How to Run RStudio & Jupyter Notebook on ARC

Please consider the following guidelines if you plan to use RStudio and Jupyter Notebook on Virginia
Tech (VT) ARC (Advanced Research Computing) for data analysis. The purpose of this document is to
provide guidelines for the use of RStudio and Jupyter Notebook on ARC at the Center for Biostatistics
and Health Data Science (CBHDS). This document provides a step-by-step guide to demonstrate the
various ways to run RStudio and Jupyter Notebook on ARC. Note that you do not need to have any prior
experience with high-performance computing (HPC) to follow this document.

Utilizing ARC Resources for Large Data Sets and Jobs

CBHDS uses ARC for the purpose of storage and data analysis for all bioinformatics projects. ARC is
Advanced Research Computing, a unit of VT’s Division of Information Technology. ARC provides
centralized research computing infrastructure and support for the VT research community. For more
information on ARC services and how to request an account, create projects, and manage data on
ARC, please read our “Bioinformatics Data Transfer” document, which is available on the CBHDS
website. Please email Dr. Missi Zhang (email: missizxm@vt.edu) if you have any questions about these
guidance documents.

VT ARC provides HPC systems, large-scale data storage, big data processing, and software. You can use
the CPU and GPU clusters provided by ARC if you have large data sets and/or large jobs to run. At
CBHDS, we often need to run RStudio and Jupyter Notebook on ARC to analyze large data files,
especially for bioinformatics projects.

There are two ways of running RStudio and Jupyter Notebook on ARC:

e Through the interactive apps on “Open OnDemand”: This is the easiest of the two ways. All
that you would need to do is to open the links provided in the “Interactive Apps” section and
specify the number of nodes and cores you need to use. However, the downside of using this
method is that users could only select the R and RStudio versions available on the drop-down
list, and users would not be able to install certain packages. If these issues matter to you, you
can try the following alternative method listed in the bullet below.

e Through a remote server on a compute node: This method requires requesting computational
resources (using sbatch or run salloc/srun commands) through Slurm (the scheduler and
cluster resource manager) and run RStudio and Jupyter Notebook on the web browser from a
remote server. You can find more information about Slurm and job submission on ARC’s user
documentation page. Please be aware that although technically this can be done on a login
node, data analysis jobs must NOT be run on the login nodes and these jobs are
subject to administrative termination. For more examples about the acceptable and
unacceptable use of login nodes, please visit https://www.docs.arc.vt.edu/usage/abuse.html.

Below are step-by-step instructions detailing how to run R studio and Jupyter Notebook on ARC for
each of the two methods listed above (via Open OnDemand versus remote server).
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1. “Open OnDemand” Interactive Apps: RStudio and Jupyter Notebook

This section contains instructions for accessing RStudio and Jupyter Notebook through the “Open
OnDemand” interactive apps webpage. Please refer to Section 1 of our ARC Data Transfer and
Management guidance document for information on requesting VT PID and ARC accounts. Please
make sure you are connected to VT's campus network before you start Step 1.1. If you are
connected to off-campus internet, you can use VT's Remote Access VPN to access Blacksburg
campus university services.

1.1. Go to https://ood.arc.vt.edu/pun/sys/dashboard/, and use your VT PID and password to
log in to the ARC system.

VIRGINIA
TECH
Login to ood.arc.vt.edu
Username
Password

* Forgot your username or password?
¢ Need Help?

Figure 1.1.1. The Login Page for ARC System Access.

Then you’ll find your PID username in the top right corner of the Open OnDemand webpage

(Fig. 1.1.2).
ARC Open OnDemand Apps~ Files~ Jobs~ Clusters~ Interactive Apps~ IDE~ @ My Interactive Sessions @Help - & loggedinas , @ Log Out
OnDemand

OnDemand provides an integrated, single access point for all of your HPC resources.

Message of the Day

This system is for authorized users only. Users accessing this system consent to the monitoring, recording
andjor disclosure of all activity while using this system.

Usage of this system is subject to the terms of the Virginia Tech Acceptable Use Guidelines

Pinned Apps A featured subset of all available apps
Home Directory

System Installed App

Code Server Eclipse Nvidia-Nsight-Eclipse PyCharm

System Installed App System Installed App System Installed App System Installed App

Figure 1.1.2. The Open OnDemand Webpage after logging in.
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1.2. Click the “Interactive Apps” Icon and you will see a drop-down list (Fig. 1.2.1):

ARC Open OnDemand Apps~ Filesv Jobs~ Clusters~  Interactive Apps~ IDE~ @ My Interactive Sessions

& AMDuProf

m @ Ansys Workbench
Qn Dem DeepLabCut

® Desktop
OnDemand provides an i = GAMS Studio -PC resources.
Message of the L 25V

& Jupyter Notebook -- test conda env/module
This system is for authorized [ £ Jupyter Notebook --Container 1e monitoring, recording

andfor disclosure of all activit ~ 4| 5_prepost

Usage of this system is subje 4 MATLAB via VNC uidelines

. PSPP
Pinned Apps Afea ° )
ParaView

Files & Rstudio - Rstudio >1.4.1717, R>4.1 I _

& VisIT
A 2GS
ﬁ TinkerCliffs
Home Directory & LaBB-CAT

System Installed App M Maya Rendering Arnold

adhe LA A

Figure 1.2.1. The drop-down menu for “Interactive Apps”.

1.3. Select the app you need, and you will be taken to a resource-requesting page (Fig. 1.3.1).

Provide the slurm account name and specify the computational resources you need to
request. For information on slurm accounts, please refer to Section 4.4 of the “ARC Data
Transfer and Management” guidance document.

ARC Open OnDemand Apps~ Files~ Jobs~ Clusters~ Interactive Apps~ IDE~ @ My Interactive Sessions X s @ Log Out

Home / My Interactive Sessions / Rstudio -- Rstudio >1.4.1717, R>4.1

_ Rstudio -- Rstudio >1.4.1717, R>4.1

This app will launch a Rstudio Server in a container on one node. Note Rstudio
& Code Server >1.4.1717 does not work with previous versions of the Rstudio OnDemand app.

& Eclipse R version and package set
& Nvidie-Neight-Eckpse R: 4.1.2: 00d-rstudio1a1717-bio_a.1.2.sif v
This defines the R version and basic packages installed. You can install more in your
 PyCharm session.
Account
+ The allocation you would like to use for SLURM.
& AMDUProf '
Reservation
# Ansys Workbench
DeeplLabCut
Partition
Deskt
© Deskion normal_q  Us nal_q” to request CPUs and use “v100_normal 5 re
& GAMS Studio + To request a GPU enabled queue, preface it with v100_.. Example:
v100_normal_q
siGv
Number of hours (min-1, max-48)
© Jupyter Notebook -- test P e tir 't

conda envimodule The v je wil ! f

Number of nodes (min-1, max-2)
© Jupyter Notebook --Container
1

@ LS-PrePost
Number of cores per node (min-1, max-128)

4 MATLAB via VNC 2

PSPP C t ve em, tific
¢ B | would like to receive an email when the session starts S s requirir mputational

% Rstudio -- Rstudio >1.4.1717, * The Rstudio -- Rstudio >1.4.1717, R>4.1 session data for this session can be
R>41 accessed under the data root directory.

Figure 1.3.1. The resource-requesting webpage for RStudio.
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ARC makes interactive RStudio sessions available by running singularity containers. You will be
able to select a RStudio version and package set available on the drop-down list (Fig. 1.3.2).

Home / My Interactive Sessions / Rstudio -- Rstudio >1.4.1717, R>4.1

IDE

& Code Server

& Eclipse

£ Nvidia-Nsight-Eclipse

@ PyCharm

Rstudio -- Rstudio >1.4.1717, R>4.1

R: 4.1.0: ood-rstudio141717-basic_4.1.0.sif
R: 4.1.1: ood-rstudio141717-basic_4.1.1.sif
R: 4.1.2: ood-rstudio141717-basic_4.1.2.sif
R: 4.1.0: ood-rstudio141717-bio_4.1.0.sif

R: 4.1.2: ood-rstudio141717-bio_4.1.2.sif
R
R

: 4.1.2: ood-rstudio141717-geo_4.1.2.sif
: 4.1.1: ood-rstudio141717-geospatial_4.1.1.sif

Interactive Apps

£ AMDuProf

@ Ansys Workbench

« DeepLabCut

R: 4.2.2: ood-rstudio202212-geo_4.2.2.sif

v

¢ The allocation you would like to use for SLURM.

Reservation

Figure 1.3.2. The drop-down menu for RStudio version selection.

For Jupyter Notebook, the process is similar, except that you can specify the conda
environment and project path, if you select “Jupyter Notebook -- test conda env/module”.

Il ParaView

£ Rstudio -- Rstudio >1.4.1717,
R>4.1

& VisIT

£ qGIS
TinkerCliffs

& LaBB-CAT

M Maya Rendering Arnold

1

Number of cores per node (min-1, max-32)

2

Number of GPUs per node (min-0, max-2)

0

« If requesting GPU nodes, you must enter a GPU-enabled Partition above or the
job will fail

Conda environment

spipe

« This should be a Conda environment you wish to load. The conda environment
must contain ipykernel for this to work. Once the notebook has started, you can
type "!which python" to make sure you are within your Conda environrment.

default directory to start notebooks

[projects/cbhds-bioinfo/cbhds_bioinformatics_projects/

« This sets the startup directory, defaults to /home/. The directory MUST exist
prior to starting job.

PYTHONUSERBASE for user install packages

* This sets the local directory for installing user packages.
Required modules

Anaconda3/2022.10

« This should be spaced list of -compatible- modules as you would see in 'module
spider' for the node type targeted.

« Click the blue hash and look at output.log and script.sh to troubleshoot module
errors.

1 would like to receive an email whe

* The Jupyter Notebook == 1€ ON data for this session can

be accessed under the data root directory.

Figure 1.3.3. The resource-requesting webpage for “Jupyter Notebook -- test conda env/module”.
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1.4. Click “Launch” at the bottom of the resource-requesting page (Fig. 1.3.3).

Session was successfully created.

Home / My Interactive Sessions

IDE

& Code Server

& Eclipse

& Nvidia-Nsight-Eclipse

@ PyCharm

Interactive Apps

£ AMDuProf

@ Ansys Workbench

DeepLabCut

@ Desktop

# GAMS Studio

2 IGV

£ Jupyter Notebook -- test
conda env/module

Rstudio -- Rstudio >1.4.1717, R>4.1 (2550029)

Created at: 2024-07-26 15:09:48 EDT
Time Remaining: 59 minutes

Session ID: 7bdf5672-b851-428c-9b95-e63be8071329

@D | @D | Starting

i Delete

Your session is currently starting... Please be patient as this process can take a few minutes.

Figure 1.4.1. Starting an interactive RStudio session.

You will see a message saying “your session is currently starting”. When it’s ready, click
“Connect to RStudio Server”.

Session was successfully created.

Home / My Interactive Sessions

& Code Server
& Eclipse
& Nvidia-Nsight-Eclipse

@ PyCharm

Interactive Apps

& AMDuProf

@ Ansys Workbench

Rstudio -- Rstudio >1.4.1717, R>4.1 (2550029)

Host: tc047
Created at: 2024-07-26 15:09:48 EDT
Time Remaining: 59 minutes

Session ID: 7bdf5672-b851-428c-9b95-e63be8071329

‘ @ Connect to RStudio Server .

Figure 1.4.2. A remote RStudio server is ready.
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1.5. Then a new tab will be open on your browser, and you can work in the interactive RStudio
session as you would work on your local desktop.

version 4.1.2 (2021-11-01) -
right (C) 2021 The R Founde
pe

Figure 1.5.1. A remote RStudio session.

Set your working directory with your project path. For example,
“setwd ("/projects/cbhds/project 001")”. Then you are ready to go!

2. Running RStudio and Jupyter Notebook Through A Remote Server on A Compute Node

This section contains instructions for requesting computational resources from ARC and launching
Jupyter Notebook and RStudio on a compute node. Please make sure you are connected to VT's
network before you start following our examples. If you are connected to off-campus internet, you
can use VT’'s Remote Access VPN to access Blacksburg campus university services.

2.1. Access HPC Compute Resources (Clusters)

There are multiple ways to request computational resources from ARC. You can submit a
sbatch job script (Recommended) for non-interactive execution or run interactive jobs using
“salloc” and “srun” commands. VT ARC provided an example script to launch Jupyter Notebook
on a compute node. Since the hpc cluster “huckleberry” was retired in 2022, we are providing
an updated example modified based on this existing example.

You can get access to ARC clusters through the “Open OnDemand” website or via SSH
connections. ARC provided video tutorials for browser-based cluster access
(https://video.vt.edu/media/ARCA+Open+OnDemand+for+Browser-

based+Cluster+Access/1 nkplebuu/176584251 and SSH-based cluster access
(https://video.vt.edu/media/ARCA+Accessing+clusters+from+the+command+line+via+SSH/1 n
koijfb72/176584251).

Here we are providing a step-by-step guide for accessing ARC clusters from a web browser.
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2.1.1 Go to the “Open OnDemand” website and log in as described in Step 1.1.

Click “Clusters” to select the cluster you need. As of July 2024, there are two clusters
available: “TinkerCliffs” and “Infer”. Please click to review the hardware resource and
usage policy for “TinkerCliffs” and “Infer”. Since “Infer” is a GPU cluster nearing end of
life, we will use “TinkerCliffs” in this instruction.

Now, please click “TinkerCliffs Shell Access”on the drop-down list.

ARC Open OnDemand Apps~ Files~ Jobs~ Clusters~ Interactive Apps~ IDE~ @ My Interactive Sessions

>_Infer Shell Access
>_TinkerCliffs Shell Access
TinkerCliffs Shell Access

OnDemand provides an integrated, single access point for all of your HPC resources.

Message of the Day

This system is for authorized users only. Users accessing this system consent to the monitoring, recording
and/or disclosure of all activity while using this system.

Usage of this system is subject to the terms of the Virginia Tech Acceptable Use Guidelines

Pinned Apps A featured subset of all available apps
Figure 2.1.1. Accessing the cluster.

2.1.2 You might need to verify your login activity on the Duo App. After that, you will see a
Command Line Interface (CLI) similar to Fig 2.1.2. You have gained the access to the
tinkercliffs cluster.

Last login: Tue Jul 30 14:22:27 2024 from ood.arc.ipv6.vt.edu

| This computer is the property of Virginia Polytechnic Institute and State |
| University. Use of this equipment implies agreement to the university’s

| Acceptable Use Policy (Policy 7000). For more information, please visit:

| https://vt.edu/acceptable-use.html

| NOTE: VT Enterprise Directory Password authentication requires a DUO
second factor challenge. After your password is provided, you
will receive a DUO challenge.

w@tinkercliffsl ~1$

Your PID username

Figure 2.1.2. The Command Line Interface of TinkerCliffs1
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2.2 RunJupyter Notebook on A Compute Node using A Slurm Script

This example is built upon the example script provided by VT ARC
(https://www.docs.arc.vt.edu/resources/compute/huckleberry.html#jupyter-notebooks).

2.2.1

2.2.2

2.23

In the Command Line Interface, please navigate to your project directory by running
“cd /projects/your project path”.

Last login: Wed Jul 31 16:47:36 2024 from ood.arc.ipv6.vt.edu

| This computer is the property of Virginia Polytechnic Institute and State |
| University. Use of this equipment implies agreement to the university'’s

| Acceptable Use Policy (Policy 7000). For more information, please visit:

| https://vt.edu/acceptable-use.html

| NOTE: VT Enterprise Directory Password authentication requires a DUO
second factor challenge. After your password is provided, you
will receive a DUO challenge.

(ISR ot inkercliffsl ~]1$ pwd pwd: print the current directory path

/home/ [HESNE

[ "@tinkercliffsl ~]$ cd /projects/cbhds/072024_Missi_test/

[l 1@tinkercliffsl 072024_Missi_test]$ pwd cd: navigate to your
/projects/cbhds/072024_Missi_test . o
[EEEEctinkercliffsl 072024 Missi_test]$ project directory

Figure 2.2.1. Navigating to your project directory.

Create a text named as “jupyter_example.sh” by running
“nano ./ jupyter example.sh”.

@tinkercliffsl ~]1$ cd /projects/cbhds/072024_Missi_test/
@tinkercliffsl 072024_Missi_test]$ nano ./jupyter_example.sh

Figure 2.2.2. Creating a text file.

This will open a new window for you to edit the text file.

Please copy and paste the following slurm script and press “control” and “O”
simultaneously on your keyboard and then hit “return” to save the edited file. Then
press “control” and “X” simultaneously on your keyboard and then hit “return” to exit
the editing window. Now, run “cat ./jupyter example.sh” toreview the script
to make sure it was successfully edited and saved.
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tinkercliffsl ~]$ cd /projects/cbhds/072024_Missi_test/

tinkercliffsl 072024_Missi_test]$ nano ./jupyter_example.sh

tinkercliffsl 072024_Missi_test]$ cat ./jupyter_example.sh
#!/bin/bash

#SBATCH —-job-name=start-jupyter

#SBATCH —-partition=normal_q

#SBATCH --nodes=1 #number of nodes

#SBATCH —--ntasks—-per—-node=16 #maximum number of tasks per node
#SBATCH —-mem=16G #memory per node

Figure 2.2.3. The editing window opened by nano.
The slurm script:

#!/bin/bash

#SBATCH --job-name=start-jupyter

#SBATCH --partition=normal g

#SBATCH --nodes=1 #number of nodes

#SBATCH --ntasks-per-node=16 #maximum number of tasks per node

#SBATCH --mem=16G #memory per node

#SBATCH --time=00:10:00 #specify the runtime using HH:MM:SS

#SBATCH --account= slurm account #replace it with your slurm account name
#SBATCH --mail-user PID@vt.edu #replace it with your own email address
#SBATCH --mail-type BEGIN

#SBATCH --mail-type END

#SBATCH --output=start-jupyter.%J.out

#SBATCH --error=start-jupyter.%J.err

# Create an ssh tunnel

XDG_RUNTIME DIR=""

node=$ (hostname -s)

user=$ (whoami)

cluster="tinkercliffsl"

port=8888 # you can replace 8888 with 8889, 8890, 8891, or 8892.

ssh -N -f -R ${port}:localhost:${port} S${user}@S{cluster}.arc.vt.edu

# Print the instructions

echo -e "

# Note: default port: 8888. In case port 8888 is not available, please go to
start-jupyter.%J.err to find the alternative port info. Or simply replace 8888
with 8889, 8890, 8891, or 8892 in the above code line.

# Run this command in the terminal on your laptop:
ssh -N -f -L 8888:${node}:8888 S${user}@S{cluster}.arc.vt.edu

# Use a browser on your local machine to go to:
http://localhost:8888/

# Load the module and activate the conda environment

module load Anaconda3/2024.02-1 #you just run module load Anaconda3 without
specifying the version

source activate test #replace "test" with the conda environment you intend to work
in

# If jupyter is not installed, please remove the “#” in the following line:
# conda install jupyter -y

# Run Jupyter
echo "starting jupyter notebook"

Jjupyter-notebook —--no-browser --port=${port} --ip=${node}

# Keep the interactive session alive for x seconds: 600 seconds=10 minutes
sleep 600

exit
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2.2.4 Run the following code to set a password:

module load Anaconda3/2024.02-1 #you just run “module load Anaconda3” without
specifying the version

source activate test #replace "test" with the conda environment you intend to work
in

jupyter notebook --generate-config

jupyter notebook password

Then type any password you wish to set and verify it by typing it again.

[ @tinkercliffsl 072024_Missi_test]$ module load Anaconda3/2024.02-1

[ @tinkercliffsl 072024_Missi_test]$ source activate test

(test) [immmmmmetinkercliffsl 072024 _Missi_test]l$ jupyter notebook --generate-config

riting default config to: /home/NEEEEEEN/.jupyter/jupyter_notebook_config.py

(test) [ctinkercliffsl 072024_Missi_test]$ jupyter notebook password

Enter password:

erify password:

[JupyterPasswordApp]l Wrote hashed password to /home/missizxm/.jupyter/jupyter_server_config.json

Figure 2.2.4. Setting a password for the Jupyter notebook access.

2.2.5 Run‘“sbatch jupyter example.sh” and you will see the job ID.

You can run “squeue --job the_job_ID” to review the job status and run “scancel
the_job_ID “ to cancel the job.

(test) [IMtinkercliffsl 072024 _Missi_test]$ sbatch jupyter_example.sh
Submitted batch job 2565023
(test) [Ietinkercliffsl 072024 _Missi_testl$ squeue ——job 2565023
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)
2565023 normal_q start-ju [N R 0:47 1 tc003

Figure 2.2.5. Running the slurm script and reviewing the job status.

2.2.6 Run “ls” and you will see the “.err” and “.out” files. Run “cat” followed by the output
file name, and you will see the URL for Jupyter notebook connection and the
command you’ll need to run in your local terminal (highlighted in green).

(test) [Mnetinkercliffsl 072024 Missi_test] §71S

jupyter_example.sh start-jupyter.2565023.err start-jupyter.2565023.out
(test) I-\@tmkerclefsl 072024_Missi_test]$ | cat Stant=jupyters2565023s0ut

# Note: default port: 8888. In case port 8888 is not available, please go to start-jupyter.%J.err to find the alternative port info.

# Run this command in the ter your laptop:
ssh -N -f -L 8888:tc003:8888 tinkercliffsl.arc.vt.edu

# Use a browser on your local machine to go to:
http://localhost:8888/

starting jupyter notebook

Figure 2.2.6. Reviewing the instructions in the slurm output file.

2.2.7 Open alocal terminal window and run the ssh command printed in the .out file. The
command should look like “ssh -N -f -L port#:node#:port#
username@tinkercliffsl.arc.vt.edu”. Then type your PID password and you might
need to verify the login in the DUO Mobile app.

IOSTAT-MZ-440903 ~ % ssh -N —f —-L 8888:tc003:8888 1 @tinkercliffsl.arc.vt.edu
Enter passphrase for key '/Users/ /.ssh/id_rsa':

Figure 2.2.7. Running the ssh command in your local terminal window.

2.2.8 Copy the URL (http://localhost:8888/) provided in the slurm output and paste it in
your web browser. Type the password you set in Step 2.2.4.
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mailto:username@tinkercliffs1.arc.vt.edu
http://localhost:8888/

eoe [+ < localhost (¢ M +
~ Jupyter
Password:  «eee4 ' M Log in

Figure 2.2.8. Accessing the Jupyter notebook server using your password.

Then you will see the Jupyter Notebook dashboard. Now, you are ready to roll!

eoe M+ < localhost ¢ M+ O

~ Jupyter

File View Settings Help

m Files | © Running

Select items to perform actions on them. ~New *Upload C
-/
Name - Last Modified File Size
[ jupyter_example.sh 43 minutes ago 1.5 KB
[ start-jupyter.2565023.err now 41KB
[ start-jupyter.2565023.out 2 minutes ago 348 B

Figure 2.2.9. A Jupyter Notebook dashboard.
2.3 Run RStudio on A Compute Node using a Slurm Script

Running RStudio on ARC requires a different approach, because there is not a RStudio
module available on ARC. However, you can run R scripts using a R module, and here is an
example submission script provided by VT ARC.

In order to run RStudio on ARC, we will need to create or find a singularity image (a SIF,
Singularity Image Format, file) that packs the R and RStudio versions along with most of the
packages you need. Then we can use the SIF file to launch a container on ARC, in which we can
run a RStudio remote session. VT ARC provided quick instructions for the usages of singularity
on ARC. For more information about singularity (also known as apptainer), please visit
https://apptainer.org/user-docs/master/introduction.html or
https://apptainer.org/docs/user/latest/introduction.html.

The following instructions were created based on information from the multiple online
resources including https://rocker-project.org/use/singularity.html,
https://www.rc.virginia.edu/userinfo/howtos/rivanna/launch-rserver/,
https://www.hpc.iastate.edu/guides/containers/rstudio, and https://jiayiliu.me/post/2023-07-
18-deploy-container-on-hpc/#how-to-run-a-container-on-hpc.
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https://github.com/AdvancedResearchComputing/examples/blob/master/r/mh_parallel_tinkercliffs.sh
https://www.docs.arc.vt.edu/software/apptainer.html
https://apptainer.org/user-docs/master/introduction.html
https://apptainer.org/docs/user/latest/introduction.html
https://rocker-project.org/use/singularity.html
https://www.rc.virginia.edu/userinfo/howtos/rivanna/launch-rserver/
https://www.hpc.iastate.edu/guides/containers/rstudio
https://jiayiliu.me/post/2023-07-18-deploy-container-on-hpc/#how-to-run-a-container-on-hpc
https://jiayiliu.me/post/2023-07-18-deploy-container-on-hpc/#how-to-run-a-container-on-hpc

2.3.1 Inthe Command Line Interface, please navigate to your project directory by running
“cd /projects/your_project_path”.

Last login: Wed Jul 31 16:47:36 2024 from ood.arc.ipv6.vt.edu

| This computer is the property of Virginia Polytechnic Institute and State |
| University. Use of this equipment implies agreement to the university’s

| Acceptable Use Policy (Policy 7000). For more information, please visit:

| https://vt.edu/acceptable-use.html

| NOTE: VT Enterprise Directory Password authentication requires a DUO
second factor challenge. After your password is provided, you
will receive a DUO challenge.

(ISR ot inkercliffsl ~]1$ pwd pwd: print the current directory path
/home /SN
[-1@tinkercliffsl ~]$ cd /projects/cbhds/072024_Missi_test/

[ 1@tinkercliffsl 072024_Missi_test]$ pwd cd: navigate to your
/projects/cbhds/072024_Missi_test

(SNt inkercliffsl 072024 Missi_test]$ project directory

Figure 2.3.1. Navigating to your project directory.

2.3.2 First, we need a singularity image (.SIF file) that packs most of the things you need for
running a RStudio session. You can pull (download) an image from DockerHub, or
build your own image.

Since the Rocker Project team provided many images where RStudio server and basic
packages are installed, and those images are available in the DockerHub container
image library: https://hub.docker.com/u/rocker. For example, this image
“tidyverse:latest” contains R, RStudio, and tidyverse packages.

Now, let us pull this image to our working directory by running “module load
containers/apptainer/1.1.8” and then “apptainer pull docker://rocker/tidyverse:latest”.
If the system you’re using does not apptainer v1.1.8. You can just run “module load
containers/apptainer” and it will load the latest version of apptainer that is available.
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https://hub.docker.com/u/rocker
https://davetang.org/muse/2021/04/24/running-rstudio-server-with-docker/
https://rocker-project.org/
https://rocker-project.org/images/versioned/rstudio.html
https://hub.docker.com/u/rocker
https://hub.docker.com/r/rocker/tidyverse/tags

[missizxm@tinkercliffsl 072024 _Missi_test]$ module Lload containers/apptainer/1.1.8
[missizxm@tinkercliffsl 072024 Missi_test]$/ apptainer pull docker://rocker/tidyverse: latest
Converting OCI blobs to SIF format

Getting
Copying
Copying
Copying
Copying
Copying

Starting build...

image source signatures
aae3293b6lla
7646c8da3324
2a532d0e6beb
7ccbcbee8ef9
db5aa9%40be08
a2977a275248
565a86b8dc8d
7bd8d0ob63f2f
08516011f9%e4
2041332265ca
5b9c39d18b55
286ca6f97446
b5c2e531b988
dc90ala57065
84068ecchae4d
b2f9dd331a53
8670ebf4d2d3
8063b8adfebl
e76623234471
baf@eel10225
config 7d6bfa77fc
manifest to
signatures

blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob
blob

16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:
16:

25:
25:
25:
25:
238
25:
25:
25:
25:
25:
25:
25k
25k
25:
238
25:
25:
258
238
25k

30
31
il
36
36
36
57
57/
41
41
41
42
42
42
42
50
50
50

50

image

info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info
info

done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
done
destination

unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack
unpack

Creating SIF file...

: sha256:
: sha256:
sha256:
: sha256:
: sha256:
: sha256:
: sha256:
HIE EPATH
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:
: sha256:

7646c8da332499ae416b15479ce832db32e39a501c662e24324f595509a0d3db
2a532d0ebbeb480150ec53012d158da517e109bdab9e9bdf5a29c407a58d5a8f
db5aa940be@845edf2594157eceb27c48ecaleal5c4916b736b315543225d431
7ccbcbce8ef929270247e2546a97c2f4a7a5d98d7al07aeee3b15¢79590a69¢3
a2977a27524881350809d399c4df3d596a8c4ced9708a2cf7d3f9835d2969af1
aae3293b61la9aaf@feddbc35d2c07741bfdffe2fec8eade86c707177daeedfe
565a86b8dc8de93b38058a5d7740d399ecfb6507d959c0681c9d85925fcadeb6
08516011f9e4651ae6846f31abe6dbab09ef21413d72233eal2e71240dcch8f5
7bd8d0@b63f2fa9d0d6el7c3117c429e51485f04f7el45ebaedc12c8700189c0c
2041332265ca27f2c5d7b802d1eldcfe1839c435ec324f551ea23cccd2398a52
286ca6f97446c1816260c59531a633252268e5b8e762debb56blebc6a96446f3
5b9c39d18b55123d05e82eb148f0e299ced4f1728b57a983b33600514d587074a
b5c2e531b988aacf132881f5320bb5d33390bad48a7ea28d791f70dd74c53217
dc90al1a570651815136f ffc2bl@la8ebeefff330adb7a7d10a0deed467fd1616b
84068ecchaed4ada8faf8a787e3e29a190615bf61cfcd22b321b0912e2eedd704
b2f9dd331a53a103c680f19a57f8e@7544e57alfcd5134cb5c38faadeadc5188
8670ebf4d2d3685744b7d1fdf51c0699bd271d64b810F68501226e5d5bfcbbel
8063b8adfeb1699bdfOce6ab0c93bfOc8ec20edaf6f130e23a8bbbb1f817d6de
€766232344718498aa27a6753c5640ab8c1d0179ae2d638bac86le5df527faaa
baf0eell10225f6ff717e490c3aalea7d90e7e1c11b96d90860d52a47b8a64b91

Figure 2.3.2. Pulling a docker image from DockerHub and creating a SIF file based on that.

2.3.3 Run “Is” and you will see a SIF in the current directory.

[JUsemameNet inkerc liffs1 072024 _Missi_test]$ s

ter example.sh

start-jupyter.2565023.err start-jupyter.2565023.out
Figure 2.3.3. A SIF file is present in the current working directory.

2.3.4 Create a text named as “rstudio_1time_setup.sh” by running
“nano ./rstudio ltime setup.sh”.

[etinkercliffsl 072024_Missi_test]l$ nano ./rstudio_ltime_setup.sh

Figure 2.3.4. Creating a text file named “rstudio_1time_setup.sh”.

2.3.5 This will open a new window for you to edit the text file.
Please copy and paste the following bash script and press “control” and “O”
simultaneously on your keyboard and then hit “return” to save the edited file. Then
press “control” and “X” simultaneously on your keyboard and then hit “return” to exit

the editing window.
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Hoat tnkercattst.arc.vLedu

GNU nano 2.3.1 File: ./rstudio_ltime_setup.sh

ar/{lib, run}

[File Name to Write: ./rstudio_ltime setup.sh
R Get Help 0] t & Append
& Cancel H rmat

Mi Prepend

Figure 2.3.5. Writing the bash script.

The bash script:
#!/bin/bash

workdir=$1

TMPDIR=${workdir}

mkdir -p $TMPDIR/tmp/rstudio-server

uuidgen > $TMPDIR/tmp/rstudio-server/secure-cookie-key
chmod 600 $TMPDIR/tmp/rstudio-server/secure-cookie-key
mkdir -p $TMPDIR/var/{lib, run}

Technically, “TMPDIR” can be set as any directory where you have write permissions.
Here we use the “workdir=$1" to take the path you will provide when execute the
bash script as your “TMPDIR". This script sets up a secure and organized directory
structure for RStudio server's temporary and variable data storage, and those
directories will be bind-mounted at runtime when you launch the container.

23.6 Run“cat ./rstudio_ltime_setup.sh” toreview the script to make sure it
was successfully edited and saved.

Hoat tnkercattat.arc.vLodu

GNU nano 2.3.1 File: ./rstudio_ltime_setup.sh

-}

Figure 2.3.6. Reviewing the bash script.

2.3.7 Run “Is” and you will find the “rstudio_1time_setup.sh” file in the current directory.
Run “chmod +x rstudio_1time_setup.sh” to make this script exceptionable. Notice the

text color of this file has changed to green?
[ @tinkercliffsl 072024_Missi_test]$ 1s
juiiter example.sh rstudio_ltime_setup.sh _start—jupvter,2565023.err start-jupyter.2565023.out

[ @tinkercliffsl 072024_Missi_test]$/ chmod +x rstudio_ltime_setup.sh
[ @tinkercliffsl 072024 _Missi_test]$ (s

jupyter_example.sh start-jupyter.2565023.err start-jupyter.2565023.out
[ @tinkercliffsl 072024 _Missi_test]$

Figure 2.3.7. Changing the file permission of the bash script.
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2.3.8 Execute the bash script “rstudio_1time_setup.sh”. Note that this script is to be
executed as a one-time setup on the frontend. You may need to rerun this script for
running a new rocker container. And you will need to provide a path for holding
RStudio server's temporary and variable data (See 2.3.5).

In this case, we are creating a new directory in the current working directory to store
the RStudio server data. So, run

”./rstudioiltimeisetup.sh /projects/cbhds/0720247Missiitest/rstudioiexample".
Please replace ”/projects/cbhds/0720247Missiitest/rstudioiexample” with any path
where you would like to store the RStudio server data.

@tinkercliffsl 072024_Missi_test]$ mkdir rgtudio_example

@tinkercliffsl 072024 _Missi_test]$ ./rstudio_ltime_setup.sh /projects/cbhds/072024_Missi_test/rstudio_example

Figure 2.3.8. Executing the one-time setup bash script.
/projects/cbhds/072024_Missi_test/

. . L i
Here is a snapshot of the current directory L O8O

tmp
structure (you’ll need run the “tree” command L— rstudio-server
to view the directory structure, but it is not T s
necessary). Now, we have set up the RStudio run

server tmp and var directories.

7 directories

2.3.9 Now, let us write a slurm script to launch RStudio server. Unlike the one-time setup
bash script, which we only run it once, we need to submit the slurm script every time
we need to run a RStudio session.

This process is similar to Step 2.3.4-2.3.6:

Run “nano ./launch rstudio server example.sh”.Please copy and paste
the following slurm script and press “control” and “O” simultaneously on your keyboard
and then hit “return” to save the edited file. Then press “control” and “X”
simultaneously on your keyboard and then hit “return” to exit the editing window.

The slurm script:

#!/bin/bash

#SBATCH --job-name=start-rstudio

#SBATCH --partition=normal g

#SBATCH --nodes=1 #number of nodes

#SBATCH --ntasks-per-node=16 #maximum number of tasks per node
#SBATCH --mem=16G #memory per node

#SBATCH --time=00:10:00 f#specify the runtime using HH:MM:SS
#SBATCH --account=cbhds freplace it with your slurm account name
#SBATCH --mail-user missizxm@vt.edu #replace it with your own email address
#SBATCH --mail-type BEGIN

#SBATCH --mail-type END

#SBATCH --output=start-rstudio.%J.out

#SBATCH --error=start-rstudio.%J.err

# Specify path to container
myworkdir=$1

mytmpdir=$2

# Get the SIF
SIF=${myworkdir}/tidyverse latest.sif

# Specify path to tmp directory created in previous section
TMPDIR=$ {mytmpdir}
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# Load the apptainer module, you can just run module load containers/apptainer if
v1.1.8 is not available
module load containers/apptainer/1.1.8

# Configure RStudio Server behavior and user credentials
node=$ (hostname -s) # Get the node info

user=$ (whoami) # Get the current user's username
port=8787
cluster="tinkercliffsl" # Set the cluster name

export APPTAINERENV_RSTUDIO SESSION_TIMEOUT=0 # Do not suspend idle sessions.

# Set up container username and password
export APPTAINERENViUSER=${user}
export APPTAINERENV_ PASSWORD=$ (openssl rand -base64 15)

# Print debugging information

echo "Debugging Information:"

echo "Node : ${node}"

echo "User: ${user}"

echo "Cluster: ${cluster}"

echo "Port: S${port}"

echo "Container Path: ${SIF}"

echo "Temporary Directory: ${TMPDIR}"

# Print instructions for setting up an SSH tunnel and logging into RStudio Server
echo -e "

1. SSH tunnel from your workstation using the following command (macOS, Linux and
Windows PowerShell) :

ssh -N -L ${port}:${node}:${port} ${user}@${cluster}.arc.vt.edu
and point your web browser to http://localhost:${port}
2. Log in to RStudio Server using the following credentials:

user: ${APPTAINERENV_ USER}
password: ${APPTAINERENV_ PASSWORD}

When done using RStudio Server, terminate the job by:

1. Exit the RStudio Session (\"power\" button in the top right corner of the
RStudio window)
2. Issue the following command on the login node:

scancel -f ${SLURM JOB ID}

# Run RStudio server in a container
# If you need to access files in multiple project directories, replace --bind
${myworkdir} with --bind project directory absolute pathl, path2, path3
apptainer exec \

-B ${myworkdir} \

-B $TMPDIR/var/lib:/var/lib/rstudio-server \

-B $TMPDIR/var/run:/var/run/rstudio-server \

-B $TMPDIR/tmp:/tmp \

SSIF \

rserver \

--server-user S${user} \

--auth-none=0 \

--auth-pam-helper-path=pam-helper \

--auth-stay-signed-in-days=1 \

--auth-timeout-minutes=0

echo -e "rserver exited"

exit
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Run “cat ./launch rstudio server example.sh”toreview the scriptto
make sure it was successfully edited and saved.

@tinkercliffsl 072024_Missi_test]$ cat launch_rstudio_server_example.sh
#!/bin/bash
#SBATCH --job-name=start-rstudio
--partition=normal_q
—--nodes=1 #number of nodes
—-ntasks—-per-node=16 #maximum number of tasks per node
—--mem=16G #memory per node
--time=00:10:00 #specify the runtime using HH:MM:SS
—-—account=cbhds #replace it with your slurm account name
——-mail-user missizxm@vt.edu #replace it with your own email address
—--mail-type BEGIN
—-mail-type END
——output=start-rstudio.%J.out
#SBATCH —-error=start-rstudio.%J].err

# Specify path to container

SIF=${myworkdir}/tidyverse_latest.sif

# Specify path to tmp directory created in previous section
TMPDIR=${mytmpdir}

# Load the apptainer module
module load containers/apptainer/1.1.8

# Configure RStudio Server behavior and user credentials
node=$(hostname -s) # Get the node info
whoami) # Get the current user's username
port=
cluster="tinkercliffsl" # Set the cluster name
export APPTAINERENV_RSTUDIO_SESSION_TIMEOUT=0 # Do not suspend idle sessions.

# Set up container username and password
export APPTAINERENV_USER=${user}
export APPTAINERENV_PASSWORD=$(openssl rand -base64 15)

# Print debugging information
"Debugging Information:"
"Node : ${node}"
"User: ${user}"
"Cluster: ${cluster}"
"Port: ${port}"
"Container Path: ${SIF}"
"Temporary Directory: ${TMPDIR}"

# Print instructions for setting up an SSH tunnel and logging into RStudio Server
echo -e "

1. SSH tunnel from your workstation using the following command (mac0S, Linux and Windows PowerShell):

ssh N -L ${port}:${node}:${port} ${user}@${cluster}.arc.vt.edu

Figure 2.3.9. Reviewing the slurm script.

2.3.10 Now, we are ready to submit the slurm script and launch RStudio server.

Here you will need two directory path:

Pathl: where your sif is stored. In this case, path1 is the current working directory:
“/projects/cbhds/072024_ Missi_test”

Path2: where the RStudio server’s tmp and var directories are located in. In other words,
path2 is the “TMPDIR” in Step 2.3.5 and also the path you used in Step 2.3.8. In this
case, path 2 is “/projects/cbhds/072024 Missi_test/rstudio_example”

Run “sbatch ./launch rstudio_server example.sh /projects/cbhds/072024 Missi test
/projects/cbhds/0720247Missiitest/rstudioiexample"

SRSt inkercliffs1 072024_Missi_test]$ sbatch ./launch_rstudio_server_example.sh /projects/cbhds/072024_Missi_test /projects/cbhds/072024_Missi_test/rstudio_example
7

[
Submitted batch iob 257742

Figure 2.3.10. Submitting the slurm script.

2.3.11 Run “1s” and find the slurm output file “start-rstudio.%J.out”. Run “cat
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start-rstudio.%J.out” to review the connection instructions provided in this
file.

In this case, we should run “cat start-rstudio.2577427.out” and you will
find the following information from this file:
= The command you need to type in a terminal window on your local machine to
establish a connection between your local machine and the remote machine
through an ssh tunnel. It looks like “ssh -N -L 8787:tc002:8787
username@tinkercliffsl.arc.vt.edu”.
= A URL for you to run a RStudio interactive session on your web browser:
“http://localhost:8787”
= The login credentials for you to connect to RStudio Server.

[-@t inkercliffsl 072024_Missi_test]$ s
jupyter_example.sh start-jupyter.2565023.err  stactsrstudio 2577427 erc
launch_rstudio_server_example.sh rstudio_example start-jupyter.2565023.out [start-rstudio.2577427.out
[ @tinkercliffsl 072024_Missi_test]$/cat start-rstudio.25//42/.out
Debugging Information:

1 tc002

Container Path: /projects/cbhds/072024_Missi_test/tidyverse_latest.sif
Temporary Directory: /projects/cbhds/072024_Missi_test/rstudio_example

1. SSH tunnel from your workstation using the following command (mac0S, Linux and Windows PowerShell):

ssh -N -L 8787:tc002:8787 (iSSmamepetinkercliffsl.arc.vt.edu

and point your web browser tolhttp://localhost:8787
. Log in to RStudio Server using the following credentials

password: vIzJdX7IvePYbzlfjf2h

[When done using RStudio Server, terminate the job by:

1. Exit the RStudio Session ("power" button in the top right corner of the RStudio window)
2. Issue the following command on the login node

scancel -f 2577427

Figure 2.3.11. Reviewing the slurm output file to find instructions for connecting to RStudio Server from a
local machine.

2.3.12 Open a local terminal window and run the ssh command printed in the .out file. The
command should look like “ssh -N -1 8787:tc002:8787
username@tinkercliffsl.arc.vt.edu”. Then type your PID password and
you might need to verify the login in the DUO Mobile app.

@STAT-MZ-440903 ~ % ssh -N —-L 8787:tc002:8787 Qtinkercliffsl.arc.vt.edu
Enter passphrase for key '/Users/, ‘/.ssh/id_rsa':

Figure 2.3.12. Creating an ssh tunnel on a local machine.

2.3.13 Copy the URL (http://localhost:8787/) provided in the slurm output and paste it in
your web browser. Type the RStudio Server login credentials (See Step 2.3.11).
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http://localhost:8888/

eoe M+ (< localhost

GStudio Server

Sign in to RStudio

Username:

Password:

cvessseesssessseesss 'S |

Stay signed in when browser closes

B + O

Figure 2.3.13. Connecting to RStudio Server using the login credentials from the slurm output file.

2.3.14 Voila! You are connected to the RStudio Server.

eoe M+ (< localhost

R
D © - xR g } ~ Addins ~

Console  Terminal Background Jobs

R R4.41 -~/

R version 4.4.1 (2024-06-14) -- "Race for Your Life"
Copyright (C) 2024 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.
Type 'contributors()' for more information and
'citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'qQ)" to quit R.

>

Figure 2.3.14. Running an interactive RStudio session.

File Edit Code View Plots Session Build Debug Profile Tools Help

(¢ d + O

I (o)

R Project: (None) ~

History C { T e[
2 #- ' 12mig - REE
R ~ ) Global Environment ~

Environment is empty

Files Plots Packages Help Viewer .. [

- Export ~

After you finish your data analysis job, please save your files and click the power icon in
the top right corner and to the current session (see in red circle in the top right corner
of Fig 2.3.14). Then, please run “scancel -f” followed by the job ID to terminate the job,

as shown in the slurm output file (see 2.3.11).
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References & Additional Resources:

For quick guidance on ARC services and how to request an account, create projects, and manage data on
ARC, please read our “Data Transfer and Management” document
(https://biostat.centers.vt.edu/process.html).

e VT ARC User Documentation: https://www.docs.arc.vt.edu/index.html
e VT ARC Workshops: https://www.docs.arc.vt.edu/usage/workshops.html

o Introto ARC

o Connect to ARC and Run Your 1st Jobs

o Using Software on ARC Systems

o Launchingin Parallel

o Monitoring Job Efficiency and Resource Utilization

e Running non-interactive jobs using slurm scripts:
https://www.docs.arc.vt.edu/usage/slurm.html

e Interactive and batch jobs:
https://video.vt.edu/media/ARCA+Interactive+and+Batch+Jobs/1 doz5ylqg/176584251

e Singularity/Apptainer:

o https://hsf-training.github.io/hsf-training-singularity-
webpage/#:~:text=Apptainer%20(formerly%20known%20as%20Singularity,%2C%20fast
%2C%20and%20secure%20manner

o https://apptainer.org/user-docs/master/introduction.html

o https://apptainer.org/docs/user/latest/

o https://www.docs.arc.vt.edu/software/singularity.html#singularity

e Running RStudio on hpc:

o https://www.rc.virginia.edu/userinfo/howtos/rivanna/launch-rserver/

o https://www.hpc.iastate.edu/guides/containers/rstudio

o https://jiayiliu.me/post/2023-07-18-deploy-container-on-hpc/#how-to-run-a-container-
on-hpc

o https://rocker-project.org/use/singularity.html

e Running Jupyter Notebook on hpc:

o https://www.docs.arc.vt.edu/resources/compute/huckleberry.html

o https://sna.cs.colostate.edu/hpc/samples/gpu-jobs/jupyter/

o https://services.dartmouth.edu/TDClient/1806/Portal/KB/ArticleDet?ID=76952
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