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A Hostile Hardware Landscape
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The Hourglass Revisited
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Performing Climate/Weather Forecasting Simulations

@ Computational statistics: multivariate large spatial data sets in
climate /weather modeling:

(@ = —%Z"'EZ' @1Z — r]—jluif.l'-':iﬂﬂ

{2} Problem Definition:

(b) Soil moisture. (<) Wind speed.



Revealing the Underground Layers with Seismic Imaging

@ Transitioning to new energy technologies requires an even higher level
of details to make informed decision

@ Monitoring permafrost degradation

@ Seismic redatuming is key!
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Outsmarting the Atmospheric Turbulence in AO

(b) Subaru. (c)} EELT.

Mt

(2) MAVIS. (F) Soft/Hard RTC.

(d} ScExAO.



An Effective Approach Based on a Separation of Concerns
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Exploiting the Data Sparsity of these Matrices

Ubiguitous in computational science and engineering
@ Symmetric, positive-definite matrix structure

Apparently dense matrices but often data-sparse

Decay of parameter correlations with distance



The HiCMA Library
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HiCMA
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Available at http://github.com /ecrc /hicma
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Tile Low-Rank Data Format as a Pragmatic Approach
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Rank Heatmaps of 3D Exponential Kernel with N = 1M,
b = 2700, and acc = 1e — 8
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Rank Analysis for Seismic Frequency Matrices
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{a) Rank Heatmaps. (b} Rank Distribution.

¥. Hang, H. Ltaief, M. Ravasi, L. Gatineau, D. Keves. Journal of Supercomputing Fromtiers and
Innovations 21
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Rank Analysis for MAVIS Instrument on the Very Large
Telescope
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Implementation Details: Programming Models

85888,

OpenMP &

oneAPI
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Implementation Details: TLR Cholesky Factorization

Algorithm 1 HICMA_DPOTRF(Hicmalower, D, U, V, N, nb, rank, acc)

p=N/nb
fork = 1 topdo
#ipragma omp tash depend{inout: Dk k))
hoore_dpotrf{ HicmaLower, Dk k), rank, acc)
fori = k+1 to p do
#pragma omp task depend(in:D(k.k)) depend(inout:L{ik))
hoore_dtrsmi( V(i k). D(k,k}. rank, acc)
end for
for j = k+1 to p do
#pragma omp task depend(in:U{j.k}) depend(in:V{j.k)) depend{inowt:D{j.j})
hoore_dsyrk(D{j,5), Uik}, V(i.k). rank, zcc)
for i = j+1 to p do
#pragma omp task
depend(in:U{i.k}) depend(in:V{ik})
depend(in:l(j.k)) depend{in:V{j.k)}
depend(inout-LI{ij}) depend(inout:V(ij))
hcore_dgemm{U{ik}, Vi k). UG.k). V{i.k), Wij) V{ij). rank, acc)
end for
end for
end far
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Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming

TLR-MVM
Tite Dense
Matrix-Vactor Multiplication .
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Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming

TLR-MVM

1) Comprass
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Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming

TLR-MVYM
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Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming
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Implementation Details: TLR-

and Seismic Redatuming

MVM for MAVIS Instrument

TLR-MVM
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Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming

TLR-MVM

5} Calcukain

e N



Implementation Details: TLR-MVM for MAVIS Instrument

and Seismic Redatuming
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Implementation Details: TLR-MVM OpenMP for MAVIS

Instrument and Seismic Redatuming

Algorithm 2 TLR-MVM_OpenMP(Utiles, Vtiles, YuYvMapping, x)

ntifes = N [ nb, mtiles = M / nb
#pragma omp parallel for
for k = 1 to ntiles do
chlas_gemw{Wtiles{k), x(k], ye(k)) // Phase 1: wv i output
end for
Jpragma omp parallel for
for k = 1 to length of yv do
vu{YuYvMapping{k)) = yw{k] // Phase 2 yu is output
end for
#pragma omp parallel for
for k = 1 to mtiles do
chlas_gemw{ Utiles{k), vu(k), ¥(k)) // Phase 3: y is output
end far
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Implementation Details: TLR-MVM oneAPI for MAVIS

Instrument and Seismic Redatuming

Algorithm 3 TLR-MVM _oneAPI{ Utiles, Vtiles, YuYvMapping, x, devicequeue)

ntiles — N / nb, mtiles = M / nb
Hpragma omp parallel for
for k = 1 to mtiles do
oneAP]_gemv({Vtiles{ k), x(k), ywik), devicequeus) // Phase 1: yv i= output
end for
devicequens wait()
devicequese parallell_for {yuYuYvMapping{k)) = yv(k)} // Phase 2: yu is output
devicequewe wait()

#pragma omp parallel for
for k = 1 to mtiles do

oneAP]_gemv(Utiles{ k), yulk), v(k), devicequeus) // Phase 3: v is output
end for
devicequeus wait()

) m



Numerical Accuracy Assessment: TLR Cholesky for MLE

@ Estimation of the Matérn covariance parameters for four geographical
regions of wind speed dataset.
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Numerical Accuracy Assessment: TLR-MVM for Seismic
Redatuming
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Numerical Accuracy Assessment: TLR-MVM for MAVIS

Instrument

Speadun and Sirahl Ratio Mumarkcil Accuracy v Specdup, End-to-End Analysis
V5 Compression Farsmaters !
e 16 i w
14 af
- ':
12 2 -
- |
TR SRR i
i £ o
B B =
:—‘__ LE A - -
! IE E [T T —
o = &
B 2,5 ® wparom .,
® spipar (02 |
| & & apspar 000 .I -
T o 2= o
— J it e g e e gt
PGt pE-04 LE-0E D1F-0F 1 2 4 B 1o e a0 100
Acuracy Threshold Spaadup Factor

H. Ltaief. J. Cranney, D). Gratadour, ¥. Hong, L. Gatineau, D. Keyes, 5C21



Environment Settings

Vendor Tnterl

Hﬁimﬂy lce

Lake

Maodel Intel(R) Xeon(R) Gold 6330
Nede(s)/Card(s) 1
Socket(s) 2
Cores 56
GHz 20
Memory 1000GB DDR4
Sustained BW 320GB/s

ue BIMB
Sustained BW L1TB/s
Compiler DPC++/C4++ compiler 2021.9.0
BLAS library Intel oneMKL 2021.3.0
MPI library IntelMPT 2021.3.0
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Preliminary Performance Results: TLR GEMM toward
MLE Computations in Climate/Weather Prediction (1)

@ Tile low-rank GEMM with OpenMP Task
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Preliminary Performance Results:

TLR GEMM toward

MLE Computations in Climate/Weather Prediction (2)

@ Tile low-rank GEMM with OpenMP Task Vs oneAPI
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Preliminary Performance Results: TLR Cholesky toward
MLE Computations in Climate/Weather Prediction (3)

@ Tile low-rank Cholesky with oneAPI
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Preliminary Performance Results: TLR-MVM for MAVIS
Instrument and Seismic Redatuming
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Preliminary Performance Results: TLR-MVM for MAVIS

Instrument and Seismic Redatuming

MAVIS Mairix i Oipetational menssty (O1) of TLRAM:
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Conclusion and Future Work

@ Describe a synergistic approach to leverage performance of HPC
applications on heterogeneous hardware architectures

@ Enhance user-productivity with oneAP! programming maodel
@ Study the interoperability between OpenMFP /oneAPI
@ Plan to port on Intel FPGAs and GPUs

r}is



Thank You! Questions?




