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Matrix Rough Entropy-based Reductions of Object-induced Three-way
Concept Lattices
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2. Hangzhou DTWave Technology Co., Ltd, Hangzhou 311100, China)

Abstract: Attribute reduction is an important research issue in formal concept analysis, and seeking efficient attribute reduction meth-
ods is also a hot topic of concern. This paper studies attribute reductions of the object-induced three-way concept lattices by introduc-
ing matrix rough entropy into the formal context. Firstly, the OE-matrix (object-induced three-way matrix) rough entropy of the OE-
concept lattice is defined by combining the OE-object granular matrix with rough entropy, and OE-matrix similarity entropy based
on the similarity of OE-object granular matrix is proposed and the related properties of them are discussed. Secondly, the matrix
rough entropy consistent set and matrix rough entropy reduction set of the OE-concept lattices are defined. Then the judgment theo-
rems for the matrix rough entropy consistent set are given. The importance measure of attributes applying OE-matrix similarity en-
tropy is proposed, by which the method and corresponding algorithm for obtaining matrix rough entropy attribute reduction are fur-
therly investigated. Finally, experiments of attribute reduction were conducted on the UCI (University of California, Irvine) dataset.
The experimental results showed that for datasets with the count of attribute less than 10 and datasets with the count of attribute

greater than 10, the reduction time was reduced by an average of 69.1% and 97.5%, respectively, confirming that the algorithm is
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more suitable for the large sample data.

Key words: formal context; object granular matrix; matrix rough entropy consistent set; matrix similarity entropy; attribute reduction
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A=lan, an - a,) HIESHWRBEHWE, XL RICUXA, MEZFE2EU,a€A,(x,a)ETFEMRIS
%xﬁﬁﬁr a,(2,a)ETFRBANE o NEA B a, Ganter Fl Wille ™ 25 1 TIE X35 5 F i — X &
T AMEEXCU,BCA,
:{QEA’VIGX, (x,a)EI},
B*Z{IEU’VdGB (a, a)GI}
X R X g BAMEEES. B ERtFHAGBRRAREENNLES. H#X =BH
B =X, (X,B) N (UA,I) FIE &, X R B4y 50 FR R (X, B) 140 E R . BT A &
MR AL L(U, A D),
EFAX0), QEEXT(UAIL LH—XAEF . HEEXCU,BCA,
X' =lacAlVz€X, (2,0)¢1},
B ={zx€U|Ya€B, (2,a)¢1},
HEAAEF AR (D) PEFNIER T
WSIEIESEESL P(S)NELSSIHAELE ,DP(S)=P(S) X P(S). 1EDP(S) I 5 X4 1 iz
B R E (A, B),(C,D)EDP(S),
(1) (A,B)N(C,D)=(ANC,BND), (A,B)JJ(C,D)=(AUC,BUD);
(2) (A,B) = (A, B);
(3) (A,B)<=(C, D)@ACCHBCD
EX 2 F(UADREAETSR., SMEEXCU,B,CCA, EXHT
X =(X,X),
(B, C)'>={x€U|x€B*/\1‘6C¥}=B*ﬂC;‘,
FRETFX (<o, e > ) WIERE F(UAL) B S =87, fli#k OE-H 1.
(X, (B,CO)) WX =(B,C),(B,C) =X,% (X, (B,C))J} OE- &, X Fl (B, C) 4 5 Fx K
(X, (B,C)) Wy 4M%E F1 P9 M . BT A OE- #E & M Bl i £ & 8 h Lo(U. AT, Y(X, (B,C)),
(Y, (D,E)) €Lo(U,AI), Lo(U.AT) F W F X &R <" LA : (X (B,C)<(Y, (D,E))e
XCYe(BC)DADE), H AT A E LN
(X. (B.O))V(Y. (D.E))=((XUY) ™. (B.O)N(D.E)).

(1)

(2)
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(X, (B.O)AY, (D,E))=(XNY, (B,COYU(D.E)) ),

M (Loe(U, A, T), <)%7%§1¢§ PN (U, AT R G5 1 = SRR A%, PR OE-HE &A%
MEB2zeU, B (a2 )EL(U,AT), R OE-X LR & . XMEZEBZA,# (U, B, I;)
ﬂ\?(U,A,I)E"J?ﬁjfﬁﬁﬁ%,ﬁ'fMBZIﬂ(U><B)o TR 5 (U, B, 1) L1 OE-5 Fid 2 <<+, Al
> L MYXCU,CCDCABFX =X ", X=X "N(B,B),(C,D)"*=(C,Dy " *=(C,D)" .
BB D O B 1% S M O Al R 1, Hos PR an F
MR BeM=(q,) ,P:(cg)m%%ﬁﬁxiﬁﬁ, W) LR T R ST
(1) M<Neaq;<b;,i<n,j<m;
(2) MYN=(a;Vb;) MAN=(a;Nb;)
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() MP=(d)) Sdrd,= V (auhey);
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() M—=N=(a;A(1— b))
(5) ~M=(1—a;) .

PO M (i, ) R0 M (2, 7)) 23 50 R S T MR SR i A5 F0ES 5 90, M (4,5) o B MOER i 45565 j ) T 6 L B4 9
Fo MMEREX S U, XHHRHER R 2(X) =(X (21), X (25), ++, X (2,)), K X (2) =1 ox,€ X,

B3 BUADNRBERE R, idn=1<(x,q)€l kM =(r,) RIMLEFE.
M=~ (M- (~M,")) J9 TE X GORHE B, BR M =~ ((~ M) M,") S § X R 56, 3 o
M) =A(2 ), M (i) =2(x7), M, " g M, o 8

SRRz eU, Ha =z N, i E X GORE BE A GO 7T 51 A OE-XF 4R 6 M .

EX 4 BWUADNDRIEAE SR . M EINRRZAERE., 2M=M \M b HH
M(i,:)=2(x;""), kM Jg OE- M G hifi . SHEE B A, M= M, \M,; 37385 (U, B, 1)
) OE-XF G b [, o rh

M= ((M AR+~ (M AR ) ), My = ~<Mz/\Rs>)-(M1ARB>T,

Ry AR AT A(B) WU [ X |A[B A . R Mou(d, ) = 2(a 7)o
im A 4 TR R R A 5 ST S TR O -3 ORI 2 Y 1 4
MR2 BUADEEXER. MMEEB CSA,2€U,
(DHEC=A—B,x v =a " "Na ", My=M;\Mc;

(2)%C§B§A LT T ST e, My <M< M,
ER (DXMNEEBExeU,BSA, @ X201, =z Na"", AR (2)0]1F
=g () e, g = | R ﬁj{ o T =TT WA B €U, i PSR

M,(4, )= ) = Aa N )= Mar 7 ) AN ) = My(i, ) A\M (i, :), B a2 AT &
MM, =M, \NM_.

() EX 25, ML EBCA, H o r=x"Na™, éu CeBC AR, i 2001 #
TSy S, PSS, O A AR e S ST, X AR B oa e U,
M0, ) << My(i, ) <M(i,:)o BV M, <M, <M.
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EE1 WWUANDRELES., MEZBCZA,

(1)CE=B=Ew(B)<Ew(C);

()MAEE €U, 2, "=x7 = Ew(B)=Ew(C).

W (DB CEBEMEFR22) M, My<<M., Ve, e U, My(i,:)<M(i,:), H & X 5%
Ewr(B)<Ewx(C)s

() FEMATE 2 €U, a0 =, WA My(i, ) =Mc(i, ) = | My(i, :) | = | M(i,
5 #F Evi(B) = Ewi(C)a

EFL L5 T OE- & 4% b OE- B MRS 155 (9 B8 M: |, DL K& OE- 6 FE LRSI 5 OE-XF b 2
B R R M5 M, Z R 2A 0 Z 0 L 800T DL i J& 1 55 A 5 B BT XTI OE- X5 G2 k: i B 119 AH {21
P, 06 g5 R MR A 1] OE-%8 B4 AH AL 19 o

EX6 WUAINREXRE R, WWMEEBCA,E X BXRT A OE-4E M A U6~
| |~MB(z',:>A~M4<z',=>\
RS )

FE2 WUANREAER, MEECSBZA, A

(1) Ews(B|C)=0;

(2) Evs(BJA)<<E\s(C|A).

B (DR CEBEMR2MM, <M., EEZE 2, €U, My(i,:) << M(2,:), W ~M,(i,:) =
~Mc(i, )~ My(i, )N~ Mc(1,:) =~ M(1,:) HE X 6%
U M|
T2 ]

(2) H CSB Kk M B 2 H M,<M: % X £ B xeU, Myi,:)<MI(i:), W
~My(i,) =~ M(i,:), ~My(i,:)\~Mu(i,:) =~ M(i,:) N\~ Mi(i,:), H & X 6 1 Ew(B|A)<
Ew(C|A).

o WU E

Eus(B|A)=—

Ew(B|C)=—

o

3 OE- ML 1Y) 55 B4 HHLRE 0 2 137

T TE R 5 OE-ME & 4% 19 B R R K 249 187 7 12 .

EXT7T WWUADNREAT R, MEEBZA, % Ew(B)=Ew(A), 8 B A OE-#E &4 19 48
B R B 0 B R B . 25 B Sk OE- M A& A% 19 48 FE ML RE 0 P 0 48 X T & a€B, Ew(B —
{a}) 7 Ewi(A), Bk Bk OE~ 20 (4 J B RLRE 8 24 15

iLRe(A)=1{BCA| BH (U, A1) OE- &4 940 EHLBE R 201 | o # a€NRe(A), FRa hy
s S T BT A % & P T A B 4 B N Core (A,

EE3 B(UADEERER. WIEae€A,a€Core(A)S Ev(A —{a})# Ew(A)s

B % a€Core(A), M a€NRe(A). # Ewi(A —{a})=Ew(A), WA £ BC A —{a}, i
Ewi(B)=Ew(A) H %t T & 6€B, Ew(B—{b})#Ew(A), X 5 a€NRe(A) T & . &
Ew(A —{a})# Ew(A)s

B Ew(A—{a})# Ew(A). HH1EBERe(A)Had B, Eyi(B)=Ew(A). HIBSA —{a} A
KM 1H Ew(A —{a))=Ew(A), G, tacCore(A)s
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L1 BUADEERSTR. WEEaeA,ad Core(A)o Eyi(A —{a})=Ew(A),

B4 WUAIDNEERXEE, DCAE=A—D, M, MIM, 535k TR 5 (U D, I,)H
(U,E, 1) By OE-XF GORLH B o #5 M, << M, W D Sy OE- 8 8k 9 0 [ AELRE 405 1 741 4

EBB HEUD=A KPEF 2 (1) o/l 5 My AMe =M., ¥ th M, <<M, "] 1 M,=M,. T =&
Ewi(D)=E\(A), B D g OE~HE & H 1 S5 B HLRE 87 P 1 45

EFES wW(UAIDNRZREXE R, DS A, DN OE- M &A% 19 45 B A RS 15 Pr 98 48 29 B ALY
Euws(D|A)=0,

IERR 5 D Ry OE- M &A% 04 6 B RLRE R Bl 4, o L7 JOE B 1A, ST R o, e U, A Mp(id, :) =
Mi(i, 1) =~ Mp(i, 1) =~ Ma(i, ), W (~ Mp(i, ) )N~ Mu(i, 1) )=~ Ma(i,:) , i Evs(D| A) =0,

H Evs(D|A)= 0015, 3HEZ 2, €U, A (~Mp(i,:) ) N~ M, :) )=~ M,(i, ), W ~ Mp(i, :) =
~M,(i,:), M, <M,, HDCA KWR2GM, =M, i iM,=M,. HEH1MEXLT7H DN
OE-HE 28 b 19 R [ RELRS 905 P 9 4

SCHk[29] 4 ﬁTOE%A%mmmﬂ%ﬂﬁ%@oWULAUEET§%JWEiBCA

OE-#E & # b B {5 B E X b H(B)= |U|z |U| ‘I | RoRELGMEL. A H(B)=

H(A),P* B3 OE-HL &M i th 4k . & H(B)=H(A) HXMEE CSZBA H(C)#H(A), WFx
B R OE-#E 24 19 4 24 187 4

EE6 W(UAINREXT ., MMEEBCZA,

(1) BN OE-HRE &4 10 MR A 0 I o 82 >4 ELAY >4 B o OE-RE &4 19 455 B 1 4E

(2) B OE-HE &6 1) 5 4 REURE 0 249 17 24 ELA Y B Sy OE— Mk &4 14 4 249 7 .

UERR (1) 3% B i OE-HE 248 (9 K B KRS i B R 4, W) Ev(B) = Ex(A), MR B 2 € U A
[ My(i ) [= | Ma(i, ) [ (@) |[=[a(a ) |e a7 | =] e H(B)=H(A), i B %
OE-ME 84 1) 08 B 1 45

(2) % B & OE- HE & #% (9 5 BE ML &S i 20 @7, W Ew(B)=Ew(A) H X {E & beB,
Ew(A)ZEw(B —{b}). (1) A H(B)=H(A). #1714 b€B, 1§ H(B —{b,})=H(A), N
Eu(A) =Ew(B —{bo} ), # B — {bo} h OE~E 4% i 50 FE HURE G b R 4, 5 By OE- 4 4 0 10 S B
RLRE W8 24 187 07 J& o 0 B i OE— 8 &% 14 47 24 5 -

7 Bl OE-ME & 4% (9 0 20 5 42, i (1) %0 B b OE- Mk & 4% B0 0 I KL RS o Py 9 4 o 5 A7 1
bo€ B, fi 13 Exx(B — (b)) =Ew(A), I X EE rc U,z " =g M H(B—{b)})=
H(A), 5 BN OE- & 005 29 T 8 7 G o 50 B S OE- A5 806 1) R 95 AFL R i 24 i) 4 o

SE HH 6 1k B OE—MBE &A% 11 0 B i 249 157 5 008 240 167 45 1

EX7 H(UADNRBERE R, MEEBCA,a€B,a X TBRNEEFEX N

5™ (a, B)=Ews(B—{a}|A)—Ews(B|A)
MIEBEBCA,a€A—B,a X T BRI EERE.
S*(a, B)=Ews(B|A)— Eus(BU{a}|A).

M e LT, a &F BIR P EEE R 2K a N B i BRI — SO RUR | @ 56T BIW A B R R
a VN INE B — B4R AR . i JE M NT 45 A0 TR I ) e

FE7 B(UADNRERT R, MEEa€A,a€ Core(A)eS™(a, A) >0,

R S™(a,A)=Ew(A —{a}|A) — Ews(A|A)=Eu(A —{a}|A), H T a€ Core(A), M A —
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{a ) A S J B RE I B 8 42, i 8 B 5 1 Evs(A — {a}| A) >0, #t S™(a, A) >0,

W ad Core(A), W & DIFAE— A AR MEBCA —{a). HEH2M Ew(B/A)=
Evs(A —{a}|A), BT S"™(a, A)=Ews(A —{a}|A)=> 0,0 Evs(B|A) >0, 5 B 5 5 HLKE K By 98 48
TG, a€ Core(A)s

EMTEY L, OB RT ANNEEEHRTE, EDCore(A) {a€A|S ‘‘‘‘‘ aA)>O}O

#it2 RUAIDNZEXER, MEEacA,ad Core(A)=S"™(a,A)=0.

EES W (UAIRERNR. BgA,B%o&%ﬁ%ﬁ*ﬁﬂﬁ%ﬁ%*ﬂﬁkﬁéﬁfﬁ%%’:ﬁ&%’:
Ews(B|A)=0HM{E# a€ B, 4 S™(a, B) >0,

ERR e HE S MoE BT T AR

FH E B 7 R B8 AT 45 H OE— Mk A& 10 0 B HEL RS I 29 1) 3800 ek IR B AN B ey W E 22 % L 1
B A% o Ja PR, T 0 W7 A% 00 D M B O 5 A R LS 0 24 1 ,%TIE,JI_\”JLLﬁ‘%:ﬁI‘EEE%}*Z N
J& M B v S I A R A R Y JE P, R4S B OE-HE & kS 00 %8 B MRS S35 T 30 4, MORLRS 6 B 741 4
M R U AR R PR AR B 29 .l 45 OE- M 2 M B9 S B LA A 29 ) 55 2% (Algorithm of Attribute
Reduction Based on Matrix-rough Entropy , ARMRE 5.1 ) .

ARMRE 55 OE-HE 4 1Y B4 R A 4 2 157 550 32

A BT R (U AT

B P RELRE IR 2 ) P

Let Core(A)=C), P=()

Fora(i=1,2,---,m)in A

If S™(a,, A)>0

Let Core(A)= Core(A)U{a,}

Break

End If

End For

Do // MR P ASJ& 24 i 45, W7 36
Le‘[Pme?(A),QfA—P,Get EMR<P),G€t EMR(A)

For 4 in Q

If Sover (bP)—max{S “(c,P)}
Let P=PU{b}

End If

End For

While Eyi(P) 7 Evi(A)

For a; in P //MIB% P b B9 TC 4% Ja 14
If S™(a;,, P)=0

Let P=P —{a}

End If

End For

Print (P) // % it 23 i 4 P

T R, V5| AR A T B0, DM Hh 0 R R %2 42 O(|U | A)e 88
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OF-~ 6 FA KL B 05 1 I 10 52 2 1 0 O (U ('] A L) 340 057 A2 76 Dy OF— i R ML A 24 ] 19 B ) 2 2% 1
O(2%)e MR TC A% J& #E B0 i ) 52 2 1% 2 O(|U 1 AL")e Dt 3% 5 3 B0 25 4 I 42 2% %
o(|UlAl +2).

Bl RIHHIENE (U AL, Hh U= {z,20252073:),A={a,b,c,d,e}o

£1 HIABHIEEUAID
Table 1 Formal context (U, 4, ) given by example 1

U a b ¢ d e
z 1 0 1 0 1
Zy 0 1 0 1 0
Z5 1 0 0 0 1
zy 1 1 0 0 1
Zs 0 1 1 1 0
MR 1 Mo L4 n] R A
10101 100 00 100 00
01010 01 00 0 0100 0
M=1 0 0 0 1|Ms=|0 0 1 0 O|,M, ,=|0 O 1 0 0,
1100 1 00010 00010
01 110 000 01 00 0 01
WA S (q, A)=Ew(A —{a}|A)=0, [ B S™(p,A)=—— 1og2196 Si“““(c~,A)=*;1og928516,
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Table 2 Basic information of 10 sets of experimental data on the UCI public dataset

Hodldk X 5E JR

1 Auto Mpg 393 8
2 Chemical Composion 88 18
3 Lung Cancer 32 o7
4 Cloud 1024 10
5 Car 1728 7
6 Chord Finger 2632
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9 Gait Classfication 48 256
10 Urban Land 168 146
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Table 3 Comparison of reduction time between ARMRE algorithm and AROG algorithm on 10 sets of experimental data

—_ _ ZyfRiEsa] /s __

ARMRE #.3% AROG ¥
1 0.104 25 0.436 17
2 0.034 68 1.277 96
3 0.064 46 1.881 20
4 1.395 40 2.179 82
5 1.169 60 5.218 65
6 2.466 20 14.935 36
7 3.525 70 12.758 31
8 0.35518 15.888 61
9 0.309 71 16.282 20
10 0.556 62 32.058 51
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Fig. 1 Comparison of reduction time between ARMRE algorithm and AROG algorithm on 10 sets of experimental data
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