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ABSTRACT
The HPC Carpentry lesson program is a highly interactive, hands-
on approach to getting users up to speed on HPC cluster systems. It 
is motivated by the increasing availability of cluster resources to a 
wide range of user groups, many of whom come from communities 
that have not traditionally used HPC systems. We adopt the Carpen-
tries approach to pedagogy, which consists of a workshop setting 
where learners type along with instructors while working through 
the instructional steps, building up “muscle memory” of the tasks, 
further reinforced by challenge exercises at critical points within 
the lesson. This paper reviews the development of the HPC Car-
pentry Lesson Program as it becomes the first entrant into phase 2 
of The Carpentries Lesson Program Incubator. This incubator is the 
pathway for HPC Carpentry to become an official lesson program 
of The Carpentries.

KEYWORDS
HPC, training, open source, lesson

1 INTRODUCTION
HPC Carpentry is a set of lessons whose goal is to introduce the 
ins and outs of running applications on HPC resources to new audi-
ences, including investigators from fields which are not traditional 
users of high-performance computing, as well as novice users from 
fields in which HPC is commonly used.

For historical reasons, we have a variety of lessons at varying 
stages of maturity, and are in the process of crafting some of these 
lessons into workshops or tracks, which can be presented together 
to bring learners up to speed on modern HPC resources.

1.1 The Carpentries
We take advantage of pedagogical methods built up by The Car-
pentries [3]. This organization was founded 25 years ago to solve 
a related problem, that of getting scientists to engage better with
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code development best practices, to help investigative teams cap-
ture knowledge generated by possibly-short-term participants, and
to improve reproducibility of computational science.

The fundamental idea of Carpentries workshops is two-fold.
Firstly, within the workshop setting, instructors and learners live-
code the lesson steps together, with a strong emphasis on ensuring
that instructors explain the process in detail, including real-time
post-mortems on typos and errors. Learners exercise the correct
workflow, building up “muscle memory” of the process, and also
get an organic sense of what common errors look like, and how
to recover from them. Secondly, the workshop material is open-
source, and feedback gathered after a workshop, from learners,
instructors, and organizers, and can be translated into modifications
to the lessons, so that they are continuously improved. Because
the lessons are shared across the Carpentries community, there
are many eyes on the content, and “bugs” are quickly found and
corrected for all future users.

The limited time of the workshop setting admits modest but
important pedagogical goals – learners are expected to come away
not as experts in the material they have just worked through, but
rather with a solid grounding in what success looks like, search
terms to drive later discovery, and continued access to the lesson
material itself.

2 HPC CARPENTRY LESSON PROGRAM
HPCCarpentry addresses a similar need to The Carpentries, namely
on-boarding novice HPC users. Many of the same constraints that
motivated The Carpentries strategy are similar – there is no room
in anyone’s curriculum for a formal course in HPC usage, but the
material is unfamiliar, and HPC interactions are unlike other ways
that computers are used. The same strengths of The Carpentries –
the workshop setting and live-typing technique – help novice HPC
users just as they do novice users of Git, Bash, or Python.

2.1 A Brief History
Birds of a Feather sessions at SC17 [13] and SC21 [11] demonstrate
that, for some time, there has been significant interest among the
HPC community in The Carpentries approach to generating and
delivering training content.

The HPC Carpentry GitHub organisation was created in 2017
as part of HPC lesson development efforts by Compute Canada
(now Digital Research Alliance of Canada). There were also other
ongoing HPC lesson development efforts such as the HPC Parallel
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novice lesson [12]. At CarpentryCon 2018, HPC Carpentry had
2 sessions [2, 9] (each with ~40 participants), where much of the
discussion centered around how to merge existing efforts and form
a single group of collaborators to drive the lesson development
forward.

Over the past few years, in working towards Carpentries lesson-
program incubation status, the current team has identified com-
ponents which can be organized into thematic Carpentries-style
workshops. The themes identified are a user workshop, taking learn-
ers from an introduction to the shell through to running a simple
application on a cluster, and a developer workshop, taking learners
through the execution of a code example for a parallel framework,
such as MPI. At the same time, we do not wish to devalue or dis-
card the niche or advanced material which we have access to, and
which does not neatly fit into the workshop themes. Identifying
and developing the workshop-appropriate material has been one
of the significant challenges of the past few years.

Over the course of all of this development, a number of teams
have forked lesson material on GitHub at various points in its
development. We recently reached out to many of these teams
to try to ascertain whether there were valuable additions to the
material that had been added, that we might want to capture, and
to try to identify opportunities for re-integration or collaboration.
This effort promises to rekindle some prior relationships, and we
are hopeful that this will help us serve a broader community than
would otherwise be reached, but re-integration has certainly been
another significant challenge.

2.2 Lessons in the Program
The current user-oriented lesson program of HPC Carpentry con-
sists of three lessons:

• “The Unix Shell” [1] – This lesson is included directly from
Software Carpentry. To quote from the lesson itself: “Use
of the shell is fundamental to a wide range of advanced
computing tasks, including high-performance computing.”

• “Introduction to High Performance Computing” [5] –
The most highly developed of our lessons, which takes learn-
ers from basic shell use to dispatching parallel jobs on an
HPC cluster, and includes careful feedback-driven descrip-
tions of various jargon terms.

• “HPC Workflow Management with Snakemake” [4] –
Currently under development, this lesson is meant to follow
the “Introduction to HPC” in a workshop setting. It takes
the user from dispatching jobs to performing a workflow-
managed scaling study on a reference executable which illus-
trates Amdahl’s law (using Snakemake [10] as the workflow
tool).

Asmentioned earlier, for historical reasons, there are a number of
other lessons in The Carpentries format, created and maintained by
the wider community, which encapsulate valuable material but are
not part of the initial workshop plan. Examples include a lesson on
the Chapel program language [6] and the use of containers [7]. The
Carpentries lesson incubator provides a venue where relevant new
material can be identified, and possible new contributors brought
into the community.

2.3 Continuous Improvement Through
Continuous Assessment

The Carpentries model seeks to actively gather learner feedback
to foster lesson improvement. Each delivery of the lesson program
includes a pre- and post- workshop surveys for each Carpentries
Workshop to help evaluate the effectiveness of the lesson and iden-
tify opportunities for further improvement.

2.4 Portability
All of our lessons are maintained in public GitHub repositories. The
lesson “Introduction to High Performance Computing” currently
allows for extensive customisation for use at a particular site. For
the purposes of providing community access to HPC resources, we
are planning to converge our lessons such that the default content
refers to a “reference cluster,” built in the cloud, that meets our
general requirements and can be easily reproduced (and hence
scaled out). Adapting the lessons to a specific site, for workshops
that benefit from this, will be still be possible.

2.5 Supporting Infrastructure
We currently have access to cloud resources, where we use Magic
Castle [8] to create instances of “HPC clusters” that can serve the
requirements of the lesson program. We anticipate that our rela-
tionship with The Carpentries will help us to acquire and manage
additional cloud resources, either in-kind or via funding, which
should facilitate future workshops.

3 FUTURE DIRECTIONS
Our near-term strategy at this point is to complete and begin teach-
ing the material for the two workshops mentioned above, one for
HPC users, and one for developers. The workshops will both start
with the existing “The Unix Shell” lesson, maintained by The Car-
pentries, followed by an “Introduction to High Performance Com-
puting”. Afterwards, the workshops will diverge, with the “user”
workshop continuing with the “HPC Workflow Management with
Snakemake” lesson, and the “developer” workshop continuing with
a lesson in the operation of a parallel framework, such as MPI.

3.1 The Carpentries Lesson Program Incubator
With the ongoing support of The Carpentries, it is hoped that
the HPC user-oriented workshop described above will be the first
entrant into Phase 2 of The Carpentries Lesson Program incubation
process. Incubation is a 3 phase process with the final phase being
adoption as an official lesson program of The Carpentries (alongside
Software Carpentry, Data Carpentry and Library Carpentry).

3.2 Development of Additional Lessons
Aside from the lessons intended for workshop integration, we also
plan to continue to welcome and disseminate contributions on
general HPC topics. We are aware that HPC is used for many things,
so we can imagine application-specific lessons for popular HPC
applications, or lessons for more compact and expressive languages
for HPC applications.
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3.3 Engagement with HPC Education and
Training Communities

As we enter a new incubation phase with The Carpentries, we wish
to also increase our engagement with the wider HPC education and
training communities. The continuous improvement model we use
relies on a steady stream of instructors, workshops and integration
of feedback from those workshops. Connection with this group can
help to streamline this process.

4 CONCLUSION
HPC Carpentry is entering an exciting phase, where seeds that
were planted years ago are starting to bear fruit. HPC Carpentry
has honed an initial lesson program to the point where it is being
considered as an official lesson program of the Carpentries. It has
addressed, and found workable solutions for, complex issues such
as access to HPC resources for training purposes, and site-specific
customisation of community-maintained lessons.
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