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SCHEDULE 

11:00 Intro to OLCF & HPC?

11:05 The Unix Operating System

11:25 The Vim Text Editor

11:45 Slurm Job Submission

11:50 Demo
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Oak Ridge Leadership Computing Facility (OLCF)

• One of two Department of Energy LCF’s
• Based in Oak Ridge, TN at the Oak 

Ridge National Laboratory (ORNL)
• Department of Energy-funded research

– Neutron Science, High-Performance 
Computing, Advanced Materials, 
Biology and Environmental Science, 
Nuclear Science and Engineering, 
Isotopes, and National Security

• Largest, most modern center for 
unclassified computing in the US
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We are one of the DOE’s Office of Science computational user facilities

• DOE is leader in open 
high-performance 
computing

• Provide the world’s most 
powerful computational 
tools for open science

• Access is free to 
researchers who publish

• Boost US competitiveness
• Attract the best and 

brightest researchers
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One Big Job

5

1.2 exaflops

“exa” = 1,000,000,000,000,000,000
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OLCF Frontier Overview

• 9,408 nodes
• HPE Slingshot interconnect with 200 GbE interfaces
• 679 PB multi-tier Lustre filesystem “Orion”

The system includes

System Performance
• Peak of 1.206  ExaFlop/s for modeling & simulation
• Peak of  9.95  ExaOps/s for data analytics and artificial 

intelligence 

• 1 AMD Optimized 3rd Gen EPYC 64 core processor
• 4 AMD MI250X Instinct GPUs (8 GCDs) 
• 640 GB of fast memory (128 GB HBM2 + 512 GB DDR4)

• 3.48 TB of NV memory (2 X 1.92TB NVMe SSDs) 

Each node has

First to Exascale! 
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Example Use Case 

• GE Aerospace is designing next-gen 
commercial aircraft engines

• Frontier enables better evaluation of 
engine technologies at flight scale

• Software designed to model engine 
performance and noise levels

• Resulting runs simulated air movement 
for a full-scale open fan engine design 
with incredible detail

7

Credit: CFM, GE Research
https://www.ornl.gov/sites/default/files/styles/main_image_style/public
/2023-08/GEAerospaceEngine.jpg
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What is High Performance Computing? 

● High Performance Computing (HPC) is about solving the world’s largest engineering 
and science problems with supercomputers. 

● That means doing work efficiently in parallel 

Images courtesy of : 
https://hpc.llnl.gov/training/tutorials/introduction-parallel-computing-tutoria

https://hpc.llnl.gov/training/tutorials/introduction-parallel-computing-tutoria
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Parallel Algorithms 
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What is High Performance Computing? 

● High Performance Computing (HPC) is about solving the world’s largest engineering 
and science problems with supercomputers. 

● That means doing work efficiently in parallel 
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Processors  

● Modern HPC nodes combine Central Processing Units CPUS with 
accelerators such as Graphical Processing Units GPUs. 
○ CPUs generally have several compute cores that can run 10s of tasks 

at a time
○ GPUS have streaming multiprocessor that can run 1000s of tasks at 

a time. 
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The Unix Operating System
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The Unix Operating System

● HPC Clusters operate on the Unix operating system 

Born 1969
At Bell Labs
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The Unix Operating System

● The Unix OS operates via the command line interface
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The Unix Operating System

● The Unix OS is file-based
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The Filesystem 1

• File – A collection of data
– Plain text, Input/output, a program (executable), an 

image, etc.

• Directory – A logical structure to help organize 
files (think “folder”)

• Filesystem – A collection of files and directories

• As a user, you land in your “home” directory 
when you log in, and can create directories 
and files there, or move elsewhere to do that.
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The Filesystem 2

• Think of the filesystem as a tree. Instead 
of branches, there are “directories. 
Instead of leaves, there are “files”

• It starts at /, which is called the “root” 
directory

• The slash (/) is the directory separator; 
thus when we move into subdirectories 
it’s used to separate things (i.e. 
/ccsopen/home/your_username)

$ pwd
/ccsopen/home/your_username

If you are ever “lost”, use the pwd 
command. It prints your location.
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Basic Commands

• Commands are usually abbreviations of words (or a series of 
words)
– cp for “Copy”, rm for “Remove”, cd for “change directory” 

• Commands tend to follow the following syntax:

           

• Almost all commands take various options to control what 
they do. 

• Some help is available via an online manual
– The man command

– Example: Want info about ls? Type the following:man ls

[command] [option flags] [file/directory/object to act 
upon]



19 

Basic File/Directory Commands

Command Description
pwd Print working (i.e. current) directory
man Display the Manual for a command
whoami Display the current user’s username
mkdir Create a directory (MaKe DIRectory)
rmdir Delete a directory (ReMove DIRectory)
cd Change (into a) directory
ls List files
cp Copy a file
mv Move a file (also used to rename a file)
rm Remove (delete) a file
cat Display the contents (concatenate) a (hopefully text) file
less Display the contents of a text file in a viewing mode
find Find files by filename
grep Search for text within files
diff Identify differences in the contents of files



20 

Directories

Typing just cd will always take you back to home no matter where you are.

Directories must be empty in order to delete them with rmdir

Use  pwd, cd, mkdir, and rmdir commands to navigate 
the filesystem and manipulate directories
$ pwd
/home/user1

$ mkdir dir1

$ ls 
dir1

$ cd dir1

$ pwd
/home/user1/dir1

$ cd .. 

$ rmdir dir1
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Special Directories

• Every directory contains two special directory entries: ”.” and 
“..”

• . is a reference to the current directory

• .. is a reference to the parent directory (so we can do things 
like cd ..)

• ~ can be a reference to home directories
– ~/ is yours
– ~user1/ is user1’s

• You’ll see how these are useful later
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Manipulating Files 1

• The rm command is used to delete a file.

• The mv command is used to move and rename files

• There are multiple ways to create and view text files. In the 
challenge, we will look at various ways to use cat and less 
commands to do this.

• Utilities such as less and cat are intended only for text files. 
The system will not stop you from running them on a non-text 
file
– If you do, you’ll get a screenful of unintelligible characters
– You might get a recognizable prompt (you might not)
– There’s no shame in closing that session’s window & re-connecting
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Manipulating Files 2

• The cp command is used to copy a file, and the mv command is used to 
move and rename files.

$ ls
dir1    filea   fileb

$ cat filea
This is a file that 
contains three lines
of text.

$ cp filea filea1

$ ls
dir1    filea   filea1  fileb

$ mv filea1 filec

$ ls
dir1    filea   fileb   filec
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Manipulating Files 3

• The rm command is used to delete a file. cat prints contents of a file to the 
screen. less displays the contents of a file in a viewing mode. (Press “q” 
to exit).

$  cat filec
This is a file that
contains three lines
of text.

$ less filec

$ mv filec dir1

$ ls dir1
filec

$ rm dir1/filec

$ ls
dir1    filea   fileb



25 

Many uses of cat

Command Explanation
cat file1.txt Display contents of file

cat file1.txt file2.txt Concatenate two text files and display the result in the 
terminal

cat file1.txt file2.txt > 
newcombinedfile.txt Concatenate two text files and write them to a new file

cat >newfile.txt Create a file called newfile.txt. Type the desired input and 
press CTRL+D to finish. The text will be in file newfile.txt.

cat -n file1.txt file2.txt > 
newnumberedfile.txt

Some implementations of cat, with option -n, can also number 
lines

cat file1.txt > file2.txt Copy the contents of file1.txt into file2.txt
cat file1.txt >> file2.txt Append the contents of file1.txt to file2.txt

cat file1.txt file2.txt | less Run the program "less" with the concatenation of file1 and 
file2 as its input
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Searching Within Files – grep 1

• Sometimes you want to search for patterns/strings in a file. As with other 
commands, grep takes many options. The grep command searches for “regular 
expressions”…strings that contain characters with special meaning

• Simple case: find lines with the string ‘user’ in file1
grep “user” file1

• More complex: show lines ending with ‘user’ in file1
grep “user$” file1

• …or perhaps lines beginning with ‘user’
grep “^user” file1

• Search all files in a dir1 for the string ‘user’

 grep –r “user” dir1/  
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The Unix Operating System

● Frontier command line environment



28 

Windows Putty
● Click Open Putty 

● Enter<username>@frontier.olcf.ornl.gov 

●  Click Open 

● Enter your password when prompted. 

<username>frontier.olcf.ornl.gov  

Login   
SSH client 

● Open Terminal or Powershell 

ssh <username>@frontier.olcf.ornl.gov 
● Enter your password when prompted. 

Browser method 

● Open browser

● Go to  https://jupyter.olcf.ornl.gov/
● Login with your csep### Username and PIN 

followed by your Token Passcode
● Choose “HPC and AI Crash Course lab”
● Navigate to the terminal icon and click it. 

○ Then type

ssh <username>@frontier.olcf.ornl.gov 
● Enter your PIN followed by the token code

https://jupyter.olcf.ornl.gov/
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The Vim Text Editor 

● What is Vim?

● How do I use Vim?

● Where can I learn more about Vim?

Questions to Answer 
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What is Vim?

• “Vim is a highly configurable text editor built to enable efficient 
text editing. It is an improved version of the vi editor distributed 
with most UNIX systems”

• Modal command-line text editor
• Common in HPC environments

– Edit source code, job submission scripts, config files, & others!
• Vi and Vim are often used synonymously

– Vim is a superset of Vi
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Installing Vim
• Available by default on all OLCF systems
• Easily installable to your own laptop
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Where can I learn more about Vim?

• In command line: $ vimtutor

• vim-adventures.com

• www.vim.org/docs

• Help reference in Vim: `:help`

https://vim-adventures.com/
http://www.vim.org/docs
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How do I use Vim?

Let’s go to the command line 

[maccarthy@login05.frontier ~]$ vimtutor

$git clone https://github.com/olcf/foundational_hpc_skills.git

$cd foundational_hpc_skills/intro_to_vim

$ vim intro_vim_with_exercises.txt

https://github.com/olcf/foundational_hpc_skills.git
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The Unix Operating System
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Resource Schedulers 
 

● There are two node categories on most HPC systems
○ Login node
○ Compute Node

● On most systems, you land directly on a login node once you sign-on. 
● Login nodes are shared and not for intensive compute or IO operations.
● Thus, jobs are supposed to be run on compute nodes. 
● HPC Resource schedulers are needed to be able to run jobs on compute nodes.
● Schedulers manage and distribute computational resources across a cluster, 

ensuring fair and efficient access for multiple users.
● There are several types of schedulers

○ Slurm Scheduler
○ PBS/Torque scheduler

● Frontier has a slurm scheduler 
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Login and Compute Nodes 

Slurm srun
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Frontier  Slurm Scheduler 
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Slurm Scheduler 
 

You submit with sbatch <script-name>
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DEMO
 

1. Srun_Job_Launcher
2. Basic_Unix_Vim 
3. Basic_Workflow
4. Password_in_a_Haystack

https://github.com/olcf/hands-on-with-frontier/blob/master/challenges/Srun_Job_Launcher
https://github.com/olcf/hands-on-with-frontier/blob/master/challenges/Basic_Unix_Vim
https://github.com/olcf/hands-on-with-frontier/blob/master/challenges/Basic_Workflow
https://github.com/olcf/hands-on-with-frontier/tree/master/challenges/Password_in_a_Haystack
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How to get the repo 

Direct your browser to 

https://github.com/olcf/hands-on-with-frontier

Click on the                 to copy the address.

Go to your command line and type
“git clone” 
then paste in the address. 

 

$ git clone https://github.com/olcf/hands-on-with-frontier
Cloning into 'hands-on-with-frontier'...
remote: Enumerating objects: 3242, done.
remote: Counting objects: 100% (695/695), done.
remote: Compressing objects: 100% (272/272), done.
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Join the Course SLACK Workspace 

https://bit.ly/4hyqLHh

https://bit.ly/4hyqLHh
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Want to Work at Oak Ridge 
National Laboratory? 

Fill out our Talent pool form 
---> 

Jobs: https://jobs.ornl.gov

Internships:
https://education.ornl.gov

----------------------------------
----------------------------------
 

https://jobs.ornl.gov

