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2RTCANZ—ZDEHANDIERL 7 O—DIHH MIT + Deepmind + ...
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(a) Normalizing flow between prior and output distributions

'@

(b) Inverse coupling layer

FIG. 1: In (a), a normalizing flow is shown transforming samples z from a prior distribution r(z) to samples ¢ distributed
according to ps(¢). The mapping f~!(z) is constructed by composing inverse coupling layers g; ' as defined in Eq. (10) in
terms of neural networks s; and ¢; and shown diagrammatically in (b). By optimizing the neural networks within each coupling
layer, ps(¢) can be made to approximate a distribution of interest, p(¢).
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Speed of Julia ~ Clang

1.0pen source scientific language (Just in time compiler/LLVM backend)
2.Fast as C/Fortran (faster sometimes), Practical as Python
3.Machine learning friendly

Benchmark | _ | Column,
Compiler |  (sec) Type [Paralleism| GPU | Pros.: | Cons- Note

single core row

Julia JT, | 0.0014| Dynamic | MPIL | . Przg’ﬁtzal ot maiop [COIUMN-

(1.8) LLVM ' & Static | others ML feiendly J major

Clang . MPI, Long .
C (LLVM) 0.0033| Static others | CUDA Fast codes | rOW-major
Python | (CPython) . . Numba- | Practical | Notfully |row-major | (Rosetta2
+Numba | JIT, LLVM 0.0131 | Dynamic | Available CUDA | ML feiendly | supported | (Numpy) b'eSnléSherga'pk)

C and Julia have similar speed

Benchmarks are performed on m1 mac mini (similar tendency on Xeon)
Benchmark: Multiplications for 12dim vector and 12x12 complex matrix for 1074 times (repeated 10 times)
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Code comparison (skip)

using Random #include <stdio.h>
m #include <complex.h>

main() #include <math.h>

10 #include <time.h>
1074 #include <stdlib.h>

12

#define 10
zeros(ComplexF64, (N,N)) #define K 10000
zeros(ComplexF64, N) f#tdefine N 12
zeros (ComplexF64, N)

~(cut)..

myprod(A,V,W) myp rod ( AIN] [N],
for k = 1:N *W) {

for 1 = 1:N for ( k 0; k < N; k++) {

= i < N; i++) {
end W[i] += VI[k] *x A[K][i];

end
end
~(cut)..

WIil += A[i, KI#VIK] for (ot &= 0

e Complex matrix (12x12) times complex vector (d=12)
e One set= 10”4 times, and repeated 10 times and averaged

e Code of Julia looks like Python (short, simple) but fast as C
Julia: 0.0014 (sec), C: 0.0033 (sec). Single core performance is similar

| thank Taku lzubuchi 32
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LLVM = common backend for making binaries on multiple architectures

Source Execution

Frontend
@)

x86

A = zeros(Float64, (N, JUIIa Compller i LLVM‘Opt|m|Zer&
B = zeros(Float64, (N, (Just N ‘tlme) LLVM—baCkend

C = zeros(Float64, (N,
Optimizing codes

LLVM-IR

Frontend

“Clang” Compiler
(Ahead of Time)

Optimizing codes

used in Fugaku


https://en.wikipedia.org/wiki/LLVM
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Parallelization with A64FX/Fugaku

M. Giordano, arXiv:2207.12762v1 [cs.DC] 26 Jul 2022

Tests of MPI + julia on Fugaku $iL{§

Send-Recv performance

. Throughput of MPI PingPong @ Fugaku Latency of MPI Allreduce @ Fugaku (384 nodes, 1536 ranks)

—— Julia (MPLjl)

—— Julia (MPLjl)
O —@— C (Riken-CCS)

C (Riken-CCS)

10 °

throughput [GiB/s]
time [sec]

10°°

1 1 1 1 1 1 1 1 1 1
4B 16 B 64B 256B 1KiB 4KiB 16KiB 64KiB 256 KiB 1MiB 4 MiB

1 1 1 1 1 1 1 1 1 1 1
1B 4B 16B 64B 256B 1KiB 4KiB 16KiB 64 KiB 256 KiB 1 MiB 4 MiB
message size

message size

julia has similar scaling of MPI with C
(no obvious overhead)
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(At
Open source LQCD code in Julia Language i e,
ﬁl_atticeucn_jl A=Y —X JuliaAd 7« >+ )Ly —, Now updated to vi1.0)
4 . )
& Z TENL ?: Laptop/desktop/Jupyter/Supercomputers
BEEE: : SU(Nc)-heatbath, (R)HMC, Self-learning HMC, SU(Nc) Stout
Dynamical Staggered, Dynamical Wilson, Dynamical Domain-wall
Measurements
4 o i )
Start LQCD 1. Download Julia binary |
; ; 2. Add the package through Julia package manager
IN 5 Min
\ 3. Execute! y

https://github.com/akio-tomiya/LatticeQCD.jl

SU(3), Quenched, L=4"4, Heatbath
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https://github.com/akio-tomiya/LatticeQCD.jl

11— K: QCD+ML®D & D I — K F#4

Wilson inversion / MPI parallel, Strong Scaling ;.. i oes
Tested on Yukawa-21@YITP

Absolute execution time Relative speed up
Wilson CG test L=16"3x32 Wilson CG test L=16"3x32
175 - I
LatticeDiracOperators.ijl 2 LatticeDiracOperators.jl
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2 g
o 125 &
‘S Ta
@ 100 - =
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— 75 4 ]
® Z
% 50 "
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# procs 1 2 4 . 6. 3 ¢ # procs 1 2 4 wE 16 32 64
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We thank to H. Ohno & Issaku Kanamori
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Julia S8 TOFlowD A d— FERIBEFEZE, GPUNID)Z{ED XU T

GomalizingFlow.jl: A Julia package for Flow-based
sampling algorithm for lattice field theory

Akio Tomiya

Faculty of Technology and Science, International Professional University of Technology,
3-3-1, Umeda, Kita-ku, Osaka, 530-0001, Osaka, Japan

Satoshi Terasaki

AtelierArith, 980-0004, Miyagi, Japan https://arxiv.org/abs/2208.08903

Za—7ZI)bxRYy N TOEHZE (Normalising flow)

¢ = FNV[g]
qﬂ ."l Bijective (1to1) map represented in NN ¢
RN —V(p,) 1—1
e JJ
e_V(‘”i) -1 -1 ‘ -1 -1 ’
81 8i 8i+1 8n
— = =
PN N ORIl 3% DIEERD 7278 [CHE D BriiL

Neurips Workshop (https://ml4physicalsciences.github.io/2022/) TEEMRFR b FHEK

https://github.com/AtelierArith/GomalizingFlow.jl
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ApplicatiOns Akio Tomiya

Configuration generation with machine learning is developing

Configuration generation for 2d scalar

Restricted Boltzmann machine + HMC: 2d scalar A. Tanaka, AT 2017
The first challenge, machine learning + configuration generation. Wrong at critical pt. Not exact.

GAN (Generative adversarial network ): 2d scalar J. Pawlowski+ 2018
Results look OK. No proof of exactness G. Endrodi+ 2018

. .| Exact algorithm, gauge Symmetry - -« .o oo viiii it i ittt ittt ittt sttt aeannn

Flow based model: 2d scalar, pure U(1), pure SU(N) IIiIT %% Google Brain 2019, 2020, 2021

Mimicking a trvializing map using a neural net which is reversible and has tractable Jacobian.
Exact algorithm, no dynamical fermions. SU(N) is treated with diagonalization.

L2HMC for 2d U(1) (Sam Foreman+ 2021)

. .lDynamical fermionS, 4 Dimension .....................................................................
Self-learning Monte Carlo (SLMCQ) for lattice QCD arxiv 2010.11900 Y. Nagai, AT, A. Tanaka

Non-abelian gauge theory with dynamical fermion in 4d
Using gauge invariant action with linear regression
Exact. Costly (Diagonalize Dirac operator)

Self-learning Hybrid Monte Carlo for lattice QCD (SLHMC, This talk)
Non-abelian gauge theory with dynamical fermion in 4d arxiv 2103.11965 Y. Nag, AT
Using covariant neural network to parametrize the gauge invariant action = & N
Exact "

Gauge covariant neural network and full QCD simulation



BenChmark Akio Tomiya

Why Julia? (My personal opinion)

[1] https://akio-tomiya.github.io/julia_in_physics/
[2] https://gr.ae/prgSG5

Modern scientific programming language
Easy to make codes. Fast as C/C++ (Julia& C use LLVM)
Fewer compiling/dependency issues.

Many people are potentially interested in. (More than 400 people registered to
“Julia in physics 2022 online workshop” [1]). 4,923 public repo on Github

No two Language problem. “The fact that while the users are programming in
a high-level language such as R and Python, the performance-critical parts
have to be rewritten in C/C++ for performance”. [2]

e Neural network friendly (Flux.jl). Tensor networks also (iTensor.jl).
Works on/with

e Xeon, Radeon/Apple silicon/A64FX

e MPI, GPU v LB



https://qr.ae/prgSG5

Package structure

Our lattice QCD codes are constructed by following repositories

Dependency (Automatically solved) Wrapper for LatticeDiracOperators.jl &
Gaugefields.jl, QCDMeasurements. |l
- - - Wizard for parameter files
4—
++LatticeQCD.ji ~ HMG/RHMG for SUNG
: - Stout + Wilson/Staggered/DW
QCDMeasurements.jl - Heatbath for SU(Nc)
- Measurements
- - - - Jupyter, Colab/PC/Supercomputers
LatticeDiracOperators.jl et
Gaugefields.jl Measurements in LQCD

(Correlator, Flow, Qtop, etc)

| Wilsonloop.jl CLIME jil _ _
Fermions (+HMC), Wilson, KS, DW, MPI

T PC/Supercomputers
ILDG 1/O Gauge fields (+HMC/Heatbath), MPI
PC/Supercomputers

Symbolic operations of Wilson/Polyakov loops

See https://github.com/akio-tomiya/LatticeQCD.jl in detail



https://github.com/akio-tomiya/LatticeQCD.jl

