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Formal concept attribute reduction model based on attribute classification
relation
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Abstract: In view of the shortcomings of existing formal concept attribute reduction algorithms, such as the problems
that the time complexity of attribute reduction is too high, redundancy calculation exists in attribute and attribute value
comparison, and storage overhead is great and so on, by combining the idea of granular computing this paper proposes
a conceptual attribute reduction model based on attribute classification. Firstly, two operators are defined to classify the
relations among attributes. Then, a reduction rule is established by attribute classification relation. On this basis, this
paper proposes a formal concept reduction algorithm based on attribute classification, which reduces the redundancy
calculation and storage overhead while keeping the current minimum time complexity constant, which improves the
computational efficiency of attribute reduction. Finally, the validity of the formal attribute reduction algorithm based on
classification is verified by examples and simulation experiments.
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SEUOTR) B AE BORL 1) 77 2N 9T T T8 A 1) g 1 24
8; Medinal ™M BFF ST T T 7] 6 G 0 TH] ) g 2 D AR S A
1) JE8 1t 240 fii. DA b e 78 O & J 4 24 ] S0 P IS
) &2 2% i 000 v, DR B, Chen Z5 U2 2 T MES % ()
PEZ 7 SRk, B T 78 o REORS B i A, R B 25 A0 4
7 P 75925 SI TN 114 Ja 1 240 1, FRARG T B eE [1] 52 2%
JE. SR, 1% 5 A @ PR 20 7 72 e A7 7R TU AR T AN
TG4 I I, TR 0, A ST 25 b v h B 1) AR, 42
H T TR o 2R R O S 2 T L I AR
7€ RPN EL o B B 2 TR ) 43 S50 &R, IRl
I B A 2 OC R K2 TR, SR B T SR
PEZY T, % EIVEAE LR H AT SR R) 52 2% FE AN AR 11
LR, I8 T TUATH S RAZ A5 TT 84, 3 T R a0
BV T AR,

1 EXEE

TR GRS B B A DM 2131,

EX1 BAHERKE—N=1xH K = (G, M,
D), b GRTA XN RINES, M AFTA &%
.0 CGx MANGRM LR Z MK RES. W
FTgeGme M, (g,m) € T8 gIm, KR “XHg
HWEREMEM”.

EN2 WK = (G,M,I) AR50
TFHEEACG,IE

Al = {m € M|(g,m) € I,Vg € A}.
FHRNHb, 0 T84 B C M, id
B! ={g € G|(g,m) € I,Ym € B}.

ENX3 ®K = (G,MI)N—NMERE B
WEGACGMBC M, % A" =BHB = AN
X = (A B)R—“TAME” I, &5 AR X
[MI4ME, 464 BN X [ 8. R85, F B(K) ®n K
FRTE S S A RS

EX4 WK = (G,M,I)RE—NMEAE R I
TME & A 1 8 1t 20 T B B 4k e oA reduct(K) =
{M; : 0 < i <|M[}, M; BTG B J&E i, i &
YEEEA M TR 2 R 34N 43

1) #aXt AL EREES Ay = M — | M;;

2) MR L E R BIEES By = UM, — N\ M;;

3) daXt L BEREHELES Oy = N M.

EIE1 WK = (G,M,I) 2B R
T Dc M,D+@,E=M— D, DWHIIHE &R —
A M HA e € EWL A () D) = el

EIE2 WK = (G,M, )2 MR

FD c M,D # @,E = M — D, D##NMEE
WL, M BN e ¢ BE,Hd € DI, ((d)
N(D —{d})" #d'.
2 ETREMESERRNEAMES ST EME

AN i)

H #T O A T2 ML & i 1 20 1] SRR A I [R) B2 4%
P Al rer, UL, Chen 6V 2 1 JE 77 78 a5 R RE 4R
(TR 2R & M 2 T R0k W 7 5 5 20 18T 1 7 12 B
T AR SR, FEAR T 1 20 17 B B 1) 52 2% B 4R
1M, Z A B A R S R P AR U R T B R G A7
TS R ), FERIA: 1) B SR E
LTRT I 3 U 0, % RS AR A AR AR TR AR
P RVEL ST H 5 2) KR A SRR 1) 7 o R R I A
I8 T RGBT, R, A g Aok SR
AR @I e AN E I E R R R (B
M ATy T, FE R 4 258 F il 20 TR RN, S
U M 1 JE VL 81, B R0 b T R 2 R e B
T AR R AELE TUR VSR AN T8 1 i) 3L
2.1 FRBENE

HE—NMERET XN TEEMm e MW Rg e
G, Vm(g) FmX R g @M m L8 A, 80l
TRV m(g) Zaa AR S RE 2 18 &
(g,m), % (g,m) € LW Vm(g) = 1;RZ, % (g,m) ¢
LNVm(g) = 0.

EXS HEkERK = (G, MI),EM%Em,,
mo(my,ma € M), T Vmi(g), Vma(g), &

SUb(1my.m2)(9) = Vmi(g) — Vima(g).

SUb(mLma)(g) KRB my Flmo FEXT S g B 1Y
S8, IR M o RUR P o BT 2 156 B (S5
KER BERR). X, subin, ma(g) = 0,F
N JENE my 5 mo T IRE S 2 A [F] 1, B ZE X R
g FJRYE M, 5 mo 4 % subgn, iy (9) = LI
7B o 138G 1T MR 2 R 1t oy #4382
SR TS, BIAEX R g BIEYE my G F B YE mg;
SUD (1, my) (9) = — 1, RN &M mo #9317 UM
SIT R my A IE T IS A S B FEXT B g |
JEMEmy B R m,.

EXN6 AERRERK = (G, M,I),EXHN
HF Hy A Ho, 35 BV 0,45 sub(y may (9) =
0, %% & Hy A1 Hy FANAE 45 Sub (i) msy) (9) = 1, MK
B H, = 1, Ho (B R 45 50b 1y oy (9) = —1, W E
H (A, Hy = L. XM THENRg € Gii 5,6 LA
R

D) # Hy =0,Hy = 0,WEXNRG F,mi =mi;
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D) #HH, =1,Hy, = 0,UEXNRG L, ml Cmi;

3)#H Hy =0,Hy = 1LWAENRG L, m Cmi;

4) # Hy = 1,Hy = LWEXNZRG E,ml 5mi
TR, Hh X THAXNRg € G, subgn, m,)(9) FEEL
B AR, B 4N PE B — B R, T R X Gk g 2%
1k 753 D) K i A PR SR 4 sl [ 245

ENXT g X6kl b, #Vg € G, JEMEm,
Fma Wi Hy = 0,Hy = 0,JMINEg(m;) = {maz},
NEo(m2) = {mi}. e NE(m) ERK T JEIEm K
EMRES.

EX8 TEE X6MHAL L, FHEN Sy €
G, JEMEm, Mmy: 1) FHiEH, = 1,Hy = 0,
NE;(ms) = {m1};2) #WEH, = 0,Hy, = 1,1
NE;(m1) = {ma}. HHNE; (m) £R KT EEmM M
ERESR.

EX9 ERABTRK = (G,MI),XT
JEEm € M, & NE{(m) = {my,ma, - ,m,}, M

Mul(m) = > (Vimi(g) @ Vina(g) @ -+ ®@ Vimn(g)),

Bl Mul(m) i?m|,)a'r¢mﬂz@,§mw%r¢mxﬂz@.

MR1 WK = (G,M,I)2&—MERE =X
Tm € M,P(m) = |NE;(m)| > 2HMul(m) =
Im|, Q(m) = |NEo(m)|,f LL T 45it:

1) mag—MxEM, M B Q(m) < 1, P(m)
=0;

2) moAE— LKA R M, Y B ALY
Q(m) < 1,P(m)=1;

3) m&—/MHEXT B, 4 HALH Q(m) >
1, P(m) =0.

WEBR XM LRSS 1), e LT RIE X8
AEL 2 Q(m) < 1, P(m) = OB, BoaREEm B A%
WA, R B L5 2R G &, RUE T m A &
P A A At S M R B SE (1), WA 9 & P m g — M
JE . A B, 2518 2) F14h i 3) 5 k. O

PRI 14510 A2 Ja M 2 2800 R AR, A ssd it
T 58 i M 23 2 50 ZR ok SE I 2t 4 J8 1 24 .

22 ETEMSENEBSEMAEEE

AHTHR R T M o 2R 0 SO M2
S AR R e, i LA Hy Al Ha, 9193 511
WA R 0. R 5, 4 J8 1 S AT AN B P47 )8
PEAE LGS 5, VH S Hy O Hy AL % Hy = Hy =
0, W27 X P A Jai 1 2[R0 J2 S I o0 R, H B B S
KEANE(m); # Hy, = Hy = 1L,NFRRXHNE
M2 MAFEM R R H) = 0& Hy = 1B H, =
1& Hy = 0,MFRRZX WA @2 B AR S KR,
R BASRESNE, (m), B2 K JE I % L
AR, e a, RYEJE YRR 73 3808 R HE A&

JR L], AR R RSN RS R AT DL E
PN 128 M SN 28 b i e BB AT 20, D TU AR T
SR ST R RCE. M TR m R A 4, A B m 1)
B FEL TR KM INE (m)] > 2&Mul(m;) ==
|, Y] J& 1 m AT 2.

ikl ET RS KM A S REIELA R E
.

Input: A E = K = (G, M, I);

Output: K H—/N@PELI i #%.

Step1: & H, = 0, H, = 0,red <— M;

Step2: Foreachm; € M(1 <i < n),id|M|=n

Step 3: if NEg(m;) == null

Step4: j =1+ 1;

Step 5: while(ture)

Step 6: if NEy(m;) == null

Step7: Foreachg € G

Step 8: if H; = 1& Hy = 1 break;

Step 9: if sub(y,, m,y(9) = 1, H1 = 1;

Step 10: else if sub(mi,mj)(g) =-1,Hy=1;

Step11:it H =0& H, =0

Step 12: NEq(m;) «— NEg(m;) + m;;

Step 13: NEo(m;) «— NEq(m;) + m;;

Step 14: red <— red — my;

Step 15: else if H; = 1& Hy =0

Step 16: NE; (m;) <— NE;(m;) + m;;

Step17:elseif H1 =0& Hy =1

Step 18: NE; (m;) «— NE;(m;) + mj;

Step19:if j < n,j + +;

Step 20: else break;

Step 21: for each m € M

Step 22: if [NE; (m)| > 2 & Mul(m) == |m)|

Step 23: red «— red —m;

Step 24: it red.

R EOR WS B s v 2 a7, 36 TR
AR, G PN R A U TSR H R A TRV 203K
KER, FFARYE & ML 18] 73 2658 R 1R 23 SEI Y s &
() Jg M2 . Forb, 76 Step 22 H AT @ M m O3 2R
FEANBRE KT 2, G AR B &E X
9 BT & ) 7 J& 4 m 2 153 1T 2, Step 2 ~ Step 20 i1 5 &
PEZ I )40 R J GRS B8 BT, B[R] B2 2% B2
9 O(nn); Step 21 ~ Step 24 T+ H A% J& P 2, I 8] &2 A%
FERNO(m). BNZEEEREA T B T e = 2%
NO(nn), m R RANEL, n NEEANEL
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3 SEISHERR Step 4: i JJi% 3, B [NEy (e)| > 2,454 5E X9,

31 SEBISR HHMul(e) = > (Valg) @ Velg)) = 1 = e]. i
geG

N T FEELDA RNE, EEE SR (121 T 2T
AT RK = (G, M, I)#TEELF 5. k1
i, M = {a,b,c,d, e} x5 IR, G = {1,2,3,
4} RIRANT R,

=1

EAER

G a b c d e

0 0 0 0
0 1 0 0
1 0 1 1
1 1 1 0

B S
S = O =

MR BT 32 HH 1R 22 T I 1 20 2 5k R I T MR8 70
T8 M 2 ) B0 3R 1 AT TR AR & B A T, 1
RGN AR,

Step 1: & red«— {a,b,c,d, e}, HHred R/
5K T HZ IS (A TANEEES).

Step 2: R4 & 6, LLJEME o 10 33047 J8 P AR LU L,
IS Hy R Hy B8, 028 2 fioR. SR, 24 Hy = 1R
Hy = 1IN G I 45K, J&VE o A1 b 2 TR A7 AE AR AT %
. R BE K B MR AE M A e MR B R 2 1 T ki
TP LU, FE 3k R R TR S SR 3
s, AL R R AR,

R2 BMaFEMLXRLRE
G a b Sllb((l, b) H1 H2
1 0 0 1 0 0
2 0 1 —1 0 1
3 1 0 1 1 1
4 1 1
*=3 BMHEXRE
ey a b c d e
NEg(m) d # # a #
NE; (m) # # # {a,c}
x4 HMH,BITERE
" (a,b) (a,0) (a,d) (a,e) (byc) (b,e) (cie)
Hy 1 1 0 1 1 1 1
Ho 1 1 0 0 1 1 0

Step 3: 15K 4 A A1, J& V£ (a,d) W2 Hy = O
Hy = 0, B & 1% o FURPE d S50, oK @ d (BRI R R
AT 5K R AN P 0 1) 25 B, B red«—
red — d. & 4 HEURE, 45608 LT AE L8 AT LIS
FINEo(m) FINE, (m) (455, ik 3 iR,

PUEME e 2 T 291, Bl red+— red — e; IR&E LAY 5
K = (G, M, I) @it 45 Rt red = {a, b, c}.
32 {AEXE

97 DI T 8 1 43 2K 08 R B AME & 4 A
e 1 24 16 B A O, o 5 SR 12,9,10,12] HAH
JS2 R SR REAT B O T 5 3, R SR [2,9,10,12]
({1532 53 51 F RMIL, RAT, RPO Fl RCI £ 7, 1M A % 42
H 5% 1 RCL R 7R, ASLIRAEH 17 10 i 48,
X SR SOk T UCT AL 8% 2% 21 Fdis 1S, £
LM TEARME B 3R 5 Fros. 43X 10 AN Eds 42 am i S
FR [13] H 9 777 32 2 48 A B2 1) 10 AT A 55t (Data
setl ~ Data setl0), 74 5 M HE S HE 10N RE
5t (Data setl ~ Data set10) [ 3E47 J@ P4 2 1y, spie 25 3R
Nk 6 .

&5 KT I0MHIBEEHEIERER
Condition attributes
No Data sets Objects
Boolean Discreten Continuou

1 Zoo 101 15 1 0

2 Dermatology 358 1 33 0

3 Soybean 542 17 18 0

4 Car 1728 0 6 0

5 Kr-vs-kp 3196 0 36 0

6 Mushroom 5644 0 22 0

7 Musk 476 0 0 166

8 Semeion 1593 266 0 0

9 Cnae-9 1080 751 105 0

10  Madelon-test 1800 0 0 500

*6 EIEMITERELLR
Running time /s
Data sets
RAT RPO RMI RCI RCL

Data setl 0.048 0.010 0.012 0.001 0.001
Data set2 1.136 2.023 1.142 0.027  0.019
Data set3 0.925 0.353 0.327 0.014  0.009
Data set4 0.538 0.178 0.146 0.015  0.011
Data set5 9.447 1.385 1.364 0.108  0.086
Data set6 10.251 3.531 3.732 0.198  0.157
Data set7 12.165 13.271 10.942 0354  0.294
Data set8 6.847 10.163 7.286 0366  0.311
Data set9 112.187  78.135 32.879 1.287 1.027
Datasetl0 125412  317.243  202.173  10.689  9.128

SLI6 S 6 N Windows7 3 1E 24t Intel Core i3
CPU 3.20 GHz, 2 G W7 HIAL. 1E Eclipse H12K H Java

S RS
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# 6% T RAT. RPO. RMI. RCI#1 RCL i#17 )&
PEZ T8 T ST (8], P 2ot 2 SR T B B A, BE A 4L
4 TP B B 3G 0, S 1 24 7 P U S )t AH B 3
I, RCUAN RCL 4 FHe At 3 b 55092, J0 H Hi s 45 b 44
P BB R ZE Sl B 2. 51 4, 7 Data set10 # RCI K 75
#10.698 s, RCL H 7 2 9.128 s, 1l RAT, RPO, RMI 43
i) 7 B 125.41255,317.243'5,202.173 5. J& K & RCI A1l
RCL ] 5% 1 8] & 2% ¥ /& O(|U|| A|), i RAT, RMI,
RPO [ 532 15 18] 5 4% B2 2 O(|U||AJ?). X Lk RCI AN
RCL 57 7] PLA 8L, RCL EE RCIAE 7% f B 1] 21, JE A
52 RCUEELETHH O A2 o JE v 55 th 55 8 20 1 40
TR E, THE SRR AR A 8 M e 1 A R A
ARSI, DU TE 200 500 ) 8 56 R R
e S0 T RS 4. SR, RCL ARVE 8 1
TX G i 5, iy DA, 06 7 N 2 04 e A 240 67 e 8, T DA
73 HH RCL 2 2.

4 4 ®

Xt B AT O 1 2R & 8 1 24 1 B 1 I [R]
AP AAAETCARTHE LR R GAFE T4 K
I B AN SCHE T 3T 1 o S I T M A S 1 2 T
L. B MRS AR k4 N
TR B A K8 &R (B, B8, Bhan), If
il 5t RE L (0 24 7 R0, (7] B S 3T SO 8 e PR 2
. ZITEAAREE T B A 1 £ 18 5k o s
THEI B 52 44 B, i ELR B e 7 TR TSR R A7 i
TR R B 1) R, AT B8 i 1 T8 P 2 T i e, f el
ik SEAF) A L SEER B E TR TR KR R R
N Je8 P 240 e B0 (R A 81k
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