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m Describing matter with quantum mechanics
(Schrédinger’s equation)
m Users: theoretical chemists and physicists
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-r2:>< TREX: Targeting REal chemical accuracy at the EXascale

Objective: Make codes ready for exascale

How: Instead of re-writing codes, provide libraries
& m A library for exchanging information between
codes (TREXIO) = Enables HTC
m A library for high-performance (QMCkl) =
Enables HPC

4

QMC: Quantum Monte Carlo methods

Force er\)&? ] nghly accurate

Computalional Cog ke m Massively parallelisable (multiple QMC
trajectories)

A ccuwoxu/h,

m CPU intensive

v
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Before

B @ TurboRVB )

(BSD license)
https://github.com/trex-coe/trexio



https://github.com/trex-coe/trexio

TR

m Definition of an API for to read/write

wave functions

m C-compatible API: Easy bindings in
other languages

Content of the files

m File is self-contained: no external
knowledge needed to compute
V(ry,...,r) (normalization factors,
basis et parameters, etc)

m Strong conventions (atomic units,
ordering of cartesian orbitals, etc)

v

Back end

= HDF5: Efficient 1/0

m Text: debugging, fallback when HDF5
can't be installed

Source code generated from a config file.



-I-g:_x Quantum Monte Carlo (QMC)

Problem: Stochastic resolution of the Schrédinger equation for N electrons

Jdri...dry®(re, ... rn)HO(r, ..., ry)

E
fdrl drN ¢(I’1,... ,rN)d)(rl,.. .,I’N)
~ Z warlr,l’ )) sampled with (W x ®)

o ri,...,ry:  Electron coordinates
H: Hamiltonian operator Y

®:  Almost exact wave function
E: Energy

W:  Trial wave function



-I-g:_x Quantum Monte Carlo (QMC)

Input:
[Runa}, Ny Ny ooy
(7, .-, TN) v
[ Very' low memory QMC code
requirements (no integrals) Novoe
m Distribute walkers on different StochasticElilES
of electrons:
cores or compute nodes .
Ur(r, .- ) g
m No blocking communication: VE7(fi, . .., i) 5
near-ideal scaling VAUL(, ..., Tw) £
m Difficulty: parallelize within a

QMC trajectory Expectation values:

Eo(Rmml), AEU(R'“M)" 4 ......................
VE(Rnucl)s /)(F):
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Computational kernels

m QMCKkI will contain the main kernels of QMC methods

m Written together by QMC experts and HPC experts

m Multiple high performance implementations of the kernels, tuned for different
m architectures
m problem sizes
m requested accuracy (reduced precision)




-rz-)( QMC kernel library (QMCkl)

m Documentation : easy to read and understand, not necessarily efficient
m High performance : efficient, but not necessarily readable by physicists/chemists

m Both Documentation and High performance have the same API.

v

Advantages

m The code can stay easy to understand by the physicists/chemists
Performance-related aspects are delegated to the library

m Scientists can use their preferred language

m Scientists don't lose control on their codes

m Codes don't die when the architecture changes

m Scientific code development does not break the performance

m Better re-use of the optimization effort among the community

—
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m Same API as the documentation library

m Optimization is guided by analysis with MAQAO?.

m Propose performance-critical choices in the APl design (data structures, memory
management, etc)

m Both CPU and GPU versions of the kernels

m Task parallelism with StarPU? to schedule kernels on CPU and GPU and handle
asynchronous CPU-GPU transfers

https://maqao.org
2C. Augonnet et al, doi:10.1002/cpe.1631



-rz-_)( Efficiently guiding the developer

Unicore run on TURBO RVB

MAQAO support to the (S. Sorella:SISSA)

developer
io1 0
> Identify profitable optimizations _—
(partial/full vectorization, data access 2.2
restructuring, blocking/interchanging, = forisqfoxcomens e
load balancing etc....) Perfect OpenMP + MFL + Prhread 100
>Perform a Return on Investment =
(ROI) analysis to help the developer | fvectonsed o
select the most profitable Fully Vectorised =
optimization FP Arithmetic Only o




re —>< Extensive/automatic testing of different configurations
@ -

rl: 1 core r2:2cores r3:4 cores r4: 8 cores r5: 16 cores ré: 32 cores

Comparative analyS|S r7: 52 cores. Multicore runs on TURBO RVB (S. Sorella. SISSA)

Global Metrics (7}

Metric rn 2 3 " s 6 17

>Aut0maﬁca”y perform Total Time (s) 555.66 292.81 156.88 88.89 63.01 5646 52.85

43.0 41.7 387 34.3 29.3 226 166
379 367 340 298 261 206 153
49.7 47.9 450 400 334 25.3 18.6

comparative runs to

analyze impact of compiler,

dataset, algorithm and E;Z;;fg.f,?fblﬁzg”P'*”“’Z':g“’e"“‘

No Scalar Integer

parallel configuration

FP Vectorised

(number of cores, etc..)

134 131 127 121 a5 1
12 13 13 12 n 9 8
110 100 1.9 106 104 103
% 17 17 6 16 17 17
erfectly 100 101 105 106 1.07 114 110

1 H 3 4 5 4 3

Fully Vectorised

»Analysis can be performed

Only FP Arithmetic

daily or weekly




-r2:>< First application : 3-body Jastrow factor

Nnuel Nelee i—1 Nyorg p—1 p_k_26k,0

Jeen(rR) = > 3 i > > o () [(Ria) + (Ria)'] (Ri Ria) P72

a=1 =1 j=1 p=2 k=0 1=0

m Gradient and Laplacian are also
required

Up to 20x faster than in the original
code

~ 80% of the AVX-512 peak is reached

Expressed with a DGEMM kernel =
‘ ‘ ‘ ‘ ‘ also efficient on GPU

500 1000 1500 2000 2500
Number of electrons = 5x(number of nuclei)

Speedup




-r2:>< Numerical analysis with Verificarlo

Verificarlo is a tool for assessing the precision of floating point operations. It can be
used to :

m Find numerical bugs in codes !
m Stochastic arithmetic to simulate round-off and
cancellations
erIfICOHO m Localization techniques to pinpoint source of errors
m Optimize precision 2
m Simulate custom formats for mixed precision
https://github.com/ (float, bf16)

verificarlo/verificarlo

GPL v3 m Tune precision in math library calls

1C. Denis et al. doi:10.1109/ARITH.2016.31
2Y Chatelain et al. doi:10.1007/978-3-030-29400-7 34



https://github.com/verificarlo/verificarlo
https://github.com/verificarlo/verificarlo
https://dx.doi.org/10.1109/ARITH.2016.31
https://dx.doi.org/10.1007/978-3-030-29400-7_34

Tg :->< The Verificarlo pipeline

m Each Floating-Point (FP) operation may introduce a § error

z="fllx+y]=(x+y)(1+9)

m When chaining multiple operations, errors can accumulate and snowball
m Monte Carlo Arithmetic key principle

m Make § a random variable
m Use a Monte Carlo simulation to empirically estimate the FP error distribution

| | ! Precompiled Verificarlo i :_ _________________________ :
| Is Frontend | |, Backend backends libraries , | Post-processing Statistical tests 1
! ‘.') o « mpir (ibmca) b - expected value |
' %) Lo - quad o  standard deviation 1
1 « Vprec [ « number significant digits | |

| I
LLVM a | . |
1 ! [ |
||C/C++/Fortran| Replace FP | | | : :

- i Raw

i| Applicat —»| operation by — —p |
: pplication callbacks v Backend.so ¢ : Measurements :
i i . y 1
i 1 ! !
] 1
| P !




r2 —>< Continuous-Integration precision tracking
@ -

m Each push to QMCKI triggers a Verificarlo analysis.
m QMCKI kernels unit tests are augmented with probes:

m track a scalar value precision
m ensure that a target precision is reached

[Kernel name ] [Variable name ] [Target precision J

vfc_ probe("Sherman-Morisson", "residua
vfc_probe assert("Sherman-Morisson",

, res)

"res", res, le-7)

res




I.2 —>< Verificarlo ClI
@ -

RIS o Comporenns pecies EEm—— EE———— R whmcots compins spatins E— TR
Selectors Plots Selectors Plots
o
.- < R
. : |4
m Track precision of kernels over commits m Focus in depth on one particular run
m Shows significant digits s, standard m Compare multiple implementations of
o deviation o, variable distribution B the same kernel =
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TREX web site
TREXIO

QMCKkI

QMCkI documentation
MAQAO

Verificarlo

https://trex-coe.eu
https://github.com/trex-coe/trexio
https://github.com/trex-coe/qmckl
https://trex-coe.github.io/qmckl
http://www.maqao.org
https://github.com/verificarlo/verificarlo
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