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BISECTION IS NOT OPTIMAL ON VECTOR PROCESSORS*
HORST D. SIMONt

Abstract. Recently there has been revived interest in the bisection method for computing
eigenvalues of symmetric tridiagonal matrices, since this method lends itself easily to a parallel
implementation. A natural extension of the bisection method is the multisection method. The
relative advantages of these two methods have been discussed in several publications ([H. Bernstein
and M. Goldstein, STAM J. Sci. Statist. Comput., 9(1988), pp. 601-602), (I. Ipsen and E. Jessup, Solving
the symmetric tridiagonal eigenvalue problem on the hypercube, Tech. Report YALEU/DCS/RR-548, Yale
Univ., Dept. of Computer Science, July 1987], [S. Lo, B. Philippe, and A. Sameh, SIAM J. Sci. Statist.
Comput., 8(1987), pp. 8155-8165)). The purpose of this note is to contribute another argument in
favor of using the multisection method, which did not arise explicitly in the past discussion. A simple
analysis and some numerical examples show that the bisection method is in general not optimal in
the class of multisection methods for the extraction of one eigenvalue on vector processors. Numerical
results on a CRAY-2, a Convex C1-XP, and an Alliant FX/8 show that the optimal multisection
section method can be several times faster than the bisection method.
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1. Introduction. Several researchers have recently investigated parallel algo-
rithms for the symmetric tridiagonal eigenvalue problem (2], [5], [7], [8]. Dongarra
and Sorensen [5] implemented the divide-and-conquer algorithm by Cuppen [3], and
obtained considerable speedups over TQL2 from EISPACK [6],[12] on a CRAY X-
MP/4 and an Alliant FX/8. Lo, Philippe, and Sameh [8] used a combination of
bisection and inverse iteration and demonstrated an even better performance of their
method than the divide-and-conquer algorithm on the Alliant FX-8, when computing
all the eigenvalues and vectors. Ipsen and Jessup [7] investigated the same algo-
rithms on a hypercube, and arrived at the conclusion that bisection and multisection
are more efficient than Cuppen’s divide-and-conquer method on distributed-memory
parallel processors, with bisection faster than multisection.

The authors in [8] state that they prefer multisection over bisection in what they
call the isolation phase. They give two reasons: (a) multisection creates more tasks
than does bisection and thus achieves a better load balancing, and (b) there are several
eigenvalues in one interval. In a recent timely communication Bernstein and Goldstein
[1] argue against these two reasons for preferring multisection in the isolation phase.
The purpose of this communication is to add another argument in favor of multisection
to the current discussion. This argument has so far not been explicitly stated in any
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