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When designing and building our ecosystem, we considered
a number of factors which had design and usability implications. Among those factors are security, usability, performance,
and scalability. We feel that our system improves upon other
systems in each of those categories. We believe that these
factors all contribute to making our system easier to use and
manage, as well as making potential users more likely to
choose our system over others.
Our system is also different from other systems in its overall
vision. Many of the other systems attempt to provide access
to a single function or tool. The system designed by Kepner,
et al. provided access to the Jupyter Notebook environment
for its users, and was focused almost exclusively on allowing
users to deploy web applications [11]. Our system allows
users to deploy any arbitrary task or application. The system
implemented by Misra et al. was designed almost exclusively
for submission and to a lesser extent, monitoring of HPC
jobs over the web [10]. UNICORE, the system presented in
Benedyczak1 et al., supports execution of workflows, but not
design [9]. Our system is designed to provide a completely
integrated experience, where users do not need to interact
with any other system for the duration of the time they are
designing, implementing, executing, analyzing, and sharing
their workflows.

Abstract—In the modern world, having at least a basic understanding of High Performance Computing is critical even
for undergraduate students. In this project, we describe our
extensible ecosystem of tools which has lowered the access barrier
to HPC systems for less experienced users. Our ecosystem of
tools serves as the ”one-stop” interface which allows users to
focus on their research and teaching without remembering a
lot of commands and syntax, or struggling with details like job
submission or file systems. This environment is specially tailored
for education. We provide a means for teachers to easily provide
students access to information and assignments, and give students
their own personal HPC sandbox, including access to a fullyfunctional, personalized Jupyter Notebook server.

I. INTRODUCTION
High Performance Computing (HPC) is becoming more
and more important in many domains. However, HPC can be
complex and hard to use, especially for people from domains
other than Computer Science. One way colleges and universities provide access to this vital resource to faculty, staff, and
students is through operation of campus cluster systems. Many
campuses have dedicated scientific computational resources,
and ensuring that those resources are secure and accessible
is important. One challenge with high performance clusters
is ensuring that researchers without a systems administration
background are able to easily and effectively use the highperformance clusters. Often, tasks submitted to these systems
are controlled by resource managers. While resource managers
offer a high degree of control over job submission, they are
often hard to use. This paper introduces our ecosystem of
tools which serves as the ”one-stop” interface which allows
users to focus on their research without remembering a lot
of commands and syntax, or struggling with details like job
submission or file systems.
The organization of the rest of this paper is as follows.
Section II has related work, and Section III describes the
technologies used. Section IV discusses security, usability
and extensibility, performance, scalability, and administrative
overhead. Section V describes educational impact. Future work
and conclusions are Section VI and VII, respectively.

III. TECHNOLOGIES
We found that our users’ largest challenges with HPC
systems were that many preferred web-based access over the
command line. They, on the whole, did not feel spending
time on correctly specifying all of the required syntax and
details was valuable, instead preferring to focus on the science.
They also found that spending time learning to use a resource
manager was not useful. Our response was to build a system
of tools our users could interact with instead of directly
addressing our HPC system through the command line. We
have decreased the amount of required systems administration
skill necessary to run tasks on our cluster, and at the same time,
we have decreased the amount of time and effort necessary to
manage and operate the system, because users of our system
require less training and oversight than with traditional cluster
interaction layers.
Our cluster has a relatively straightforward architecture.
Users interact with a login node over SSH, and have terminalbased access to the resource manager, the worker-accessible
filesystem, and their private home directories. The workers are
connected to the login node through a 10-gigabit per second
Ethernet switch. The login node’s filesystem is mounted to the

II. RELATED WORK
Wheras related work about web-based access to HPC exists
[1] [2] [3] [4] [5] [6] [7] [8] [9] [10], not many support Jupyter
Notebooks [11] [12], and other works have not presented
a single unified, integrated environment in which users can
design, implement, execute, analyze, and share their HPC tasks
without changes in context or environment.
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tasks are unintuitive and uninteresting. In our system, users
only need to know how to use a web browser in order to
design, implement, and run full-scale workflows on a highperformance system.
When a user visits our system’s landing page, they are
prompted with a familiar web interface which contains links
to many useful services, all of which are accessible over a
web browser. The web interface has an awareness of what
it is able to do, and advertises this to other tools in the
ecosystem through the interface we have designed for it.
This allows different parts of the ecosystem to seamlessly
interact. For example, a script a user has written in the
web IDE component can be run on worker nodes through
the web-based job submission form very easily. The goal of
this model is that users never need to go anywhere other
than our web-facing infrastructure for any interaction with
the system of any kind. After tasks are completed, users are
optionally notified via email that their output is available and
where it is available. Additionally, in some cases, their output
can be directly attached to the email notifying them of job
completion. This allows for users to ”fire and forget” their
HPC jobs. The email notification is optional so that people
who are programmatically launching large numbers of tasks
aren’t overwhelmed by hundreds or thousands of emails. The
ecosystem simplifies the act of accessing an HPC system
for users who may not feel comfortable working with such
machines.
Jupyter[14] [15] notebooks are a commonly used platform for designing, developing, executing, and communicating
code. Notebooks documents, internally represented in JSON,
produced by the Jupyter Notebook App, which contain both
computer code and display elements, including equations,
descriptive text, and images. Notebooks can be both humanreadable documents containing the description and the results
of code, as well as executable documents which can be run to
execute arbitrary computer code. The Jupyter Notebook App
is a server-client application that allows editing and running
notebook documents via a web browser. The Jupyter Notebook
App can be installed on a remote server and accessed through
the Internet. We have set up an instance of the Jupyter
Notebook App as a server allowing users to run Jupyter
notebooks directly on our HPC system[16].
We have tried to provide as many options as possible
in order to fill the needs of many different types of users,
from people most comfortable with the traditional UNIX
command line interface to users who prefer Jupyter Notebooks
as an execution model, to people who are most comfortable
submitting tasks over a REST[17] interface or web form. We
have provided an interface which allows for many different
interactive, user-facing components, but which also sits on top
of a unified execution interface to ensure secure, performant,
and scalable execution of HPC tasks. From our landing page,
we want our users to feel comfortable not only using the
tools we have provided in our system, but also in requesting
assistance and other personal communication from our administration team. To this end, we have a section of the website

Fig. 1. Architecture diagram of our ecosystem exhibiting the ”One-StopShopping” model of interaction where users only work with with one
module

worker nodes by the network filesystem (NFS) protocol. Work
is scheduled to workers by Univa GridEngine[13], which has
a qmaster running on the login nodes and execution daemons
running on each worker. We have built tools on top of this
architecture with which users can avoid terminal-only access.
We call the interaction model we have implemented ”onestop shopping.” This means the user should never need to
go to more than one place in order to get started with our
system. Everything from launching large jobs to requesting
personal support from an administrator happens in the same
app. The user should never need to access our cluster in a way
they find uncomfortable or overwhelming. A diagram of the
components that make up this model can be seen in Fig. 1.
We have configured and run a specific set of tools, including
Jupyter notebooks [14], web-based integrated development
environments (IDEs), and file management systems that we
believe will benefit our users, and because our system is
modular, we will be easily able to extend the system by adding
more tools in the future.
A. User-Facing Infrastructure
For a user, the one-stop shopping model drastically simplifies the process of interacting with our cluster. Instead of
attempting to either run all of their needed programs over
the command line or developing programs on their computers
before uploading to the HPC system, users are able to design,
develop, and run complete workflows without any context
switching. Switching from working on a local machine such
as a laptop to working on a high-performance system is one
of the most time-consuming parts of computational science.
Users need to understand how programs run on their personal
computers differ when run on high performance systems, how
to upload and download data files and executables to and
from the system, and how to make changes to their code on
the remote systems. For many computational scientists, these
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from which users are encouraged to reach out to our support
team for assistance. Though this section is not implemented
as a module or set of modules in our system, it does fit with
the overall design philosophy of our ecosystem, as users are
encouraged to ask for help without going to a place than the
one they would use for other interaction with the system.

B. Implementation Details
There are three main layers that make up the ecosystem
we have designed. Those three layers are (1) the most userfacing, interactive layer, (2) the layer composed of various
tools for executing HPC jobs, and (3) the layer that ensures
that jobs will always execute in an expected, understandable,
and, performant way and also with a simple, unified interface
which ensures that it is easy to write expansion modules in the
future. We have designed and implemented the first and third
layers described here in order to allow people to interact with
the tools that make up the second layer easily and securely. A
diagram of the interaction and the makeup of these layers is
provided in Fig. 2.
Within our system, the second layer, which is composed of
the tools for executing HPC jobs, is represented as a modular
list of tools which run from the login node but are able to
interact with the worker nodes without any user interaction.
In order to accomplish this, we have designed an interface
comprised of verbs that the underlying third layer must be
able to carry out upon request from the second layer. Because
of this interface, it is very easy to add new tools to our list
of modules, which makes it easy to incorporate user feedback
into the system quickly and adopt new features and tools into
the ecosystem. The third layer, which the tools sit on top of,
is the layer responsible for delegating the tasks launched by
users to the worker nodes. This layer, which is comprised
of three main components, is responsible for balancing load
on the login node, delegating work to worker nodes when
possible, and ensuring that user-requested tasks are performed
as efficiently as possible. After the tool’s wrapper is added, the
ecosystem is able to communicate what the new tool allows it
to do with the user and the other tools. Users then are able to
use the tool and the tool is able to push data and commands
to other constituent tools.
The three aforementioned component modules are the execution manager, the filesystem manager, and the external data
manager. The interface, which the tools in layer two must
conform to in order to be modules in the ecosystem, ensures
that all tools which are to become modules in our system are
able to interact with each one of these components. However,
some modules may not make use of all of the components.
Before a tool is added to the system, a ”wrapper” layer needs
to be written for it. This wrapper layer allows the tool to
interact with the rest of the ecosystem and ensures that it
follows the interfaces provided by the ecosystem.
An example of this is the RStudioServer [22] module, which
needs access to the execution and filesystem managers, but
does not support file staging from external sources. Cases like
this are handled by the interface returning that the requested
functionality has not been implemented. We have implemented
a ”wrapper” interface which interacts with RStudioServer,
waiting for a user to request that an R script is run before
wrapping that R script in a GridEngine submission script.
It then will push all output from the R script back into
RStudioServer to display to the user. In the future, we plan

The tools we decided would go the farthest towards allowing all of our users to interact with only one outwardfacing section of our HPC system were chosen because we
identified the challenges they solve as being common problems
for our users. One of them is the JupyterHub Notebook
server[18]. Jupyter notebooks[14] attempt to capture the whole
computation process, including developing, documenting, and
executing code, as well as communicating the results. Jupyter
notebooks are becoming extremely common in computational
science, with more and more scientists preferring the Jupyter
environment as a means of carrying out simulations and
other computational science work. Our system provides access
to Jupyter notebooks which execute computationally intense
work on the worker nodes, while still running the JupyterHub
process on the login node.
Another common challenge we found among our users was
the issue of transferring data on and off of HPC environments.
Many of our users did not feel comfortable using command
line clients (scp, sftp, rsync, etc.) to transfer files on and off
of the system, so we use an open-source, web-based frontend
which would provide our users with an interface similar to
commercial cloud storage options like Google Drive. This
tool is called OwnCloud[19], and we were able to write a
wrapper for it to allow seamless drag-and-drop file uploading
and downloading. Any files that are created by an HPC job
that a user runs are automatically represented in the OwnCloud
environment and can easily be downloaded to their personal
computers.
We also found that in many cases, users had scripts or
executables which they had either already written or had been
given to them in a form that would be difficult to move
to a Jupyter Notebook. Other users may simply not enjoy
using the Jupyter interface. These users also often did not
feel comfortable launching jobs directly from the command
line, and our response to this common user challenge was
to design and build an easily accessible web-based frontend
for job submission and management on our HPC system. We
implemented a secure, easy to use, web-based access manager
designed to make interacting with our computational system
easy. Currently, the web-based component uses Python’s Flask
library[20] and the high-performance interactions are handled
by the job submission library libsubmit[21]. The system has
a web-based GUI form as well as a RESTful[17] interface
for automated job submission. The web form is simple and
familiar to users, while the REST interface is easily extensible
and can be wrapped to allow arbitrary components of our
ecosystem to submit HPC tasks, request status of HPC tasks,
and cancel unwanted HPC tasks.
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Fig. 2. Diagram of the makeup of different interaction layers in our ecosystem

to reconfigure this so that RStudioServer tasks will request
interactive GridEngine[13] jobs so that users have no waiting
time when their job has run but has not reported output yet.
An example of a tool that needs to use all three components of the interface is our Jupyter Notebook server. Jupyter
Notebooks[16] are a powerful and popular tool used by many
different types of scientists for a wide variety of tasks from
presenting work for publication and teaching to heavy-duty
high-performance computing tasks. Many scientists feel more
comfortable working with computation through the Jupyter
Notebook than through traditional file-based scripts and programs.
Jupyter Notebooks, however, are natively limited to running computational tasks, represented as runnable ”cells” of
code, on the computer which it is running on. Through its
IPyParallel[23] API, Jupyter Notebooks provide a way to
create a virtual cluster on which Jupyter cells can be run, but
natively, these cells must be on the same physical machine as
the Jupyter kernel is running on, which is usually a login node
or web-facing server. Jupyter needs to interact with all three of
the pieces of our interface, because it needs to be able to write
files to disks which are accessible from the worker nodes, it
needs to be able to pull data in from the external Internet, and
it needs to be able to execute all tasks on worker nodes so as
to not place excessive stress on the login node.
As mentioned in the User-Facing Infrastructure section, we
decided to run the JupyterHub[18] server directly on the login
node rather than on the worker nodes. Previously, similar
systems, such as the one described by [Kepner, et. al 2017],
have run individual Jupyter notebook servers as required on a
per-user basis, where single-user Jupyter servers are started as
an interactive HPC job and once they are started up, the user

is given a link to access their specific notebook environment
[11]. This forces users to wait for the system to start up
their notebook, and it also presents a confusing user flow
which they must follow. In our system, a user can login to
our JupyterHub server whenever they want with no wait time
and confidence that the Jupyter Notebook[15] files they have
previously used or created are still there, in a place where
they can be accessed easily. Our system also removes the
complexity of running scripts which impersonate the user and
log in to the worker nodes, where they start up a single-user
Jupyter notebook server[16]. The lack of this step makes it
both easier for users to interact with and also easier to ensure
that files users may need access to are easily accessible from
the Jupyter environment. Our design prioritizes user-facing
simplicity with only a slight penalty of increased load on the
login node.
For the specific case of Jupyter with Python as a backend,
we have employed the Parsl Parallel Scripting Library [24] in
order to submit tasks directly to the Univa GridEngine[13]
resource manager. We have designed and implemented a
Jupyter Notebook Extension which we have enabled by default
on our system. This notebook extension takes python code
and automatically annotates it and prepares it to be run on
worker nodes through parsl. As part of our interface, there is
an instance of the python library libsubmit[21], which assists
in the abstraction of scheduler commands and provides a
simple, easy interface for submitting, canceling, and requesting
status of resource manager defined tasks [24]. In order to
be Parsl-compliant, there are some slight restrictions on the
type of code that can be run through our ecosystem, but most
python code which is written is compatible with no changes.
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OwnCloud users to system users and automatically move files
to an easily accessible location within the user in question’s
home directory and change the file’s ownership so that the user
will have access to their own files, even though OwnCloud
automatically creates the files as the user that runs the web
server.
IV. DISCUSSION
A. Security
When designing systems which run on high performance,
multi-user, production-level systems, security is an extremely
important consideration. High-performance systems are often
both public-facing and highly publicized. This, as well as
the extremely high potential usability and power to a hacker,
makes them common targets for malicious cyberattacks. A
hacker using a high-performance system as a botnet could
cause a large amount of damage. Additionally, without security, people are not likely to use the system, and if they do use
the system, it is likely that their data will be compromised.
We have taken a multi-tiered approach to security in our
ecosystem. The first tier is to attempt to keep unwanted users
out of the ecosystem entirely, and the second tier is to make
sure that even if an attacker can access the ecosystem, they will
still be locked out of any important functions and tools. The
third tier ensures that users only have access to the specific
data they own or have been given rights to by its owner. This
is important because some research projects require access
to sensitive data, and that data must be carefully secured
from users not on the project. We support both the traditional
command line interface for changing file permissions, as well
as a web-based GUI for sharing files to users and groups, and
changing read, write, and execute permissions on the files.
In order to completely lock unwanted malicious users out
of the system, we have isolated the system from the public
Internet behind a virtual private network (VPN). The VPN
ensures that only users registered to the system can even find
the system on the Internet, as well as encrypting all web
traffic to and from the system. The system is still able to
make outgoing requests, but will not receive any incoming
requests unless they come from within the VPN. The effect
of this is that our cluster is not even visible to potentially
malicious users. We also enforce that all HTTP based traffic
to and from our system is encrypted with TLS. This ensures
that even if packets are intercepted and saved by a hacker,
they are essentially unreadable. This is especially important
because many of our tools require transmission of passwords
over a network connection, and this ensures that the passwords
sent over the network will remain unreadable except by our
system on the other end. These two design choices ensure that
the requirements laid out in the first tier of our security are
met.
We have used the pluggable authentication module (PAM)
for all of our tools. In some cases, where the tool’s built-in
security was not sufficient, we wrote a PAM authenticator as a
part of its wrapper. Our user-facing interface requires that the
user be able to authenticate to the tool they wish to use with

Fig. 3. Architecture diagram of the JupyterHub notebook server’s
interactions in our ecosystem.

Libsubmit uses the concept of an ”execution provider” in
order to provide a uniform interface for submitting arbitrary
jobs to various different types of execution environments,
includng clouds, resource managers, and local, thread-based
task execution[25]. As part of this project, we wrote a
Libsubmit[21] execution provider for Univa GridEngine. A
diagram of the way our Jupyter server interacts with the rest
of our ecosystem is in Fig. 3.
For other tools, there are different considerations which
need to be made. As mentioned earlier, there are some tools
which only need to interact with one or two pieces of our
cluster abstraction interface. One of these such tools is our
file transfer manager. As a front-end, we use the open-source
project called OwnCloud[19]. OwnCloud is a cloud file storage
system that provides users with an interface similar to that of
proprietary tools like Google Drive. Because the interface and
experience is familiar to users, they are comfortable using it
to transfer files on and off our system.
OwnCloud on its own is a powerful tool for allowing users
to share, sync, and transfer files in the cloud, but it does
not provide all of the functionality we need in order for
a completely integrated job execution environment. It lacks
proper authentication, file ownership, and system interaction
without our interface underneath it.
Essentially, the only functionality provided ”out of the box”
with OwnCloud[26] is its web interface. The web interface is
designed to store all data in a specified directory, which is an
understandable design choice if most users are not expected to
touch the data other than from the OwnCloud front-end, but
for our use case, this is not a safe assumption to make. Users
of our system will almost always want to use the files they
have just uploaded in a HPC job, so they will need to know
where it is stored and have proper permissions on the files.
Because OwnCloud cannot fill this requirement natively, we
have attached it to the Filesystem Manager of our interface,
which is able to translate the file structure that OwnCloud
creates into something more useful for HPC file transfers. The
filesystem manager is able to track what files are uploaded by
which OwnCloud users and is able to use its index to translate
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their system username and password. PAM allows for this to
happen securely and easily, and it is usually easy to modify
a tool so that it uses PAM authentication in the event that it
does not natively support PAM. This satisfies the requirements
in the second tier of our security design.
As explained more thoroughly in the implementation details
section, whenever files are written or read by user-facing components of our ecosystem, they must go through the filesystem
manager. This ensures that file permissions are always set such
that only authorized users have access. This allows the system
to automatically ensure that files have their permissions set as
users wish. The filesystem manager’s capabilities ensure that
the third tier of our security system is properly implemented.

tasks easily. This user flow is shown in Fig. 4. The end goal
of this project is to provide a single unified environment from
which all of our users’ HPC needs are filled, regardless of
the scale of the task they are trying to accomplish, their
level of experience with HPC systems, or their familiarity
with UNIX and command line interfaces. We believe we
have taken a step towards this goal by providing users with
an ecosystem designed to offer them enough options that
they can compose, execute, analyze, and publish their HPC
workflows, as well as requesting personalized assistance when
necessary, all without ever leaving the web-based frontend of
our ecosystem. One of the most important and popular tools
we have made available to users are Jupyter notebooks. Our
Jupyter notebook installation is simple and easy to use. As an
example, a code sample which calculates pi via monte carlo
simulation through our Jupyter notebook interface is in Fig.
5.
Along with usability goes extensibility, because many of the
things that make our ecosystem more usable than traditional
HPC environments are the third-party tools in the user-facing
layer of our ecosystem. The modular interface we have designed, which any tool added to our ecosystem must conform
to, is written so that simple wrappers can be easily written
around tools so that any tool a user requests can be quickly
and easily installed on our system. This interface consists of a
set of commands that the ecosystem can give to any subset
of the tools on the system simultaneously. Some of those
commands are starting and stopping the tools, turning on and
off user-facing parts of the tools, executing HPC jobs through
a resource manager, writing to and reading from files, and
connecting and disconnecting from worker nodes. The result
of having a clearly defined, simple interface is that adding new
usability tools to the system is easy, and the system can grow
as its users need.

B. Usability and Extensibility
Usability is by far the most important consideration we
made when designing our ecosystem. We are based at a small
liberal arts college and many of our users have no experience
with UNIX or HPC systems. We want to make our system
as easy to use for them as possible, while still maintaining
the ability to carry out high-performance tasks efficiently and
quickly. We want our system to provide enough fine-grained
control that the most advanced users of our system may
customize their workflows in any way they wish, while also
providing a simple enough interface that our first time users
who may have never used a command line interface before
are able to submit jobs to our system easily and without much
outside assistance.
Because we are based at a small liberal arts college and
this is the college’s first dedicated HPC system, one of the
main challenges we anticipate is simply getting people to
use our system. We believe that people—both students and
professionals—from many disciplines, including humanities,
physical sciences, life sciences, and social sciences, would
benefit greatly from using our HPC system with their education and research, but we also understand that many
people from disciplines outside of computer science will feel
uncomfortable using a system like ours because it may seem
foreign, confusing, and difficult to understand. The ecosystem
we have built helps to solve this problem by presenting a
friendly, easy to use, familiar interface to a system which many
of our users are initially uncomfortable with. We hope our
users’ experiences with our ecosystem will make them want
to continue using more HPC in their future work, be it through
teaching, research, or just for fun.
Our ecosystem has already been used for multiple computational science projects, both research and teaching based,
and our users, both professional researchers and students, have
found our ecosystem to be easier to use than they expected.
Additionally, more components of the system have been developed in response to requests from and in collaboration with
our users. Through the method of allowing users to help design
the environment which they will be using, we have been able
to provide an environment in which users feel comfortable.
Users have a simple, intuitive workflow which allows them
to design, implement, execute, analyze, and share their HPC

C. Performance
HPC jobs, by definition, require a highly performant system
on which to run. If our ecosystem increased usability but
reduced performance to the point that many of our users’ jobs
would not properly run through our ecosystem, it would be
almost completely useless. The system needs to maintain its
performance enough that HPC jobs can run without a large
performance penalty.
Our ecosystem slightly impacts performance in terms of
memory usage as well as CPU usage. At idle, our ecosystem
in total uses about 1.5 gigabytes of memory. As users log
in, slightly more memory is used up. With roughly 25 users
logged in and using the ecosystem, this went up to about 2
gigabytes. At one time, 2 gigabytes of memory was a large
amount, but now, programs as common as web browsers can
take up well over 2 GB of memory on people’s personal
computers. Our system’s login node has over 100 GB of
memory, so even with hundreds of concurrent users, our
ecosystem would be able to keep up with demand.
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Fig. 4. Flowchart summarizing the user workflow process

larger system with similar performance. If the cluster we were
to install our ecosystem on has only one login node, as ours
does, it would be essentially the same installation as we have
on our cluster, and would be extremely simple to replicate. If
the larger system in question has more than one login node,
the only major change we would need to make is ensuring that
an instance of each user-facing tool is installed and running on
each login node, and ensuring that those instances of tools are
able to communicate with each other through our interface.
Though we have not done this, there is no reason that it
couldn’t be done, as our interface already supports network
traffic.
E. Administrative Overhead
Most HPC systems have full-time systems administrators
and developers whose job it is to keep the system running
and to keep the users happy, as well as full-time researchers
who spend most of their days using the system. Because our
school is so small and does not have a large research staff,
we also do not have a large HPC administration staff. Our
cluster is managed by our school’s library, and there are no
full time employees dedicated completely to HPC operations.
Instead, there is one library employee whose responsibilities
include library collection management, research computation
support, support for technology as a teaching tool, and now,
HPC administration and management as well. There are also
two students who work part time on those same topics.

Fig. 5. Jupyter cell which calculates the decimal expansion of π by Mote
Carlo simulation

D. Scalability
Our ecosystem is also highly scalable. Though we do not
have a larger cluster on which to install our ecosystem, we
are confident that it would be easy to replicate our setup on a
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Because of the limited amount of time we can spend on HPC
administration, having a system which is easy to administer is
very important. We have found that after the initial design
of our ecosystem, the amount of time we have needed to
spend managing our HPC system has been minimal. Users
have found interacting with the system to be easy and intuitive,
and as such, have not needed very much hands-on assistance
with HPC operations. We have also found that our ecosystem
is not hard to maintain, upgrade, and operate. Starting and
stopping the whole system or various parts of the system
can be controlled with a single command, and adding and
maintaining various modules is fairly straightforward.

before returning them to students’ home directories, also with
the click of a button.
Another one of these education-specific features also expands on Jupyter. We have created a ”textbook” based entirely
on Jupyter notebooks, which is intended to be used either as
an interactive, self guided course or as supplemental material
for a traditionally taught course [27]. The course interactively guides students through the basics of high-performance
computing. We have prepared eight notebooks, each one
corresponding to a topic we decided was important for a
foundational understanding of high performance computing.
We call each of these notebooks a chapter. The structure of
each chapter is as follows: each chapter has a number of
sections, and each section has at least one, but in many cases
more, example of a real-world problem which is pertinent to
the section, mostly written in python. These examples are all
interactive and can be run and tweaked as needed by students.
We surveyed students about how they felt this notebook-based
textbook compared to traditional textbooks, and they found the
interactive textbook more useful than a traditional textbook.
One student said ”I enjoyed the images and appreciated that
the examples could be run, so users can change values and
see how that effects the output”, while another student said ”I
really liked having the cells throughout the chapter to explain
and showcase the material from that section”. These notebooks
can easily be used as projects and assignments along with the
features described in Sec. 5A.

V. EDUCATIONAL IMPACT
A. Use in Courses
Our system has been operational since winter semester
2018, and has been used as a part of coursework for two
courses, one in biology and one in computer science (Machine
Learning), as well as several independent studies. In academic
year 2018/ 2019, it will be used for at least three courses. The
200-level course ”Computer and Network Security” plans to
use it for password cracking.
We also plan to use our system at least once in our CS1
course, to experience the power of HPC. The CS1 course
typically covers an exercise of computing π by Monte Carlo
method. Consider a circle inscribed in a square. Uniformly
scatter a given number of points over the square. Count the
number of points inside the circle, i.e. having a distance from
the center of less than the radius. The ratio of the inside-count
and the total-sample-count is an estimate of the ratio of the
two areas, π ∗ r2 /(2 ∗ r)2 = π/4. Multiply the result by 4 to
estimate π.
The approximation accuracy improves as more points are
placed. With a good random number
generator and n points,
√
accuracy improves by a factor of n. Thus muliplying numbers
of points by 100, improves accuracy by a factor of 10. The
computation is embarassingly parallel. Fig. 5 shows a Jupyter
notebook.

VI. FUTURE WORK
In the future, we would like to continue to expand the
ecosystem both by adding new tools to the system as well
as adding entirely new components to the ecosystem. One of
the entirely new components we would like to design is an
automated publication pipeline, which would allow users to
specify that they would like output data from certain types
of jobs to be automatically published to external destinations
including Globus[28] endpoints, Amazon S3 [29] buckets,
personal web servers, Google Drive folders, or any other
location users may want output data to go. One example of
how this would be used is if a user had a web server which
was showcasing their research with sample data, they could
set up this system to automatically show their newest data
on that website, updating every time they changed or re-ran
the workflow producing that data. Another use for this output
publishing system could be for a pipeline for an interactive
demo. In this case, the user would have a public-facing web
site which would automatically call a workflow on our cluster
and then results would use the publication module to send data
back to the person who had called the workflow, thus showing
how HPC works interactively and in real-time.
Some of the smaller changes we would like to make in the
future concern the web-based job submission form. First, we
would like to change the UI and make the website somewhat
better looking. We believe that though the website is functional
and simple to understand now, it would be even easier to use
if the UI was a bit cleaner. To that system, we would also like

B. Education-Specific Features
There are a some education-specific features of our system
which are designed to help teachers do things they would
otherwise need to do manually. One of these features is a
Jupyter Notebook Grading system. Jupyter notebooks lend
themselves to be used in course quite nicely. Because of
the cell-based nature of a notebook, it is easy to create an
assignment We have designed a Jupyter notebook extension
which allows teachers to assign a Jupyter notebook as either
a test or project assignment to a number of students with the
click of a button. Jupyter will then automatically make a copy
of that assignment in the students’ home directories, ensuring
that only that student and the instructor have read access, and
notes when the assignment is due. Then, when the assignment
is due, it will automatically timestamp and copy the updated
student assignment into a folder which is only readable by the
teacher. The teacher can then grade the student assignments,
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to continue to expand the capabilities of the access manager
to include automated external data staging and workflow
optimization, as well as enhanced monitoring and interactivity
of jobs. Additionally, we would like to expand our external
data manager to support more external data sources such as
Apache HDFS[30], as well as enabling users to mount remote
filesystems directly onto our system in a safe, fast, and secure
way.
Finally, we would also like to design a software layer which
can differentiate jobs by what kinds of hardware they would
benefit from. This would be useful for a number of different
things. First, it would be useful because it would allow jobs
that benefit from different types of accelerators to run on
hardware with those accelerators available automatically. For
example, if we know that a user is running a job which
involves TensorFlow[31], we could suggest to them that their
job should be run on a compute node with a GPU, while other
software frameworks may be conducive to running on nodes
with Intel Xeon Phi coprocessors, or may benefit from running
on a node with just traditional CPUs.
Another thing this technology would be useful for is determining what kinds of queues to submit jobs to. For example,
if we know that a job is mostly IO bound, we can then
attempt to make sure that, if it is small enough, it will only
run on one node, and if not, then we can ensure that the
nodes it runs on are closely networked together. Additionally,
we are interested in setting up a High-Throughput (HTC)[32]
queue in our system, where we gain additional compute
power by scavenging spare compute cycles from computers
around campus which are often idle, similar to how HTCondor
operates[33]. In order to effectively do this, we must have a
way of differentiating what types of jobs should be run directly
on the HPC system [34] and what jobs are lower priority
or otherwise suitable to run on the HTC queue[35], while
still coming from the same user-facing ecosystem we have
described here.

minimal performance overhead, and we have found that this
ecosystem has reduced the amount of administration necessary
on our system.
Our ecosystem has been tailored towards educational use
cases. We have designed specific features for teachers to use
with their students, in order to help optimize tasks which
would otherwise be time-consuming. One example of such
a feature is automated assignment and collection of projectstyle and test-style assignments to a group of students which
ensures students cannot view each others’ work and ensures
that students lose edit-level access to their work after it is
due. We have also demonstrated use of our ecosystem as a
means to provide students with an interactive textbook, which
they found to be more interesting and useful than a traditional
textbook.
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