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A Self Recombination Learning Algorithm for Min-Max Combining Classifier
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(Department of Computer Science and Engineering , Shanghai Jiaotong University, Shanghai 200030)

Abstract  Min-max modular classifier is a kind of combining classifier framework for elastic task
decomposition and simple result combination. The previous work shows that clustering or anti-clustering
method may be the more reliable decomposition method for training set under this frame. However,
clustering methods are sensitive to initial partition of data sets and often lead to unbalanced partitions. Based
on the task decomposition of min-max modular classifier, a symmetrical selection combination is proposed to
replace traditional min-max combination, and then according to the new combination strategy, a self
recombination learning algorithm is given to finish a more optimized decomposition of training set and
training at the same time in parallel or modular way. Compared to other distributed learning methods, the
proposed method can maintain elastic task decomposition and hold good parallel processing feature and
higher response performance. In addition, the proposed method is independent of classification algorithm,
and thus it can be realized through various algorithms. The experimental results verify that the proposed

a . . . . . “
method can gain a better generalization performance and faster training effectiveness.

Key words combining classifier; self recombination algorithm; symmetrical selection combination

i E RIRXBEAIABA-HEARBRNESIRARENSROANAGHILABER. C
AFREA KD RXBRULRBUES IR —HAARRBAEARKIAEQREF . LAR
RIEBR TR FIEARIEE KRR, EFRIRRBARIABNESIBE
% A AR L AR ERATORDRRASER, AARLE H—FRET—HaEaS
TRE RBEATIABRNRAREXTRAS EANEERARCK NS Pl G4, HRF
ATHAGRDRARRAS RORRIMER, ST RARESIMALHLNET. AN, PRES
ZR R g SR L R LRSS B PR L ST T NN E Y
RBIAAK THERT IR AABNSHFXER. RRERBIET AR EQA RN

XA BESARBZ AFTAFIL K AR BRS
PEESHS TP

B R LABRAFFTLENER. HE,
E@S R, RNFBRBRIIERHITENY
R —TMRABRFHEAR. HEARE RRFEES
BOEJUE ARG T BHEL KRS LR RBOVIGNET N MBS T, AEEHF

1 5

m}

oA B %8 :2005-06-15
ELTE ARG ABEEL T H (60375022,60473040)



244

HENHRERRE 2005, 42(3%7)

TEIPRF—-H B E, AT L2 E
WMB. HTFHEZREAZNES, AR TFHEN 2
LRESESAABRNLKITERER. 554 REA
FRBOFEIPEEAER. ROFEENEDIRR
I EEENE YNGR S BEATHES
M. MXEERERNGEN SN LR REE
BEREEE. B/NEAXER (min-max modular,
M)SEBHEEIBERNAEGHE ERLEE
ROLEN—FETFINSEMINAEIEB. T
HREXWPLMRAET. A TRNEET ERE
RARFE  EXHAROERABHUAETEMRE
AR,
EETINGENTHFREFES, MAH
BRI VGRUEREN WG EREFBBOA
ARER—-NEZRE. BRNAAS LB,
EHERAERHTERBRXARE. —MREAR
(FEY BTRE, B HREERAKEE
HERMBN—-RIFAABRFONETE, B2
X EYNGF R — RIH KRR, ST F
FAXSEESRBOXSHAEGRIAFTLEBROK
XK FHEMHB P TR bagging ¥ EL M
AdaBoosting ﬁﬁ%m.
RNEPH— N TR FERARCNRES
%, @ R4 E R B B KRR KB R
AR BRRBRABI LR 3 MH BB,
—RBAZFBAHEUL. _RESHBRBXT
FRAKHAEENEWAREEN, XHERAE
BENPEAGEENEREZEHRT. Z2BK
FEMTHRARSEEREUR, ERRREL L,
REEEMRAAHRA—B.
AXRE—-FMBEAZEIEE, ARBRI T
MU LR BE. ZEEN - EEFARREL R
RMAREML BB TR BRATHRET, EXER
WERMA BT EURBRENAEGSLBBER.

2 BRMBXRRUSAXBHESIBAEG
RAE

B/ KM e Al 4 2 38UV AT DL B o 0 — A
RARM A KIS, SRR S RN 5 B ST
SHTFRE, N FENKTFEE, ER AN
BT RBRIBF A SR, BB/ MER I A
KACKUI , 4 BT 24 2 B0 0 4 K 4 & BRI
BHER. TEAH - -RKYRREHRNRK

R BRHRA,
MF—A—KAE T,X BRBTEI C W
EMVIGHEE, Y BREBTEY C HAMKIIL
AL
= G D,
i ) (1)
X = {(x;r "1)}5=1’
HF x, €R RRMARKER, [ F I HRIET
WGRAFERMA KGR, BAE L
M XUWUSRIBAEHE N RN A FRAL,
X; = {(x:jv +1)L‘lilvﬂj = lv...yN+, (2)

4= G, = DI LB = 1,0, N7, (3)
Nt + Ny B
#ep, UX =2 SNSRI UL =X,
i=1 =
IKN™<I™.

BERAE L MY HHAMEI N FIN
ANFRARE, BRI KRS T RAEH N X
N A AHMEA FERRTIHH X TFRE
T(i‘j):

(TEN) = X (T4 = 4, @
e, (TED) F(TED) ™ 4 iRR FRE TG
WERRAS. TUES, FiE KN K FRBEM
B, E T HFIETET. BRI ERS
BT, TG ok R 0 E AT % T BB 2
8.

LA TR BN GERE o F— R,
RETERAAEARBE4ANT, HE N A
MIN B —/ MAX 870, % N* x N MEHH
BUAKLERE 4 RER BN AR ER.

Ti(z) = n:inT“vf’(x),i =1, ,N%,
o (5)
T(x) = rgljxlx'l“'(x),
Hop, TG ()RR AR TR T B 4 0 2
ARBUERRE, T (o) 278 N M EARBE

i MIN HuR Ua B R ey By K38 11538 B3

RRNB/PREAERESRBERNES LS
B4 BP WM A&L SVMBIA k-NN & 34
BRI R T 2 # AR G 010,

3 ETHREERZNHERAS

ATEREEASE]  RNTEENARNA



B BEETRMMABRCIBBHEEAEIRE

245

AR, RERLVFTRANBNRRAS (FLE
FAMAERKELTRLE). hHRTE, BES
HIMTEX. —A%S%%, TP, j=1,,N ¥
A—ANEEN i WIERA. MR, —~HES RS,
TW,i=1, N*BRA-IHEN j WAKA. &
BEY, EVHRNBR/DBRASTIE, TR
—HARERB IR ERNELANBRIE. W
REXBH—NMERATE, B4, B/PRRAGEX

RAEARERREER, FUNREMRA. RINK

HAMESAB B X ERRHO—NELRAN
RMEIERA. R, TSI ARBAER. HHP
HESAB-BXRALBHH—TREH K
ARA, MARARERERERERARANIE.

T EISIA B9 X FR 2648 5 v 46 2 (R X4 3k B TE 2K
HAFEMAKREAMUEBHAGIRE. ZROT
LISE

(1) E—RKW AP, R BRI FEERBES
ARMKBALE BIXHEAZH, 2F -8
BEARAN, ERTRRELHAHRRMAEE.

Q) ATHEBAEGHHIR, EXHARHER
RN REARTERE N ERKEH, EXAE
Wil R ERMAG IR BRBI -1 AR,

ETULHRBBITHNREEREBRIOT

(1) REMBWANITS i=1 URFIG j=1;

(2) EEINTH4E:

@ WIS HH TV,

@ WMBE TOMBIHFER, N j=5+1;

@ MR TOHELRHRE N i=i+1;

@WMBN"+1=i ULHEE, AG8HHN
m%;

@WMAEN +1=;, MxBPRE, HEHIEHR
E%.

MEARLSBIE N +N -1, ‘
4 BEAFINZE

BEA¥IEERBETNTHE LB WE
BHARELSR/O LG LR REXRA 77, R
R —FIHER— N ERE BB 4, FEX R B 0 3L O 1
RUBH, HRARELANES LR SRARR
B-HRERE -7 EWESRSE. BREEET
i, LR RBRT AR SHESLKFRHEDAF
SEBEA25HRNE. RE REREFTH

AREL MHREBEEFERINEIKE

EHRBERNTFRANSLLEREWM AR/ B
B mERERERNESABRUBSEIRER
MITEES, 2R BRI R ENIE, B
MU AR R BS. ABE SRS
GENBLBIRELAXEHER. AEAE¥S
BR#HRNT:

(1) B EHAMT R _RKEBH M H#;

Q) REBKEEA¥IKE M, REAEH
FEIRBOTEBRNOMEME =1,

(3) B <M, EEWMTF#EM.

OREFENGENBER, HTINGEED
K5

@ HEAEN LB TINGEHRFTAFEEK
KHTARR, ETEEFLBURER;

O BELYTHMNBEEBERARLAGE I ELR
BHRMRER CTEMISHEAERANAEH
HER; '

@ BHFARNRERYELEFBRB ERNE
HRYELR|D H A RS RN A RS E R
RINGEMEET;

O EEBREEENERITFHBIIGES
HOREAR R B A VI F R X, 58 BB 8 2 .

IREERBED  RESBROMPRORTE
HITERN. SROAR L TR REFHGIR.
SROMARS R DM BRI HR.

AENERERRY, AEAEINBLIE
WERETHKEET MR, iRE MR KF
WEANREEZNBMEBY. WHMII%IRE LR
— BT EETWHROINGRE, NS E T ¥
IHE. HTARHAEINTS —NRER, A

 ERENABEHRE M, RNBUENGRERD

BETREN FLAEAY ISR
5 RXE

# 1 UCT B4 BEUH B A — K B 4E , Census
Income H1 Spambase #H1TL K. FMRIBEWHEE
BEERIMERIF 1R, $FXFARR PR
BRI ERBEINGE, KRFH 2~10 0K
JNHE S B, Bk I 28 B AT X L B R 4, B4
H S ME R R A R BN B4 B AR
KEAREHEY. FENESIBONHERES RN
RE#LEI 4. R RBF &M SVM B A TER.
P NESE C fy B4 BBy 8 #0.025.



246 HHENWHRSER 2005, 42(H)
21 WERNRANRAS
YRR A2 MR AN
HER
EX  m%  EX Rk
Census Income 15102 5005 7552 2503
Spambsse 2091 1359 697 454 : g
=
1 RABAESRNBARESNEAME & 5| = iwn v
u‘,& 50 [ --- jrer=6
%2 WB T ARSEUEH N AHRAA4% 851 2ot
BRAREE. TUER, NHEFE/LEEREHE Oy 4 5 6 7 8 9 10
EBE/ATRRIRRKASEPHYEEEENA ES R ST TS Y

AHE Bl CRSENFERNBEHARAENT
RER.

%2 BABRXKAARNRERESHMBLLE %

BB Census Income Spambase
LSS BABRK XHEE BORK HKEE
2 77.45 77.46 76.37 76.37
3 77.25 77.25 75.67 75.67
4 76.86 76.89 76.28 76.20
5 76.95 76.95 75.50 75.50
6 76.86 76.86 74.11 74.11
7 77.13 77.16 75.33 75.33
8 77.28 77.31 75.07 75.33
9 76.91 77.00 74.98 75.07

10 76.92 76.94 74.11 74.11

5.2 SRARALIENNAMELS
1 & Census Income HIEEELR A EHE
3 5 TN L.

L
8 Rt o o s e, o
8o b, ~ R —— A - o
.Y S P A
L
_ 6L 4 N \ 1
2 % —Initial - %, \ ———
PR - Iter=1 N/ \ e
= } - Jter=2 - 1
R 2L % e lter=3
R ( s lter=4
70F ".‘ — lter=5
68 ' ST AN ]
s N e .
661 : N, d N L ) S ol N N
2 3 4 5 6 7 8 9 10
ES Il E 63w
B 1 Census Income ¥ 38 # A3 10 g 4%
(E5%%#AH SVM)

B 2 & Spambase HIEREZ R ABHEIF
HREREE LR BRERT 0RAEL.

2 Spambase BRI LWL (R4 X B SVM)

TRERBR, EEAEHREOHEN, HE55
RERNBEARAWEN , kB E, M
b 3% BB O 3 I i 5 E R .

5.3 BEEAZSIRIS0E NN E L8

# Census Income BT E WA REBY 4K
625 MR E MY K/ME T FIIGE (625 &
BZIGEBRNEISFH S HMER), HTN R
KEBEEA%Y. ¥ Spambase /LM B LKA
SR 26 M EEAREHYRDME TS FINERE
(226 B ZRWGRB/DEINS T 6 BHER), #
T RHBEHASES.

B 3 & Census Income HIEE SR RHWBEA
Joi BT B A K8 B B L 3.

84
82
80
8+
76
74
72

HAMEE (%)

70

— Test Accuracy
68 — Training Accuracy

66 i —

L 2z 81 41 s 6l 71 .8 9
AEAESIMERRH

A 3 Census Income HIEREARIKBWBEHAEIR
Yl R B A O (B 3 A SVM)

4 7€ Spambase F/WE ST REKMWBAEH
JE RN BE U SRR B B HL AR

MEFIBTE T KISR0 5 0 B0 A0 B 1 3 Bk
B AEEALRRFT -BWEAESE. XEAH
WA UARINGEESHEEEYBEHEINF
1R,




B BEETRIBABRUSXBUHEHAEIRE

247

serWWM

80
Test Accuracy

&
w7 1
X |
X 70

65

60 - — —

1 11 21 31 v 41
HEEFIMBRRY

B 4 Spambase KEHEARRBHBEEA%EI T
US54 B A0S0 B LR (M 888 SVM)

6 HEKIE

A3 B/ BORARBRAL S K38 M 4E 55 50 8 SR
REME RET -MHETHREFAANWEEYS
FIRE ESOMBRBRT RPRRERLS
R BRAEARE, B T XARE BT EIH2ET.
IRl , AR GR I 43 17 43 2875 BR A LR, 38 4 O 07 3
RAEBGFHFTABSENI AR, i Rl
METERENTEMAREELR. XREREIE
THREFRMANE. '

E#—-SHBED  RNFERERIERE
EARENTHRARE #—SRREBANWEAPIE
HgE, 3 NER ERASHE RSB, TR
WS T B BB AE B

$ F X W

1 B. L. Lu, M. Ito. Task decomposition and module combination
based on class relations: A modular neural network for pattern
classification, IEEE Tran. Neural Networks, 1999, 10; 1244 ~
1256

2 G. Giacinto, F. Roli. Automatic design of multiple classifier
systems by unsupervised leamming, The 1st Int’l Workshop,
MLDM’99, Leipzig, Germany, 1999

3 D. Frosyniotis, A. Stafylopatis, A. Likas. A divide-and conquer
method for multi-net classifiers. Pattern Anal. Applic, 2003, 6:
32~40

10

11

12

N. Chawla, S. Eschrich, L. O. Hall. Creating ensembles of
classifiers. University of South Florida, Tech. Rep.: ISL-01-01.
http: // isl. ceee. usf. edu/report, 2001

L. Breiman. Bagging predictors. Machine Learning, 1996, 24
(2): 123~ 140 .

R. E. Schapire. Theoretical views of boosting. The 12th Annual
Conf. Computational Learning Theory, Santa Cruz, CA, 1999
K. A. Wang, H. Zhao, B. L. Lu. Task decomposition using
geometric relation for min-max modular SVMs. In: Advances in
Neural Networks-ISNN2005, LNCS 3496. Berlin: Springer-
Verlag, 2005. 887 ~892

B. L. Lu, K. A. Wang, M. Utiyama, et al. A part-versus-part
method for massively parallel training of support vector machines.
The IJCNN’ 04, Budapast, 2004

H. Zhao, B. L. Lu. A modular k-nearest neighbor classification
method for massively parallel text categorization. The Int’l
Symposium on Computational and Information Sciences(CIS’04) ,
Shanghai, 2004

F. Y. Liu, K. Wu, H. Zhao, et al. Fast text categorization
with min-max modular support vector machines. IEEE/INNS
Int’l Joint Conf. Neural Networks (IJCNN2005), Montréal,
Québec, Canada, 2005

B. L. Lu, J. Shin, M. Ichikawa. Massively parallel classification
of single-trill EEG signals using a min-max modular neural
network. IEEE Trans. Biomedical Engineering, 2004, 51(3):
551~558

C. L. Blake, C. j. Merz. UCI repository of machine learning
databases. Irvine, CA: Department of Information and Computer
Science University of California. http: / www. ics. uci. edu/~
mlearn/MLRepository. html, 1998

Bi%,1976 4 WL, TEFREFH R4
AR ERBEINBERERE.

BEM, 1960 4, AETHRETEE
+,2002 ERE L EERFEER ELE
B, EERRFmAHRITEBRLESH
B WERgE FFINBRET M- ELE
O ARESN EDFEEFMARESLE.



