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50 years: Wilson LQCD(1970) to Exascale (2023)
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All numerical predictions from Quantum |
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Status approaching Exascale

_LQCD now provides ab initio test the Standard Mode

~ high precision aue in “equal parts”
© advances in hardware/software
~ advance in algorithms and theory

_ The Exascale Computing Project (ECP) gives crucial support to

_Acceleration for statistical independent gauge configuration
_Combinatoric for multi-quark graphs.
_Solvers for 3 Dirac discretization:

~ Wilson, Staggered and Domain Wall (extra 65th dimension)
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Virtuous Cycle:
Hardware Advance <==> Algorithms Advances

Increased Resolution causes “critical slowing down”

BUT also expose new scale for algorithms to exploit |
Heavy quark effective theory

Quark Mass probes
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One Example of Precision QCD: CKM Matrix
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One Example: Multigrid Solvers

Gauge Covariant Adaptive Multigrid

MG solvers required long term commitment:

Sustained Effort for 30 years continues

~Wilson MG began in 1990
_ First successful adaptive approach 20170
_Wilsonintegration in HMIC evolution 2015-2020
. Staggered first success in 2018

—Domain Wall very active research  2019- 2020
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BSM Gauge Theories for Higgs or Dark Matter

o Exploit and Extend lattice QCD Algorithms

Asymptotic freedom lost

o Framework to Change Gauge and Fermion Reps

o Better Algorithms near Conformity with divergent

scales
QCD 't Hooft limit
® >
0
Z 3 00
Fodor, Holland, Kuti, Wong (LatHC collab), arXiv:1901.06324)
B=3.20 B=3.25 T. Appelquist et al (LSD collab), arXiv:1807.0841"
L B L ?\I vy 4 | L B |
14 = Decreasing ,\11 211 . 1:0 Decreasing M_ -4 T T T T T T
> A p . fu - .
12 4 . i | « i‘—-'_%-— | —-12 20 4 * -
11] 4
= 25 ] —10 & f -
s - 1 5 - -
: * ‘i a,
= °F 120t P s I p
—~— P Y < - — '_‘~ »
= feiyilo o rev v v T2 = P07 v - N
6 ¥ 15 -6 i ‘ e °® $ o
4'00000. —1-.00°.°.° -4 0.5} * ! ~
NN |
bag b {i } P it
2 + =1 0.5 E -12 0.0 ] 1 1 1 ] ]
0 0.005 0.010 0.015 0.020 0.025 0.030
P S IS YN U IO NI N U R R SR . Rf.

_ 0 v 8tom f
005 004 003 002 00] 0 0 001 002 003 004 005 '

1’ M/ TeV 12
M, e M,



Curved Riemann (Simplicial) Lattices: CFT on the Boundary of Anti-deSitter Space.
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Radlial Quantization: Conformal map to cylinder
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Auto-tuning & Machine Learning

> Complexity of algorithms and target architecture
outstripping “by hand parameter optimization” .

~ Auto tuning of control parameters is one software solution.

- Algorithms are introducing 100s parameter to map algorithms to highly complex memory hierarchies.
o CUDA library for NVIDIA GPUs autotunes each GPU

© Autotuning across the full software stack is important.

- Accelerating the Monte Carlo evolution is central challenge.

o Under ECP very substantial progress is being achieve to reduce
Critical slowing down in lattice evolution.

> Very important to continue post ECP to explore large landscape of
methods: Fourier acceleration, Riemann Manifolds etc.

~ Machine Learning is being pursed but the cost step to enforce an unbiased
estimator is still a major challenge.



Recommendations beyond ECP

o Key recommendations from ECP/ Transition ASCAC report

- Recommenadation A.3. “Collaborative application support” “Iransition ECP application into SciDAC-like ...
joint funding from ASCR and application home organizations”. Past SciDAC program was critical to create

components of current LQCD codes.

o Recommendation C.2. “Retain the current workforce”

o Recommendation C.3. “Strengthen ties to universities and the ecosystem” Here “ecosystem” refers to
software technology experts and vendor system engineers. Universities are the pipeline for providing the
young talent needed to sustain the software effort.

- Recommendation C.4. “Create career paths for scientific software professionals” For Lattice QCD, lab
professionals at ANL, BNL, Fermilab, and JLab have been the backbone for expertise and continuity in

L QCD software development.

o See recommendations “ECP/Transitions” ASCAC subcommittee chaired by Prof. Roscoe Giles of

Boston University provide a crucial template to sustain lattice field theory beyond 2023.
https.//science.osti.gov/-/media/ascr/ascac/pdi/meetings/202001/EXASCALE Transition Presentation.pdf?
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