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Fusion Classifiers Based on Universal Combination Operation

LIN Wei HE Hua-Can JIA Peng-Tao
(School of Computer Science, Northwestern Polytechnic University, Xi’an 710072)

Abstract In this paper we introduce that combination operator can be a kind of universal logic operator to describe
complex system in noisy and changing environment, e. g. the problem of fusing a collection of classifiers. This ap-

proach is mainly based on Triangular norm theory, We also discuss the learning method for fuzzy logical operator con-

struction and selection; finally we apply this in fusion of classifiers. The results of computer experiments on spam and
other UCI datasets show that the method can give less error rate and better performance correspondingly.

Keywords Universal combination operation, Pattern analysis, Fusion classifier, T-norm, Universal logics

1 5l&
ATHRARERBREFREFTHBERRAXR . F5E
BN MAEFENYE. XFBEENERSBKETEREE
RGEEFD WEE., TR L (Theory of T-norms) {F 1§
XFh B AR 3E B R T RE. AR, A ER IS b SR, e
T-3 A IF B b B4 B F P B 7, X 7E A M08 48
GBPRENE . AN BYRAARGIET N FTENE
RPE¥AELHET FREHAEER S LS LBRE
T b R RBREROR EBUB THREMNARERELSE,
EZRNEEZET T 5 M XN EREZE
(R, thB PR % ) & B K R/ ME B R E Y5
FIREFERCI B P, Zadeh™ B BRIE FREMR T X — & . AT
XFE XA R E RSN AREPEBER. MELRN
HRMBE RS, ST RBROGER BN RBEFRESE
EIERE TR . SRBBZEFZANBRE TR ZER
ALY, ERERSEED . GENFELSRERE, WH
LHFEPEREOOEERS, RFRARERRES. A THAX

MR, BRE B AN YR REFRHERRFRL . XMF

# R TESE A R A 2 (5 e ) X [R)D % 3R 54 ) SRS IE
BEFHFRZRW. E P. Klement™ JEB T LLH T-ER
(BFE TREDRERBEAE T, ZBEEN RS HAR
EFBERXEETHE.

ok, EEA IR, TR ESRBERT AT
—BEEMM. W, M. Campbell™ R T-HER4E KA g5
%38, P. Bonissone™ MRAT —MZ5EHMNE FRER
4325 8% 6] i 7T BE A 361 (possible corrifiers); Y. Y. Chent??

PRTETEE THANKEREFENRHAKRE, X&
137 B — BRI 23R Al T-HESUAE D 704 TR REBIED K H
BHRRE BRBOHEXBEERATR. AW, HERA
T-HAHLCREZWENEBESIRBRSBENTRESE
RHE.

AXERTETHE T RBENELRE REWETHET
HWEMERNREIE ST T, TEQEEEREURED K
BOEERAE T MR B R M XX R e, ETXR
WS T AHERERLE (N spam RBIT B P Y5280
EVWETFHIE. 78 UCLH) spam $IE RS EFERITHE N
KRR, AT ERE T RENERENEHNEEE,

2 ZEBRSNEBNTWESZE

BFEE RN ANERXR 25T, KRR
FHETERXAGHTEE. A4, REZHZ2DOFEEN
BRPN=ANEEAN THEFESRNES.

2.1 TR

BRAM THAHATFX8IF.UFHAEEKRA
Schweizer L} % Sklar™® %1 f1 Klemend” Py, T-{i=
T-AUXEHREZEERERAERWE— B ZIcRE . M
b, B ATHE T TS M K R BT, B T, y):[0, 11X[0,
1]“’[0’1] LK S(x, y):[0’1]X[O’lj“’[o’l],??ﬂ’]ﬂﬁﬁé
P AT AR AN AT 4 A 5 T R R Ak A BPAL T, 1]
X EFERER, S5 EH —HERBEARETH
“5 M”28 ; B £ De Morgan XHE R, BI X N(2) K3
BE, TRBER S (@A LUERN S(z,y) = N(T(N
@, N(»»,

OEXZER HRFEEESIE (No. 5047404 %), % I @4 . MRTAIATEH ENENRA MEL 888 LW 5
REMIALER ZBERE REE  HLE 5005 R A LS 8BRS 8 DL R BT 835 5347

s 204


http://www.cqvip.com

Z2lite T THARXAEfIHER TR ELSKILMS
Wik mE . BESELRBEENEBRET T B
RISEATE 35 DL BN B R E M. R R EE R
BRSE R R R RBIE X E e SREREBEEN
XARRREAT X BAHEXRL

2.2 ZEBEZFDIMERSH

BEHLRMERARMENEFRZEER, ATEM
HEMEZEMNERE., THENENRETZZE¥=MA
ERBEIEMBERZEBMFE .

D J7 XM ST AR RE A

IR RZ BB P T aEEXRANER, B
R SRR R A RE. T 3OS EREETmE
B R FIARB T A LRI R, M BN Z H 2R mis B
RUEBRRTFHEZE M EEXREAN. BEWNE, 58
8] 3¢ 2R T LARAR AL A S el g ST X FIE Bk FR W E KATE
XEREARER KGR ERRWBEXRA.

T XHXRE R BT R IE R XAH R
B8, —NE, N 120>>0. 75 8, BRATA DG E T E H X
RRAEIEHAY, BIHA A 24 h=0. 75 B, A A BT E (A
(R RIMSIAY BAN, % 0. 75>0>>0. 5 B, I ENTEI % R
MR B 7E 0. 5>h=0 B, A BRI R [ R B X%
R. BEZBEED RN XHXRABERTEEREE
BRETHTFXRGEFESEETUR TR T KBS
EDBEHETEE - WATUERE R (IHGRERTER),
B, 2H e ENEINEREES S A N—RIIBETR
¥,

DN ARXEET X AHEKRE £

RIBRPT IR Z B T BE IR Z BT Rr R B4 R, HE L,
TR p MEMIEGE—p EIFEE 55 —FH X,
XFRRRAT X BMEXHRER, RAEEWRMRBHEE m
(E)=1 R m(D)=0 Wb R RIAIREM:; EHERHGT,
i mGO=x , X8 « RE{-WFE, WSHFERE, TE
X MAEEREE m (=X, 818/ N, XE N@)=
1=z , A—E BB RIS , F ELIUBER 22K, I N(o) #1 1—
X HMiRERESMA., ITHAREZ E BEMEE, TR
AT BMEERE L,

X FIRZREBZBENEE, RIHRZ A0 RIRE"EE
B IRZ K1 RIREEH . X BERE T B Xt I i (6128, 43
BIFRA 0 BiRZ M AT INEM 1 FiRE MR ER B, Xf
FHIE , i TN R E 28, B S5 R SRR
R N@=1—z, R, BT NHXEMELL, 5 I’
BRIERERZ MBS HE PR A ER R Tz, ¥
=min(x,y) il S(z,y)=max(x,y), HEH, BN &L
ALK REFEPEET XHERE AKX,

X T AR W BARTE AT DA T 5 B4 8 9 sR 5%
g IR

2.3 BEETFHERE—BRN—RIZEHERE

ENXREER m=(3—4h)/(4h(1—1) FARER L
g4 TR, A= ((1+m) — ((1+m)? —3m)¥2)/
(2m), h€[0,1], mER, & S=ite{pla,y} RFMHFREX,
ERE R IE o« HE, B4 S=p, EW S=y"; I'[z]
FR x REBRHIZEL0, 1], BRNE > 1, BBAKMAN 1; R
<0 B > A , HEK 0. BEAMRENEE. RIE
BEEHRTHMFRZEERE.

£ 000 http://www.cqvip.com|

D Z R EE B RERRE
MFREIRE, L AHLRE £=0.5, 57
Nz, =1—z, XEE ‘FEIBEMRRIFSH — D
2) ' ERNBREEEAME
T(z,y,)=T'[("+y"— D], XBE ‘5 EHM
RS H N (2)
L) VR ERANTIEEERE
Slzyy,D=1—T[((1—2)"+ (11— "—D¥], X8
2R BEBRNRRTES RV, (3)
DE A IZENER2EHEE
Iz, y,h)=ite{l| z<y,0|m<C0 and y=0 and x7%0,I"
(A= +yH ]}, XBZ ‘BE BHENERTS I
)]
DZ FN IZHENBRIEAERE
Qlx,y,m) =ite{ (14| 2" —y" D¥" |m<L0, (1— | 2" — y"
DYy, XBE EM R MNERFS I (5)
6)F ‘AE IZENBRIZBEAE
C(xyy, ) =ite{ [ (" +y" —e)" ]| z+ y<2e;1—
A=)+ Q=™ — A=) 1Y) | z+y>2ese} (6)
XEZ A BENMBRRFTS IO, H, e RARITHAH
B,
=2 L ERRAREEAT ZIRENAE., WREMN
AR CIER R I 25 {8 B 8 8 A W & ik » S Rl i) A
FRE 1 RIREAHEIE. K, BT HicERL, FEESIA
PR R n=—1/log b, X B £ K" X AMXREFHHEE L
€0, 1], B ETFHBEFEESAPAEER (2. )=x". k=
0.5 X hi MR B IREMBEL REL T EMB K k=
L3 HAERERNAMBR KB, 2=0, THHB—REFER
%
DE 2B —GUaBERE
N(z,k)=& ' (1—®(x,k) ,k)=1—z")/", KB ‘9E’
BEMFRFE =, Y k=0.5 PR, TJURHEN—
)
DEHEBEREN—RZEHRE
T(xsy,h)=[("+y"—DV™ ], XBE ‘5 BH
HIRTRFFS R A na (®
NEZFWEBEBRN—FEEEAE
Sz, y, by )=(1 =D [((1—2)" 4+ (1 — y)" —
D=y B R IBEMBERTSTH Vi )
OE AE BREN—REEERE
Iz, ysh,k)=ite{1| 2<y,0|m<C0 and y=0 and x50,
A=z 4y 1), XBE ‘HAE ZENERFTS R
.k (10)
DZ FMEREN—RaHEAE
Q(z, y,h, ) =ite{ (1+ | z™ — y™ DV™ | m<0, (1— | 2™
—ym DV X BE CEN T IBRMRRT T R an
)2 HE EREN—REEERE
C(zyy, h B)=ite{ [ (2™ +y™ —e™ V™ ]| z+ y<2e;
A= A=)+ 1=y )™ — (1= DY)V | 24y
>2e;. e} 12
XEMNE A8 BEMBERFSHO.HH £ =01—
)"y n=—1/log:k, kE[0,1]; k=2""", n€R, ,[EE:H, e
RANTHIFfE .
LR AP RENSEEEEBEREHR LARATRIR
¢« 205 -


http://www.cqvip.com

EM—RRENBETRES AN, FRARb, inFay LA
ZBHRENE . BEEENE T LU RNBHEBE PR,
h Flk FEFRA XMBLE X RAERRSE. WTFELF
[}, AR AR ARV SR B, A THE RS R ATE.
T—HEHEMRXMETR T HEAEIFE.

2.4 BEREFHRGIFEIF*

D ZFEIRMATRT X BHEXERE A F1 2 BEE

T b, PRRRM—RiEBEEERIKB T X
SR FE WRBEEEL, K h B SRR £ BT
BHXRY. XERFS F BRWNNETFHRBOERE (2
o), il Operaton, . F/RET S8 (b, DKZEBBHEE ).
B, X FE2BE TN E REREL IS E G, DR
FE AR, KRR I SR B M B RGN A W EB &
O , ) ) LAsE 3 B/ MU B 2 R i 7 R R g .

Operators . (x,y) = f(x,y;h,k) (13)

MRRRENREINE, | L HHEXRE L EREE B
k= ke, ¥ kBRI E, ADXNTUBFTERN:

Operatorff,./.c () =f(x,y;h) (14)

EADRP, ke RAEREZE,

MNTFERREP GRS, B A SRR ELES,
BABEN n TLERIEERETR A

((x1s 1)) 21)s s ({Zns Yu)s 2) (15)

CHEPaERARR G, v URENEE (CREETE

IR z. ABR/MERT % NS/ IR MG XIS R

Rk, =4 2— flzrysh B)DAF (2, (x5 3)), sk
€0, 1] as

BB HAHBEBOE R, 718

Ry =15 e flai,35h 02, hok€[0, 1]

an

B B/MERBEEZ B Rk, k) ATLASS] ° F1&°, ot

R(h*, k*)=minimize(R(h, k), FEAD KPR £
Bk, b, BABBILERMATFFEBEH .

Operatots, 4. (xyy)=f(xsy; h* s k*) (18)

X2
% > Bk
#R ]z
*y ¥ M,

« p————Pp
R* fix, y; hk*)

Bl BRI HEHEZERAT

B 1R TRTEAEIMNERIELE ., E390 3 15
43 DBERARBUE L 2) MBI, 3) 2 IR, R RBUE
Bt a] LARE A SRR B, B 5 5 IR R P R ESUE 5 5
VB R, T W B Gl B S ARG ST
B, BERIANERRER/MEZAREEBANGR K
BHEHETHAESHEENAOXRER.

2) BHE T AR E R RER

ATRRE BRI R R BRI BB B R
.

BHRETFRELE

Step 1. BB FHEE.GF ‘S’, ‘8, ‘H&’, ‘%
o UR AEBHE;

Step 2. HEREXEE T 0 AR 1 RiRE;

s 206

.0 0 0 http://www.cqvip.com|

Step 3. LB TR f RPN Step 1 Fl Step 2
HZBRERSHREA;

Step 4. FME RO B BT RIIGR , B /N
HEZ RRFEEHSE A Mk 1E;

Step 5. ¥ h* F1 & [E{{ Step 3 Eﬂ%@]ﬁ‘]&ﬁ:&ﬁﬁ@é
Bk BILRERE FREKX,

3 BTZASSHEMSXBRMERE

3.1 ZASEHMESE

Wit SRFMERELERIEENRS, §k
RFARBOBIT— R F—HD LR, REREIHT LS
BIBEN. b RBERBEHXBRETFIRBER
fe. EHE AP =R/E58 2 7R KB EHE : DRARRFE
B -F08%: 2 AARRBNGEN G F2K8: ) BRHM
FHEFRIGTFHER. XERIMRABE -FHTERESF
SFRBERAE.

D) BAEEHEX

D RAEHEES DI=(X, Xzs -~ XD H Xi=
(Zirs Zizy ***s Tins o7, i=1, 2, =+, I, ?ﬁi&T’F’ﬁ*_{:E@ l/f\
Hi&, 3t HIRTEDNECH n, 3t BESAE ML BRYE o FN
ﬂﬁtﬁﬂﬂ’lﬁﬁ&ﬁﬁ%ﬂ?ﬁ A1 » Azs =0y Ags Ci

i) BREEGRE - MrRGE, IFEEREESC
={C, G, =, C},H CGeC. MR X RRMBIBEEA, ﬁ'J
X HIRBHEAZ,

2) BARBHENERACIINIIGEE

| RTEASEEFGHTRA RN, A T £4r %58
Bt &8 % (Multiple Classifiers Ensemble based on Generalized
Combination Operation) , fI 2 fiR. FEINEFVCER
BB DYNGE N B55K85: D VIGRE BN,

B2 BRI GNECR m, X TR R ERMN
2 — 5 Lol 53 R )| g FIBASE , RSV R R m+1
MFE P m N TFEATINGES LS BT HERIF
EHET-SHTIGHERAN, BHaEh LE. TR
SrRERHYN G XRAIR A Naive Bayesian L,

BB, AT INGFALRBJOME N, ROIEAVIGE
PRTHLE. XTLPHEIEX, hETEFER ¢
HEHUMAERAERE | HEREE.

P(Ci|X) = P,(X|C)HP,(C)/P,(X)

REARAZHEEE(HODREFTRBER SR IRL

B Je e .
P(C1X)=P: (C; | XDChix.ax P2 (C: | XD Ot ix *** ©lixix
P.(C X (19)

HTFADORFTTRHRHE XHELRE R FIEHXEKE
RSB RRE. M RN, BERE, HiL,
AR X Wi B AR m B G T R BB (16) A FADR) .

Ry Ch, B)=(1—S(P;(C; 1 X),05h. B2+ 3 (S(P:(C;

i=1ij
1X),0;hyk))?2
XE,SCx, % 3R, R (ORXFTEXHMERER . B/ML
REHZ R Rx (o k) ZIEBBIFESE R F1E, TR
(hx s kx) =argmin(Rx (h,£)) (20)
1 hxs kx RAQDR, TJLUBBIRREN i WEREE
REX PCIX) . BB EH r RO ALREERHR
POZIE, X HRISAB—BRENEREEHTED,


http://www.cqvip.com

Py(CIX)

» BoRE ] ‘ TR
A & _
X [¥axms pan, 2 2

w4 —

WY R
. 4 e

y w(C1X) =

J ESKBEm | ) w

B2 BETEHGEBEERNZHLFBAER

MR X 4R AT R LR I Br
BERRBUS BN FEREE 1 PG X)), BT X—
CHHEANYE PC I X)= PCHX), Hr j HER IMEER
A5, H i, €{1,2,0,1),

3.2 HMmaHE

X231 AT H R, 8 IR A SO e Tk e 4 1
. X LS max HUM . min LW, vote HLM, sum
HW LK product FL,

4 SKBIERDH

1 9EBaoBNgaRERNR
ik FRFE A el
ACHIR T 11.0173% 95.6%
Max F | 11.6065%  72.96%
Min $21 12.0375% 83.3%
Vote 12.0407%  79.03%
Sum 11.0542% 73.18%
Product $1) 11.9723%  79.14%
SVM 9. 5489% 83.1%
Naive Bayesian 11. 9808 % 90. 3%

ATV S BB R UCT FEP 3B spam 40
T8, EXMEIEE YT, 85 HREABEILY 4601 5,
BIHEACREE S8 EH. TROEGRERITERX S
spam F1E & R , B 5K /5] BB 19 IE B4 2 (validate rate) 15
£ (recall rate) . N T Y 1GBI A SCHTIR 402K 25 B @b & B
B, B EGS N =8 Wi, Wl Wy, 546, W,
SreR 10 ERSy FOR ISR+~ 0 2 88 W, WU AT SR U1 45
Bh-E R W i RAE S

£ 1 XTI T AR RSB RBME FIETEE R
REMELE, ATLUFD, &SI HRK T IERE T 8IKK
HRBEWOR T SVM FB) LR HE SR, XH SYM
FHEIRINESEBAET 9. 3%, L FEERAKE. &
GERRW, EAR B Rk B L AR FEEAR
FEERRE AR,

git T-HAMEHEREHEEFNBEEETLUKE
FeE o AT A B TR AU ] DA ) K 1B 48
SRR XERERBM A E MRS, XLERLS
SC B 1) R AR PR TF B T BT A BB . B AR SE IR R 4 P i) O i
B E X E FRAE SRR, BATTIA T R61%
BT BRI AN A, F H AR BRMAE R LRIET A
TEREEA R,

2 % x W

1 Zadeh L A. Probability measures of fuzzy events. ] Math Anal

10

11

12

13

14

15

16

17
18

19

20

21

22

23

24

£ 000 http://www.cqvip.com|

Appl, 1968,23; 421~427
farfenl, %, ZE2BFFEA Jua. B2 d ik, 2001

He H, Ai L, Wang H. Uncertainties and the Flexible Logics.
IEEE Proceedings of 2003 International Conference on Machine
Learning and Cybernetics, Xi’an, China, 2003,4,2573~2578
Zadeh 1. A. Fuzzy sets as a basis for a theory of possibility. Fuzzy
Sets and Systems, 1978,1:3~28

Delgado M, Moral S. On the concept of possibility-probability con-
sistency. Fuzzy Sets and Systems, 1987, 21(3):311~318
Klement E P, Navara M. Propositional Fuzzy Logics Based on
Frank T-Norms:a Comparison. In: Dubois D, Prade H, Klement
E P, eds. Fuzzy Sets, logics and Reasoning about Knowledge,
Netherlands: Kluwer Academic Publishers,1999. 17~38
Klement E P,Mesiarb R, Papc E. Triangular norms. Position pa-
per I; basic analytical and algebraic properties. Fuzzy Sets and
Systems, 2004,143; 5~26

Menger K. Statistical metrics. In; Proc.
1942,8. 535~537

Schweizer B, Sklar A. Espaces metriques aleatoires. C R Acad Sci
Paris Ser. , 1958, A 247 2092~2094

Schweizer B, Sklar A. Statistical metric spaces. Pacific ] Math,
1960, 10 :313~334

Schweizer B, Sklar A. Associative functions and statistical triangle
inequalities, Publ Math Debrecen, 1961,8:169~186 -

Schweizer B, Sklar A. Associative functions and abstract semig-
roups. Publ Math Debrecenl1963, 10 ; 69~81

Schweizer B, Sklar A. Probabilistic Metric Spaces, New York,
North-Holland, 1983

Sugeno M. Fuzzy measure and fuzzy integral. Trans. SICE 1972,
8:95~102

Li Q. et al, Optimum drilling program for complex well under

Nat Acad Sci. USA,

complex geological condition. Acta Petrolei Sinica, 2004, 25(4);
80~83

Chen Z,He H,Mao M. Correlation Reasoning of Complex System
Based on Universal Logic. IEEE Proceedings of 2003 Internation-
al Conference on Machine Learning and Cybemetics, Xi’ an, Chi-
na, 2003,3~5; 1831~1835

EAR, Hig FEHERE. R LTk K%M, 1990
Blake C L, Merz C J. UCI Repository of machine learning databas-
es. 1998. [http: //www. ics. uci. edu/ ~ mlearn/MLRepository.
html]

Campbell W M, Reynolds D A,Campbell J P. Fusing Discrimina-
tive and Generative Methods for Speaker Recognition: Experi-
ments on Switchboard and NFI/TNO Field Data, In;Proc. Odys-
sey: The Speaker and Language Recognition Workhop, Toledo,
Spain, ISCA, May~ June 2004, 41~44

Bonissone P, Goebel K, Yan W, Classifier fusion using triangular
norms. In:5% International Workshop on Multiple Classifier Sys-
tems, Cagliari, Italy, June 2004

Chen Y Y. Fuzzy Analysis of Statistical Evidence. IEEE Trans
Fuzzy System,2000,8:796~799

Duba R O,Hart P E, Stork D G. Pattern Classification. 2nd Edi-
tion. John Wiley & Sons Inc, 2001

Jia Pengtao, He Huacan, Wei Lin, Decision by maximum of poste-
rior probability average with weights: a method of multiple classi-
fiers combination. In; IEEE Proceedings of 2005 International
Conference on Machine Learning and Cybernetics, Guangzhou,
China, 2005,4.:1949~ 1954

Lin Wei, He Huacan, Jia Pengtao. Learning for Universal Logic
Operation Selection. In:Sixth World Congress on Intelligent Con-
trol and Automation, IEEE Proceedings, Dalian, China, 2006,
5:3613~3617

« 207 -


http://www.cqvip.com

