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Rough decision rules extraction and reduction
based on granular computing

YAN Hong-can, ZHANG Feng, LIU Bao-xiang
(College of Science, North China University of Science and Technology, Tangshan 063000, China)

Abstract: Rule mining was an important research content of data mining, and it was also a hot research topic in the fields
of decision support system, artificial intelligence, recommendation system, etc, where attribute reduction and minimal
rule set extraction were the key links. Most importantly, the efficiency of extraction was determined by its application.
The rough set model and granular computing theory were applied to the decision rule reduction. The decision table was
granulated by granulation function, the grain of membership and the concept granular set construction algorithm gener-
ated the initial concept granular set. Therefore, attribute reduction could be realized by the distinguish operator of concept
granule, and decision rules extraction could be achieved by visualization of concept granule lattice. Experimental result shows
that the method is easier to be applied to computer programming and it is more efficient and practical than the existing methods.

Key words: granular computing, membership function of grain, distinguish operator, concept granule lattice, rules ex-

traction

1 5l

TV 2 P2 BR300 R TR, A R A
BT EEN A, RANIZ RS R R 18
B R R ASE R
FHEEN, EREALHMPUEICRN, ZXEICRIM
PIANBUE A SR NIR 9%, 1 HAR S TPt
AL LA 1 T35 (R AT T R SR U 240 5 gl A
FERUR PRI RBE AR A 1 MIBR L2 ANH

jlll

S HHEA: 2016-08-30

R BIAN T B (1 S T R A 4 R ) A 5
JrH, I3 S JE LT, 3O O JE A 2 A
LSRN f H . HAT, AR LK
B T AIHRR I R, HRRERE . ER. A
FERF MRS R ML W SRS, ok 8 v
2016 S R A 240 167 il B0 L e I 1 A NPl ),
D PR e R PE L T, BT e KA S B
%, CURC RIS SR BRI 7 A

RV SOV AN [e] PRt 5 20 45 R 4

EEUR: EERARFEESEYINE (No.61370168) ; dbd HARRI ARSI H (No.F2014209238)
Foundation Items: The National Natural Science Foundation of China (N0.61370168), The Natural Science Foundation of Hebei

Province (N0.F2014209238)

2016244-1



%571 1

LA TR v SR DS R 2 31~

e L, HAZ O VAR KA, R i) R SR A 2 ]
(gAML RR, T LU SR D AR 45 s KA
AN S A3 2SRRI RS, R LA T
Pz, AERRIT . RILEL R RIE gt ok
PV N ARE T A A AN TR G m] RAUBCR [R] A b
THL, B 2R ) S B i SR AR S
SRAFENI o RS SCBEAETRAL, IR IR 512 5
FEAELE SE (PR HE I A5 2URLZ (KL RS o R e DL
(10 A 5 A2 iR DA AT AN TR FRPRE 7 i) USR]
RLE S A] o

HURESE HE BT — R AR FEACHSE . AN 5845 J1iR
MHE, A AT E AR R, LRSS
B A T H A AL BEAN € RN A, ERATSE
Ao JEHGRIT LA, d eSSz . R
PSR WG GURINAG T A DR, Ok R
TEATIN TR — o HA B A H A AT
IIHRRARCEN R R KLl 3 2A
DX 53 14 25 A 25 (BUAR T g P T 1 A 2 iz ), A
13 N7 AN AR 8] (P A R RS RIS KT ) o

ASCRER ST i AR SR BEE , IR
SR JE R BB SRR IR, 3l SN R (23 W
o BELEEH R, SCOUSTEA R 2R S
RSV, T AP IR g 3 O (1
s RS RIS, e BRI . BT
{ERT DA S B g U, it L3 mT DL S s
RIGEE, P9I T Bl itk

2 MXIME

I FH R RS £ 08 1240 R0 9 SC B E T B MR
fif, JEMELTSE R g A e g . A
75 J& P 2 1 1 B2 P AR AR DU AR B AR S T R R
RIIRIAL, g 1) UL RS B0 AN [FRL A3 TR] KK IR
TR P S A A s . T T PR SR R R4 T
(PIHE & TAF

EX 1 i ARG WG B ARS% N S=(U,
AV, Hh, W U=(uyu, - )it NAEE A
REES, 4 ZEMEES, V 2EEHENES,
FUxA—V 25 R, B4 EYE ¢ Mk @tk
D, Wi: CND=@, CUD=4, WKEER% S
NS R RGARR A £

EX 2 B BRE. LU,CHf LU,
D, £ W H(U,CAMUD.L)E L &A%, 25
LU,CA<LUDS), WFRRFEEAE 5 S &3

PfE B RGE

EX3 EHEARC SR E ERE ST,
WIRAFAE CicC, 1 LUCLASLUD,fS), W C
RS, W e MBS B S, FiErE G
HATIRJENE C RIFEI 733868y, WI5e W] Ja PR e vl
PAHE LT

EX 4 HNLARC. s kT E YL 5 v
FEBARY, iddea— B4 Rag N, H,
a NEMEIEE, B R IEMEAL: #FAFAE
dx":a—{cy— B, W dx"JEXT dx FIFLNZ T .

EFE 1 ANTHEER -BUEEERSE S, H
A faite— e il

IR EX T AR R ac 4, #H LU,A-{a},
Vifica) LW, AV, 1) W ARG 5o 2t 447
ftac A, LU, A-{a}.V,f,_,)=LUAV.f),
W 5C B =A—{a} « X TAEE beB #H
LU, A={a}, V., f,_.,)» W B AT, FN, 7
W5 B, =B, —{b}» EH LA, T 4 &AM
R, BTLEREIR DAL, Bk, —3Rik
FRRAE LTI A

EX 5 RESEmE, %X cU bk
AT, W, e U EKR INDRR) FRTHESG X 1)
FHRE SR J e 0
ﬂA%FJXmM&I

w1z |

Hor, [u ]z U TS wAERFR INDR) B
TR I
3 RIRFHIRLK

o7 1A AZ 0 JEARE R S R SR AR 1) il 8L 38 AT R
s TEZ2 AR RE 23 ()R ) UEEA T 20 A7 SR e 38 1
JSCRE 1) R PRIARE o AR SRR AR R RS 51 Ja v i SO SR
i R ER S IR SRR PRAE, o
3.1 RTEITHR BRI ZS (8] AR ST

EX 6 Rifbeag. RS s A, id
r@pJZ;%fﬁ%%N%ﬁ%%%%@ﬁ,ﬁ
oy ORISR i AT j RIS T MURRE
F A G P B, a1 TR
f%%ergm4f%%&%%%%%ﬁ,w%%
FIRRIEE ] Hoh, A4, FoRIREERH j )&
PERELRIZE, A4, =max,_,_, 4, —min_,_, 4

e

2016244-2



©32- W

EiS 837 %

\j

K1 SRR R

IR R EL, P LK R ST SR T 0 Gk
SRR r IRLEE A (], B AN0 G0t B R
FEAS TR I 0k, 5 a0, S A 2w,

EX T RRERE. ST VYuueU, BIHE
A€[01] ;AR BT KT u, 1SR e KL
Ir(ui)—r(u,-)|7 e 7)) =1()]

r r X

TEBIEA NEE T u, .

A IR S S e 2SI TR ] PR SR
3.2 HEMEmAEBSRE

L A2 A JRE T B ASE R I g HE AR 3 R 1]
DA [i] B 495 2 p P 0 Je P i 3 11 /N A s R IR AR
£, DA HTE B S e v TR 1 2 AT,

EX 8 W&k, W&k =4 CG=(EG,
CoG.DG), Ih, EG={u,u} hiishaE, It
RIEA MBI U FHA RS R G4k
i CoG=C, N--NC, WHLE P, AEIRIKH
g, b, C,=1{a, |ae A,ve V}EK NG u, 1)
FAHEYE, DG =D, N---ND, WKHMBENE, A3
HHEAR R RER, Hh, D, ={c|ce 4,
ve VY RaitGu, s gk,

EX 9 MEETFRAISHRL. # 2 MEERL CG
Al CG, W L EG=EG,, DG=DG,, H.
CoG,c CoGy, WIFK CGy & CG, T ki CGy 2
CG, MAk; I HM& kL cG 249 T cG,, A
CG, = CG, . Hor1, “ 27 RS R L) P KR .

TEX 10 HESHIER o A AR BORLAL) F 1 £ & K
TSR, 8 SCG={CG,,CG,, - ,CG,} o

FRA S R (T {5 B FIAR LB, 8 LT 4%
P IR PR PR SR S R (R DURR P eR AU R . IR

TREFFNBEMTTRRE, BTN, RE%IE
DTHRBERR /N S 1
EX 11 3PHET. T VYeeC,Vde D, id
1

>, -,y
R s A 3 Ik MR e BT SO0 B AR A, 2
PR SR SRR . SRR ) A=
IR AL Function SCGoy 5P
X1 pREL Function SCGy
WA RSRIEAE S XS, BIE A
Wi AHSHILE SCG,
Function  SCGy ()
SCGo={}:  /IPIMNE&RIER A 2%
for(u=u;u<sun;ut++)do{
HTE S 55 s R
EG={u};
for(j=1, j<m; j++){
(1= && p, < A )/ 2 BRI
EG=EGU {u;}
} IV SEANE
CoG=C,N--NC, : /NERA#
DG=D, N--ND, : /S IEE

CG=(EG,CoG,DG); I/ it— A M & ki
SCGy=SCGU {CG};

}
Return SCGy;

4 BTHITEHOREAE

YT Z B iR, HRA G 2k
SIE M, Fas R R E T, AR E T
BTk, S EE 1 RS R AR
SCGo, RJEMHEE X 11 a1, PLembRoe
BREER /N B, B 2R B 2 IHBR T4
3 EH IR SRR SCG
41 REHAE

JeE PR 2 151 5055 HH R AL Function_Red 553 o

B%2 PRI Function Red

BN ML RILE SCGy, YIRS 5 (n X
%, m SR

Wil MESRSE SCG

Stepl AR¥E X 9 X ph HE L BEAT I8 M DTk
TR, RIS R TR

Cons(c,d) =

2016244-3



%571 1

LA TR v SR DS R 2 33

for (i=1;i < myit++)
{SL=0;// B A7 m A8 1 1 ok B
for(j=1j < nyjj++) /j D%

SH=ST —— . 3

nz(cw - Dw' )2
i=l

Step2  #k H AL S[n] /MO EE S 5EL I

BRUES, HIE OB R
S[k]=min(S[n]):
(UAC-kyUD,V )

Step3 HI PRI R L FIE 1, HRCH S
KifE SCG, FAWIRm SMERLE SCG, [k, 5
R, WBMBRMICAR R, k85, Step2 #RH T~ —
MNICRENE

Stepd # AN, FdE ISR SCG,
SN

S 2 Ja, TRROBI S RIERE SCG, #8T
SRS SCG SHIIRMES RIS SCG, St AH ],
LB JE A TCR R R, BHMEEHE SCG 5
WM ERIEE SCGy St AN, i I S0 e 1 A 2
JURIEE .

4.2 MEESRIAE

Z X e i U i R i, DU Sk
CG=(EG,CoG,DG)I N IR A TIN L, ) MR
CGL.

BiE3 MMk

I TR S SR A A R R

it MRSk

Stepl R, LU U WAME EG, 4=1k%
PEIEME A W CoG, AR JE A A e DG

Step2 5 R R M KL IR R 5
R R
Step3  AE =R Rl. DAMERRLI AN DI

o AR CG kg YE DG A — MRS E

PEAEL, B Step3: AL, BEHATUIR AL
DG={dg,dg>, "+ ,dg,};
IPSRJEYE DG AT n ANEMEE, n>1
for(i=1,i < n,i++)

{FHIE dg, TR egir

Stepd 5 n EN A XTHE o1 BT
CG,\=(EG,-1,CoG, 1,DG, ) , #i ff # CoG, C

CoG, 1» EG,=EG, &&DG,=DG, 1, T S [14k
FERNDE ZR 5 AT s (R ANE RIS RIYHE, WIEE n )2
(K1 o CG=(EG,, CoG,, DG,); i Ni1E CoG,C
CoGpys W/T T 1T RV S S AN E R OC R AR,
% Step6.

StepS AT TB AR B 1719 s4RELIEAT Step4.

Step6 AT s AME L IR S R RIS

EIE 2 WSRO AR K5 R R
F

MERR CUEVE, RS KR Y AU 15 A
CG, A& RN, W)@ AAAE D R CGriy Wi
&: CoG,, cCoG,,EG, CEG,, DG, =DG,, R
e X9 A, 4G, <CG,, W CG,. N CG, 1T
TR, FTLL CG, A REE AR RUAHIE, BT
FHIE,
5 SKHITESE

h T I UEEEA S, AR SOR SCHR[4] T R
5 RG AT R AR, T 25 SR T X L

oriire PefE B 1 Pos. s ¢ &b,
D HYSRIENE, U higtk, T,

*1 REEAE =
C D
U
a b c d e
1 1 0 0 1 1
2 1 0 0 0 1
3 0 0 0 0 0
4 1 1 0 1 0
5 1 1 0 2 2
6 2 1 0 2 2
7 2 2 2 2 2

5.1 RIRFHRI

MR S 6 A S 7, IEHLA=03 X RFTEA
T RHTRAL, @ RE 1 19305 KSR
SCGo={({ur,u2,us},{ai,co},1€0se1}),({u3},{a0,bo,co.do}
{eo}).({usu,ur}, {ch}.{e2})} o
52 REBHAE

R4 E 11, BRI P T, 135

cons(a,e)=0.707

cons(b,e)=0.447

2016244-4



34 W

EiS 837 %

cons(c,e)=0.316

cons(d,e)=0.707

3K, cons(a,e)=cons(d,e)>cons(b,e)>cons(c,e).

1) BRJEE ¢

MR AAT BT ¢ J5, S8k 2, MRS
R SCG(C—c)y={({ur,un,ua}, {1}, {eser}), ({us},{ao,
bo,do},{eo}),({us,usti7},{da},1e2})} o

SR, WERENE ¢ m, BSRERA L,
SCG(C—)=SCG, FrLAsAHEIE ¢ 2IURIETE

2) HJEPE b

MEREYE b J5, &5k 2, 33Kk
SCG(C-b)y={({ur,u,us,us},{a1},{eo.er.ex}),({ur,uz,us},
{a1}.{eo.e1}).({us}.{aodo}, {eo}).({urususur},{ D }.{
enex}), ({us,us,ur},{dr},{ea})}

SR, WERENE b )5, MRS ANE,
SCG(C-b)#SCG, VtHIEME b ARICRIEME, 451k
PRI o
5.3 N

XM ZAEETE ¢ Ja BRI SCG(C—o)fy
MRS (BE 3), MRS WA 2 s,

{UL{CHLADY)

({124} {a ) {eved)  ((3).4a,b,d,}.{e,})

/\ /\ ({5.6.7}.{d,}.{e,})

120 Tk e (4htabudte))/
(B3h{apb, (e} (314a,d.te,})

=

4 f Vot
({4}.4b,.d ) He)) (13).4a,)te,))

(CUARTUIRT D)
2 W&k CGL

MR SRS AR 5 AT LA, A 4 A1
RUEFEARRY T 2, PO G A 4 4%, 1l
SE TR 2 WA EBERAY Y A 4 20000 Ay o AR o
FH MRS R A T DAL 21 5 PR G R .

) a=1 b=0—e=1;:5{1,2}.

2) b=1 d=1—e=0;7 75 {4}.

3) a=0—e=0; FEii{3}.

4) d=2—e=1;8 75 (5,6,7} -

54 EEXMES 9

AN e i il ) s ] RO DURT ST R[4 1 485 SR AH

[Py, Ay e il [ T RBOR . SRS EE e 2 s

*2 HL 2978 K LA

e SR 415 ES T
BEPEY 2 o(CFU
0 S o(cl|ul o(CFU
AL # £
5 # £

SR TR N O( C U |) » 59k 2 FIsE
75 3 (R SRR IS BL N R O( C P\ U ) » Bt
DIASCISIE R AE I O( CPIU )

MU B IR 2 I B AR AR ORI, SCHR[4]
D240 165 M 55 2 BT 1 0 ) 52 2% P Bt o 1 0T 52
SEFRBOG N, AR SCELVE I I 1A A 2% A B R 1)
DR /N T SCHR[41 B AR

TAh, ARSC B A S R I T LA R
SN S L1, 3o T RO e E ) AT A
MR RIS, ASCHE [FIREIE P T A 1
F

MWHRNLAITEERE, e faf B 4 2800, 3¢
R[4 U R SR MR 2 T 4 R e fp e,
FUAT 78 S5V, Ak i g — 4R 2T U 4%,
TRV SO 1L, A ST L AR R — kL2
P B KRR A S ki, AER i A b i
PES AT AT R, SE TR AR
(WA P, G T ] ks 2 1R o

B kikg (B 2) LIS # A RIS 3
FX% 4 BARYUEAAIR], (HRANE TR EL,
KRN FIE RS B T LUE B fEr
MR RS (1 R b B ST RN 2 18], 5 R A
FHIE IR B S R RO, ANV (1 SO K3
5 T TR o BN EORTIA SR AT DAYE A ST i
FEHbAR I, SRR AT A e
BN, ARSCEEAR AT N R

6 #HRiIT

AR SCER 1R T TR v S AR e SRR ) 29
532, Al ST T LI IR P R Dk R AT
Feo KORER TR L A 8 R 0% i sk
REACATRL IR 45 185 AR LU P2 g, i HLfi]
AT IRRERAE, AN R R aT Rk, Dokl
T SR R SR D25 R0 1 R A U AT 18 12 i A1
T B IR R sV

B ORE S R B AR Rosetta BRI

2016244-5



Bz

[HEARIIEE

HE TRV SRR e SRl S 24 1]

©35.

A, ARJE R HIASCHR I SRt 2D K s g oxt

EEAIT ST
5% 3Tk
[1] %k, BIER. ARLMTR—FIR RASEED]. HHEERLBII

(2]

B3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

J&, 1999, 36(6): 681-684.

MIAO D Q, HU G R. A heuristic algorithm for reduction of knowl-

edge[J].Journal of Computer Research and Development, 1999, 36(6):

681-684.

SRR, HERAZ, SRBCR, . Pk TOHURE G2 B A0 4R L

JRE]. VHEEHLRLE, 2011, 38(1): 232-235.

E X, SHAO L S, ZHANG Y Z, et al. Method of rule extraction based

on rough set theory[J]. Computer Science, 2011, 38(1): 232-235.

IRAE. — PR RSB 29 R S S BUFVA D] UL TR S R 2,

2008, 30(2): 61-63.

XU F S. An attribute and value reduction and rule extraction algo-

rithm[J]. Computer Engineering and Science, 2008, 30(2): 61-63.

WRPEAR, kM, NI JE TR0 SR SR R JOSR B I A D). 4%

5 R, 2015, 30(1): 144-148

CHEN Z H, ZHANG Y, XIE G. Mining algorithm for concise decision

rules based on granular computing [J]. Control and Decision, 2015,

30(1): 144-148.

FKIEE, HW.OBEE RBEART. TR SRR, 2013,

7(4): 359-367.

ZHANG Q H, XIAO Y. New attribute reduction on information en-

tropy[J]. Journal of Frontiers of Computer Science and Technology,

2013, 7(4): 359-367.

PLEDY, BRED. BLEHE RN 2 5 S R AE[T]. TR A 22 4R
(BEZERRD) |, 2007, 34(2): 158-162.

QIU G F, CHEN 1J. Rule reductions and characters of attributes in

concept lattices[J]. Journal of Zhejiang University(Science Edition),

2007, 34 (2): 158-162.

KANG X P, MIAO D Q. A study on information granularity in formal

concept analysis based on concept-bases[J]. Knowledge Based Sys-

tems, 2016, 105: 147-159.

KANG X P, MIAO D Q. A variable precision rough set model based

on the granularity of tolerance relation[J]. Knowledge Based Systems,

2016, 102: 103-115.

WANG S K M, ZIARKO W. On optimal decision rules in decision

tables [J]. Bulletin of Polish Academy of Science, 1985, 333: 693-696.

FRAL, ki, % BRI SRELT). BRERGAR, 2007,

2(6): 8-26.

WANG G Y, ZHANG Q H, HU J. An over view of granular comput-

ing[J]. CAAI Transactions on Intelligent Systems, 2007, 2(6): 8-26.

SABER S, ALI S, HAMIDO F. Systematic mapping study on granular

computing[J]. Knowledge-Based Systems, 2015, 80: 78-97.

FEEL, Bb—1%, Tt RS 5N AR LR ). AL

#, 2009, 32(7): 1229-1246.

WANG G Y, YAO Y Y, YU H. A survey on rough set theory and ap-

plications[J]. Chinese Journal of Computers, 2009, 32(7): 1229-1246.
Tk, EEAL, k1% AR RTINS R[] T

HLEFAR, 2015, 38(8): 1628-16398.

YU H, WANG G Y, YAO Y Y. Current research and future

[14]

[15]

[16]

[17]

[18]

[19]

perspectives on decision-theoretic rough sets[J]. Chinese Journal of
Computers, 2015, 38(8): 1628-16398.

ROEAR, IR MESE R IR T RUBE SR I ARG AT RN ER I 0], o
FEHLRLA, 2011, 32(2): 493-497.

LIANG D C, HU P. Optimal credible rules based on rough sets in
concept hierarchies[J]. Journal of Computer Applications, 2011, 32(2):
493-497.

ALLhh, kA, Ez, & TR 2 H R SR AR ).
BN, 2015, 35(S2): 73-76.

YAN H C, ZHANG F, WANG Y, et al. Multi-value attribute concept
lattice reductionbased on granular computing[J] Journal of Computer
Applications, 2015, 35(S2): 73-76.

PAWLAK Z. Rough set[J]. International Journal of Computer and
Information Sciences, 1982, 11(15): 341-356.

sk, EDT. B TRUBESR M E M. dbat: TR
iR AL, 2005: 185-189.

ZHANG W X, QIU G F, Uncertain decision making based on rough
sets[M]. Beijing: Tsinghua University, 2005: 182-189.

PAWLAK Z. Rough sets: theoretical aspects of reasoningaboutdata[M].
Boston: Kluwer Academic Publishers. 1991: 1-79.

KIGRAH, Rt Mok, AUREWE S 20 2 i Sk v 0], o
EHURHE, 2013, 40(4): 214-216.

LIU B X, CHEN H H, LIU J B. Layered construction algorithm and
application of rough concept lattice[J]. Computer Science, 2013, 40(4):
214-216.

EEEIIT:

2016244-6

BLThl (1968-) , %, WAbfRE N,
fi-f, fedbE T RSHE. WA I,
FHEBFFTT R Web 8 XA R AR K
i/

ZE (1989-) , 5I, JAALHRHEA, ¢
S [y N2 B oo = B2 D S W B T K =0 58
AR AEAR TR I N F

XRFE (1957-) , B, JAHB#GKON,
I T K2 % . WA S, EHFY
J7 ) APRRE AR BRI S N« ORI B2 T



	05

