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Goals

e Solve complete eigenproblem Axr = A\x

— A is real and doubly-structured:

symmetric or skew-symmetric
and

persymmetric or perskew-symmetric

e Algorithms

— Preserve both structures
— Good convergence behavior
— Parallelizable

— Stable, accurate
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Strlzlctures
1

3

Z

Persymmetric
pS(n)={S e€R"™": (RS)I = RS}

Perskew-symmetric
pK(n) ={S € R™": (RS)T = —RS)}

Perplectic Orthogonal
PO(n) ={P € O(n): RP= PR}

— Preserves double structure
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Jacobi Method (1846)

real, symmetric

Idea

Repeat until convergence
1. Choose 2 x 2 structured subproblem
2. Diagonalize it

End Repeat
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Our Method
2 x 2 Subproblem Insufficient: PO(2) ={I,—I,R,—R}

e Choose 4 x 4 Subproblem
Smaller problem must have same double structure

Directly put 4 x 4 matrix in canonical form

e Using IR*** = IH ® IH Translate Problem and Solve

Quaternions:
H=1{q=q +qi+qj+ak: @ a, g qpcR}
e Translate Back to IR***

Embed 4 x 4 solution into I,
Perform similarity transformation

e Continue Until Convergence
Will converge it subproblems chosen properly
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Canonical Forms
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Symmetric Perskew-symmetric | Skew-symmetric Perskew-symmetric

Theorem For any of the doubly-structured A € IR"*" there exists a

perplectic orthogonal P € PO(n) such that P* AP is in canonical form.
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Subproblem Algorithm

Input: skew-symmetric persymmetric matrix A € R**4
Output: perplectye ortRogonal matrix P € IR*** such that PAP” is
in canonical form

Algorithm:
h

—ai2

di1 = ||ul|2 + ue

do = ||v||2 + v2

o)
a=2|ull2[|v]2dido
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Numerical Results

100 symmetric persymmetric matrices, entries from N (0, 1)

n Sweeps 1 2 3 4 5
50 727 | 107'% | 107 | 100 | 107t | 1071
100 802 | 107 | 107 | 10713 | 107 | 10713
150 836 | 107 | 107* | 107 | 107™ | 10715
200 885 | 107 | 107* | 107 | 107™ | 10715

1000 11 107 | 1072 | 1072 | 10713 | 10713

1

. RelOff
|All 7

i jAi,m—it1
. |PTRP — R||F check of perplectic structure of P
||PTP —1I||p check of orthogonal structure of P

4. Block check of perplectic orthogonal structure of P

5. RelEig maxj\)\;ig — >\§M| / P\;ig‘
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Convergence — 200 x 200

skew—symmetric persymmetric

e Always converged

e Asymptotically
quadratic

e RelOff decreased

monotonically

4 6
sSweeps

Future: We expect these methods to be strongly backward stable and
plan to use techniques developed by F. Tisseur (SIMAX 2001) for the

analysis.
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Canonical Forms

Skew-symmetric Persymmetric
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