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What is Chapel?

Chapel: A modern parallel programming language ~\
» portable & scalable
e open-source & collaborative —y,
Goals:

chapel-lang.org

e Support general parallel programming
o Make parallel programming at scale far more productive


http://chapel-lang.org/

What is Chapel?

Chapel works everywhere

e you can develop on your laptop and have the code scale on a supercomputer

e GPUs can be targeted in a vendor-neutral way

e runs on Linux laptops/clusters, Cray systems, MacOS, WSL, AWS, Raspberry Pi
» shown to scale on Cray networks (Slingshot, Aries), InfiniBand, RDMA-Ethernet

Chapel makes distributed/shared memory parallel programming easy
o data-parallel, locality-aware loops,

e ability to move execution and allocation to remote nodes,

e distributed arrays and bulk array operations

o different types of parallelism can be expressed with the same language features

—



HPCC Stream Triad and RA: C + MPI +OpenMP vs. Chapel
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Applications of Chapel

CHAMPS: 3D Unstructured CFD
Laurendeau, Bourgault-Coté, Parenteau, Plante, et al.
Ecole Polytechnique Montréal

Lattice-Symmetries: a Quantum Many-Body Toolbox Desk dot chpl: Utilities for Environmental Eng.
Tom Westerhout
Radboud University

Chapel-based Hydrological Model Calibration
Marjan Asgari et al.
University of Guelph
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Arkouda: Interactive Data Science at Massive Scale

Mike Merrill, Bill Reus, et al.
U.S. DoD

Low-pass filter with LOWESS (intrinsically parallel)
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Nelson Luis Dias
The Federal University of Parana, Brazil
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CrayAl HyperParameter Optimization (HPO)
Ben Albrecht et al.
Cray Inc. / HPE

Active GPU efforts

ChOp: Chapel-based Optimization
T. Carneiro, G. Helbecque, N. Melab, et al.
INRIA, IMEC, et al.

RapidQ: Mapping Coral Biodiversity
Rebecca Green, Helen Fox, Scott Bachman, et al.
The Coral Reef Alliance

CHGL: Chapel Hypergraph Library
Louis Jenkins, Cliff Joslyn, Jesun Firoz, et al.
PNNL

(images provided by their respective teams and used with permission)

ChplUltra: Simulating Ultralight Dark Matter
Nikhil Padmanabhan, J. Luna Zagorac, et al.
Yale University et al.

ChapQG: Layered Quasigeostrophic CFD
lan Grooms and Scott Bachman
University of Colorado, Boulder et al.

?

Your Application Here?



Use Case: Image Processing for Coral Reef Biodiversit

e Analyzing images for coral reef biodiversity
« Important for prioritizing interventions

e Algorithm implemented productively

o Add up weighted values of all points in a neighborhood,
i.e., convolution over image

» Developed by Scott Bachman, NCAR scientist who is a
visiting scholar on the Chapel team

o Scott started learning Chapel in Sept 2022, started Coral
Reef app in Dec 2022, already had collaborators

oresenting results in Feb 2023
e In July with ~5 lines changed, ran on a GPU
e Performance

e Less than 300 lines of Chapel code scales out to 100s of
processors on Cheyenne (NCAR)

e Full maps calculated in seconds, rather than days

— | s



Use Case: Image Processing for Coral Reef Biodiversity

Runs on Frontier!

e At 64 nodes, takes 20 minutes
« As opposed to ~27 days on a laptop

e Straightforward code changes:
« from sequential Chapel code
» fo GPU-enabled one

e to multi-node, multi-GPU, multi-thread

Multilocale Coral Image Analysis

-
— ”’
-
-

Speedup
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Better

Read a recent interview with Scott Bachman
on Chapel Blog

. i

7 Questions for Scott Bachman: Analyzing
Coral Reefs with Chapel

Posted on October 1, 2024.

Tags: Earth Sciences | Image Analysis | GPU Programming

User Experiences || Interviews

By: Brad Chamberlain, Engin Kayraklioglu

In this second installment of our Seven Questions for Chapel Users series, we're looking at a
recent success story in which Scott Bachman used Chapel to unlock new scales of biodiversity
analysis in coral reefs to study ocean health using satellite image processing. This is work that
Scott started as a visiting scholar with the Chapel team at HPE, and it is just one of several
projects he took on during his time with us. Since wrapping up his visit at HPE, Scott has
continued to apply Chapel in his work, which he describes below.

One noteworthy thing about the computation Scott describes here is that it is just a few hundred
lines of Chapel code, yet can be used to drive the CPUs and GPUs of the world's largest
supercomputers. This serves as a sharp contrast with the 100+k lines that make up the CHAMPS
framework covered in our previous interview. Together, the two demonstrate the vast spectrum of
code sizes that researchers are productively writing in Chapel.


https://chapel-lang.org/blog/posts/7qs-bachman/

What's In Store Today

Coming up Next: A live demo

e Infroduction to the language and parallelism
o Showcase of GPU capabilities
e Inference using ChAIl (Chapel Al Library)

Later on: Ways to contribute to the Chapel Universe

o A spectrum of contribution opportunities, technical and social alike

8



Live Demo




Example Codes Are Available

https://github.com/jabraham17/chapel-ai-demo/

E—

chapel-ai-demo  public

¥ main ~ ¥ 1Branch © 0 Tags

jabraham17 initial @@

ChAI
[ README.md
[ loops.chpl

[ softmax.chpl

07 README

README

initial

initial

initial

initial

< Watch 1

Q Go tofile t + <> Code ~

68dc4al - 15 hours ago @ 1 Commit

15 hours ago
15 hours ago
15 hours ago

15 hours ago

7

These are a few codes used in demo of Chapel language features and how they apply to Al/ML workloads.

1.

runas chpl ——fast loops.chpl && ./loops .

loops.chpl : A short and sweet introduction to parallel execution in Chapel. The code can be compiled and

2. softmax.chpl : A simple implementation of the softmax function in Chapel. This is a common function used
for Al/ML workloads. The implementation is not optimized for performance, but showcases how CPU and GPU
code can be written in Chapel. The code can be compiled and run as chpl —-fast sofrtmax.chpl &&

./softmax .

3. ChAI/ : Contains a snapshot of the ChAl library. This is a library that provides a high-level interface for writing
Al/ML workloads in Chapel. See ChAI/demo/vgg/README.md for more details on how to run the VGG demo.

10


https://github.com/jabraham17/chapel-ai-demo/

Contributing to
The Chapel Universe

11



TECHNICAL

SOCIAL

Contributing to The Chapel Universe

Contribute to the core language

Contribute to tooling

Write your favorite application or library in Chapel

Join the discussion

Follow us on social media

Help expand the Chapel universe!

—
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TECHNICAL

SOCIAL

Contributing to The Chapel Universe

' ’ Contribute to the core language
Contribute to tooling

Write your favorite application or library in Chapel

Join the discussion

Follow us on social media

Help expand the Chapel universe!

—
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Contribute to the Standard Modules, Runtime or Compiler

Chapel has had more than 200 contributors so far!

. Check out open issues on GitHub .

O chapel-lang / chapel = / Chapel Workspace

<{> Code

Filters ~

J () 2,724 Open

[

N\

() Issues 2.7k

Q  is:issue is:open

v 4,165 Closed

Tip: Use labels to filter open issues; such as

easy [ straightforward

19 Pull requests

92

¥ Zenhub

good first issue

() Action:

Home

What is Chapel?
What's New?

Blog
Newsletters

Upcoming Events
Job Opportunities

How Can | Learn Chapel?

Contributing to Chapel
Community

... or the Contributing to Chapel page

Contributing to the Chapel Project

1. Where to start
Everyone interested in contributing to the Chapel project should start from a user's
perspective. If you aren't already familiar with the Chapel language, see How Can I Learn
Chapel? If you don't already have access to a Chapel compiler, download and install a
copy, ensuring that you can compile and run example programs.

2. Write a Chapel program of your own
Now that you have a working installation of Chapel, try writing your favorite benchmark,
test case, or homework assignment in Chapel. This experience may cause you to run into
something you find poorly documented, a bug, or a performance surprise. Filing these as
GitHub Issues is a great starting point for contributing to the project. Sometimes this
process will lead you to find issues that you can fix yourself, since you're already familiar
with the problem.

N The Chapel Parallel Programming Language
@APEL
=

14


https://github.com/chapel-lang/chapel/blob/main/CONTRIBUTORS.md
https://github.com/chapel-lang/chapel/issues
https://chapel-lang.org/contributing.html

TECHNICAL

SOCIAL

Contributing to The Chapel Universe

Contribute to the core language

Contribute to tooling

Write your favorite application or library in Chapel

Join the discussion

’ Follow us on social media

Help expand the Chapel universe!

—
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Follow Chapel on Social Media

We have accounts on the following platforms:

...and much, much more.

 LinkedIn: ChapellLanguage C .

) —, Chapel Programming Language
» Mastodon: @ChapelProgramminglanguage e —— -
o X/ Twitter: @Chapell anguage
» Facebook: @ChapelLanguage r/chapel
« YouTube: @ChapelLanguage , C

. Chapel Programming Language = Hot v B v
e Reddit: r/Chapel oy, e ey chapsiprogramming| STEENE
Software Development - 165 followdsy .\ )  @chapelprogramminglanguage mastodon.social
e There is weekly activity on these accounts: <
— 8 4 Following

« Upcoming Chapel events, talks, papers from the community
« New Chapel resources, tutorials, and demos
Chapel Language

o Updates from releases, performance studies I —
3YouTube Search Q U

e Look out for Chapel news on other platforms Chapel Parallel Programming Language

° e.g. Hacker NeWS a nd Lobs-l-ers \ @ChapeILanguage~374 subscribers<1‘|4v.1deos
Videos about the Chapel Parallel Programming Language ...more
. ° / chapel-lang.org and 5 more links
 Follow, like, repost, amplify the message! P e

— | 16


http://linkedin.com/company/ChapelLanguage
https://mastodon.social/@chapelprogramminglanguage
https://twitter.com/ChapelLanguage
https://www.facebook.com/ChapelLanguage/
https://www.youtube.com/@chapellanguage
https://www.reddit.com/r/chapel/
https://news.ycombinator.com/
https://lobste.rs/

TECHNICAL

SOCIAL

Contributing to The Chapel Universe

Contribute to the core language

Contribute to tooling

’ Write your favorite application or library in Chapel

Join the discussion

Follow us on social media

Help expand the Chapel universe!

—
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Chapel Makes HPC and Parallel Programming More Accessible

Chapel removes the layers of complexity for code writing, allowing seamless
code development while maintaining computational performance. It is
ideal to develop very large and complex computational models.

Eric Laurendeau, Professor of Mechanical Engineering, Polytechnique Montreal

With the coral reef program, | was able to speed it up by a
factor of, like 10,000. | would say some of that was
algorithmic... but again, Chapel had the features in the
language that allowed me to do it pretty succinctly.

Scott Bachman, Oceanographer, [C]Worthy

A lot of the nitty gritty is hidden from you until you need to
know it. ... It feels like the complexity grows as you get more
comfortable -- rather than being hit with everything at once.

Tess Hayes, Developer, Bytoa

— |
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Write Your Next Application in Chapel!

e Do you have applications that can benefit from a parallel-
first language that
« has intuitive, baked-in parallelism and locality features
e can be used on laptops, supercomputers or anything in between
« can run on NVIDIA and AMD GPUs in a vendor-neutral way

e Maybe that application is;

e implemented in Python, MATLAB, R, and
—can benefit from parallelism
—without complicating the code

o implemented in C/C++/Fortran + MPI + XYZ, and is getting
—harder to maintain,
—harder to onboard new developers

e not implemented, yet!

—

[0 README Ve

Try Chapel on GitHub Codespaces

'Hello, world!" in Chapel

Chapel is a programming language for productive parallel computing. This repository contains starter
code for a Chapel project. Please see the Learning Chapel page to learn more of the language's features.

See many other ways of trying Chapel
chapel-lang.org/download.html

Check out tutorials and demos on YouTube

Chapel Parallel Programming Language
\ @ChapelLanguage * 374 subscribers - 115 videos

Videos about the Chapel Parallel Programming Language ...more
/ chapel-lang.org and 5 more links

Check out Chapel Documentation

@ / Chapel Documentation

Chapel Documentation

COMPILING AND RUNNING CHAPEL

Compiling and Running Chapel

Quickstart Instructions

Using Chapel e Quickstart Instructions

Platform-Specific Notes ¢ Using Chapel
o Platform-Specific Notes


https://chapel-lang.org/download.html
http://github.com/chapel-lang/chapel-hello-world
https://www.youtube.com/@ChapelLanguage
https://chapel-lang.org/docs/

Get Familiar with Open-Source Projects using Chapel

Browse through projects with "chapel" tag on GitHub: github.com/topics/chapel

Arkouda: Inferactive Data Analytics at
Supercomputing Scale

A numpy/pandas-like Python library backed by a server
implemented in Chapel

{;xz; arkouda Public <7 Edit Pins ~ & Watch 28 ~ % Fork 87 - Starred 239

¥ master ~ ¥ 21Branches 59 Tags Q Gotofile + . NS ...
C, ChAI  Ppublic

jeremiah-corrado use separate variable name for benchmark 'size... @ «  a44dd forked from lainmon/ChAl

.configs Refactor OperatorMsg (#3773)
.github #3657: remove serverConfig-multi-dim.j{ P main v P 1Branch b 0 Tags Q Go to file
LICENSES Closes #2981 add licenses (#2988)
This branch is 4 commits ahead of, 1 commit behind Iainmon/ChAI:main .

arkouda Refactor OperatorMsg (#3773)
benchmark_v2 Closes #3797 benchmark v2/str locality |

jeremiah-corrado Merge pull request #2 from jeremiah-corrado/updates-for-...
benchmarks Option for running each benchmark in its

docs Rebuild docs.

examples Remove more weird files

—

ChAl: Chapel Al Library

Chapel's nascent AlI/ML Library

t + <> Code ~

19 Contribute ~

@B 9727617 - last week

& Syncfork ~

@ 324 Commits

2 months ago

2 months ago

About

A Chapel library for Machine Learning
that supports distributed inference,
automatic differentiation, and CUDA/HIP
utilization.

@ iainmon.github.io/ChAIl

A~ Activity

= Custom properties

A

| 20


https://github.com/topics/chapel
https://github.com/Bears-R-Us/arkouda
https://github.com/chapel-lang/ChAI

Create Your Favorite Library in Chapel

Check out this wishlist of libraries for inspiration: github.com/chapel-lang/chapel/issues/6329

e .. or any other library from any other language

Chapel's package manager, Mason, can help

Mason For example, see
this automatic differentation library

Ovel'VieW [0 README &[5 MIT license

This guide on Mason Packages contains everything that you need to know to hit the ground ForwardModeAD

developing in Chapel using mason, whether that be to create a library to contribute to the I docs latest litecycle maturing
Community, use an eXiSﬁng paCkage, OI"jLISt to he|p Wlth the process Of bU||d|ng your Chapel Lightweight library for forward-mode automatic differentiation using dual numbers and functions
overloading. It can cr o T o - - . o
programs. as a combination of X ) .
. ‘ ‘ ... or this Interval Arithmetic one

[0J README &8 MIT license

wawrl - - L W ] [ P_ | 1w " 1

CHIMERA: CHapel Interval MEthods libRAry

A library for interval arithmetic and applications in Chapel.

21


https://github.com/chapel-lang/chapel/issues/6329
http://chapel-lang.org/docs/main/tools/mason/mason.html
https://github.com/lucaferranti/ForwardModeAD
https://github.com/lucaferranti/Chimera

TECHNICAL

SOCIAL

Contributing to The Chapel Universe

Contribute to the core language

Nel Contribute to toolin
A g

Write your favorite application or library in Chapel

Join the discussion

Follow us on social media

Help expand the Chapel universe!

—
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Contribute to Chapel Tooling

Consider helping us improve Chapel's tools, such as:

Chapel Language Server (CLS)

@ / Tools / chpl-language-server

\/iawr naca calired

Chapel Linter (chplcheck)

@ / Tools / chplcheck View page source

chpl-language-server

chpl

VSCode Extension |

New to Visual Studio Code?|

dq VisualStudio | Marketplace

lang

Visual Studio Code > Programming Languages > 8

envin " the
agno! lad
Chapel Language {a system

Chapel | & 365installs | 0) | Free

A collection of development tools for programming in Chapel

Overview Version History Q&A Rating & Review

chapel-vscode extension Categories

Programming Languages  Snippets  Linters

... or consider other editor extensions, tools that you find useful.

—

Python Bindings for the Chapel Compiler
— (chapel-py)

» Conditional if b {}
» Conditional if b then writeln("Hello");
Whhile while b {}
Identifier
Block
»While 8 do writeln(myIdx);
» Dokhile forall myIdx in 1..18 do writeln(myIdx);
»For foreach myIdx in 1..18 do writeln(myIdx);
» Forall coforall myIdx in 1..18 do writeln(myIdx);
» Foreach
> Coforall if (b) {}
» Conditional if (b) then writeln("Hello");
P Conditional while (b) {}
»While while (b) do writeln("Hello");
»Uhile do {} while (b);
» Dokhile
> # AST explorer can run arbitrary Python code...
> # What can we do with this?
> # First, let's do some scope resolution.
> current_node
_8 = <Identifier object at 8x1825c5218>
> _8.to_node()
_1 = <Variable object at 8x1826fd178>
> # aha, so this 'b' refers to a variable. Where's that variable?
> select(_1)
> # found it!

Mason: Chapel Package Manager

(written in Chapel!)

README.rst

¢ mason

Mason is Chapel's package manager

For more detail about mason and about submitting a package see -> doc/{rst,html},

Inctallatinn Inetriictinne


https://chapel-lang.org/docs/main/tools/chpl-language-server/chpl-language-server.html
https://marketplace.visualstudio.com/items?itemName=chpl-hpe.chapel-vscode
https://chapel-lang.org/docs/main/tools/mason/mason.html
https://chapel-lang.org/docs/main/tools/chplcheck/chplcheck.html
https://chapel-lang.org/docs/main/tools/chapel-py/chapel-py.html

TECHNICAL

SOCIAL

Contributing to The Chapel Universe

Contribute to the core language

Contribute to tooling

Write your favorite application or library in Chapel

06 :e: + ° ° P
Join the discussion
Follow us on social media

Help expand the Chapel universe!

—
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Join our Community Channels and Discussions

For more technical discussion and/or support:

Discourse: https://chapel.discourse.group/

Gitter: https://qgitter.im/chapel-lang/chapel

Stack Overflow: https://stackoverflow.com/questions/tagged/chapel
GitHub Issues: https://github.com/chapel-lang/chapel/issues

Monthly Office Hours / Live Demos: https://chapel-lang.org/events.html

Upcoming Chapel-related Events

Also check out the Chapel Community Calendar (ICS), which is a published Outlook
calendar with most of the events below.

2024
e October 3: (10-11 AM PT): Chapel Demo Session
Topic: Chapel's new 'Image' module

[See the Community Calendar above to join the Teams meeting]

e October 17 (10-11 AM PT): Chapel Office Hours
[See the Community Calendar above to join the Teams meeting]

« December 19: Anticipated release date of Chapel 2.3

25
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https://stackoverflow.com/questions/tagged/chapel
https://github.com/chapel-lang/chapel/issues
https://chapel-lang.org/events.html

Let Us Know About Your Work Using Chapel

We would love to boost your work...

By publishing your article
on Chapel Language Blog |

C Chapel Language Blog

= About Chapel Website Featured Series Tags Authors All Posts

Welcome to the Chapel language blog! Chapel is a productive language for parallel computing at
scale. To learn more, see the welcome article.

Latest posts

7 Questions for Scott Bachman: Analyzing Coral Reefs with
Chapel

Posted on October 1, 2024

An interview with oceanographer Scott Bachman, focusing on his work to measure coral reef
biodiversity using satellite image analysis

Announcing Chapel 2.2!

Posted on September 26, 2024

A summary of highlights from the September 2024 release of Chapel 2.2

... or by posting your demo
on our YouTube channel

3 YouTube Search

Hewlett Packard
Enterprise

CHAPEL TUTORIAL

ChapelCon 2024

Chapel Tutorials and
Demonstrations

.. and other social media platforms.


https://chapel-lang.org/blog/index.html
https://www.youtube.com/playlist?list=PLuqM5RJ2KYFgllPMfP5OiRKsVRPf1UEDs
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Contributing to The Chapel Universe

Contribute to the core language

Contribute to tooling

Write your favorite application or library in Chapel

Join the discussion

Follow us on social media

‘ Help expand the Chapel universe!
—1
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Help expand the Chapel universe!

e Chapel language is used in industry, academia and government
e The current focus of the Chapel team @HPE is to expand our community further

Check out the following for further inspiration...

Doing science in Python? Wishing for more speed or

. scalability?
This open call by Chapel's Tech Lead posted on April 30, 2024,
Brad Chamberlain Tags: Community || User Experiences
By: Brad € ——

-
rmore
7 Questions for Eric Laurendeau: Computing
Aircraft Aerodynamics in Chapel

The ChapelCon 24 Keynote by Paul Sathre on the
importance of Parallel-First Languages

7 Questions for Scott Bachman: Analyzing
Coral Reefs with Chapel

Posted on October 1, 2024.

What our users have to say about Chapel
on the 7 Questions for Chapel Users blog series

Tags: Earth Sciences | Image Analysis | GPU Programming

“'!' This is the firstinar

series of questions ¢
ChapelCon '2¢  shine a light on way
Accelerated ¥ you are using Chapt By: Brad Chamberlain, Engin Kayraklioglu

User Experiences

<" ChapelPa Someone who is ani

N2/ 374 subscribers @l [n this second installment of our Seven Questions for Chapel Users series, we're looking at a
recent success story in which Scott Bachman used Chapel to unlock new scales of biodiversity
analysis in coral reefs to study ocean health using satellite image processing. This is work that
Scott started as a visiting scholar with the Chapel team at HPE, and it is just one of several

projects he took on during his time with us. Since wrapping up his visit at HPE, Scott has
continued to apply Chapel in his work, which he describes below.


https://chapel-lang.org/blog/posts/python-science-collabs/
https://www.youtube.com/watch?v=G0LneLP1-Ko&t=208s&ab_channel=ChapelParallelProgrammingLanguage
https://www.youtube.com/watch?v=G0LneLP1-Ko&t=208s&ab_channel=ChapelParallelProgrammingLanguage
https://chapel-lang.org/blog/series/7-questions-for-chapel-users/

Thanks!
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