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Landscape of computing: The Tower of Babel

» Scientific software: g NVIDIA.
o Performance languages: C, C++, Fortran [ CUDA. SYCL
o High-level productivity languages: Python, Matlab, R oneAPl

 Plethora of programming models for heterogeneous OpenACC OpenMP

: .. : AMDQ1
computing . Standard, vendor-specific, third party

Ckokkos Rocm

« Major shift: vendor compiler convergence around LLVM
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« Slowdown in Moore's Law cadence puts more focus on
massively parallel, vectorized computing: ARM,
NVIDIA/AMD GPU, Intel's Xeon, KNL, Sapphire Rapids,
AVX-512
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« AI/ML + traditional HPC requires powerful reproducible
programming abstractions for computation,
communication and data
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« Choosing a programming model is not always a technical

decision (c) Simon Mclntosh-Smith 2020
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https://www.nextplatform.com/2020/04/28/programming-in-the-parallel-universe/

LLVM: a game changer https://lvm.org/

http://www.aosabook.org/en/llvm.html

LLVM Compiler Infrastructure
Lattner et al. |
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C. Lattner and V. Adve, "LLVM: a compilation
framework for lifelong program analysis &
transformation," International Symposium on
Code Generation and Optimization, 2004. CGO
2004., 2004, pp. 75-86,
https://doi.org/10.1109/CG0.2004.1281665 .
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LLVM Typed Static Single Assignment (SSA) Intermediate Representation (IR) aka LLVM-
IR: https://patshaughnessy.net/2022/2/19/llvm-ir-the-esperanto-of-computer-languages
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https://llvm.org/
https://doi.org/10.1109/CGO.2004.1281665
http://www.aosabook.org/en/llvm.html
https://patshaughnessy.net/2022/2/19/llvm-ir-the-esperanto-of-computer-languages

LLVM: Vendor and programming model adopftion

Developerv = Toolsv = oneAPlv = Componentsv  Intel” oneAPI DPC++/C++ Compiler Intel* Compilers Adopt LLVM

Intel

Intel C/C++ compilers complete adoption of LLVM

SYCL https://www.ornl.gov/project

/proteas-tune

The next generation Intel C/C++ compilers are even better because they use the LLVM open source infrastructure,

ARM Compiler Builds on Open Source LLVM Directives For Accelerators

Technol
ARM s Y arm https://csmd.ornl.gov/project/clacc

Velocity of open source Clang and LLVM combined with the stability of commercial products improve

https://openmp.llvm.orq

oneAPI

NVIDIA CUDA 4.1 Compiler Now Built on
NVIDIA H
= becwmmwn LLVM Commits
CUDA LLVM Compiler

NVIDIA.

NVIDIA's CUDA Compiler [NVCC] is based on the widely used | L VM open source compiler infrastructure. Developers can create or extend 35000
programming languages with support for GPU acceleration using the NVIDIA Compiler SDK. 30000

25000 |-
20000 |-
15000 |
10000 |
5000 |

Fast and powerful

From its earliest conception, Swift was built to be fast. Using the incredibly high-performance
LLVM compiler technology, Swift code is transformed into optimized machine code that gets

Apple

Commits

AMD Updates ROCm™ For Heterogenous Software Support

AMD Community support continues to grow for AMD Radeon Open eCosystem (ROCm™), AMD's open source foundation for heterogenous compute. AMD:' 8 E‘ g g g g g E g g 3 :‘ ﬁ 2 : ﬂ 3 : a 2 a m m
Major development milestones in the latest update include: [sisiys s sl s s s sselslsishsols el el e i)
— NN AN AN NN DN AN NN NN N NN
= The HIP-Clang compiler is now up-streamed and reviewed by the LLVM™ community, providing a better open source experience for the | I I
developer,
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https://www.intel.com/content/www/us/en/developer/articles/technical/adoption-of-llvm-complete-icx.html
https://www.arm.com/company/news/2014/04/arm-compiler-builds-on-open-source-llvm-technology
https://blog.llvm.org/2011/12/nvidia-cuda-41-compiler-now-built-on.html
https://developer.apple.com/swift/
https://www.amd.com/en/press-releases/2020-06-22-amd-epyc-processor-adoption-expands-new-supercomputing-and-high
https://csmd.ornl.gov/project/clacc
https://openmp.llvm.org/
https://www.phoronix.com/scan.php?page=news_item&px=LLVM-Record-Growth-2021
https://www.ornl.gov/project/proteas-tune
https://www.ornl.gov/project/proteas-tune

Rethink how we do Computing

« Scientific programming is HARD (specially on our Leadership “Can a machine translate a
Computing Facilities, LCFs) sufficiently rich mathematical

« Software is our “specialized science equipment” for science language into a sufficiently

« There is still a lot of plumbing to be done economical program at a

Programming productivity is always a challenge sufficiently low cost to make the

- Barrier to entry from idea to portable performance whole affair feasible?"----------------

e AI/ML+HPC is a multidisciplinary co-design challenge 77777 Backus on Fortran (1980)

 How to leverage ECP legacy?

— |- - T I I I T I T

Analyze
Workioads
Comprehensively

Rapid,

i ) : - TN TN T I T T [T T
2021 delivery planned with - 8z
@ >1000 PF performance (50-100x Continuous - [ sam3020 | 3559 | 603100 | 31,00 | asonm | 1o |
the scientific productivity of . BRI 20 | sosson | 350035, 09 | 36036, 100)
Desig ew 4 * current Titan system) COdeSlgn and N
Sl B =a Int ; B et [ e | o | woowsn [t on | s | oo | v
bids for ntegration
computs
buid e T e T S [T e
: T - e I e Y T T T
Summit available: 200 PF production system
v = T —nfrity Fabric GPUGPU (2000200 6B/s) e PO Gend ESM (50450 GBJ5]
Tian avaiable: 27 PF procuclon system Lo ) q U ——————e i ——————
SIS AU — | ity Fatric cru-cRU 36435 G8) Shemet  2502568)

”v-t-‘-yrsuw"

Key question: “What novel approaches to software design and implementation can be developed to provide

performance portability for applications across radically diverse computing architectures?” from Reimagining
Codesign for Advanced Scientific Computing: Unlocking Transformational Opportunities for Future Computing Systems for Science. DOE

Report https://doi.org/10.2172/1822198
%OAK RIDGE
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https://doi.org/10.2172/1822198

Julia's value proposition for HPC

« Designed for “scientific computing” (Fortran-like) and “data science” julia | Fast %
(Python-like) with performant kernel code via LLVM compilation
« Lightweight interoperability with existing Fortran and C libraries

- >
< >

« Julia is a unifying workflow language with a coordinated ecosystem Easy Hard
“Julia does not replace Python, but the costly workflow process e

around Fortran+Python+X, C+X, Python+X or Fortran+X (e.Q. R siow
GPUs)" https://juliadatascience.io/

where X ={ conda, pip, pybind11, cython, Python, C, Fortran, C++, |
OpenMP, OpenACC, CUDA, HIP, CMake, numpy, scipy, matplotlib, ; A
! Rich data science

Jupyter, ...}
/m\ LLVM juli-a ecosystem

Prototype Production code ade ren GPU "t . s ]
Julia code Julia code Julia &) Data
MATLAB, Python, ... C, C++, Fortran, ... . JA AT EAEY
( y ) Iﬁ ( ) l Main compiler ¢~ CUDAnat ive.jl P kg .J | L..,.._....‘i?jE.E..M i JUIIa K 2
+ Simple & high-level \ + Complex & low-level Front-end e o
0 O I GPU —
+ Interactive + Mot interactive Highlevel front-end ® o | o ol
AST optims ’
+ Low development cost + High development cost I sasss d -
Middle-end N ‘ﬂux
+ Slow o Fast l mid(::’:end Zo:oo :aono N < —
13 Continue development ? / LLUM IR #. Low-level
optims
w‘v Cyde l““-—-_.___p._-—-—-—*—"‘__“\ ] ® @
cPU GPU
back-end back-end
https://pde-on-gpu.vaw.ethz.ch/lecture?
| ) . | T

%OAK RIDGE https://developer.nvidia.com/blog/gpu- julia-programming-language-for-free/
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https://juliadatascience.io/
https://pde-on-gpu.vaw.ethz.ch/lecture7
https://quantumzeitgeist.com/learning-the-julia-programming-language-for-free/
https://quantumzeitgeist.com/learning-the-julia-programming-language-for-free/
https://developer.nvidia.com/blog/gpu-computing-julia-programming-language/
https://developer.nvidia.com/blog/gpu-computing-julia-programming-language/

Python is not enough...and is a fragmented world

Make Python faster

Python C APL HPy :
Boost::Python 3 R S S ST S S S S S——
pybindl1l R S
nanobind 3
SWIG
SIP
Py++
pybindgen
Shiboken(2) :
AutoWIG :
PyCLIF
cppyy
ctypes -
cffi
Pylnline P
pyrex
SciPy weave
Cython
Nuitka :
shedskin :
Pythran e
Pythonic++
Unladen Swalow Pyston i —
Seg/Codon
PSyCO : pylibjit
HOPE
Numba P
JAX .
Taichi

NVIDIA/warp
T Y S S A A A A Y N N

1990 1995 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

https://raw.qgithubusercontent.com/jpivarski-talks/2023-05-01 -hsf-

direct Python APl in C

C++ conveniences on top
of the Python C API

creates C++ bindings
from a configuation file

dynamic, runtime bindings
dynamic bindings to shared
library files ("extern C")

mixes C/C++ and Python
(with anno
new lan

converts Python into C/C++
for compilation as a new
extension module

compilation or hotspot JIT

- as a new Python shell

specialized, numerical,
opt-in JIT-compilation

2024

india-tutorial/main/imag/history-of-bindings-2.svqg
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https://pyreadiness.orqg/3.12/

Python 3.12 Readiness

Python 3.12 support graph for the 360 most popular Python packages!

What is this about?

Python 3.12 is a currently supported version of Python. This site shows Python 3.12 support for the 360 most downloaded packages on PyP!:

1.209 green packages (58.1%) support Python 3.12;
2.151 packages (41.9%) don't explicitly support Python 3.12 yet.

1ol '
Package 'x' is white. What can | do?
There can be many reasons a package is not explicitly supporting Python 3.12:

+ If you are package maintainer, it's time to start supporting Python 3.12. If you are not able to give the time needed, please seek for help from the community.

+ If you are user of the package, send a friendly note to the package maintainer. Or fork it, and send a pull request o help move the project towards Python 3.12 support, by
adding the classifier and ensuring the project is tested against Python 3.12.

Mojo

new programming language



https://pyreadiness.org/3.12/
https://raw.githubusercontent.com/jpivarski-talks/2023-05-01-hsf-india-tutorial/main/img/history-of-bindings-2.svg
https://raw.githubusercontent.com/jpivarski-talks/2023-05-01-hsf-india-tutorial/main/img/history-of-bindings-2.svg

Julia Brief Walkthrough

Q History: started at MIT in the early 2010s (predates
Python Numba)
https://julialang.org/blog/2022/02/10years/

Q JulioHub (formely Julia Computing) and MIT are
major contributors:

Julia in a Nutshell

Fast Dynamic Reproducible
. M M IKTW H H Julia was designed from the beginning for high ~ Julia is dynamically typed, feels like a scripti er make it possible to
D S ° | U I O C O D U I n q ° C O I I l C O S( e_s U I < ’ S performance. Julia programs compile to efficient language, and has good support for interactive recreate the same Julia environment every time,
T 7 T g native code for multiple platforms via LLVM. use. across platforms, with pre-built binaries.
General Open source
M M Julia provides asynchronous 1/0, Juli sour
IrST STaple reledase v IN \'% as o - contbutors. s mad
° ’ ¢ manager, and more. One canbuild ~ license. The source code

https://julialang.org/

Number of registered packages

Q Open-source GitHub-hosted packages and =
ecosystem with MIT permissive license: -
hitps://github.com/Julialang/julia

Q Community: annual JuliaCon summer conference: m»
https://juliacon.org/2024/ .

2018 2019 2020 2021 2022

95% of Julia packages in the registry had some form of Cl
¥ OAK RIDGE (youtube.com/watch?v=9YWwiFbaRx8) 10
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https://julialang.org/blog/2022/02/10years/
https://juliacomputing.com/case-studies
https://julialang.org/
https://github.com/JuliaLang/julia
https://juliacon.org/2024/
http://youtube.com/watch?v=9YWwiFbaRx8

Julia Brief Walkthrough

[ ] ® Project.toml — jexio
@ EXPLORER <+ 1) Project.tom! X Lo (
v JEXIO BEBEUO&® & Projectom
> examples You, a year ago | 1 author (You)
o oo o . > scripts 1
Q Reproducibility is in the core of - - 2 name = "Exio"
o > extractor 3 uuid = "@0525473d-17b7-4fd3-bebl-bfl17216ddbac"
The |C|ﬂgUC|ge. fge}peflr 4 version = "9.0.1"
. . . ss EXIO.) 5
- Interactive: Jupyter, Pluio.|l 6 Ldeps]
> data
1 1 ) 7  Glob = "¢27321d9-0574-5035-807b-f59d2c89b15c"
- oo Jl
POCkOglng M—l et 8 DataFrames = "a93c6f0@0-e57d-5684-b7b6-d8193f3e46c0"

< test_AmrexCastro.jl

- En Viro nment Pro | ect.toml buildpath 9  GLM = "38e38edf-8417-5370-95a0-9cbb8c7f171a"

. . © gitattributes 10 Plots = "9la5bcdd-55d7-5caf-9e@b-520d859cae80"
- Teshng TesT” & gitignore 11 CSV = "336ed68f-0bac-5ca@-87d4—7b16caf5d00b"
project 12 DataStructures = "864edb3b-99cc-5e75-8d2d-829cb@a9cfe8"
jexio_deps.so 13
. . . W=zt 14 [compat]
Q Just-in-time or Ahead-of-time @ st szcsy 15 julia = M1
Project.toml . " "
. . . - 16 JuliaFormatter = "0.6.2

compilafion with © reroe 0

run.log

18  [extras]
19 Test = "eaabfafa-8011-46e2-b288-c2fle2aB8ee56"
20 JuliaFormatter = "98e50ef6-434e-11e9-1051-2b60c6c9e899"

PackageCompiler.|l

> OUTLINE
> TIMELINE
> NVIDIA GPUS

~m Fa a1

0 Powerful metaprogramming for S .
code instrumentation: @profile, e
@time, @testset, @test,
@code |llvm, @code_native, Y
@ | N b OU N dS , .lu'la Calling C and Fortran Code

Though most cade can be written in Julia, there are many high-quality, mature libraries for numerical computing

using Test, Base.Filesystem

Manual / Calling Cand Fortran Code © Edit on GitHub € ) .
import Exio

@testset "test_AmrexCastro" begin
include("test_AmrexCastro.jl")
end;

already written in C and Fortran. To allow easy use of this existing code, Julia makes It simple and efficient to call C
Calling C and Fortran Code: and Fortran functions. Julia has a 'no bailerplate philasophy: functions can be called directly from Julia without any
“glue" code, code generation, or compilation - even from the interactive prompt. This is accomplished just by
making an appropriate call with ccall syntax, which looks like an ordinary function call 9

0N R WNR

© Creating C-Compatible Juliz Function
inters

rd

O Inferoperability is key: @ccall, . . L
10 @testset "test_Exio.input_parser_docstring" begin
@CXX, PVCO”, CXXWrOD.Il 1 | @test println(@doc Exio._input_parser) === nothing

12 end;

% OAK RIDGE https://github.com/ornl-training/julia-basics

National Laboratory



https://github.com/fonsp/Pluto.jl
https://github.com/JuliaLang/Pkg.jl
https://pkgdocs.julialang.org/v1/toml-files/
https://docs.julialang.org/en/v1/stdlib/Test/
https://github.com/JuliaLang/PackageCompiler.jl
https://github.com/JuliaPy/PyCall.jl
https://github.com/JuliaInterop/CxxWrap.jl
https://github.com/ornl-training/julia-basics
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Gray-Scott miniapp: https://aithub.com/JuliaORNL/GrayScott.|

Simple 3D 2-variable
diffusion-reaction solver

%OAK RIDGE

— CPU Threads,
CUDA.|l and
AMDGPU.jI
backends using
multiple dispatch

— Parallel I/O ADIOS2,
can be visualized
with ParaView

- MPlLjlfor
communication

- Configuration and
ob scripts for
rontier, Crusher and
Summit under
Jscripts/

— Data analysis on
JupyterHu

2)ENERGY

PN TTER

g N —

. cRAY

AMDZ1

National Laboratory

Julia
HPC Cluster: C, C++, Fortran
Init MPI1 and I/O
1
Parse and Broadcast
JSON Config File
Back-ends
MPI
. SR GPU GPU
Domain
L Threads AMD CUDA
Decomposition
Simulation
Loop Computation
/O Produce?
File
Yes System
R~ ADIOS2
|F|nallze I/O and MPI| B 1
BP Files

Streaming

data analysis Notebooks|

oU
ot

JupyterHub
Python
— =DyVU-UV*+F(1-U) +nr
aVv

~ =Dy V3V + UV +—-(F+k)V

Research question: Can | write
an entire HPC workflow in Julia?¢

(1a)
(1b)

Best paper at SC23 WORKS

RESEARCH-ARTICLE

¥ in®o f
Julia as a unifying end-to-end workflow language on the Frontier
exascale system

Authors: William F. Godo! Pedro Valero-Lara, Caira Anderson,

Jeffrey S. Vetter Authors Info & Claims

SC-W '23: Proceedings of the 5C '23 Workshops of The International Conference on High Performance Computing, Network,
Storage, and Analysis « November 2023 « Pages 1989-1999 « https://doi.org/10.1145/3624062.3624278

https://doi.org/10.1145/3624062.3624278

https://www.nextplatform.com/2023/09/26/julia-still-not-grown-up-enough-to-ride-exascale-train/



https://github.com/JuliaORNL/GrayScott.jl
https://doi.org/10.1145/3624062.3624278
https://www.nextplatform.com/2023/09/26/julia-still-not-grown-up-enough-to-ride-exascale-train/

Frontier on-node scalability using AMDGPU.|

7-point stencil

-
-
-
-

fetch_sizeeffective = [L3 -8-12(L - 2)] - sizeof (T)
(4a)

write_sizeef fective = (L — 2)3 - sizeof (T)
(4b)

etch_size + write_size) .
bandwidtheffemve — (f ef fective

kernel time
(5a)
(FETCH_SIZE + WRITE_SIZE) ocprof

kernel_time

bandwidthora =
(5b)

X
~ CPUHSAAPI3

Thread 97358

%OAK R

National La .
transfer to CPU for communication.

Table 2: Average bandwidth comparison of different
stencil implementations on a single GPU.

Kernel Bandwidth (GB/s)
Effective | Total

Julia GrayScott.jl

- 2-variable (application) 312 570

- 1-variable no random 312 625

HIP single variable 599 1,163

Theoretical peak MI250x 1,600

Table 3: rocprof outputs for HIP 1-variable and Julia
Gray-Scott.jl implementations

kernel HIP GrayScott.jl
metric 1-var | 1-variable 2-variable
no random | (application)
wgr 256 512 512
Ids 0 29,184 29,184
scr 0 8,192 8,192
FETCH_SIZE (GB) | 25.08 25.40 50.80
WRITE_SIZE (GB) | 8.35 8.38 16.78
TCC_HIT (M) 9.14 10.80 24.60
TCC_MISS (M) 8.36 8.69 17.19
Avg Duration (ms) | 28.74 54.03 111.07
1 I II : II:.‘ ll,l
[ ] [ e ]

Figure 5: Gray-Scott simulation trace obtained with rocprof showing computational load on GPU and memory

Listing 2: Julia AMDGPU.jl Gray-Scott kernel

using AMDGPU
using Distributions

function _laplacian{i, j, k, wvar)
1 = var[i - 1, j, k1 + var[i + 1, j, k]
+ var[i, 3 - 1, k] + wvar[i, j + 1, k]
+ varl[i, j, k - 1] + var[i, j, k + 1]
- 6.@ = var[i, j, k]
return 1 / 6.0
end

function _kernel_amdgpu!({u, v, u_temp, v_temp,
sizes, Du, Dv, F, K,
noise, dt)

k = (workgroupIdx().x - 1) * workgroupDim().x
+ workitemIdx().x
j = (workgroupIdx().y - 1) * workgroupDim().y
+ workitemIdx().y
i = (workgroupIdx().z - 1) * workgroupDim().z
+ workitemIdx().z
if k == 1 || k >»>= sizes[3] ||
j == 11| j »= sizes[2] ||
i == 1 || i >= sizes[1]
return
end

@inbounds begin
u_ijk uli, j, kI
v_ijk vli, 3, kI

du = Du = _laplacian(i, j, k, u)
- u_ijk * v_ijk”*2 + F % (1.8 - u_ijk)
+ noise * rand(Uniform(-1, 1))

dv = Dv = _laplacian(i, j, k, wv)
+ u_ijk * v_ijk”2 - (F + K) * wv_ijk

u_templi, j, kI
v_templi, j, kI
end

u_ijk + du =* dt
v_ijk + dv * dt

return nothing
end




Frontier on-node scalability using AMDGPU.|

7-point stencil

Table 2: Average bandwidth comparison of different
stencil implementations on a single GPU.

A w \‘1 vy a +
b3 Y e LY by b
i 2 [ W i
il EEES EEN BN NSNS B Kernel Bandwidth (CB/9
t S ... Vo . Effective | Total
““““ ‘"-\ ! f" ‘_..-"" . . — . . - . . .
R Julia GrayScott jl N Listing 4: GrayScott.jl application kernel unique mem-
N "-.H‘\‘ .r"‘a""-.‘ - A= i i i s
_ ~alilie 2-variable (application) 312 570 ory loads (14) and store (2) in LLVM-IR
LTI TP T T e P T ] - 1-variable no random 312 625
HIP single variable 599 | 1163 ey = Lood dooble. G sdoresaca i Thes, tion &
Theorf'lticalpeak MI250x 1,600 // %187 = load dnuble: double addrspace(1)* 5'61@6: align 8
f tch si [L3 3 12 (L 2)] . f(T) %118 = load double, double addrspace(1)* %109, align 8
elCn_slizeef fective = — 38— — - §1zZeo . . %114 = load double, double addrspace(1)* %113, align 8
(43) Table 3: rocprof outputs for HIP 1-variable and Julia %117 = load double, double addrspace(1)* %116, align 8
Gray-Scott.jl i_tnplementations %122 = load double, double addrspace(1)* %121, align 8
Wf'ite_Sizeeffecrive = (L_ 2)3 -sizeof(T) %126 = load double, double addrspace(1)* %125, align 8
4b . %312 = load double, double addrspace(1)* %311, align 8
( ) kernel HIP GraYSCDtt-Jl %315 = load double, double addrspace(1)* %314, align 8
metric 1-var 1-variable 2-variable %318 = load double, double addrspace(1)+* %317, align 8
. : %321 = load double, double addrspace(1)* %328, align 8
(fetch_size + write_size) . frecyive no random | (application) %325 = load double, double addrspace(1)* %324, align 8
bana’widtheffemve = kernel time wgr 256 512 512 %329 = load double, double addrspace(1)* %328, align 8
- Ids 0 29,184 29,184 ces
(53) ser 0 8.192 8.192 store double %345, double addrspace(1)* %353, align 8
’ ? store double %355, double addrspace(1)* %363, align 8
bandwidth (FETCH_SIZE + WRITE_SIZE), ocprof FETCH_SIZE (GB) | 25.08 25.40 50.80
total = :
kerne{_t;me WRITE_SIZE (GB) 8.35 8.38 16.78
(5b) TCC_HIT (M) 9.14 10.80 24.60
TCC_MISS (M) 8.36 8.69 17.19
Avg Duration (ms) | 28.74 54.03 111.07
Julia AMDGPU.jl reaches ~50% bandwidth (performance) of HIP
No surprises on: FETCH/WRITE SIZE, LLVM-IR
o “ ” .
rocprof reports more activity “Ilds” on Julia
% OAK RIDGE
National Laboratory




Frontier on-node scalability using AMDGPU.|jl for several GPUs

Bandwidth distribution for 4,096 GCD (GPUs) and 20 timesteps. HIP ~ 600 GB/s (800 GB/s claimed on
MI250x), Theoretical Peak on MI250x = 1,600 GB/s

Optimized

4 _ A

107 5 JIT

102 -

Occurrences

10! S

L)

306 308 310 312 314 328 330 340 342
Bandwidth (GB/s)
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GrayScoftt.jl Weak Scaling on Frontier

e Tested successfully 160
up to 512 nodes (5%
of Frontier) 1
GCD/MPI proc using
MPL |l

150

e Tried 4K nodes (50%

140

of Fronfier) resulted
in a libfalbric error

Wall clock time (seconds)

e 2-3% variability up to 130 .-
64 nodes =R p——

e 12-15% variability at L=
2 oo = -
512 nodes 8 [1] 64 [8] 512 [64] 4096 [512]

Number of MPI processes/GCDs [Frontier nodes]

%QAK RIDGE
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GrayScott.jl Parallel /O Weak Scaling on Frontier file system

e We tested parallel I/O 150 450
using Julia via the 400
ADIOS2 ]l Julia bindings 145 350

» ADIOS2 is a high- ] 300 5
performance data /O ™ 250
ibrary funded by the G 200 2
US Department of 5 135 .-
Energy SC ASCR Q o 2

e Results are shown for = &
the Orion file system . .

* ADIOS2.jl shows 8 [1] 64 8] 512 [64] 4096 [512]
negllglble Overhegd Number of MPI processes/GCDs [Frontier nodes]
wrt AD|OSQ m |/O Bandwidth (GB/s) |/0 Wall Clock Time (s)

OAK RIDGE Godoy, W. F., Podhorszki, N., Wang, R., Atkins, C., Eisenhauer, G., Gu, J., ... & Klasky, S. (2020). Adios 2: The adaptable input output
%NationalLaboratory system. a framework for high-performance data management. SoftwareX, 12, 100561. https://doi.org/10.1016/].s0ftx.2020.100561



https://github.com/eschnett/ADIOS2.jl
https://doi.org/10.1016/j.softx.2020.100561

= pulia-reading.ipynb - | +
B + X OO0 » m C » Code

Data analysis on JupyterHub at OLCF

Reading an ADIOS-2 BP parallel file with Julia on OLCF systems

3 import ADIDSZ

po CairoMak
= "/lus on/p
ADTD: nit iy
I052.d {adia }
ADIO {ig, by 1

io reader”
° reader = 2.open file, ADIDS2.mode_read
. ° # get the number of available steps in the reader, only works for bp files
° ° ° ° steps = ADIONS2.steps(reader)

npixels = 16824
unt =
rid is 188Gx1886x186€. Use Tup () far selection
L4 local_start = convert{ IntGd, cei npixels-local_count)/2)
. We Ol |I l‘ e O J l ’ IO erl le OI I start = | local_start, local_start, convert{IntG4, ceil(npixels/Z) } )
ccccc = lecal_count, lecal_count, 1}
slicell = Array{Float32, ndef, local_count., local_ couwnt)
T | | b T d d sliceV = Array{Float32, IZ}{wndef, local count., local_ count)
U py er U O reG O I l for step in l:steps
gin_step adar
ingquire wvariableiio u
ab n

e We read with ADIOS2.jl and
visualize with Makie. ||

JITand TTEX (time to first ploft)
can be a nuance

Pluto.jle

hreads) 1.9.0 | idle

OAK RIDGE Godoy, W. F., Podhorszki, N., Wang, R., Atkins, C., Eisenhauer, G., Gu, J., ... & Klasky, S. (2020). Adios 2: The adaptable input output
%NationalLaboratory system. a framework for high-performance data management. SoftwareX, 12, 100561. https://doi.org/10.1016/}.s0ftx.2020.100561



https://jupyter.olcf.ornl.gov/
https://doi.org/10.1016/j.softx.2020.100561

Julia on Frontier
« Recent efforts:

- Investigate new approaches in the
post-ECP landscape: Julia for HPC,
LLMs for HPC

— Recent interest in the high-
productivity + high-performance
space

— Enabled me to mentorin our

internship program for the last 3 years

— Build a “Julia for HPC” community
https://juliaparallel.org/resources/

Evaluation of OpenAl Codex for HPC parallel programming
models kernel generation

William F. Godoy, Pedro Valero-Lara, Keita Teranishi, Prasanna Balaprakash, and
Jeffrey S. Vetter
Oak Ridge National Laboratory
Oak Ridge, TN, USA
{godoywf},{valerolarap},{teranishik},{pbalapra},{vetter}@ornl.gov

Evaluating performance and portability of high-level
programming models: Julia, Python/Numba, and
Kokkos on exascale nodes

William F. Godoy, Pedro Valero-Lara, T. Elise Dettling, Christian Trefftz, Tan Jorquera,
Thomas Sheehy, Ross G. Miller, Marc Gonzalez-Tallada, Jeffrey S. Vetter
Oak Ridge National Laboratory
{godoywf}. {valerolarap}. {dettlingte}, {treffizci}. {jorqueraid}, {sheehytb}, {rgmiller}, {gonzaleztalm}, {vetter} @ornl.gov

Valentin Churavy
FO0AK KIDGE

Massachusetts Institute of Technology
vechuravy @mit.edu
National Laboratory

RESEARCH-ARTICLE , irl Q‘ f
Julia as a unifying end-to-end workflow language on the
£C2 Frontier exascale system

WSS Authors: William F. Godoy, Pedro Valero-Lara, Caira Anderson, Katrina W. Lee, Ana Gainaru, Rafael Ferreira Da Silva,

Jeffrey S. Vetter Authors Info & Claims

SC-W '23: Proceedings of the SC '23 Workshops of The International Conference on High Performance Computing, Network, Storage,
and Analysis + November 2023 + Pages 1989-1999 « https://doi.org/10.1145/3624062.3624278

Highlights: https://shinstitute.org/srp-mentor-spotlight

« Building Julia for HPC research and community activities:
tutorials, papers, SC BoFs 2022/2023

« 2023 IPDPS HIPS workshop paper

« 2023 ICPP P2S2 paper on generative Al for HPC kernels

* Best Paper at the SC23 WORKS workshop

 D-HPC Workshop at SC23



https://juliaparallel.org/resources/
https://shinstitute.org/srp-mentor-spotlight

Julia HPC Efforts

» Projects:

Journal Title
Bridging HPC Communities through OThe Auther(s) 2022

Reprints and permission:

the Julia Programming Language sagepub.co.uk/journalsPermissions.nav
DOl 10.1177 / ToBeAssigned
www.sagepub.com/

e External Engagements with Julia HPC

Valentin Churavy!, William F Godoy?, Carsten Bauer?, Hendrik Ranocha®, Michael
_ Monﬂ'ﬂy meeﬂngs with stakeholders Schlottke-Lakemper®, Ludovic Riss®?, Johannes Blaschke®, Mosé Giordano®, Erik
2 Oak Ridge National Laboratory, USA

Schnetterl?11-12 Samuel Omlin!3, Jeffrey S. Vetter?, Alan Edelman!
- JuliaCon 2022/2023 HPC minisymposium
3 Paderborn Center for Parallel Computing, Paderborn University,

— Julia HPC Position paper in the works Germany

4 Department of Mathematics, University of Hamburg, Germany
5 High-Performance Computing Center Stuttgart (HLRS), University
of Stuttgart, Germany

— ECP BoF Session on Rapid Prototyping for HPC 2 taserarery <t Hyrautics, yarotogy ana ciaciciogy (vaw). £TH

Zurich, Switzerland

using Julia, Python Numba, Flang (vooiss Federal Intityte for Forest, Snow and Landscape Research

® National Energy Research Scientific Computing Center, Lawrence

~ 5C22/23 BoF “Julia for HPC” s o e i oo

9 Centre for Advanced Research Computing, University College
London, Gower Street, London, WC1E 6BT, United Kingdom

10 perimeter Institute, 31 Caroline St. N., Waterloo, ON, Canada

N2L 2¥5
Y | n'l'ern Ol Engo ge me n'I'S 11 Department of Physics and Astronomy, University of Waterloo,
200 University Avenue West, Waterloo, Ontario, Canada N2L 3G1

12 Center for Computation & Technology, Louisiana State University,
Baton Rouge, LA 70803, USA

- Tutorials at ORNL Software and Data Expo Sty yHona! Supsreomputing Centre (CSCS). ETH Zurieh
— Julia Workshop for ORNL Science

1 Massachussetts Institute of Technology, USA

LLIA FOR HPC

JuliaCon 2022 Minisymposium

Join Discord Schedule Sponsors

- OLCF User CQ”: JU”O for HPC juli..acon & Live Talks! &  Register  About

Julia for High-Performance Computing

&% Carsten Bauer, Michael Schiottke-Lakemper, Hendrik Ranocha, Johannes Blaschke, Jeffrey Vetter
© 07/26/2022, 10:00 AM — 1:00 PM EDT
@ Green

Abstract:

The "Julia for HPC" minisymposium aims to gather current and prospective Julia practitioners in the field of high-performance
computing (HPC) from multidisciplinary applications. We invite participation from industry, academia, and government institutions
interested in Julia’s capabilities for supercomputing. The goal is to provide a venue for Julia enthusiasts to share best practices,
discuss current limitations, and identify future developments in the scientific HPC community.

%OAK RIDGE

National Laboratory



https://live.juliacon.org/talk/LUWYRJ
https://www.exascaleproject.org/event/ecp-community-bof-days-2022/
https://www.exascaleproject.org/event/ecp-community-bof-days-2022/
https://sc22.supercomputing.org/presentation/?id=bof136&sess=sess309
https://ornl.github.io/events/jufos2022/
https://www.olcf.ornl.gov/calendar/userconcall-sep2022/

Community Efforts in HPC

« Leverage HPC "backends™ _ o
AMDGEU https://github.com/omlins/julia-gpu-course Top15 most popular packages

= README.md

. CUDAJ] "

cscs ETHzurich SparseArrays
‘?:’ o o Lo 2 WAU&"

« KernelAbstractions.jl 5
a .=

- MPL 5 * e ' S 4
. Threads (part of Base) vt oo SR ok
. ADIOS? , HDF5

- Monthly HPC Call (Valentin 7 e
Churavy, MIT) https://enccs.qithub.io/Julia-for-HPC

b PorTing miniweOTher ADD TO JU”O “’“s'ﬁéﬁz-ﬁigc“;ﬁ?ﬂ?;"“ # » Julia for high-performance scientific computing © Edit on GitHub ECP EanDG on Summlt
(Youngsung Kim, Hyun Kang, and

Sarat Sreepathi, CSED)
simplicity and programming productivity (like in Python or R). M athem atICS to Fa St Code

.
« https://ptsolvers.github.io/GPU4GE :
O /S O f ‘I'W G re / - Julia has a rich ecosv.stem of libraries almed. towards sclgnnﬁc L:ol.npuhng ejng a powem:ll in-built ) By Michel Schanen, Valentin Churavy, Youngdae Kim,and Mihai Anitescu
package manager to install and manage their dependencies. Julia is also gaining ground in HPC as it

e e e e e Software development—a dominant expenditure for scientific projects—is often limited by technical programming
challenges, not mathematical insight. Here we share our experience with the Julia programming language in the

. context of the U.S. Department of Energy’s Exascale Computing Project (ECP) as part of ExaSGD, a power grid
(] h -I"I- D S : // O rXIV . O rq /O bS/ 2 20 7 . 03 7 .| ] optimization application. Julia is a free and open-source language that has the potential for C-like performance
https://docs.dftk.org/stable

Home O Editon Github & SIAG/OPT Views and News

A Forum for the STAM Activity Group on Optimization

o ]

oo s, IO

Julia for high-performance scientific computing @ Research | July 06, 2022 & Frint

Julia is a scientific programming language that is free and open source - see https:/julialang.org/ for

downloads, documentation,learning resources etc. Bidging highvlevel nterpreted and low-level Rapid Prototyping With ]ulia. From

compiled languages, it offers high performance (comparable to C and Fortran) without sacrificing

Quanta . . . . . Volume 24 Number 1 December 2021
ST S DFTK.jl: The density-functional toolkit. »

ISubmited on 8 jut 20221

Is'zrg:r;:‘:lzlse":"‘ lation of Quantum Computational Chemistry on a New Sunway DFrK-]' The density-functional toolkit, DFTK for short, is a library of Julia routines for playing with plane-wave density-

P P functional theory (DFT) algorithms. In its basic formulation it solves periodic Kohn-Sham equations. The unique Contents Articles

Honghul Shang, Li Shen, Y| Fan, Zhigian Xu, Chu Guo, Jie Liu, Wenhaa Zhou, Huan Ma, Rangfen Lin, Yuling Yang, Fang Li, Zhuoya Wang, Yunquan

Zhang, Zhenyu LI Articles . X .
Quantum computational chemistry (GCC) is the use of quantum computers to solve problems in computational quantum chemistry. We develop a high Turgeting Erascale with Julia on GPUs for multiperiod Targeting Exascale with Julia on
performance varlstional quantum eigensatver for chemistry problems on & new Sunway supercomputer, The optimization with scenario constraints GPUs for multiperiod optimization

major innavations include: (1) a Matrix Product State (MPS) based WOF simulator to reduce the amount of memory needed and increase the simulation efficiency; . . . . M Anitescu, K Kim, Y Kim, A Maldonado, F Pacaud, V with scenario constraints
(2) a combination of the Density Matrix Embedding Theory with the MPS-based VQE simulator ta further extend the simulation range; (3) A three-level htt S - // u I Iaastro Ith u b I O/d eV Rao, M Schanen, § Shin, A Subramanyam .
parallelizatian scheme 1o scale up ta 20 million cores. (4) Usage of the Julia seript language as the main pragramming language, which both makes the . . .

N Conic optimization for solving conver quadratic memzutwﬂ Mihai Anitescu, Kibaek Kim, Youngdae Kim, Adrian Mal-
% programming easier and enables curting edge performance as native C or Fortran; (5) Study of real chemistry systems based on the VQE simulatar, achieving
Nan

ly lineark dl weak sealing. Our simul de he of VQE for : hemi i h for & ” with indicators donado, Frangois Pacaud, Vishwas Rao, Michel Schanen,
nearly linearly strong and weak sealing. Our simulation demonstrates the pawer for large gquantum chemistry systems, thus paves the way for large-scale . o . . 1
VOE expefinents on ASar-18rm GUANLUM COMPULETS. A Gomez ... E PP F PR TE 15 Sungho Shin, Anirudh Subramanyam’

e https://github.com/JuliaParallel



https://github.com/JuliaGPU/AMDGPU.jl
https://github.com/JuliaGPU/CUDA.jl
https://github.com/JuliaGPU/KernelAbstractions.jl
https://github.com/JuliaParallel/MPI.jl
https://docs.julialang.org/en/v1/manual/multi-threading/
https://github.com/eschnett/ADIOS2.jl
https://github.com/JuliaIO/HDF5.jl
https://calendar.google.com/calendar/event?eid=anJmM3F1dWU2NXRmNGNxcm5jdXVhZzFlM3ZfMjAyMjA5MjdUMTgwMDAwWiBqdWxpYWxhbmcub3JnX2tvbWF1YXFldDE0ZW9nOW9pdjNwNm83cG1nQGc&ctz=America/New_York
https://docs.google.com/presentation/d/1TGEC5v3lv-gZZvSX_21qlpLifbeJhbAKUfLKbbHx6dM/edit?usp=sharing
https://ptsolvers.github.io/GPU4GEO/software/
https://ptsolvers.github.io/GPU4GEO/software/
https://arxiv.org/abs/2207.03711
https://github.com/omlins/julia-gpu-course
https://enccs.github.io/Julia-for-HPC
https://docs.dftk.org/stable/
https://forem.julialang.org/nassarhuda/pagerank-on-the-julia-package-dependency-graph-2gbo
https://sinews.siam.org/Details-Page/rapid-prototyping-with-julia-from-mathematics-to-fast-code
https://juliaastro.github.io/dev
https://github.com/JuliaParallel

JACC: Performance Portability and Programming Productivity

Performance portability is an important farget for the DOE

The DOE leadership computing facilities are GPU-accelerated systems

Performant portable layers are a priority for DOE: e.g. Kokkos, Raja, OpenMP,
OpenACC

Program “once” and deploy “everywhere”

Aurora

oneAPI

GyeL

(¢}
G %\
w ‘m ’
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Julia’s value proposition for science: LLVM + Coordinated Ecosystem

Efforts in HPC

JACC: Julia for Accelerators

Resources: where to get started?¢

Acknowledgments
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JACC (Julia ACCelerated), What is that??

« Think in Kokkos, but now imagine that it is easy to use

« The metaprogramming and performance portability model of Julia
- One code running everywhere

« JACC is a unified Julia front-end in top of multiple backends

- Threads (CPUs), CUDA (NVIDIA GPUs), AMDGPU (AMD GPUs),
and OneAPI (Intel GPUs)

« Hide low-level and device specific implementation

Applications

Moo eraniarty e I

« Improve programming productivity for Science and HPC

Threads CUDA AMDGPU || OneAPI Others

e A growing community (family)

— BNL(NERSC), Argonne, MIT, ETHZ, FI/CCQ, ... _

CPU NVIDIA AMD Intel Others

- You are welcome to join (JACC meetings once a month) GPU || GPU || GPU

% OAK RIDGE . . :
National Laboratory https://github.com/JuliaORNL/JACC. ||




JACC model, How to use it?? e

function axpy(i, alpha, x, y)
x[i] += alpha * y[i]
end

e Descriptive, not prescriptive function dot(i, x, y)
return x[i] * y[i]
« Two main components o — 1 000 000
X = round.(rand(Float64, SIZE) * 100)
. JACCAery y = round.(rand(Float64, SIZE) * 100)
alpha = 2.5
— An adlias to the corresponding backend memory dx = JACC.Array(x)
dy = JACC.Array(y)
rTWCJFWCJgJEBrTWEBFWT JACC.parallel_for(SIZE, axpy, alpha, dx, dy)

res = JACC.parallel_reduce(SIZE, dot, dx, dy)

 JACC.paradllel_for and JACC.parallel_reduce ¢ Multidimensional art

function axpy(i, j, alpha, x, y)

- Kernel passed an argument K[1,91 = xC4,31 + alpha * yL1,5]
— Uni-dimensional and bi-dimensional APIs function dot(i, j, x, y)
return x[i,j] * y[i,]]
end
e JACC.ones or JACC.zeros SIZE = 1_000
x = round.(rand(Float64, SIZE, SIZE) % 10@)
° ‘lﬁ\(:(: SFWC]FEBCj y = round.(rand(Float64, SIZE, SIZE) * 100)
: alpha = 2.5
- Exploit in-chip programable GPUs shared memory dx = JACC.Array(x)

dy = JACC.Array(y)
JACC.parallel_for ((SIZE,SIZE),axpy,alpha,dx,dy)
res = JACC.parallel_reduce ((SIZE,SIZE),dot,dx,dy)

Q0K RIDGE https://github.com/JuliaORNL/JACC |




How is JACC implemented??

const JACC.Array = CUDA.CuArray{T,N} where {T,N}
end
idimensional

function _parallel_for_cuda(f, x )

 The simpler the better, use everything that Julia can oA AT LN
prOVide threadIdx().x

f(i, x...)
return nothing
end

b Every JACC fronT_end COpri“Ty hOS TO be function JACC.parallel_for(N::I, f::F, x...) where
implemented many times ety

maxPossibleThreads = attribute(device(),CUDA.
. . DEVICE_ATTRIBUTE_MAX_BLOCK_DIM_X)
- One lmplemenTGTlon per bGCkend cuda_threads = min(N, maxPossibleThreads)
cuda_blocks = ceil(Int, N/cuda_threads)
CUDA.@sync @cuda threads=cuda_threads blocks=
cuda_blocks _parallel_for_cuda(N, f, x...)

#JACC.Array and JACC.parallel_for on top of
Threads

function __init__()

const JACC.Array = Base.Array{T,N} where {T,N}

end

#Unidimensional

function parallel_for(N::I, f::F, x...) where {I<:
Integer ,F<:Function}

end

function _parallel_for_cuda_MN(f,x...)
i = ( blockIdx().x - 1) * blockDim().x +
threadIdx () .x
j = ( blockIdx().y - 1) *= blockDim().y +
threadIdx().y

Threads.@sync Threads.@threads for i in 1:N FCi, G, x...)
i, x...0 return nothing
end end
end function JACC.parallel_for((M, N)::Tuple{I,I}, f::
#Multidimensional F, x...) where {I<:Integer,F<:Function}
function parallel_for((M, N)::Tuple{I,I}, f::F, x numThreads = 16
...) where {I<:Integer,F<:Function} Mthreads = min(M, numThreads)
Threads.@sync Threads.@threads for j in 1:N Nthreads = min(N, numThreads)
for i in 1:M Mblocks = ceil(Int, M/Mthreads)
f(i, 3, x...) Nblocks = ceil(Int, N/Nthreads)
end CUDA.@sync @cuda threads=(Mthreads, Nthreads)
end blocks=(Mblocks, Nblocks)
end _parallel_for_cuda_MN(f, x...)
end

Q0K RIDCE https://github.com/JulicORNL/JACC |l




OK, but this is HPC, What about performance??

%OAK RIDGE

National Laboratory
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Julia as a unifying end-to-end
workflow language on the
Frontier exascale system. SC
Workshops 2023: 1989-1999
https.//arxiv.org/abs/2309.10292

Evaluating performance and
portability of high-level
programming models: Julia,
Python/Numba, and Kokkos on
exascale nodes. IPDPS
Workshops 2023: 373-382
https://arxiv.org/abs/2303.06195



https://dblp.org/db/conf/sc/sc2023w.html
https://dblp.org/db/conf/sc/sc2023w.html
https://arxiv.org/abs/2309.10292
https://dblp.org/db/conf/ipps/ipdps2023w.html
https://dblp.org/db/conf/ipps/ipdps2023w.html
https://arxiv.org/abs/2303.06195

Ongoing efforts??

 JACC.Shared
- Exploiting high-bandwidth programable in-chip GPUs memory

function spectral (i, Jj, image, filter, num_kands)

for b in 1:bands

@inbounds image[b, i, Jj] %= filter([]j]

end
end
Multi-Spectral Image
function spectral_ shared(i, j, image, filter, Filter
num_bands)
ff Shart memosx 1nitializ 10N Filter
filter shared = JACC.shared(filter) T2
for b in 1:bands 9
@inbounds image[b, i, j] *= filter_shared[]j] )
end gy
end Bands
num_bands 60 Fiter
num_voxel = 10_240 Ak - S
size_voxel = 64x64 ] BEE
image = init_image (Float3Z2, itz
num_bands, num_voxel, size_ voxel) $38
filter init_filter (Float32, size_voxel) 5 3)|3
jimage = JACC.Array (image) x“'”‘““‘”"ﬂm““"
jimage_shared = JACC.Array(image)
jfilter = JACC.Array(filter) ¥
JACC.parallel for((num_voxel,size_voxel), 42 i
spectral[_shared], jimage, Jjfilter, num_bands) 28
Output-1, ...
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Ongoing efforts??
JACC.experimental

- A separate JACC module to explore new ideas

- Once the ideas are wellimplemented, these can be “promoted”
- JACC.shared

JACC.BLAS

— BLAS library on top of JACC
- Extend the capabilities of JACC to math libraries

— Working on BLAS level-1 routines
- Het Mankad

JACC.mulfi

— Support for multi-device

JACC.auto

- Support for auto-tuning

DAGGER,|l
- Having JACC as a backend or/and having DAGGER as a JACC backend (JACC.task)

¥OAKRIDCE https://github.com/JulicORNL/JACC.jl
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Tutorial Material

e hitps://aithub.com/JulicORNL/GrayScoftt.|l

« Simple 3D 2-variable diffusion-reaction
solver

Branch “"GrayScott-JACC”

CPU Threads, CUDA.jl and AMDGPU |l
backends using JACC and
[weakdependencies]

Parallel I/O ADIOS2, can be visualized
with ParaView

MPI.jl for communication

Configuration and job scripts for
Odo/Frontier under ./scripts/

%OAK RIDGE
Nat

ional Laboratory



https://github.com/JuliaORNL/GrayScott.jl

Where to get startede

Pick a gentle tutorial: hitps://techytok.com/from-zero-to-julia/

hitps://github.com/ornl-training/julia-basics (training by WF Godoy & Philip Fackler) OLCF
Tutorial: https://juliaornl.aithub.io/TutorialJuliocHPC /applications/GrayScott/01-Solver. h’rml

Julia in Visual Studio Code

Use VS Code as the official IDE + debugger
JuliaCon talks are available on YouTube

hitps://discourse.ulialang.org/ Stackoverflow might be outdated,
https://julialang.slack.com/

Julia docs and standard library: hitps://docs.julialang.org/en/v1/

Learn: Project.toml, Testing.jl @testset @test, Pluto.jl, CUDA.jI/AMDGPU.jI, JACC ]I,
KernelAbstractions.jl, LinearAlgebra.jl , Makie jl, Plots.jl and Flux.jl (Al/ML), how to build @
sysimage with PackageCompiler |l

Pick problems you care about! Let us know if you're interested in a hackathon.

Patience and community reliance: learning a language is a big investment.

¥OAKRIDGE  Kttps: //williamfgc.github.io/programming/scientific-computing/2020/07/22/first-project-julia-language .h&l



https://techytok.com/from-zero-to-julia/
https://github.com/ornl-training/julia-basics
https://juliaornl.github.io/TutorialJuliaHPC/applications/GrayScott/01-Solver.html
https://discourse.julialang.org/
https://julialang.slack.com/
https://docs.julialang.org/en/v1/
https://williamfgc.github.io/programming/scientific-computing/2020/07/22/first-project-julia-language.html

GitHub Copilot (GPT-3/Codex), Large Language Models + Julia

Julia is a more targeted language (like Fortran)

Julia + LLMs are a powerful combination for
productivity

GitHub Copilot on VS Code $100/year/account

Compared several languages + parallel
programming models

C++, Fortran, Python, Julia. Fortran and Julia
scored high!

RESEARCH-ARTICLE

¥ ing f
Evaluation of OpenAl Codex for HPC Parallel Programming
Models Kernel Generation

Authors: William Godoy, Pedro Valero-Lara, Keita Teranishi, Prasanna Balaprakash, Jeffrey Vetter Authors Info & Claims

ICPPW '23: Proceedings of the 52nd International Conference on Parallel Processing Workshops » August 2023 « Pages 136-144
« https://doi.org/10.1145/3605731.3605886

Comparing Llama-2 and GPT-3 LLMs for HPC
kernels generation

Pedro Valero-Lara!:*10000-0002 14784310
Alexis Huante? [0009-0008—2818-0265
Mustafa Al Lail20009-0000-0326-6363
William F. Godoy! 0000000
Keita Teranishi! 000000016647
Prasanna Balaprakash! /00000002

Jeffrey . Vetter! (00000002244

idge, TN, 37830, USA
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GITHUB COPILOT LABS

v EXPLAIN

Highlight a block of code that you
would like to explore.

v LANGUAGE TRANSLATION

Highlight a block of code that you
would like translate into another
language.

v BRUSHES

@ <T»

READABLE ADD TYPES

oS S

v TEST GENERATION

Select a function that you would like
to test. Note that this feature is only
available for JavaScript and
TypeScript at the moment.

julia-copilot.jl — Copilot

C c-copilot.c ® ee julia-copilot.jl 1 @ @ python-co

& julia-copilot.jl > @ ma
1

2
3 #/Matrix Vector Multiplication Threads
4 function makvecmul_threads(A, x)

m, n = size(A)

y = zeros(m)

Threads.@threads for i = 1:m

for j = 1:n
y[i] += A[i, J] * x[j]

end
end
return y
end
PROBLEMS (1 QUTPUT TERMINAL DEBUG CONSOLE

LLNFU] lgIlUbLlemLJ—UI—J.IIJ.‘I-:JL:JU.IOBLJ wdarn
[INFO] [default] [2023-07-17T14:32:38.901Z] [fetc
githubusercontent.com/vl/engines/copilot-codex

[INFO] [default] [2023-07-17T14:32:40.869Z] reque
com/v1l/engines/copilot—codex/completions] took 19
[INFO] [streamChoices] [2023-07-17T14:32:40.955Z]
[INFO] [streamChoices] [2023-07-17T14:32:40.956Z]
[f7ealdd6-c860-4997-b8bd-3988b6b3c800] model depl
[INFO] [ghostText] [2023-07-17T14:32:59.047Z] Fou
[INFO] [ghostText] [2023-07-17T14:33:01.161Z] Fou




e Pl: Keita Teranishi (ORNL), Co-Pls: Pedro
Valero-Lara, Willam F Godoy
« 8 National Laboratories:
- Oak Ridge National Laboratory
- Argonne National Laboratory

- Lawrence Livermore National
Laboratory

- Lawrence Berkeley National Laboratory
- Sandia National Laboratories

- Brookhaven National Laboratory

- Los Alamos National Laboratory

- SLAC National Accelerator Laboratory

* University Partners:
- University of Delaware
- Massachusetts Institute of Technology

» Collaborations:
- Louisiana State University
- Pacific Northwest National Laboratory
- Carnegie Mellon University
- University of Tennessee, Knoxville i ,
- Stanford University { ’ | 4 ) Future
—  Other 6 NSSGT projects 7 : | : - HPC

Expert
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