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Incremental Attribute Reduction Algorithm Based on Single-Valued Medium-

Intelligence Dominance Conditional Entropy
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(School of Management, Nanjing University of Posts and Telecommunications, Nanjing 210003, China)

Abstract: In the big data environment, the continuous growth of data in the ordered decision information
system leads to the dynamic change of the dominance relationship between objects. Efficient calculation of
attribute reduction has become a key problem to be solved urgently. Therefore, an incremental single-
valued medium-intelligence dominance conditional entropy is proposed, and a new incremental attribute
reduction algorithm is constructed accordingly. Firstly, the single-valued medium-intelligence dominance
conditional entropy is given under the single-valued medium-intelligence ordered decision information
system. Subsequently, for four different types of new objects, the incremental update mechanism of single-
valued medium-intelligence dominance conditional entropy is deeply studied, and then an incremental
attribute reduction algorithm is designed according to this update mechanism. Finally, six UCI datasets
with dominance relations are selected to conduct a comparative experimental analysis on the effectiveness
and efficiency of the incremental algorithm and the non-incremental algorithm. Experimental results show
that the newly given incremental attribute reduction algorithm can significantly improve the computational
efficiency of data processing while maintaining the same classification accuracy.
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1.1 HEFEE

EXA™ BU={a, 20 2, ) A= DA AHBRILIR, U FH—A b8 5 M Al @ O F

B

M={{x, Ty(x),Iy(x),Fy(z)) lreU} (1)
K Vee U, Ty(x) Iy(x) Fy(2)€[0, 1], Ty () Ty (2)F1EFy ()50 5 8 IE 56 $ 8 A2 8
FEMAERREEE, A0 Ty(x)+ Iy(x)+ Fulx)<3, VreU,HBM(2)=(Ty(2),I,(2),Fylx))
EASM I REP R U WA A PN %412 /E SYNS(U ).

E X2 W U={a,ap ) N —NEEHAREE, U LB — DR E P EEM=
(o, Tu(2), Iy(x), Fy(z) lkeU}, & B H o & B & 5 kB E LK Sc(p)=
Tyu(p)tw Ly (p)+(1—w, L, (p))+H(1—Fy(p))

4
w0 — m(;ﬁ?ﬂp)\wz— TM(;‘i};L(p)ﬁvKﬁ%%ﬂ%ETEH@Wi,SMp)E[o, 11,2 Se( p )it i A8
K WAH L BRAE P EIM (p )= (T (p), Iy (p), Fp (p)) K,
1.2 EFSEsR8NREXE

EX3 WREFEBERENS=(U,CUD,F,G), Hh U={x\,x,, -, 2, ) HAEZF AR, C=
lanag, o a, ) WEFEMIBEE.D={d dy) -, d ) HRKBHEE F={ o U> Vi, b<r} U5 CHX
R APV KRN o, ERE,G={g: UV, f<s} NUSDMKRE, V, hRERE
A BRI . SR SRR B P B M (1) = (T (), Ly (x), Fo (2)) B AFRIZAE B R G0
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FEOR SR AT B R GEH , 24 5 1 TV 1) B S 0 3o 106 ool Uk 1) O 7 6 R I L I A PR R R R G
ZAE AN [RIRE M, S e 5T e A el S a0 0 D Y O R L IR A K U R JE M R 4
(DR SR UE TN, 5 DR SR A R G v 08 2 P J M R D SRR 1 4 A o D I R SRR NP IR RE B R G W
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ZEHEMRIBE, C={a,,as -, a, ) HFRMEWNE . D={d\. d,, -+, d ) HOKIE TS ,7E SVNDS PR ¥ 5%
a9 A S CRYRIETE D i XHF R A

Ry={(x,y)EUX Ulz=y,Ya€A}={(2,y)EU X U|Sc,(x)=8c,(y),Ya€EA} (2)

M pe Uiz b 8 B iE — Rk %,

R;={(x,y)eEUXU|g(z,d)=g(y,d),NdED )} (3)
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K Se, () FRM G o fEIEE a BRS¢ (2, d )FR 5 o (s @ VE , I FRIZ IR G B R SR
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ZHRIEE;CUDF# D, C R &IRIESE, D MoK R4 B, B, WA RIE CIEYE TR VR
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n ~ n

ENCRINIPSE S EgibE S g8
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SMDE (U ——zlog) (9)

EXS(REREMBESFME) HErEPEF H&ﬁfiﬁ%%é}ﬁSVNDS>:(U,CUD,F,G),



Bk FOATRAFPHEEEFHAMGETBEY R T E 1211
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A BRI AR T RS C 8 LT WA Z AR R 2, AR R iz S qf b 8 Fp DR AR B R S 24
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iR A AR AR A  JE P 24 T Bk (Single-valued medium-intelligence dominant condition-
al entropy atribute reduction algorithm, SMADA)

B A UK A B R % SVNDS™ =(U, CUD, F, G)

i - N 220 B B TR R R RS B R G A TR AR Red

(1) W2 4 Redy < (O, Red < D AL TR (2) 5

(2) MRYEAF 53 R EL Se (2 ) THE R G A X R T A &R A5 2E AP BR(3) 5

(S)Jﬁriﬁ{ﬁqj%’jf?ﬂ%%{n ELR G TR XG0 S A 8 T AR S M X TR g R E
4,80 A& S, ()= Se, (), Ya€ A B X R AA B2 R AL H I b SRAT BT A X A 52k
[Jc?]ﬁﬁfﬁﬁﬁ?@r[lﬂn *D[I,-]Zﬂ[xf]ﬁ,ﬂ/\igﬁé(ﬁl);

(4) M4 B 15k 44 SMDEL - (U ), #E AL IR (5) 5

(5) ¥ FVa,€C, *ETEEEEUT%%MDEW oy (U ) BEALBR(6) 5

(6) X T Va, € C, 4R 4552 X9 H T A SIGY (ay, Red, D), W4 SIGY (ay, Red, D)= 0,38 2% a,
A Red, #EALTR(T);

(7) H5 SMDE e (U ), # SMDE e (U )= SMDE (U ), #E A5 (9) , 5 W E A3 (8) 5

(8) ¥ F Va, € C— Red, & X 10118 SIGY, (a,, Red, D), ¥4 #1158 SIGY, (a,, Red, D) & K1 a,
A Red, 5% AL BR(7) 5

(9) ¥ Red WA 45 Red !, , i AL TR (10)

(10) 7 2 (9 B PP A PP DR SR A B R S A0 20 17 4 Red o

Bl1 AP F RSB RS SYNDS =(U,CUD,F,G), & 1fin, g U=
{xn, 2 xg, x5} M RIR SADXT G KM EMESE C={a, as, a5, a, ) 57 W RR AN FMFJR M ;D=
{0,1, 2} RmR 30559, HARF R N RS mHFF .

x1 BEPEFRAREERSE

Table 1 Single-valued medium-intelligence order decision information system

U a, a, as; a, d
k3! 0.3,0.2,0.7 0.3,0.0,0.5 0.3,0.2,0.7 0.3,0.2,0.7 0
X, 0.3,0.0,0.5 0.0,0.2,0.9 0.3,0.2,0.7 0.0,0.2,0.9 2
X 0.0,0.2,0.9 0.3,0.2,0.7 0.3,0.0,0.5 0.3,0.2,0.7 2
Xy 0.6,0.2,0.4 0.3,0.0,0.5 0.6,0.2,0.4 0.3,0.2,0.7 1
s 0.3,0.0,0.5 0.0,0.2,0.9 0.3,0.2,0.7 0.0,0.2,0.9 2
G Ak A, ST eikiliakatatalab ttche

S IR R Se( )5 S R S A Table2 Score table of single-valued medium-

G AT S B M BBy 2R 2 R o intelligence decision information system
7N o

HBH2 IS 1K SMDE, (U )=0.4340;

U a, a, as a, d

038 045 038 038 0
S|3 M E W1 SMDE,. L (U)= (s 003 038 023 2
0.494 8, SMDE ., (U )=0.434 O’SMDEb\(:fu;)(U): zs 023 038 045 038 2
0.5510,SMDE . (,,(U)=0.4340; x, 056 045 056 038 1
2

H®a W E X9 A SIG (a,Red, D)= _2s 045 023 038 0.23
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KRB ETE ¢+ 1350
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[Igﬂﬁmxiﬂﬁ{[x;]f;iﬂ[x;]i [f(xj,a)>f(ic+,a)]‘/\f(xﬁ,d)>f(x+,d) 05
[ Nlxil Ula"y flah,a)<f(a",a)\f(al,d)>f(a",d)
A [ 2! 17 FRTE (XS 2 M T I @ 1 A

IERA EeiE L

(DX Yae A C, S (2la)>f (27, H]‘ [H] Ay Bt A BsF 1) 28 A, D 6 2 1 M (B R & A= AR 4k, /D
flata)=f(ata), R f (it >f M E XA e ¢l L =

()X VYa€eASC, Y f(2l,a)<f(a, Hq‘ Iﬁﬁﬁ%ﬁj‘lw‘rﬂ: R G i PR R kAR AR AR, BD
flatha)=f(2 La), R fa L a)<f(xha), BT @E X4l el ], o =
[l Ula )

[ N2t IR B AT E , JEEE
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ELR
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PHR R R AR

()FFIMAI G o™ LRI TR A S CF WS Rk 5 [ 357 T e 8 A %t 4 5015 45 Fin vk
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_ 1 |
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sl = IEAy e

e[ a7 RORAE (0 G o A X T Bk a PR3 |, p 3R 2 AR T 1 10 45 3 0 e S5 {840 18 397 i A 4
xS RAEL, g TR 5 A TR P I A5 43 R D SR AR AR TR I 2 AN B, R S R IR MR A5 4y
AR F 17 e SR AL v T A " R AN B, s R A5 T Pk AR 43 v T R SR ARLAR TR I 2 R
ZAHL
TERR B+ LA, SR P R USRS B AR G RN R X G e 0 SR O Y MR R I 5 e P (E
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AR 38 1R B0 PR AR A Sk R i T M 4 BT R SMADA 5 B rf A8 4 34 2% Ja 4 v 4 A
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(R) Core(TM) i7-8750H 2.20 GHz,16.0 GB N AF , #:4E & 45 Window 10064 £i7) i A~ AL, 5k i2
1T WY B A% 35 5% A Matlab R2020a.

4.1 TIEHEFEE

M UCTHL &8 2% > H 4 2 5 X 6 4> HAT AL 5C £3 THHIES
Z B PR 4 AT Bk bR eI K, B AR 3R 3 Table 3 Experimental dataset

s HTHIRERZR -BEEMNREFLR w2 4 e T a1 Sk

e S BN T T A AT WU LU L

R R RS SRR AR 2

HHINESE T2 IR E RE RO

REMHLIER, 10019 2 b et Permatology 98 3k 6
6
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Wine 178 13 3

50 M ) B R AL (A R/ 22 D 0 I ff ?i: 1? f
PR . Hk, X A5 2 Y EHE 1T I3 — b B
B P AL B S5 32—, DL AR S e
BFURAT B R G 4% S0 8 P i TE B SR B N SR BE RIR R SRR R L R b 3 O ik Y B
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JEE i 1o AR PR AR BRI R T 0 << Ty ) + Iy( ) + Fu( )<< 3, A5 & A P B Hee
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M 2% BOHE B Fe 0 SRR AL 20y 5 A8 03 L 55 1O AR Dy SRR BCHE 4R | Bl 8 A0 S R A 4 B AR . A
S R, 235 8 H SMADA 595 5 ISMADA S35 R JE A7 J8 PE 2 1, be B i 72 v x4 48 Jm v 24 1)
S5 43 NG B KB AT R o BN T R BB JE P 24 TR 25 R L SR AT 38 UG E SR W, A S 1)
HL(Support vector machine, SVM) 5 K i 4B ( K-nearest neighbor, KNN)Z» 2K 2% |43 B BEAL /3 28t 6E , M4
PRI AR B A A R MR 4 5FR .

R4 AMHEEEANBEEEHAMEARILE

Table 4 Comparison of attribute reduction results of two algorithms in six datasets

EIES SMADA ISMADA
Postoperative 3,4,6,8 3,4,6,8
Iris 1,3,4 1,3,4
Wine 1,2,3,4,5,6,7,10,12,13 1,2,3,5,6,7,10,12,13
Dermatology 1,5,7,9,14,16,17,20,21,22,25,26,28,29,31,33 1,5,7,9,14,16, 20,21,22,26,28,29,31,33
Avila 1,2,4,5,7,8,10 1,2,4,5,7,10

Car 1,2,4,5,6 1,2,4,5,6
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x5 SEBEREK

Table 5 Comparison of classification accuracy %
I Ji oy KAl 42 SMADA ISMADA

SVM KNN SVM KNN SVM KNN
Postoperative 82.6 83.3 86.4 82.3 86.4 82.3
Iris 89.3 88.1 91.3 92.2 91.3 92.2
Wine 79.6 81.2 88.5 90.2 89.3 91.2
Dermatology 72.3 73.8 78.3 77.9 82.4 81.5
Avila 88.9 86.5 90.2 89.1 90.6 90.3
Car 87.5 84.9 91.4 88.6 91.4 88.6

F 2% 4 H B JE P 24 T 45 SR TN, A T B 4R T ISMADA B35 R SMADA B9k (19 2 f 45 Al Ry
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Fig.1 Time consumption comparison of attribute reduction for SMADA and ISMADA algorithms
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