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Abstract: Attribute reduction is a core issue in formal concept analysis(FCA). Of all attribute reduction approaches, the ones
based on discernibility matrix and discernibility function are of most importance. However, in the traditional discernibility
matrices, the comparisons between every two concepts result in a high computation complexity: O(ni?). Therefore, an
object-concept discernibility matrix is constructed to obtain the reducts of the incomplete contexts, and the computation
complexity is reduced to O(mnl). In most cases, m is much smaller than [, so O(mnl) < O(ni?). The partial order of

the concept lattice is further used to simplify the object-concept discernibility matrix. Theoretical analysis and experimental

results show the effectiveness of the proposed methods.

Keywords: concept lattice; three-way decisions; incomplete context; attribute reduction; discernibility matrix

=]

0 35l

TR A 40 4 A BB o 0 — A 5T A
T R A B R — R R T i, T2 A
B 3] T R RN TR GRS
T X ST WA, TR A O (ni?) (b
n ZR AT B P BN | R FHEEH ), B
X T —AMBANRITE RS 5, LT AR K, &
BRI EHERAE R R

AT AR PRI ), A ST = ST AR Sk
TR e 35— oo G- VA I, A L B A
SR B %3 RIS, THELE 44 9 O (mind) (Fo
tom FR AT 5 O R0, T m A N

Weks B HA:
2 =H
fEH/N:

2015-10-24; 1&EIHER: 2016-03-14.

B RITHEL L NS AE BT .
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F1 MR SO LLE R — R R A
ALY R, XER AL R (U A R) ]
1eE (U, AV, T), 2o (2,a0,1) € THHALY (2,0a) €
R, H (2,a,0) € T % HA Y (2,a0) € R.

AR KA 5 % T8 08 AT S8 1 2

AR IR, BI =050 & T 1 2 4 i .

np,-sﬂl VexeU Ja, be A #ifF(z,a,1) €T
H (z,0,0) €

W2 YacA I, ycU, 15 (2,q,1) €
H (y,a,0) € T.

WS MHRIETES, & P(S) KR SHRE
%, DP(S) = P(S) x P(S). DP(S) LWizHEZN,
I U, A e M-S C o) e St RO b FARE (X,
Y), (X1, Y1), (Xa,Y2) € DP(S),

Xl,Yl)ﬂ X27Y2 (XlﬂXmYlez);
1,Y1)U X27Y2 (X1UX27Y1UY2);

(X, V) =(XY)=(5-X,5-Y);

(X1,Y1) C (X2,Y3), X1 € Xp, V1 CYs.

EX1T FIC = (U AV,T) RATELEEATY
5, X CU,B,C C A, EX=3CUEF N

<:PU) = DP(A), X< = (X*, X),
=CORVE T RIE T T SN

eT

>:DP(A) —» P(U), (B,C)” = B*(C*.
Horp
X*={ac Al(zx,a,1) € T, Yz € X},
X* ={ac Al(z,a,0) €T, Vo € X},
B* ={z € Ul(z,a,1) € T, Ya € B},
C* ={z e U|(x,a,0) €T, Ya € C}.
FE17 MTFAEEX,Y C U, 0,2 € DP(A),
N F AL

DXCY=X<DY<,06CN=06>DN>

)X C X< 0C o<

3)X< _ X<><, 0> = 9><>;

HXCO”=0O0CXS

SHHEXUY)<=Xx<NY<, (oUn)>=06>Nnr>.

EX2T HIC = (U AV, T) RAZE& LAY
5, X C UE(B,C) € DP(A). ML X< = (B,C) A
(B,C)” = X, M (X, (B,C)) & IC — R %iFES
) = 3 AR &, 181 BR N OB IE AL 2. X 1 (B, O)
SRIFRR (X, (B, C)) BIAMNER P,

IC ) ffr A OE I AME & T 1 — A 58 & 4%, FR A
OE iL U & 4%, i /E OEL(IC), Hrp R 5 L At

I3 XAnF (YC; = (X;, (By, C;)) € OEL(IC), i
1,2):

Ci\NCa = (X1 X2, (BiUB2,C1JC2)”%);

C1VC = ((X1UX2)*", (Bi B2, C1 C2)).
OEL(IC) EHIfmIT R FR < E XA

C1<C & X1 C Xy & (B1,C1) 2 (By,Cy).

WHCy < Co, Cy # Co, MIEHEC) < Co. HE—25, W
AAFAE OE IR S C, (15 C1 < C < Co, MIFRCy 2
Co HJ—AFUTAR, ie/ECy < Co.

51 —PARERIEAERICHE 1, OEL(IC)
i Hasse B WL 1.
i“% 1 TJ’E%’LI ;u:%
U a b c d e h 7
1 1 1 0 1 1 0 1
2 ? ? 1 0 0 ? 2
3 0 0 0 1 0 0 ?
4 1 1 1 0 0 1 0
C.=(U,(9.9))

C=(234,(0,e)) C=(14,(ab,2)) C=(13,(d,ch))

C=(24,(c,de))

C=(4,(abch,dej)) C=(3,(d,abceh))

C=(2,(4,4))

C=(1,(abdej,ch))

1 OEL(IC) #J Hasse

EX3IT FKIC, = (U ALV, Ty) (i = 1,2) &R
e LAY 5. WARV(X2, (B, C2)) € OEL(IC,), M
TE1E (X1, (B, C1)) € OEL(IC,), 178 X, = X,, icfE
OEL(IC;) <OEL(ICy). # OEL(IC;) < OEL(IC,) f1
OEL(ICy) < OEL(ICy) [Al B % 5z, M ig /E OEL(IC,)
=~ OEL(ICy).

WIC = (U, AV, T) RAZE#/ G &, D C A
2 Tp =TONUxDxV), A ICp = (U,D,V,Tp) th
RATHEAE R VX CU,Y(B,C) € DP(D), X<
TEICHIICH 43 Bl X <A R X <P RIR. (B,C)>4
5 (B, 0P IE SRL BT, =T, X4 = X<,
X<P = X<O(D,D), X<P C X<, H(B,0)>* =
(B,C)> = (B,C)>P.

EXAT HIC = (UAV,T) RAE&E LAY
5, D C A WR OEL(ICp) = OEL(IC), Mk D /&
ICH— OE thifisk. #t—2, Wik vd e D, A

OEL(ICp-{a}) # OEL(IC),

TFx D 72 IC (11—~ OE .
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2 EETAEGHRRRE R JE 2 e 7 ik
ZESCHR (7] 45 1T — P TR G R R 5
OE £ f#j 1) 7 1.
EX S OEEMMEEC; = (Xi, (B, C)) FIC;
= (Xj, (B}, Cy)) BIFHER B S & SN
D(C;,C;) =
(B:UB; — Bi(B;,C:UC; — CiNCy),
AoE & T 5 1C R FE & SN
A=1{D(C;,C;)|Ci, Cj € OEL(IC)},
IC HIHHR R EUE SN

F(4) = A ( \/ h).

(H,F)eA,HUF#@& heHUF

D 2 IC H)—A~ OB &fdl, M HAX S AD 22 f(A) K F 24
.

HE1G W T iHEAS PR R 7% BT
& 48 HERFE B B AT 0 FR I, B TAUHR T D(C, C)
(i < j). % |A| = n, |OEL(IC)| = I, 25 2 /T M 34T (1)
THHREIREAZ O(), H 4TI HERE R O(n),
P RASE 1 TR R RN O (nd?).

BRI ARG RNERE.

i \: OE T LI H6 OEL(IC);

i 1C BB SHRRAERE A

A=

fori =1,2,--- ,|OEL(IC)| do

forj=i+1,i+2,---,JOEL(IC)| do
R E LS TR D(C,C))
A=A, C))}
end for

end for

B A

TEL ML SAR AR AL, Qi 5512178 73 ) FH RS A% 11
T 77 9% 2, BT — P T A0 IR R B, A 75 E M
MR A T2, ASCH X FhA R AE BEHE) 2 OE i
IR A AR R e

EX6 OEELMESC = (X, (B, Cy) fic; =
(X;, (B;,Cy)) BIFRR BN & R
(e { (B; — B;,C; — Cj), Ci < Cj:
(2, 9), otherwise.
IC IHFRHE B (A SRR QUEFIRHE ) & S
Aqr = {Dqi(Ci,C;)|Ci,C; € OEL(IC)}.
I QIHF IR 15 OF 4 faj (1 ikl T4
BN A 1 L2, X AN IR. VR 2 A T i
HQIHHRIEN 7%, 4 |U| = m, OE U & i 5
KA ECA &, WE 2~ H 4TI R RE S
S O1) O(k) F1 O(n), BTUAEE 2 T I B
O(nkl). —fEIEI T, k < 1, Hi%k 2 Wit HEE & E /N T
kL
BiR2 HE QIAHNME.
i\ OEL(IC);
Fr: 1C 19 QUIFIRAERE Aqr.
A= @
for each C; € OEL(IC) do
for C; I/ TIE4R C; do
R E X6 THH Dq1(Ci, C))
Aqr = At {D (G, C))}
end for
end for
it Aqr
B2 (&0 1) F245 T IC W15 G # R 56 B,
HAEE TR 36 4. 34 H T IC [ QLI R4 B (L
AR I, HAET R A 13 4
3 ET OCHHRAE I B 1t 2 1 U7 vk
bR PR AR R R B X 4 1 T 2 OE 3 MR 2.
Pang S H7E B ORI NE SR A5 i i i 1 — R
FERE, AMXIX 4> TAERPIAES, IEX 40 T 5 % &
AR R, Z )R K, ARSCHEH—F X 5%
GFIRG (HERURE BE — X RS R B, FIAR A
OC FHHSERE.

®2 ICHIEGHRLER

Ca Cs Cy Cs Cs Cr Cs Cy

C1  (abdej,ch)  (abcdej, cdeh) (abej, @) (abdej, ceh)  (abej, abe) (dej, ch) (cdehyj, chdej) (ch, abdey)
Ca (¢, de) (d, ch) (2,e) (d, abceh) (ab, @) (abch, dej) (A A)

Cs (cd, cdeh) (e, d) (cd, abedh) (abc, de) (abh, j) (abdehj, abchyj)
Cy (d, ceh) (9, abe) (abd, ch) (abedh, cdehy) (abcehj, abdeyj)
Cs (d, abch) (ab, e) (abch, dj) (A, abedhy)
Ce (abd, abceh)  (abdch, abcdhy) (abcehj, dj)
Cr (ch, dej) (cdehj, A)
Cs (dej, abch)
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R3 ICH QI¥HARER
0C, 0C, 0Cs 0C, 0Cs 0Cs 0Cy 0Cs 0Cs
0C, (ch, abdej)
0C, (d, ch) (9, €) (ab, )
0C3 (abh, j)
OCy (abej, @) (9, abe)
OCs (c,d) (d, abch)
OCs (abcehy, dj)
OC~ (dej, ch) (ch, dej)
OCsg (dej, abch)
3.1 OC#HHREM e & RE = IC K OCHHR AN
EXT NBRaMOEBLEPMEC = (X, (B,0)) f(doc) =
AR TR PR AR oK
HIHER R X * ; /\ \/ h) .
Doo( C) _ (B —z5,C—z )7 z ¢ X; (F,H)EAoc,(FUH)#2 he(FUH)
TN (2.9), otherwise. A 4R 20 2 R 2 B R SR L DR IC A

IC 1) OC HHRH I 52 SN
Aoc = {©00($7C)|3§ eU, Ce OEL(IC)}.

FHE2 WICERATHRIEAER, DCA D#
@,Vr e U,VC = (X,(B,C)) ¢ OELIC)Hz ¢ X.
H i A
1) D £ 1ICH— M hiadE;
2)(D,D)NDoc(z,C) # (2,9);
3)V(F,H) € DP(A) — {(2,2)}, WH (D, D)
(F,H) = (2,2), W (F,H) ¢ Aoc.
EH 1) & 2). HSE CE (71 1EHE4, D2
IC I —/M 4 < OEL(ICp) < OEL(IC) & &
(X,(B,C)) € OEL(IC), i X = X<P>P i &
X D X<P>P (g, X € X<P>D JRT) <
Ve d X,z d X<P>D o vy ¢ X, z<P 2 x<D>D<D
= X<P(GEE 1), B
Xx<D _ <D _ (X< —x<)ﬂ(D,D) _
(B—2*,C—2")N\(D,D) =
Doc(z,C) (D, D) # (2, 2).
2) & 3) @A O

A1 HA Y AD &2 f(Aoc) FI—A T 250K,

HAE3 4 T iFEIC 1 OC HE K 46 FE 1 J7 V.
ZEE, B2~ B AT E R R E S N O(1).
O(m)MO(n), i LEE3IR & RItEERE RN
O(nml). —fIEH T, m < 1, O(nml) < O(nl?), B
% 3 MR RTH IR R 2R B/ T3 1.

BE3 1S OCHHRAERE.

#i: IC, OEL(IC);

fnth: 1C 1) OC HHEAEFE Ao

Aoc= @

for each C = (X, (B, C)) € OEL(IC) do

for each x ¢ X do
4R 2 X T HD oc(x, C)
Aoc = doc UH{Doc(x,C)}
end for

end for

iﬁjl’:lj AOC

B3 (B2 Fasn 7 ICHK OCHE R A [
(X F) H HE 2 1), FAE A A 20 1. 5 4% G 9 AR
R AHEE, OC FHHAR R 58 i faj 5.

*F4 ICHIOC ¥#iN%ERE

C1 Ca Cs Cy Cs Ce Cr Cs Co
z1 (c, de) (@,e) (2,abe) (ch, dej) (ch, abdey)
zo  (abdej,ch) (d, ch) (d,abch)  (ab, D) (abh, j) (abdehj, abchyj)
z3 (abej, @) (e, d) (ab, @)  (abch, dj) (abcehy, dj)
T4 (dej, ch) (d, ch) (d, abch) (dej, abch)
32 fELOCHHAEM (Xi, (Bi,Cy))(i = 1,2) € OEL(IC). W X, € X, H

2 QU 7S 5 F A B O X R —
SURR, T BAR OC HFSUEREIEL it
3 BICRA T H AR

ﬁﬁ-\,Vxe U,Cl =

z & Xo, M Doc(z,C1) 2Doc(w,Ca).
W WR X, C X, M By, € By, Cy C Ch, By
—2*C By —a*,Cy—2* CCy — 2%, I Doc(z,C1) 2
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Doc(z,Cr). U it Asoc.
JH i OC iR A A1t & OE 23 fai i, w4 R H BlaE:p3) Lhoy N, FIHEZR4TES

AT f(Aoc). HRHETE 3, it Ao I I LL
B G o PR o MR KRS
EX8 MFRxMOBEMUMEC = (X,(B,0))

) T Ak R B P SR
(B —x*,C —a%),
Qsoc@;‘,C) = X I%Z:@/?';af E‘J*&kyl‘ﬂ,

(@, 2), otherwise.
IC 1Rtk OC HHRHEFFE XN
Asoc = {Dsoc(z,C)|xz € U, C € OEL(IC)}.
EFE4 RICRATSKIEAER, D CA D+
@,Vx € U,¥C = (X,(B,C)) € OEL(IC) H. X A4
B x ARCRAME. N4 fi S
1) D /2 IC If]—~ OE #hifi£;;
2)(D,D)N®soc(z,C) # (2, 9);
3)V(F,H) € DP(A) — {(,2)}, WH (D, D)N
(F.H) = (2,2), M (F,H) ¢ Asoc-
FH 2 3 2 A1 BE 3 ) 9IE E BE 4 0L, K.
FkAaz 7R IC I A OC #E IR AE B ¥ 7
EORE T, 2T R AT E R R A
O(m) F1O(), H6~ 1217 HE X E N O(n),
P LLS % 4 1 KRN O(nml). 1T W ETEH
RS B AR N T, 5 EE 3 AL, k4 T
fi] L.
BE4  HE R HRRERE.
\: 1C, OEL(IC);
i IC Ffaifk OC HHRHFRE Asoc.
Asoc = @
for each x € U do
ARSI Qr = {(U,U<) B FiL48 }
while Qz # @ do
C=(X,(B,0)) =Qz(1)
ifx g X
R E X8 THA Dsoc(z,C)
Asoc = Asoc U{Dsoc(z,C)}
B BAF R /NF 2T OC 1) OF 3T U & M
FAZ e B, FEFRICHTA VT OC ) OB A&
else
W C BT B, F4 e R 3 BA 1
HARBARC I T I AR A B
end if
end while

end for

FHIRHI AR HrRm R XS

FR G 1 AT Qzy = {C4,C5,Cr}

4 C = Cy, BHT Qu1: Quy = {C5,C7,C1,Co}s

% C = Cs, Dsoc(z1, C5) = {D, e}, EH Qu1:
Qx1 = {07701};

LC= Cr, W Qz1: Q1 = {C1};

% C =Cy, T Qui: Quy = 2.

FALH O] AT 5 X R 2o 23+ 24 AH R HE S
PR B PEEE X, R 545 T IC 1 18 4k OC #F 14 5 BE
(XHNHAEZS T, Cp Con Con Cs F1 Co X RLHIFI A A, 1
BHE), A6 AT 5 OC HE R FEAH L, &k
OC H# AR B fij 2.

F 5 ICHIE L OC #HHFERE

Cs Cy Cs Cr
T (2,e)
T2 (d, ch) (ab, @)
T3 (c,d) (ab, @)
Tq (d, ch)

4 fiEEK

T RWIAR ST A Rk, 1k B — e g 4 4R
(JL3% 6) FEAT 5286, 1 4% F F FcaBedrock!!21¥5 45 &
3R 4R 4 1 B U MR A O A R 8 T R AN
e B o AL AT R IEE N a1, ak,a?, B4
MBEa?, &K al, - ak. WHREEHEEF a(x)
=2, 0 (z,at,?) e T(1 <t < k).

xRo6 BIEE
No. e Ul A HAERE it
1 AF 1 4 7 A /K1Y Roes
2 o3l 9 15 AT R Rre&
3 Zool!4 67 18 M/RE, BHUE 8%
4 Post-operative patient!'! 90 9 BN A5E%

3 ) U AT B 4 1 ~ BUHE 4 10 G0 R R B
OC HFRFE FE « QI IR HH B A1 i A, OC H IR F B 1 (1)
JEZS AN IS FU A, SRBt 4 LR 7 ik 8.

=7 OEIR{MIE-S8AY 4 RPHRIEFEIET /N

No. l A Aoc Aqr Asoc
1 9 36 20 13 6
2 134 8911 741 405 30
3 10573 5588878 503 664 51066 411
4 31992 511728036 2398060 175852 767
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RS AXPNNGEMEIETIMAOHMELE % Computing, 2009, 30(1/2): 305-314.

No. Riy Roc Raqr Rsoc [3] Liu M, Shao M W, Zhang W X, et al. Reduction

1 100.0000 555556  36.1111 16.6667 method for concept lattices based on rough set theory

2 100.000 0 8.3156 4.5449 03367 and its application[J]. Computers & Mathematics with

3 100.0000  9.0119 09137 0.0074 Applications, 2007, 53(9): 1390-1410.

4 100.0000 0.4686 0.0344 0.000 1 [4] Pang J Z, Zhang X Y, Xu W H. Attribute reduction
¥iE 100.0000 18.3379 10.4010 42527 in intuitionistic fuzzy concept lattices[C]. Abstract and

H12 7 7 L, OC # IR A RE QLA IR FERE AR 2
T B/ A SRR RE; 74k OC HHRHE R 4R
FIANBUNT OC HHRFERE, X 5B 0 45 R — 2
FE T IE R B S b, ARE AN BN BRAR X o]
£ OC HFRHE I QUAFIRHEFE . OC HHRFEFE | 1% 5%
TR

x8H

A RAEETA ,
RBi= rgeemag € {#£4t, OC, QI, SOC}.

A LUE W, 5AEGHRRHFEAR EE, OC HE AR FE )35
B2 A B> T 82%, QA VAR B [~ 1 9F 7 13
ANEUE D T 90%, a4k OC HERAE 4 [ ~F 25 25 T4
gD T 96%. A SLIGIRAE T 1F OF I AU &A% 5
B, OC #RRAE B AR FHME 4 1 I 7 06 AR 1) AN
fE1 4k OC FHRHEFE R FHRE A% i 17 9% BRI R v
1.
5 & #®

BT HE VR T SR A 1 24 T — P
T7EE, TZ B T % P & s R (1 JB PR 2 181, |
T A& G R T S A R AR s, BRI T HAER
RIS S NN . AR SRS T — BB it 5 R A R
OC HHIRHE B, AL 75 LL O SOF OE i AUME &2, KK P&
I T HRRFERE B S R B AR b, JE S Ry
) FE MR 2 5 TR O 7 0% AR, B 1 T 7 4k OC R 48 %,
BB AL T HRRAE FE. PRS2 HT RS2 6 45 SR EL K
BT OC ## 1R B zs 3zt A T 1% G # IR B, 74k OC
R PR I8 A T OC MR IR AR . kA, TE BT i 244
A b, BIR4SHHRMERE S QR FEHEA Jv: 1E
SRR < OC #HRAEFE < QEAFRAEFE < fifk OC
R
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