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Abstract:

Error-Correcting Output Codes as a unifying framework for studying the multiclass categorization problems can re-

duce them to multiple binary problems effectively, thus simplifying the problem. But when generating component classifiers, we usu-

ally need to face the contradiction between the diversity among the component classifiers and the consistency of learning between the

component classifiers and the ensemble classifiers. We call this contradiction consistent-diverse balance problem.How to reduce the

error ratio caused by the inconsistency under diversity big enough is the breakthrough of the balance problem. Using weighted de-

coding, we can reduce the classification error caused by the learning inconsistency through relearning for weight coefficient matrix.

In the proposed algorithm, by using GA to learn the weight coefficient matrix and taking the final generalization error of the ensem-

ble classifiers as the fitness function, we can get the weight coefficient matrix of which the error of the training samples is mini-

mum. The experiments respectively on artificial data sets and UCI data sets have proved that the algorithm is better than others for

the consistent-diverse balance problem.
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T HO A =T AN [N T 21 ff A 5 s A fff
B consistent-diverse - £ [n] #1 & $8 19 VE F, 5256 A 58
consistent-diverse V- [a] {8 X} 43 22 (52 ), AT TR 1 6 2
SEA AL A (N RS 5 an a1 (DL k3 B /NS IR R R
0), HFEA i R 351 43 A, R g TR AT g R i 3
SR P A R 2, FRATT B SR 1 AL
FeAr AN Hoh i sR BN A3 1) A% oA B Gl 3 52 56 56 iF
PAANNFE T 22BN R AL SVM BESE 20 28 B 1 AR AR 5
K-, BH C =1, r =0.6). 76 L85 H 2 iS50 4 0
B HARE T A — B o HE S PR i 2
SPER/INRARIL. & 1 RS EEH R = | B12, B13,
B24, B25, B34, B46, B56} , AT 1#4 & 4 Fhian H 4 5 4 f4:
R G A BEAR g 7, W3 706 R — A SR A e
PSR R PR (i =1,2,3,4) T
>, BT BGH A AS . 5¢ 4 A1 [F) FLARIE A — A4~ i 57 = /0
WA 1R, T A4t gr A e A S

(e) (@)
Bs ENRBEIF—BHBEAFRMNFHECOC

TEIE 5 /9 4 Fhg b ek, Jafib B M, BB s
He2fz 3 1 AP S BB subdecisiony, (h,) = 1, LB =
F43 34 « subdecisiony, (h,) = 2. subdecisiony, ( h,) =3 Hl
subdecisiony, (hy) = 4, L FRATIN by 5 G 05 P — B2
SIFEE N M, > My, > M, > M. SE560 F J A 18 % S B
& =Mt 7 253 A ok D Fofr A [ A S 2 ) 32 A0
AR

TE UCL B h FATTIE 5 5 FhAS [\ 00 i i 5 vk 7 A=
B 265 0 B , ‘2 AT 43 ) J2 « one-versus-all , one-versus-one ,
BRAEFE L 2 1Y ( Dense Random Codes ) F1 7 & K6 HL 2 15
(Sparse Random Codes ), P b BE AL 2 15 10 89 K 43 ) B
[ 10log, Ne |F1[ 151og, Ne 1. 73 FhFAT TR K 145 2 FAS [A] 1Y)
et 5 2K, BT A R - DU IR B A (HD ) FH48 $idit 2k
BRBURA (L) . 52 50 v e B SRR S 484 g ik 26
i, TEAGTT 23 SRR UR AR IN A PRAIE AL T A4 HE A M, RE AR %K
PR T 500 B FATTR A 10 522 LI HIE, /N T 500
IR 5 B A8 SCIER AT , T A XSGR Ah T ¢ A6 12
IR EAG KT 0.95 B 73S EE D3 A5 DX AR Ry e
ZEER TRAXIT
l:/?/%lztoms(n—l) (8)
w,o 43 RN o AZ U IR Y Y0 A oE 2%
Lo.oos(4) =2.7764, 1. 0p5(9) =2.2622. R} Ry T X} S5 2%
WAATGE T, 2R F Nemenyi A8 56 925 % 4% 53 1k 22 [6] (1)
22 5 WA TR AT R
4.3 EKWERMSTH
4.3.1 AIBEE
TEN TR B v, o b 2 B 99 AN — Bk 2% ) R 2
HKAHIE], B FAFTE consistent-diverse 77 [a] 251, P
MTIFFASRE H1 Wt 33 DU Fh 2 5 6 I 76 Ak 3132 () 2B 1) 1
2 AH KA M0 S 5 (A RO TR L g rh AT E
UERT AN TR A 5 2R AN — B0k 27 > 72 B2 (9 52 i, R
F A R INA T AL 75 AR B A — Bt 27~ %)
5325 2 1k R R AT ) AN R 52 1), A (1] 422 3K 3] consis-
tent-diverse “F-H7 1) H 1Y . 2% 2 S PRl —Sode 2 o] 7
% AN ) FR) 2 % A A o A ) it 77 20 CHD = D B B
ffA , EL: 368 5040 2% s RO RS ) T 19 53 2845
R2 =MIRAXERMAEBEBAXT ECOC EM T EFIRE

M1 M2 M3 M4
HD 44.98+1.45|14.09+0.90 | 26.32+1.89 | 4.09+1.19
SWHD | 49.51+1.35|14.38+1.04 | 9.18+1.31 | 3.79+1.14
EWHD |49.51+1.35|14.28+1.07| 9.52+2.08 | 3.39+1.18
GWHD [37.59+1.12| 6.47+1.67 | 9.49+1.47 | 3.39+1.35
EL 45.19£1.99 | 14.61+1.05| 9.62+1.77 | 4.00£1.65
SWEL | 47.99+3.39|14.19+0.87 | 9.91+2.16 | 4.50+1.19
EWEL |49.57+1.43|14.10£0.52 | 9.07+1.51 | 4.09+1.06
GWEL |37.59+1.07| 6.81+1.25 | 10.17+1.77 | 3.58 +1.19

M 2 I EE S AT LA 25 5 g S o M1
M2, 3.2 TRTA M1 M2 RS — SR ) R
BRI (M1 S5 2588 R 1 AT UOR S,
M2 555 A2E ) 2 D F USRI L) 2E PRI A [ figk
7 20, i 2 ) i A2 72 AR A9 Ay X (GWHD Al
GWEL) 7E A A% 5 1% 3202 fe /MY . SWHD Al EWHD
TE LA i [ T HL A3 A R SRR L TE A 1 1L BH B
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BIfRAS (HD) ASF& 2 71 . SWEL H1 EWEL 76 5 JE AR il 3L T
FEEAR S R RIS (EL) FL I, M i i BE hy M1 45
BRI, M2 B RAC (H AR AR B R % /N M2 T
GWHD Fll GWEL (1 73 28451545 8¢ HD Fl EL AR R 2k
B KM, GWHD %8¢ HD (58 280 /0 R B2 43 51 16.4%
1 54.1% , GWEL ¢ EL B9 5 1 238 0l 2> 72 B2 43 0
16.8% F1 53.4% . fq BL AT LAAE H 25 T3 Fad 2o -2 > 7™
A AT 2R A A% S ( GWHD Fil GWEL) X 5 3 25 g
2 S AN —FHEFEEE K1 ECOC 48 i1 52 BE e 3 s /b 1
ENGATETOEE

W B I 25 b M5 g% oy M3 B, ST
SWHD . EWHD 1l GWHD 4 4% 1R 32 28 /N T 56 T HD Y
FER# (B EL 1 SWEL,EWEL 5 GWEL F 4t 152 2 B A
AT, FLA5 B HD AN =R FIAC) X B I AL s
TR R R B A — 2, UL AN [ 1) 3% 75 =X (1 4 HD

A EL) Al RESs 7 A 22 S R 45 1, 458 7 SCHk (8 ]
WA UER , I A1 8 3 I A A aT o AR A 0 A A 5
R A 1 25 .
4.3.2 UCI#iE&E

ML 6 FE 7 Rl DL H 3 T 35 1% S A O =X
(GW) fi#t (1) ECOC 4R o S 18 38 i /N T3 128
RIS 2 (SW) RIS 158 AUy =8 (EW) 1Y ff 5
R AR RILHEATIY 56 IR, BT GW ISR
FAETRFR I/ NIURECH 34 U, SW N 13K, EW 2 9 1K
T 5 0 NS (4750 BH B 2 A A R s 50958 2k o B30 B A
FLARET , BT GW ALY 2 143 R A 1 R B N IR B
43 %, SW K 30 WK, EW i 23 Y. 1 I AT L LR R &
oy 2R 22 B bRl i A 2] 7 AR BT AR XS 3
ECOC HEHR F AR BEA T IMA S B R 52 HE X ECOC 1) 4E
R A B )

o yeast segment ecoli
: - HD == EWHD et == HD = HD == EWHD
6, ., smSWHD —GWHD 1 == SWHD ; == SWHD CGWH
S e g 0.07 == EWHD 0.45 .
= 008 8 e{pe e

error rate

O%vsall 1vsl Dense Spare

glass isolet

—IGWHD

05vs all 1vsl Dense Spare

sat

4 == 11D == HD
0.4 == SWHD ; = SWHD
0.35 == EWHD AL emEWHD
% 03 .GWHD 2035
N 0-023 i S 03
2
E 0.15 \ ED 5

0.1 z
1vsall 1vsl Dense Spare tvsall 1vsl

Dense Spare

=mHD  ==EWHD
= SWHD ) GWHD

°1vsall 1vsl Dense Spare

Bl6 HTIYERFBNUCIEIE LIRS R

yeast

segment

S remFL == SWEL =S EWEL 048
. y CIGWEL o 0.0712
2 0,06
o
E 005
g 004
2 0.03
0.02
0.01
0

error rate

glass
mm EL

isolet

== EL

0.4 == SWEL I == SWEL
2 035 | == EWEL 205 == EWEL
g IGWEL | s e
S 030 04
E 25 .
9 02 822

0.15 :

0.1

1vsall 1vsl Dense Spare tvsall 1vsl Dense Spare

L mmEL
= SWEL CIGWEL

mm EWEL

sat
== EL == EWEL
== SWEL —GWEL

error rate

B7 ZETIREERK R B UCIER LR 4 R

KT E A G SRR A5 e, AT e
FHRRFIAS 35 75 X R 25 AT 70, Herh B K P 155
wmF

R = %Z r (9)
rf RAERIIA T SRS § SR p AL T4 b

it I AR B RN, J R BN 5 35 BT A T 19 S 3 Uk
BAEA RS J N (4 FhambEE x 7 Fp UCT R ) . 3%
3 D945 75 1 I IO (A R AT - 58, e rp IR o o 2 T
5 2 W 4 o R T 247 /DM B X IO 70 S DR AR B /Y
s .
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3 EMNAXBMEHHLLE

Coding HD |SWHD|EWHD|GWHD| EL |SWEL|EWEL|GWEL
1vs all 471 | 4.71 | 5.42 | 2.42 1 5.00 | 4.57 | 5.85 | 3.14
lvs 1 5.00 | 4.28 | 4.85 | 4.00 | 3.42 | 4.85 | 5.57 | 3.42
dense 5.85|4.42 528 |3.00 | 4.85|4.57| 4.8 | 3.00
sparse 3.85|4.57|5.57|3.00 628 |4.42|5.28|2.85
global Rank| 4.85 | 4.50 | 5.28 | 3.10 | 4.89 | 4.60 | 5.39 | 3.10

M3 Hal LA HEE T GW 6% 1Y ECOC(GWHD
1 GWEL) Bk V- 24 85/ NER ol 3,107, SW IR Z, EW $
KA T B R = A FEIAC 06 ECOC 5 i 7 28 56
TR R LA Ge i S 1 2 35 22 0], B ATTAI ) Ne-
menyi K5 45 5 2 — B PI Rl 7 vE B 35 V25 S X M P b
Trk ) B S 2 25 KTl B {H CD ( Critical Difference

value)m]
D = g,/ “1‘67}1) (10)

Horp ¢, P13 32 ) “ The Studentized Range Statistic” £ 15
F, k R BT E R R IR, T R ERR SE R A R A
LI RATHE T 8 M IEEBEEKFE R « =0.05 F
HI oA R 2% 3 s, B k=8, go.05 = 1.860, fR A
(10) A3 2 SR A (CD) A 1.218. WAL 3 AT FISE T
GW HI R X8 LL SW FI EW [ R S 500# 5/ HL 221
HBKF 22 S FUE, b B AT AT LA 2 F GW 19 ECoC
T SERSE 95% 1) A DX ) A B 41 o B A O v

5 %

Consistent-diverse -7 [a] f8 /& Fl| F ECOC 4 1 5 2%
i TR 22248 53 24 iy a0 200 T M 1) P85 ) 80 . i A X b el 4R
B Z ] 1) 25 S M R 1 2 DR — B Mk R BE © A
SCHR FAR A O T, AR SCAE 32 - i ) 27 A= 1) D 1R
HEAT 23 BT AT 45 5 B 8 R R A A 3 sk X A Oy
R 2T TR BT R H 2% 3 70 28 4 7 > A — i R
MR 22 AR ) 3 R vh A T8 15 5300k DA IR 2% 73 26
VR 22 A I IV B BRI BCHEA T 8 R A B S HU A R R
R (RPN A T =20, S5 J ) P O e DI I AR % 8066 1o
FEFT A A 15 {5 5L T ECOC 4 A% 1E IIfs 7Y consistent-di-
verse “P-fiif R U1 AT AR T NI AE ECOC 2B Aias ) v
Xt consistent-diverse [ fFE H f A3 B9 - o5 2R E-
COC B i PE RE 1Y B 28 T B, A 3GV e 1 1 45 0 Bt
MR AT T ERE R AT GEFFK 1 consistent-diverse [11] 2
5 Y ASFN S 0 B by R S 4 1 22 e MR R B0 7 2T 1Y
AN—ZCPE ], SR A0 SR RE TR X 22 28 R] A o
H 62 %) ] Fof =% P T2 A8 ) R, DS 2 2 Y A 1) R ) AS
ST S B B B0 A v Ik, 1258 ) g R S o Sk B
IR TR %) G B Ay I A A R T A R
MBI R I8 consistent-diverse V- [0] URE/F S A< SCHY

N E A
5% 3Lk
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