ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.17, No.5, May 2006, pp.1241-1250 http://www.jos.org.cn
DOI: 10.1360/jos171241 Tel/Fax: +86-10-62562563
© 2006 by Journal of Software. All rights reserved.

Walsh

' , 430074)
X , 430074)

Walsh Matrix’s Copy Generation and Its Computer | mages

CHEN Ning-Tao'*, WANG Neng-Chao®, SHI Bao-Chang®

!(School of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan 430074, China)
*(Parallel Computing Institute, Huazhong University of Science and Technology, Wuhan 430074, China)
+ Corresponding author: Phn: +86-27-87543531, E-mail: nt_chen@263.net, http://www.hust.edu.cn

Chen NT, Wang NC, shi BC. Walsh matrix’s copy generation and its computer images. Journal of Software,
2006,17(5):1241-1250. http://www.jos.org.cn/1000-9825/17/1241.htm

Abstract: Walsh functions are widely used in many areas such as signal and image processing, digital
communication etc. Walsh function system is orthogonal and completed. Among many methods to generate Walsh
functions, Swick’s copy theory is famous. This method takes Walsh function’s order numbers as the copy
information and can generate an arbitrary function given certain order number, which in fact is the vector processing
method and is not applicable for such 2D signal processing applications as fast transforms. Walsh function system
can be expressed by Walsh matrix W. In this paper, row copy and block copy methods are put forward based on W.
Copy operators are designed based on symmetries and a new ordering is discovered (named Walsh-Like ordering).
After the iterative formulas of 6 ordering Walsh matrices are deduced by Kronecker product, the computer images
of these matrices are illustrated. It is proved that the proposed method is more advanced than the former. The later
can achieve higher performance and is applicable to the fast transforms designing. The fourth symmetric ordering of
Walsh function system is discovered (Walsh-Like ordering), and the conjecture that the new ordering is likely to be
the reverse form of Walsh ordering is made by analyzing and comparing with these images.
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Fig.1 Eight Walsh ordering functions
1  Walsh &  Walsh

1.2
1969 ,D.A. Swick Walsh Walsh R
Walsh 1983, Swick ( )
Walsh , Walsh i , ,
Walsh o1 Walsh 8  Walsh s j Gray ,
(=7 “r117).
Tablel Order code copy technique
1
Order number Gray code (jaj1jo) Initial Step 1(ju)  Step2 (j1) _ Step 3 (jo)
0 000 + + 1t ++++
1 001 + + o -
2 011 + i -- ——+
3 010 + + - o
4 110 r - 4 4
5 111 + - —+ -
6 101 + - Lo 4
A 100 + - +— 4+ —+—
1.3 Walsh
Walsh +1 , .Walsh R
Walsh . Walsh , [1]
E=[0,1] ) E:
E=E/VUE,", E\=[0,1/2], E\O=[1/2,1],
El . E2:
E,=[0,1/4]10[1/4,1/210[1/2,3/410[3/4,1],
, k Ex 2K ( 2 ).
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(2)  Walsh We=GBW, =G®?@W_=...=GZOW,, 3(b)
(3) Walsh :W=G'®W,_ ;= G'®QW|_,=...=G'®*QW, 3(c)
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(6) Paley WeH®Wi =H® ®@W=..=H™*®W,  3(
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Fig.3 Copy generation of six orderings of Walsh matrix
3 6 Walsh
3 Walsh
31
:0S Windows 2000 Professional, CPU
2.4GHz,256M ,VC++6.0.
1.
) A24124 Walsh , 1 +1;
®) Walsh , , B[2Y[k] ,B
(3) B , A
( Paley , ) C ( ,
vector_width ):
for (i=0;i<25i+HA[i][0]=1; /* A 1 1%/

, B
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for (i=0;i<25i++){
vector_width=1; /* s 1*/
for (j=0;j<k;j++){
start=0; /* A */
for (step=0;step<vector width;step++){ /*step A
if (B[i][k=j—1]==0)/* ,
Ali][vector_width+step]=A[i][start++]; /*
else
Ali][vector_width+step]=—A[i][start++]; /*
}vector width<<=1; /* B ,

(1 A24[2,
2 A

A[0][0]=+1;
( 3
matrix_width
(@) (
A[0][0]=1; /* A 1 1*/
matrix_width=1; /* A 1%/
for (i=0;i<k;i++){
/* , */
for (row=matrix_width—1;row>=0;row—)
for (col=0;col<matrix_width;col++)
A[2*rowt1][col]=A[2*row][col]=A[row][col];
/* ,
for (row=0;row<matrix_width;row+=2)
for (col=0;col<matrix_width;col++){
Alrow][col+matrix_width]=A[row][matrix_width—col—-1];
Alrow+1][col+matrix_width]=—A[row][matrix_width—col—-1];
/* */

s

} matrix_width<<=1,
}
(b) ( Walsh ):
A[0][0]=1;matrix_width=1; /* A 1 1, A
for (i=0;i<k;i++){
/* 4 ,
for (row=0;row<matrix_width;row++)
for (col=0;col<matrix_width;col++){
Alrow][col+matrix_width]=A[row][matrix_width—col-1]; /*
Alrow+matrix_width][col]=A[matrix_width-row—1][col]; /*
}
/* , */
for (row=0;row<matrix_width;row++)

1247

*/
*/
*/
o
):
i
1*/
*/

*/
*/
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for (col=0;col<matrix_width;col++)
Alrow+matrix_width][col+matrix_width]=—A[row+matrix_width][matrix_width—col-1];

matrix_width<<=1; /* , */
}
« » i A i
.4 3 . 5 >
k 1, 4 4
?28 —e— Order code copy —e— Row copy —m— Block copy k
160 f
E 140 /%
g 120 /A
= /
~ 60 /
40
20 /
7 g 9 10 11 12
k
Fig.4 Performance comparison of the three copy methods
4 3
32
Walsh s s . [10] Hadamard
( H) , H , : HJ
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( 5(11) 5(12)), Walsh ( 509 5(10)). : Walsh
Walsh 3 ; Walsh Walsh . Walsh
Walsh Walsh «“ ? Walsh ?
Walsh ,Walsh 2 4 . ,Walsh 2 4

>

http:/ www. jos. org. cn

© e




:Walsh 1249

(1) Hadamard ordering (Ws) (2) Hadamard ordering (Ws) (3) X ordering (Ws)

(5) X" ordering (Ws) (7) Walsh-Like ordering (Ws) (8) Walsh-Like ordering(Ws)

(9) Walsh ordering (Ws) (10) Walsh ordering (Wg) (11) Paley ordering (Ws) (12) Paley ordering (Ws)

Fig.5 Images of six orderings of Walsh matrix
5 6 Walsh

Table2 Four symmetric Walsh matrices

2 4 Walsh
Copy mOSdemmetry Shift symmetry Mirror image symmetry
Row copy Paly ordering Walsh ordering
Block copy Hadamard ordering Walsh-Like ordering
Walsh . ( Walsh ), 6
S Walsh R Walsh Walsh
Walsh 3 Walsh Walsh ( 2).
Swick s
s ; s . s Walsh
s Walsh (FWT).Walsh FWT
Walsh Hadamard . Walsh
s Walsh R Walsh Walsh
8.9, Walsh Walsh 4 s
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