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Let (5, @, )

be a targeted singular triplet of A

re = AU — 61,

It loill = 1,

ro = ATi — 50,

- aas v
ro = Cv — 629, TB:B[ ~]

u

~

— 0

|

v
U

|

u|| = ||Av;/oy]| = 1, then 7, = 0 and

|rc]]

)| = L
[ = L

50 — ImMax (5use7" 5-/HAH7 Emach)

= |Irsllv2

Thus, the stopping criterion for the methods on C' becomes,

CopperMountain2014

15/24



-1

WILLIAM
&MARY.

Introduction

Stage Il of primme_svds: working on 5

Related work

primme_svds: why
choose the two stage
strategy

primme_svds: how to
develop the two stage
strategy

e Stage |
e Stage Il
e Implementation

Evaluations

Conclusions

e Inputs from C:

o Accurate shifts for interior eigenvalue problem
o Good initial guesses formed by eigenvectors from C

CopperMountain2014

16/24



-1

WILLIAM
&MARY.

T

Introduction

Stage Il of primme_svds: working on 5

Related work

primme_svds: why
choose the two stage
strategy

primme_svds: how to
develop the two stage
strategy

e Stage |
e Stage Il
e Implementation

Evaluations

Conclusions

Inputs from C:

o Accurate shifts for interior eigenvalue problem
o Good initial guesses formed by eigenvectors from C

= Calls for JDQMR - one of near-optimal methods in

PRIMME

CopperMountain2014

16/24



-1

WILLIAM
&MARY.

TR

Introduction

Stage Il of primme_svds: working on 53

Related work

primme_svds: why
choose the two stage
strategy

primme_svds: how to
develop the two stage
strategy

e Stage |
e Stage Il
e Implementation

Evaluations

Conclusions

e Inputs from C:

o Accurate shifts for interior eigenvalue problem
o Good initial guesses formed by eigenvectors from C

= Calls for JDQMR - one of near-optimal methods in
PRIMME
e Irregular convergence of Rayleigh Ritz (RR) on B

CopperMountain2014

16/24



-1

WILLIAM
&MARY.

TR

Introduction

Stage Il of primme_svds: working on 53

Related work

primme_svds: why
choose the two stage
strategy

primme_svds: how to
develop the two stage
strategy

e Stage |
e Stage Il
e Implementation

Evaluations

Conclusions

Inputs from C:

o Accurate shifts for interior eigenvalue problem
o Good initial guesses formed by eigenvectors from C

= Calls for JDQMR - one of near-optimal methods in
PRIMME

Irregular convergence of Rayleigh Ritz (RR) on B
= Enhance PRIMME with refined projection method

CopperMountain2014

16/24



-1

WILLIAM
&MARY.

Introduction

Stage Il of primme_svds: working on 5

Related work

primme_svds: why
choose the two stage
strategy

primme_svds: how to
develop the two stage
strategy

e Stage |
e Stage Il
e Implementation

Evaluations

Conclusions

Refined projection minimizes the residual || BVy — V|

where V' search space for a given user shift o
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Eigenvalue method VS lterative Refinement (IR)?

correction equation on B equivalent to IR but JD leverages
subspace acceleration with near-by eigenvectors
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Table 1: Properties of the test matrices

, Matrix well1850 | pde2961 | dw2048 | fidap4 | jagmesh8 | Ishp3025 | wang3
primme_svds: how to
strategy k(A) 1.1e2 9.5e2 5.3e8 5.2e3 5.9e4 2.2e5 1.1e4
Evaluations |42 1.8e0 1.0e1 1.0e0 | 1.6e0 6.8€0 7.0e0 | 2.7e-1
e Test matrices 10 (1) 3.0e-3 8.2e-3 2.6e-3 | 1.5e-3 1.7e-3 1.8e-3 7.4e-5
® Experiment | gapmin(3) | 3.0e-3 24e-3 | 29e-4 | 25e-4 | 1.6e-3 9.1e-4 | 1.9e-5
® Experiment |l gapmin(5) | 3.0e-3 | 24e-3 | 29e-4 | 25e-4 | 4.8e-5 1.8e-4 | 1.9e-5
® Experiment 9apmin(10) | 2.6e-3 | 7.0e-4 | 16e4 | 25e-4 | 48e5 | 22e5 | 6.6e-6
Conclusions
Other state-of-the-art methods to compare:
e JDSVD: (Hochstenbach, 2001)
e IRRHLB: (Jia, 2010)
I I
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triplets based on state-of-the-art eigensolver PRIMME
e Key idea: a two-stage strategy

o take advantage of faster convergence on normal
equations matrix
o resolve remaining accuracy by exploiting power of

PRIMME and refined projection on augmented matrix
o Any stage has flexibility to be replaced by other better

methods

e Shown efficiency and effectiveness both with and without

preconditioning

e A highly optimized production software enables the solution
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@ Conclusions

PRIMME: PReconditioned Iterative MultiMethod Eigensolver

e PRIMME including its MATLAB interface and
primme_svds will be available this summer

e C implementation of primme_svds will be released with
next version of PRIMME

Download: www.cs.wm.edu/~andreas/software
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