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Optimization of Bandpass Filters for Eigensolver

HirosHI MURAKAMIT!

The filter diagonalization method for a real symmetric definite generalized
eigenproblem solves only those eigenpairs whose eigenvalues belong to the spec-
ified 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 in-
terval. Sufficiently many linearly independent vectors as the inputs are filtered,
then the set of basis vectors is constructed from the outputs of the filter which
spans a subspace an approximation of the invariant subspace. (The invariant
subspace is spanned by all those eigenvectors whose eigenvalues belong to the
neighbor of the specified interval.) The subspace method is applied to this set of
basis vectors to obtain the approximations of the eigenpairs whose eigenvalues
belong to the neighbor of the specified interval.

The filter is constructed as a linear combination of the resolvents. The com-
plex parameters the shifts and the coefficients of the resolvents are determined
to give a good bandpass property of the filter which depends only on the eigen-
value of the eigenvector component. The design principle for the filter by the

linear combination of the resolvents is mathematically the same to that of the
frequency filters in analog electronic circuit theory, therefore similar method is
applicable. In this paper, following the classical theory of the analog filer de-
signs, the design recipes for the typical filters are shown in the style immediately
applicable to the filter diagonalization method.
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Fig.1 Shape parameters for attenuation function
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Table 1 Minimum n for the filter shape requirements.

Amax=3dB0 Awin=150dB

Amax=3dB0 Apmin=100dB

1%

Mmin

Butter Cheb  Elliptic

1%

Mmin

Butter Cheb  Elliptic

1.001 17281 402 35 1.001 11522 274 24
1.003 5766 232 30 1.003 3845 158 21
1.005 3463 180 28 1.005 2309 123 20
1.01 1736 128 26 1.01 1158 87 18
1.03 585 74 22 1.03 390 50 15
1.05 355 58 20 1.05 237 39 14
1.1 182 41 17 1.1 121 28 12
1.2 95 29 15 1.2 64 20 10
1.3 66 24 13 1.3 44 17 9
1.5 43 19 12 1.5 29 13 8
Amax=3dB0 Apnin=80dB Amax=1dB0 A,in=80dB

Mmin

Butter Cheb  Elliptic

1%

Mmin

Butter Cheb  Elliptic

1.001
1.003
1.005
1.01
1.03
1.05
1.1
1.2
1.3
1.5

9218 222 20
3076 128 17
1848 100 16
926 71 15
312 41 13
189 32 11
97 23 10
51 16 9
36 14 8
23 11 7

1.001
1.003
1.005
1.01
1.03
1.05
1.1
1.2
1.3
1.5

9891 237 21
3301 137 19
1983 106 17
994 75 16
335 44 13
203 34 12
104 24 11
55 17 9
38 14 8
25 11 7
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Butterworth filter, degree n=121 Chebyshev filter, degree n=28
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Fig.4 Sample Plots of Complex Poles of Filters.
(Amax=3dB, Anin=100dB, p =1.1.)

© 2010 Information Processing Society of Japan



goooooooog
IPSJ SIG Technical Report

00K (k)~r/2+0(k*)0q(k)=exp (—7K'(k)/K(k)) = k*/16+O(k" )OO0 k— 100
0 Olimy—1 {K(k) — (1/2)In(16/(1 - %*))} =0000000000x — 10000 nmin
00000000000000000nmin = (K'(Lmin)/K (Lmin))/(K'(n™") /K (")) &
(2/72)In (4Lmin) In(8/In )00 0000000000000 0000000000O00O00
4.4.4 0000000

002=1/(u—1) 00000pu—=1000 2—00 00nm, 000000000 0But-
terworth 0 O 0 O nmin & In(Lmin)z0 Chebyshev 0 0 O O Inverse Chebyshev O 0 OO
Tmin & I0(2Lumin)y/2/20 Elliptic 0 0 0 0 fmin & (2/72) In(4Lmin) In(82)0 0 0 0 O 7min
0,0100000000000000000000000C0CO 010000000
000000000000000000000000000000

5. Jbhuoobuoobooboobooon

000000000000 0000000000000000000000000000
0000000000 BOOOOOOOOODODOOOOO0O0OO0O0OOO0O0OO0O0OO00O00
000000000 00000000000000000000 BOOOOOOOOOO
00000000000 000000000000000000000000000000
0000000O0000000000

000000000000 0000000000000000000000 esyp 000
00000ege, 00000000 BOOOOOOOOOOO00000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000

0000000000000000000000000000000000000000
000000000000 r=Amax/Amn 0000000000000000O0O00O0
oDoooDooooooo #2203 0000000000

0000000000000 0000Am.s0000000000000D00000D00
0000000000000 D000000000000 e 00000000000000
00000000000000 ,;000000000000000000000000
000000000000000000000000000

0000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000

Vol.2010-HPC-124 No.3
2010/2/22

gbooboobooobooboooboobooboboooobobobooboboobooobobo
gobobooooooooboboobooboboooobobobobooboog

g o 0 0O

1) Daniels, R.W.: Approzimation Methods for Electronic Filter Design, McGraw-
Hill(1974).

2) Thompson, W.J.:Atlas for Computing Mathematical Functions, Chap.17:Elliptic
Integrals and Elliptic functions, Wiley-Interscience(1997).

3) Chen,R. and Gui,H.:A general and efficient filer-diagonalization method without
time propagation, J.Chem.Phys.,Vol.105, pp.1311-1317(1996).

4) Mandelshtam,V.A. and Taylor,H.S.: A low-storage filter diagonalization method
for quantum eigenenergy calculation or for spectral analysis of time signals,
J.Chem.Phys., Vol.106, pp.5085-5090(1996).

5) Sakurai,T. and Sugiura,H: A projection method for generalized eigenvalue prob-
lems using numerical integration, J.Comp.Appl.Math., Vol.159, pp.119-128 (2003).

6) Zhou,Y., Saad,Y., Tiago,M.L. and Chelikowsky,J.R.: Self-Consistent-Field Cal-
culations using Chebyshev Filtered Subspace Iteration, J.Comput.Phys. Vol.219,
No.1, pp.172-184(2006).

7) 00 0:0000000000U000o0U00oUOoOUOLO,D0bLOU0oLUoooOoo
000000000000 oO0oO0OoUOO 2000000 (20060 110).

8) U0 U:0DO00D0O000O0O0DOO0O0DDLO0DDOUO0OOODDOOODDOODOUDO,
HPCS2007 000000000, IPSJ Symposium Series, Vol.2007, No.1, p.61(2007).

9) Murakami, H.:The Filter Diagonalization Method by the Shifted Inverses,
ICCM2007, Conference Abstracts, p.126(April,2007). Proceeding paper in CD-
ROM (28pages, file name p126_GT7-8_proc.pdf).

10) OO0 0D:000000000O00DOO00DODO00ODODO0O0DO,D000DDO0O0ODOD
2007-HPC-110(6), pp.31-36(2007 O 6 O).

11) 00 0D:0000000000000O000O0000D0O000000, NAS2007 00O
000, pp.85-88(2007 O 6 O).

12) 00 0:0000000000O000O00O0O0O0UO0O0,D000DDO0O0OOOO
00000000000, Vol.49, No.SIG2(ACS21), pp.66-87(2008 0 30 ).

13) 00 0:0000000000000000000, 0000000000 2008-HPC-
115(1), pp.1-6(2008 O 5 00 ).

14) Murakami,H.: Application of Filter Diagonalization Method to Numerical Solution
of Algebraic Equations, Proceedings of SNC2009, pp.95-104(Aug, 2009).

15) Ikegami,T., Tadano,H., Umeda,H. and Sakurai,T.: Hierarchical parallel algorithm
to solve large generalized eigenproblems, HPCS2010 O O O, pp.107-114(2010 O 1
).

16) Murakami,H.: Filter Diagonalization Method by Resolvents for Symmetric Eigen-
problems, HPCS2010 0 O O, p.54(2010 0 10).

© 2010 Information Processing Society of Japan



