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Experiments of filter diagonalization method

for real symmetric definite generalized eigenproblems

by the use of elliptic filters

HirosHI MURAKAMITL

For a real symmetric definite generalized eigenproblem, the filter diagonaliza-
tion method can solve selectively only those eigenpairs whose eigenvalues belong
to the specified interval. The filter is a linear operator which has the property
to pass only those eigenvectors whose eigenvalues belong to the neighbor of the
specified interval. Sufficiently many linearly independent vectors as the inputs
are filtered, then to the output vectors the singular value decomposition is ap-
plied and those singular vectors are removed whose singular values are smaller

than a threshold. The invariant subspace spanned by all those eigenvectors
whose eigenvalues belong to the neighbor of the specified interval is approxi-
mated by the subspace spanned by the set of singular vectors remained. Then,
the subspace method is applied to this set of singular vectors to obtain the
approximations of eigenpairs whose eigenvalues belong to the neighbor of the
specified interval. These approximated eigenpairs are the results of the filter
diagonalization method.

When the filter is a linear combination of the resolvents and an identity, then
the filter’s transfer rate of the eigenvector is expressed by a rational function of
the eigenvalue ( associated with the parameters the shifts and the coefficients
for the resolvents and the coefficient for the identity). Therefore, those param-
eters are tuned so that the transfer function will be a good rational function
approximation of the characteristic function of the specified interval. For the
rational function approximation of the characteristic function of an interval,
the same method which has been used in the designs of frequency filters of the
analog electronic circuit is applicable.

In this paper, some results of experiments are shown of the filter diagonal-
ization method with the elliptic filters which can attain the higher distinction
ability with the small number of resolvents.
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Fig.1 Shape Parameters for Attenuation Function.
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Fig.2 Sample Graphs of Attenuation Functions of Elliptic Filter.
(Amax=10[dB], Amin=100[dB], p=1.3, n=9 .)
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Fig.3 Sample Plot of Complex Poles of Elliptic Filter.
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Table 1 Smallest n for Shape Requirements to the Elliptic Filter.

m

AxniuZSO[dB]

Amin=100[dB]

Amin=150[dB]

1.001
1.003
1.005
1.01
1.03
1.05
1.1
1.2
1.3
1.5

20
17
16
15
13
11
10
9
8
7

24
21
20
18
15
14
12
10
9
8

35
30
28
26
22
20
17
15
13
12

3.5 000000000000 O0000O0O00
0100000000000000000000000000000 Awnx 00000
0000000 3[dB]000000 Aw, 0000000 80[dB]O 100[dB]0 150[dB] 00 O
000 0000000 1.001, 1.003, 1.005, 1.01, 1.03, 1.1, 1.2, 1.3, 1.5 0000000
000000 »n000000000000000

© 2010 Information Processing Society of Japan



goooooooog
IPSJ SIG Technical Report

3.6 0000000000000 npm, 000000
O0000000000000000 0 100000000 In(p) 0 0000
00000000000 000000000 n 0000000000 7Nme 00
00000000 O00K(K) 0000 O’T/Qﬁmmm k<1 0000000
0000000000000 0K(k)~r/2 + OK*)0q(k)=exp (—nK'(k)/K(k)) =
k*/16 + O(k")DO O k—1 000 DOlimg_y {K(k) — (1/2)In(16/(1 = k*))} = 0O
00000000pu—1 000000 nmn 0000000000000 O0O0
Tanin= {K'(1/Luin) /K (1/Lmin) } / {K'(1/p)/K(1/1)} = (2/7°) In (4Lmin) In(8/In )0
0000000000000 00000000000000000000 01000
000000000000000000000000

3.7 00000D0ODOOO00OO0000
00000000000000 AnaxD Amin0p000000000000000000
00000000000 n0000000000000000000000000000
0000000000000

oo
0000000000000 Amax=3[dB10 Amin=150[dB] 0 p=1.100000 n=170
000000000 ¢t000000000000 2000000000000000000
0000000000000000000000 Fortran 00 1.234D-05 0000000
1234 x107°00000M0O000000000000000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000R,00000000 ¢ae = g(co0)
oooooo

[nu}
0000000000000 Amax=3[dB10 Amin=100[dB]0 p=1.1 00000 n=12
0000000000 ¢+00000000000030000000000000000
000000000000 0000000MO0O0000000000000000
0000000000000000000000000000000R00000000
coo = g(00) 000000001/ Amn 00000000000000000000000
0000000 100000000000000000 1600000000000000
ooooo

4. Jobooooboobobobobooban

gooooboooooobooooooooobooOoboooboOoboOOooObOoOoooooo
Ooooooooooo pooboOOOOCOOOCOOOOOO0O0O0O0OOO0O0O0O0O0O0O0O

Vol.2010-HPC-125 No.1

02 0DO000000000DOOOO0ODOOOO
Amax=3[dB10 Anin=150[dB10 p=1.10 n=170

RN RN
1 -0.9988990674636575D+00 0.1832241780825514D-02
0.4208879041201686D-03 -0.7299481769619925D-03
2 -0.9854347625608995D+00 0.5927158108762483D-02
0.5186819992362039D-03 -0.2361947294880509D-02
3 -0.9554033152120891D+00 0.1135056762543125D-01
0.7216244236726592D-03 -0.4525751747884339D-02
4 -0.9023908876059291D+00 0.1905329428422484D-01
0.1030426201848702D-02 -0.7604384719530673D-02
5 -0.8167125542626837D+00 0.2984298449862535D-01
0.1404195176021395D-02 -0.1192790439816883D-01
6 -0.6868077838555658D+00 0.4377872029563018D-01
0.1705866291400565D-02 -0.1753132683591053D-01
7 -0.5036279126962596D+00 0.5915500708890110D-01
0.1679857612187386D-02 -0.2373919487772945D-01
8 -0.2684756930096834D+00 0.7188213075555887D-01
0.1085531284204580D-02 -0.2889753026849765D-01
9 0.0000000000000000D+00 0.7692130784434680D-01
0.0000000000000000D+00 -0.3094493130792976D-01
10 0.2684756930096810D+00 0.7188213075555897D-01
-0.1085531284204572D-02 -0.2889753026849769D-01
11 0.5036279126962588D+00 0.5915500708890115D-01
-0.1679857612187384D-02 -0.2373919487772946D-01
12 0.6868077838555658D+00 0.4377872029563019D-01
-0.1705866291400566D-02 -0.1753132683591053D-01
13 0.8167125542626832D+00 0.2984298449862541D-01
-0.1404195176021397D-02 -0.1192790439816885D-01
14 0.9023908876059290D+00 0.1905329428422488D-01
-0.1030426201848704D-02 -0.7604384719530687D-02
15 0.9554033152120891D+00 0.1135056762543125D-01
-0.7216244236726585D-03 -0.4525751747884337D-02
16 0.9854347625608992D+00 0.5927158108762525D-02
-0.5186819992362051D-03 -0.2361947294880525D-02
17 0.9988990674636575D+00 0.1832241780825549D-02
-0.4208879041201745D-03 -0.7299481769620064D-03

2010/6/17

© 2010 Information Processing Society of Japan



goooooooog
IPSJ SIG Technical Report

03 00D00000DDODOOO0O0ODDODOOO0OO0
Amax=3[dB10 Amin=100[dB]10 p=1.10 n=120

gd gd
1 -0.9978032747225308D+00 0.3701716028012426D-02
0.8664302031627370D-03 -0.1465613329228266D-02
2 -0.9697327336698406D+00 0.1285709956095331D-01
0.1266917017646285D-02 -0.5096119758585352D-02
3 -0.9008627058055854D+00 0.2747634325702563D-01
0.2095891409389544D-02 -0.1091872191677904D-01
4 -0.7653097823348445D+00 0.5078939655526350D-01
0.3144348312333809D-02 -0.2027351913073286D-01
5 -0.5316970895763372D+00 0.8117259779721395D-01
0.3449070765877447D-02 -0.3259458505193008D-01
6 -0.1933304451465211D+00 0.1054819597085268D+00
0.1624414004965714D-02 -0.4255796367297806D-01
7 0.1933304451465205D+00 0.1054819597085268D+00
-0.1624414004965710D-02 -0.4255796367297807D-01
8 0.5316970895763370D+00 0.8117259779721399D-01
-0.3449070765877447D-02 -0.3259458505193009D-01
9 0.7653097823348451D+00 0.5078939655526342D-01
-0.3144348312333808D-02 -0.2027351913073283D-01
10 0.9008627058055850D+00 0.2747634325702568D-01
-0.2095891409389546D-02 -0.1091872191677905D-01
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Table 4 Specifications of the Computer System for Experiments.
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Fig.4 Examplel: Distribution of Singular Values.
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Fig.5 Example 1: Qualities of Approximated Eigenpairs (all pairs by subspace method).
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Fig.6 Example 1: Qualities of Approximated Eigenpairs (whose eigenvalues are in the interval).
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.7 Example 2: Distribution of Singular Values.
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Fig.8 Example 2: Qualities of Approximated Eigenpairs (whose eigenvalues are in the interval).
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Fig.9 Example 3: Distribution of Singular Values.
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Fig. 10 Example 3: Qualities of Approximated Eigenpairs (all pairs by subspace method).
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Fig.11 Example 3: Qualities of Approximated Eigenpairs (whose eigenvalues are in the interval).
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