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Incremental attribute reduction algorithm based on neighborhood
granulation conditional entropy
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Abstract: Incremental attribute reduction is an important data mining method for dynamic data. The incremental attribute
reduction algorithms proposed at present are mostly based on discrete data construction, but the related study for numeric
data is few. Therefore, an incremental attribute reduction algorithm for object constantly increasing in numeric information
system is presented. Firstly, a hierarchical neighborhood computing method is established in numeric information system,
and the incremental computing of neighborhood granulation based on this method is proposed. Then, on the basis
of neighborhood granulation incremental computing, the incremental updating method of neighborhood granulation
conditional entropy is given, and the corresponding incremental attribute reduction algorithm is proposed on account of
this updating mechanism. Finally, experimental analysis shows that the proposed algorithm has higher effectiveness and
superiority for the incremental attribute reduction of numerical data.

Keywords: incremental learning; granular computing; attribute reduction; numeric data; neighborhood granulation;
conditional entropy

DOI: 10.13195/j.kzyjc.2018.0138

0 3

JFR 1 240 R 1) 7 L8 2 SR 925 98 S5 s P
TR AP AIE 1, 2 A 0 52 % P38 VAR 4 Fg—
(R RO 7 1, E AN AR SR A 49 S M B 15
WL, A o i AR S B MR AT e R 5 . AL
BESETG12) 4R S — i T AR LT S, AT
S P LA TR Fr— o FE 7 V51,

TE IS 9 K B BB R, S8 6 I T 2 7 7
He | DRI 4% 28 7 ) 2 5 B ) B SR S 0 R AR (1,
T 2 Ach - A T 3 25 8 A 2 vl 5 £ S e 40 1 49

[

Yks HEA: 2018-01-28; 1&[E HHER: 2018-03-21.

A T A O B R T ), IR B R A AR P
ENAS AL Bl SR 5 ZE AT K B BRI, A
PERCRBONARTS. 8 7 e X — R IR, — FhEE
R V2 TR T VR B AR O T B e ST R
217 779, B s ML ). 1277 ki o) SR
Ja BAE B AR AT W BB, M ik B 3h A K A
R 2P,

RN R (FEAR) KA W38 2 Bt SR 3h 22
AR — e IR 3, 2 ISR, S E AR Y T %
o4t e 2 1 2 a1 3. 40 Liang S50 4 Y 26 A4 @ 1

HEWMB: A S H KRS E AT H (KI2016A107, KI2017A645); Z A @SR E TR HE (2016

JXTDO019,2015GXK123.)
Tl IFA/E4 . E-mail: zhaoxiaolong1974@163.com.



2062 # % 5

* R #34%

9 K 2R B R B RS B R G R T o R
138 10 489 5 ok 4 £ S35 Ting 25000 A 52 R A L
SR T AR 1 % SR A B A 0 R 4
3, T et PRS0 AR o S U E R H 7 W A
3 M 240 8 ), Raza 6012 70 M RESEAE A R 42
H TR S B 1 T, SRR T X A
34 3% 507 Chen 51131 33 FH A5 S J35 KR SR 8550 75 1
RS B RGO TR 4 B R 2 L v b
e 140 ) P 2 0 O A e S 8 T 18 B 2
R AR AT B T — I 2 4 e
TR, 752 415 B R i, Liu 25060 3 i 46 [ 1
VAR T — b R 240 14 5209 Shu 20171 41
H T RS AAE B ARG R o e 5T, SRE L
ST R AR 44 R e 40 T B

O AR R — i L BR R, AR T 7 H AT
PR H B AR M A R B oh, K2 R T B
(IR R A, AR/ N B S - 50 5 £ 48
TR 240 T S 33X AR A S M R R 1 e 2
PELOTHEATIE 5C. 70 KRS B2 30 16 o, A SRS #2081 2
Kb FE A A A ) — Bl 1 T B, e 3 i 7 R
= RS AR R BT AL R XS B RS
(VAT AR A, 55 3 T REAL R 115 BRI T
LR LT S081 R, s S ek AT R s A A A Sk g o7
0 R B e 1 2 ek 2

A RN B R O 5t — AL ARk,
Zhao ZE019) 75 4 0RE 14 (0 BE R 142 1 7 480K 16 %
TR AL, I 38 1 B0 R0 K80 1 o e 24 T v, s
Yo W) T R A . 26 T A EURIAL I T
T8, Liu 25000 i I HE 5 07332 11 7 — s 2k AR A0k
BT, AR SCTE R 4Rt — Bl 4 (3 B R G
S 5 A 388 TS 1 AR R 4 2 18 0 A B AR A
B R S SERE L 3 1 AR R 2 0 43
A2 STHL, FEEE T ML A R 4 B 20 4
R, TR i — 2R A0 1 S 3 K B IE T 1 0 1
5 A 4 T 0 0 A R
1 EAHE®

TEAP SIS b B A L B R N
—AMEE RIS = (U, AT) B R, Horb: U FCR%
BRGNS, UhEBA TR o FOE B RG]
G REAR); AT FR 915 S 28 25 1 8 1tk 2 (R AIE 2); 3 %
x € UEIRYEa € AT FIMERR YA, F50
alz). 715 B R G5 P T A TR PEAE 4 R B 2 K, )
1 B RGOS B RSNIS = (U, AT).

ERERE L RGNIS = (U, AT) h, B4

AT EAT = CUDHCND = o, HXHhCHiZ
GRARGKMRIELSE, D NZEE RGN kR
PR, R S 10 288 S 4, L e R A 350 D B A )
XEGER ARG AEE M I FEE RGNDIS =

(U,CcUD).
FERL TS ER VBB A &7 3R il 4 A5 Y U812 4 3
HUERE B RGH— M 2T R AR R s A AR Y

Hh 3 AT 56 BN B 2R G B AT AR SR Ak,
AL 4 SRR A SR 0 — AL ), 2R 5 3 T Ak 5
it H AR AR AT I8 I
1S RS BRLNIS = (U, AT), J@
£ B C ATTEZE BRGHE AR R NY K
N§ ={(z,y) €U x Uldp(z,y) <5} (D)
o HR: 5 AR F M, 7 SR IR A A o R Ay 4 3
Ntz dp(z,y) WA Sz 5y 2 18 (B, EAL 282 5
RS SR 1 c, B 55 S 3 SR el T e 0 5 2

dp(e) = (Y lat@) —a)P) . @

VaeB
pIEFHCL2 Al oo =M, p = 2 2 PRI MK G EE 5.

XF a1, 20, 23 € U, X G2 8] HFE 2535 2

D) d(xy1,m2) = 0,02y = 2o B, d(2q, 22) = 0;

2) d(x1,xe) = d(x2,21);

3) d(x1,x3) < d(x1,22) + d(T2, 23).

E X2 FERE B RENIS = (U,AT), &%
U={z1,29, 1, },BHEEB C ATTEZEE RS
e AR RN NG, A NY Al DRI U 7%
H— BRI U /NS, Rm N

U/Ng = {ng(x1),ng(z2),- - ,ng(za)}. (3)
Hrnl(z) I Re € UXRTABE KR NS E1R
U N B4R, B N ATk, nG(z) = {y € U |
(r,y) € NS} NY SFHAHERAL U/ NT TR LI
U i—AN kg,

I 4K, Liang PN EE B ARG 5l N TE Bk
Mg, JHER B RGN 75 B IMES. 5
fiti b, EAEE B RGP &R EBA e T
Z A5 SR SR, A Zhao U FEAE R
R RSB B T SRR A

E X3 FAEAE B RGNIS = (U, AT), %
U= {xy,m2, - ,x,}, JBHE B, B, C ATEIZE R
RO FHE SRS BN NG FINY, U
EFEFEARERA > U /N, MU /NG, AER IS
U T, @15 By KT B A By BIAR kAL 2%

EY(Ba|By) =
% > (05, (@) = Ing, (@) NG, (@)). @)

i=1



%10

RN S R TFABREL SR E XERA Rk 2063

SRR ZZ A L0 < EY(By|By) < 1—1/n. Ik

A0 THAE A5 B RS NDIS = (U,C U D), i

WUESEM KRR RY NfE MR NU/RY =

{[21]9, [22]9, -+, (2.5} K& D T & 4
By HIARSRL AL A A M

EY(D|By) = % > (InB, ()] = 10, () Nl D))

i=1

)

P EE RS B RSENIS = (U, AT), )B4 B,

C By, C AT, H By Ml By fE1Z15 B 5 Gt 7 HI &0 3K

KESSHANY FNY, D KT @1 By Fl By (1140

BOREAL 6 AE 8 20 B~ BV (D By) R EY (D By), i /2
EY(D|B,) < EY(D|B,).

R R AT IR A SR Ao — S B M, e R

B o A IR I, DS S 1 OC T i B ) A ok

A 25 095 2 B TR AN 1 (1), 3 2 ) i P 40 T ARV I —

AN Db T S e 4 18-20.221 o (RIE AT IR 2% 68 R 65 Wi

SA, B 8 PR 2 R SR A 15 L2k R, Zhao 251

Bt T AT 0K A 2% A Ik %) e ek 4 T AR, B At

B s,
BiE1 ARSI SRR JE 1 20 T8 (ARNGCE).

N BUER RS B RSNDIS = (U,C U D),
BIAAR 6
B AT R PR C A i fE redc.
Step 1: #liaftredc = @, EY(D|@) = 1.
Step 2: X+ Va; € C—rede, 15 &M a; KT redc
H i 4 B L Sredc(ai)a;ﬁ\:qj
Srede(ai) = EY(D|redc) — EY(D|redc|J{a;}).

Step 3: XJ T Step 2 HHIFT A J& 1 a;, 1% )& PEEH
LR R B @, FFid N ax.

Step4: X T &M a*, % sreac(a*) > 0, redc =
redcJ{a*}, 3\ Step 2; 45 Sreac(a*) =0, M 3E A Step 5.

Step 5: 1% [A] 2 f&j £ redc.

SRV 1 38 O AR IEORL AL 2% A AR D R SR 2
kR JE M, AW AT IR BB EY(D|IC) =
EY(D|redc) F ik %1k, ] rede Bl N 25 1@ 14 ©
() 20 fii, HLARE 1R IS [R) 52 2% B = 4R v A2 4R 380kE
ik 8 B AN AR IR TR TR EE AR O(|C) (U )
FRY A ], A1 st 18 e m B A R R AT 4T 48 v 5 ) B[]
HIAREENO(C||U), BEAEIE 1 B A & 2% R
o(ICP|UP).

2 ARBRLAL KA I B R L

SCHR [19] 38 B3 V0 R0 S50 UF B, 225 T 4R3O AL 4%

Ao 15 1) Jeg 1 2 T LG S 20 T e RE. Bl T R

e AR B, RREA B ARG R R G 9 T R
XF BN B S AT 1 R AU M L T, A BB A
BRGNS AW IR, 8 Rl <R e
FAFR R EUR PR .

465 3 PR 240 T ) S B T B 1 e R, A8
BN BTG B R GAE R YR L e R0 it £k
P AT UF R, AN DT R MRt ir E R s
S, TR 13 T A 00 b TR A I 281, A B B S B
40 B FG SRI SCRR (20138 FIHER 907 308 T —
Tl (R RT3 T R 5 2, AT AR R L SR AR AT
SRR ) 0 R 1 R T 5, JF R L ARIEORE A S AF A )
1 3 STML, 5 Jm ik T2 LA B2 A 2 4 5K
Ja 2 .

21 SPERHHSTRIZERATE

Liu ZR0 52 IR VA SR 1 AR SORLA 1R T
SRR, AR NG 1Z 7 ik — 0 ok, B M — s R
SBIBREATTVE, T H T &I A 4 B 5B b,

EX4 BEMERRLENIS = (U AT), %15
BARGF WA RMEER O EE Ve

UVa € AT Ra(z) > 0. BEMEB C AT, A0
RN R TRUEBTEREU L L—1Mad
m NN RENTELY = {l1,1a, - , 1}, HHF

i ={z € U|[dp(z,20)/6] =i}, 1<i<m. (6)

Hrtizg ¢ U NAIE ) —ANFFE R G RO R A
X, EVa € B,a(xg) = 0;dp(z,x0) WX Kb
wo Z B FREE B B & m IR KN B T o S
RN R TR R B R ARL 1 MR 7y 2 R
BN R L NN R o 5 5 S R x Z 1A
PR T X8 (6(i — 1), 6], DI 4y 2 35z b=
K BEA RN AN 53, [F]— N 43 B R 5 5
JER A Sl 1113 A i R I 1 b A P =
AREAFTEL € LB WAL = 2.

W E AW LLE L EERIR U e U R A
LY A 2T X5 R 38 B A7 0 R 4% B8 5 R 00 R 0 B
B 53 BN [R] 2 K. IR A P B 47 b 2 7R R AT
GARIORLE SN, R LA B j NS

EIE1 HEMEERLENIS = (UAT), %8
Y& DB C AT, A N0, WU EaiE it 245
NLY = {l1,la, -, L}, W G ARIRI AT LLTHECA

np(z) =

{yeliaULUlinldp(x,y) <6},
rel,2<i<m—1;

{y e hUlaldp(z,y) <6}, z € ly;

{y € ln—1Ulmldp(z,y) <6}, x € L,,.

(7



2064 #= % 5 Xk K %34%
W DT R, #FHa € ;(2<i<m—3), le = {x2, 4}

WIR RO RN o, WARE & L4 i —1 < dp(21,20)/
§ <o, B (i —1)8 < dp(wy,x0) < i0. KT R a0, 5
Tg € lip2(2 <4 < m—3), Wi 2 (i41)d < dp(z2,x0)
< (i +2)0, A A dp (22, 20) — dp(z1,20) > 0. 14
Eﬁﬂm%ﬁﬁd}}(l’z,xo) —dp(z1,20) < dp(x1,T2),
Bldp(z1,72) > §,FTAVE € lih0, 2 ¢ nY (). AT
— BN VL € lisi 2 ¥ dp(z1,2) > 6, Ve €
licio W Hd(x1,2) > 0. Filler e [;(2 <i<m —
1), A8k n Y (2) \TEETHE AR (2) = {y € L1 U
liUliyaldp(z, y) < 0}

) MTFXNFR e, e L, BIEXO) AT E Ve €
L3 ¥ dp(z1,2) > 6. Fibh# . € Iy, WX R 2 HI48
kAT ARG (x) = {y € 1 Ula|dp(z,y) < J}.

3) MTMNRz € Ly, WA Q) W LIF H Ve
€ licmoBIH dp(x1,2) > 0. Tt © € 1, M Rz
VAR AT R Y (2) = {y € b1 U lm|ds(z,y)
<6k 0O

e B A DUE KR AT o B R
JEWN X R o ABBORL TR R i — 2. AREM
Ja— EHIX SR, AR E NI R E N S o R
B E I AT IR 0 1, R TG R B e 2 TR FE,
BRI [y — 3, 1K A ] UKIE B2 /N 1 A5 8
FmTHEREE. B AMA BN T g e 31 7k

AT AT T AR A,
4

0 colee ) e l®
1 &z (SMERITE

1 R UNBEAE ERANIS = (U, AT), H
E':‘l‘,/giﬁ U@/E\S 4\;’{"%, E‘ﬁ% AT = {al, as, ag}.
®1 BFRR%

U ai as as

1 0.12 0.24 0.23
To 0.16 0.37 0.41
T3 0.18 0.22 0.32
Ty 0.14 0.35 0.44
Ts 0.10 0.20 0.17

SAAAE S = 0.1, P 5 R B0E BUNBR KPR
B MREE AT DMR IR LB B RA N EEN
LXT = {l17l23 l37l43 l5716}'
Kl =1 =203 = {osh la = {x1},I5 = {23},

IR B TR T X R ay € ly, T 2y B4R
LA B Uy L 0 B B, BT Y (2
= {371,565}- XFX S, € ls,ﬁ‘ﬁx2 AR ek H 75 22
E 5[5 l&lﬂﬁ‘]ﬁ%,ﬁﬁﬂ%n%(mﬁ = {Zo, 24}.
BT 45 AT B AR A () = {s),
nRp(za) = {22, 24}, n{p(25) = {21, 75}

MR & L2 )5 ¥ETH AR R QR X T
NG, A

dAT(JZl,LUl) = 0, dAT(J,’l,l‘g) = 0.2257

dAT(x17 LEg) = 0115, dAT(xl, x4) = 0237,

dAT(.’L'l,xg,) = 0075
X Gz WABRCA nY 1 (21) = {x1, 25} [AIFETT1R

nRp(z2) = {2, 24}, nip(zs) = {xs},

nip(za) = {22, x4}, nip(ws) = {1, 25}

5 BRI EE AR ), IS AR FEUE R T e B 1
H IR TE.

MR 7 B 1 A I 40 J2 7 R B PR A 0k A T
GR35 U AU B R G0 GG N 4%
R B R TV

EXS XNTHMEMEERGENIS = (U,AT),
WU = (w1, 20,20} JRHSE B C AT, ABSERG
N6, A BMEBERBU LHEN D EELENLY =
{liloy -+l b B — X R AU MG B R
YERt, 015 B ARG RAENNIS = (U7, AT), 2
U'=UJAU. BAwIBU' FEinZ8R

Lg/ = {lllv l/27 T 7lm+c}' (8)
Hrp
lmti = {x € AU|[dg(z,20)/0] =m +i}, 1 <i<c
I =1;U{z € AU|[dp(z,x0) /0] =i}, 1 < i< m.

To TN R A

E X5 R, UG B RGN GRS I, A
TEXMNEHENENMEERRETE L EHE R
TEJR KAy 2 4R L it b 3dE 4T S0 5 AN e, IR A i /b
TREMEZITH

EE2 W THAERGERSGNIS = (U,AT),
WU = {xy1, 29, ,x, }, BHEEB C AT, 48845
N6 B IELE BAE %S B ARG ME AR N NY,
I BT i H TR B AR EORAL Sy U/ NT

/
7lmalm+17"'

= {Zna1, Tnio, s Tpa f TIANTE B RGH, BTG
B RGANIS = (U,AT),HH U = UYAU. &

NY N1 R GEH 8 ARG 2R, T 1 408



%104 AN F R T AR A 6938 3 KB M 1 Sk 2065
itk Sy n(@s) = nfp(w2) U{we},
UI/Ng = {ng (xl),n% (z2), " ,n% (n), TLXT(M) = nXT($4) U{ze},
U g v’
np (Tnt1),np (Tnt2), -+ np ($”+“)g) nXT(fEl) = nXT(xl)U{m},
nRr(ws) = n¥p(zs) U{ar}-

H ng' (Tn+1), ”%/ (Tnt2), »n%/ (Tt T 2 2R
V75TV R Ve € U SRR
nf (@) = n(x) Ufyle € nf (), Yy € AU} (10)

iE UEERARLGNIS = (U AT) B HHINE
AU IR, R U ERIAR ISR U/ NY ¥ 2
R SR, BIHT A% G4 AU M 2 438 3k U
XFR AR AN, X TRy € AU, IFEN R o
cU Hzenl¥ (y),MEHdp(z,y) < 6,8y € nf (z),
Ly ¢ nf(@).Bithnl (@) = nf(z) Uy} BIA
n (x) = ng (@) Ulyle € n (y), ¥y € AUY. O

LH BN RN G, AR & X AR AL T 5
J7 152 BT TH SR I AR A G AR IOk, 1T E FE 2
o B 3G B AT S5 %, RTINS R 44 T e
L7 VAR T B LR SR AORE, SR J5 08 T SR A8 S 4R
ORLAK, P SR ES J3 %h R AR AEORE, di 2515 B B
ANF IR AR IR AL, S b, B0 R A IR T B
5 JERAR AT ORI A 1 BE BT LA A28 384T, R o v 3
2 r i AR IEORL AL T B R s R

2 7RI R R B R IEE B RGEMA—

MU GIE 26, 27}, BB B RENIS' = (U, AT) W
K2R,
£2 HERRG
U a asz as
T 0.12 0.24 0.23
X2 0.16 0.37 0.41
x3 0.18 0.22 0.32
T4 0.14 0.35 0.44
Ts5 0.10 0.20 0.17
Tg 0.20 0.38 0.46
x7 0.17 0.24 0.30

BT X 5 4R {x6, 27} BN, 75 Z X 5 R A5 B
5255516 A SR AL 4 S AT T T, W S B,
[dar (2, 70) /6] = 7, [dar (s, 20) /6] = 5, Frik R U’
M EET RETZE, /)

L = {13, 1, 14,14, 15, 1, 17}
TR 8 S5 S E 71 AT LA 3
=1, =1y l5 =13, I} =y,
I5 =1 U{zr}, 16 = s, Iz = {x6}-
5 IS H 6 5 2 L (1 AR50 20 5 A Y (w6) =
{22, 24,26}, n8p(27) = {21, 23, 27 }. WA EE2H

X R a5 R0 (25) = n¥p(2s).
2.2 SPERLE M ERIEERXER
2RI T I T4 = AR AR A S R
AT T, s iz R SRR T T 4 E R
FGERT G S NN () R Ok A 1 = TR, AT
AR IOk A 3G 5 B B VA IR A b, 32 ARk
S Ao i 3 = R, e S T =R 1 2 T SRR )
F2 H PR AL 2.
R TR T IR )7 R LU, SR FH oAt 22 3 ) it
F PO AL 1 e i LA — AN SIMAE B &R
Q}E}: QIR A, 2% 1 405 1) 38 B =5, SR S AE L itk
—HIRRZ AT GG 3 U
mﬂs X HE M R AE B RENDIS =
(U,CUD), WU = {z1,29, -+, 2, },JBHEEB C C,
AR N S, JB IR BIE RIS U 153t i 40k
Kb U /NY = {nG(x1),nY(z2), -+ ,nY(z,)},
KEM DX T BEWEU T WARER AL 2% 155 8

EY(D|B). 2 BN B an s MR B RGE, BT
EE‘%@E%NIS/ = (U/ = UU{$n+1},AT)7BEi/g

iﬁZU’Lﬁ%'—ﬂrtﬂEl’JqBiﬁ#‘ﬂUJU’/NU’ (nY (1),
nY (22), -+ 0 (@ni1) ), RSB D T BIER IR
U’ FHIARRLAL % 248 BV (D| B). WA

EY(D|B) =

n? 2(nY (xn41) — [$n+1]U/|
el (PIB)+ ES
(11)
R HE X360
EY(D|B) = % > (InG ()| = Inf (@) Nzl B1) =
=1

1 n
ﬁ(Z In ()] Z In () N[z D|)
i=1

BN R 21 bn)\F,U' = U Hzn1}. 20 =
0 (241), 0 = U — 0l (zp41), iRYE T2 0] Jn @
TR 2,040 J& U HPADIORI A R AL B3 R 4R,
R F L Ve € o,nY () = nY(x), A
n% () Na]p = nf(z) N[z]p. W4
EU/(D\B) =
n+1 n+1

(ZmB )l = 3 Inf (@) Nl 5 =



2066 # % 5

* R #34%

1
m(z |+Z|”B

zed

Y Ing@) Nlp] = Y I () Nie] ) \)-

rew xed

HEH 2,5 Ty € Uy € nY (2ng1), Wnf (y)
= n8(y) H{zn1 }, UK TVYy € & — {z,41 ), 3F
Y (y)| = |nB )| + 1LIF AU %y 55 R o, A
MR PSR, [n% (y) N5 | = InB(y) N5+
LBAED — {2n 1} 1E 0 (2n11) N[znga) D | — 1
AR G R A, BT LA
EY(D|B) =

ﬁ(ZIn%(w)H S (@) + 1)+

2€P—{Tpni1}
|nB Tpt1)] Z|nB

zew

Y. InB@Nklf-

ze€P—{xni1}

(% (@ns1) Nzl 1) =
1
(n+1)?

(Z (@) + 18] = 1+ [0 (2s)| -
ZmB e)Na)B = (0 @) i) |-1)-
n (i) m[:cm]%w) -

o (30 bl = 3 ) Nl

(05 @ )|+ 105 (@) = 105 (@n ) wnsa ] -
(% (@ns1) Niwasn]F 1) =

(n*EY(D|B) + 2|ng (wn+1)|—

(n+1)2
2\”%(33%1) ﬂ[xnﬂ]%lD'
R & I Bk R 2
n% (@ns1)| = 0§ (@n41) Nlwnsa]B | =
|”%/ (1) — [l"n+ﬂ%/\-
EJl:
EY(D|B) =

(n Ji 1)2 (n*EY(D|B) + 2[nf (1) = [zas1]5 ).

iy LA R R A 2 2 3 AP g R, O
EIH T AEE RGN — N RE, A
SR AL 2% 1005 55 T ISR Ak 2% 1095 2 18] P 48 2 5
KA, I HAE AR R0l L, 5 S S gk
SR BRI0S BRI SSoRE AT e SR, {58 AT 45 21 3 1) 2% AR5 45

SR IR T 0T 3 6 G AT R I B T U
RKKFE S TN R B .

SE B 345 H IR R BG I0 — /X G5 2% A1 i 1 ok 41
KEZ, UEE RGN Z A0 G, il i s HE
FAHET 380 2 AN X G R 2% A0 1 B R G AR

EE4 N THEMIEEERFENDIS = U,
CUD,%U = {xy,22, ,x,}, BHEEB C C,48
W6 {Jwﬁ)%ripaé%mz LI U T 4RI
KLtk & 1E8 8 EV(D|B). 2488 w3 R 1 H 0 4
AU = {Tpi1,Tnio, s T AN B RGUS,
FHEERSFNNIS = (U = UUAU,AT),
FIRMED KT BIEWIEL U’ B4R SR A 2% 2R
EV'(D|B). W&

EY(D|B) =

n2

(ntu)?

N2 (Tns2) — [Tni2) 21+ +

BV (D\B Wtz (! () oo+

|ngu (Tntu) — [$n+u]%u‘)- (12)
Heb: U = U{@ns1, Tnso, s Tnei ), U =
Y (2ppi) N B oz, 6 W B U, £ A8 85k
(o] U R B TR, IS

W N T FE, I EY(D|B) = EY:. HEH3

H
Uy _ n’ U 2|ngl (Tpy1) — [:En+1]%1|
(n+1)2 (n+1)?
JUES)
2 Uz Us
Us _ (n+1) EU 4+ 2|”B (Tpy2) — [$n+2]D | _
(n+2)2 (n+2)2
(e P10 2 ) = 1),
(n+2)?L(n+1)? (n+1)?
2‘”}5]32 (Tpyo) — [-’En+2]%2| _
(n+2)2
n’ v 2nG (@ng1) — [$n+1]%1|+
(n+2)2 (n+2)?
2nF (Tny2) = [Tns2] 7]
(n+2)? ’
2)2 2 Us _ Us
EUs — (n+2) EV2 4 |”B (Tpy3) [%+3]D| _
(n+ 3)2 (n+ 3)2
(e 21 g i ) ol
(n+3)2Ln+2)2 (n+2)?
2/n (Tny2) — [Tnya] n
(n+2)2
2|ng (Tn+s) = [Enra] | _
(n+ 3)2
n’ EU 2|ngl (anrl) - [xn+1]%l|
+
(n+3)2 (n+3)?



RN R D R TARBRE ARG 8 X B M4 R & 2067

% 10
2% (Tns2) = [Tni2] 7] | 205 (Tnys) — [@ngs] D
(n+3)2 (n+3)2
Wi+ EA
U; _ n2 U 2 Uy —
ET = (n+z‘)2E + (n+i)2(|nB (1)

[T D+ -+ NG (@) — [Taral D),

Rl
E!Uu — EU —
2
n U 2 Ur
(n + u)? * (n+u)2(|nB (1)
[xn-&-l]%l‘ +oeet |ngu (mn+u) - [:En-i-u]%uD' O

AR, UEERGEMANZ AR, H
G X IRVCIRSIIPNHPOE o S KIS TR R LIRS
KIFAN G 2 FEU U{zna} FRATIUHE, X R
Tpio £ U U{@ns1, Tnao} FIEEAT U, N R 2,0 7
Ul Tt Tnaas s Tnap FEAT U, SR T
TERE W] BLZ S TR AR R, RN T2 A0 5, mTBA
RTINS B RGN — AN G5 5 57 BRI FE 24 1)
(45 5 R G0 T B AR IR R R SR, XA 2 T A X B
VNI 6 58 BN AT SO AK S A I8 5 7T DA LS .
2.3 H#HEXBMAEEE

AR 565 2.2 775 1 38 2 = QAT SR b 2% 1R 00, 55 T 3¢
Bk [19] T4 H 1 &1 3ORE Ak 2% A1 40 1) 518 28445 B R 4
JEVEL) W BIE, AT DUEE SR I T 1 K i Bl A Sl Y
5B R G AR A 2% A 95 1 4 B 2 1t 20 T B
W AR BT, H R AU EUE RLE B R Gy
K, FEARIORLAY 21068 1 AR A 15 0. [RIREHb, 1 5 4
BT AT — A0 RIS B R G5 A0 oL 214065 11
K.

BAMEARRE B RSGNDIS = (U,CUD),U
= {z1, 20, -+, }, BIEE B C C 484N 6. R
FEPE D XT BEWRU N BIARERAL 240 (&7
HNEY. N R 2, MAERRRE, HHEE
AKRGNNDIS = (U = U J{zn1},CUD), B35
JE&YE D KT BIEWIRU' T BRI S A faTic
EY HEH3 A

? 2(nY (2p41) = [Tns1]¥ |

U _ n U
E _(n—|—1)2E * (n+1)2
ot PR AN AR S5 Ak 2% It AH DR, B
EV —EV =
n? U 2|”%/($n+1) — [$n+1]g| _gU_
(n+1)? (n+1)2
2|”%/($n+1) - [$n+1]%/| B 2n+1 4
(n+1)2 (n+1)2

HE X3 H0<S EY <1—1/n2k = [nY (x,41) —
[ 1] |, Zo3d e 18 1T LAAS 5]
2(k—n)+%+1<EU’—EU<2k.
BT nY (2ne1) — [20a)% CURIO < k< n A
—2n+1/n+1<2(k—n)+1/n+1<1/n+1,
2(k—n)+1/n+1KMERATRENIE . Bk 1 5k0, BV — BV
B R k. PRI AT A4S H, 2415 B R G — A%t
RJ5 , FLAT R Ak 2% 1005 1) A8 10 S T i 1, T R
SR AT e 298/, B AT REANE. %4518 T B %
2415 B RGH Z M R RIIETE.

TEASC AT H 3 B XUB ML b, VIR 1S B R
45 [0 J 1 240 (A1 R 0% 1L (2415 B R G BT I %
BN A5 B R G0 R A TE 0, A Gt AR & xUs 1
2O AR EAT S8 P L0 T IR, X B4R B R G E AL,
B H0 I8 F S0 ORI S B R G AT IR M 20 ], i
FFEBE B B AR A0 1 K, J 1 240 14 (R R 2ok
FE . AR SCHITHR H Ak 20 i S0 R 1 e X )
(77 125, FE JE KA B R G0 Js MR 20 17 1 R it -, 3 5 0
b H SRS B R G 2 16T, BB IR 4R = T 5k
. ARG UR A R BRI S 2 BOR.

BoR2  ARIORIA 5% 4 08 1 6 xR M 4
(IARNGCE).

BN D) WIA I HUE B g sk 45 R GENDIS =
(U,CUD),|U| = n, 484842 5;2) NDIS H 28
PEEE C 1120 71 % redc; 3) 40 0L 1k 26 44 EV (D) O),
EY(D|redc); ) MK REAU = {2ni1, Tnia,

C T} AR A B V(5 B R G0 NDIS
= (U, CUD),EHhU =UJAU.

fth: NDIS' sk @ P 4E O ) i #E red'.

Step 1: #4414k EV' (D|C) = 1, EV' (D|redc) = 1.

Step2: #R#E EY(D|C) #1 EY (D|redc), $% I & #
43 BRI EV (D|C) M EY (Dlredc).

Step3: HIkt BV (D|C) 5 EV'(D|redc) 2 I& ]
KRR, MR EV (D|C) < EY (D|redc), M %
Step 4, I EV'(D|C) = EV'(D|redc), U/ %% 2 Step 7.

Step4: X T Va € C — rede, itHHAFAE M X B K
SRR RS BV (D|rede {a}).

Step 5: R 2 NI KM RIENE, L A a*:

EYV' (D ~EY'(D .
o pax dc[ (Dlredc) (Dlredc(J{a})]

Step 6: #5 BV’ (D|redc)—EY' (D|redc | J{a*}) >0,
Mrede = rede | J{a*}, H N Step 4, 75 W3k Step 7.

Step 7: redc’ = redc, iR [AIZ) fEj£E redc’.

£ Bk 2 W Step2 1, W1 4R B EY(DIC) 5



2068 # % 5

* R #34%

EY(Dlredc) ME A2 FH %5 1), 3 B 3 4 45 5] 38 & =0
B & BV (D|C) 1 EY' (D|redc). R4 22§ (11734,
5 R G K, B AR AL S R AR A AN
T 5E 19, HL E W 2 BV (D|C) < EV'(D|rede), Fl itk
1E Step 3 7, 7 B H A BV (D|C) 5 EY'(D|redc)
Z R RN & I BB AT AR A5, ik ) Bk 1 280k
ZM, R B A4, R BV (D) C) < EY'(D|redc),
TR RN B R RE I, HEW R &%
.

FESE 2 o (1 1 B 2B M 20 1 b R sl 4y J2
SR BN SRR Ak 2% AR T AR I S, AR o 3L 4, %)
FIRMSE B C CHEWRU B0 JE &R 8] &2 4
HNO(|B||U|), IMAFr X REE AU J5, 5o =5
T E RN R B 8 O(|B||AUY). W ZERE—
E P kARG, AT R AT 5
A3 BT 75 B R) 82 44 5 R O((3k). Step 2 B3R U 1)
o R 4E CHEVI GG 15 1B R G PR 20 187 B g2 57, 1 [A) 52
ZENO(|C||AU| + |redc||AU| 4 6k|AU|). Step 3]
I [0] 52 2% & 9 O (1). BB TR 24 18] £E redc 22 37 1)
2) 1 B redd” N 1 e AN J@PE, B4 Step 4 ~ Step 6 1]
IR 24N O(|C — redcel(2|rede||U’| + 6K'|U’|)) +
O((|C —redc| —1)(2(|rede|+1)|U' |+ 6K |U'|)) +- - -+
O((|C —redc| — ¢)(2(|redc| + ¢)|U’| + 6K’ |U"|)), FHHh
K RRU 4y JZE 2 1T 0d S50 38 e MER
7N, TR] S e S A T AR R A5 AN SRR 2 R I ) 2
ERNO(|C — redd|(Jredc’| + K)|U'|). ML T4
AR 2 1 20 1, BT H ) S AE N [A] 5
J&E 775 THI LA O g R 2.

3 SERRIHT

ARG REAT — R B S ARG i 378 Hh SR
BB IELA T MRS, S8 2 AW 5 1
T P Y 0 AT SR A 2% P 1 B 2 R4 i B ik
55 AT 2% A AR I 1 U R 0 R SRR ] — 4
B Gt AT sh A MR AL i SR VE L0 Tl T S6AIE P H
SR I 2O 55 2 070 2 K T4 I S0 5 At )
A1 B X R 240 ] SRV 0 ] — 2H B a B AT R
207 ELAE, AT 8 30E FT i HE B (1 DU

#E 2 TAF U . A UCIHL &% 2 3] r it B 52 12
R HC7 A BB AR B R, W3R 3 . X7 At
R H A B AR (A AR SO i th e sh A B 42
g PR L BT T3 i, D9 1 R i R Bk S n 1) 3l
SVE, R BB SR O R KRBT 70 10 44
Ay, BEALIE B — i R i Kot 42, 2R U5 AR

Tl 42 I A BEATLIZE B — 13 % REE MBI R, 1X
FEAEBLAL HH B 42 TP 0 SR 9 RS RIS B SL
6 o 1 i A 45925 K FH TDKL.8 i3k 47 4 R S B0, 204X
fi%iz 47 7£ Intel Core(TM) i7 3770 3.4 GHz CPU, DDR3
1600 MHz 8 G N 47 ff] Windows 101~ A\ F#1 L.

*3 BEERER
%5 EUEITES ES JIE J 1k

1 Wdbc 2 569 31
2 Hill_Valley 2 606 101
3 Biodeg 2 1055 41
4 Mess 2 1151 19
5 Yeast 13 1484 9
6 Wall 4 5456 5
7 Magic 2 19020 10

3.1 S4ERHEGHIEEEXBEMABEALLE

RS T H PR AR IR A 2% ik 4 X M 2
S35 (1L 9 TARNGCE) /2 7 AT $8ORL Ak 4% 41 45 9F 1 =
38 M 4 1 5292 (id W ARNGCE) 1) £ filf_E 42 1 114,
TE AN X PR R S0 32 3 W R SR AR AT TR
217 LL B R PR ARV 350 R FH Ak 1 008 2 Bk AT T8 M Oy
FEREMIVEAL, H HLA WP 20 AN Hiafi 4R 15 € AR
A (AR AR 6 = 0.2, 15 55 B 5 iR 505 O BR IR ER
B, DR LG P o vk o] () — H s SR ) S M 2 e 4 R R —
BE R, TR b 3L 240 T i ) P L P 2 R el
SEVEAE BT B S B IR 345 B BT T 2 24 18 7D )
THFELLEL.

B B2 W] W, 24 8 AL bR 4 0 Bf, ARNGCE il
TARNGCE 1] )& 14 2 ] F B 2 A8 [F] 1, 3% 42 i T 78
1146 K4 5 1 J& 1t 20 7 I, IARNGCE 5. ¥ [ ¥ %
F ARNGCE 8 3EAT 29 1. 8048 46T 4R 3 45 38
S, PP B R e R 2 T I R AR T B R AR A, XF
TR LN ) B A AR, A0 B4 48 Wdbe. Hill_Valley
H Mess, NIFF 46 1 — 22 9 X 58, ARNGCE Hi% 1 &
P24 fa i 1) A %5 T TARNGCE 80325, {H 2 M ¥R 42 0
BB 2 i, ARNGCE 5792 (1) £ ] FH e KT i e
T TARNGCE 5.3 % T~ FUS A K 1) £ 4t 45, 40
£E Wall 1 Magic, fifi % %5 4 ) 25 537, IARNGCE &
5 B 20 1] FH B 2 KR B2 /N T ARNGCE 534, 1X 72
H T- ARNGCE 5. i 5 — P Ak 1 2 X 1 J@ M 41, 24
H 45 4 5 7 J5 , ARNGCE 57576 1 548 80k Ak 25 1
Jgi 75 B AT K& (AR 80K L B 1H 5, 1T TARNGCE
SRR AT I S 3 Bk L B A A © R W T R
(3G E AR T ORI E A M R T
ARNGCE i, SLie 45 5 UF | IARNGCE &% 5))
A HHE 4R T 1 240 1T 10 251



%103 RNE F R TFARBEA S HEE S X B MY E & 2069
300 —Ar~aer 10 —=Awr~acr —=— ARNGC
—e— JIARNGCE —=— IARNGC 16| == IARNGC
72} "S 8 / (%}
w200 7 - S 12
= Ao fa o = i
Iz / Z oy & = 8
= 100 = ol =
= e | = = ] L4 =
U a4 = - e = e ]
)/,(r/‘ _,()«/9/‘(?' o=
0&: 0 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
TR RN SR
(a) Wdbc (b) Hill_Valley (c) Biodeg
—=— ARNGCE +ARNG§§ 300 —=— ARNGCE
300 —=— IARNGCE 60 T2~ IARNGCE —©~ IARNGCE
o P v / w y
¥ 200 g 2 40 s 2200 4
™ ) T m P
= = e =
£ 100 % £ 20 £ 100
,,/e/ﬁ’/ﬁ’, rlsr/"/’é E!.ﬁgr/"/*)'l‘
0 0 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
TR BT THTIREL
(d) Mess (e) Yeast (f) Wall
—=— ARNGCE
3 —©~ IARNGCE
E
W 2
E 1 -
= o
0 /E}/E’/}——ear*k“”l&/(
0 2 4 6 8
BEHTIREL
(g) Magic

2 ARNGCEFIIARNGCE B M 29 1% a8t EFExT bt

S5EABEEXEMYHEIALLE

e BT A R H 11 () 2R 7 e 2 M 44 T Rk
SRS IR AT R A% 1 Il 1 i U 1 4 R
TR AT S0 b, W 36 IE T B 1 B 1 4 2 5UUE
ML L. 25 R S5 B R B O
BRGU G hn g 2 2UR M2 HEP GE N TAR-
1) JE T A58 B R RE SR AR Y () 58 B0 B R Gi &
R ML A 03 (AT 9 TAR-2) « FE T SRR B 1) 5
B B R g 2 208 M4 A S0 (G2 N TAR-3)
FRITAE S5 RH s A5 (1) 498 o 58 BT VA (IE N TAR-
4). T SCHR [23] 45t T AR OR R 45 B Bl ) 3
R, SEG SR A RO R AT s B R AL
Ah, TAR-1 53 TAR-2 VLRI TAR-3 592 A2 515 B HL

3.2

BUE B RG240 18 50k, 78 3R AT SE 96
e BN 2 3 v R e B AT B0 B B B A AL B
TAR-4 5Ly AUA S AT H 1 TARNGCE 532 n] DL 4%
Aab PR A AE R HHE (H R AR R A AN S 8 RIAR
AR O, 1A BUEAS 5], %) Ja8 14 24 ] 45 SRob 72 A — e
AU R R8T S el e SRR T E SR [ R SR e v
HUA10.1, 0.3] 2 (B A B, BUCR 0.2 3E1T 525

FH T S0 2 4 A E s R 0 AR A E R A7
SR T B TS 0 ) 7 SRR X R BB AS
S, AT AL 5 Ff g X B A 1) B I
TR 213 B B I R PE L TR 45 R SR ILAH 9 Ik
AR EB A EH, A T WE, BR 9 XB L S K
ANIISFSAME, WK 4 s,

F4 SHEEXEEREMNEERILE

GRS TR & IAR-1 5% IAR-2 5% IAR-3 5% IAR-4 5k IARNGCE %32
Wdbc 31 6.9 7.2 6.6 54 55
Hill_Valley 101 17.4 18.3 17.8 16.9 16.4
Biodeg 41 12.8 13.7 13.2 12.3 11.6
Mess 19 10.7 11.3 10.6 9.8 9.7
Yeast 9 5.6 5.8 5.3 49 45
Wall 5 5.0 5.0 5.0 43 43
Magic 10 6.0 7.0 6.5 5.6 5.2




2070 # % 5

* R #34%

PR 4 7] WL, 5% 8 1 24 1] B2 5 P 351 24
8 5 /N8 /N T i B0 A T MR A R T RN, 3 40 B
B 17 25 24 1 4 KNz /N M A4, i s 4R
Hill_Valley 1l Biodeg. iX & B #(#5 S H ZE IR 2 A
FH G J8 M, 3% L AN AR G J& PR X 43 2 2 5] R A E LY,
5 L5 % DA A B s 25 0. U0 S P B3 I S 6 45
FAI LLR BI, TAR-4 515 A TARNGCE 5.2 15 2 /1 °F
WL RN T HR 3P E, X Rl T HARIMEA
R T BB BRI, T 3R 3 A SR AE AT B L
Ao ) 3 A 5 T ok 501 2R R 1 UL 23 AT [ B
GINEARZE, U T A FR 2 ) B R A 45 5, A
RE R 2 T ) I ARk B T 2 R P B
TAR-4 5L TARNGCE 53 1)~ Y5 J 14 24 i 45 SR o]
PLJR I, IARNGCE 52 7E AH 24— 36 73 2040 45 1)~ 24

27 5 B /I, R H T A P00 A R A2 440 ] 5 T ) S
PEUS 24 g A5 B AL A 5 1P R Ak, D AR SR
AE 7R B0l P D0 SR IBORE R SR AR F) 40 A0 52 DA, ALt
R S T

73 N BV Al K S T R PSR 2 S RE Y —
v BRI, O 1 BB R R M 2 ] S AR 2
K12 RI S L 25, S L ST R A AL 7> K 2% (SVM)
AN IR DU 53 28458 (NB) 73 31 068 #5088 SR R
W 7 2 LA a3 45 R AT 70 SR, IR A H AR
27> FRAE L. B TH 2RI 45 R, LRk 2
AN R SN LI BV Dot LSRR 1 73 SN T
ZEIR, WRh 7 SR E 1 70 NG L 45 ROy BN 5 F 3R 6
FI7R, 7 2R 5 R IE Ty HRE FE B o KA.

#=5 SHEEXEZEMABMERSVM O EBELLLR %

EETE S Jii J IAR-1 532 IAR-2 5% TAR-3 532 IAR-4 53 IARNGCE $i:
Wdbc 95.37 97.21 96.75 95.36 96.83 97.58%
Hill_Valley 89.29 89.35%* 87.24 86.93 86.65 88.56
Biodeg 90.43 92.28 90.49 91.57 92.74 93.46*
Mess 62.74 63.42 61.77 62.25 62.50 63.71%*
Yeast 85.36 86.84 86.07 85.49 86.54 87.43%
Wall 92.64 94.51% 92.38 93.22 91.85 93.72
Magic 94.37 94.16 93.62 92.43 92.55 95.86%

F6 STHEBERNEZLEMHABERNB P LERBELLR %

EAETE S Ji J 1tk IAR-1 3% IAR-2 5% TAR-3 532 IAR-4 3% IARNGCE $i:
Wdbc 94.14 94.16 92.68 91.73 93.52 95.24%
Hill_Valley 85.75 85.37* 83.95 82.15 83.43 84.27
Biodeg 88.62 89.65 87.28 88.53 87.37 90.29%
Mess 61.57 64.53* 62.78 63.21 62.62 63.98
Yeast 83.95 84.06 82.69 84.45 83.47 85.67*
Wall 90.88 92.34 92.85 91.14 92.52 93.41%
Magic 92.05 92.53 92.63 90.25 91.39 93.56*

HH 2 5 M3 6 n] L, K38 73 20 T 4R 11 73 kG BEE v
TG PR R I 3 SR FE, X T 0 2% B A AR I ik
TEAEAE KB AN AH G I8 1 DA B 50 B3 X 22 g 4 (1) 4
LR SRR 6 15 Fh g & 0B T 2145 R
(943 2K K £ T L, TAR-1 592 Fl IARNGCE #3215
KNG AR L A 3 R L B, R AT W
Pl B3 R G B A5 R G J8 1 AT VA, IR B
& VX oy 2K B AT M R AR TAR-1 Bk S
TARNGCE 5.3 2 8] 173 2645 B A A& B, IARNGCE
SRR AE KB 4 B A 1 o R RE B R L R 5
Wdbc. Biodeg il Yeast 5§, % 6 '] Wdbc . Wall 1 Magic
%, IX & T TARNGCE A& B £ 4b 3 50 {8 2 5085 1
SR, O T HBOME B Kt ) J 1 4 T, AR SC TR

TARNGCE &% Be 8 1% £ th 51 A0 I J& M2 Ty 45 2R
I3 0y 5 M RVRAE %A B A B s B M2
{87 B 1) ¥ 8 b e s SR f P 3 0] WL, 5 VR TE
BRI T J M 240 1T I A A [B] RS AT I TR 4 . 3
T TAR-4 SR AE A HHs 48 v st 8] Y #E 55 e, X A2 Y
TAR-4 BE 3G S HLH JOE I, YEUERE B RAH
FXF RN, TAR-4 BLVELE VBT R A ARk, 75 2
W B Sl D7 v B, (R YRR R 2 1 s AT I
). TAR-1 S35 AN TAR-2 550392 (1) B[] 91 6 K BUhr T
(B 437 &, M TARNGCE 537 Fll TAR-3 Sy 7E K56 45 44
P8 B TR AP LA () IR ) 6, 3X 72 BH T TAR-1 56 A
TAR-2 592 2 0 B i R oa ) 3 =2 ok 5, T H 0T
X R A5 BRI BRAS b L AN 1R 35, (H A2 R RE 7



Z£ 10 RN R TARBAEN S E X BRI & 2071
12 —&— [AR-1 4 —&— JAR-1 6 —&— [AR-1
9 JAR-2 T IAR-2 T IAR-2
2 TAR-3 / 2 3 TAR-3 1 o IAR-3
= 8| = IARNGCE 1 = —— TARNGCE - Z FARNGEE “
® 1 8 5 A @ ; 4
= 4 S = % =z 2 ‘ -~
=4 Z Zal = 1 ;()/X/ = =
- i : 4 : : : =
0 0 o 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
A S A S
(a) Wdbc (b) Hill_Valley (c) Biodeg
3
TAR-1 . - —&—JAR-1
160 i TIAR-2 £ i iﬁﬁ_; 16 I TAR-2 ;
» TAR-3 = 7 < = IAR-3 , = TAR-3 “A
:EIZO —— IARNGCE // S 2| - IARNGCE : / = 12 }-——IARNGCE
?@ J// “\-'\’ﬁ ﬁ 8 )/
= 80 77 AW | E i
= = 1 = =g e
= 40 = = 2
o
0 : 0
0 2 4 6 8 0 2 4 6 8
TR AL TR AL TR
(d) Mess (e) Yeast (f) Wall
12
—&— [AR-1
" T IAR-2 7
S o — TAR-3 v
= - —2— JARNGEE
%= ﬁ/
T 4 e i
= P o
0 2 4 6 8
TR
(g) Magic

3 SHEEXEIERE ML EREHFE L

BRI 22 HoAt N 5. TAR-3 Sk 3 TRi T+ AR R 1
R AT 3 U MR A, AN T AT B R IR
(38 B T E B, T R S 5 R AT S AN 2R ) b
[R] I e 4k 3 %G 5 % 75 T TARNGCE $i.%:. IARNGCE
HERH oy E TR AT 5 BB, R R
ERISSE PO W N: 0 A N = = S WS (E 3=
THEACE.

SR ER 3.1 ORISR 3.2 7T 0 40 1 S e 45 SR m] A
E B, BT H 9 TARNGCE HE R SUE S B RS0
5 X MR 2 1 T T B S A A A A A
4 4 ®

B 3R MR 2 1) 2 BT 0 B AR A B AR 1) — Fh
JE It 2T 77, B Al R ML R T A PR TR
B B R G, <0 i AR B A kL T SR R Ak
HHUEAUE B RS —Moa 8T R AR SCHE AR IRLAL
AT RS FER T — PP 2 RGN RN )
HMEAXBHEAFEE TeESENEERG H
Sy IR ARIBORLAL T B SR S B T T s AR

SOk R 1 B TR, B R — AP R AR ORI SR A
$05 0 15 5 QBT BT HORE R L e 3 e 2 PR 20 1
Sk UCTHEUR AR M SR ia 25 AR W] T i th SRt T
H5 {8 2R Ay 0 X MR 2 1T () R A ek
AR A B B A W R A AHE B RS
X REEA WG N BRI IE T, 3B KB 0] & VAN Wi 34 n
G T AT 15 & 2 UR M T B 7.
SE 3 (References)

[1] Liu G L, Hua Z, Zou J Y. Local attribute reductions
for decision tables[J]. Information Sciences, 2018, 422:
204-217.

[2] Pawlak Z. Rough sets[J]. Int J of Parallel Programming,
1982, 11(5): 341-356.

[3] Gacek A. Granular modelling of signals: A framework
of granular computing[J]. Information Sciences, 2013,
221(2): 1-11.

[4] Bk, 4R, X, 4. 3 TR R AL A 72 Kk R RS 2R
B R AR PR (0], B0 5 N TR e, 2017,
30(5): 416-428.

(Yao S, Xu F, Zhao P, et al. Feature selection



2072

# # 5

% %34%

(5]

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

algorithm based on neighborhood valued tolerance
relation rough set model[J]. Pattern Recognition and
Artificial Intelligence, 2017, 30(5): 416-428.)

IR, 2R, Skt S5 JE T A5 B I RO A
JE LRI T (0], $28] 5 PR3, 2017, 32(2): 340-348.
(PanRL,LiY Q, Zhang H L, et al. Fuzzy-rough attribute
reduction algorithm based on
Control and Decision, 2017, 32(2): 340-348.)

Wang F, Liang J Y, Qian Y H. Attribute reduction:

information entropy[J].

A dimension incremental strategy[J]. Knowledge-Based
Systems, 2013, 39(2): 95-108.

Chan C C. A
generalization in data mining[J]. Information Sciences,
1998, 107(1/2/3/4): 169-176.

Jing Y G, Li TR, Huang J F, et al. An incremental attribute

rough set approach to attribute

reduction approach based on knowledge granularity under
the attribute generalization[J]. Int J of Approximate
Reasoning, 2016, 76(9): 80-95.

Liang J Y, Wang F, Dang C Y, et al. A group
incremental approach to feature selection applying rough
set technique[J]. IEEE Trans on Knowledge & Data
Engineering, 2014, 26(2): 294-308.

Jing Y G, Li T R, Hamidoa F, et al. An incremental
attribute reduction approach based on knowledge
granularity with a multi-granulation view[J]. Information
Sciences, 2017, 411(7): 23-38.

Jing Y G, Li TR, Luo C, et al. An incremental approach
for attribute reduction based on knowledge granularity[J].
Knowledge-Based Systems, 2016, 104(7): 24-38.

Raza M S, Qamar U. An incremental dependency
calculation technique for feature selection using rough
sets[J]. Information Sciences, 2016(343/344): 41-65.
Chen D G, Yang Y Y, Dong Z. An incremental algorithm
for attribute reduction with variable precision rough
sets[J]. Applied Soft Computing, 2016, 45: 129-149.
bR, R AR k. — e R 1 AU M L T 5k ).
P IR HE, 2011, 26(4): 495-500.

(Feng S R, Zhang D Z. Effective increment algorithm for
attribute reduction[J]. Control and Decision, 2011, 26(4):
495-500.)

Bk, SR T[] B0 G 1 B 2R PR 4 ] 55

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

[24]

2. BRER G, 2016, 11(4): 496-502.

(Qian J, Zhu Y Y. An incremental attribute reduction
algorithm for group objects[J]. CAAI Trans Intelligent
Systems, 2016,11(4): 496-502.)

Liu D, Li T R, Zhang J B. A rough set-based incremental
approach for learning knowledge in dynamic incomplete
information systems[J]. Int J of Approximate Reasoning,
2014, 55(8): 1764-1786.

Shu W H, Shen H. Incremental feature selection based
on rough set in dynamic incomplete data[J]. Pattern
Recognition, 2014, 47(12): 3890-3906.

Hu Q H, Yu D R, Liu J F, et al. Neighborhood
rough set based heterogeneous feature subset selection[J].
Information Sciences, 2008, 178(18): 3577-3594.

Zhao H, Qin K Y. Mixed feature selection in incomplete
decision table[J]. Knowledge-Based Systems, 2014,
57(2): 181-190.

Liu Y, Huang W L, Jiang Y L, et al. Quick attribute
reduct algorithm for neighborhood rough set model[J].
Information Sciences, 2014, 271(7): 65-81.

Liang J Y, Shi Z Z. The information entropy, rough
entropy and knowledge granulation in rough set theory[J].
Int J of Uncertainty, Fuzziness and Knowledge-Based
Systems, 2008, 12(1): 37-46.

Wang C Z, He Q, Shao M W, et al. A unified
information measure for general binary relations[J].
Knowledge-Based Systems, 2017, 135(11): 18-28.
Zhang J B,Li TR, Ruan D, et al. Neighborhood rough sets
for dynamic data mining[J]. Int J of Intelligent Systems,
2012, 27(4): 317-342.

Hu Q H, Pedrycz W, Yu D R, et al. Selecting discrete
and continuous features based on neighborhood decision

error minimization[J]. IEEE Trans on Systems, Man, and
Cybernetics: Part B, 2010, 40(1): 137-150.

E& BN

BN (1974-), 53, Bz, NN TR 68 Skt

Fokr v S5 R 50, E-mail: zhaoxiaolong1974@163.com;

Wi (1964 —), L, 282, 4, NFHHE R G IR

FIEE 2= S5 9L, B-mail: yyang @switu.edu.cn.

(FrtEsmsh: #REF)



