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Abstract

We investigate a method for efficiently solving a complex symmetric
(non-Hermitian) generalized eigenvalue problem (EVP) Ax = λBx in
parallel. An evaluation featuring up to 1024 CPU-cores evidences encour-
aging runtime behavior.

1 Introduction

Our motivation arises in an application from optoelectronics, where reduced
accuracy requirements provide an opportunity for trading accuracy for execution
time [5, 3]. The conventional approach, as implemented for example in zgeev

(LAPACK), is to treat complex symmetric problems as general complex and
therefore abstain from utilizing the structural symmetry for efficient codes to
solve the corresponding EVP. The proposed procedure follows the cardinal steps
(a) factorization B 7→ LL⊤, (b) reduction to standard form My = λy, (c)
tridiagonalization to Tz = λz, (d) computing eigenvalues λk and eigenvectors
zk (if desired) of the resulting tridiagonal problem, and (e) backtransformation
of eigenvectors from z to x if desired (confer, for example, [2]). In the serial case,
a full solver has already been developed, while in the parallel case presently only
steps (a), (b), and (c) have been evaluated.

2 Methodology and Implementation

The presented paper discusses the cardinal steps factorization, reduction to
standard EVP, and non-splitting tridiagonalization (see Section 1) in terms of
their runtime behavior. This solver is the consequent development of our work
focusing on splitting and non-splitting tridiagonalization of such EVPs [5, 4].
Due to estimated higher parallelization potential, the non-splitting tridiagonal-
ization approach has been elaborated subsequently.
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Figure 1: Speedups for order n = 8192 on HPCx, featuring 2 to 1024 CPU-
cores. Evaluated codes include the symmetric indefinite factorizationB 7→ LL⊤,
reduction from generalized EVP Ax = λBx to standard EVP My = λy, and
non-splitting tridiagonalization to yield Tz = λz.

ScaLAPACK-style MPI-based parallel codes have been developed and evalu-
ated. Parallel codes were run on the supercomputer HPCx, which is a cluster
featuring 168 IBM eServer 575 logical partitions (LPARs) offering a total of 2560
IBM Power5 processors [1]. All codes were compiled with the IBM xlf compiler
and optimized with compiler option O3, BLAS codes linked against IBM ESSL.

3 Results and Conclusions

All parts that have been evaluated, were being tested for matrix sizes up to 8192,
running on up to 1024 cores on the STFC machine HPCx. See Figure 1 for the
corresponding relative speedups, where speedup S(n) is defined as T1

Tn
, where

T1 is the execution time of the parallel code on a single processor or processor
core, and Tn is the execution time on n processors or processor cores (confer
[6]). In the serial case, the biggest share of measured runtimes is consumed by
the tridiagonalization. This observation is evidenced by unpublished work of
the authors, but can also be seen in analogy to the parallel studies in [7].

Evaluations reveal that the scalability of the proposed method is reasonably
good on the utilized machine. In accordance with the serial version, the part
consuming the highest share of the time is the parallel tridiagonalization. The
limit in terms of useful utilization of CPU-cores is reached, when the speedup
decreases with a higher number of cores. For example, the parallel tridiagonal-
ization on 1024 cores was found to take more than time than the tridiagonaliza-
tion residing on 512 cores; therefore the utilization of 1024 cores for the parallel
non-splitting tridiagonalization of order n = 8192 is to be avoided. Depending
on the order of the problem, the parallel scaling limits of evaluated parallel
codes is about 512 to 1024 where the overall efficiency of the developed codes

2



decreases quickly. All in all, the proposed targets have been reached and the
research on complex symmetric eigenproblems has substantially benefited from
this research visit.
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