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Hybrid BSC RS: Parallel Robust Solution of Triangular Equations

Objectives

Abstract: Triangular linear systems are central to the solution of general linear systems, the calculations of 
eigenvectors, and the solution of Sylvester matrix equations. In the absence of floating-point exceptions, 
simple substitution runs to completion and solves a system which is a small perturbation of the original 
system. If the matrix is well-conditioned, then the normwise relative error is small. However, there are well-
conditioned triangular linear systems for which substitution fails due to overflow. The robust solvers 
xLATRS from LAPACK extend the set of linear systems which can be solved by dynamically scaling the 
solution and the right-hand side to avoid overflow [1]. These solvers are sequential and apply to systems 
with a single right hand-side. The LAPACK solvers for computing eigenvectors of matrices and matrix 
pencils in Schur form and solving triangular Sylvester equations are all derived from xLATRS. Previous 
efforts to create algorithms which are blocked, parallel and robust have meet with limited success [2]. In 
particular, the current ScaLAPACK solvers for computing eigenvectors from Schur forms are vulnerable to 
floating-point overflow. Recent advances have eliminated all of these problems [3, 4, 5, 6]. In this talk we 
explain the fundamental principles for solving triangular equations in parallel without suffering from 
floating point overflow and without significant performance degradation. Moreover, we exhibit well-
conditioned linear systems, eigenvalue problems and triangular Sylvester matrix equations for which the 
computed solution exceeds the representational range unless the right-hand side and the solution are scaled 
dynamically. A small set of examples illustrate the dangers of underflow and the inherent limitations of 
dynamically scaling the right hand side. The work has been done in collaboration with Mirko Myllykoski, 
Angelika Schwarz and Mirko Myllykoski. The techniques presented in this talk have been integrated into 
StarNEig, a new task-parallel library for solving standard and generalized eigenvalue problems which are 
dense and nonsymmetric [7, 8, 9].
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Short Bio: Born in Denmark, Carl Christian Kjelgaard Mikkelsen received his first instructions in 
mathematics from his father before he was shipped off to study physics at Aarhus University. After 
completing a master's degree in mathematical analysis, he was then seduced by the dark side of the force and 
completed a PhD in mathematics with a specialization in computational science and engineering at Purdue 
University, USA. In general, his interests include numerical analysis, numerical linear algebra and parallel 
algorithms. He is particularly interested in the worst case analysis of algorithms and the construction of 
algorithms that cannot fail. He lives with his partner Birgitte and two royal pythons in the charming city of 
Umeå in Northern Sweden.
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