
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 

Abstract:  
The MGS-GMRES algorithm of Saad and Schultz (1986) is a well-known iterative 
method for approximately solving linear systems $Ax=b$. The algorithm employs the 
Arnoldi expansion of the Krylov basis vectors (columns of $V_k$) and was proven to 
be backward stable by Paige, et al. (2006). We present a multiplicative Gauss-Seidel 
formulation based on Ruhe (1983) and the low-synch algorithms of \'{S}wirydowicz et 
al. (2020). For a broad class of matrices, a significant loss of orthogonality does not 
occur and the Arnoldi relative residual no longer stagnates above machine precision.  
The Krylov vectors remain linearly independent and the smallest singular value of 
$V_k$ remains close to one. The new Arnoldi-QR algorithm can also be employed to 
compute eigenvalues with the Krylov-Schur algorithm and shows promise for Krylov 
exponential integrators. 
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