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On the Combination of Rough Set Theory and Grey Theory
Based on Grey Lattice Operations

Daisuke YAMAGUCHI" Guo-Dong LIt Masatake NAGAT*

Rough set theory is used in many fields: Data classification, Feature extraction, Inference, Machine
learning and Rule induction and so on. A lot of methods based on rough set theory are developed and
applied. Traditional rough sets deal with categorical data or numerical discrete data. A new rough
set named grey-rough set based on grey lattice operations in grey theory is proposed in this paper.
Traditional rough set theory is compatible with the proposal on categorical data and numerical discrete
data, because such data are special cases of the equivalence class as a whitened value. Moreover, by
removing the equivalence relation from the condition of the upper/lower approximations, we propose a
grey-rough set in order to deal with data which have a range as an interval. A numerical continuance
quantity is possible to apply the proposal. The proposal is illustrated with several examples in detail.
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77 O—EEGMEmEDAWIENIRINTWS, X/,

PR IR 2R B T35 8),  Graduate School of Engi-
neering, Kanagawa University

P23 IR 2 T4, Faculty of Engineering, Kanagawa,
University

010

B Pl RO D HEBHRESN TN D,

JREIEGR [26-30) TIRIRE E TN 28T K D1
MORHENSI ZROFL> TS, JKE SN
I RS, BBELFOHEITEREMRETHD,
K ZERDMETH S, IREOBEAF &L T, REM
BT [31,32] 23T 5N 5, FRAEMMNT TIdd S RIEM ©
EEMENTFEET H#HIHZ © = 2pest +02 &L TET,
72720, Tpess SR EHEEM, 0 13RETH D, Z
ORITIKAPEER T BT D @1 2 [Thest — 0T, Thest +
02], QT = Tpest EHFMTH D, KEIZ DL D72
Ty P —ERBDBAENSEROE D,

ITAETIX IXSQL [39] 72 ERX T — 4 AN DE Y
R— NHHER T — I R—=2ADFEI N TN D, 7=
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White number
—o0

Grey number
z

—+00

8|

_ oo Black number
z—>—00

Deng’s grey number

B 1 I DR

TEDEDITRY, FHRELTIERD T TEAEXD
HT =Y DO PNPIERSN TN S,

2. R&RFER

PR RS THEEL [40,41) 13K AR THLD % 5 BUK
¥ (grey number) 12X L TITONDHEE D —FET
H%. GASNEZDULEDKEITDONWTZE DX
ZPK - #i/NT HHETH 0, (EROEGHESH
BRI T %, BITIRESN TV A 2 25
U, R [42-50], #& 7408 [51] BI O THE
i [52] ZICICW L DR Z1T D,

EHREGZE U, Z0EFZZ 2(z e U) £9%, R
EEREEROES, X 22 DED D ZELHOH
DEA(XCRCU) &T 5%,

EE L GEUICHIZRBEGLETDE, L
ANy TR i (x) &R A >Ny TR
bo(r) KRODEUPIZERSIN .

(1)

72720 p(2) < Fig(z), 2 € Us p (2) = fig(z) O
L&, KEEGGET77o—HEL18%,

EE 2. ER 2D DO0MH 2,7(z = inf X, T =
supX) & @z = zfff ELTHDLEE, @rllon
TUFOE#HZITS (®1D.
l.z— —00,T— 400 DEE, Rz ZE2EHEEND
2. x=TDEE, uiIAREZITIALMEE NN,
®Rxr THT
3. FRROWTNTHRNEE, ®r 2 [z,7] 2K
BENnD

EE 3. OO e BEUP ey RMEELTH
WIZELWEE, Bk ‘2 (coincidence) & L TLL

TIEFTS (@24H).
Rre=y ifz=yandz=7 (2)
/ol = = G P s R

EE 4. " D0HEFZ 2,y EENSDOKE @ =
[z,7], @y = [y, 7] TOWTEHERIFR — (inclusion)
ZLUTICEFRTS (K27),

@r—-ey fy<zandT <y

3)

020

Inclusion Coincidence

RIT —+ QY Rr <2 QY
Rx QT
] Xy

2 Rk THEICB T SR

EERT, L, REAZBT 5720, BERHEDORER
WOWTIIESHOER 2 Cy Hnd,
EEDOFEEK ala € R) £213 @r & @y IZDNT
WU FODERBZHWNW5S,
a— Ky
®r — Qy

JeLRIGRIC, BEHEMTIEaCy,zCy XTI,

(4)
()

ify<aanda<y
if y < ®z and @z <7y

EE 5. KEZEDOD=D08EFE ¢,y, 2 12DWT, B
& =TT ONERFBE R % /= 9

1. ®r — Rx

2. ®r — Y, QY — QT & Rr = QY

3. r — Y, QY — Rz = Qr — X2

ETE 6. IKEERDOD=ZDDEH x,y,2 ITDOWT, HE
% 2 13LUF O RMERIR Z W72 7

1. Qr & Rx

2. Qr 2= QY & QY = R

3. Qr 2 QRY, QY = Rz = Qr = Rz

EET. “DODEH x,y DFFDKE @z, @y IOV
TUTOREKFEEZER TS (K3,
1. X[EF08 (Join, z Uy):

—
=

Rz V Qy [min(z, y), max(7,7)] (6)
Rz V Yy [min(®z, ®y), max(®z, @y)] (7)

2. KMFET (Meet, z N y):

—
=

if x — ®y
if @y — ®x
if x > ®yand ¥y — Rz
if y— @z and T — ®y
~ otherwise
(8)

Rr N QY =

SRER
RG]

8 [

R @a: = <§:§y
g R #Qy
3. i X[#l(Complimentary):

®x/\®y2{

Rz ={reXWe<z,T<ux}
4. Pef iy X [T (Exclusive Join, z & y):

(®z V Qy) A (®x¢V Qy°)

e ooy = { (@2 V @y) A (@1 A @Y)°

(11)

Sk [40,41] TRAEGELTWS,
T2k [40,41] TRILHE L TNV,
I3z [40,41] TIREE (NOT) &L TW5,
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Join for grey number Join for white number

®x Ry ®z Ry
Rz V QY &z v &y
Meet Ezclusive Join
R X
f ———  —————
— e —
QY LRy :
KT A QY Rr D Y

Complimentary
[

Rz

3 IR kg TR O KRR

TE 1. EAWE (53,54 SAEC, =D OREK
®r, @y, ®z 1TDNWT, REH THEEIZLF OME
EHO,

l. @z — Q@ VY, Qy — Qz V Qy
2. ®r — ®z and ®y — ®z, then VY — ®=z
3. ®x — Qy, then ®x V Qy = y;

Rz V ®y =2 y, then @z — ®y
4. Rz N\ QY — Qx, Tz A QY — Ry
5. ®z — ®r and ®z — Ry, then ®z — R A QY
6. ®y — ®z, then ®x A QY = y;

Rr N\ Ry =y, then ®y — Rx

EE 2. T5IT, LUFOEAIAALT 5.

1. @z Ver = Qr,c A®r = @ (MEH)
2. QxVRY 2 QY VR, Q®r ARy = QY N\ Qx
(B t)
3. (®TVRY) V=1V (RyV ®2);
(RTARY) ARz 2 QA (QyA®Rz) (FEEH)
4. @A (®yVEz) = (R AQY) V(R A ®2);
Rz V(@Y A®z) = (Qz VoY) A (QzV ®z)
(JrBof)
5. (®xV®Y) A ®@r 2 Q;
(@2 A®Yy)Ver =z (FIE
6. QxAR2° 2 @, Ve 2R GHILHE)
(®z¢) = @z (CEMTHD
8. (®xV ®Y)° = ®x° A Qy°;
(Rx A RY)° 2 Qx°V QYy°

=

(K - &L HD

EE 8. ZDODKE @z, 0y IZDOWT, LUFOHIL
B2 ERT D, M4ITRTEIIZ, Ths ORI%k
DFEFIIETHEETH 5,

Midpoint mid(®z) = (z +)/2
Diameter dia(®x) =7 —z

Radius rad(®z) = (T — x)/2
Magnitude mag(®x) = max(|z|, |Z|)
Mignitude mig(®z) = min(|z|, |Z|)
Absolute abs(®z) = mag(®z) — mig(®z)

030

Midpoint, Magnitude, Mignitude, Diameter and Radious

mag(®y) mid(®y) mig(®y) migf@z) mid(®z) mag(®z)

RY | ®z
Y ; 7 [z ; z
= dia(®y) y 0 dia(®z) “
- rad(®y) rad(®z)
Sign sign(@) Overlap {(®z, Ry) = %%lgg)
sign(®2) = 1 dia(®x A ®y)
1 Lo ! ®x "
® Ry L ez 1 ey
AN : -
: sign(®y) = 0 dia(®z V ®y
_ 1
sign(®z) = —1 fez,0y) =0
dia(®z A Qy) = @
Q@
Heaviside : T ——
hv(®) Y
1 hv(®z) =1 dia(®z V ®y)
(3, @y) =1
: dia(®z A ®y)
; — 5
Xz ] Rz : R :
= —
hv(®z) =0 0 hv(eoy) = 0 L By

-—
dia(®z V ®y)

4 F{LBI% D KRR

Overlap ¢(®z,®y) = %

where @z A @y = @ & £(®z, ®y) = 0;
Qr = QY < £(Qz,Qy) = 1

Size size(®x) = (|z| + |7])/2

Pivot piv(®r) = \/mag(®z) - mig(®x)

1 ifo<z
Sign sign(®z) = 0 if0—®x
-1 ifz<0
- _J 1 if0<z
Heaviside hv(®z) = { 0 ifT<0

3. #H¥EIREST7EE
3.1 ST7KABLRBEROES

7 7HEE3BR RIS 2 FfEEE (equivalence
class) DEAFITH L T EAM - FiEMZITD. K
X CIRIKEKTHE TR O NS FEERMR = 5 o
TEGEFFEOUENETH D I LaEL, TL
T, 78 EIROHROERTDOVTERT .

TE 9. [fERER 2'(=2e R)IIDWT, BEFEarelU
DRMESE [x]gr ZLULTFICEET .
[z]ar ={y € Ulz = y} (12)
ZTUT, [fESE [z]or ZEAFOEEZ D,
1. x € [z]gg for any =

2. x 2y, then [z]agr = [Ylar
3. [zler # [Wlar, then [z]ler N [ylar = @

£ 10. REFHICBT 2EMIZEMZ AU, =) &
EFT D, ZEDOE ARXEENZAEHE [2]gr D
E£HIU/ = Tho,
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EE 11. 2hREEGUOHIERE S LTHEE,
S @ EifLl (upper approzimation), Tikfl (lower

approzimation), HRELNTFIZEFKT %,
GR*(S) = {z€Ullzlgrn S # 2} (13)
GR.(S) = {zeU|z]gr €S} (14)
BND(S) GR*(S) — GR.(9) (15)

LEOEROH (GR*(S), GR
S TREEERT D,

FE 3. T 11 ITORLIHKIM SIS 7RG

«(9)) Z R EIKE

WL T OME 255D,
1. GR.(S) C S CGR*(S)
2. GR.(9) = GR*(v) = o;
GR.(U)=GR*(U)=0U
3. GR.(SNT)=GR.(S)NGR.(T);
GR*(SUT) = GR*(S)UGR*(T)
4. S C T implies GR.(S) C GR.(T);
S C T implies GR*(S) € GR*(T)
5. GR.(SUT) D GR.(S) UGR.(T);
GR%SHT)CGR%SMWGR%T)
6. GR.(U—S)=U— GR*(5);
GR*( S) = IU GR.(S5)
7. GR.(GR ( ) = GR*( R.(5)) = GR.(5);
GR*(GR*(S)) = GR.(GR™(5)) = GR*(9)
FEBA. BEfR ‘=7 13 Pawlak [1,2] 12X 2 T THEA DR

R RICEXRND 20, BT 7HRE EFRBITHK
AVAC IR O

RS 7HEEITBIT B EE - TRt 784
DZENGS ERIRICIROES 2 ENTES, Lirlli
SIRBETARENOH 2 EEZDELSTHD, i
L ST IRET 2EHEDELSTH .

INETIERN S 7VEGRI AT IV FT—5 £/
3BT — & OAZETO o Tz, RIgRDIKE
I 7HEAE, REZFDBEHT —% i3k T —
FHEO NN LD ICHIEEN TV S,

3.2 {5
3.2.1 AFITUF—5 Dl

£ 1[55] 137 7EA Z 2B L /= Pawlak 12X % i
Thd, NADBEEZDDRENST > TIVT
HF (Flu) THEINEDINERLIZERETH 2. &
BlIHTd)FT—FTHO, GHRINRT 7HEEGTH
DHFbns,

£ 1 RITTREINTWS {yes, no} % {1, 0} IT,
{very high, high, normal} % {2, 1,0} &L/ & &,
ZOHTINT—=FI3ER 1 MR BEBEE T —
% &72%, Headache, Muscle—pain B LU Temper-
ature IZDW TR ‘= 1B B FEMESE [plar DE
BRUTIEA 5N %,

Upit {p2,ps}, {ps}, {pa}, {ps}}

040

xK1A7JV5—% (BT —%) DF [55]

Patient Headache Muscle-pain Temperature FTu
Pl no yes high yes
P2 yes no high yes
p3 yes yes very high yes
P4 no yes normal no
P5 yes no high no
pg no yes very high yes

T T yes
1 yes
2 ves
0 no
1 no
2 yes

s
=
oror~=o

ZTC, B po,ps 3B BHEOED @p, 2 ®@p; &
®p2 ®ps 12505 FAEREIZ/R S,

BEDES S) = {p|Flu = yes} = {p1,p2,p3,p6}
ETHE, S DLEEEBIUIFELIIL T LD
IZe581 %,

GR*(S1) = {p1,p2,P3,P5,P6}
GR.(S1) = {p1,p3,p6}
BND(S1) = {p2ps}

X7z, BEOES Sy = {p|Flu=no} = {ps4,ps5}
ETHE, S O EEMBROFERIZLATOXLS
5N %,

GR*(S2) = {p2,ps,ps5}
GR.(S2) = {pa}
BND(S2) = {p2,ps}
ZOXDIT, AFERAFITIZEMNEDMEZB{E & &

EBEDIRET THREG LIRS, NTd)T—FI3E
DX ITHEBENE T — & \TEHT 5 2 & T, il
SR TERENETTE S,

3.2.2 RE&#HFOIT—FDH

% 213 UCI [56] ® AUTO-MPG 5—% 2545
NEFEELZDHBDTH S, HHHERL 391 5D B
108 BIZDNWT, RITKRT 104D A—HITHEEL,
LODREEDEDE/IMED L R ARE % X7z,

FDS55, Cylinders & Model year DJg M1z
THERINELND, TORNSERE9 ;T'a“l_l
i [x]gr DEBIILLFICEA SN,

{ {1} {2}, {3}, {4, 8}, {5, 9}, {6}, {7}, {10} }
lEL, BEAMTIIRSFESTET, HlEL T
BZED A =T DHEA S; ={No.| Country = Japan}
= {5, 6, 7, 8}, So ={No.|Country = Germaney}
= {1, 2, 9}, S3 ={No.| Country = USA} = {3, 4}
and Sy ={No.|Country = Sweden} = {10} IZDW
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*& 3 kL 7= AUTO-MPG 57—%

Tylinders

Manulacturer Model-year | _Country

No.
T Audi 1,5 70,80 Gexmany
2 BMW 4,4 70,77 German!
3 Cadillac 8,8 76,79 USA
4 Ford 4,6 70,81 USA
5 Honda 4,4 74,82 Japan
6 Mazda 3,4 72,82 Japan
7 Subaru 4,4 74,81 Japan
8 Toyota 4,6 70,81 Japan
9 Volkswargen 4,4 74,82 Germany
10 Volvo 4,6 72,81 Sweden

TO Y - FEBALLFOL D IT/HEL NS,

GR*(S1) = {4,5,6,7,8,9}, GR,(S1) = {6,7},
BND(S;) = {4,5,8,9}

GR*(S5) = {1,2,5,9}, GR.(S,) = {1,2},
BND(S,) = {5,9}

GR*(S3) = {3,4,8}, GR.(S3) = {3},
BND(Ss) = {4,8}

GR*(S4) = {10}, GR.(S4) = {10},
BND(S,) = &
ZOEIIT, HMERICT—INKMELTEAS

NTWTH, [AEH [2]or 05 T THEEZIOHED
ZEINTE %, [FAfEH [2]gr DL - FIELIORERIZ
BAETHD, LhoT, B %ﬁ%%éhfué
IR S 7 EEHmA ARG T THEEIT
nJEETH B,

4. —MLIkES 7&E
4.1 —DOOEMICEELAEBAEDKES 7&E
RO 7HEETIE, Bach-a2BkicBiT5
FfERADEG 2 B ITEREOMEKRE Y S A5 >
TLTW5, RMEERMT 7EE TIIRIEEOHIF
AR 7280, BRIOY T ALY 2T 270780,
BboicExsnz@t—o3 Dok U TR
FIERL - FERIZTY, TS OREDN 5 RKI7S
iRl - P EEET S, RO & IR Gkg T
HE O EBGREXKEEICE > TEHT 2,

TE 12, RET TEBICBI2EHI AT LIS =

(0,A,V,p) ZEHKT 2., 12751

O \ZEMWS AT LTHEIET D8R (object)

AVZEYE (attribute)
VIZEHEFFDMETH D ARRITIEV =R

p W XEHRBIEL (information function) TH 0,
p:OXA—-V

EFE 13. D2EMac AITPBNWT, fHikzcOoMm
LOME% ®(x,a) €V ETH, 12721 (z,0) € Ox A
ET2, BEaITBISEEDHEZ s E L EE,
JEME a I2RBT B, [AMESE [x]gr ZRWRW BT -
TEMZEL FICERT .

GL*(®s) ={z € O|® (z,a) N\®s £ &} (16)

GL.(®s) ={x € O|® (x,a) — ®s}  (17)

BND(®s) = GL*(®s) — GL.(®s) (18)

GLIZ—DD@EME a TETHRLZEEDRET
TiEETH %,

4.2 BZonELTORMICIHMTIKRES T7ES
(—xLIkEES 7%48)

EE 4. n flAOREME A = {a,a2, - ,a,}
oW T,BH 2 NETHETHME
{®(x,01),0(x,a2), -, @(x,an)} ZF D E&T
LZon HOBHEICOWTHEEOHEZEDES
S = {®s1,R89,  , s, } T D O D Lgfel -
TEMZELIFICEET 5.

GW*(S) = [GW"(S),GW (S)] (19)
GW.(S) = [GW.(S),GW.(S)] (20)
GW*(S) = L, GL*(®s) (21)
GW'(S) = UL, GL*(®s:) (22)
GW.(S) Mizy GL(®54) (23)
GW.(S) = UL, GLu(®s) (24)

25 DL (GW*(S), GW.(S)) & ALK ES 7
EELERT D, 2L, QW (S) C GW.(S),
GW*(S) C GW(S).

T 4. TF 14 1TTRUE—BLIK
DTomgzsro,

1. GW.(S) C GW*(S
(R

Bo 7EREX

)
2. W.(R) = GW*(R) = O;
W.(2) =GW*(2) =2
3. GW*(S T) 2 GW*(S) U GW*(T);

S

W.(SNT)C GW.(S)NGW.(T)

4. G W.(SUT) 2D GW,.(S)UGW.(T);

GW*(SNT)C GW*(S )ﬂGW*( )

5. 8 C T implies GW,(S) C G ()

S C T implies GW*(S) C GW*(T)
6. GW,.(S5°) =0 — GW*(S);
GW*(5¢) = O — GW.(S)

7=7ZL, S¢ =
®t; for all 4,

EE 15. €7 14 OEPIOKEE o(S) BL LD
B (S) ZLANITERT 5.

{®s§, @55, ,®s5}, SUT 2 ®s;V
SNT 2 ®s; A\ ®t; for all i,

_ card{GW,(S)}
o(8) = G (5} (25)
() = e (26)

TE 16. GW*(S) 7213 GW.(S) DfEfR 2 12D
T, IREEEBEE = ZERT 5.

Zf (z,a;),®s;) (27)

Z DI E AR 2 13 LL N ONERBE R & i 7= 3

1. 2(S,z) < E(S,zj)
2 E(S,2;) < Z(S,ax),Z(S,m) < E(S3;) ©
E(S,x) =E2(S,z;) 2L j#k

usd
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& 2 AUTO-MPG 5—% (UCI [56] D5 —% % IIZEH S D HRE)

No. Manufacturer MTC Oylinders — Displacement — Horsepower Welght Acceloration  Model-year | Country
T Audi 30,36 .4 15 [97,131] 167,103] 3.19,2.05 [14,19.9] 70,80 Germany
2 BMW 21.5,26 4,4 [121,121] [110,113] 2.23,2.60 [12.5,12.8] 70,77 Germany
3 Cadillac 16.5,23 8,8 [350,350] [125,180] 3.90,4.38 [12.1,17.4] 76,79 USA
4 Ford 15,36.1 4.6 [98,250] [65,98] 1.80,3.57 [13.6,21] 70,81 USA
5 Honda 24,44.6 4,4 [81,120] 153,97] 1.76,2.49 [13.8,18.5] 74,82 Japan
6 Mazda 18,46.6 3,4 [70,120] [52,110 1.97,2.72 [12.5,19.4] 72,82 Japan
7 Subaru 26,33.8 4,4 [97,108] [67,93] 1.99,2.39 [15.5,18] 74,81 Japan
8 Toyota 19.39.1 4.6 [71,168] [52,122] 1.65,2.93 [12.6.21] 70,81 Japan
9 Volkswargen 25.43.1 4,4 [79,105] [48,78] 1.83,2.22 [12.2,21.5] 74,82 ermany
10 Volvo 17.30.7 4.6 [121,163] [76,125] 2.87.3.16 [13.6.19.6] 72,81 Swede
3. 2(S,z;) < E(S,zx),2(S,zx) < E(S,7) = 4.3.2 ZEMZEET Auto-MPG T—9DEH
2(S,x;) KE(S,z) 22U j#k#1

ZORE T TEBFIIREICE TN AR Z NS
Z&T, FMEEOESZRWTIC RIEE - FiEklz
KL TS, ~BRILKET 7HEED B GW 1
1 DU EDENEME ©sI2DWT GL* #7213 GL, @
ST EAROESTHD, Tum GW 13HEE
L2 ToR%EDME s I2DWT GL* £7213 GL.
DOE&MEFHTEEOES ZBEW%RT 5,

EFE161E, BB EAZEFEICE > TES M
FZERICH L CEFZE 525, ZOlEF &L, BEE
DX, SNA 2 EXRBOBENEZREEELT 5,
EFE 16 TlE, EHEOSL WK ZH A S EKZE AL
12, BICEEDDRBWERZ IICT 5, EENS
WIRR &1L, K ®s & ®(x,a) Dz 5 K7
PLTWBZ EE2E®RT 5,

4.3 &
4.3.1 1k#L7= Auto-MPG F—FDEH

% 3 TRLUTZ Auto-MPG 57— Z1EHE IS &
T2L, FAERBIURIEZLUTICEASN %,

0O =
A:

{Audi,BMW, ... Volvo}, card{O} = 10
{Cylinder, Model year}

ZZT, iloxg i b HE4E Japanese &
Japanese = {Honda, Mazda, Subaru, Toyota}

9%, TOEEOEDEHOMEIILLTIZEZS
N5,

®(Japanese, Cylinder) 2 [3, 6] (28)
= \/ ®(z, Cylinder)
x€Japanese
®(Japanese, Model year) = [70, 82] (29)

=V

rE€Japanese

INS = DDOEEDEMEZFRFIZHZT O DL
El GW*(Japanese), il GW , (Japanese) %
RAITRY, ZORIITEBIOKE, THOEB K
Ok ZEZZNZTNHRE LI EED B - T
PIOFERBRL TS, A5 FITIdEE L Wakiig
tFZ2EEL TGW ORROABZELRRL TND,

fHE D A —F D% Japanese & [FfRICH A 7245
&, German, American B& U Swedish LW S HES
TIPS RNERITRT LD IHF 5N,

®(z, Model year)

% 21TRY Auto-MPG 57— ¥ Z W& 1S &9
L, @t AR

A = {MPG, Cylinder, - - - , Modelyear}

ELEMEERS, f7ip]EFRICES Japan OJEMEE
252 %,

®(Japanese, MPG) = [18,46.6]  (30)
®(Japanese, Displacement) < [70,168]  (31)
®(Japanese, Horsepower) = [52,122]  (32)
®(Japanese, Weight) = [1.65,2.9]  (33)
®(Japanese, Acceleration) = [12.5,21]  (34)
7272L, Cylinder & Model year IZ DWW TIEZL (28)

&K (29) 2ENENAHWS,

£ A& Japanese X9 5 O @ Lk
GW*(Japanese), F i I GW,(Japanese) %
KH5ITRT, ZORICHBMOEKERRELEE
EO R - iR, EEEEBITENMOE %
RLTW5, £4 E0EWVE, EEMEAIZFE
PUTHRLSNTWBERNDIZL, BRIZEENS
EARNEZ TS, ZHUIHEHAL TS EEED
WAREOEEEDNS, ZOFEIZBWTH
E D A—H DI % 12 German, American 3L K
Swedish & U T U#EERNTE 5 N7,

5. ER
5.1 REAEEMXRDAELDEN

L6 IFICHE I N TVB HiEERIERIKEAS T
B DO GEEE LDz, Zhang and Cheng &
D 7 KAEEVL Dubois b O HEIZITY, 7
513 Dubois 13 A >Ny TS RIS VEAE
ERIL TS DICx LU Zhang 5 DOV H LRI %k & 3
WEELTWENSTHS, Zhang and Wu O F
FIIXKEEMEICE D T 7iEMZITS, TDRd)
a=10LERREDHIKIEIRE T 7HEEGITHY
T2, 2EL, a OMYIREREE VS ZRENE S
NnNTnhas,

Wu O HEREH D 2 DDEE 2 K DB I
E L7 LETPawlak IT& 2 Z 7B ZTTS, Yao D
153 Pawlak 1T K RIS S 7O R & X
MESGELUTERICRELTVWS, RIEE0—KIL
IRES 7EABXEEEGELTERL TNWER, L
TOETERDHEERRS,

1. WuBEU Yao 505K G A SNZEEGOE

FICH LU TEMTZ0ICH L, 1IBEAGETES A
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R AP LZEMEZEZR WL ED AUTO-MPG 7 —% OBl F

S GW ™ (5) GW_(5) CW(5) —GW.(9) | aB) | (9
American | 1, 2, 3, 4, 5, 6, 7, 8,0, 10 1,2, 3,4, 7,8, 10 5,6, 0 0.7 0.7
German 1,2,4,5,6,7,8,9, 10 1,2,5,7,9 4,6, 8, 10 0.556 | 0.5
Japanese 1,2,4,5. 6,7, 8 9,10 1,2,4,5,6,7,8,9, 10 2] 1 0.9
Swedish 1,2,4,5. 6, 7.8, 9, 10 7,10 1,2,4,5,6,8,0 0.222 | 0.2

x5 2TCOEMEZ AW EZD AUTO-MPG 7—% O fsH

5 GW™(5) GW_(9) GW B —GW. (5 [ a5 [ 75
American | 1, 2,3, 4, 5,6, 7,8,9, 10 | 2,3, 4, 10 1,5,6,7,8,0 0.4 0.4
German 1,2,4,5,6,7, 8,9, 10 1,2,7,9 4, 5,6, 8,10 0.444 | 0.4
Japanese 1,2,4,5 6,7.8.9,10 | 2,5,6,7,8 1,4, 9,10 0.556 | 0.5
Swedish 1,4,8,10 10 1,4,8 025 | 0.1

SNKHT—8 OEHBROA HER SN
TREFERETTEGLEL TS (K5,

2. Wu BEXU Yao 5 DI B - Fiblofg
MENEN1DTHDDITHL, REHIEZ L
- P E B XHEEGTEALND D,
R 1 D EIFR 5730,

5.2 —RMtEIRES 7RHUDME
ETEIARRERILKE S TEETESND BT
P FESOHEEEL TS, 22T S IRalkt
KEBDER, (z,0) ZBEBRECTENDT—F T
H2, TZOENSGUTODORMAEIET S Z &
MTED,

1. (z,0) BEHLETHIUS, SIZEESDMETH-
TH GW*(S) = GW.(S) 725 Il R
5N 5,

2. (z,a) BT S HEMLAED & &, FEILH
TR LD, TIUL S HEIED &=, R
(17) 2R TS (, a) FELED & 2751377
5Th 5.

RS 7HEETZ DOMWE %W Tl REN: - S8R/
WCEBT—IRA T BITDIENTES,

EbUIC
KX TIEH L WT TEE~NDOY JO—F &L T
IR THEEICHE DL S TEATH DKM T THES
BIRRLUZ. ARLONEEZUTICEED S,

1. IR T O [FMER R I D < Hilffh & R
TOEBEIREL, REOBEHE S TEGOHES
27z,

2. REMTHEOXMEE G EBEGRE T 7HES
DIEBIGIEET 2 —BILIRE S TEA ZIRE
L7

3. MODFEERL, RBELEZ_MFEEOREGS T
£513, KMZ2FEOT—YIZb#EHATESL LD
Wk FiEEIEL /2.

4. IXSQL 72 ERMFT—F Ik g 257 —4 N—
AT AT LNOREMEHE REREML, S5HBFEEA
DYLEEMNAIEET H %,

HEE ARSI TEERY S 2l 2 MR)ITR
AR B AL EBE IR W2 L E T,

6.

g7d

& 6 MEOTIELIREHEOMHE

Type Approximation

Pawlak [1]

R¥(X)={z € Ul[x]g N X # &}
Classical rough set

Ra(X) = {z € Ullaly C X}
U: universal set
[z] r: equivalence class of relation R
X: subset of U

Dubois and Prade [33]
Rough fuzzy set

BR*(F)(Xi) = sup{nF (@)[w(X;) = [2]r}
bR, (F)(Xi) = inf{up (2)|w(X;) = [z]g}
HR*(F) (X;): degree of membership of X;
iR, (F)(Xi): degree of membership of X;
F: fuzzy set in X

[x] p: equivalence class of relation R
;LF}}m): membership function

Zhang and Cheng [35]

W™ (Bg) =sup{Wq(2)|6(Ey) = [z]Q}
Rough grey set [1]QQ)

W_(Ey) = inf{Wg (2)|¢(By) =
k=1,2,---,n

Ej,: name of the kth equivalence class
Wg (2): whitning function

[x]: equivalence class containing x
P(Ey) = {z|By}
Wu et al. [36] R ([A,B|®) =R B

Grey rough set Rf([A, B]GB) =R_A

[A, B]®: grey set based on the range set
A: normal sot as lower boundary

B: normal set as upper boundary (A C B)
R~ B: classical upper approximation of B
R_ A: classical lower approximation of A

Zhang and Wu [37]
Grey-rough set

aprTX = {X € U[[z]T C X}
apre X = {X € Ullz]g N X # &}

[z]¢" = {y € Ul(z,y) € GSIMa(C)}

GSTMo(C) =

{(z,y) EU X U|Ve € C,SDg(z,y) > a}
_ m(®zN®y)

IPC (= Y) = y(@zugy)

a: grey similarity coefficient

Yao [38]
Rough Interval-set

Apr(X) = [R«(X), R*(X)]
Apr = (U/Rp): approximation space

GR™(S) = {= € U|[z]gr N5 Z 9}
GR«(S) = {x € Ul[z]lgr € S}

U: universal set

S: subset of U

[z]g g: equivalence class of grey number

Proposal
Special grey-rough set

Proposal

General grey-rough set
GL*(®s;) = {z € O| ® (z,a;) A Qs; 7 &}
GLx(®s;) = {z € O| ® (x,a;) — ®s;}

x: object of O

a;: ith attribute of n

®(x,a;): given value of x on a;

®s;: ith value of n for approximation

S: set of ®s; with n values

® 7T RAGRE TS TEGDELOMEE

S (z,a) GW ™ (S) GW4(S) T %

® ® o o GW™*(S) = GW(S)
® ® o o GW*(S) = GW(S)
® ® o x GWy(S) =@

® ® ° o GWx (S) C GW*(S)
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= Apr(X)

classical rough approximation

GW,(S) 2 [GW,(5),GW(S)]

a GL*(®s1) = {x1, X2, X3, X4}
i GL.(®s1) = {x1, 22, x3}
yrees
* ®(xs, a1)
GL*(®57) |GL.(®52
5 =
{3/ X X ®(xs, a2)
X | xs
77777777777777777 T T T 0= 7(11
O T
I

GL*(®s2) = {x1, X2, X3, X4, X5}
GL.(®52) = {x2, X3, X4}

Wgsg GL*E@vlg u GL*Eng

}thz,xa, Xﬁxs}
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