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Rules Acquisition on Three-way Class Contexts
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(School of Computer Science &. Technology, Xidian University,Xi’an 710071 ,China)?
Abstract Rules acquisition is an important problem in three-way concept analysis. Based on attribute-induced three-way
concepts,two kinds of three-way class contexts were defined,namely three-way condition class contexts and three-way
decision class contexts. The class concepts in these two different three-way class contexts were defined and the struc-
tures of class concepts were studied. Moreover, the relationships between the class concepts in three-way decision class
contexts and the attribute-induced three-way concepts in three-way weakly consistent formal decision contexts were dis-
cussed. Then the rules based on three-way decision class concepts were presented, and the way to acquire them was
shown. Furthermore,compared to the rules acquired from the three-way weakly consistent formal decision contexts,the
class context based rules were proved to be superior than three-way weakly consistent context based rules. Specifically,
the number of class context based rules is smaller than the number of three-way weakly consistent context based rules,
but for each three-way weakly consistent context based rule, there exists a class context based rule containing more
know-ledge. Finally,considering the three-way condition class context,the reverse rules were defined. Considering both
three-way condition class contexts and three-way decision class contexts,the double directed rules were presented.
Keywords Attribute-induced three-way concept, Three-way weakly consistent formal decision context, Three-way con-

dition class context, Three-way decision class context,Rules acquisition
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Table 1 Formal decision context(Gy,M; .1 ,Ni.J1)
a b c d e f g
1 + + - - + + -
2 4+ - - - -+
3 - 4+ + + + -
4+ - - + + + -

B = M A AEL(G M, 1) FTPe SR 8
T =SSR AEL(G, Ny J D45 anE 1 fTE 2 i,
((G1,G),9)

((34,12),d)  ((124.3),0) ((13,24),6)  ((3,124).0)

((4.9),ad)  ((1,9),ab) (B.24),b0)  ((3,12),cd)

((3,2),bcd)

((2.9).M,)

K1 AEL(Gy.M;,1)
Fig.1 AEL(G,,M;.1)
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(G1,61),9)
((124,3),) ((134,2),e) ((3,124),9)
((14.9).¢f) ((3.2).e9)
(2,9).N1)

Kl 2 AEL(Gi.Ni,J1)
Fig.Z /\EL(G17N17]1)
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Table 2 Three-way decision class context Ky, .y,

e g

(3,2) + - +

(3,12) - -+
(3,24) - - +
1.0

4.0

(34,12) - - -
(124,3) - 4+ -
(13,24) - - -
(3,124 - - +
(G,.GD) - - -

(AELKG\,M,.1,).9)

({(1,0),4,0),(1243)})  ({3.2,(1,9),49)}e)  ({3,2),3,12),(3,24),(3,124)}.2)

{(1,9),4,9)}.¢/) {B.2)}.e9)

{23.N)
[g] 3 14(I<A\“l.Ml )

Fig. 3 L(K\'I oM, )
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L(Kyu)((X:,Y:),B) € AEL(G, M, D ¥ 2 (X,,Y,) €C,
2 3 3 T, =S PR T e L M 1 PN TR R DR T
PESH =SSR ANE .Y (C.B) € L(Kyw)» 3 UX.Y),
B)EAEL(G.N.J), XHEM 4 fHUCS(X.Y) . # (X, .
YOS(X,Y), IEX 11 AJ#f A>B€ AR,. Hi#¥LI] A—>B
WA E TS AR, SAR, .

FEFR 6 UL BT T T 280 SR B B L b JE v =5
HE A B BTN (4 4T /> 45 A H 5 AT AR I T R
BRI FLI A EE > (B SRR TS,

Bl 28 1) RIHHELIRHRKEEXET RETE
PR = SRR ARG L BE AR, , R 4 AT =k
FRE SR SBEIN AR, .
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#3 M4 AR,
Table 3 Rule set AR,

a—>f ad —>e c>g ad —>ef bed —>eg
ad =~ f ab —>e be —>g ab —>ef
ab—>f bed —> e cd —>g

bed —>g

F 4 MWL AR,
Table 4 Rule set AR,

a—>f ad —>e c>g ad —>ef bed —>eg
ad > f ab —>e be —>g ab—>ef
ab—>f bed —>e cd —>g

bed —>g

4.3 ETEE AN E MM KB

TESEBR ) AU 250 T P — e 3w L I L TR AR 4 T
PR B — ARG R AR AR, R 4.1 AT 4,274
Hh BT A5 20 Y R U RS2 R B 4508 L AT SR B A5 M i R4
A 5T O], 3o Aol D] ke 8 Ay T 1) RN o A 8 R T 4%
PEIEAT S i R MU B el 5 2R B DAL e S5 98 B 4R A R

A o B R A ML
EX 13 B(G.M, TN, )R —A =358 iR e

5L Kyn=(AEL;(G,N.,]) .M. ,) K (G.M.I,N, DI =
THRMEE R, (XY B RRRE (G N D W E TS H
SIMEE, A (C, AR KunMEM S, B (X, Y)EC,CH#
(@, D)} ,CA{AELE(GsN. )}, W T & [ $L0 B~A, fr
AR FHFLEE R AR, .

S5 E [ HLIU 5 B2 HL O 25 HE AR X R

EX 14 FHFEHN A—>B ft B>A, W[ {3 A< B,
TR SR 0 S 5Ly B0 A BRI 9 4 ek AR,

SE BT 4 UL Ia) R A 3R v

EE7 WG.M, N, RH—AZ 5P 1 ek
RS LEMNBEMN X,V E (X, Y) EAEL, (G, M, D H
(X.Y) € AEL; (G, N, J), W a] 48 X i) #L 0 (X, Y) > <
(X, Y,

WEHT . /S (X.Y) € AEL: (G, M, D, Jif L ((X.Y),
(X YOO FEMFFGM, D E—D RSl =
AL XY, (X YD) EAEL(G, M. D, HEH 1
TR LT P55 PR 3 A (X0, (X,
Y DR EHRFRE S Kyw=(AEL,(G,M, D ,N,J ) =
—AMs, e 1R MR DM, (X, Y) €
(XY Pl i 212 44 0 = 2 e s 2675 3 R A
SESCATASREI (XL, YD) P > (X, Y)Y, R 1 R D
AAN(XL Y)Y = (XL YD Pl il A B (XL YD) Pv > (X,
YO Uy, R DLEE F = A 21 S AR B B R (X
Y)Py > (XL, Y) P g B AR R (X, Y) Py (X,
Y)Pv,

Bl 3(Ef 1) F 5 G T R LUK R
SRS R B 4 AT AT S B A A A L R
6 I T A B M BN AR, 3 7 45 T A Y XL fi) B )
AR, .

%5 SHAMEIE Ky x

Table 5 Three-way condition class context Ky, ,x,

d

(14,
(3,2) -

(3,124) - -
(134,2) - -
(124,3) + - - -
(G1.,G1) - - - -

I+ 4+ 0

(AELK(G\,N,,J,),9)

({(14,0),(124,3)},0) ({3.2),6,124)},0)

({3,2)},bed)

({9}.M1)
&l 4 LKy, v,
Fig.4 L(Ky x)

#6 ML AR,
Table 6 Rule set ARy

ef—~>a eg—>c eg—>bcd

[ra g

#7 MWL AR,
Table 7 Rule set AR,

a<f g bed <ef

LHRIE AUETEESFHE =AM EXTHMA =X
PN SR SRR T S S SO S L R SR
MRS, M TIA SRR R AN T R
S R PSRN A AR TBOT  OF HURE T T SR R Y
FUI 55 T = 3255 Ur I pe SR U0 SEARAS B LI L BE— 2P R
B 7T =R SR IR W R AR, T LSS A =
FAFRE R LTI T K1 BT i B BRI, F R T =3
AL A& 73 BT Hh R DU B MY TN 2

AU B b B AR AR AR S
TR 45 vt R B D — R = ST s T EE X
T 5 B R AL 5 TR 4 P T BE 23l R TE 28 0 A B

2 % X M

[1] QIJJ,WEIL,YAO Y Y. Three-way Formal Concept Analysis
[C]// International Conference on Rough Sets and Knowledge
Technology. Cham: Springer,2014:732-741.

[2] QIJJ,QIAN T,WEI L. The Connections Between Three-way
and Classical Concept Lattices [ J]. Knowledge-Based Systems.,
2016,91(C) :143-151.

[3] REN R S,WEI L. The Attribute Reductions of Three-way Con-
cept Lattices [ J]. Knowledge-Based Systems,2016,99(C) :92-102.

[4] YAO Y Y. An Outline of A Theory of Three-way Decisions[ C] //
Rough Sets and Current Trends in Computing. Springer Berlin
Heidelberg,2012:1-17.

[5] WILLE R. Restructuring Lattice Theory: An Approach Based
on Hierarchies of Concepts [ C]// Proceedings of the NATO Ad-
vanced Study Institute. Dordrecht: Springer Berlin Heidelberg,
1982:445-470.

(T4 5 46 )



46

i BN R

2018 4F

[3]

(4]

(5]

L6]

L7]

(8]

9]

A HLER] . 2004,27(2) :197-203.

SHI Z Z,CHANG L. Reasoning about Semantic Web Services
with an Approach Based on Dynamic Description Logics[ ] ].
Chinese Journal of Computers,2008,31(9):1599-1611. (in Chi-
nese)

SOBAE W T B S R B AR A TE L Web RS HERLLT . 3t
FHLZEM,2008,31(9) 1 1599-1611.

WANG G Y,YAO Y Y,YU H. A Survey on Rough Set Theory
and Applications[ J ]. Chinese Journal of Computers, 2009, 32
(7):1229-1247. (in Chinese)

FEJAL W%, Tk MR B 5 0 OFR g R LT ], 5L
#4%,2009,32(7) :1229-1247.

FE AL Rough MG 5 AR M. 754 . 15 % 525 K%
Jitkt, 2001,

MIAO D Q,ZHOU J,ZHANG N, et al. Research of Attribute
Reduction Based on Algebraic Equations[ J]. Acta Electronica
Sinica,2010,38(5):1021-1028. (in Chinese)

B A ool 45 T RBOr R R R L R ISR ]
T4 ,2010,38(5) :1021-1028.

DENG D Y,.LU K W,MIAO D Q,et al. Study on Entire-Granu-
lation Rough Sets and Concept Drifting in a Knowledge System
[J]. Chinese Journal of Computers, 2016,39 (177): 1-18. (in
Chinese)

XA TG /5 50 30, B3R S5 R R G o 4 B REURS 4 MR A T
B prsE (0], AL, 2016.39(177) :1-18.

MARIA S,MAITE L. Rough set based approaches to feature
selection for Case-Based Reasoning classifiers [ ] ]. Pattern
Recognition Letters,2011,32(2) :280-292.

TIBSHIRANI R, HASTIE T,NARAS HIMAN B, et al. Diag-
nosis of multiple cancer types by shrunken centroids of gene ex-

pression[ C] // Proceedings of the National Academy of Sciences.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

USA,2002:6567-6572.

KOHAVI R,JOHN G H. Wrappers for feature subset selection
[J]. Artificial Intelligence,1997,97(1/2) :273-324.

ROKACH L. Decomposition methodology for classification
tasks:a meta decomposer framework[ ] ]. Pattern Analysis and
Applications,2006,9(2/3) :257-271.

WANG M, LIU B, TANG ] H.,et al. Metric learning with fea-
ture decomposition for image categorization[]]. Neurocompu-
ting,2010,73(10-12) :1562-1569.

SHE Y H, HE X L, QIAN Y H. A multiple-valued logic ap-
proach for multigranulation rough set model[ J]. International
Journal of Approximate Reasoning,2017,82:270-284.
BAZAN ] G,LATKOWSKI R,SZCZUKA M. Missing template
decomposition method and its implementation in rough set ex-
ploration system [ C] // Proceedings of the Fifth International
Conference on Rough Sets and Current Trends in Computing.
Kobe, LNAI,2006:254-263.

ZHANG Q Z. An Approach to Rough Set Decomposition of In-
complete Information Systems[ C]/ TEEE Conference on Indus-
trial Electronics and Applications. Harbin, IEEE, 2007 : 2455-
2460,

ZHANG H Y,YANG S Y. Feature selection and approximate
reasoning of large-scale set-valued decision tables based on
a-dominance-based quantitative rough sets [ J]. Information
Sciences,2017,378:328-347.

GRZYMALA-BUSSE ] W,GRZYMALA-BUSSE W ]J. Han-
dling missing attribute values[ M] // Data Mining and Know-
ledge Discovery Handbook. 2005:37-57.

GRZYMALA-BUSSE ] W. Discretization of numerical attri-
butes[ M // Data Mining and Knowledge Discovery Handbook.
Oxford: Oxford University Press,2002:218-225.

(B35 26 70

L6]

(7]

[8]

9]

[10]

[11]

GANTER B, WILLE R. Formal Concept Analysis: Mathematical
Foundations [ M. Berlin Heidelberg: Springer-Verlag,1999.
YAO Y Y. Interval Sets and Three-way Concept Analysis in In-
complete context [ J]. International Journal of Machine Learning &-
Cybernetics,2017,8(1) :3-20.

REN R S, WEI L, YAO Y Y. An Analysis of Three Types of
Partially-known Formal Concepts [ J/OL]. International Journal
of Machine Learning & Cybernetics. http://doi. org/10. 1007/
s13042-017-0743-z.

TS PUE Y. BT RDRS S A9 AN i e e SR LML b st i e KA
AL L 2005,

L1 J H,LV Y ]. Attribute Reduction and Rules Extraction in
Decision Formal Context based on Concept Lattice [ J]. Mathe-
matics in Practice and Theory, 2009, 39 (7):182-188. (in Chi-
nese)

AR, BRI, TR T HE SRS 1Y TR ROE A 5 R M 24 R R
FRHLT ], B Y 523 5 AR, 2009, 39(7) :182-188.

LI J H.MEI C L,LV Y J. A Heuristic Knowledge-reduction
Method for Decision Formal Contexts [ J]. Computers and

Mathematics with Applications,2011,61(4):1096-1106.

[12]

[13]

[14]

[15]

[16]

L1 ] H,WANG ] H,MEI C L,et al. Weakly Closed Label Con-
cept Lattice and Its Application to Rule Acquisition in Decision
Formal Contexts [ C] // Proceedings of International Conference
on Machine Learning and Cybernetics. Piscataway: IEEE, 2013
658-663.

LI T. Knowledge Acquisition in Formal Decision Context [D].
Xi’an:Northwest University,2013. (in Chinese)

AW RO A S i R IED . V6% 7 6 K 4%, 2013,
ZHU Z C, WEI L. Two-way Rules Acquisition based on Class
Contexts [ J]. Journal of Northwest University (Natural Science
Edition) ,2015,45(4) :517-524. (in Chinese)

RVG A BRI BT T LAY L) LI Ay BRI LT . PEAE K22 4R
CHARBFEMRD ,2015,45(4) :517-524,

PREDIGER S. Formal Concept Analysis for General Objects
[J]. Discrete Applied Mathematics,2003,127(2) :337-355.

LIU L,QIAN T,WEI L. Rules Extraction in Formal Decision
Contexts based on Attribute-induced Three-way Concept Lat-
tices [ J]. Journal of Northwest University ( Natural Science
Edition) ,2016,46(4) :481-487. (in Chinese)

XK, B s, BLFY . L TR RS = SOME A A DR B R LI 2
BT, PR 222 4R CH AR BE 22D 5 2016, 46 (4) :481-487.





