1000-9825/2003/14(06)1103 ©2003 Journal of Software %% 14 % 3R Vol.14, No.6

ET2ERERNS P LBERSZE

BERE, 28

(R AR, AL 100084)

A Multiple Classifiers Integration Method Based on Full Information Matrix

TANG Chun-Sheng”, JIN Yi-Hui

(Department of Automation, Tsinghua University, Beijing 100084, China)
+ Corresponding author: Phn: 86-10-62313318 ext 3140, E-mail: tangchunsheng@tsinghua.org.cn; tangcs@smartdot.com
http://www.cs.tsinghua.edu.cn

Received 2002-05-24; Accepted 2002-08-14

Tang CS, Jin YH. A multiple classifiers integration method based on full information matrix. Journal of
Software, 2003,14(6):1103~1109.
http://www.jos.org.cn/1000-9825/14/1103.htm

Abstract: Automatic text categorization is an effective method to increase the efficiency and quality of
information utilizing. The combination of a set of different classifiers can often achieve higher classification
accuracy. The concept of full information matrix is first given, and then an integration method of multiple classifiers
based on adaptive weight adjusting is presented in this paper. The classifiers and their weights are determined
automatically and adaptively with this method. The effective integration of each classifier’s result can be realized by
analyzing the statistical information of the classifier on the training set. The classification performance is promoted
by the improvement of the precision and the recall. The effectiveness of the method is shown by the text
classification experiments on the Reuters-21578 text sets.
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% 5y JAR I ZE A5 7 AT BLy by GBI 56 5 e 772X Schapire %5 A4 1 11 Boosting J7 V& & R XK £ 43
RAALA T P ARE DI X AL 7 AR AR G0 2 F (I BER R g Vo) e A
AT T RO B 1 LR 3 TR AR 1 3 AN IR PR R AR 0 0 i U Y 2y BB A T IR 2
2 B AR L AT ARAN K Bl 88, 5 I P 281 L A 7 P 4TSI 3 5 AR 22 A Ak HE AL,

Internet H A7 1 ¥ ek O SOAE L WA A7 2800 A B0 AR BE el BRI A PR 6 A R BE VR AN R A TR
T 0. SCAS Gy SR A v 7 SR 280 N R PR A 073, T 22 0 2R 1A A A2 45 RE 7 80 B 1) 20 R MEAf 6.
TICAFEA M R 28,4 70 S AEAN AU A DI P9 1R 90 SRACR 2 A 22 59 1805 3 i - SCAR S 2 18] BL R A2
TR) 0 0 A7 AE DI, IS 2 4 SR )™ A 8 IS M, 7 R S0 0 S R B e Jan U B B B X DL L )
FELAS SR YT FOBUEE (138 1 A 4R 1 22 23 SRR SR T VR, 1% 5 T RE M AR A R AR AR [ R A 1 1 i 3 6 7 2K
a4 IR0 JERCHE, Ty HL RE W6 AR VI 2R A 1) e v SO0 AR5 58 R A 10 20 R 4 SR 0B AT — 5 R BE 1A R AT 18
IE—Se By (R R 70 AZTTVARENS 7800 BAR 25 00 A I A AL 70 RAS AL 5 O AR 1 o B £

1 NEBBEXAEMS HEBERGZE

L1 ZHEFAERIEIRDEIA

ST AT M BRI H IR @ € A= (L MY B0 S A A,
FEASTT L] — AN AL 1) X SRR S 20 RAT 55 R BT R A X (2500 BT s, ol AT REAS J T4 ] R SRR
RBRSMING T L AR C,i =Ly L RFERI FATE AT LU €, (X)= (e s esenns €y ) RETR S
Hedh C RFEAR X 7 KA, o e, RORAEI RS C THA X BT Ko, Mgtk 2 0 Rl e Irik i g5
o B 2 R 2 T T K 2 SIS B B 45 R RO AT SR
1.2 WEREBENAENZ A EBRENFENERLES

AR SCHR R DT 1L T LA R AN [F) SCAR 93 S T7 05 B L 45 R L ¢

(1) ANTRIAEAS FAT AN [ RV Rp I AR A A 25 i) ot T AN [] R X3

(2) o AR AN FIREA I 73 BRI A 22 50 1

(3) [Al— 73 RAFAEFEA 2 (0] A AN /] DX 73 M RE A7 B AR Ak

(4) 73 JEam B AN [l ade S ) 5 552 B 2R 03 22 1) A AE — 5 RIARABLAYE o) e 28 ) pheoA7 — 3 SCRRAE .

ML B by LS| 4 J) A 4 A0 Jm R HE A 2 ML & 4 R HE R A R FR 0 RESTEREFEA AR & L viE
B3R, ) BT A 3 i B AE AR A 23 T R A J S DX A P PR A AS P ) J B SR 0 20 SR < Jl il 1 g LA
2 At 3 R0 JR) TS AR 2 5

Classifier A Classifier B Classifier C Bl 10 3 A0 s AB,C VI
i L2 RUHERE 2 508 80%,80%
M T5% AR A [ Loy Ay 3 AN X
B RERAE 3 A DI E A SR R A R

WE 1 PR X O — D EREA
2R o as A3 288 B oREAT
Fig.1 Example of overall accuracy and local accuracy AL IR A AR A AR 0 R B L7
L AR L MM 6 1 3 W TARBURBEEMANNRSRR
PRHER A, th T RKds B R IR HERR

N 90%, T 43 23 A IR JR B UER A A 70%, AR %45 73 54t B I L3 KA.

TR REE AB F C PB4 UL R AT 80%IK) 43 82 EAT 4 &, WIAR 45 4 R HEIF 3, s b 33 00 28 3%
A KN B BEAT AL AR S A vl 3, ) 23 16 67 Je 0% B AN C RIEAT AL

HII 73 e A AE I GRAE AR |3 G5 SR R GE v SR, ml LU B 455 58 A A JEAT ) Wi 0 HE 8% 5 i AR AR HEAT 73
S W7 ) A AR R e SRR AT DL 451 2 ok i ).

Overall accuracy 80% Overall accuracy 80% Overall accuracy 75%

© PEBREBALTU bt/ www. jos. org. cn



BAAE FRATABEEENS SERERT & 1105

Bl 2B AR 10 43 28 45 SR TR SR 27, — MRS 6 d I — 24 A iR A I g IR . 5 — AN 43 28
B G A, A AR A OB T B AR ARRINA K 200 A, 1T HAEEE A B 50%, 0024 4 KA — A e
FEARI 3 200 A I FRATT 2 PREE 45 AL IR P45 B G M A e FEA R T AR T B, 240 REi Wb JE T A R R
BN T B T B IS I B AT TR 4 3R 7R KPR 5E.

0 SR g A VAR R G B Nk 4 TR AT U, WA R R A B IE 1 I 28 i 4
1.3 XEOBREER

AR T TP 20 BT, FRATY vy DA S 4 o B v (1 3 BR R A AR [ 3 2 1) JELARL B 0 S () 5 S A I A 1)
DX, 20 BT B X I b 23 SR 1 1 A, AT 30 I e 8 23 S SR AL 15 B Al 5 23 2 (AU, R o0 28 88 1 e v
o SN 3 2R i it AT R B ST 2Rt I A S e AE SR R O R T B AR EE DL — S S ) (1) el B
Bl AR R B A AT 55040 358, AT 6 I AR o BT 43 2R 2 I R B 2(2) fRT B AT 40 28 4 S 4 I R 2(3) AT
38 W b B o S B AL A 5 7 A A ?

FEAR R LA b SR ) 2 1, 1 58 TN AR JEAR PR — ks R 445 B R, AT DUAR 7 (0 b 43 BT 9 2 3 14T
A1, JA T A 2 A AR PRI AT A 1 B 4 2 8 E AT R 3 HR VR AL AR B R X S B v B Fe T 2 5 S I 4R R
F R VA5 43 FE A AE A AR I P 1) 4 S UER 2R, ) I Y H R B A S A AL A ST 4 R ALE.

1.3.1 415 B AERE

Ko, Vjed={L..M} HMNIREFSCARSE, Cui=1,., L 554 LA 5 F88, 0053 H 3 C M FEA X
(153 AT T €, (X) = (€ snens ) s ey ) RFR L 0< ey SVRBIED KB C, FHA X BT K@, MR, —
JR PRI KT € TR LRI AR 5 BN k I<k<MPE A REA X (FI2bR 5 B FER X B T K o, .

|:611 ey
EX 1. HE FIM(X)=[e,(X),e,(X) e, (X)] =] | e

€n " ey

PRAFEAR X fE2 53 2K4(C,i=1,..,L}

7

IR BARE.

EX 2. MHEAES D={(X,},l=1,.,N J&K FIM(D)=[FIM(X)),..., FIM(X),.., FIM(X , )] N A% D %
YR CLi=1,.., L R4S SR

A BHBEAE T 80 RIS ER AT ARE R4 45 R A5 B T LLGE TR 4 1T H 2 2
. RRAR NG B0 55 AT B, M B8 AR 37 ¥ B A, SCRF OB In) R 11 i .
132 250 BEBAT R 1T BFEARAT ARk 1) 4

R T8 FE A IR A0 B0R 40 5 2 30 4R 1 — 2 I AR ST ) 1D DX 358 T 43 B 93 S 28 AE % X 3 b 19 43 S8 Pk e, T
LT 43 28 28 76 % 28 1R ] 45 8, AT 3 9% 4 305 1190 43 S 88 21 15 FBCER AR 0, 76 A5 S P AR () A1 3 Tl 53X
FE— SRR AR, 53 ZE 2R N A7 T8 A A 5 3 SRR AR A2 T A SR 2 AN 0 SRR AR IR Be R AR BRI T AN [ 28 1) 41
T S 2 3 BB B A 5 1 5 B AR AN 8 ) — S AT B At Ll e O, 6 40 25 8% B Pk RE 20 AT 3 A T4, I 5 i 1 4 25 2
[ 3 55 IR 0T 3% B8 T B AR AT 530 Bk 5 TT LAAS B4 38 A AR IR A 220 8K

FIFH 2 43 825 (AT 2 234 v] LAAG R0t 531 4k TG 355 (R0 A SRS, 18 B 80 2 Ao o A (1 7 20 4835

EX 3V e M ABIERR L AL C(X) e {l,.., M}y FoR/32E8s C REEAR X 1573 2h5%5, AR
Ci(X) € {l,..., M} H 53284 C AEREAR X L1047 1.0 MCB(X) = {C,(X),C, (X),....C, (X)} WIFR A L 73 Bs ekt
& X 4T M (multiple classifier behavior, & # MCB).

W TAEA X F Y, R BUE SCPIANFEAH) MCB 18] AR AL EE Ay

SN =S T8 (1)
Hph (X, Y),i=1,..,L ,EXN 7
EL&YF{L gqgm:cxn.
0, if C,(X)=C,(Y)
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PIAFEAS I MCB 2 [ FARAURE S(X,Y) HOHCEYE FEL D [0, 10, 4 OB 1 I, Ui WA —A> 3 s ¥ A
FEA R TR 28 Ui 0 I, B ARE— A2 A AR U FEAS A AN IS S (X, Y) B 0,3 I3 40 2K 8%
FEREAS B (170 S0 W 3 BB, 2 X A Y AN T [ — R K AT BE B M I b 7 3 mT LA 5 5 1 5 B
A MCB [FIARALLEE /T B F ) AR IFE AR

FEAR X TE2 030585 Cpui=1,..., L T INAE BALRE N

ey "t ey
FIM(X)=[e](X)',eZ(X)',...,eL(X)']'=|: : e; : :l,

€ " ey
X F 3288 C,  ETEREA X LINAT R C(X) e {L,..., M} FT LU (2)k £7.
1,

C.(X)=arg max(ey ), j=L.,M. 2)
Jerp arg max(e, ) AEHUE e 3 KM 7, RISy S A5 0 b ML e K HA L BTG L 3 b 5

1.3.3 32845 B o vk
B B Y 11 SEAE Eh S BT AE SCHR[3] 7R 7 a4 L A A 43 2R A 1) AN TRk 3 8 S0 5 R TR RE A 2 T a0 8K
A7AF B SO I RE AR K YU AR A — i (K SCREVE L, RNk e 012 T [ DG R mT A — A e A AR S A
A (x, j,k,D)=m;(x,,k)x R, (j,[)xW,, 3)
ol A4, (x, 7.k, 1) 0850 88 C 1S kB RIE NN @ )W BRI X e w ) I SCREERT, m, (x, 1, k) 53235 C,
TREAR X 5200 @, ZIEANBLRE, R, (j,0) Fom o328 C K20 @, T REA S J& T 25 @, [l ik, W
SEHE DR T 5 R B R AT O, B VOB, 1% R TR m, (o, 1, k) TT LA ER 4 SR B 1 A b B B0, W] DL £
JFORW S W, =e 0 8w, =1.0—k* B % L k N RIER IR 08,0 35 0 0k $ B
K@)RM KA C M0 @, TITREAA N JE T I @, 19T BEMEBR X IR X ew ) 19 SCRFAE ATBUOR;
FEEREAR X 52 o) AL IR X e o, (FSCRAAE T BOR.
g3 C RFEAR X 55 j Z AR SR BT R T ] A4, (x, ke, 1) BOEAE A ok o, B
M,»<x,j>:j421A,»<x,j,k,l>. @
FEAY R G R e, R, (7,0) TS T 0038 C, I JEbEfefs B0 T 7840 26488 ¢, RN KIIFE

A [R50 43475 100 LA B 50 22 1) PR R DG 96 R AR 8 R AT LU X 43 2B 23 7R VIR AR BRI DUk AT SR vt 5 45 31,
— M H 43 4% VR EL AT BE (confusion matrix) >R 7R :

" "2 "M
w :
b1 ] :
CM, = : Lo S 5)
: 0 :
(i) (i)
"1 o P

Horr ) LRI HES C R @, PIIFEAR PN o, KA.

R, ) BT AV S 050y, SR ADL, T 968 FL R B T S S A L B ok T

PEASE DIEL KB €, i=1,..., L FIAE BN

FIM(D) =[FIM(X)),.., FIM(X,),... FIM(X y)].

FIM(D)WIEE i ATALE T 02888 C, W FEARSE D T BE A 1 43 28 HE NI 2 23 2 B kAT e v B T 45 3
FEASE D 0432588 €, F IR ELA FE.

W FYNIGFEALE D AR A L AR50 ORI, W IR R AR X S5 5 0 j; N FIM(X) S $E 0 H 7328
&8 Co N X XML N [ 0ennn €y vennn iy 12 TROR T € IR LIRS 5 0 LR LA B AR o 554 T

T3k 1. WIUR MxM FEFE R=0, 060 FE A X, H T @ 2808 7,50 S48 45 S BUAR 20 1 AR B R PRI AH A 5
o LED RG,D=RGI+1%8 U kR AR S A (1) JIT A A A BEAT A [R) Ak 21, 73 381 — AN J0 38 D B 5500 I R A ) 4315 4
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B RATHEME R IR TR LA -, = RO S RGLK) T AT EIRE AR S50 H 8 €, F IR ARG .
k=1
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TR L B (0 A% RE B 32 BERI IR A S b IR AR AR B A7 DG UG RE AR B 22 A B v .

1.3.4  2Ra0 BE N A A R

B3 ZE BRI 3 2 2 B 3 R 0 A AR 1 AR R DX AN [ i A5 1, DR L 7 R A 6 N RV R AR R AT 2 e 4
B KAL) 1 38 R H8E AN S5 VA 2 68 0y FE A A0 A A A A S54RI 43 S ME A 2R 4 B HE I 2R 45 T AN TR )
TR, AP 256 1, 43 205 e O T R T R 8 43 I 8 AT 0080 3 P 1) 43 I ME A RN A, W A X TR 4 R A8 I 4
HOAN 2 R 0 28 AP S 0 T S mT LI ok A% 3¢ A7 2050 20 35k 1) VL LW B i AT, B A SR

el

Hce, & /!

(6)

1.4 EiXiER

AR [ IE B 3 1) 2 o S AR UL R R an ) 2 o,

SOk R 2 43 384T R A0 B vk T A 28R I e e R S8 43 BT A AR R VR AL R A B T R
(YA R e, 1 T L B T o A A B S o SR

FEGY FEAAT A0 T AR A SR A 5 A AR 1) MICB. 1) 25 T AR 28 [), U 50 89 - 24 448 o o A9 A 190 208 ) ) My —
B0 B AT DL R 2 8 A S R A (R 2R I TG AR HEAT S S (0 3 B, A sk 2D T S B )

2 0] JED YR L6 O A 4% IS A 10 3 S ML A R T, T LAAS B — A KR 3 i SR A R AR I UMER R S Bk
A 26 2 R PR Z2 A K 1 B AEL W 3 SR AR 0, BRI IR AL A i B v A 25 % o0 2848, 75 U A 28 K/
53 245 43 BUACEE IX M 77 VAR B 1) 43 24 41 & e A R A RHAE T 13 AR A0 KA 7T R B e O 0T 1) o3 2540
KA H 23 S 4 R AR T R JE LA R I I 70 38 RIAT AL & R G T R 456 G I 45 4

2 NASERIWERRSN

2.1 SR

ESCRS 43 4405 Reuters-21578 ST 4 A2 &5 FH IR 5 1A S 11 52 36 4B 2 7 1% S0 T8 4R L EAT (1. 59236 v
K T “ModApte” ] 43, 3C AL H AL 4 90 28 4 S0 I 22 19 10 AT IR, JL A4 7 7 194 AN R SCRS R 2 788
AN DR SRS, Y 25 SCRY I8 AT LA A3 B I 5 A A S R0 36 A5 AN A, I o s 0 A A o 1) SO o RN SRS 19 15.

A TTEA AT AR 25 TR J7 925, 45 KNN J79: . SVM J792: . Naive Bayes J7 75 R4k 73 2577 7P,
SCRY R 7 SR 1) d 2 AR 2 R D efid e D VAR AT i DN B I 7R W 4R B AT I R R e B 4 BT R0, 15
BT B AR SR B 4y RS A A PRI T B 1 o 8 O AT

R 4 JR A 28 SR A 2 43 2R 85 ALTE, 1] LA A — P BT AN AR (¥ 22 43 20 485 e 1 AL 7 28 1t R PR = 3
FERM 8 4 FEAA T, W) 0] LA 1) — PR TR [ 38 N1 22 4 2 8 2R M A 5 v AR SCHEAT TR G NI 2
DRI VE S LR T RS LS S vh R B 5 T IR S IR A UE R . B AR F L

RIS S50

FET 58 15 58 REAS B R AR I, AR 38 RO M UE RE AR R 50,MCB ARBLRE Il 0.5, REAHIALEEZNT 0.5 FI4R
RE A ] B HOR PR A, T B B XA A A R AR BOR AR A B AR T B A AR A Y.
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M
FEEAT S e e i B SR B T S A SO wy = e W, =w, [ D w, Hh a=1,6=0k=12,..M,

k=1
AT IH— LA B S SRR W, /T 10 AN AKX M (0.6321,0.2326,0.0856,0.0315,0.0116,0.0043,0.0016,0.0006,
0.0002,0.0001). VR LA BRI TH SR H T B2 T 2
TEIEAT 43 JE 38 10 B3 20 G RN B, 75 B2 2% 42 43 S 3R Ul % &5 de R MERF 38 2 W) 1) 7548, >4 22 (E K T Bl
IRy, TE 2470 20 B P AN B 40 S  SEB vh (R HERR < Bl 0.05.

| Read in an unknown test pattern X~ |

v

| Find the neighbor patterns of X~ |

v

| Compute the MCBs |

The class label is the MCB

. > !
All values of MCB(X ') equal? value, assign it to X

+N0

| Compute Sim(MCB (X*), MCBs), find out the efficient neighborhood |

| Construct the confusion matrix of the efficient neighborhood |

v

| Integrate each classifier’s result |

v

| Compute the local accuracy of the efficient neighborhood |

v

| Determine each classifier’s weight |

v

| Combine the results of all classifiers |

v

| Output the result |

Fig.2 Flow chart of multiple classifiers integration algorithm based on adaptive weight adjusting
2 BUTE IS R AR ) 2 G R AR AR TR
22 RBHERRNF
1A T X LT IRAE IR B S 45 R LRSI A R T LA DR 4 e
(1) B R Z KA A G5 BA R0 I G R AT LUF D, 2 00 28488 1A R0 5 Be % IV I 1 20 28
BOR.Z 0 RIEHG W REUER . BTN F e S & T 07 K28 (SVM BN A N £ 3 BB A G 7
AR A AT AT BRI v T 2R ke
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(2) B OB AN AR (4 R HE RS ) 1) 5 2 FUBSL R 180 36 B () 308 A 25 (1) 7 22, R L ) A TR) 455 7 A AR 1)
AR AN 23 A DIk 1 38 S b % 23 2 4 AL G T s SURLEE, T DUSE 4 M R R RN 55 % 2 AR I 0 A A 43 A
FME AR AT B 4 a, T BR 5 T 20 R AR e

(3) JH I e R s A ke A A A T 5 1K) 73 S 45 R S DL BRI W D VR ] LUAE — e R bl vy A 4 %
T MNEEAR B (Fy 3R bR P i 170 RIERE.

(4) ASCHR AL ) 3G Y R (1 22 93 28 28 BTV o3 R i el I AT R AR AR, W] DL A X R
M B Py e s A G S BT R 40 AR AR AR A L (R S8 v 15 B SRR I 23 28 TR 1R O 2R, 950 43 2 &t AT
HEA BT 20— 28 GRS BRI 53T 2 M AR vk — AN REAE T2 AN 20 2RI Il L AT A A 2 S A ) AR e
FUES

Table 1 Results comparison among the eight classifiers

R 8IS 45 R AL

Classifiers Presision Recall F
KNN classifier 0.828 0.785 0.806
SVM classifier 0.867 0.83 0.848
Naive Bayes classifier 0.82 0.815 0.817
Linear classifier 0.812 0.805 0.808
MCS based on overall accuracy 0.847 0.812 0.829
MCS based on results integration 0.841 0.83 0.836
MCS based on local accuracy 0.858 0.829 0.843
MCS based on local accuracy and results integration 0.874 0.846 0.858

3 &

Wt ] A 23k R B 1 I A G TRUI T F) 22 00 RS AL 5 T AR 3 T 2 [ ORTE IR A TSI L 2 0 e
A K BT Tl 153 1 4L o4 U)K 25 S 8 1) & AT RO £l R

BEX 22 ) FAR LA T SO 73 JE AT AE IR 1), 32t T REAGRAE 2 00 s R I {5 BT FERE SRR T
TP 9 8 R ) 22 0 AR AR T 10 A% T IR RE S T R AN R AR RE AR AN B Bl PR AN [R] A 7 s 4 LR,
KA 07 TEAAEA FIFEARAN R DA (1 73 FEAE S R FTAE A SR B A Gt £ BORRE IR Z A ) K R, 16 5 00
KGR RAI DT T 0 R AR R A 4 R i 2 NIEAR B T 70 KL IXAE Reuters-21578 SUAE |
(K) SCA G SRS A5 51 T B0

AN 75 1 R AR HESCAR B 5 EREAT 17 SIEI0, A A e S o 10 LI, 7 T 0 L AR 00 08 AT AH N ) Ak
B IF 5 2 28 (A A A 53 A0, AT DL e — 2D BN B8 r (¢ R AR, SE B SE A () 1 3 1
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