alllauc Ellall deala

¥ King Abdullah University of
Science and Technology

Tile Low-Rank Approximation of Maximum Large-
Scale Likelihood Estimation on Manycore
Architectures

ExaGeoStat: A Framework for Large-Scale Weather and Climate Prediction
using Machine Learning

SAMEH ABDULAH, HATEM LTAIEF, YING SUN, MARC GENTON AND DAVID KEYES

EXTREME COMPUTING RESEARCH CENTER,
KING ABDULLAH UNIVERSITY OF SCIENCE AND TECHNOLOGY.



®m alllusc Ellal) deala

(( "M J -
Y/ in ulla niversity o
.\\‘-._“}‘g’ King Abdullah University of

Science and Technology

Motivation

e Maximum Likelihood Function

* An important statistical technique for predicting unknown
measurements in climate and environmental applications

* Weather and climate data are usually big!

* Prohibitive computational Cost and memory requirements
* Two real examples: Soil Moisture and Wind Speed

* Exascale GeoStatistics (ExaGeoStat)

* A framework which exploits machine learning, statistical modeling and
forecasting, and the state-of-the-art linear algebra techniques to handle
large-scale geostatistics data
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ExaGeoStat
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ExaGeoStat Components

* Synthetic Dataset Generator

* Generate large-scale geospatial datasets which can be separately used as
benchmark datasets for other software packages

* Maximum Likelihood Estimator (MLE)

e Evaluate the maximum likelihood function on large-scale geospatial datasets

e Support full machine precision accuracy (full-matrix) and Tile Low-Rank (TLR)
approximation

e ExaGeoStat Predictor

* Predict unknown measurements on known geospatial locations by leveraging
the MLE estimated parameters
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Outcomes

 Hardware-agnostic framework

e 2M spatial locations (160 TB
memory requirement)

* 96 % prediction accuracy on
real datasets

e Large synthetic spatial data
generation tool

* R-Wrapper package




ExaGeoStat Under the Microscope

* ExaGeoStat is an open-source software which is available at
https://github.com/ecrc/exageostat

e ExaGeoStat 0.1.0 (Nov. 9t 2017)

e Support exact Computation using Chameleon dense
Linear algebra library and StarPU runtime system

» Support real and synthetic geospatial datasets
* Soil moisture dataset at Mississippi basin area

* Today:

ExaGeoStat supports
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e Tile-Low Rank approximation (TLR) using HICMA TLR approximation library and StarPU runtime system
e Performance results of TLR-based computations on shared and distributed-memory systems attain up to

13X and 5X speedups
* Support NetCDF Format
* Win Speed dataset at Middle-East


https://github.com/ecrc/exageostat
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AMEWORK AS EXAGEOSTAT PREDICTOR
.mmmmmmnmwdm -Cnmmlbspaallmmmngumfmndmﬁbmmbu(d o The Associated Conditional Distribution where Z; represents un- | | o Two-socket 18-core Intel Haswell (MLE).
unified p g on the Matém matrix kemel: known measures: wl s -
on many-<ore systems. i ap g \ %% ~ Nl + £1287/{Z: - pa). 511 - B3 B) )
o The project aims at ptimizing the likelibood function fora given Clr0) = ity (&) o (8) Pl
spatial dala to provide a way lo predit m‘ssi‘{'sw'fﬁﬂ;i; » Cholesky factorization of Covariance Matrix: SYNTHETIC DATA ACCURACY VERIFICATION i
full-tle and Tide Low-Rank (TLR) approximation techniques. £0)=V-VT Data Average Mean Square Error (MSE)
X ; Cor. | Est, | Est Est. Prediction
 This machine learming framework proposes @ unified simulation » Z cbservation Vector Generation: o 0| FT {167 &FI 7 9;1 ‘"7) T
fotarget v from conr- FaVid EnN (57 onas 0.134 | 0112 | 0,008 | 0.003 | 0012 | 0012 : T
modity X860 Sty e Z=V.E &~NO1) Strong | L LA S T e e
Y “ le of 400 points i Iy distributed n space, with 362 o Two-socket 14-core Intel Broadwell (MLE).

ot

o ExaGeoStat enables statisticians to tackle computationally chal-
ing sdentic S  whils sbitincti the samphdpomh(ulmd&mrwmpkdpwm(x)
hardware complexity, through state-of-the-art high-performance
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» Generate large-scale geo-spatial datasets which can be separately s

used as benchmark datasets for other software packages.
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o Evaluate the maximum likelihood function on largescale geo- N /

spatial datasets.
. Sy full machine precision accuracy (Full-tile) and Tile Low-
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o C-based ExaGeoStat Package can be found at:
htps://github.com /ecrc/exageostat
 R-Wrapper ExaGeoStat Package can be found at: ol ik ’ i = S vm e e 1
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