. Kluwer Academic Publishers. Dordrecht &
Boston,1991.

POLKOWSKI L. Rough Sets[ M]. Heidelberg: Springer, Physi-
ca-Verlag,2002.

YAO Y Y. Constructive and algebraic methods of the theory of
rough sets [J7]. Information Sciences,1998,109(1):21-47.

MI J S,ZHANG W X. An axiomatic characterization of a fuzzy
generalization of rough sets []J]. Information Sciences, 2003,
160(1):235-249.

PAWLAK Z. Rough set approach to Knowledge-based decision
[J]. European Journal of Operational Research,1997,99:48-57.
POMEROL ] C. Artificial intelligence and human decision ma-
king [J]. European Journal of Operational Research, 1997,
99(1) :3-25.

WANG G Y. Rough set theory and knowledge acquisition [ M].
Xi’an:Xi’an Jiaotong University Press,2001.

LIANG J Y., WANG J] H,QIAN Y H. A new measure of uncer-
tainty based on knowledge granulation for rough sets [J]. Infor-
mation Sciences,2008,179(4) :458-470.

YAO Y Y. Relational interpretations of neighborhood operators
rough set approximation operators[]]. Information
Sciences,1998,111(1) :239-259.

ZHANG W X, WU W Z,LIANG ] Y, et al. Rough set theory
and method [ M. Beijing: Science Press,2001.

and

LIU G L,ZHU K. The relationship among three types of rough
approximation pairs [ J]. Knowledge-Based Systems, 2014, 60
28-34.

KELLY J L. General Topology [ M. Graduate Texts in Mathe-
matics. New York: Springer-Verlag,1955:0072-5285.

KONDO M. On the structure of generalizeed rough sets [J]. In-
formation Science,2006,176(5) :589-600.

QIN K Y,YANG J L,ZHENG P. Generalized rough sets based
on reflexive and transitive relations [ ] ]. Information Sciences,
2008,178(21) :4138-4141.

YAO Y Y. Two views of the theory of rough sets in finite uni-
verses [ J]. International Journal of Approximate Reasoning,
1996,15:291-317.

ZHANG Y L,LI1J J,LI C Q. Topological structure of relation-
based generalized rough sets [ J]. Fundamenta Informaticae,
2016,147(4) .477-491.

WU H S,LIU G L. The relationships between topologies and
generalized rough sets [J]. International Journal of Approxi-
mate Reasoning,2020,119:313-324.

YU H.ZHAN W R. On the topological properties of generalized
rough sets [J]. Information Sciences,2014,263:141-152.
ZHANG H P,YAO O Y, WANG Z D. Note on “generalized
rough sets based on reflexive and transitive relations” [J]. In-

formation Sciences,2009,179(4) :471-473.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

YANG L Y,XU L S. Topological properties of generalized ap-
proximation spaces [ J]. Information Sciences, 2011, 181 (17):
3570-3580.

LIU G L. The Axiomization of the Rough Sets Upper Approxi-
mation Operations [J]. Fundamenta Informaticae,2006,69:331-
342.

GALTON A. A generalized topological view of motion in dis-
crete space [ J]. Theoretical Computer Science, 2003, 305;111-
134.

ALLAM A,BAKEIR M, TABL E. Some methods for generating
topologies by relations[ J]. Bulletin of the Malaysian Mathemati-
cal Sciences Society,2008,31(1) :35-45.

L1Z W.XIE T S,LI Q G. Topological structure of generalized
rough sets[ ] ]. Computers and Mathematics with Applications,
2012,63:1066-1071.

PEI Z,PEI D W,ZHENG L. Topology vs generalized rough sets
[J]. International Journal of Approximate Reasoning,2011,52;
231-239.

LIU G L. A comparison of two types of generalized rough sets
[C]// 1EEE International Conference on Granular Computing.
IEEE Computer Society,2012:423-426.

GRABOWSKI A. Topological interpretation of rough sets [J].
Formalized Mathematics,2014,22(1) :89-97.

ZHAO Z G. On some types of covering rough sets from topolog-
ical points of view [J]. International Journal of Approximate
Reasoning,2016,68:1-14.

ZHANG Y L, LI C Q. Topological properties of a pair of rela-
tion-based approximation operators [ J]. Filomat,2017,31(19):
6175-6183.

LIU G L.ZHENG H,ZOU ] Y. Relations arising from coverings
and their topological structures [ J]. International Journal of Ap-
proximate Reasoning,2017,80:348-358.

QIU J,LIL,MA Z M,et al. A note on the relationships between
generalized rough sets and topologies [J]. International Journal

of Approximate Reasoning,2021,130:292-296.

LI Yanyan, born in 1995, postgraduate.

Her main research interests include
rough set theory and formal concept

analysis.

7

( )
&

QIN Keyun,born in 1962, Ph.D, profes-
sor, Ph.D supervisor. His main research
interests include rough set theory, for-

mal concept analysis and fuzzy logic.

.

s

¥

(ST 2 3 - BT B0



