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Weighted Adaptive Multi-granularity Decision-theoretic Rough Set Model

ZHANG Yu, WANG Xiaoyan
(School of Computer Science & Technology, Anhui University of Technology, Maanshan 243032, China)

Abstract: In multi-granulation rough sets, attribute weights are typically assigned through predetermined methods,
while the probability thresholds required for computing upper and lower approximations of attribute granular
structures often rely on expert recommendations. This makes existing rough set models lack adaptability in practical
applications. To address this, a weighted adaptive multi-granularity decision-theoretic rough set (WAMG-DTRS)
model was proposed. The weights of the attribute granularity were calculated according to information gain, and the
number of granular structures was controlled by the setting weight coefficients. The probability thresholds required
for calculating the upper and lower approximate sets corresponding to different objects under the attribute granular
structure were determined by the threshold formula in the single-parameter decision theory rough sets to better adapt
to practical applications. Based on this model, five types of average weighted adaptive multi-granularity decision-
theoretic rough sets models were constructed, further improving the adaptability of the model. The feasibility of
these models was proved through practical examples and experiments. The results show that adjusting the weight
coefficients can flexibly control the scale of the upper and lower approximation sets in the WAMG-DTRS model.
The average weighted adaptive multi-granulation decision-theoretic rough set models under different average

conditions exhibit varying characteristics in the lower approximation sets and retain the ability of the WAMG-DTRS
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model to flexibly adjust weight coefficients. By considering different average conditions, the adaptability of the

model can be further enhanced.

Keywords: adaptive threshold; weight coefficient; multi-granularity; decision theory; rough sets; information gain;

granular computing
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T\eT, /\Z Wa, 2T/l

i=1
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m

DA (x) =

i=1

U {x cU: A p(Xllxly)> [3} (26)
|T%|
TeeTHA ZWA‘ > T ws
=1

%(Z A[({,a,)Fi,y (X)’ZAE{#)FL«/ (X»ﬁ‘j%é’xjtﬂ:A
=1 i=1

55 TR AWAMG-DTRS 5 58 frRLURE £

EFE 2 & & (UculdhhN DIS,
A=1{A}, A Az, A A CCi=1,2,---,m), X TAL &
£e0,1),0<y <1, w={wy,wa, - ,wa | NS TR
XA, X C U, Al 15

1) ZAEC,a,)Fo,y (X) C ZAELU,)F,)/ (X)’
i=1 i=1

& Fo, - F,

2) D AT X)€Y AT (X,
i1 =1

3) ZAEC,(!,)FL)/ (X) C ZAf_La,)F,y (X);
-1 i=1

= Fi, < A E,
4)ZA$(@) 7(x) C ZAEZﬁ:) 7(x)o
p =1

EH 1) B vxe Y AL, tE X8,
i=1

T3]
VA €T\ Ty = (TIT S My Awr 2y, wr = D wa)
j=1

M, = {A,-|A,- € Anp(Xllxly) > ail, E, >, il
p(Xlixly) > H  E,zaic X SHL

7|

VA €T, Ty = {TIT, C My Awr, 2y, wi, = ) wa) :
j=1

M, ={AlA; € AAp(XIlx], ) > ai).p (X|[x]A,)j> @, B

p(Xilxly) > e FE Lh xe Y ACTr ), BT L
i=1

ZAE[,QL)Fo,y (X) C ZAECYM)F,Y (X) )
i=1 i=1

2) [A13E 1) ATHIE

D & Ve A0, hE X 9%
= I7i

VA, €T\, T, ={TIT, S M, Awy, 2y, WTIZZWA’} ’
=1

M, ={AlA € Anp(XIlxl,) > ), p(XIxl) =@, B

p(XIxly) > e p(Xixly)>a. & X SH
T}

VYA, € T,T) ={TIT, S My Awr, 2y, WT’=ZWA’} ’

Jj=1

My = {AlA € Anp(Xilxly) > aifp (XIlxly ) > @, B

p(XIxl,) > e FE Lh xe Y A, B LA

ZAgg“,a,)Fi,y (X) C ZAf_{sa,)F,y (X) )

i=1 i=1

4) [F] 3 3) AT3IE,

4 KB5S SEIRITIE

SRy B T HH AT A S B R A AT AR
L, E A 1A S AT oA, I R UCT Ml
SRR A VEAT O EL LI, LABPAL R R AE SE bR 3 5 eh
(1) & B B 7 AR o
4.1 EBISH

G 1 MRERFRRGE WU.cula), Hp x4
U={X0, X1, X2, X3, X4, Xs, X6, X7, X5, Xo}, 7% 1T J& P C={A,, A,
A3, As}, Ay Ay Ay A S0 IRFIRE NS L ROT L fig
U5 M Fn 2 M . M A& 424G Low Al High, RF 4
& Compact F1 Full, BEHJE {145 Gasoline £ Diesel,
U4k Low, Medium #1 High,  dy 35 J& 1k
AT FIWR 4 PEBE, 434 Poor, Good, Excellent 3 Fif
EH . fRR RGN EMAEGENE 1,

x1 BEERRES

Tab.1 Information systems

U Ay Ar A3 A4 d

xo Low  Compact Gasoline Low Poor

xi High Full Gasoline  High Excellent
x  High Full Diesel Medium  Good

x3  High Full Diesel Medium  Poor

x4 Low  Full Gasoline  High Good

x5 High Full Diesel High Excellent
X6  High Compact Diesel Low Poor

x7 Low  Full Gasoline  Medium  Poor

xg  High Compact Gasoline High Good

X9 Low Compact Gasoline High Poor

R4 D) IFEER 1 FREB RG4S R MR
JFEBALER, 73 5 wa, =0.239, wy, =0.239, w,, =0.011,
wa, =0.511, WLz =03, M4 (7)~(10), FIHHESE
R 1 PR(E B RGN R JE MO 25 1 AR [ %
GO AER BIE . 32 y=0, 0.3, 0.5, 5k WAMG,
FAWAMG, SAWAMG, TAWAMG, FoAWAMG,
FIAWAMG A, 38 520 %y 2800 1 12 il JURE 45 4
¥ H. WAMG, FAWAMG, SAWAMG, TAWAMG,
FoAWAMG, FIAWAMG 47 5l %I i WAMG-DTRS,
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W5 —F AWAMG-DTRS, 4 —fll AWAMG-DTRS, %3
—f AWAMG-DTRS, 55 JUF AWAMG-DTRS, 4 H.
i AWAMG-DTRS #E# . 38 2~4 43 5] A AT & 5L
y=0, 0.3, 0.5 i 6 FALAY [P 5 X 3, HoHr POS {3
1E8, BND Y33 F i, NEG 102 6l

*F2 y=08f 6 FIRAE R RFKX I

Tab.2 Decision regions of the six models when y =0

iy POS BND NEG
WAMG X0, X2, X3, X4, X6, X7, X8, X9 X|,X5 (%)
FAWAMG xo,x2,X3, X6, X7 X1, X4,X5,X8,X9 (%)
SAWAMG  x0,X4, X6, X7, X8, X9 X1, X2, X3, X5 (%]
TAWAMG xo0, X6 X1,X2,X3,X4,X5,X7,X8,X9 ()
FoAWAMG xo,x6 X1,X2,X3,X4,X5,X7,X8,X9 ()
FIAWAMG xo, X6 X1,X2,X3,X4,X5,X7,X8,X9 ()

3 y=030F 6 FRBIAIR R X

Tab.3 Decision regions of the six models when y =0.3

15 74 POS BND NEG
WAMG X0,X2,X3,X6,X7,X9  X1,X4,X5,X8
FAWAMG X0, X2, X3, X6, X7 X1,X4,X5,X8,X9
SAWAMG X0, X6 X9 X1,X2,X3,X4,X5,X7, X8

TAWAMG X0, X6

X1,X2,X3,X4, X5, X7, X8, X9

FoOAWAMG  xo,x6

X1,X2,X3, X4, X5, X7, X8, X9

Q9 v Q9 Q

FIAWAMG  xo,x6

X1,X2,X3,X4, X5, X7, X8, X9

&4 y=050F 6 FRBAIR KX

Tab.4 Decision regions of the six models when y = 0.5

A POS BND NEG
WAMG X0,X2,X3,X6,X7  X1,X4,X5,X8,X9 (%)
FAWAMG X0, X2,X3,X6,X7  X1,X4,X5,X8,X9 (%)
SAWAMG X0, X6 X1, X2, X3, X4,X5,X7, X8, X9 (%)
TAWAMG X0, X6 X1, X2, X3, X4, X5, X7, X8, X9 (%)
FOAWAMG  x0,%6 X1,X2, X3, X4, X5, X7, X8, X9 (4]
FIAWAMG X0, X6 X1, X2, X3, X4, X5, X7, X8, X9 (%]

Hi e 2~4 1] J. 6 Rl R b AU A s R A S
TR AE Z R A O R B . AT WAMG-DTRS #52
Bl y=0 i, PR S BIXT S ECH 8 4-; y=0.3 i,
TR R SRR SR E 6 4 TMiy=0.5 i, T Iz
AR R — I E 5 A, R By 3R,
WAMG-DTRS 15 8 T 37 0L 4 2 sk /N i i e, %)
F FAWAMG, SAWAMG, TAWAMG, FoAWAMG,
FIAWAMG #&74, y=0 i, T LA & X4 43 5]
H5,6,2,2,2 4% y=0.3 B, FITBIEAL S X550

HIM 5, 3,2, 2, 24 iy=0.5 i, T T BIEE 40 &5 ) %)
SRR 5,2,2,2,2 40 HILERW: AHFEyE. AR
SEB 4TS AWAMG-DTRS #5711 T 3 Bl 42 K/
23 N [Al; Ry (8 B3 K, AWAMG-DTRS #E8I f1 F
VLA AR B BTk /)N

Z5 LAy Hr Rl N, 38 O R R (B R R/ INBE 5 A AL
P ) OS5 44 &S e, DTS5 BT T R A 4%, 9
WETASCT R BRI v A5 . R IR R/ N R
RS BS Hh B 3¢ R BN A A PERE . TR RCRE AT
frR R, DR SRR rh AT 3 o Ry 9 RNV TR B
RIS BE % 7 B 10 1 S e rh I8 317, AT 4 g A5 A4
(S FH PRI AT S
42 KIGIGIE

UCT %545 45 fe % 4 St An i Ak i A B, A 8%
PR AL ) P RE R 1 . Atk — A2 B IE WAMG-
DTRS B AT AP R SEE, P88 UCT Bidls 4 58
IR AT ELSLE, UCT B ny BAR(E B sk 5.

x5 UCI#ESE
Tab.5 UCI datasets

PIGITE S FEARAS JR B PS>
Zoo 101 17 7
Wine-quality-red 1599 11 6
Wine-quality-white 4 898 11 7
Diabetes 520 16 2

O TS TR ) S8R RO JEE, S 6 70 A i 75 20
UCT B 4R BEAT BAL 2] . MHBRALE /T 0.005 J
FEVEE/ NI R PRLIE, M SR AR AR TR A B A S o
P A J PERLRE . POAL P AR AR 1R BNk 6.
&6 UCIHREHTIRER
Tab. 6 Preprocessing results of UCI dataset

GRS FEA A i eI A
B A
Zoo 101 1 16 7
Wine-quality-red 1599 0 11 6
Wine-quality-white 4898 0 11 7
Diabetes 520 3 13 2

TR e by EEE, Br=03, RIEX (7)~
(10), F FH 5 S HOR A [R] LA X G A AN [m] Jag A it
HEZE G TR XTI 1) RE 2R 1 (@,8). L) Diabetes 04/
20, 2 B SR 2 4 U 3R 2 5] Negative Al
Positive; 2% 14 J& £ fU 5 Age, Gender, Polyuria 55
13 />, 3 7 4 Diabetes Fi 5 7EA ] S5 44 J@ 14 4%
X R0 L ) M A B M
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%7 Diabetes BIEEHBERHE
Tab.7 Probability threshold of the Diabetes dataset

Negative Positive

Age Gender ... Age Gender

=

o (0.69,0.27) (0.60,0.19) ...
X (0.71,0.29) (0.60,0.19) ...
x  (1,070)  (0.60,0.19) ...
x5 (0.67,0.25) (0.60,0.19) ...

(0.73,0.31) (0.81,0.40) ...
(0.71,0.29) (0.81,0.40) ...

(03,00  (0.81,0.40) ...
(0.75,0.33) (0.81,0.40) ...

FETF 6 P HEIELE, LU Diabetes %4k 5 0 i),
By=05, =03, 73 5 7H 5 55 W MG-DTRS., 350
MG-DTRS, WAMG-DTRS L)} 5 # AWAMG-DTRS
R PR P v A5 DRSSO T B A AR i, 4
HRILFK 8.

< 8 Diabetes HIIEE T HEE M TIALIE
Tab.8 The lower approximation set of each model under
the Diabetes dataset

155 70 Positive/f> Negative/|™
K MMG-DTRS (¢ =0.7,8=0.3) 507 284
AEMMG-DTRS (a = 0.7,5 = 0.3) 0 0
WAMG-DTRS 226 83
%5 —F AWAMG-DTRS 507 284
%5 — F AWAMG-DTRS 223 0
%5 = fft AWAMG-DTRS 201 0
%5 U Fff AWAMG-DTRS 226 83
%5 1L f AWAMG-DTRS 223 0

MR 8 A %l: 24y = 0.5/, WAMG-DTRS #5 |
KWL MG-DTRS FIE UL MG-DTRS #5784 75 e 3¢ 2 )
Positive 1Y T I UL 4R £ & (9 Xt 4 43 51l 2 226, 507,
0 4™, FE Y5 250l Negative A9 T B 5 A1 &5 B X 52
I35k 83,284, 0 4. W] LLE H, WAMG-DTRS £%
AU 3T AL RIS T SR ORI RS AL 2 8], T A
80w i SR WL MG-DTRS 5 R 3xf = 5 43 F SR W MG-
DTRS #& & & T ™ % /) 7] @ . y =050, 5Fh
AWAMG-DTRS #5& B 75 e 56 25 1] Positive 1) T I Bl
AEAL B IR 43 h 507, 223, 201, 226, 223 4N, i
TE YL 285 Negative 19 T I U5 AL & B9 %) 42 43 31
7284, 0,0, 83,04, XK, AFEFHFMET,
AWAMG-DTRS 5 2 i T 35 ] 5 R AL FI AL AN (7]
NI YRR A2 2 S A AR A R

WAMG-DTRS # % J& 5 fft AWAMG-DTRS £
R LR, HAT B 0l M R WG . it —2b
BIE ST AR (1) R S 5, AR R AN T 2R B0y X A A
b PR RS, BEE WAMG-DTRS #5881 3 —
AT BSE I, SEIR AR IR T 3R 6 th iy 4 44K

P AT R AR, 00 B 3 AR AR
ZHy(0.4, 0.6, 0.8), {1 ELAM T AL T Z KO0 1L iy 11y
SR sE A, S5 HANIE 1, 2,

N W B W
(= - = =}

[
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Fig.1 The scale of lower approximation sets of the
WAMG-DTRS model under different datasets and

weight control coefficients
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Upper approximate set//}

(a) Zoo
1500 1426
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Fig.2 The scale of upper approximation set of the WAMG-
DTRS model under different datasets and weight

control coefficients
(SRR BN i SN o V2 =55/ 2 11
FORDERAG] . 1, 2 AL AR Ry M 0.4 3

£ 0.8, WAMG-DTRS #4278 7 A ) B 4 4 Je e o 2%
SRR AR L A A S A e Y
X R, 38 RS A R AR A Ry, T AT RS B A
KL ORI E5 A 1) S SR . X — S5 R it — P
T WAMG-DTRS #5875 50k7 235 k4 ] 45 7 1 (9 R 4 7
A T 8 T 5 ()t B 3 2o 4 R 45 A R4 g
[l A5 AU T G b 35 1 AN (RIS A R, AT FE R A 5
ZRpE S YEREZ B3R E] 1 AN FAR AT 5 L X R R G
PR T T WAMG-DTRS #5878 52 BRI 37 5
IS AR A M, AR SR ) R L T
R A AL e e %8 o

5 g

B X MG-DTRS 5 B 7E S R iy FH A g A 2
(1) 5, 45 WAMG-DTRS B 24760 ) F 25
B0 38 7 R U A UKL 45 ) TR AN [0 G % g 1)
b N A TR AR B, I A R
55 PG T A R R R B BT, AT A A A
RE A% A 50 W EE 1Y N CEARPAE, 48 R B 1) A 12k o
T E— L1458 WAMG-DTRS 1 %6 A 5] 4 4
RF RN 2= 1 3 7 1, 5 AKCEE R 5000 1 R PR
FERCEE, f5 R 25 R I B . BB A, O AR IE
WAMG-DTRS 7 g Z2 A0 RIS By 1, F— 20
T 5% AWAMG-DTRS #& # 38 i 52 1] 9 245 &
UCT H i 45 U0 AT O ELI0E, 45 R . i i W 45
WAMG-DTRS #7 {) A FE 2250, REAE A 450 D SR UL
MG-DTRS #5& AU 12 T 55 F FE WL MG-DTRS 45 AU 35F
T [ L [ WAMG-DTRS 58U A H 28 K 14
o, BRI 1| R S RS R U /) 5 A TR A R R B
T, ¥ 5 5 F AWAMG-DTRS #4354 2
2= S, H AL R 3E K, AWAMG-DTRS 5%
RN 3 AL AR AR 34 4 /N . ik e 2 SR Y,
TR A0 PR A R AR, RB S B B TR B X R [R) 4

P A A IV RE 7, 30 90 AT A S P S5t
PRI AT o
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