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Abstract  Granular computing has been widely studied in recent years. However, it still lacks of
a formal framework which can cover all the affiliate models of granular computing, such as rough
sets, formal concept analysis and knowledge spaces. In this paper, a three levels” model of gran-
ular spaces (the universe, the basis and the granular structure) in set-theoretic formulation is
proposed. By using the definability defined by the logic language L, a three levels’ model of
granular spaces in Pawlak rough sets is established. In terms of the different construction rules
from the basis to the granular structure, the definitions of the union reducible granular spaces and
the intersection reducible granular spaces are given. We discuss the relationship among the cover-
ing, the basis, and the corresponding granular structure, and give the methods for seeking the
basis from the covering in the two types of granular spaces respectively. Then we focus on set-
theoretic setting and generalized rough set approximations with subsystem-based definition. The
generalized approximations are also investigated in the union reducible and the intersection reduci-
ble granular spaces. Furthermore, the rationality of the four types of covering-based rough set

models is examined. Finally, the three levels’ models of granular spaces in formal concept analy-
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sis and knowledge spaces are expressed. The generalized approximations are also explored in the

two theories. It is shown that the set-framework of granular computing can help us to study the

branch models of granular computing in a more formal view.
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Y lYES, }H S,={Y |YeS, ). iElE T2
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P
YEapr(X)=Y €apr(X9) a7
B 3 FENL .S, =S.. 24 S, =S, =S i, KA1
FEE LS [E] apr= (U, S). AT LU S5 7
mr.
apr(XD={YES|YCX, VY eSYCY' =Y X)),
apr(X)={YES|XTY. VY €S CY=>XZY))
(18)
95 A BB .S, =S, =S HXFAb B, T E T
€ 529 A ). &t e 55 =X (18) iy P ik

555 PGB S, =S XS B A HL S, = S X If- &t
. AT X
aprX)={U(YeS|YCX) ),
apr(X)={N{YES|XZY}} (19)

BT R T AR G i LR S L. T
KRG A sciz B E A, B F i L g
PRI ﬁr%ﬁ%<3>~(6>

556 B DL S, =
F B F—ATE X
apr(X)={U{(YES|YSX}},
apr(XD={N{YES |XTY}} (20)

BT T A3 18] AR ST SRR
meeiﬁﬁécmlﬂ%;%(vﬁ,lﬂriﬁmw(s)

7 FEDBL .S, =S, =S H X35 I kAR
R AR HERY Pawlak KRS £ 51 HY.
5.2 HAAKNE=TEMNLTEM

SRR EE C Ik S, MIFal Ak fEas | S 2
] A5 R S SCES. lE— N Co &A1
PAAS B ME— 1 — AN I T 2z BE 45 () (U . S, » S). 7]

S Xtz FIH-E LS, = S XA

LR 25 8] oY BT T4 AT BN o = T g SR, B
A E EE.
EEPIZS [ apr=(U,S, S T, AT HIM I

T XA E AR R IR — A A AL T
IF B IE AT 25— A G O T AL — B T Lk
U — LR B FATA W E L.

EX 9. TR apr=U,S, .S H, —Xf
AT Faproapr: 2V =2 Ll
apr(X)=U{Y|YESNYCX],
apr(X)=

(YIYES AXCY,VY €S(Y' CY=XZY"} (21)

TR S R EF X Wi KEA. i
HSHTAERE T X BE/NESA . 763X Fi g il
ToAETE X PR RE MR S T X
BANESGAFIRME—M. R X BrE CE,/

XES,iiflapr(X)=X Hapr(X)=X"".
5.3 ZAARETE/LETEM

MR L JEE 25 ) i E LRI AT, S S, & C. 5
Il ZpRL R 2 A AH LE . S YL & 8 1. A T AR

WL FATT AT LA AR 58 AT 24K 3 25 8] (UL Sy - S) 1) 3.
FATAL AT LLE i 5T B AR ) AC B B s 4
SRAEU W3R EE 25 [ (UL S, . S). i A 38 H] &Y
2% (B 1) ARt A AR

ERRIZSE] apr=(U.S, .S, K AT E X
RO N BN RAS R s SCHE AT HE IR, TR AE
56 58— Fi g 00 » b 3 ARUE: E— A T 3 Bl —
AT R BATTA T X

EX 10, TR E apr=(U,S,, S)Hr, —
XA Fapr.apr: 2V —2" % Lh
apr(X)={YES|YTX.,.VY €S(YCY' =Y X},
apr(X)=N{Y|YES ANXZY} (22)

TERH S AT X WA & KES AR
SR e SR EE T X Wi /NEA LK. 75X PG
HFEET X E/MEGEME—MN, AEFE X h
M KA AP ZME— 1. R X & — 4 X
.0 XeS i Lapr(XD=X Hapr(X)=X
5.4 William Zhu B S RSB TH ETIEME

AEMH

William Zhu #& H T 4 B 3k + 25 35 (19 H ke 46 45
YR I A R A A [ R AL ST AN [
(1 FIEAE SR IEAUE L apr(X) = U YIYGS/\
Y X FRATTER B3 L 455 R R I AE I AT 2 A
TR . I — g A S AN AT aﬁﬂaﬁcﬁbﬂﬂﬁ
PR RN — N ES X, FEUATZQE T
X iy RESR MEEET X i RESGE
IE Sy 3

o X 2 E LA N ZKapr(X) =X =
apr(X) AHFRATT & BUAE A L L vh A5 T I AL 2
apr(X)=X. SR, b LRy SIS # i 2
apr(X)=X. MGE W Z [ (U, S, . S) Y 5 A PR &
AL AL PR, R S RS R AT BB AF AR N A B FRAT
B KBRS

551 FhE a5 R LA

apr(X)=apr(X)U{Md(2)|x€ X—apr(X)}

(23)

AR XA E WA apr(XD) =X, X—apr(X)=
G Md(o) =, Wl apr(X)=X. 55 1 F gL 35
T SCOHURE SR e S B

55 2 Bl 35 LR E U
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aprXD=U{Y|YES.YNXAJ} (24)
WA X & AT AR AT REAE7E 2 1 1l SUAE
RYNXAD. HWL, Bl apr(XO A HEASETF X.
55 2 M IR ) SOMURE SRR 2R A B
55 3 AL LR lE XN
apr(X)=U{Md(x)|z€ X} (25)
AR X 2] L 2€ X, UM (2) AT REAR
BETE XN, Wi, apr (XD fEARET X, BI%E 3
P 5 ) SORDRE S22 A5 Y.
554 ML LR AUE N
apr(X)=apr(XOULYIYN(X—apr(X)D# T}
(26)
MR X W E L apr (X)) =X, I (X —
aprXnN=J. VY N & = . Wi, apr (X) =
apr(XD=X. %5 4 R 55 )" SCHURE B2 & 5 2.

6 HABMBIHMHMENRS ETIEEL

T8 M & 43 32 2 58 B T Ak 3R 3K F0 4y
M e EEWRET BN —HXS 2 EN
A E SUME L BE — AN G 4 1 PR I AT S

LUMV HEBEWADARE. U WITE R
SV IICERRNEME. SR AMEEZ R ERA U
MV B =0 R AR, HEH RRFRUXV 1
TFHEMTEN z€eU,ye V, iRk (x, ) ERIEH
xRy FAMTU = HAREYE y S8t y HWZ o BT A
H. ZH WU V. RN —PMEAE 5.

BTN TI0 KRBT — A% RO HE —
JEYE X% 2 eU B R4

rR={y€EV|2Ry}CV 27
Ky @t y xR ENRA
Ry={x€U|xRy}ZU (28)

TR X S AT S FATT AT LA S X R T AR A
JRPE TR Z KR, X AT — DM
2UF) 2V B —AN N 2V 3 2V,

EX 11, Bi&WU,V,R) &E— MR R.
X T AT A — SR IR R R

X' ={yeV|VxeUx€ X=>zRy)}

X

={yEV|XZRy}= DXIR (29)
X JE T IR — Xt 5 5 2 R HEk
Y ={2€U|VyeV(yEeY=>xRy)}
={x€U|YZxR}= Ry (30)

yeY

B XCSU. YOV, ME X=Y" HY=X",1

(X YO R NERE 5 (U VLR B — B A&
X=ex (X, YN S INE,Y =in(X,Y) TR R AT
SRR AR SR A e e BRI
.12 LUV R EEE A L.

EX 12, X — NS L, i f S e

EX(L)={ex(X,Y)|(X,Y)EL)}

W s il sl oE R

R EX(DEFEEERT, 28 U, HX s
B FEXFNE O B dE — A3 AT RIS .
B, B 5 5558 T 2R 25 A A ) R B i FRATTAR 4%
Gy G BN AE ] 2y A A pY A il oy EX (D). T A
EX(L)HiyFHEE8 0 Ll EX (L FEH R
BEARE] EX (L) i T F S0 B A KL,
i EX (L) 9 F 48 2 k. B FRATT 48 b B2 45 1]

(U,EX,(L),EX(L)),

Ho U 2. EX, (L) S 2Y J2& 238 ] 2k JF 25 a] .
BT A Y A0 SiE B 5L, EX (L) 2V J2 BIF 45 A1 4 1 4

=Y (U,EX, (L), EX (L)) &% % £ 43 B
E B ESE A SR
6.2 BAMESHTHALTEM

— A SERE T A S X B — R e AR
JE R — A ] R SCHE A . M SRS S I AT X R Y AT
E SRS fE R X R E A TRARER
RGN E. PRI, 3465 A A e AN T e UK
S, X — XG4T LA FR A SO0 SR A AL (B
T M A E) . S UL 31 AT Hy AR S PR Y 2 T
T RENTE AR E S XA L JEEE A TR 15 —
FRANEE 3 Bl Bl .

EX(ILEEERT . 2L U BN ZBREEA. B
EXT —AEMZS ] apr=(U,EX, (L) ,EX(L)).
FATAIR XS BT AT AR 4 BV AR RIS 4R T L2
EX(LH g X B — k@ XEA. Bl
UE EXCDOHEET X —A /g EE.
BT RS EX(L) X I s A E AL B8 X #E/D

B ME— A X B KR A R TR
— .

EX 13, TFEEM A apr= (U, EX, (L),
EX(I)H, xR 5F48 XCSU, BN BT ERE
Sy

apr(X)={N{YEEX(L)|XZY}},

apr(X)={YEEX(L)|YCX,

VY EEX(L)(YCY' =YZX)}(32)

3D
6.1
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K R e XS o, — MR A T RE B 2 1
A E SO 8 T I AU
6.3 ;L B
£ 1ER-NMEXE R XMNRIIBEY U=(1,2,
3.4.5.6.7.8) . @M MBI N P={a.b.c.d.e.f.g.
hoiy ARIETE MG 2 L TG AMER EX(L) R
EX(L)={.{3},{4},{6},{7}.{2,3}.{3,4},
{3,6},{5,6},{6,8},{1,2,3},{2,3,4},
{6,7,8},{5,6,8},{1,2,3,4},{5.6,7,
8).{1,2,3,5,6},(3,4,6,7,8},U}.
SR P I 125« FRATT T LAAS 2158 R 20 3 4 () g 3. B
EX,(L)={{7},{2.3,4},{5,6,8},{1,2,3,4},
{5,6,7,8),{1,2,3,5,6},{3,4,6,7,8}}.

®1 EXEE"

a b c d E f g h i
1 * * *
2 * * * *
3 * * * * *
4 * * * * %
5 ¥ * * *
6 * * * * *
7 * * * *
8 * * * *

AT T A2 AT 2R B A ]
(U,EX,(L),EX(L)).,
Hp.U=1{1,2,3.4,5,6,7,8}, EX,(L)={{7},
{2,3,4},{5,6,8},{1,2,3,4},{5,6,7,8},{1,2,3,
5,64,{3,4,6,7,8}}, EX(L)={J.,{3},{4},{6},
{7},{2,3},{3,4},{3,6},{5,6},{6,8},{1,2,3},
{2,3,4},{6,7,8},{5,6,8},{1.2,3,4},{5,6,7,8},

{1.2,3,5,6},{3,4,6,7,8),U}.

XA G FHE X=1{2,3,4,6}. BEARE—NIEA MK
BN, T R R A A Ok AT
EX(D) ) —xfm] 2 XX EMN E TR .

apr(XD={N{(YEEX(L)|XZY}}

=1{1,2,3,4,5,6,7,8},
apr(X)={YEEX(L) |YCX, VY €EX(L)

YCY'=YZX))

=1{{2,3.,4}.{3,6}}.

7 FNRE A R R R R E TR
IS [ 1012 M 0 B 27 B — i S 9.

B — MO R R BT PG 9 R G5 . AN 2
— > WA 71 [ h 8 BT 19 = A 0B 5 5 3 ) AR 2 R

AW LA TE A X A 2E AR 7 XA I AT LG
[ — A~ 1] AL, R S AR A 2 A A el 2 R4k 22 1) R — A4
7] R 6 5k — 26 ] JL I, 3 A T 408 0 1 R Bk
T LA 4T g 60 PR s ) A 3 SR AR R S X X R —
AT AS 220 2 1 4 S 00 B R fit

R 2 (8] FhAE 5 00 X0 B 08— BRI AR A —
Beis I AT i W (QLK) L P K292 Q Y
AN TR QWITER N M8, ERK P ES
FRAAPUR S 0 8 Ko A 50 UK 45 il A 1R B
AE A UL 11 ) 4L 3R 7R . B A T UIR 2S W] 8B B —
KL AR S ER. N L ETMEgL U
B A — ARG K DR300 A & v DL B
LA R BE (R 0 YR 25 48 3 A R g A e — B
A MR A G s 5 O M4 Q 4. Milas
Vi) J2 I 0] £ hr B 245 [ ) S f9) fit

PR 2 ) B A A AL — A O 3 4
5K FR B R GE R L X A2 R 3T S — A R 3 T 4
RGN LS, RO It L 3l T B R R AT X
Fofr 1R 55 4 8 Bk o 0 2 [ FRATT 43 S0 LA e 7
X P R B 0 9 BT AR A ]

7.1 EFHEMNXZNMATENMEMREELET

A
7o101 BETFHEN S FR Y HIR S (] kL 45 4L

AT S48 iR 2 | ) — Se MEE. T A IR
S — > ELW Y 7 35 & DAHE I 56 R T B 1. 76 )
s, [ EE Q NS¢ &g Q HARfTHA
R MRG0 )6 2 R. aRb 3275 WSR2 E fig 1F
il [l 250 100 A0 & o 00 AV R LA 4 S0 il s A8 I B [ 2 )
B . DN 56 R PR A T X R A TR S5 4. i A, aRb
B R — RS b —E A a

EX 14, XA RMEE Q LMHEMEAR,
Xof I B R ZE K SE Xl

K={K|VYq.¢ €Q((qRq .¢ EK)=>¢EK)}
(33)

BTN C R ARSI s £ T . 24 U,
HAFAE I E .

XA Q Y IRI q  ZEHEMI SC R T L FRATT AT LA
EEIME—— AT R M BES R, (@ = {d|
q'Ra . T A 1) 30 1 20 B A0 46 A A0 B A0 46 530 A
B BN Q b — AN 55 A A A5 AY T 1 4K
F14 5 A3 Bk g AR 3 g Xt — 46 i) AT 1) T 04 4 A

B R AR, 1T DAAS 1) 3 40 56 & 0 iR 2
K. B T — NI 4R E 2 6 (Q, B, K. i i
FIPLRBFR N (Q\ B KO H 8L
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BE TN OC AR B FR 5 A e — A 5. 7RI R
15 00T 4 55 5 I n] ZpRL g A AR R], F AT AT LA e/
TR A5 B I T ZRLRE 2 ] (9 L. (R g 1 de /) i
HBEA—NES SR g 8RR S5 AR ).
X AT 2 ) R A 2 0 B T O e i T
K F ARG i — S BN PUIRZS. XA IR 5 4
Je— I LPRL A B TR OC R L RATA IR T 4y
KL E 25 (8] -
(Q,B,K),
Hop . QJE M A . B 2% & |y 11 4 i) 5 & 1 4
B B={Rp (¢) g€ Q}y K& 2?2 M PR MY
k.
HE:BEKH &M PUREA i B 1y — L1
R IFARERR.
712 HEMSRER TR R
FF I OC F A IR S5 A T I LA TR
apr=(Q.B,K). f1 T X4y xt 52 IFE M. EF
T AR R S P — Y
EX 15 JEfpla ] apr=(Q, B, K) H, X R
THEXCQ, X
apr(XD={U{KEK|IKEX}},
apr(XD={N{KEK|XSK}) (3D
XA I ST AE A — R OO SRRl B Ay SR
X o —DRIPURE B — A al 7 SCER W apr (X)) =
X=apr(XD. FiEflapr (XD & A AT T X #yn]
E UK. B Blapr (XD RS X A ] &
SORERY 2Z . 5 T4 I 5C 28 1 R 25 4 AN P 0 b ]
RIS 1 A2 X 1
RS ] B R T ol BRAR R AN T AR X 2
— AN I 1 R TR AR L IR B A — D AT
R AT AP F PR IZBLE. TR R
Az 1 F AR A [R) R A T R A Y R X A
A nl RE A A 1] 14
7.1.3 5 )
ik Q="{ab,c de}. HE—THEMHKR .
aRa,aRd ,bRb,bRc,bRd ,bRe,cRd ,
c¢Rd ,cRe,dRd ,eRe.
AT B H R G5 -
K={J,{a},{b}.{a b}, {b.c} {arb,c},
{b,cye} {asb,c,e) {asb,c,d},Q}.
IR 5 B XA FRES H Xt 52 L I3z 302 1]
(. B B TN 5 AR 0 R L TR, FRATT X f
AN Ta] AR AT LR R & 3 AT A

Rp(a)={a}, Rp(D)={b}, Rp(c)={b,c},
Rpy(d)={a.b,c,d}, Rp(e)={b,c,e}.
PRI AT T T 4 ) 5C 2R A5 B — S L B =5 (1]
(Q,B,K),
Hrb, Q={a.b,c.d.e}s B={{a}.{b}.{b,c},{a,
bicsd} {bscseb)s K={J.{a},{b},{a.b},{bsc},
{asbyc}y {bscye){asb,c,ef {asb,c,d}, Q).
K pRL Al 1 B A ) — S8 B AR 8 1o JF 12 545
B nia.by={a} U{b},{a.b,c,e}={a}U{b,c.e}.
RV IE B [0 24 g R 5 X = {a,b.d}. H TE
A — A FPURE AT A F RS IE L
apr(X)={U{KEK|IKEX}}={a,b},
apr(X)={N{KEK|XZK}}={a.b,c,d} (35)

7.2 ETHMNRZHWMIRZ B EES ETEM
7.2 1 R HEN R G R A A RS

XA 5% AR s — A TR R — A i 2 Y
B A I N A 3 AL SE PR R FR AT AR B R
g5k KOs S B L AE ESCh s, — s ol 1 .
FA AR AR i3 R PR 25 1) 2 AT 3K R 9 IR 4 4. i A
X /N ARG 25 T 4 28 0 1) AR S T T A
SRR =S ] PRI R S TA] R 55 1 Y A T HE I O AR 1Y
IRELT N

TEA BREE Q LI R Gt — A Wedff o, XA
BT R ¢€Q 5 Q EIAEE T4 o (@) RHK
oK ELBR ST 2 LIRS 3 A A1

(D Ceo(qp)=>qeC;

(2)(C€a(q) ¢ €O)=>TC €a(g"H(C'SO);

(3 Cea(=>VYC €a(g)(C'TO),

H CRo(p) R —A T8RO g #914).
HEM ARG T ABIRGE. M g 19— A7 A bR
B g B9 AR PR R B . B TR AT RE AL
ARTPFA B B G R g 1Y) T R A — i S e —
. 26 0E COMES™ TR R B B ROk 260 2R AR (2)
PR T AL, AR (3) BRI ¢ (11 R AR
a3 UN:UE S

E X 16.

Liaps

K={K|Vq¢eQ(ge K= 3C€a(q) (CZK);} (36)
FLXT I 32 B AL AT Ar X 3 32 B e AT 1 SRR 4 A T
PR AR ZE 0] Q L A HEI R GE A1 Q = iy R 5 ]
& —— R LY.

O AAEK B — D iR/ 78RR B XA~
W B BT — S MPUR S HEA GEd B
FEE R ARUR S 19 I 45 2. 10 0 TR A5 Ja) R T A R R

Xf HEN 2R 58 (Q. o) XL Y A0 YL &5
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ARSHR AT LA B 3 A~ /N - BT v i) — S SR Y O
73 3. FRATHRIXAE B 75 W Ry KI5k AR 25 B F 1 X
MEE Q W — B . B iy AR O BE AR X R
ARIR S ) g T — DI ] 2R A5 A (Q, BL KO,
R 2 (8] H ) RS FR Ay R
FRATTAE TN PR 2 [a] vh A7 I 7] 24 J32 25 [
(Q,B,K),
Horp,Q J& [A] AL . B 29 02 iR =5 [A] 1 5k, Bk y Kk
AR, K S 29 02 13 23 ] v iy g0 AR 28 B R L R
T 2 ik B R 2 ] 1 22 B e 4 2 i 2
AWEE EEBON . BATFRRE B —1 T4
PRI R 1 A 1 B R A Il iy — > ). 4 B,
LR Lh B R iR A K, B N AL R g 1Y
i T s . Wik, B,<K, , KK, 2EE &
q WITA RS ER. AL E R E ¢. A B, <
B.q WA TS o (@ 7T DU B R0E
o(q) =20, (37)
S (37) HAAR T BT DA P 2 0] f) JHE 2 G o] ) it
ERGILHB
7.2.2 HEWM RS T ETER
R ZS ) LT IR RS [ (Q. BL KD . FIJE A
B HT R R GEXT AL B BB AN ] A O IR A ]
XF Iz B AL R RS TA) A 0 R ME — Y T
AR AN
EX 17, EQ o) AN &G, HKE29%
ARG R 1 0 P45 4 X O 13 B8 B AL 7R G AL A (]
apr=(Q.B.KOH . XL F4HE XTQ. B LT il
E SN
apr(X)={U{KEK|IKEX}},
apr(X)=
{KEK|XSK, VK '€ K(K'CK=XZK")}(38)
XA E IR T 1 A 3 Fg Ol 45 G
WRX 22— MTMPRE, RITHapr (XD =X=
apr(X0. FIEPRKFEE T X M RER. Bl
PRKH S X MR/ EGH RN ER. G&57E X
B R R SEME— S X M R/NER AR
ME— .
7.2.3 5
BE Q={a,b,c.d.e}. 4 EMENM RS .
o(a)={{a}},
o(b)={{b,d}.{a.b,c} {b.ce}},
o(c)={{a,b,c),{bsc,e}},
o(d)={{b,d}},
o(e)={{b.cse}}.

FATAT BN HR 2544
K={J.{a}.{b.d} . {a.b.c}) {b.cse} lasb.d),
{asb,c.d){asbiciel s {bic.dye) Q)

AR %5 5 o 0k H AR 45 8] 0 I dz 5 B A
FEATAE AR A (8] oAy — S KL 25 (]

(Q.B.K),

Hrp, Q={a.b.c.d.e}, B={{a}.{b.d}.{a.b.c},

{bicset )y K={T . {a},{b.d}{asbich{b,cie},

{a.b,d},{a,b.c.d}{asb,c,e}{b,c,d,e} Q).
K] i o % 56 B b 4R 2 1A 1Y JF 38 5 k.
Z B R B A ) i X={b.c.d}. BT EMRN

S — M APURZ AT A M PUR S E

aprXD={U{KEK|IKE=X}}={b.d},

apr(X)={KEK|XEK, VK € K(K'CK=>XZK")}
={{asb,csd} {bsc,dse}} (39)
8 & i

KL UKL SS K 2 LTS 58 P A AR B

AR SCHR TR S (8] 1 S A IR HE R L BT — 4>
ZREERU.S,  SHMIBE U LR R k. U
SR Sy AL T L BRI FEACRL (AL i 5. Al 2 X
RIS 2 56 A B2 10 4 T X3 1 B L R by R 45
.S 114 BT E SR

SR BATT R 20 HLH R 4R A = J2 b B =5[] 4 7Y
2 R I A B S MRS SR R At L AR AN [R] A
T RUIN BRI T AORE JEE 2 [ < I T AR S () AL
A PR E A3 ). DS T I P RRORLEE 25 )R B L
AL X IV RESE F 2Z2 8] Y 5 AR - LA BB i SR R AR
KLI 5 1%

BEAh . FATTR RS 4 bR U T 5 REE &
SCAE T foe— JBERO A T FRATTHS B 3 B 23 5 AE P A
AR T ARG T AT E L8 T SCRLEE i L5
T SEAE . B S RLRE S BT AT BORE A R
— A F B T S AR A AL T ) S T RE 2
AN R X SO LB T I b R BB R E 2
PFERVT T 7 BRI I 45 A SR S8 30 4h 2 (A A
FEURE S T (9 RS 30T 00557 2 R AT T8 52 SR 91 55
Hh S FATT 0 AR I RT 240k R s ] A AE R] 2R S ]
T BRI AR L IF HAR i William Zhu
P2 Y 4 Pl RE TR A MLBE SR R A TS R A A
HAY.

B Dy 28 ] s JE =3 18] i 1 FRATT R 1B 5K
AR A& o0 A i A = J2 R B s ) A T e HL R L O
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Background

Granular computing, a rising research direction of artifi-
cial intelligence, is a new computing paradigm of problem
solving and information processing. One of its central notions
is hierarchical multilevel granularity. However, most of the
existed work on granular computing has been done based on a
single level. It is against the idea of granular computing.
Though the formulation and interpretation of granularity are
much application dependent, one may study some mathemati-
cal models independent of specific applications. However, to
our best knowledge, there still lacks of a unified model which
can describe the granular computing theory.

Therefore, in this paper, we propose a set-theoretic
framework for granular computing. We assume that a gran-

ule is represented by a subset of a universal set and the gran-
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ular structure is constructed based on the standard set-inclu-
sion relation on a family of subsets of the universal set. With
the proposed framework, we are able to describe and repre-
sent of multilevel granularity in granular computing. And we
can also investigate granular structures used in rough sets,
formal concept analysis and knowledge spaces.
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