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Maximum distribution reduction in inconsistent interval-valued
decision systems
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264005, China; 2. School of Computer and Control Engineering, Yantai University, Yantai 264005, China)

Abstract: Distribution reduction is one of the important methods of attribute reduction as it can guarantee consistent
confidence coefficients of all decision rules before and after reduction. Maximum distributed reduction keeps the un-
changed rule with the highest confidence coefficient in the decision system, and extracting a rule with a high confidence
coefficient has a wide application value. This paper introduces the concept of maximum confidence coefficient for in-
consistent interval-valued decision systems based on compatibility relation and proposes a maximum distribution reduc-
tion algorithm based on discernibility matrix, whereby a discernibility matrix is constructed to keep the unchanged max-
imum distribution. The relationship between the maximum distribution reduction algorithm in inconsistent interval-val-
ued decision systems and other reduction algorithms was analyzed. Experiments were performed using UCI standard
data sets, and the proposed algorithm proved to be effective.

Keywords: distributed reduction; maximum distributed reduction; confidence coefficient; compatibility relation; dis-
cernibility matrix; inharmonious; interval-valued; decision system
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Table 1 Inconsistent interval-valued decision systems
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U a, a, as ay d
x; [0.86,3.13] [-0.20,2.23] [-0.26,2.26] [-0.19,2.20] 1
X, [-0.12,2.13] [0.79,3.20]  [0.73,3.26]  [0.73,3.26] 2
x3 [-0.13,2.20] [0.86,2.95] [-0.26,2.26] [-0.24,2.12] 2
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F—JiH, AE D, €y (x), #7D;, #y(x), N
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U ={x1, %, xp ) WXHMEREi > 1,7 < |U|:
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DM (i NRIET a- M IS B K530 2 7 v]
HEUHEEDMS,, Bt T iR TR, DM, 17 FR A
KO AT HERERE, Horhi, j=1,2,---,|U|, QFoRaS 8,
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T
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(NO) V-V (0),6, € C.k = 1,2, L #HE O th A0
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tribution reduction algorithm based on discernibility
matrix, MDRADM) iR ansa 2.,

&3%2 MDRADM

WA XE{ERE RS DS, HfHa,

Wl XEMEIGE RGN A SRR R
[HERE

1) T X EHEPE R R4 DS B {Ha T BIAHZE
FEARSUU) -



.« 474 - BB A

&
Y

S ¢

13 %
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FARS T — DR AR A g (x)
3) MR AR R BRI, BT I B4 e
jiﬁﬂﬁy%(xi) o
4) MR EEAS X G 049 AL {5 BEA [ A8 3 fie K 73 A1
2y TR DM, o
5) FH AT HER A R DM, R B Ko A 2 T ]
HEHPRELSS (a0
6) A 73 e 5 A SR U 5% AL R (Ca
Ry (O PEE— D E TN — MR RFFRI 2T
A 2 i i PR RUE FRAS TR E PSR R Y
PP A B R AT AT R 21T, DA ISk A iR R B0 T 1Y
I IE] 2 2% 01V, IC1 R 25 A IR PR AN, (U1
XL
Bl 4 WL R IXEERE RS, 4
a = 0.6, RIGH 2 ATRAR I R HERE AR AR 2R
HRISREED X UL 53
U/D ={D,, D} :{{xlax57x6}a{xZ’x3’x4}}O
THEERE XS GO A AR 3 A1 -
pe®(xn) = (1,0}, pe(x2) = {0, 1},
e (x3) ={2/3,1/3}, pe(xs) = {0, 1},
et (xs) ={2/3,1/3}, pe(xe) = {2/3,1/3}5
THEAE ARG LRI
¥eo(x) ={D1}, ¥¢°(x2) = (D},
¥eo(x3) = {D1}, ¥ (xs) = {Da},
Y&t (xs) = {Di}, ¥e°(xe) = {D1}o
E S ONG I ESTHEIE S PV sat o

1]
a,,a,,a3,04 (%]
0.6 %) as,a, O
DMy, (6,6) = P 0 a O
%) az,a;, D az; O
%) a,a, D a3 O O

TR ORI 215 ] HE ek L
fB'G(C)Max(C_ll,az,as,aO =das
W, BRI RFF A AR N {as)
B 5 gk 1 Prosiy X EERKE RS, 2ol
40.4,0.5,0.6,0.7, M7 A (R L T 25 R
hy (C)(ay,ay,a3,a4) = a; V ay
By (C)@y, aa, @3, 84) = (a) Aas) V (@ Aas)
hp’(CX@y, @, @3, 84) = (a1 Aas) V (@, Aas)
hyy (CX@y, @, @3, 84) = (a1 Aas) V (ay Aas)
YNGR S ESIHESE )
By (O (@1, 82, @3,84) = ay V ay
h%S(C)MaX(alvaZsa3’a4) =das
h%ﬁ(c)Max(al ,0o,03,04) = a3

h%7(C)Max(‘_11 ,0y,03,04) = a3

MR 3 XMEERKRSEDS = (U,CUD,V,f),
H=hVhV-Nh, K =k Vi V---Vk, 75 5 &5 10
AT AR K A A i 258, WIHE R He T, X Tk
B A28 5 Wik, H P AFATE— A 2505 Win, i 2
hi2k; o

3 EIeif & oAt

AR T X B 1 i R A3 A 24 TR SRR R A T S 5
E, SCH AL IR A3 1) Hedss e Ko A3 24 17 7 32
HoAh 218 J7 3k M A T 45 5, B0 0E TR R 3 AV IEH
P 2) BB T SRR RS L 20 A0 DR R I SR
3 P RIAL AR . R UCT AnifEIA 4R i
FToRES , SCESFAEE N PC ML, ¥4E &R 45N Windows
7 HEAR R 64 37 ; IN1FM 6.0 GB DDR3, CPU 2/ Intel
i5-3470,

SEESVEEL 8 AHFRIE UCT BUHRAE, X2k B a
W X R o R M (AT R e, X 4 Al
BOHE R (0,180 48, b 32 S BB SR FH 2441 o )
W7, TR BAE AL B4 7E WEKA3.6 #5147, 4548
A5 BANER 2 R, (UM SEL, (AT R &8
PR, IDERTR ISR R MR AT 2 3 254K

xR2 UCIHIR&ERER
Table 2 UCI data sets information

PGS Ul |AT] D|
BLOGGER 100 4 2
Fertility 100 9 2
Teaching Assistant
151 4 3
Evaluation
QualitativeBankruptcy 250 6 2
User Knowledge
258 4 4
Modeling
Liverdisorders 345 6 2
Auto MPG 398 6 3
Mammographic Mass 961 4 2

M TR R, % 3 ~ 10 T EHE 44 PR3 A
IR A PRI AR

F1 TR Y UCT in SRS B 25, DRI
o R E R e A5 Ay DX TR (St BRI 4 o X
[F1) (530 1 5 B TE SCRR[19]Hh 2 &R, Sk iZr
L, SIBEBEA, S AE AT IR R, B DX R A
KE.
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K3 ABFERE 1=2.4,0=04)
Table 3 Comparison of reduction results (1= 2.4,a= 0.4)

K6 AR 1=2.4,0=0.7)
Table 6 Comparison of reduction results (1= 2.4,a= 0.7)

i PRADM DRADM MDRADM ¥t PRADM DRADM MDRADM
BLO {1,2,4,5} {1,2,3,4,5} {1,2,3,4,5} BLO  {1,2,3,4,5}  {1,2,3,4,5} {1,2,3,4,5}
FER {1,3,7,8,9} {1,2,3,6,7,8,9} {1,3,7,9} FER (3} (3} (3}

TAE {4, 5} {1,2,3,4,5} {1,2,3,4,5} TA  {1,2,3,4,5} {1,2,3,4,5} {1,2,3,4,5}
QB E£451 {1,2,3,4,5,6} (1,2, 6} QB £45 11 F4H 12 £4 13
UKM %82 {1,2,4,5} {1,2,4,5} UKM  {1,2,3,4,5} {1,2,3,4, 5} {1,2,3,4,5}
LD {5, 6} {1,2,3,4,5,6}  {1,2,3,4,5,6} LD {1,2,3,4,5,6} {1,2,3,4,5,6} {1,2,3,4,5,6}
AM #£453 {1,2,3,4,5,6,7} {1,2,3,4,5,6,7} AM {1,2,3,4,5,6,7}{1,2,3,4,5,6,7}{1,2,3,4,5,6, 7}
MM {1} {1,2,3,4, 5} {1,2,3,4, 5} MM {1,2,3,4,5} {1,2,3,4,5} {1,2,3,4,5}

x4 AFERITEE 1=2.4,0=0.5)
Table 4 Comparison of reduction results(1= 2.4,a= 0.5)

x7T AFERITLE (1=3.5,0=04)
Table 7 Comparison of reduction results (1= 3.5,a= 0.4)

ik PRADM DRADM MDRADM ¥HEE  PRADM DRADM MDRADM
BLO  {1,2,4,5} {1,2,3,4,5} {1,2,3,4, 5} BLO fE4 14 (1,3, 4) 4
FER £54 £55 #4556 FER %4515 {2,6,7,9} {2,6,7,9}
TAE {1,2,3,4,5} {1,2,3,4,5} {1,2,3,4,5} TAE %416 {2,3,5} {2,3,5}
QB £47 (1,2,3,4,5,6! {1,2,6} QB #Ef/ 17 {2,6} 2,6}
UKM  {1,2,3,4,5} {1,2,3,4,5} {1,2,4,5} UKM %418 (5} {5}
LD {1,2,3,56} {1,2,3,4,56} {1,2,3,4,56} LD £419 {1,2,3,4,5,6} {6}
AM {1,3,7} 11,3,4,5,6,7}  {1,3,4,5,6,7} AM 420 {1,2,3,4,5} {1,2,3,4,5}
MM {12,3,4,5}  {1,2,3,4,5} {1,2,3,4,5} MM {1} {1,2,4,5} {1,2,4,5}

Fx5 ARLERITLE (1=2.4,0=0.6)
Table 5 Comparison of reduction results (1= 2.4,a= 0.6)

*x8 HAB/ERILE (1=3.5,0=0.5)
Table 8 Comparison of reduction results (1= 3.5,a= 0.5)

HHE%E  PRADM DRADM MDRADM ¥tk PRADM DRADM MDRADM
BLO  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5 BLO 4421 (1,3,4,5) {1,3,4,5)
FER #4458 #5459 #4510 FER {1,7,8,9} {1,2,3,6,7,8,9}  {1,3,6,8,9}
TAE  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5} TAE (4,5} {1,2,3,4,5} {1,2,3,4,5}
QB {1,5,6} {1,2,3,4,5,6} {1,2,3,4,5,6} QB HEAH2 (2,6 (2,6
UKM  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5} UKM %4623 (2,5 (2,5

LD {1,2,3,4,5,6} {1,2,3,4,5,6} {1,2,3,4,5,6} LD {6} {1,2,3,4,5,6} {1,2,3,4,5,6}
AM {1,2,3,4,5,6,7}{1,2,3,4,5,6,7}{1,2,3,4,5,6,7} AM B 24 0 {1,2,3,4,5,6,7) {1,2,3,4,5,6,7}
MM {1,2,3,4,5}  {1,2,3,4,5} {1,2,3,4,5} MM (1} {1,2,3,4, 5} {1,2,3,4,5}

BIX HEPSRE RG(U,CU D, V, f), "HEEx, € U,
a,(x) R xAE JE P J:EI/‘JHX{EU/D_ {Dy,Ds,+,Dyypi}»
Dy € U/D, WA PR AT R DX T (B 25080 iR iy

r \/|D |- Z (at(x/) ak)
D ax)

o, x;€D,
Atha) = —p—
k

DX TAME A 22 A X ] 30
l'=a,(x;)—Aa’
ul = a,(x;)+Aat
A R I XA A A BE AR
3.1 HEERITLE
TEARTTH, THE T ORI 4y 1) 5 H AR LY & 7
HEZIRIMOCRY, EBGEAFRE 25k (PRADM)
A R FR 29 7 B3 (DRADM)., A% B H2.4 1
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g LERRE

3.5, a4y E0.4. 0.5, 0.6, 0.7, TLHEFT T 8 LH51L,
THGEER NG 3~10 P, Horp £ 4 1=84 7=4&
G 17=584 19=F4 22=84 28={{1}, {2}, {3},
{4}, {5}, {6} BEG 2=55 14=55 16=5
18=445 21=4R45 23={{1}, {2}, {3}, {4}, {5} s &
& 3=1EG 20=0E4 24={{1}, {2}, {3}, {4}, {5}, {6},
{73} BRG 4=2E5 6=(1,3,4,5,6,7,8,9}; 5
S=HEA 8=HEG 9=t H 10=5E5 26=E 5 27={1, 2,
3,4,5,6,7,8,9}; A 11=H4 12=H4 13={{1, 3,
53,12,3,5},43,4,50,{1,2,3,4,6},{1, 5, 6},{2, 5,
6},{3,5,6}{4,5,6}}; A 15={{1}, {2}, {3}, {4},
{5}, {6}, {7}, {8}, {9}}; B-H 25={1,2,3,4,5,7,8,9},

x99 HAFLERITLE 1=3.5,0=0.6)
Table 9 Comparison of reduction results (1= 3.5,a= 0.6)

Bk PRADM DRADM MDRADM
BLO  {1,2,4,5} (1,2,3,4,5)  {1,2,3,4,5}
FER 425 426 #4527
TA  {1,2,3,4,5}  {1,2,3,4,5} {1,2,3,4,5}
QB 4528 {1,2,3,4,5,6} {1,2,6}
UKM  {1,2,3,4,5}  {1,2,3,4,5} {1,2,3,4,5}
LD  {1,2,3,5,6} {1,2,3,4,56} {1,2,3,4,5,6}

AM {1,2,3,4,5,6,7}{1,2,3,4,5,6,7} {1,2,3,4,5,6,7}

MM {1,2,3,5} {1,2,3,4,5} {1,2,3,4,5}

Fz10 AFMERIIEE 1=3.5,0=0.7)
Table 10 Comparison of reduction results (1= 3.5,a= 0.7)

% PRADM DRADM MDRADM
BLO  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5
FER {3} {3} {3}

TAE  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5}
QB {1,5,6} {1,2,3,4,5,6} {1,2,3,4,5,6}
UKM  {1,2,3,4,5}  {1,2,3,4,5}  {1,2,3,4,5}
LD {1,2,3,4,5,6} {1,2,3,4,56} {1,2,3,4,5,6}
AM {1,2,3,4,5,6,7}{1,2,3,4,5,6,7} {1,2,3,4,5,6,7}
MM {1,2,3,4,5}  {1,2,3,4,5} {1,2,3,4,5}

#3~6 MAW24,a%r5HL0.4,0.5,0.6,
0.7 B, IEBRORERE | 4300 PRI LR KA A R 2 1T 5
RN fRiLs R, LR LI, MDRADM ZfiiZh
34 DRADM 2y fRi 5 5 10 4, RISGUE T4 5 3 1)
1ERAE, 11 PRADM #4552l MDRADM #fiij 4%
REAPEXR, XEFR, JIEECHZS B, E3
2T 25 R Ry SRR AR R A B A, i PRA-
DM [ 241 4% 5 F1 MDRADM [ 24 i 45 SR AR A7 A
TREF ., Ya=350=040F, X T KEB 0B 4,
DRADM [ 24 {45 - e i, Fertility 0 45 W 76 A=

2.4, a=0.70 %48, 1H Liverdisorders 45 £ 7T {r]
BT A TUR RN
32 ZYERENL

AT %I Mammographic Mass 2G5, XT LM
AN R G A WG IR AR . 1 ~
5 MAH2.4, a4 51HL 0.4,0.5.0.6,0.7, 0.8 B, 3 4
SR R BT () 6 B 17 005 18§ A8 H5 32 7R Mammographic
Mass E6 45 1% G4, PARIRRIRB I, 5
iR so
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1 Comparison of reduction efficiency (o= 0.4)
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Fig.2 Comparison of reduction efficiency (= 0.5)
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Fig.3 Comparison of reduction efficiency (a= 0.6)
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Fig. 4 Comparison of reduction efficiency (a= 0.7)
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5 ABMEIFLL (@=0.8)
Fig. 5 Comparison of reduction efficiency (o= 0.8)
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