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A wavelet-based approach for solving integral equations in seismic wave scattering
problems: Compression of large kernel data matrices

Hiroshi TAKENAKA* and Hiroyuki FUjiwARA™

Abstract
Wavelets can be an effective tool for compressing integral operator matrices arising from large-scale

simulation of wave scattering problems. We propose an approach based on the Haar wavelets to

compress the matrices in the standard collocation-type boundary element method for seismic wave

problems. We describe the formulation and show some numerical examples. In the examples we confirm

this approach can attain higher compressibility within small accuracy loss for larger problems.
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Fig.1. Configuration of a single-crack scattering problem.
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Fig.2. Compression of integral operator matrices arising from
the application of a Haar wavelet representation to the
single-crack scattering problem shown in Fig. 1. 64
degrees of freedom, threshold =107, The wavelet-
transformed 64 X 64 matrix is represented graphically. In
wavelet basis, the matrix can become sparse: Elements
with the absolute values larger than 107 times the
maximum absolute value of all elements are shown as
black, and smaller-magnitude elements are white. Values
of the white elements are replaced by zero. The matrix
indices i and j number from the upper left.
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Fig.3. Configuration of a multi-crack scattering problem.
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Fig.4. Compression of integral operator matrices arising from
the application of a Haar wavelet representation to the
multi-crack scattering problem shown in Fig. 3. 1024
degrees of freedom, threshold =10 The wavelet-
transformed 1024 X 1024 matrix is represented
graphically. In wavelet basis, the matrix can become
sparse: Elements with the absolute values larger than 10™
times the maximum absolute value of all elements are
shown as black, and smaller-magnitude elements are
white. Values of the white elements are replaced by zero.
The matrix indices i and j number from the upper left.
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SUBROUTINE HAART(Y, NL, NP, X)
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*

*

*

*

*

*

FAST Haar wavelet transform
-- Normalized version --

Coded by H. Takenaka on 11 Sept. 2000.

NL, NP: input: NL = 2**NP

Y(NL): input & output: original & transformed signal

X(NL): work array

*

*

*

*

*

*
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o]

REAL*8 Y(NL), X(NL)
COMPLEX*16 Y(NL), X(NL)
r2 = sqrt(2.0d0)
IF( NL. .NE. 2**NP ) THEN
WRITE(6,*) 'Check NL and NP!
STOP
END IF
DO I=1,NL
X(I) = Y(I)
END DO
N=NL
DO 10 J=1, NP
NH=N/2
k=1
DO I=1,N-1,2
Y(K) = { X(I) + X(I+1) )
Y (NH+K) = ( X(I) - X(I+1)
K=K+1

END DO

DO I=1,NH
X(I) = Y(I)

END DO

N = NH

10 CONTINUE

RETURN
END

Fig. A-1

NL should be 2**NP.'

/ r2

/ r2
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SUBROUTINE INVHAA(Y, NL, NP, X)
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* Inverse fast Haar wavelet transform *
* -- Normalized version -- *
* Coded by H. Takenaka on 11 Sept. 2000. *
* NL, NP: input: NL = 2**NP *
* Y(NL): input & output: original & transformed signal *
* X(NL) : work array *
hkhkkkhkdhkhkhddhhhdhhhkhdhdhdhhhhhhdhrhdhdhhhdhdhhdhkdhrdhdhkhdhxkrdk
c REAL*8 Y (NL), X(NL)

COMPLEX*16 Y(NL), X(NL)
r2 = sqgrt(2.0D0)
IF( NL .NE. 2**NP ) THEN
WRITE(6,*) 'Check NL and NP! NL should be 2**NP.'
STOP
END IF
DO I=1,NL
X(I) = Y(I)
END DO
N=2
DO 10 J=1, NP
NH=N/2
K=1
DO I=1,NH
Y(K) = ( X{
Y(K+1) = |
K=K+ 2
END DO
DO I=1,N
X(I) = Y(I)
END DO
N = N*2
10 CONTINUE
RETURN
END

I) + X(NH+I) ) / 2
X(I) - X(NH+I) ) / r2

Fig. A-2





