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Application of Hadamard ECOC in Multi- Class Problems Based on SVM

YIN Arrrong, XIE Xiang, KUANG Jing ming
( Department  Electronics Engineering, Bejing Institute f Technology , Bejing 100081, China)

Abstract:  In this paper, we proposed applying Hadamard Emor Comecting Output Code to extend binary classifier to multr
class problems. Compared with other ECO C approaches, Hadamard ECOC is easy to consruct and suitable to any number of class
es. We combine it with binary support vector machine ( SVM) to solve the multt class problem of speaker identification. Compared
with the traditional “ F against res” method, the experiment result shows that Hadamard ECOC has much better and more stable per
formance to any number of classes for the multt class problem and isrobus wih respect to the assignment of distribuied representa
tions to particular classes.

Key words:  patiem recognition; speaker identification; Hadamard matrix ; support vector machine; emwor correcting output

code
1 2 2 2
( ) H adamard s
( « 1 ”» ) [1]
2] s 1995  Dia-
terich  Bakiri ( Error Correcting Output
Code) 14 (support vector machine) .
) «“ 1 ” o« 1 177 [5] .
, (3l ,
2
, (SVM)
: 2005 04 22, : 2007 0%- 19

863 (No.2006AA010102) ; (;No. 60605015)



1 : Hadamard 123
V. <
Vanik 14, W= argmin d( B, W)= 20 bWl (3)
SWM , SVM , ,
, , , ECOC
; d : L&
X . 1)/2! , Led-1)72 ,
flx)= sgn[ 20K (x.x1) +b] (Y v,
i=1 Y .
, 0 > Xi (1) ,
> Yi X; 7yLEl/0 l}7b ’ s 5
K(.,.) , SVM , (2) ,
SW ) ;
sigmoid (re ,
dial base function) ( polynomial kernel) ECOC , , ECOC
SVM : ; ,
K(x,x;)= exp{—r”x— xiHZ} >0 (2) ,
r . , (
“1 )-
S B G E | ” , , Dietterich ~ Bakiri
, 4 : (Ex-
, haustive codes) (3 <k <7) (8 <k <l1)
B » ( Randomized Hill Climbing) (k 211)  BCH
., Hadamard (k211), [3].
3 :
(1) ,
(ECOC)  Bose Ray Chaudhuri 1960 , ;
[0 1963 , Duda, Machanik (2) , BCH ,
Singleton 11995, Dr ; , 2
etterich  Bakiri , ,
[3]: k; ’
L W7 °
“0” . “r k L L=2""'-1, 7
; 63),
—_ k L >
> L > ’ >
— B= {b) by, Hadamard ,
by f s { W)
(Hamming distance), 4 Hadamard
H adamard H adamard .2



124 2008
Hadamard : 1 10 15 Hadamard
0 0
Hy=\. (4 Filfa 6 [Fa[fs [Fe [ [Fs [fo [ [Felfu s
Hademard Ne die Lo oloJololof{olo|loflolo]ofloflo[o]o]o
adamar =2(j=12 ) t|lif{oli]ofl1]of1]o oft]ofl1]ol1
- Hadamard Hadamard 20ol1|1lofol1|1flo]lol1|1]loflo]1]1
: sf1{1]|oloft|t]oloft]|t]olol1]1]o
Hoe Hy,, Hy, s sloflofofif1ftftfofoflofol1|t]1]1
““ | Hy,» - Hyp (5 sii]olili]{ol1tloflol1]ofli]1]o]1]o
— Hy, Hy)» 1 eloft]1flt]t]loloflolol1|[1t]1]1]o]0
0.0 1. Hadamard 7 1101 010 (1 011 110 1[0]0(1
( Hadamard «_ 1 sloflofloloflofolo|tft]|a|o|tf1]1]1
’ 9 0|1 tloft{t]olt]o]|t]ol1]o
[43 1”’ , [43 0’,
“-17), N Hadamard , 5
N/2, ,
“O” 7“1,7
. ’ ’ SWM.
(1) . : , ( /
, X={xy, %0 -5 %p)} B
(2) . Hadamard 2 xy X; ,
2 [43 0” [43 17’ [43 gg[’l”
2 2 . X
s Hadamard ’ .
( k) (1) 0
(1) (5  Hadamard < | <2, " 07 1
2 Hadamard ; ’
(2) , 2x2_ 1 ; ’ ,
(3) 2 koo, k ’
xzj_ 1 (3) )
(2)
“07’ “ 1” ,
Hadamard ,
“0” [43 l” ;
i P={p, ,
(1) . Hadamard , (Pip> Pif
4 L
(2) -1, 2, d(P, W)= Diip- W, (6)
j=1
2 pl (43 U? ,
' ;D
(3) ( k , L k- 1< “p 7
L< 2k- 1), (7
7 ), )
, (1) « sgn”
1 10 15

Hadamard . &

g(x) sg(x)



1 : Had amard 125
| i oK ! | ; — 15 , Hadamard
g(x) = | ZuyidK(x, xi)+ (7 94.83%, “1 7 2. 83%,
pi l 40%; 41 ?
“ U’ (“ 1”) , l
, [13 (y, (“ 1”) , ,
sS{2, .., T}, :
r
P= Ye(x)\ Delx) (8) |
S i=1
, ( |
(2)) (<0 1) g(x) |
( ), (8) |
« (Y’ « 1” :;:1 “
8 9 10 1 ‘
number of classes/k
6 ® |-against-rest Hadamard ECO(
B “ 134" BB Hadamard 3 i1 15 51 45 1
6, 1 (2) , « 1 »
( , Hadamard
), 8kHz, 16bits 15 (8 ,
7 ) , 40 ,
3s 2 ,
12 (MFCC), , “1 ”» , ,
20ms , 10ms. . Hadamard
6.2
Hadamard , ,
, . , (UBM) ¥,
Hadamard “1 7 6.2.2
, ; , (
4 ) 2 2
? , Hadamard
6.2.1 ? , 7
78910 11 12 13 14 15 9 SVM, ,
, , 2 Hadamard
, , ( 1 7- bitsHa damard (%)
20 ) B 5 5 (%) a b c d e
k’ M= kx2x 20’ 93 21 97. 14 9%. 43 97. 86 97.14 96 43
1 ,
3. , , 2 , Hadamard
; ) L , )
“1 ”  Hadamard ( , ;
) 1: , Hadamard
(1) , Hadamard
« 1 2 , , . k 5 Hadamard



126

2008

Hadamard
, Hadamard
, T~15

Hadamard

>

[1] Nilsson, N J. Learning Machines| M |. New Yoik: McGraw

L1981 11
. 2003

E mail: anrongcat@ hotmail. om

Hill, 1965.

[2] Sejnowski, T J, Rosenberg, C R. Parallel networks that learn to
pronounce English text| J]. Journal of Complex System, 1987, 1
(1):145- 168.

[3] T G Dietterich, G Bakiri. Solving multiclass learning problems
via eror- correcting output codes| J] . Journal of Atificial Intek
ligence Research 1995, 2: 263 - 286.

[4] V Vapnik. [M].

,2000.

[5] , , .

[J]. ,2004,40(7): 10~ 13.

[6] Bose R C,Ray Chaudhuri, D K. On a class of error correcting br
nary group codes| J| . Information and Contwol, 1960, 3(1) : 68 M.

[7] Duda, R O, Machanik,J w, Singleton, R C. Function modeling ex
periments| R].Tech. rep.3605, Stanford Research Institute, 1963,

[8] , . [M].

: , 1989.

[9] Douglas A Reynolds. Speaker identification and verification us

ing Gaussian mixture gpeaker models[J] . Speech Communice

tion, 1995, 17(1- 2):91- 108.

,1976 1 s
. 2002
- : . 40 S
1 . E mal:xiexiang@bit. edu. cn
&



