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Pele project Overview Pele Applications
Pele code initially limited to simple Introducing EB allowed more complex & relevant cases:

The Pele project provides a simulation capability for first-principles The Pele Combustion Suite (s gt comaniex-Combuston configurations (periodic boxes, jets,
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Pele Suite of codes is the leading ExaScale-ready standard for the
combustion community:

ity:

- Fusls:  ndodacan andmethane, 35+ species A A + Used by National Labs. to tackle upcoming reactive flow challenges

- Strategy: 4 symmetricjets, gas phase njecton = I Timeline Under ECP T — + Used by out academic partners in the US (UCI, UTAustin, USD) and
Resolutio: 1 eals (hue 050 arm o < PeleC el 2022 abroad (Montreal (Canada), UNSW (Australia), SINTEF (Norway)

+Sim. Time: 1 mse (based on jet ransi ignition delay)

Github repositories gather the growing community of Pele users
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Pele Capabilities Added in 2022 PeleLM(eX) I
CEPTR Code Generation in PelePhysics: Quasi-steady Model Reduction .—.—‘—‘—‘—.—.—.—‘

Pele Performance as of 2022

From Q3 2018 onwards, focus on GPUs, initially Nvidia (2019) then AMD/Intel (2021):
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Reduced QSSA performance on Crusher
Flame sheet test, 6.5M cells on 8 GCD
5K53 - 53 species skeletal mechanism

Red35 - 35 species reduced mechanism

AMReX GPU threading strategy
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Initial MPI + X port of Pele codes
P « Extensive re-write of both codes, replacing Fortran kernels by C++ lambdas, removing

Upon creation of PeleC and PeleLM (from LMC) in 2017, I effort managed memory usage
a

concentrated on multicore CPUs (e.g. Intel Xeon Phi) using MPI+OMP: « Coupling the Pele codes with Sundials
e s -_ Both codes show 2x speed-on CPU introducing C++ lambda kernels
+ CPU to GPU speed-up on a node basis ranging from 5x to 20x depending on the case/platform

Both codes show good weak scaling capabilities on Nvidia/AMD platforms:
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Reduced-Order Manifold Turbulent Combustion Models in PeleLMeX

Predictive Automated Combustion Chemistry and Model Reduction

Code base consists of C++ top-level functions with Fortran compute-
intensive kernels

Chemistry integrated point-wise with DVODE (PeleLM) or in-house RK s cone x

scheme (PeleC) e ek sl 00035 1 PeleC weok scaling PMF-DRM9 on
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Pele codes show good scaling on Cori (NERSC) CPU-based system

. Limited strong scaling ability for PeleLM(eX) due to communication-intensive linear solves
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Pele’s Radiation Module
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Performance bottleneck identified and currently under investigation

Sominons PeleLMeX on CPU and GPU: Chemistry solver dominates execution + o
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7.5x speed-up on a node basis from CPU to GPU g AMREX rofler whie weak scling

Improving linear solve using LU(0)-
based prec. for AMG

GitHub: https://github.com/AMReX-Combustion
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