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Filter Designs for the Symmetric Eigenproblems
to Solve Eigenpairs Whose Eigenvalues are
in the Specified Interval

HirosHI MURAKAMITL

For a real symmetric definite generalized eigenproblem, the filter diagonal-
ization method can solve only those required eigenpairs whose eigenvalues are
in the specified interval. The filter is a linear operator which passes only those
eigenvectors whose eigenvalues are in the neighbor of the specified interval.
Sufficiently many linearly independent vectors are filtered as the inputs. Their

outputs are singular value decomposed, and those singular vectors are rejected
whose singular values are below a small threshold. The subspace spanned by
the set of singular vectors which are not rejected is an approximation of the in-
variant subspace spanned by all those eigenvectors whose eigenvalues are in the
neighbor of the specified interval. The subspace method is applied to this set
of singular vectors to obtain all those approximated eigenpairs simultaneously
whose eigenvalues are in the neighbor of the specified interval. These approx-
imated eigenpairs by the filter diagonalization method may be refined by such
methods as the Rayleigh quotient iterations or the Ritz simultaneous iterations.
When the filter operator is constructed as a linear combination of resolvents,
the transfer rate for any eigenvector is a rational function of its eigenvalue.
The shift parameters and the coefficients of the resolvents are so determined to
make this rational function a good approximation of the characteristic function
of the specified interval (unity inside the interval and zero outside). To ap-
proximate the characteristic function of an interval by a rational function, the
same mathematical approach can be used which has been used in the design
of frequency filters for analog electronic circuits. In this paper, following the
classical theory of the analog filters, the design method of the filter operator as
a linear combination of resolvents is shown in a manner directly applicable to
the filter diagonalization method.
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Table 3 Sample 1: Poles and their coefficients in the normalized coordinate (Elliptic Filter).

oo gooooooo oo
1,17 +0.9988990674636575D+00 0.1832241780825514D-02
F0.4208879041201686D-03 -0.7299481769619925D-03
2,16 +0.9854347625608995D+00 0.5927158108762483D-02
F0.5186819992362039D-03 -0.2361947294880509D-02
3,15 +0.9554033152120891D+00 0.1135056762543125D-01
F0.7216244236726592D-03 -0.4525751747884339D-02
4,14 +0.9023908876059291D+00 0.1905329428422484D-01
F0.1030426201848702D-02 -0.7604384719530673D-02
5,13 +0.8167125542626837D+00 0.2984298449862535D-01
F0.1404195176021395D-02 -0.1192790439816883D-01
6,12 +0.6868077838555658D+00 0.4377872029563018D-01
F0.1705866291400565D-02 -0.17531326835910563D-01
7,11 +0.5036279126962596D+00 0.5915500708890110D-01
F0.1679857612187386D-02 -0.2373919487772945D-01
8,10 +0.2684756930096834D+00 0.7188213075555887D-01
F0.1085531284204580D-02 -0.2889753026849765D-01
9 0.0000000000000000D+00 0.7692130784434680D-01
0.0000000000000000D+00 -0.3094493130792976D-01
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Table 4 Sample 2: Poles and their coefficients in the normalized coordinate (Elliptic Filter).

05 0O 30Eliptic0000000000O000O0O0DOOOOO
1=1.10 Amax=3 [dB] 0 Amin=100 [dB10 n=12
Table 5 Sample 3: Poles and their coefficients in the normalized coordinate (Elliptic Filter).
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1,12 +0.9978032747225308D+00 0.3701716028012426D-02
F0.8664302031627370D-03 -0.1465613329228266D-02
2,11 +0.9697327336698406D+00 0.1285709956095331D-01
F0.1266917017646285D-02 -0.5096119758585352D-02
3,10 +0.9008627058055854D+00 0.2747634325702563D-01
F0.2095891409389544D-02 -0.1091872191677904D-01
4,9 +0.7653097823348445D+00 0.5078939655526350D-01
F0.3144348312333809D-02 -0.2027351913073286D-01
5,8 +0.5316970895763372D+00 0.8117259779721395D-01
F0.3449070765877447D-02 -0.3259458505193008D-01
6,7 +0.1933304451465211D+00 0.1054819597085268D+00
F0.1624414004965714D-02 -0.4255796367297806D-01

oo gooooooo oo

1,26 +0.9998880837186579D+00 0.1865290451411704D-03
F0.4294324655540097D-04 -0.7425618387568955D-04

2,25 40.9985119810649964D+00 0.6092418502130730D-03
F0.5436278294858447D-04 -0.2425428233504145D-03

3,24 40.9953941328647955D+00 0.1193404600046241D-02
F0.8005956060017231D-04 -0.4751325189541179D-03

4,23 +0.9897120836393259D+00 0.2090580899787998D-02
F0.1262621596046400D-03 -0.8324256421510467D-03

5,22 40.9799882313062193D+00 0.3525808071597722D-02
F0.2034608987672980D-03 -0.1404185329401036D-02

6,21 40.9637570985418453D+00 0.5839127143624647D-02
F0.3271234236003145D-03 -0.2326255471716706D-02

7,20 +0.9370785079112591D+00 0.9527056259846114D-02
F0.5165197017354089D-03 -0.3797510706166005D-02

8,19 40.8939411924457809D+00 0.1525085222093224D-01
F0.7874093099285791D-03 -0.6084058535425789D-02

9,18 40.8258021687698470D+00 0.2372486318849914D-01
F0.1130819077704549D-02 -0.9476206058496224D-02

10, 17 +0.7219462647702741D+00 0.3532744860413157D-01
F0.1471704458993376D-02 -0.1413416099463384D-01

11, 16 +0.5719424388805603D+00 0.4930888668608999D-01
F0.1627185288138456D-02 -0.1976776261739063D-01

12, 15 40.3713615401674180D+00 0.6291091202075054D-01
F0.1347921209490644D-02 -0.2527013120546175D-01

13, 14 +0.1292420678305036D+00 0.7161010797562235D-01

.2880037172946217D-01

F0.5339656571804936D-03
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Table 6 Specifications of the computer system for experiments.

CPU Intel Core i7 920 (2.66 GHz,8 MB L3)
o0ooob0 1000000
ooo DDR3-1333 PC3-10600
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Fig.12 Examplel: Distribution of singular values.
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Fig. 13 Example 1: Qualities of approximated eigenpairs (all pairs by subspace method).
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Fig. 14 Example 1: Qualities of approximated eigenpairs (whose eigenvalues are in the interval).
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Fig.15 Example 2: Distribution of singular values.
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Fig. 16 Example 2: Qualities of approximated eigenpairs (whose eigenvalues are in the interval).
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Fig. 17 Example 3: Distribution of singular values.
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Fig. 18 Example 3: Qualities of approximated eigenpairs (all pairs by subspace method).
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Fig. 19 Example 3: Qualities of approximated eigenpairs (whose eigenvalues are in the interval).
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Fig.20 Example 4: Distribution of singular values.
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Fig.21 Example 4: Qualities of approximated eigenpairs (all pairs by subspace method).
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Fig.22 Example 4: Qualities of approximated eigenpairs (whose eigenvalues are in the interval).
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Fig.23 Attenuation of Chebyshev Filter with rounded parameters (DP calculation).
(p=1.1, Amax=3 [dB], Amin=150 [dB]), n=41.
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Fig.25 Attenuation of Elliptic Filter with rounded parameters (DP calculation).
(p=1.1, Amax=3 [dB], Amnin=150 [dB]), n=17.
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