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What does Research Computing offer 
and how do I use it?

Research Computing main focus is operation of many clusters/servers for research at W&M/VIMS

• Prerequisites
• Connecting / SSH

• Linux CLI

• Files/Folders

• Scripting

• Filesystems

• Software / Compilers

• Batch clusters / SLURM

• Kubernetes cluster

RC currently has seven FTE 
staff members + multiple students

ISC 1251 – RC server room (#1)



Prerequisites and background help

Getting an account: https://hpc.wm.edu/acctreq/

Before you can use the RC/HPC clusters effectively,
you will need to have a basic knowledge of:

• Access / SSH / bastion host / graphics

• Linux command line

• Editing files

• Shell scripting

• File transferring

RC webpage:  
https://www.wm.edu/offices/it/services/researchcomputing/atwm/

https://www.wm.edu/offices/it/services/researchcomputing/using/prereqs/Send help requests to hpc-help@wm.edu

https://hpc.wm.edu/acctreq/
https://www.wm.edu/offices/it/services/researchcomputing/atwm/
https://www.wm.edu/offices/it/services/researchcomputing/using/prereqs/


Connecting to RC clusters
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Must get through Firewall to get to RC resources
On campus you are already within the firewall
Off campus you must hop through bastion host or use VPN
Can put in an ssh-key for bastion at https://code.wm.edu

run jobs here

log in here
store files here

https://code.wm.edu/


How to connect to RC clusters
ssh – is the standard app to connect to a remote Linux computer
Standard software on Linux and Mac (via terminal)
Windows supports it in powershell, some Windows users prefer an ssh client (putty)
  

From within the firewall (on campus) or VPN:
ssh to bora:   ssh ejwalt@bora.sciclone.wm.edu

Outside of firewall use bastion host and double hop:
ssh to bora:   ssh –J ejwalt@bastion.wm.edu ejwalt@bora.sciclone.wm.edu

If you want to pull graphics back to your local computer (–Y  )
ssh to bora:   ssh –Y ejwalt@bora.sciclone.wm.edu
ssh to bora (withh bastion):   ssh –Y –J ejwalt@bastion.wm.edu ejwalt@bora.sciclone.wm.edu

https://www.wm.edu/offices/it/services/researchcomputing/using/connecting/                           - log in help
https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/xfers/  - file transfer help

https://www.wm.edu/offices/it/services/researchcomputing/using/connecting/
https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/xfers/


Linux Command Line Interface (CLI)
Shell – this is the program that provides the CLI tcsh or bash
commands near identical
scripting a little different
most people won’t care
use command echo $0 to determine your shell version

Prompt – This is where commands are entered

[ewalter@bora ~ ]$

Prerequisites page has links to Linux command line guides
Also see tutorials page: 
https://www.wm.edu/offices/it/services/researchcomputing/using/tutorials/
For previous year talk on Linux CLI

mkdir <dir>  – make directory named <dir>
cd <dir>       – change to directory <dir>
rmdir <dir> – remove directory <dir>
rm <file> – remove file named <file>
cp <oldname> <newname>   – copy file 
mv <oldname> <newname>  – move/rename file

ls – list directory contents
cat <file>  – dump <file> to screen
less <file> – page through <file>
clear  – clear the screen
man <command> – read the manual page

Other CLI tips:
cd  by itself means cd to  home

cd with …

.  current directory

..   up one directory
~  home directory 
-   previous directory

For other commands:
• wildcard symbol

tab completion 
[ewalter@bora ~ ]$ ls filename <tab>

This will complete the word "file" with
whatever files/folders in your current
directory match this name.

up arrow 
Hitting the up-arrow key will cycle back
through your current history

Useful commands:

https://www.wm.edu/offices/it/services/researchcomputing/using/tutorials/


Editing files

Can also connect via vscode and edit files locally within vscode interface  
Don’t open too many windows or run jobs directly on front-end login machines!

vscode doesn’t work with 2FA (use key via https://code.wm.edu)

 

To create / edit files, need to use a text editor.   
All HPC systems have:  vi/vim, emacs, and 
nano

Nano is most useful for beginners 
https://www.howtogeek.com/42980/the-
beginners-guide-to-nano-the-linux-command-
line-text-editor/

List of commands at bottom of screen:  i. e. 
cntrl-X = exit,    cntrl-O = write file

https://code.wm.edu/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/
https://www.howtogeek.com/42980/the-beginners-guide-to-nano-the-linux-command-line-text-editor/


Three types of parallelism

Two bora nodes

serial – only one core used

shared memory parallel – 
one node, multi-core

distributed parallel –
multi-node, multi-core
Typically uses MPI for 
parallelism

bo01

bo01

bo01

bo02

bo02

bo02

How parallel the calculation can run is application dependent
How many cores a parallel application can use efficiently also varies

Try test calculations if not sure.



Batch cluster Resources 
resourcesName (front-

end/nodes)
Processor NVIDIA

GPU
Cores/node Total # 

cores
Mem/node 
(GB)

Deployed

Bora / bo01-bo55 Intel Xeon E5-2640 -- 20 960* 128 2017

Femto / fm01-fm30 Intel Xeon 6130 -- 32 960 96 2019

Kuro / ku01-ku64 AMD EPYC 9334 -- 64 4096 384 2024

Bora / hi01-hi07 Intel E5-2683 P100/V100** 32 224 256 2017

Gust / gt01-gt02 AMD EPYC 7702 -- 128 256 512 2020

Astral / as00 Intel Xeon 6336Y -- 32 32 100 2022

Astral / as01 Intel Xeon 8362 8x A30 64 64 512 2022

Gulf / gu01-gu02 AMD EPYC 7313P -- 16 32 512 2024

Gulf / gu03-gu06 AMD EPYC 7313P 2x A40/node 32 128 128 2024

*  - not all nodes functional
** - hi04, hi05 have 1x P100, hi07 has 1x V100



Choosing resources on the RC batch clusters
Do I need a 

GPU?

Is my code 
parallel?

YESNO

Do I need more 
than one GPU

YES

NO
YES

NO

Do I need more 
than 2 GPUs 

per node?

YESNO

Astral/GPUGulf/GPU

Hima/GPU, Gulf/GPU,
 Astral/GPU

One Bora, Hima, Gust node

Can I utilize 
more than one 

node?

YESNO

One Gust, Hima, 
Astral, Bora node

Multiple Bora, Femto, 
Kuro nodes



File storage targets
Four types of storage 
https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/

Type Location Backed up? Purged?

Home /sciclone/home/<USERNAME> YES (weeknights) NO

Data /sciclone/data10/<USERNAME> YES (weekly) NO

Scratch /sciclone/scr{10,20,30}/<USERNAME> NO YES (after 90 days of 
inactivity)

Local Scratch (/local/scr/<USERNAME>) NO YES (varies)

• Home is for scripts, configuration files, python environments, etc, ~100-200GB
• Data is for long-term storage of data, ~ 1-2TB
• Scratch is for outputs and large temporary storage  (> 10TB contact RC)  Purged after 90 days of inactivity

• Local scratch is automatically used for installation, sometimes used for job outputs – purged at ~80%

Good practice is to write job outputs to scratch and not home or data 
Then, copy outputs you want to save to data FS

Remember that scratch filesystems are purged!

https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/


File systems

[4 ewalter@bora ~ ]$df -h

Filesystem                                     Size  Used Avail Use% Mounted on

devtmpfs                                       4.0M     0  4.0M   0% /dev

tmpfs                                           79G     0   79G   0% /dev/shm

tmpfs                                           32G  2.5G   29G   8% /run

/dev/mapper/cl-hpcf                             74G   48G   26G  66% /

/dev/sda2                                      960M  224M  737M  24% /boot

/dev/sda1                                      599M  7.1M  592M   2% /boot/efi

/dev/mapper/cl-usrl                            338G   43G  295G  13% /usr/local

/dev/mapper/cl-lscr                             20G  5.5G   14G  29% /local/scr

/dev/mapper/cl-tmp                              49G  666M   49G   2% /tmp

/dev/mapper/cl-var                              74G   19G   55G  26% /var

192.168.59.130:/sciclone/nova                  107T   66T   42T  61% /sciclone/aiddata10

lu00-ib:/sciclone/data10                       1.1P  905T  130T  88% /sciclone/data10

scr20-ib:/sciclone/scr20                       112T   31T   82T  28% /sciclone/scr20

proj-ds-ib:/sciclone/proj-ds                   464T  158T  307T  34% /sciclone/proj-ds

as00-ib:/sciclone/apps                         1.8T  319G  1.5T  18% /sciclone/apps

sl00-ib:/sciclone/gluex10                      107T   45T   63T  42% /sciclone/gluex10

scr10-ib:/sciclone/scr10                       219T  146T   73T  67% /sciclone/scr10

sn00-ib:/sciclone/schism10                     599T  585T   14T  98% /sciclone/schism10

cm00:/sciclone/home                             27T   24T  3.1T  89% /sciclone/home

scr30-ib:/sciclone/scr30                       502T  304T  199T  61% /sciclone/scr30

util:/storage/REPOS                            1.9T  959G  904G  52% /storage/REPOS

scr10-ib:/sciclone/swork                        42T  657G   40T   2% /sciclone/swork

192.168.56.208@o2ib,192.168.56.209@o2ib:/pscr  297T  171T  126T  58% /sciclone/pscr

[ewalter@bora ~ ]$ ls -lh

total 44K

lrwxrwxrwx. 1 ewalter  hpcf  23 Jan 24  2024 data10 -> /sciclone/data10/ewalter

lrwxrwxrwx. 1 ewalter  hpcf  17 Jun  9  2010 lscr -> /local/scr/ewalter

lrwxrwxrwx. 1 ewalter  hpcf  21 Aug  1  2017 pscr -> /sciclone/pscr/ewalter

lrwxrwxrwx. 1 ewalter  hpcf  22 Jun  9  2010 scr -> /sciclone/scr10/ewalter

lrwxrwxrwx. 1 ewalter  hpcf  22 Jun  9  2010 scr10 -> /sciclone/scr10/ewalter

lrwxrwxrwx. 1 ewalter  hpcf  22 Jan 24  2024 scr20 -> /sciclone/scr20/ewalter

ls –lh  - list current dir  (long, human readable)
(/sciclone/home/ewalter)

i.e. ~ 
Symbolic links to each storage target  (->)

df –h  list all filesystems in human readable output

General use filesystems in red
Notice the Use % keep these below %100

Use du to calculate folder sizes
[4 ewalter@bora ~ ]$ pwd

/sciclone/home/ewalter

[5 ewalter@bora ~ ]$ du -hs .

326G .

[6 ewalter@bora ~ ]$



Files and Transferring files

https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/xfers/

To transfer files from one directory to another within the cluster

• cp or mv to transfer one or a few files/directories
• rsync for multiple folders (lets you restart)

To or from the cluster from/to outside cluster

• rsync,scp,sftp (from Mac,Linux CLI / Windows powershell

• Globus – web GUI ; can transfer to/from local computer
• Windows users sometimes prefer a separate client (winscp)

https://www.wm.edu/offices/it/services/researchcomputing/using/filesandfilesystems/xfers/


Running jobs through the SLURM batch system

All workloads are prepared on cluster front-end and jobs are submitted to the batch system

Two types of jobs:

 Batch – run my job on one or more nodes (asynchronous)

 Interactive – give me a session on one or more nodes (synchronous) 

A batch script is needed to be prepared for a batch job (see web for examples) 

A batch script can be as simple as:

or a batch script can run many commands to prepare data and/or analyze outputs, etc.

https://www.wm.edu/offices/it/services/researchcomputing/using/running_jobs_slurm/

#!/bin/tcsh

#SBATCH --job-name=serial 

#SBATCH -N 1 -n1

#SBATCH -t 0:30:00

./a.out_serial

https://www.wm.edu/offices/it/services/researchcomputing/using/running_jobs_slurm/


Running jobs through the SLURM batch system
https://www.wm.edu/offices/it/services/researchcomputing/using/running_jobs_slurm/

Action Command

Start interactive job salloc

Submit batch script sbatch

View current jobs squeue

Cancel job scancel

Launch MPI job srun

Check node status sinfo

Interactive job:
[18 ewalter@bora ~ ]$salloc -N 1 -n 20 -t 30:00

salloc: Granted job allocation 257299

salloc: Waiting for resource configuration

salloc: Nodes bo14 are ready for job

[1 ewalter@bo14 ~ ]$

Notice that now on bo14 instead of bora

Batch script “runjob”
#!/bin/tcsh

#SBATCH --job-name=serial 

#SBATCH -N 1 -n1

#SBATCH -t 0:30:00

./a.out_serial

Submit batch script to cluster:
[19 ewalter@bora ~ ] sbatch runjob

Submitted batch job 257300

Lots of explanation and examples on RC web page

https://www.wm.edu/offices/it/services/researchcomputing/using/running_jobs_slurm/


Software, Compilers and Containers
Standard Linux software, utilities, compilers, parallel software installed on all front-ends and nodes of batch cluster
• Modules system is used to load and unload software into environment:

• Help on modules system:
https://www.wm.edu/offices/it/services/researchcomputing/using/modules/

• Help on compilers
https://www.wm.edu/offices/it/services/researchcomputing/using/compiling/

• Help on software
https://www.wm.edu/offices/it/services/researchcomputing/using/software/

• Users encouraged to install own software if it is not already installed
• Users are encouraged to create their own conda/python environments

• Batch system also supports images using the Singluarity container system 
• Docker NOT used on RC systems
• Singularity can pull docker images for a singularity container

https://www.wm.edu/offices/it/services/researchcomputing/using/modules/
https://www.wm.edu/offices/it/services/researchcomputing/using/compiling/
https://www.wm.edu/offices/it/services/researchcomputing/using/software/


Kubernetes cluster / RC JupyterHub
Recent (~2023) Kubernetes (k8s) cluster deployed to support data-science workloads

Unlike the Batch cluster where most software runs right on bare-metal (some use containers) 

K8s system uses containers exclusively  -- container orchestration

Allows for time limited jobs (like batch cluster) and persistent pods to run microservices.  

Jobs can be run by any user ; pods can only be run within a project namespace
 requires permission from Data Science professor

Help on k8s system:

https://www.wm.edu/offices/it/services/researchcomputing/k8s/

This cluster also includes RC jupyterhub (notebooks.sciclone.wm.edu) – Gives jupyter notebook access 
to Data Science CPU/GPU resources (1 GPU max).   Help:

https://www.wm.edu/offices/it/services/researchcomputing/jupyter/

Users must request access to both k8s and notebooks.sciclone.wm.edu (not given by default, requires 
additional user configuration)

https://www.wm.edu/offices/it/services/researchcomputing/k8s/
https://www.wm.edu/offices/it/services/researchcomputing/jupyter/


THANK YOU!
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