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Introduction

Studies of the Cosmic Microwave Background (CMB)
anisotropies have been driving the progress in our un-
derstanding of the Universe for nearly 25 years. The cur-
rent and forthcoming CMDB observatories are expected

to deliver unprecedented insights about the Universe’s
beginning and evolution, producing enormous data sets,
(O(10%)) and thus calling for advanced, high performance
data analysis techniques.

Map-making problem

Settings:
e number of pixels n, ~ O(10°)

e number of measurements n; ~ O(10')
° P 6 Rntxgnp7 N—l E Rntxntj mML E Rgnp7 d E Rnt

observed data ~ pointing matrix unknown map  noise
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A few comments:
® noise is very large, its inverse covariance matrix is

known a priori and it is of special form

e the system matrix cannot be formed but we can
perform matrix-vector product with it

e the application of matrix-vector product involves
FETs and it is very time-costly

Techniques

The state-of-the-art solver is Preconditioned Conju-
gate Gradient (PCG) (O(100) iterations) with:

e one-level preconditioner |4]
block-diagonal prec.: Pldiag(N~1)P
e two-level preconditioner |2]

block-diagonal prec. + deflation of "smooth'
elgenvectors

The techniques under study:
e Enlarged Conjugate Gradient (ECG)

e Two-level GenEQO preconditioner from Domain
Decomposition methods

Acknowledgements

The work was partially supported by the NLAFET project as part of European
Union Horizon 2020 research and innovation program under grant 671633. This re-
search used resources of the National Energy Research Scientific Computing Center

(NERSC), a DOE Office of Science User Facility supported by the Office of Science
of the U.S. Department of Energy under Contract No. DE-AC02-05CH11231.

thibault.cimic@inria.fr

ES

Figure 1:A visualization of the polarization of CMB as detected by ESA’s Planck satellite over the entire sky, www. jpl.nasa.gov.

Enlarged conjugate gradient

Enlarged Krylov techniques are projection methods on
a Krylov subspace enlarged by a parameter ¢t € N to
solve linear systems: Ax = b. By initially splitting the
residual ry into ¢ linearly independant vectors, a set of ¢
new vectors is added to the enlarged Krylov sudbspace,

K1 (A,rg), at each iteration k. The k-th ECG approxi-
mation then satishes:
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As a result, a new convergence rate can be established:
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with k; = >\n/)\t and €y 1= E0(¢t1E0)_
the t eigenvectors associated to the ¢t smallest eigenvalues:
A < ... < )\, and Ej is the initial enlarged error.

This results in a trade-oft between the decrease of the
number ot iteration needed to reach a certain threshold
and the increase of the cost of each iteration, illustrated

in |3:
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Figure 2:Queen: structural problem matrix, Ela 4: Linear Elasticity
matrix - left y-axis is the total runtimes (columns), right y-axis is the

iteration number (dots), x-axis is the number of MPI processes

GenEQO precon

ditioner

In domain decomposition, a two-level precondition-
ner is build from the classical Additive Schwartz (AS)
one-level preconditionner by adding a coarse space
correction. This typically makes use of an underlying
setting from a PDE, such as with Generalized Eigen-

value in the Overlap (GenEO)

domain decomposition precond

preconditioner.
In [1], the authors describe a ful

ly algebraic two-level

itionner, by defining

an algebraic local SPSD splitting (ALS), A;, of a ma-
trix A w.r.t. asubdomaint =1, ..., N:
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0 < u'Aju < u'Au (6)

Then a coarse space is build by solving generalized
eigenvalues problem on each subdomains ¢ with A;.

Numerical results are shown in

Table 1.

In our problem (1), not originating from a PDE set-

ting, we would like to build a co

arse space accounting

for the smallests eigenvalues of the operator. For that,

we can make use of a similar splitting:

Nplc

P'N7'P =Y PN 'P, (7)
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which is an SPSD splitting of the matrix but not nec-
essarily local, neither in the time domain, nor in the

pixel domain. Therefore the generalized eigenvalue
problems considered in [1] cannot be derived from

this splitting, and new ones mu

st be considered.

Numerical results

We first show some results on the ECG applied to the map-making
problem:
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Figure 3:Two different map-making test cases solved with ECG and block-diagonal

preconditioner

And numerical results from |1] with an 3D elasticity problem:

N | dimyc nyo dimg, ng, | dime, Na, diMeGen NGen
4 82 20 92 19 120 18 106 20
8 179 23 209 20 240 20 229 24
16 304 37 394 30 480 28 391 38
32 447 53 h&3 45 960 36 614 42
64 622 &4 769 73 1920 51 850 55
128 969 131 1096 114 3834 77 1326 61

Table 1:Dimension of the coarse (dim), and the iteration counts (n) for various

two-level preconditioners and varying number of subdomains N. Best ALS pre-
conditioner (uC'), GenEO precondtioner (Gen), and convex combinations of ALS

preconditioners (aq, ao).

On-going work

e Fully understanding of the trade-off between the number of

iteration and the splitting parameter ¢ in enlarged projection
methods.

e Building a fully algebraic domain-decomposition-like two-level
preconditionner for the map-making problem.
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