%14 B4 6 ) O R & ¥
2019 4 11 f]

Vol.14 No.6

CAAI Transactions on Intelligent Systems Nov. 2019

DOI: 10.11992/4is.201905050
[ £& H AR B 3k : http://kns.cnki.net/kems/detail/23.1538.TP.20190910.1329.004.html

MHIARREXERNREARGSANRE

ke as', RIEA FE£E
(1.mRIFERFE FEEEAFFR, M & RE 050024; 2. TARIFERF AL ML TN ELFKE,
e B R E 050024 )

O BT USROE S S AT I P 2 1R 0 D] R R % A A Ak R BRI, DR R D) R i M 24
fi] 2 T 2OME 20 A B0 B B A I S0 DR . A SOk T A5 A 56 FR ISR Bl ) e ST 2T 5 Y T 1 24 1T 5 R 0 4
W, 5 SORCPIMR AR 55 R0 20 1, 45 HORL D IR 4 80 o B, O 45 6 A R O vk 2t D M 2 T B0, e R A )
A28 BE X — TR 25 Hh PSR 20 5o 0 SR WU D) il 5 ks 5 R U0 R DU ik 5 7

SEERIA): Jm PR LA TR PSRN 5 T S s HETRUE B s A B s R SR B R A

FES#EE:0236,TP18  XEAREM: A  XEHRS: 1673-4785(2019)06—-1138-06

RS AR KRS, REE, TXH. AR ARREAETENERABH SRS J]. BEFRHFHK, 2019, 14(6):
1138-1143.

F 5| At&3: ZHANG Xiaohe, MI Jusheng, LI Meizheng. Attribute reduction and rule fusion in granular consistent formal de-
cision contexts[J]. CAAI transactions on intelligent systems, 2019, 14(6): 1138-1143.

Attribute reduction and rule fusion in granular consistent
formal decision contexts

ZHANG Xiaohe', MI Jusheng', LI Meizheng’

(1. College of Mathematics and Information Science, Hebei Normal University, Shijiazhuang 050024, China; 2. College of Computer
and Cyber Security, Hebei Normal University, Shijiazhuang 050024, China)

Abstract: Attribute reduction and rule acquisition based on formal decision contexts can acquire knowledge more con-
veniently and effectively; thus, rule acquisition and attribute reduction are two key research directions of the theory of
formal concept analysis (FCA). This study investigates attribute reduction and rule acquisition based on an equivalence
relation in formal granular consistent decision contexts. In this paper, the granular consistent set and granular reduction
are defined, and the judgment theory of the granular consistent set is given, and by combination with the Boolean meth-
od, the granular reduction is formulated. Finally, using the inclusion degree of set-valued vectors, optimistic and pessim-
istic rule fusion methods in formal decision contexts are proposed.

Keywords: attribute reduction; decision rules; formal context; discernibility matrix; inclusions; extracting rules; granu-

lar computing; concept lattice

B Hr (FCA) T 1982 4E 1 Wille . A R4G TALSAAH OGN . HENZMBC7ERF R
R, BRI S AT R S R BRI, R TR S A AR
P AR TR, Wb S s higs T2

[ 25 R 3 T AR A, DA T B X X 42 s P 1)
NTEEE R AT T . Ganter™ 7 Hi & 3 rhifE—

%5 B #3:2019-05-27. W 4& H ki B #3: 2019-09-10.

ELWA: MK AREAELTH (61573127, 61502144); yif b
B HRBEEESTH (F2018205196); T b4 5 4524
KR AR BRI H (BJ2019014, QN2017095); [t
e K 2F 54 H (L2017B19)

WIS 1EE : K IEEY . E-mail: 985740655@qq.com.

s M 24 T 55 0 0] B TR A RS £ 3L v S B 1Y)
5E )7 1A, [EREL & FCA WAy BB R 8, — >k
FI T A ) 8 U &, A S 2 )
Y 2R 02 A7 FE AR AR v, X (A5 AR A 1 A
Mrad R AR AR A RME . PR, PSRBT AT
B R — R R R RN AR AT R Y
7, AT A TR X7 S rp ) e 0 1R 45 5 1 %


mailto:985740655@qq.com

%6 4] SR IGEHES , 45 - R B I D SRE X S A i 1k 24 T -5 U 5 - 1139 -

RV 5 AR B SR IN  BOR R 22 11 2 3 T IR TR A
WF 5T P I 20 55 109 3 1 240 7 5 10 00 488 i ) 3

2009 4F, Wu' BFFFE T AR A AR 45 H AN
(1 JE 2 TR SR B R, O 4 LR
Li 257V B T — B 19tk 5608 T SR 2
HEZE ) 28 2T ik, HAEDRIE U S T
TR SRS (B 2y . Li U B T
BEFFRRXRGAY PRI S S E 2
fif o Li U 4R T IR T B RN Y ke SR 20
SRR IEL R . Chen™ " 4R I T —Fh K%k
P RS (Y bl R 2 RIS TR, 945 & S A9 43 A
HE B 2 . Yang!™! BL T 2 T i S5 0k S gk
PSR AT 3w B4 S8 P 249 7 R0 B0 DU B8 B ) A A 7
WFoE. Qi INZMEIHE T Wi =L MEs S
TR G B Z [ B &R, JF 45 T 78 22 BLAE A
Bt F A = A SR L . Zhang U A
FHME SAE B2 T —Fp 38 T 200 1 2 R AL 7 2548 .
Zhang %" BFSE T ARG (MG B R 4 LAY
L fa SRR E, sk R TE B R 4% L
HER R IS IR 2 fay, 42 T B 3 ARl R s A5 Tl
R FR A T

7 AR ks 40 ek L A 1 22 R, (B A7
FEARZ2 [ B0 R i o LB AN3E T 2540 56 R kL D3
Vi e S 2005 55 10 1k 24 7 7] S, ) FH A o R R
DU S4B 0] ) B AR i A, A SORs i — 20 e
X B ] T,

1 W& zR

EXA B =504 F=U.AD R AR5,
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(x,a) e I, WIFR x BB a. H PU) 3R U TR,
P(A) TR AXE@%%O VX € P(U), B e P(A), iE X:
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HWERR (=) 2 Dy(x,y) #@ B, HE L7 AAlL
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F ORI SE, WA R,C Ry NI (x,y) 2R, 1K
WFEAE be B fifg x® ¢ y®, FrLL be Dy(x,y)o
M BN\ Dy(x,y) # Do
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W BKARE)
1) for 1<i<|U| and 1<s<|4|
2)if (x;,a,) € I x'%) = a
3) else x;"' =@
4) initialize D, (x;,x;) =@
5) for 1<s<|A| and 1<I<|D| do
6) if x ' g x* and d,(x;) # d;(x;) then
7) D, (x;,x;) < Dy(x;,x;)Va,
8) endif
9) end for
10) initialize B = @
11) for 1<i<|U], 1</<|U| do
12) B =BAD,(x.x))

13) end for

14) compute B = V? _| (/\f{’zlaq)

15) return B

Bl Rl T DRI AT R, o)

R U = (x1,%2, %3, X4, X5, X6, X7}, D = {d} IR @ 1
%O A = {al7025a3’a4’aiaa67a7’a8} y‘?%'ﬁ#ﬁ‘fﬁ%o

1 REREALEE F=U,A1D,G)
Table 1 A formal decision context:F = (U,A,I,D,G)

U a a a3 ay as ag a; ag d
Xy 1 - - - - 1 - - 1
X2 1 - - - - 1 1 - 1
X3 1 1 - - - 1 1 - 1
Xy - 1 - - 1 1 1 1 3
Xs 1 - 1 - 1 - - - 2
X6 1 1 1 - 1 - - - 2
X7 = 1 1 1 - - - - 3
TR ATAL

X" =, X0, X34 = [0, X357 = {xg, %31 € [l = [xap

x3" = 1{xs} € [x3]p = [xalp, 2" = {xa} € {xa, 27} = [xalp

Xs" = {xs, X6} € {x5, %6} = [x5]p

xg = {x6} € [x6]p = [x5]p. X3" = {7} S [%7]p = [ulp
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FEUIF
M = A(VDy(x,y))

=Cl1/\a4/\a6/\ag/\(agvas)
=(a1/\a4/\a6/\a8/\a3)\/(a1/\a4/\a6/\ag/\a5)
WOZE X JAEP DR, B B = {a,,
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a1,a4,ds 5 age
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Table 2 The discernibility matrix of ¥ = (U,A,I, D,G)
U X1 Xn X3 X4 X5 Xe X7
x| %) %) %) {ai} {as} {as} {a1, a6}
X %) %) %) {ai} {as, a7} {as, a7} {ai,a6,a7}
X3 %) %) %) {ai} {az, a6, a7} {as, a7} {ai,a6,a7}
X4 {a,,a;,as) {a,,as) {as} O {as,a6,a7,a3} {ae,a;,as} )
Xs {as,as} {as,as} {as,as} {ar,as,as} %} %} {ar,as}
X6 {a,,a3,as)} {a,,a3,as)} {as,as) {a,,a3,as)} 1) 1) {a,,as}
x;  Aar,as,a4 {az, a5, a4} {as, a4} 9] {az, a4} {as} 9]

3 ETHFN R AWM BIEREL K
& BRI Rk A

AT 45 HORE I P ST 2 S e SRR K
e G D SR BRI (1) 52 S, i — e R P e SR B
5= LR REA FE, JF48 tAH S

EX9 & F=(U,AID,G) &— " hithifk
FILAEF, R (XY e LWU,A D MRS, Bt
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1, aleB

VBe A, aqeA, EX v,(B):{ 0 a¢B.
EX 10 &% (P, 2T E, XTF pHrm
MNEGTE EMS, EXAETEN

= 1S
D(S/E) = ,,f d X (E) ®)

i=1 §|5i|

I, ECcS
;H\:EF‘)(F/(E/)Z{ O E;gs[lo

3.1 SRAMNEEE
1) 1 R, X U #4754, 153
U/R,={D,,D,,---,D,}

)X FHIEE D<), iC
M; = {{fixHhL {fa(x)}, -+ ,{fm(xi)})|x§“ CD;}j<r)

3) K M, ) O E B, BEEAS 4
iz, 155 S, =(S),8), .S <)

4) X FHEE (X, B) € LU, A D, it
E=({vi}, i {va)

5 DS,/E), & D(Sjo/E)=TIJ!§rXD(S,-/E), WA
If B,thenT; (D(S,/E))

R 2 ORLPM A P SROE 20 S b AR OUL A U

EEEE RS

MIN F=UAID,G)

ML RO

1) for 1<¢<|D| do

2) U/Rp={D\,Dy,--,D,}={lx]p:x €U}

3) end for

4)for D;(j<r), do

5) M; ={({fi Co} AL GDYs - {fa (DD xS D}

6) compute S;={(V{fi (x)}, -,V {fia; DDIx;* € Dy}

7) for (X,B) e L(U,A,I) do

8)  E=(viB)},(v2(B)},+,{va)(B)})

9) end for

10) compute D(S/E)

11) if D(S,,/E)=maxD(S/E) , then

12) R:B=T,;,(D(S,/E))

13) end if

14) return R

B2 61, F=(U,ALD,G) 1A &0
BRI

({x1, X2, X33 {an, ash); ({x2,x3),an,a6, a7}); ({3}, {ay,a2,06,0,})
({xs}{az, ag, a7, as}); ({xs, X6}, {ay, as, as})
({xs} {ar.az,a3,a51); ({x7}, {az, a3, a4})
({1, X2, X3, x4}, {a6}); (11, 22, X3, X5, X6}, {an )
{x2, X3, X4}, a6, a7}); ({x3, X4}, {an, a6, a7 1)
({x3, X6}, {ar, a2 }); ({x3, x4, X6, X7}, {@2}); (X567, {a3})
({x6, %7}, {as2, a3}); (U, 9); (0, A)
e B R S BR E , 7E R AN RE TR AT
2 (U,0). (D.A),
G IEE
U/R

p = {{x1, %2, X3}, {24, X7}, {5, X6}}
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({xr, 0, 31, {11 (x4, 271, {31); ({5, X6, {2}) )

ic

D, = {x\,x:,x3}, Dy = {x4,%7}, D3 = {x5, X6}

81 = ({1},{0,1},{0},{0},{0},{1},{0, 1},
S = ({0},{1},{0,

({0},{0},{03,{0}, {0}, {1},{0},{0})
THE AT AN
D(S,/E)=0.9
D(S,/E)~0.92
D(S;/E) = 0.56
Zi BT B {ae) = d =3(0.92)”, #LAk 0.92
NI AN e 5 R . i Bk gy T gk
B
{ai,a6} = d = 1(1); {ar, a6,a7} = d = 1(1)
{a;,a,a6,a7} = d = 1(1); {ay,a6,a7,a3} = d =2(1)
{ai,as,as} = d =3(1); {a1,az,a3,as} = d = 3(1)
{as,a;3,a,} = d =2(1); {as} = d = 2(0.92)
{a,} = d =1(0.9); {as,a;} = d =2(0.92)

{4y, a6,a7) = d =2(1); {a,,a,} = d =2 (0.92)

{as) = d =2(1):{as)} = d = 2(0.92)

{ar,a3} = d =2(1)

FE X9 1], kg SR B AT

{a,a¢) = d = 1(1){a,,a6,a;} = d = 1(1)

{a),a2,a6,07} = d = 1(1);{az, a6,a7,a3} = d = 2(1)

{a\,as,as} = d =3(1)

i SR R TR R D) SR ORI D) e T 1 o [ AR
Sy uff i PRI
3.2 ‘MM EEE

1) H Ry X} U #4757 5147, 153

U RD = {D]7D27”' ’Dr}
DX THREE D(i<r), it
M; = {{fi(xHhL{fa(x)}, -+ ,{fm(x,-)})lx,’-“ CD;i(j<r)

3) ¥ M, ) ) R RAEL, RP RS 43
BKRAE, 838 L, =,L,- L)(j<1)o

4) X THES (X, B) e L(U,A I, it

E = ({Vl }7 {Vz}, ) {v"l})

W D(L,/E), % D(L; /E)=max D(L,/E), WA :
If B,then T, (D(L;,/E)) (10)

R PR LI A% 77 1k b AR AN —E R

1, ELA AR R 07 R B A —8. T
R EERYNCR7

BOE 3 KPR SR SIE 8 a5 R R 0
EEEC AT

MIN F=(UALID,G)

Ml REFAN)

1) for 1<t<|D|

2)U/Rp ={D,,D,,---,D,} ={[x]p: x€ U}

3)for D;(j<r), do

M, ={{fi D AL@DY - {fiaGoD I x*Cc Dy}

5) L, ={(max {f; (x)}. max{f; ()} .max {fi5 (x)})]
X C D,-}

6) for (X,B) e L(U,A,I) do

7y E=({(viB)},{(nB)}, ,{V|A| (B)})

8) compute D(L/E)

9) if D(L;/E)=maxD(L/E)

10) thenR: B=T,(D(L,;/E))

11) return R

12) end for

B3 g ARG 7 Ik AR T LRI F R
1) 4 BB AL

D(L,/E)=0.625
D(L,/E)=0.375
D(L;/E)=0.375
AIAFHLI “{ae) = d = 1(0.625)”, ML AL 0.625 N
T AR A RT AR BE . i AT A
wmr.
{a;,a¢} = d = 1(0.75);{a,,a¢,a;} = d = 1(0.875)
{a;,a,,as,a7} = d=1(1){as,a6,a7,a3} = d=1(0.75)
{a,,a¢,a7,a3} = d=2(0.75);{a,,a3,as} = d=3(0.75)
{a,,ar,a5,a5} = d =3(1){as,as,a,} = d = 2(0.625)
{a,,as,a,} = d = 3(0.625);{as} = d = 1(0.625)
{a;} = d =1(0.625);{a,} = d = 3(0.625)
{as,a;} = d = 1(0.75):{a,,a¢,a;} = d = 1(0.875)
{a;,a,} = d =1(0.75);{a,,a,} = d = 3(0.75)
{a,} = d =1(0.75);{a,} = d = 3(0.625)
{a;} = d = 3(0.625):{a,, a3} = d = 3(0.75)

4 7 FiE

T M & A v 22 5C H B A PS5 ) sl
S Ja A1 240 ] [ AL AL O i BB TR) AL, T 3 44 7 T )
WFFEHRIE S 1 S R AR RS . AR SCHI X
GG PR R PR Z ] B S5 56 R AU BOR T
AR B2 FLIE 3%, i SRR 3T A R R B )
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