Accepted Manuscript

ii I;p;lied
Mathematics
. " ... . Letters

Regularized DPSS preconditioners for non-Hermitian saddle point AT Ny
problems S
Yang Cao
PII: S0893-9659(18)30139-3
DOI: https://doi.org/10.1016/j.am1.2018.04.021
Reference: AML 5504

To appear in:  Applied Mathematics Letters

Received date: 4 April 2018
Revised date: 25 April 2018
Accepted date: 25 April 2018

Please cite this article as: Y. Cao, Regularized DPSS preconditioners for non-Hermitian saddle
point problems, Appl. Math. Lett. (2018), https://doi.org/10.1016/j.aml1.2018.04.021

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form.
Please note that during the production process errors may be discovered which could affect the
content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.aml.2018.04.021

Regularized DPSS preconditioners for non-Hermitian saddle point problems
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Abstract

Based on a new regularized deteriorated positive and skew-Hermitian splitting (RDPSS) of the coefficient matrix, a
RDPSS preconditioner is introduced for non-Hermitian saddle point problems. From implementation aspects, the
RDPSS preconditioner has better computing efficiency than the regularized Hermitian and skew-Hermitian pre-
conditioner studied recently (BIT Numer. Math., 57 (2017) 287-311). It is proved that the corresponding RDPSS
stationary iteration method is convergent unconditionally. In addition, clustering property of the eigenvalues of the
RDPSS preconditioned matrix is carefully studied.
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1. Introduction

In many scientific computing and engineering applications, we need to solve the following large sparse non-

Hermitian saddle point problems
[ A B x\_(f)2
ﬂu:(_B O)(y)_(g)_b’ (1.1

where A € C"™" is non-Hermitian positive definite, B € C"™" (m < n) is a rectangular matrix of full row rank, B*
denotes the conjugate transpose of B, and f € C" and g € C™ are two given vectors. These assumptions entail that
the non-Hermitian saddle point matrix ‘A is nonsingular and the solution of (1.1) exists and is unique [1, 2]. For
the background information of the linear systems (1.1), please see [2] and references therein.

For large scale linear systems, iterative methods must be used and require then efficient preconditioners. Some
good surveys of efficient iterative methods and preconditioning techniques for saddle point problems (1.1) can be
found in [2, 3]. Recently, for saddle point problems with Hermitian positive definite (1,1) block matrix, by adding
a regularization Hermitian positive semidefinite matrix in the Hermitian and skew-Hermitian splitting (HSS), Bai
and Benzi proposed a regularized HSS (RHSS) iteration method and the corresponding RHSS preconditioner in
[4]. It is proved that the RHSS iteration method is unconditionally convergent to the unique solution of saddle
point problems. In addition, the clustering property of the eigenvalues of the RHSS preconditioned saddle point
matrix is described. Thus, it extends the HSS convergence theory [5, 6, 7, 8]. When the RHSS iteration method is
applied to solve the non-Hermitian saddle point problems (1.1), the specific iteration scheme is

VIR I — 8 .
{ (ol + Hour2 = (al = S_)u* + b, k=0,1,2,---, (1.2)

(al + Sk = (I — H)uk*> + b,

which is based on the following two matrix splittings
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