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A Filter Diagonalization Method
by the Linear Combination of Resolvents

HirosHI MURAKAMITL

For a given real symmetric definite generalized eigenproblem Av = ABv, we solve those
eigenpairs whose associated eigenvalues are in the specified interval. The filter diagonaliza-
tion method is used as the solution method which is based on the Rayleigh-Ritz method.
From the spectral representation of the resolvent, a construction of the filter in the form of

the linear combination of resolvents (A — p; B)

I with different complex shifts p; is derived,

which passes those components of eigenvectors whose eigenvalues are in the interval well but
strongly damps the other components. From the sufficiently many output vectors from the
filter, an approximation of the subspace spanned by those eigenvectors whose eigenvalues are
in the interval is constructed, then the Rayleigh-Ritz method is applied to obtain the good
approximations of those eigenpairs whose eigenvalues are in the neighbor of the interval. In
this paper, the experiments are made on the banded matrices, and the obtained eigenpairs
are improved by the ordinal inverse iterations.
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Fig.1 Distribution of zeros of the Chebyshev polynomial (horizontal axis is in relative coordinate).
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Fig.2 Filter transmissivity |G(\)| by the Chebyshev polynomial (horizontal axis is in relative coordinate).
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Fig. 3 Distribution of zeros of the cyclotomic polynomial (horizontal axis is in relative coordinate).
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Fig.4 Filter transmissivity G(X\) by the cyclotomic polynomial (horizontal axis is in relative coordinate).
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Fig.5 Distribution of zeros of the value-shifted Chebyshev polynomial (horizontal axis is in relative coordinate).
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Fig.6 ~ dependence: Transmissivity G(\) of 10th degree value-shifted Chebyshev polynomial

(horizontal axis is in relative coordinate).
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Fig.7 k dependence: Transmissivity G(\) of value-shifted Chebyshev polynomial with v=3

(horizontal axis is in relative coordinate).
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Table 1 Arithmetic counts for banded problem.
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Fig.12 Example 2: Number of initial vectors m and quality of approximated eigenpairs
N=10%, h=10, I=[—10, 10] (r=41 true eigenpairs); degree k=40.
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Fig.14 Example 4: N=10%, h=30, I=[100, 200] (r=106 true eigenpairs) degree k=20, m=200, r’'=136.
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Fig.15 Example 5: N=10% h=50, I=[—10, 10] (r=>50 true eigenpairs) degree k=16, m=100, r’=65.
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Fig. 16 Example 6: N=10%, h=100, I=[—10,10] (r=45 true eigenpairs)
Filter degree k and quality of approximated eigenpairs (m=100).
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Fig. 17 Example 7: N=10%, h=30, I=[—10, 10] (r=35 true eigenpairs)
Filter degree k and quality of approximated eigenpairs (m=50).
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Fig. 18 Example 8: N=10%, h=100, I=[—10, 10] (r=88 true eigenpairs)
Filter degree k and quality of approximated eigenpairs (m=100).
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Fig.19 Example 9: N=10% h=10, I=[—10, 10] (r=>52 true eigenpairs)
Filter degree k and quality of approximated eigenpairs (m=100).

84
2
ITERO ——
ITERT -
N WWWEM e
4| i
S5 F 4
s
D 61 1
a)
o 7} ,
s,
8P 3! I
i VXY X ke XN
of VTR
1 FARY 1
X P X l‘,"
B N . e |
-1 L
-10 0 10
EIGEN VALUE
Degree 10 (r'=100)
[1095.7 sec + 573.4sec]
ITERO ——
ITERT -
ITER2 -~ -
<
F
pu}
w
a)

ARl H00—K. 36— R —K - K —X s Ko K

10-11

10-12 ! ! !
-10 0 10

EIGEN VALUE
gooooooooooo

all approximated eigenpairs in subspace

DELTA

10°® \
ITER) ——
e

107 1

10-10 L 4

-1 [ J
R R e e

10-12 ! ! !
-10 0 10

EIGEN VALUE
0000 10000000

approximated eigenpairs whose eigenvalues are in I

020 00000000N=10°0h=100 I=[-10,10]0r=78 00000000 k=400 m=1000 r'=84
Fig. 20 Example of doubly degeneracy: N=10°, h=10, I=[—10, 10] (r=78 true eigenpairs)

Degree k=40, m=100, r’'=84.
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