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Abstract: In order to improve the interpretability and effectiveness of the fuzzy classifier rules, this paper presents a new

method to extract the fuzzy rules based on the maximum ball only containing the homogeneous data. At first, every

sample constructs a maximum ball in the light of the shortest distance to heterogeneous samples. Then those balls are

reduced according to the relation of inclusion and the unique among the samples that the ball encloses. Then the fuzzy

rules are constructed with the reserved balls. The parameters learning of the antecedent part of the classifier are based

on the minimization of the weight misclassification quadratic error and resolved with the conjugate gradient algorithm.

The experiments on 12 benchmark datasets with 10 folds are performed to demonstrate the validity of the classifier.

Key words: Fuzzy rule; Classifier; Reduction; Mamdani-Assilan (MA); Homogeneous data

1 315

R BRGNP IR, XA
rp, Y H SR Y 7775 SVM, Adaboost, KFD
(Kernel Fisher Discriminant) #7328 7715 . HIL
AT IEATLE, RO 7 2R07 iR B A TR I A
PRl 52 B AR 2 W8 BRI . AEROH] 70 2K R G
SERERE A, RO 70 SR A g e S A
o RO IS AT DL UL R B . AR
LGOI, I BiRaR T, He i

Wk H 39 : 2016-07-22; /Bl H = 2017-01-09; FI4E Hiki: 2017-02-28
FEELER: WS xmll1973@126.com

HEETH: FRARR2EIES (61170122, 61202311, 61272210), T
A EHARR LS (BK2012552), 19548 T i LA % BII% H (2014)
Foundation Items: The National Natural Science Foundation of
China (61170122, 61202311, 61272210), The Natural Science
Foundation of Jiangsu Province (BK2012552), The Qing Lan
Project of Jiangsu Province (2014)

(RIREA LR P SRS 20 SRR . ik, BTSEE AR
VP2 AT ZATRI Tk, I SCHR (1R s fe 2 o) 5
AEHURISR BRI IBEA T I BRI #E . 1ZJERA
TR HIERNRE ST, AR ST PEBERS WA ML (3 +E
BONBUR, A28 id 2 565 S A Tl REIL B 4
(K12 28R DRI ) UG . SCHR[2] S5 X Fan A
25 [V EAT ] Rl s AR5 T L 58 4 A0 B HE PN 55 40
DRI RN REAT A . IR, TSI sRIE S
2 BITEI A I ROR AR, Bk, diaaRit
ACELEBEAT BRI 27 2] (AR SCSCRRBOA 6,
SCHR[3] e R I A 20 (FCA) DFEAS S IR
BIREI, SR 5 RY Gt A% 505 (GA) BEAT AOR HE U 9 00
o T RABES I AT L K ek, W
WEAZ 5 A0 P Y L 52 8 PR SRR 4] AR 1 38 B
SR P 2% (1 8 2 STHLARIAT Q 2% T YT I VRA LAY
BAT B GRS A, RIE A AL SR



EE

TRWISEAE:  didm K] EER SR BB 2> S 1131

FHECBORA I o SRR [5-7) 2R A B2 B AR
FUNEAT G A4k . B A% S AT A SR i R B
SRAOOL A, ARTE R TR LA, Safidich 52
B, SEIBCNIRME, SHCERVGER, KRR
BTG I PR AT AL — 7 IR OGHAYE o« SCER[8-10] )43
SR B URMC AL S R RS E . O
DA X B AT AR RIS A T AR AN £ o
RSB EFE, XL R BT 4
SRS, AHIX LTy AR AT SRR R 5 )i B
LA DG, SHOEEHE %, P REB % 8L
B, BB IR A AL o T3
JIZ R 7V U R AR 27 SRR AN IR SR S 4l A A
W53 RN o G0 SCRR[11) R FH sk 2R 28 (SCM) A 22 43
HEAL S5 (DE) A e SO . SCHR [12) R FHASORI 2R
KR (FOM) @EL W AR, SR )5 FI H gt A% 5
RO 23 B R G HAT A . SCHR [13]) 48 2 2
FCM W4 AT IR IS, SRR SRR 45 A it A
WX SCHR[14] PP REAE SR b
RATREMIHZ B F(C+P)M BRIk, IR %7
VEARAASTR 73 B o AN A 35 B 7 T 3R 2K,
NS REARR A TE—RIATIRIE, e s
MR AR Z IR, XA PR
R RO P 25, 0 L S SR 0 ) Py T AR e
W7, WCAMRBLE RAFAE—E MBENLME, BRIt o2
webERe R E MR 2. REER L AERTIA 7 VA R kR
fF1E. Ak, AL MA(Mamdani-Assilan ) B8] 43
AR R HEA, SUCRAH R R —EfiEtt, X
RE DRI AR — /Nl 4 T ) B #1802 TR 28 1 s &l 4y Oy
5, BIEE TR KR SR HeE Rl 43 7. IF LAt dl
I R RSN o3 SRR A, DT E5C S AR ) ) 7
RVERN R R, LARASER o AR E . R
I, KB 7> 2K 2% MBESL-MA .
2 MA EMPLRSE

MA Y ZR G0 d A5 T4 RORIR R B, BB
FILL“IF -« THEN -7 ({7 U3 A 25 (0] RISk
SR WIS FI% H 23 (] ORI AR o X155 m SR ORI R
R™, HAHAA(1):

R™ IF 2, is A™,- zp is AJY

THEN y is B™ (b,,,v,,) (1)

Horr, z (i=12-,D) NI E = [T, 2,
oy B AN, AT NS m SBORRUU H 5 A
i RO [ B T4 . BT(b,,0,,) RORER
m Z BN EL b, D B MTEL v, A AOR 2R )
St T OB S . A Al AT RS T
Za PG RREN T A N A1 1 A IS s L]

BRI AR . 8 (R Y DA RS RAAED) T MAL B R
Ged At
M

b= 3 (bt (@) [ o) @)

Ko, RO, g (2) 5 m 2 BRI
ey L e NP
R

D
um(w)=:[1u4m(x0 (3)
SRR 3 2 28 G0 A RSORY S5E Jes 2 e B8R e i ey
KON, BB b ACBORIILI p 2R Ao i BRI A =
Jr s e 5 R BN
- (:1:7- —c? )2

uA,k (mz) = €xp 2)\T(A)

i€{1727"'7‘D }7 k€{1727"'7K}’ (4)
A, NAES R, R DR 25 R E
B A A A I E (7 AT o o, ™ 23031
AIRERNAR AP et s S P R R P L R 5 DS
ZAGORT AL FORSR) S5 Jes 182 R HCN

D |—|z; _Cz(k) ’
HA;(‘B):GXPZ %7 ke{l,2-,K} (5)
4,
Mm=%@bym> ©)
k=1
=0 (2)
y, = i ()b (7)
o, (@) = [ (@) (@) ()] . b= (b,

by, b |T o 2R MA BRI RS T =20 260, i
MRS ERIRSE L), BiE MA BRI R GA 1T
BH (k=12 K) o ST, HHIEEN |
Hr o (8)EA T HL

+1, y,>0

l:
_1) Yo <0 (8)

3 MBESL-MA 92 AR N &7 {412 B

KRIRTTE, WFEARLEN (27, y"|n =1,2,-,
N} ’ ;g:“qu(n) = [xnlv""xndv"'van]? y(“) S {1’_1} °
SRR 2, FFAE— DU ERO R, 2P
K, HHEFH S REARRZE L A ™ (fiEEk A, R
PZBERAR I ER L, 242, FTRL & BIREA LA
%ﬁﬁ,%X~¢mﬁﬁd”,de:@%N&

6(7”,1(7”) , Hod o™ B Ekik R, ™ = g™ ’ eom

N BR A BT B A R A TR R B, L
O = {a|a — e < r) 5 =y}, 0 sy g



1132 LIS I - G 55 39 %
(S RESEENER /SN (O AN, AR U, R A AR AR UK A A

$m>_mum7yu>¢ym> (9)

X y™ gDk Y 2™ kR . (1)
ATCAEH, " RS 2 B8N S R 2 R ) d
ITHE R, WAl DAREAS 2 R BROMI AL [ SRR A
() fe KB ERAA I 24 . BEREAEA 2@, i 3 2
2™ < Ry =0 B @ ) SRR
ENREE NPT T

LT Ul o BT S 2 = (o)
|n =12, N} o WEESGQ PREWER 1 HEE
1 PR,

= min‘

®1 WERE 2 W2

Bk 1. i e

FTH1L PE2=02;

T2 Li=1;

$H3 0V =gp,

T4 R AROFE

HHS ASk=1;

6 Wy =40, HH W —2™ <0 09 =
CRERI

TR k=k+1 WHR k<N ¥ILEe6, HN0Q=
QU{eW} ;

FTHS n=n+1, Whn< N, FERLES,;

B LR,

em — g,

HHPYCAL ) E S, AT LGt LU 45k
it 1. MT o FEEHANY LY eV =
{C(‘U),’l“(p),@(p),l(p)}, 0 — {6(9)774(9)7@(11)’1@)} L

A o) C e, i =@

JERE R o) C Y, Ll oW 5 oW /x4
—ANERIREA 2, MR I cdlE X, 1 =y,
@ — y(k) , @ = @ i B

it 2. T PAEEHRAN Y o =
{c("),r“’),@(”),l(”)} . o) = {c(q)’r(q)’@(w’l(q)} ,
12 1@ e NeY =g, e 5eW e
A

R WY NOY = g, WA DA
Az 29 eco® H a9 eow , M 40 =40 H
y(i) — y(p) , y(p) — y(q) E y(p) - y(q) g, NR
WANKAL, AT 8L .

PUICAL & A e R 40 th T REA [ [ — 4> &)
3o G SRR v 3T B 5K AR AR U £ S5 R e 2
TBAARHE DY el o) ey 2 Rl gk m] LU
J0 R HR R LR 5

TERHI R GTH, RORIRLIN e — e EE AT Y

A AR R B Al e s K HEAS, S 0h— At
sed/NTUAR RN, BB AU T gD, DARRAIG
%%E%ﬁd%%ﬂ%ﬁﬁn%ﬁ%lﬂﬂUip@
WEPAREA, L2k [, 245
BEASHZ AN AT REAEES, HILEER
I 2 TSR RN, 2B R R AT KR
Ry ISR o) A S 2R RN (] SR, A Sy ik
AU, PRI 0 EERER AT 2 Hh B DU e AT
W TR LA DU 4L

et @ DU CA MR W, 1R
I 2 DU TC A P I REA SR 01 Z IH) (KL 3 O R AT
Afaj. HARLRIFRE LR 2 5% 2 P,

*2 Y 0 wiE

Bk 2. MRIEREASEESEERRKRLAN 2

HH1 Ythttres = ones(N,1), i=1, j=i+1;
%2 e co, Mres(i,1)=0;

FH3 mE e 50V, Mres(5,1)=0

FHA j=j+1, W j> N HEIPEe, HNHEEDR

2;
TS i=i+1 Wi > N HELE AW j=i+1,
R 2,

FH 6 MNTEEEe{,2- N}, WHres(k,1)=0, W
M2 Fg o® .

g5k 2 HZ )5, BARQ PHERA LR
P& MRS S HAGAE TR, HIE W REAFAE
I PUTCAL,  FEREASE A IR T A AR AR [ I £ 5 A
FeAt DU e ot W A SR, XA AR R A
B, PETT DU SR o BIEXSEAS DY T4 01 (i e

L2 N}, wmReY - 6V =g, WHki%
PTCALmER. e — ) _ e = o, Bizlseal

It R R A SE S A FEAR I, R R 0 0 hy
PRUEBDRIRN 178 ok, REOOLBEM R 1 D ASE A0
AREARIPU T, RGN DY ST A KRR A
RN G AMAREA, HRITA VW CHIEALE
RIS A A REAS . REOMBRIN, s — 3 RV U
ANEIAREART DY e k£ 1 AT, 4kEAK
PVE N LR A FEA ) DY el Pk th 1 A7
DAMNER, H2%E Q2 il c s SamMa A,
Pk vk o] LOR At R PU e, ]l DU
i /MY ICAL, 43e 8 max v Al min v Ak
— IO TUAY, A REA K D T E
(P E{H omit num [FPYICHWHEATIMER . AL, Jh



%5 TRWISEAE:  didm K] EER SR BB 2> S 1133

AR B D TCHATEAE AL T P I F X3,
He UM ER A A T PR S AT RENE B2 miBam] 7
RAGHZANERE

H&5ie 1 Mgie 2, (LRGN AE A
TE T MFREES 0 HHAT FAEG IHRME, KRS
HATM A AR 28 1) DY e A BEAT 1A & R AR R
AT LA 2R 3 fNE 3 B IY o2l 49 i 55
e

%3 MTHEAEHEE

k3 AT R R Q A
FH 1 WIHTk monopoly=zeros(1,N), reduction_ regulation,
omit num;
FH2 Aj=1;
FH 3 WR monopoly(j) = 0, ¥ FILIR 4, FNEH D
53
TR 4 MR

> omit _num , N4

o _ U7=z.z“>:z(’> e

monopoly(j) =1;

FH 5 j=j+1, WRF<N, WEBALSES;

HH 6 WHR reduction_regulation = 1, N index =
ArgMmaXy,onopoly (k=0 0

F B, 7 MR reduction regulation = 2, M| index =
argmin,,onopoly(k=0 0

HH 8 4 monopoly(index) =—1;

FH 9 WHE any(monopoly)= 0, HFEE 2;

FHI10 HTAEE € {1,2,-,N} » WH monopoly (t) =1,
W e

02 JE B DY e A2 0, = (oY) | k=12,
K} o K4 2 PUCA R ™, ) sl T DURS A
T 24
4 MABRHZHEREANEHSEHES

SCER[LAAEBER S S HCR g, i a KR
Gz AlERe, 7% HARRECP5IANT SVM &K
SRS BRI JEAR, R AR R /N e AT IS
PESHCRAEN . B AES 50 b Nl 2 2K (10) 414

u(af“)T b>1, 49 =1
Y = o _ (10)
u(:c“)) b<—1, y¥=-1
R
y, = yu(e”) b>1 (11)
BB 22 G0 J5 12 800 B IMBCY- 77 73 2845025 H b

- s NP0 0V 1)
mmJ(y):Z?(y u(:c ) b—l) (12)
i=1

b, S8, s i N UIRREA BT NI 5

AT T 125 )RS RE B2 042 e S B 50
KT WLAREA 2 B EFA KT, DAL T B,
0, HHIREN 0, FNK K 1, KHVEIA KR
0.

B8 10 S T 2

minJ (0) £ (7(@)p - 1) H(a(2)p-1)  (13)

Wb, H = diag(hy, by, hy) o T SHh, 25K
MRS 5500 M, Ty B I BRI i3
ATSRAR o ) b B8 KORIGH AR H b PSR R
531

min J® (b“’)) A (ﬁ(:c) bH— I)TH("') (ﬁ(m)b“t 1) (14)

0, ¢ 0u(a®) p® —1>0
hl(]H»l) — y #(w )T (15>
1, y(i),u<w(i)) ) _1<0
TREA A I 5 2 55 b INABGE A I /N1 7 158 22 SR Ad Ut
R 4 L 4 Pios.

DO | =

R4 b MBUARR/NTEHIRERERIZ

R 4 BUIRG 250 b InBGE AN 5 5 22 SR A

SR 1 WAL H® =1, loop=0;

BB 2 A 3L PE B SRR T R () HY () b=
file) HY (1), 5

HR 3 A5 E s HY i Y, Hoh=
1,2, N ;

FH 4 R loop>1, FEH b — s <107, LRSS
W, EN loop= loop+1, #FHIE 2,

5 HEXRBWERKRITIE

NIUEARTIVERIA B, M http://www.keel.
es/HIEHL australian, Bands, breast _cancer, bupa,
ionosphere, haberman, mammographic, monk-2,
pima, spectfheart, wdbc, wisconsin X 12 4™ 10 7%
R K8 R BEAT 43 RS 5,  [W N 5 SR (8]
FCM-IRLS, F(C+P)-IRLS &4, LI SVM
TIEHAT R L) RS20 o Pk Bl R RFE AN R 5
fizR. B, FCM-IRLS JiikHb iR Bk £
4 {5, 10, 15, 20, 25, 30, 40, 50}, F(C+P)-IRLS
WS R I SRR B M {5, 7, 9, 11, 13, 15, 17,
19} HCHR[SIAHIR], SRRERAEAX M HEA ), T
SEAEFTA 7 IR AT IR, AN H R AR
o AT HER

MBESL-MA J5 % 1 20 i J5UU method A i
& omit num WEHEME 6 Fin. FCM-IRLS,
F(C+P)-IRLS, MBESL-MA 1 {¥] %8 /&% [ 13k £ 4E



1134

B 5 AR ¥ M

39 %

WIRAE N 0.1, G5HAE D 5, 22K 0.1, S8 SVM
SRR H o7 2 KR A P 4R A B AR A (A
https://www.csie.ntu.edu.tw/~cjlin/libsvin/) , %
ST R B m T R B, S8 C g Ik
BANREIN-10, SidEN 10, BKA 1. FE
P I SRR PR AR ZRE LA 20 A8 CRIE )
J7 AT o MRS RIS RIZEM AR AT 702
G, Bk SVM &L MATLAB i C J@4w4h, H4x
S LN MATLAB & S TS . £ 6 25t T
KA AR LI 10 Fro B BERTT 2%

M 6 ATLLE Y, 7RI 12 M4+, MBESL-
IRLS M 2 48 FLARTE bands Al bupa %X A %
Pt ERC R 22, {HAE breast cancer, ionosphere,
haberman, mammographic, pima, spectfheart,

x5 RBHIEETIE

b ETE E S G FEASL
pima 9 768
ionosphere 33 351
haberman 3 306
wisconsin 9 683
mammographic 5 830
bupa 6 345
bands 19 365
australian 14 690
breast cancer 9 277
wdbc 30 569
spectfheart 44 267
monk-2 6 432

wdbc, wisconsin X 8 NMEHEAE RGBT I 738K
Ho 7F monk-2 i 4E I, SVM ik Jaiin b %,
MBESL-IRLS #5455 4t B A8 A BEH A AR [R] 1) 7 2
BOR, HET FCM-IRLS Ff R4iA1 F(C+P)-
IRLS B R40 . =B 732K RG22 AN AL T8
BRI a6 40 T EAR], i B MBESL-TRLS SR
RGP BRI B A 2. 7 australian (45
B FRRT SVM Jik, {HIL FCM-IRLS i &
iRl F(C+P)-IRLS #Mi RG22, KW REdE T
FCM- IRLS #f R4 A F(C+P)-IRLS B 2411
FRUHT R 4> R T, 110 MBESL-IRLS #5085 22 4%
JEERIE, TIX AN Bds B oA TE S A A kR 4
BT BEASTH I 2 TR LR AN I FH T2 2 4

h 25 82217 77 method I Z WS A& omit
num X R AMERENI R, EHL ionosphere ¥
BE R AN [R] 1) 240 13 7 90 00 2 B 1R A T 43 s s
10 9753 FE 16~ S ASOR ) H5OR 7 S 15 23 ) 4]
1, K2R,

M1 TG, AR R & 18 7 i,
W 2 E (3G I, ORI KR 2 kb, I H
max 2] 535 TR N ) ASORA B £ 2 e D 1
min_ 7 1R 7. KL 2 WA, AH TR ) 200N,
min_ 7 AT 75 RER BT max_ r AT 7.
WA, AR R AP T, BE 2 )3
Oy RAVRZESE P BETFIE I RE 2 2SR 0 1,
M AVEZ S BN FSEER, XLEFEATEAE
PEFPIEILT A, AR X e [R) E R 2 it i
T AR 7 S R Gz AR RE N B, [R) I I A ASOR R
Mt %, sEmf S ReR. 2 20 B K 2 it il
KIE, FHHEMERE TR

F 6 MBESL-MA S$#1gE 53 LLE L5 LK MaETI%

MBESL- IRLS Hi%:3% Ce(F7RH1R)
b yEITE RS
method omit_num MBESL-MA FCM-IRLS F(C+P)M-IRLS SVM
australian 3 2 31.454+£3.2 16.964+-4.4 15.4744.5 46.3843.6
bands 2 3 36.69+£3.7 36.13+£2.9 36.68+3.8 32.26+0.9
breast _cancer 3 3 26.91+2.4 34.94+3.0 31.2242.7 33.33+£1.4
bupa 3 4 27.30£3.5 21.43+4.1 22.62+4.2 22.86+2.5
ionosphere 3 2 6.68+2.5 14.86+1.0 15.23+£1.8 8.57+£1.3
haberman 3 3 24.8742.9 30.004:2.9 25.474£2.3 27.004:4.7
mammographic 3 3 16.7143.1 22.094:3.4 23.464+1.6 22.094:2.2
monk-2 3 3 3.21£1.8 18.1845.6 15.184:3.2 040
pima 3 2 21.35+3.6 27.40£1.5 26.79+£1.7 28.57+0.5
spectfheart 3 4 22.074+2.3 22.6942.2 23.744-2.6 26.9241.7
wdbe 3 4 6.68+1.4 21.03+0.9 19.244:3.9 10.7142.1
wisconsin 3 3 2.47+1.1 4.4841.3 3.91+1.1 5.9740.4




EE

IRIISEEE: drd K R SRRSO 73 SR 1135

)

—o— PRl K(max_ 1)
| 60 - == R4/ (min_ 1)

%% (omit _num
IS

20

St

Pl 1 AN TR ] g VA0 22 B B

6 ZEXRIE

MO IS kgt ok E, MBESL-MA 7328
BAERZHEIRAE L REHUS AP AR . %4
LR TRV 25— ST R U] BT S5 B (AR K1) 4 v B
TFEREA, PIUCARRE T s s il 2 A
SRRE A LUAE e B B e i LA B, =
e AR RN 2B — 2 I, BRI i e
ANABH . B MBESL-MA R 8AWAN2%, H
SEIXHA SRR A BR T 51 . MBESL-MA 432
BB R > R ERTE R 2y, W R RERE L HE) T B
BRX Gy, MVFREEUAS S AT I ORI
At AR SRS R G E SR T A A
WVFIRAFAE B AP AT ik, X 24 e TR
(175 ZE— SRR I )

5 & 3wk

[1] HARANDIF A and DERHAMI V. A reinforcement learning
algorithm for adjusting antecedent parameters and weights of
fuzzy rules in a fuzzy classifier[J]. Journal of Intelligent &
Fuzzy Systems, 2016, 30(4): 2339-2347. doi: 10.3233/IFS-
152004.

[2]  JAMALABADI H, NASROLLAHI H, ALIZADEH S, et al.
Competitive interaction reasoning: A bio-inspired reasoning
method for fuzzy rule based Cclassification systems[J].
Information Sciences, 2016, 352: 35-47. doi: 10.1016/
j.ins.2016.02.052.

[3] CINTRA M E, CAMARGO H A, and MONARD M C.
Genetic generation of fuzzy systems with rule extraction
using formal concept analysis[J]. Information Sciences, 2016,
349: 199-215. doi: 10.1016/j.ins.2016.02.026

[4] POURPANAHA F, LIM C P, and MOHAMAD SALEHA J.
A hybrid model of fuzzy ARTMAP and genetic algorithm for
data classification and rule extraction[J]. Ezpert Systems
With Applications, 2016, 49: 74-85. doi: 10.1016/j.eswa.
2015.11.009.

(5] FAKIR, SRk, TR LI 2 EBOR) 2> JE G (K F

JUJ). BAEEAR, 2005, 16(5): 779-785.
LI J D and ZHANG X J. Research on the construction of
fuzzy classifier system for multidimensional pattern
classification using genetic algorithms[J]. Journal of Software,
2005, 16(5): 779—785.

[6) RUDZINSKI F. A multi-objective genetic optimization of
interpretability-oriented  fuzzy rule-based classifiers[J].
Applied Soft Computing, 2016, 38: 118-133. doi: 10.1016/
j-as0c.2015.09.038.

[7] MARIAN B G and RUDZINSKI F. A multi-objective genetic

0.20
—- T"i?h%)\'(nmx_r) |
:\E/ 0.15 -+ P44/ min_r) ////
2 0.10 Xy =
\\_\ ’/4{ P e
0.05 Nz T
’ ' & 5 6

ZWEEH (omit_num)
Pl 2 S [ 24 TR1 7 V2 0 22 W e 1 IR P38 3 S %

optimization for fast, fuzzy rule-based credit classification
with balanced accuracy and interpretability[J]. Applied Soft
Computing, 2016, 40: 206-220. doi: 10.1016/j.asoc.2015.
11.037.

[8]  SHANGHOOSHABAD A M and ABADEH M S. Robust,
interpretable and high quality fuzzy rule discovery using krill
herd algorithm[J]. Journal of Intelligent and Fuzzy Systems,
2016, 30(3): 1601-1612. doi: 10.3233/IFS-151867

[9] GARCIA-GALAN S, PARDO P R, and MUNOZ
EXPOSITO J E. Rules discovery in fuzzy classifier systems
with  PSO for scheduling in grid computational
infrastructures[J]. Applied Soft Computing, 2015, 29: 424-435.
doi: 10.1016/j.as0c.2014.11.064.

[10] WU Jue, YANG Lei, LI Tianrui, et al. Rule-based fuzzy
classifier based on quantum ant optimization algorithm[J].
Journal of Intelligent & Fuzzy Systems, 2015, 29 (6):
2365-2371. doi: 10.3233/IFS-151935.

[11] MAHDIZADEH M and EFTEKHARI M. Generating fuzzy
rule base classifier for highly imbalanced datasets using a
hybrid of evolutionary
clustering[J]. Journal of Intelligent and Fuzzy Systems, 2014,
27(6): 3033-3046. doi: 10.3233/IFS-141261.

[12] TSR, skok, frigde, A Je T RO IR AL ik R
R TR T FOR  E (RDROR 2 R R e vt [J). B F AR, 2006,
34(1): 83-88.

XING Zongyi, ZHANG Yong, HOU Yuanlong, et al. Design
of interpretable and precise fuzzy classification system based

algorithms and subtractive

on fuzzy clustering and genetic algorithm[J]. Acta Electronica
Sinica, 2006, 34(1): 83-88.

(13]  EH, JFARep, 2R T ok SEORDRE SR ORI 25 SRR R[]

5 B 54, 2014, 43(1): 24-29. doi: 10.3724/SP.J.1219.2014.
00024.
WANG Li, ZHOU Xianzhong, and LI Huaxiong. Fuzzy
classification model based on decision-theoretic rough set[J].
Information and Control, 2014, 43(1): 24-29. doi: 10. 3724
/SP.J.1219.2014.00024.

[14] JACK M L. Fuzzy (¢ + p)-means clustering and its
application to a fuzzy rule-based classifier: Towards good
generalization —and  good interpretability[J]. = IEEE
Transactions on Fuzzy Systems, 2015, 23(4): 802-812. doi:
10.1109/TFUZZ.2014.2327995

[15] LESKI J M. Iteratively reweighted least squares classifier and
is £2- and (1 -regularized kernel versions[J]. Bulletin of the
Polish Academy of Sciences: Technical Sciences, 2010, 58(1):
171-182. doi: 10.2478/v10175-010-0018-2.

®
55
I

o 9, 1973 #4E, W, FIEGR, WU RN AT REL
B ).

Y5, 1964 fRE, Hz, LRSI, BT N LR
e S BECIR BRIz, B RSN

F A0



