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Alntroduction to
Y multi-scale characteristics of PSI & 14 MeV neutron irradiation

Y our multi-scale approach (DFT, MD, CD) to addressing these challenges

A3 Case studies:

How we inform and build our meso-
scale models
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1. Atomistic work on Be-W & how it feeds into Xolotl
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2. Coupled systems: Integrated PMI, UQ & CRSCD a How we use meso-scale models in

larger systems

3. Exascale application to drive us into the future: ECREXAALT & How we prepare for the future

THE UNIVERSITY OF

TENNESSEE T

5th Fusion HPC Workshop KNOXVILLE




PlasmaSurface interactions compromise the performance
of both material and plasma

A Large changes in plashfiacing surfaces driven by interactions with energetic ions & neutrz
Y Erosion, gas retention, changes in morphology andsurbace composition, etc.
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Physics behind Plasm@urface Interactions is muHlscale in nature
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Fusion structural materials response to irradiation Is
also inherently multiscale

Hardness increases &

Nano/microstructure &
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Cascade_production%20-%20MD%20simulations.pptx
SIA_clusters-modified.pptx
file://Users/Brian/DATA/BDW_UTK/Talks/2012/RD_Multiscale/cascade-aging(Fe-Cu).ppt
file://Users/Brian/DATA/BDW_UTK/Talks/2012/RD_Multiscale/dislocation - obstacle.ppt

Atomistically informed cluster dynamics methods
bridge scales from nano to experimental

A We approach the multiscale modeling challenge
bottom-up: DFTA MS, MDA CD
Y Use atomistic methods to understand gas dynamics
in materials (He-H interactions), material mixing (Be-
W, and N-W), etc.

Y Continuum and stochastic cluster dynamics address
the meso-scale

A our workhorse in bridging scales from high-fidelity
atomistics to experimental
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Atomistically informed cluster dynamics methods
bridge scales from nano to experimental

A We approach the multiscale modeling challenge
bottom-up: DFTA MS, MDA CD

Y Use atomistic methods to understand gas dynamics
in materials (He-H interactions), material mixing (Be-
W, and N-W), etc.

Y Continuum and stochastic cluster dynamics address
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Continuum cluster dynamics: Xolotl

sputtering co-deposition

A The tungsten material is represented by the concentration HiHe o s »
of clusters at each spatial grid point: clusterfbubble  erosion o o
090 ¢
Interstitials (1) Mixed: combination of oo ee .\ oo .'.’;‘,: 909090
Vacancies (V) He/H atoms trapped in 028320000000 00000000
Helium/Hydrogen (He/H) tungsten vacancies :o. .F.: : : : ® : : : : S : ° o
e e y‘. 000000 ]
. . . . ) ) ) ; (N A X XN RN AN NNYNNN/ ]
A The time evolution is given by the drift-diffusion-reaction vecancy  trapped H/He  interstials
equations: - — - S. Krasheninnikov
0. C=¢-p—VJ—Q(C) (Lesh)
Surface ro || I JJ
A Developed from scratch using C++, PETSc, MPI, Kokkos k ca)
A Open source code available at: *
https://github.com/ORNL-Fusion/xolotl CHe,v,) /. 1 =~
1674 C(V,) C(HeV)
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Finite -volume stochastic -cluster dynamics model to
address damage accumulation in W

A Solves the chemical master equation using kinetic Monte Carlo methods
A Allows for finite volume fluctuations, with trivial treatment of multi-special irradiations

A Uses the residence time algorithm to solve the rate theory equation system, allowing for
statistical fluctuations in the concentrations of damage species

Recast the ODE system:

d& =] \ s(g! WC,;+ » s(u! q)Cu+ N = finite integer-valued population of clusters in a
dt " finite volume W/
X
i k(g+ pn! 8C,Cy+ k(a+ p! 4)C,Cy One defect reaction is executed per Monte Carlo
ol ol cycle with correct rates
Into stochastic framework: Monte C_arlo rates are_tgken directly from the
conventional RT coefficients:
dN e AT AN “y
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Case studies

I. Atomistic study of Be-W mixing and how these inform Xolotl
il. (@) use of Xolotl in integrated PSI modeling,
(b) uncertainty quantification of the coupled system, and

(c) SCD coupling to CP to address mechanical changes of
materials under irradiation

lii. exascale application to drive us into the future



Case study I: Be-W mixing

Atomistic study of Be-W interactions to build and inform a
continuum meso-scale model



Good Atomistic work starts with good potentials:
Development of More Accurate Models for Fusion Materials

Main source of
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Good Atomistic work starts with good potentials:
Development of More Accurate Models for Fusion Materials

SNAP: Machine Learning method
' for developing interatomic
potentials

Main source of

Energy Model _ :
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Good Atomistic work starts with good potentials:
Development of More Accurate Models for Fusion Materials

Energy Model Main source of SNAP: Machlng anrnlng mgthod
| inaccuracies 7N :::::: for developing interatomic
| —p potentials
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\/ potential U
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- Near quantum accuracy at molecular
dynamics scale

- Allows us to develop potentials for
traditionally difficult  materials (W-Be)
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Good Atomistic work starts with good potentials:
Development of More Accurate Models for Fusion Materials

Main source of A SNAP: Machine Learning method
B} Energy Model NacCUracies f\ ;;;;; for developing interatomic
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0 B, il SN, MD of W-Be: M.A. Cusentino, et al. Nucl. Fusion 60, 126018 (2020)
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Applied these potentials to learn that Be and W
mixing Is thermodynamically driven

A Simulated Be deposition on a W surface
A Thermodynamically driven to mix but no favorable kinetic pathway

A something has to trigger mixing: W vacancies &/or Be interstitials initiate the mixing

Pure Be Pure W

ormation Energy Relative to End Members (eV/atom)
| | | | | |

Fe
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Applied these potentials to learn that Be and W
mixing Is thermodynamically driven

A Simulated Be deposition on a W surface

A Thermodynamically driven to mix but no favorable kinetic pathway
A something has to trigger mixing: W vacancies &/or Be interstitials initiate the mixing
A Be and W mix driven by Be transport through the mixed region

A The composition equilibrates around 2:1 Be:W Pure Be Pure W

Mixed Layer Thickness (4)
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Developed a W -Be mixing continuum model with

atomistic -based parametrization

A 1D governing equation for diffusion of Be in W and WBe,
at each grid point is governed by:

dcBe Be ((9ch€

ot e | T2

8CWBEI
ot

) +The —TBe _Be _ g(ctotaly

_ vy o total ‘WBe WBe
_G(C )_Fsp I_1—‘vapI
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Developed a W -Be mixing continuum model with

atomistic -based parametrization
A 1D governing equation for diffusion of Be in W and WBe, K
at each grid point is governed by: $ ]
acBe e 6che e e e ¢ total 8 WBe: - §
ot —D?qv( 9-7 ) PO TR ST G S = G TP TR e \
A The model is parametrized by atomistic work o
0.00075 0.00100 0.00125 fﬁg;:peragjgé7?1/|() 0.00200 0.00225 0.00250
Formation Energy Relative to End Members (ev/atom)
Be WBe22 WBel2 WBe3  WBe2 WBe w
DFT 0 -0.041 -0.1 -0.14 -0.3 -0.22 0
SNAP 0 -0.16 -0.12 -0.15 -0.58 0.032 0

Be Interstitial Effective Barrier (eV)
Be WBe22 WBel2 WBe3 WBe2 WBe w
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Developed a W -Be mixing continuum model with

atomistic -based parametrization
A 1D governing equation for diffusion of Be in W and WBe, K
at each grid point is governed by: $ ]
cBe 2 Be . WBe. X §
aat _ D.?;v (68(52 ) n FE;G B FSB: - F?:p_ G(Ctotal) 8C6t _ G(Ctotal) _ F:;’Bex _ FV\XI])BGI é‘wa’ :\\
A The model is parametrized by atomistic work o
A With Initial and boundary conditions of Be (0) =0, and a
free surface, our prediction for mixed material layer T femperature T
growth agrees with experiments
—~ 20 T T T 2000 v v Formation Energy Relative to End Members (ev/atom)
E Be WBe22 WBel2 WBe3 WBe2 WBe w
~— 'g DFT 0 -0.041 -0.1 -0.14 -0.3 -0.22 0
2 15F m %' 1500 | SNAP 0 016 -012 -015 -0.58  0.032 0
!
:;—)‘ My 7] §, 1000 - Be Interstitial Effective Barrier (eV)
~ . | Be WBe22 WBel2 WBe3 WBe2 WBe w
= 5r - § al ok o snae 006 o056 032 [ o2
C:? g / D-O,Aax;) cm’sec
N | ———————————————————_———— Y
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Next step: parametrizing H Implantation in Tungsten
Beryllides

A Shallower H depth profile and much higher H sticking with Be in the substrate, compared
with pure W
Y Be closer in mass than WA efficient at slowing down the H
Y more adsorption of H on the surface of WBe, A differences in the structures & chemistry

WB% o 1.0 4

R

11111

W SpY Be SpY % H sticking
wW 0 - 49.3

WBe; 0 0.12 82.6

11111111

I
G
(EHERpE D R
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Case study ii: (a) Integrating Plasma
and Material models

How we directly couple Xolotl to plasma and impurity
transport models for a comprehensive description of PSI



Integrating plasma and material models allows for a self -
consistent and comprehensive description of the system

A This technique has been successfully applied to interpret and predict PSI experiments in

current and future tokamaks

Workflow for integrated
modeling PSI in steaebtate

e VF-TRIvDYN 1
_in(1) ‘

: 2 Xolotl
F-TRIDYN 2|

hPiC+F-TRIDYN | D = n\2) “Xolotl

by Edge plasma i Irradiation
conditions GITR conditions

(9 0 8 (T, B 0typ..) 3

; F-TRIDYN N

Y » Xolotl

A Here it is applied to modeling multiple locations in the ITER divertor, during full-power
burning plasma operations, for pristine W as well as W pre-damaged by He plasma

A. Lasa et al,Nucl. Fusion61 (2021) 116051 J.M. Canik et al., 27th IAEA Fusion Energy Conference

A. Lasaetal.,Phys. Scripta T171 (2020) 014041 A. Lasa et al.,28th IAEA Fusion Energy Conference
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Tritium diffuses faster due to high heat fluxes

AComparison Of Iocation at o g~5 MW/m? at R-Rsep= 0.025 m - g~1 MW/m? at R-Rsep= 0.19 m
peak heat flux and further
up the target g
200

AAs the temperature
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Pre-damage by He plasma leads to strongly bound,
shallower retention of T

A We compare exposure to BPO of an initially pristine W substrate, and W pre-damaged by He
plasma exposure in PISCES

A He pre-exposure leads to higher near-surface concentrations of strongly bound T, but less
diffusion into the bulk, resulting in lower depth-integrated T content

Pristine W Pre-damaged by 250 eV He plasma in PISCES .
~t-001s ~t-00ss Pre- T content
- t=01s - t=05s
100 ~t=ls 100 ~tm1ds exposure  [102° T/m?]
r'ﬂg . t=40s :E ~t=50s
5 °=ﬁ_—\’m St $ e s None 1.62
L E e 1 PISCES 1.22
s 0.07 g 16
% ol 00 £ 0 x 75V
§ e 832(\ § 10-6 lg
g 0.03 8 6 PISCES 1.04
e 0.02 P
108 001 10 % 250V
0.00 0 20 40 60 80 100
0 20 40 60 80 100 .
* -
10751 100 10 10 10° 107 10° 100 1075 100 100 107 10° 10° 10° 100 depth-integrated T content
depth [nm] depth [nm) at t=100s
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Pre-damage by He plasma leads to strongly bound,
shallower retention of T

A We compare exposure to BPO of an initially pristine W substrate, and W pre-damaged by He
plasma exposure in PISCES

A He pre-exposure leads to higher near-surface concentrations of strongly bound T, but less
diffusion into the bulk, resulting in lower depth-integrated T content

A Even small quantities of He can result in accumulation of T in the nearsurface (long-term,
redeposited layers)

Pristine W Pre-damaged by 250 eV He plasma in PISCES .
~t-001s ~t-005s Pre - T content
- t=01s - t=05s
100 ~t=1s 100 ~t-15s exposure  [102° T/m?]
r'ﬂg . t=40s :E ~t=50s
é 102 - t=100s TE 102 - t=100s None 1.62
= 10-4 = 04 18 PISCES 1.22
] 0.07 2 16
£ el 005 g 12 75V
§ 10-6 832(\ § 10-6 1g
§ 0.03 g 6 PISCES 1.04
= - 0.02 = -
107 oot 107® % 250V
0.00 0 20 40 60 80 100
0 20 40 60 80 100 .
* -
10751 100 10 10 10° 107 10° 100 1075 100 100 107 10° 10° 10° 100 depth-integrated T content
depth [nm] depth [nm] at t=100s
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We can also simulate transient events with the time -
dependent SOLPS -FT-Xolotl workflow

|_4 sotes  —

‘ Yoer1ir Yreer Tyaia | Ti, Te, B
— F—TF‘lrIDYN |
IERE:

sp’ Yrefll c(z) ‘ lrionl rheat‘

p(z

_ — XOI‘.rOTL —
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We can also simulate transient events with the time -
dependent SOLPS -FT-Xolotl workflow

A Applied to addressing recycling in the ITER divertor during ELMs
Y PFPO-1 H plasmas,
Y Attached and detached conditions
Y 5 target locations near the strike point (shown by %)
Y W pre-exposed to ITER He ops
Y

ELM cycles (intra+inter) : SOLPS |_ i \\\\ S
1+1ms \\\\\ 2
1+20 ms {Yrefll Yreer Tuair | Ti, Te, B /""\“‘" A lﬂl}\l

— FoTRIDYN |
p(2) | [Yepr Yeets ¢ | [Tions Theat
_ — XOI‘.rOTL —
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H accumulation in the substrate is dominated by
the pre -existing damage

Plasma flux at loc 4 . Heat flux at loc 4
A Very different plasma conditions j SRR .
“N (il -MHHH”
Mvuuuuuwhhmmﬂ .
800 0.0 oo

006 007 0.08
Time( ] Tme[ ]
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H accumulation in the substrate is dominated by
the pre -existing damage

Plasma flux at loc 4 Heat flux at loc 4

A Very different plasma conditions : ERNE faERiE
A Yet somewhat similar H content and N milH”N Ll
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H accumulation in the substrate is dominated by
the pre -existing damage

Plasma flux at loc 4 Heat flux at loc 4
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A Very different plasma conditions

A Yet somewhat similar H content and
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Case study ii: (b) UQ of the FT -Xolotl system

Assessing sensitivity of the FTRIDY N-Xolotl system: finding the most important
parameters and building reduced models



We want to quantify the sensitivity of the
parameters in the coupled F -Tridyn /Xolotl system

Aln a simulation of W sample exposures to He plasma in the linear device PISCES

AWe focus on variance-based sensitivity analysis, i.e., we want to assess what fraction
of the output variability can be attributed to what (set of) input parameter(s)
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We want to quantify the sensitivity of the
parameters in the coupled F -Tridyn /Xolotl system

Aln a simulation of W sample exposures to He plasma in the linear device PISCES

AWe focus on variance-based sensitivity analysis, i.e., we want to assess what fraction
of the output variability can be attributed to what (set of) input parameter(s)

A Challenges:

Specification of the uncertain parameters

Y M Odel eval u a.t|0 ns are ve ry expe nsive parameter name nominal value  lower bound  upper bound  unit

i i lattice parameter 0.316 0.318 0.317 nm

Y Need to explore a large dimensional space atgeps 08 o gem  mn

A | bias factor 1.15 1.035 1.265 -

log,, initial vacancy concentration —18 —-19 — 37 nm3

We rely on Surrogate mOdels _ migration energy He1l 0.13 0.11 0.25 eV

. . 5 migration energy He2 0.20 0.20 0.30 eV

Y constructed by a polynomial chaos expansion 2 migetionsneyHes 0.25 0.25 040 oV

migration energy He4 0.20 0.15 0.50 eV

migration energy He5 0.12 0.10 0.20 eV

migration energy He6 0.30 0.30 0.45 eV

migration energy He7 0.40 0.30 0.45 eV

migration energy V1 1.30 1.10 1.50 eV

displacement energy W 38 20 90 eV

surface binding energy W 8.78 8.68 12 eV

%. cutoff energy W 3.0 0.27 3.3 eV

@  displacement energy He 5 0 10 eV

FTl
)
<

cutoff energy He 0.10 0.09 0.11
beam energy 250 240 300 eV
incident angle 0 —30 30 e



The system shows dominance of few parameters

AFor surface growth, the surface binding
energy of W dominates the time-
evolution of the total sensitivity indices

o M surface binding energy W

W beam energy

W migration energy Hel

M incident angle

I migration energy V1
cutoff energy He

0.8

B cutoff energy W

M migration energy He2

B migration energy He4

1 lattice parameter

B migration energy He6

W He radius

Ml migration energy He3
migration energy He7

B migration energy He5

I Ibias

o
o
T

total sensitivity

o
'
T

0.2 1

log10 initial vacancy concentration
W displacement energy He
displacement energy W

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [s]
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The system shows dominance of few parameters

AFor surface growth, the surface binding
energy of W dominates the time-
evolution of the total sensitivity indices

v e AFOr He retention, the migration energy
e O He; dominates the time-evolution of

M incident angle

= mmeeene e total sensitivity indices

cutoff energy He

0.8

B cutoff energy W

o
o

B migration energy Hel

B beam energy

M surface binding energy W

I migration energy V1

M migration energy He2

B incident angle

I migration energy He4

[ He radius

B cutoff energy W
migration energy He7

Il migration energy He3
cutoff energy He

total sensitivity

o
~
T

0.2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [s]

total sensitivity

B migration energy He5
[ lattice parameter
I Ibias
M migration energy He6

log10 initial vacancy concentration
1 displacement energy W
B displacement energy He
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We conclude that very few parameters are sufficient
to explain the output of this surrogate model

Alncluding 6 out of the 19 parameters is sufficient to explain 95% of the output
variance in the surface growth (att=1s)

Alncluding 2 out of the 19 parameters is sufficient to explain 95% of the output
variance in the He retention (att =1 s)

AThe accuracy of the a polynomial chaos expansion surrogate model can be
improved, but the total sensitivity indices seem to have converged
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Explore multifidelity UQ technigues to find the
smal |l estenoggnd® si mul ati on

A A surrogate model based only on the high-fidelity model might still be too expensive
A multifidelity UQ where the surrogate based on a hierarchy of low- to high-fidelity models

AA good low-fidelity model is
Y cheaper than the high-fidelity model
Y a good predictor for the quantity of interest
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Explore multifidelity UQ technigues to find the
smal |l estenoggnd® si mul ati on

A A surrogate model based only on the high-fidelity model might still be too expensive
A multifidelity UQ where the surrogate based on a hierarchy of low- to high-fidelity models

AA good low-fidelity model is

Y cheaper than the h|gh_f|de||ty model * We explore two possible fidelity parameters:
Y a gOO d pre diCtOI’ fOI’ the quantity Of interest o Xolotl network size (related to the largest vacancy cluster allowed in the network)

Multifidelity setup

network size  time/sample [h]

AGiven a set of fidelity levels, we o o
composed a metric to predict the 2§§ g§§§
performance of multifidelity UQ 50 10415

compared to the single-fidelity approach > Xolotl grid size (related to the extent of the computational domain)

grid size  time/sample [n]  number of cores  number of nodes

AWith network and grid sizes as fidelity e - 1
parameters, we run 1s of F-Tridyn/Xolotl oo s s 2

each fidelity level for 100 randomly
chosen values for the 19 parameters

* Focus on surface growth and He retention as output quantities of interest
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There is little gain in activating  multifidelity UQ
technigues in the current setting

AUsing a smaller network size lead to a
speed-up of a x 2-3 for predicting the
surface growth, but none for He
retention

ASpeedup of < x2 when using grid size
as fidelity parameter, only with
increasing the fidelity level

He retention [%]

He retention [%]

He retention for different grid sizes

grid size 64

grid size 128

N
TR

NN———— ~

—
=
=

ALack of convergence of the statistical properties of the solution (in particular the
variance) with increasing fidelity is killing the predicted multifidelity performance
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Case study ii: (c) [crystal plasticity] -
[stochastic cluster -dynamics] coupling

How CP-SCD coupling allows addressing irradiation and
deformation processes simultaneously



A coupled CP -SCD model captures deformation and
Irradiation simultaneously

A Deformation simulated with a standard
crystal plasticity (CP) model with an
elasto-plastic decomposition

strain rate = elastic + plastic

A lrradiation simulated using the stochastic
cluster dynamics (SCD) method

UNIVERSITY OF

Q Yu, S Chatterjee, KJ Roche, G Po and J Marian, Modelling and  TENNESSEE T
Simulation in Materials Science and Engineering 29 (5), 055021 CERRIRLLE
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A coupled CP -SCD model captures deformation and
Irradiation simultaneously

A Deformation simulated with a standard
crystal plasticity (CP) model with an
elasto-plastic decomposition

strain rate = elastic + plastic

gE=¢"4¢&v

o=C:¢e" éP:27as“®n“

[0}

’Va @' < Supplied by CP

o Uh(X*—w) _ AH, - ATe\P?
v b P -

A lrradiation simulated using the stochastic
cluster dynamics (SCD) method

. . R . AT = Thes — ATy ATR = b Zfagp?
A Coupling between both methods is bi-directional: \ 7
Y SCD provides defect densities and sizes to CP to quantify the amount Thes = 0 : (8% @ n®)
of irradiation hardening
Y CP calculates the evolution of the dislocation density, which results in r Nimp, Supplied
updated sink strengths for defect absorption to SCD diee Z i 0 by SCD

THE UNIVERSITY OF

Q Yu, S Chatterjee, KJ Roche, G Po and J Marian, Modelling and  TENNESSEE T
Simulation in Materials Science and Engineering 29 (5), 055021 CERRIRLLE

5th Fusion HPC Workshop




The CP model calculates yield stress dependences for

unirradiated W

AValidate the crystal
plasticity model alone

AExplored the effect of 3
variables:
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The CP model calculates yield stress dependences for
unirradiated W

AValidate the crystal fom— ()
plasticity model alone ¢ vn—
AExplored the effect of 3
variables: |
I.  Strain rate Lo :
Il.  crystal orientation
(geometric effects)
1. temperature | (|||) ‘ ‘ ‘ {g:j}z
A The strength quickly &=
decays with
temperature’ as 90 400 500 00 700 800 900
expeCted e (g) 1072 571,300 K (h) 1072571, 600 K o (i) 1072 571,900 K
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SCD simulates the irradiation -deformation
sequence under experimental conditions

A Validate the stochastic cluster dynamics
model by simulating irradiation under
experimental conditions
Y based on single-crystal self-ion irradiations in

high-purity W

SCD-relevant parameters:

Ton energy 18.0 [MeV]

Eion
Dose rate ¢ 4.3 x107° [dpa-s™!]
Dose (¢t) 0.2, 1.0, 5.0 [dpa]
Bulk volume Q 107 [m?]
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SCD simulates the irradiation -deformation
sequence under experimental conditions

A Validate the stochastic cluster dynamics A T

model by simulating irradiation under ST — ST —
experimental conditions ST o | T R
Y based on single-crystal self-ion irradiations in -~ §,| v
high-purity W omzaw 5 s
SCD-relevant parameters: 2. ... .. o2
Ton energy B 180 [Me\/] 0.0 05 1.0 1.5 2.0 2%})2‘0 35 40 45 50 55 00 05 1.0 1.5 2.0 2%])3.0 35 40 45 50 55
Dose rate [0) 4.3 x107° [dpa-s~1] (a) Concentration of vacancy clusters (b) Concentration of SIA clusters
Dose (¢t) 0.2, 1.0, 5.0 [dpa]
Bulk volume Q 107 [m?] $ ook — B0k —
71 373K 77 373K
Slonk — SliorsK —
A Irradiation results in increased 4l N
. . on on . 436
concentrations and size of vacancy and & RCEIRY
2 2
SIA clusters ot ;{ 1 ;;;’&- |
03 /S 00.5
Y especially at T<573 K for concentrations 9005101520 2330354045505 9005 10 15 20 253035404550 53
Y es peC|a"y a.t T> 573 K fOI’ the S|Ze (c) Average size of vacancy clusters (d) Average size of SIA clusters
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The coupled system calculates hardening
consistent with DBH behavior

AThe effect on defect separation and yield stress shows how the system hardens
with irradiation

Y Seeing at all temperatures and for different crystal orientations

0.40

035}
030}
~ 025}
E
£0.20}
E
= 0.15¢
0.10}
0.05}

0.00

300 K — 40 [001] —=—
373 K — 351 [213] —=—
573K ———
1073 K ———

0 ] 2
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Q Yu, G Po and J Marian, Journal of applied physics 132 (22)

THE UNIVERSITY OF

TENNESSEE T

KNOXVILLE




Case study 1ii: ECP/EXAALT

Improving performance and building a simulation capability
for the exascale era



ECP/EXAALT: a simulation capability for the
exascale era

AECP/EXAALT develops powerful atomistic simulation codes for exascale computers

AAddresses two main challenges:
Y Efficiency of legacy implementations of MD  in exascale architecture (GPUs) can be very low

Y With current codes exascale computing enables larger systems, not longer times
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ECP/EXAALT: a simulation capability for the
exascale era

AECP/EXAALT develops powerful atomistic simulation codes for exascale computers

A Addresses two main challenges:
Y Efficiency of legacy implementations of MD  in exascale architecture (GPUs) can be very low

Y With current codes exascale computing enables larger systems, not longer times

ATo target the latter, we developed a
parallel-in-time method (ParSplice)
that enable atomistic simulations at
unprecedented timescales
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Developed new high -performance implementation
of ML potentials

. . . . | T
A25x increase in simulation rate 180F fes a0 i
on modern GPUs 160 -4 MI250X (one die) .
a0k B8 MI100 i
> - —
@ 120_— .
T 100 .
g - —aA
S 80r -
m L
M 60__ —Ef
40F .
- 25x speedup
20_‘ .
J a19201 8 J an—|2020 J an—|2022
Sand SNAP Version
ndia
- Los Alamos National
Laboratories

Time: PerezCubuk Waterand Kaxiras Voter, JCTC 12, 18 (2016)
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