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Goals

1. High Performance Computing

2. BASH

3. SLURM scheduler

4. Running Mesa Star interactively and in batch
5. JupyterHub

* We wont cover file transfer, storage systems, module
system, conda, PBS. (These are all covered in depth in the
video tutorials)
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Welcome to the Center for Advanced Video: Introduction to Computing at CARC tutorial &
Research Computing ev
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HPC Cluster




High Performance Computing

* What is high performance computing?
e Really just means something that is a lot more powerful than your desktop or
laptop.
* Hardware:

* That might mean more and faster processors to do the calculations more quickly (eg 400
CPUs instead of 4)

* More RAM so you can work on bigger problems (3,000 GB instead of 8)

* Bigger file systems so you can process larger datasets

* More and bigger GPUs to accelerate your computations (12 GPUs at a time instead of 1)
* People:

* Someone else to manage the systems and keep them running and secure

* Someone to answer your questions and help with problems



Logging into Easley CARC Clusters

First login to the workstation
in front of you.

You will always login to
CARC cluster remotely.

These clusters don’t even
have monitors.

UNM Campus



Logging into Easley a D?

First login to the Linux workstation in front
of you.

If you have logged in before, use your existing password
Otherwise, your initial password is Welcome2CARC2025

This is an “important step” so don’t let me move on until you have
logged in



First login to the Linux
workstation in front
of you.

If you have logged in
before, use your existing
password

Otherwise, your initial
password is
Welcome2CARC2025

Username Tt

ebhort27

hduan

ipavel

jrosentel

snovanthony

sstamer

turtle

woodkensia

First Name

Eleanor Blue

Huaiyu

Izabela

Joseph
Kenneth

Kristina

Sarah

Anson

Charles

Last Name

Hort

Duan

Pavel

Rosentel

Anthony-
Semenova

Stamer

Kost

Woodkensia

Email

ebhort27@unm.edu

duan@unm.edu

ipavel@unm.edu

jrosentel@unm.edu

snovanthony@unm.edu

sstamer@unm.edu

anson@unm.edu

woodkensia@unm.edu

Role ®

User

Manager

User

User

User

User

User

User

Status

Active

Active

Active

Active

Active

Active

Active

Active
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Head Node (hopper)

Compute Nodes

hopper001 hopper002 hopper067
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Logging into Easley

Replace “vanilla” with your username in these slides:

ssh vanilla@easley.alliance.unm.edu

You may be prompted for a password...

Don’t let me move on until you are able to login.



Welcome to Easley
> By using CARC systems you agree to the CARC Good
Neiﬁhbor Guide

Tutorials and the Good Neighbor Guide are at
https://goto.unm.edu/carc-start
Need help? Email: help@carc.unm.edu

The Easley cluster 1is currently 1in open beta;
unannounced restarts may occur.

vanilla@easley:~ $




Linux and the
BASH Shell

* The Kernel manages access to
the hardware in a computer.

* An Operating System (OS) is
the Kernel plus useful
programs provided by the OS.

e The “shell” is the outermost
layer of the OS.

* It is where the user interacts
with the OS.

Users

Kernel

ps sed

Other Software



e Windows 11

Microsoft Windows
Version Dev (05 Buld 21996, 1)
©Maosoft Corporation. All rights reserved.

The Windows 11 Pro operating system and its user interface are protected
by trademark and other pending or existing intelectual property rights in
the United States and other countries/regons.

This product is icensed under the Moo
Terms to:

macOS Monterey

Version 1 e}

MacBook Pro (13-inch, M1, 2020)
Chip Apple M1
Memory 16 G8

Serial Number CO2FDIMIQOSP

System Report Software Update

Allapps >

O

Calendar  Microsoft Store 5 Settings

Solitaire Netflix
L ' 3
PicsArt Pro Twitter Messenger Photoshop Calculator
Version Elements

Recommended

OneDrive * Get Started

Recently added

Screenshot (1)
3m ago

img0 '! Tom's Notebook

2hago 4h ago

Tom Warren

macOS Monterey

wC AppPUCalions  rlaces

en v - VVEad J.00 AN

Places

® Recent

EXN

[ Documents

~ Downloads )
Pictures

dd Music

[2 Pictures

i Videos

I Trash

Devices

@ Computer

Home

o

Documents

Public

W

Downloads Music

Templates Videos

Graphical Shells (GUls




Linux and the BASH Shell

— | | \ | \ \/ /
| | \Y \ /

— | \ _ / \
| I 12l N2l \—/ 7N\

WHERE THERE IS A SHELL, THERE IS A WAY!




YERRRREL ~

1

Username

Understanding the BASH prompt...



YERRRREL ~ %

1\

Username Hosthame

Understanding the BASH prompt...



YERRRREL ~

1

This is the current working directory.
“~"is short for home directory

Understanding the BASH prompt...



YERRRREL ~

1

“S” means this user is standard user
(i.e. not a system administrator)

Understanding the BASH prompt...



[vanilla@hopper ~]% git clone https://lobogit.unm.edu/CARC/workshops.git
Cloning into 'workshops'...

remote: Enumerating objects: 132, done.

remote: Counting objects: 100% (7/5/75), done.

remote: Compressing objects: 100% (43/43), done.

remote: Total 132 (delta 33), reused 74 (delta 32), pack-reused 57

Receiving objects: 100% (132/132), 57.58 KiB | 3.60 MiB/s,
Resolving deltas: 100% (51/51), done.

done.




vanilla@ ~% cd workshops
YELRRRELC :~/workshops$




YELRRREIC :~$ cd workshops
YELRRRELC :~/workshops$ LS

README . md

vanilla@ :~/workshops$




ELRRRELC :~/workshops$ pwd
/users/vanilla/workshops




YELRAREL :~/workshops$ tree

| L— thaumatin.pdb

— integrate xray images.slurm
L— solve structure.slurm

— fit_insar_data.ipynb
L— kml_functions.py

— AcetylChloride.com
—— gaussianl6 linda acetylchloride.sh

calc _pi_mpi.f90
calcPiMPI.py

calc pi_serial.f90
calcPiSerial.py

L

— Makefile



mesa plotting example.ipynb
test.slurm

[

clean

history columns.list
inlist

inlist pgstar

inlist project

history.data
pgstar.dat
profilel.data
profile2.data
profile3.data
profiled.data
profileb.data
profile6.data
L— profiles.index




Simple Linux Utility for Resource Management

. . . . . com(nar)ds
. . (partial list) ’
0 D Z
11 I
s ® - - 0

A

\
\
[

‘ slurmd 5
f \

slurmd  slurmd ven slurmd

0 me

Compute node daemons

slurm
workloe nager






vanilla@ :~/workshops$ qgrOk

gueues free busy offline jobs nodes CPUs idle_CPUS GPUs CPUs/node memory/node time_limit CPU_limit GPU_limit RAM limit
general 4 36 8 10 48 3072 256 0 64 252G 2-00:00:00 512 0 2059472M
bigmem 2 0 0 0 2 128 128 0 64 2.0T 2-00:00:00 32 0 2063765M
h100 0 4 0 4 4 256 181 8 64 1008G 2-00:00:00 64 2 1031578M
140s 1 2 0 2 3 192 127 12 64 252G 2-00:00:00 96 3 171624M
interactive 1 6 0 0 7 448 308 20 64 252G-1008G  4:00:00 64 1

debug 7 42 8 0 57 3648 692 20 64 252G-1008G 1:00:00 128 2

scavenger 12 43 8 1 63 4032 1072 44 64 252G-1008G  2-00:00:00 4032 44

liulab 5 1 0 4 6 384 380 24 64 252G 7-00:00:00 384 24

Attached Storage

Compute nodes Head Node ~— Data Transfer Node
& .

! \\ \\

Personal ;
Computer = ‘ ‘

e —




vanilla@ :~/workshops$ quotas

Home Directory (/users/vanilla):
Disk quotas for user vanilla (uid 659):

Filesystem space quota limit grace files quota 1limit grace
chama:/home/homes

1527M 100G 200G 14913  4295m  4295m

Centerwide user scratch (/carc/scratch/users/vanilla)

Quota information for storage pool Default (ID: 1):

user/group | | size | | chunk files
name | id || used | hard || wused | hard
—————————————— R R SRt | Dttt Sttt
vanilla| 1512|| 592.71 GiB | 1024.00 GiB || 32784 |unlimited

Centerwide scratch quota for project vanilla2016174 (/carc/scratch/projects/vanilla2016174)

Quota information for storage pool Default (ID: 1):
user/group | | size | | chunk files
name | id || used | hard || wused | hard

vanilla2016174|2016142|| 190.97 GiB| 1024.00 GiB| | 23704 |unlimited



vanilla@ :~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST

debug up 1:00:00 8 drain* easley[041-048]

debug up 1:00:00 5 mix easley[051-055]

debug up 1:00:00 37 alloc easley[001-017,019-035,039-040,056]
debug up 1:00:00 / idle easley[018,036-038,049-050,057]
vanilla@ :~/workshops$

sinfo reports information about
partitions



vanilla@ :~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST

debug up 1:00:00 8 drain* easley[041-048]

debug up 1:00:00 5 mix easley[051-055]

debug up 1:00:00 37 alloc easley[001-017,019-035,039-040,056]
debug up 1:00:00 / idle easley[018,036-038,049-050,057]
vanilla@ :~/workshops$

The debug queues are intended
for testing your programs.

And for interactive jobs.



vanilla@ :~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
debug up 1:00:00 / idle easley[018-025]

|

VEInl=



vanilla@ ~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
debug up 1:00:00 / idle easley[018-025]

|

You can run a “job” for up to 1 hrs.



vanilla@ ~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
debug up 1:00:00 / idle easley[018-025]

|

There are 7 nodes in this partition.



vanilla@ ~/workshops$ sinfo --partition debug
PARTITION AVAIL TIMELIMIT NODES STATE NODELIST
debug up 1:00:00 / idle easley[018-025]

|

The names of the nodes in the
partition



vanilla@ .~/workshops$ hostname
easley
YELRRRREELC :~/workshops$

|

Running on the Head Node.
The head node’s name is “easley” the
same as the cluster name.




Never run computations on the head node

Always use compute nodes



YELRRRELC, .~/workshops$ hostname
hopper
YELRRRELC .~/workshops$ man hostname




YELRRRELC .~/workshops$ man hostname
(‘qg’ to quit)

YELRRRELC .~/workshops$% man man
(‘qg’ to quit)




YEIRRREL ~/workshops$ man sinfo

sinfo(1l) Slurm
Commands sinfo(1l)
NAME

sinfo - View information about Slurm nodes and partitions.

SYNOPSIS
sinfo [OPTIONS...]

DESCRIPTION
sinfo is used to view partition and node information for a system running
Slurm

OPTIONS
-a, --all
Display information about all partitions. This causes information
to be displayed about partitions that are configured as hidden and partitions
that are unavailable to the user's group.



vanilla@
PARTITION AVAIL
general* up
general* up
general* up
bigmem up
h100 up
140s up
140s up
140s up
interactive up
interactive up
interactive up
debug up
debug up
debug up
debug up
scavenger up
scavenger up
scavenger up
scavenger up
liulab up
liulab up

TIMELIMIT

2-00:00:

2-00:
2-00:
2-00:
2-00:
2-00:
2-00:
2-00:

00:
00:
00:
00:
00:
00:
00:
100
100
100
:00:
100
100
100
100
100
100
100
100
100

00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

NODES
8

w
~ O

W
UV kPFNVNNOCOONINNUVTOO R RPUIR R R BN

_ W

STATE
drain*
alloc
idle
idle
mi X
mi X
alloc
idle
mi X
alloc
idle
drain*
mi X
alloc
idle
drain*
mi X
alloc
idle
mi X
idle

~/workshops$ s1nfo --all

NODELIST

easley[041-048]
easley[001-017,019-035,039-040]
easley[018,036-038]

easley[049-050]

easley[051-054]

easley055

easley056

easley@57/

easley[051-055]

easley056

easley@57/

easley[041-048]

easley[051-055]
easley[001-017,019-035,039-040,056]
easley[018,036-038,049-050,057]
easley[041-048]

easley[051-055,058]
easley[001-017,019-035,039-040,056]
easley[018,036-038,049-050,057,059-063]
easley058

easley[059-063]



vanilla@ ~/workshops$ Srun --partition debug hostname

|

Tell slurm to run a program
on a compute node...



vanilla@ ~/workshops$ Srun --partition debug hostname

|

Run the program on a
compute node in the
debug partition.



vanilla@ ~/workshops$ Srun --partition debug hostname

|

The program
to run.



vanilla@ ~/workshops$ Srun --partition debug hostname
To request GPUs, add --gpus-per-node X or --gpus X,
where X 1s the desired number of GPUs.

Job 24897 running on easley054

easley054

|

Output of
program



ELRRRELC :~/workshops$ squeue



vanilla@

JOBID PARTITION

24343
24342
24341
24340
23822
23703
23700
24042
24043
24893
23432
23866
24775
23385
23431
24026
24030
23817
23780_[57-70%1]
23783_[57-70%1]

23785_[57-70%1]

general
general
general
general
general
general
general
general
general
general
h100
h100
h100
h100
h100
h100
140s
140s
liulab
liulab

liulab

:~/workshops$ SQUEUE

NAME
Nbl6D1
Nbl6D1
Nbl6D1
Nbl6D1

site_add
gmx_1
gmx_2
cavl fin
cavl fin
med 100
runlp_ 30
rundq_10
demo
Control
runlq 30
prod3S
cst
d2527-pr
runprod.
runprod.

runprod.

USER ST

suryab
suryab
suryab
suryab
zaarmijo
cstevens
cstevens
schrient
mgenk
keenankh
saulange
saulange
sebasjr
michel88
saulange
aungzaw
fredre
wbricker
eugene
eugene

eugene

U U
A 00000 0O X0 X000 00000 Q0

v
o O A

-
(W

[EEY
caoaurtul b b

1-16:
100
:59:

22
21

14

1-16:

TIME

:51:
.55
127
140
106
1-16:

48

123
:58
126

20:
36:

32:

)

146
1-00:
1-01:

32

53

)

PAC
37
07
49
30
13

100
O:

00

103
24 :

42

:39

:53:
22:

22

:19
38:

O:
O:

18

100

00
00

NODES

R PR PR RPRPRPRPRPRPREPOOOORRERNNINNINN

NODELIST(REASON)
easley[004-005]
easley[014-015]
easley[016-017]
easley[002-003]
easley00O1

easley@19

easley028
easley[006-013]
easley[030-035,039-040]
easley[020-027]
(Q0OSMaxMemoryPerUser)
(Q0OSMaxMemoryPerUser)
easley052

easley®51

easley053

easley054

easley056

easley055
(JobArrayTaskLimit)
(JobArrayTaskLimit)

(JobArrayTaskLimit)



vanilla@ :~/workshops$ sgqueue
JOBID PARTITION NAME USER ST TIME NODES NODELIST(REASON)

24343 general Nb16D1 suryab 4:51:48 2 easley[004-005]
24342 general Nb16D1 suryab 4:55:23 2 easley[014-015]
24341 general Nb16D1 suryab 5:27:58 2 easley[016-017]
24340 general Nb16D1 suryab 5:40:26 2 easley[002-003]
23822 general site_add zaarmijo 1-16:06:20 1 easley001

23703 general gmx 1 cstevens 1-16:20:37 1 easley019
23700 general gmx_2 cstevens 1-16:36:07

22:00:49
:59:30

24042 general cavl fin schrient
24043 general cavl fin mgenk

A 000 OO0 0O 00X ALO ALK OO AOL
NY
|

24893 general med 100 keenankh 32:13
23432 hl00 runlp_30 saulange P -@0
e P 0:00
r 9:46:03
8 1-00:24:42
e 1-01:32:39 1 easley053
W 14:53:22 1 easley054
e 22:53:19 1 easley056
r R 1-16:38:18 1 easley055
e PD 0:00 1 (JobArrayTaskLimit)
e PD 0:00 1 (JobArrayTaskLimit)
e PD 0:00 1 (JobArrayTaskLimit)




vanilla@

©35,039-040]

:~/workshops$ Squeue

JOBID PARTITION

24343
24342
24341
24340
23822
23703
23700
24042
24043

24893
24775
23385
23431
24026

general
general
general
general
general
general
general
general
general

general
h100
h100
h100
h100

NAME
Nbl6D1
Nbl6D1
Nbl6D1
Nbl6D1

site add
gmx_1
gmx_ 2
cavl fin
cavl fin

med 100
demo
Control
runlg 30
prod3s

-t R

--all

USER ST

suryab
suryab
suryab
suryab
zaarmijo
cstevens
cstevens
schrient
mgenk

keenankh
sebasjr
michel88
saulange
aungzaw

A A0 A0 A0 A0 A0 A0 A0 A0

A O A0 A0 A

1-01;
14

TIME

: 54
:58:
:30:
.43
:09:
23
:39:
103
102

147

22
57

125

19

:36

06

148
:29

35:

27

149
1-00:

12
02

41

35:
56:

38
21

NODES

OO0 R NNDNN

= = 00

NODELIST (REASON)
easley[004-005]
easley[014-015]
easley[016-017]
easley[002-003]
easley(Ol1
easley@19
easley028
easley[006-013]
easley[030-

easley[020-027]
easley®52
easley@51
easley053
easley054



Interactive vs Batch Mode

Interactive Mode

* Srun is “interactive”. You request hardware, run your program, and
get the output on your screen right away.

Batch Mode

* Most programs at an HPC center are run in “batch” mode.

* Batch mode means we write a shell script that the SLURM scheduler
runs for us. The script requests hardware just like we did with salloc
and then runs the commands in the script.

. Whatedver would have been written to the screen is saved to a file
instead.



vanilla@ :~/workshops$ €¢d intro_workshop/

vanilla@ :~/workshops/intro workshop$ cat slurm/workshop examplel.sh
#!/bin/bash

#SBATCH --partition debug

#SBATCH --ntasks 4

#SBATCH --time 00:05:00

#SBATCH --job-name ws_example

#SBATCH --mail-user your_username@unm.edu
#SBATCH --mail-type ALL

srun hostname

vanilla@ :~/workshops/intro_workshop$




vanilla@ ~/workshops/intro workshop$ nano slurm/workshop examplel.sh

GNU nano 5.6.1 slurm/workshop examplel.sh
!/bin/bash

#SBATCH --partition debug

#SBATCH --ntasks 4

#SBATCH --time 00:05:00

#SBATCH --job-name ws_example

#SBATCH --mail-user your_username@unm.edu
#SBATCH --mail-type ALL

srun hostname

¢ Help ) Write Out al Where Is ad Cut gl Execute
@4 Exit g Read File 8 Replace #! Paste g Justify




vanilla@ :~/workshops/intro workshop$ Sbatch slurm/workshop_examplel .sh

Submitted batch job 24898

vanilla@ :~/workshops/intro _workshop$




vanilla@ :~/workshops/intro workshop$ Sbatch slurm/workshop_examplel .sh

Submitted batch job 24898

YELRRREL :~/workshops/intro _workshop$




Compute Node 01

Workflow

Head Node Compute Node 02

User 1

Program A Compute Node 03

Script A

User 2 Compute Node 04

Program B

Compute Node 05

Script B




Workflow

Head Node

User 1
Program A

Script A
User 2

Program B

Script B

Scheduler
Slurm

Compute Node 01

Compute Node 02

Compute Node 03

Compute Node 04

Compute Node 05




Workflow

Head Node

User 1
Program A

Script A
User 2

Program B

Script B

Scheduler

Compute Node 01

Compute Node 02

Compute Node 03

Compute Node 04

Compute Node 05




Workflow

Head Node

User 1
Program A

Script A
User 2

Program B

Script B

Scheduler

Compute Node 01
Script A

Compute Node 02

Compute Node 03

Compute Node 04
Script B

Compute Node 05




Workflow

Head Node

User 1
Program A

Script A
User 2

Program B

Script B

We need something in the script [ efe]ag pute Node 01

to run the program on all the
nodes. E.g. srun.

Scheduler

Script A Program A

Compute Node 02
Program A Program A

Compute Node 03
Program A Program A

Compute Node 04
SCript B Program B

Compute Node 05
Program B Program B




YELRRRELC :~/workshops/intro workshop$ 1s
slurm-248938.out




YELRRRELC :~/workshops/intro workshop$ 1s
slurm-248938.out




[vanilla@hopper intro workshopl$ 1s
code data pbs slurm slurm-5252.out

vanilla@ .~/workshops/intro workshop$ Cat slurm-24898.out

To request GPUs, add --gpus-per-node X or --gpus X, where X 1is the desired nu
Job 24898 running on easley018

easley018
easley018
easley018
easley018




MESA

Modules for Experiments in Stellar

* Astrophysics

Q search Modules for Experiments in Stellar Astrophysics (MESA) is an advanced, open-source 1D stellar evolution

code. The code is developed and maintained by a globally distributed team of researchers. MESA is written

Contents L . . . - . .
primarily in Fortran with a modular, flexible design that facilitates easy interfacing.

Quickstart

Installing MESA 4/ New to MESA? Start with the Quickstart guide to set up and run your first models.

Using MESA LI Experienced users may find the Reference and Defaults page most useful for exploring the code's

Modules features and input parameters. The Test Suite provides example problems for testing and showcasing MESA,
Reference and Defaults serving as a project starting point but often requiring modifications for science-grade accuracy.
Test Suite Check out the full documentation below.
About MESA

Changelog Contents

MESA Summer Schools Quickstart

MESA Code of Conduct Installing MESA

Contributing Using MESA

Developing MESA Modules

FAQ Reference and Defaults
Known bugs Test Suite

News archive About MESA

https://docs.mesastar.org




Mesa Star

ELRRRELC .~/workshops/intro workshop$ cd
ELRRRELC :~/workshops$



Mesa Star — searching for software on Easley

ELRRRELC .~/workshops/intro workshop$ cd
ELRRRELC :~/workshops$
vanilla@ ~/workshopss module spider mesastar

This module can be loaded directly: module load mesastar/24.08.1

Help:
MESA STAR



Mesa Star — loading software on Easley

ELRRRRELC .~/workshops$ module load mesastar

You are on the easley head node. Be sure to run
MESA STAR on a compute node.

E.g srun --partition debug ~/mesastar/tutorial/rn




Mesa Star — loading software on Easley

ELRRRELC .~/workshops$ cd mesastar

YELRRREIC :~/workshops/mesastar$ 1s
mesa plotting example.ipynb test.slurm




Mesa Star — loading software on Easley

ELRRRRELC .~/workshops$ cd mesastar/

vanilla@ :~/workshops/mesastar$ 1s
mesa plotting example.ipynb test.slurm

ELRRRRELC :~/workshops/mesastar$ 1s tutorial
clean inlist pgstar re
history columns.list 1inlist project mk README.rst star
inlist rn

vanilla@ :~/workshops/mesastar$




*Inlist - A top-level control file that typically includes or references other inlists (like inlist_project,
inlist_pgstar). Sets global controls (e.g. paths, physics options, run controls).

Inlist_project
Controls the physics and numerical setup of the star (e.g. initial mass, metallicity, stop conditions).
Most important for the physical simulation itself.

einlist_pgstar - Configures PGstar, the interactive graphical plotting module of MESA. Determines
which plots are shown during runtime, layout, colours, etc.

There a some commands to make compiling and recompiling the code simple
To compile the code run

./mk

To clean and recompile

.Jclean
./mk



The model:

15 MO Stellar Model Overview

eInitial Mass: 15 solar masses (Msun)

*Metallicity (Z): 0.02 (solar)

*Start Phase: Pre-main sequence

*Opacities: Type Il opacities enabled (Z-dependent)
*Equation of State: Default MESA EOS

Size of Star

Termination Conditions Size of Earth's Orbit

*Stop near zero-age main sequence (ZAMS): Size of Jupiter's Orbit
*When L_{\text{nuc}}/L>0.99
*Stop when central hydrogen X_{H1} < 107{-3} Atmosphere of Betelgeuse - Alpha Orionis

Hubble Space Telescope - Faint Object Camera
January 15, 1996; A. Dupree (CfA), NASA, ESA
Numerics and Output
*Uses 'dedt' energy equation for conservation
*Uses gold solver tolerances for accuracy



Mesa Star — Compiling the Example Project

vanilla@ :~/workshops/mesastar$ cd tutorial/

vanilla@ :~/workshops/mesastar/tutorial$ ./mk

gfortran -Wno-uninitialized -fno-range-check -fmax-errors=7 -fdiagnostics-col
gfortran -Wno-uninitialized -fno-range-check -fmax-errors=7 -fdiagnostics-col
gfortran -Wno-uninitialized -fno-range-check -fmax-errors=7 -fdiagnostics-col
gfortran -fopenmp -o ../star run_star _extras.o run_star.o run.o -L/opt/loc
/opt/local/mesastar/mesasdk/bin/../1lib/gcc/x86 64-pc-linux-gnu/13.3.0/../../.
vanilla@ :~/workshops/mesastar/tutorial$




Mesa Star — Compiling the Example Project

vanilla@ :~/workshops/mesastar/tutorial$ 1s
clean inlist pgstar re
history columns.list 1inlist project mk README.rst star

inlist rn




Mesa Star — Running interactively

vanilla@ :~/workshops/mesastar/tutorial$ srun --partition interactive rn
To request GPUs, add --gpus-per-node X or --gpus X, where X 1is the desired numb
Job 24903 running on easley0®57/

DATE: 2025-08-28

TIME: 08:32:47
reading user weak rate file /opt/local/mesastar/24.08.1/data/rates data/rate_t

version_number r24.08.1
read inlist project




Mesa Star — Running in Batch Mode

vanilla@ :~/workshops/mesastar/tutorial$ cd

vanilla@ :~/workshops/mesastar$ cat test.slurm
#!/bin/bash

#SBATCH --job-name mesa_run

#SBATCH --partition debug

#SBATCH --cpus-per-task 8

#SBATCH --time=00:05:00

#SBATCH --output=mesa %j.out

#SBATCH --error=mesa _%j.err

#SBATCH --mem 32G

module load mesastar

# Set OpenMP environment variables
export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK
export OMP_DISPLAY_ ENV=TRUE

cd tutorial

# Run MESA
srun ./rn



Mesa Star — Running in Batch Mode

vanilla@ .~/workshops/mesastar$ sbatch test.slurm
Submitted batch job 24904

vanilla@ .~/workshops/mesastar$ squeue --me
JOBID PARTITION NAME USER ST TIME NODES NODELIST(RE
24904 debug mesa run vanilla R ©:53 1 easley0@18
vanilla@ .~/workshops/mesastar$ 1s

mesa 24904 .err mesa plotting example.ipynb
mesa 24904 .out test.slurm



Mesa Star — Running in Batch Mode

YELRRRELE ~/workshops/mesastar$ sbatch test.slurm
Submitted batch job 24904
vanilla@ :~/workshops/mesastar$ squeue --me
JOBID PARTITION NAME USER ST TIME NODES NODELIST(RE
24904 debug mesa run vanilla R ©:53 1 easley018
vanilla@ :~/workshops/mesastar$ LS

mesa 24904 .err mesa plotting example.ipynb
mesa 24904 .out test.slurm

vanilla@ .~/workshops/mesastar$ tall mesa 24904 .out
lg dt yrs lg Tcntr lg R lg L3a lg Lneu lg Mdot He core
age yrs lg Dcntr lg L | = 4 lg Lphoto lg Dsurf CO_core

207 7.533310 3.078E+04  4.293451 4.293451 15.000000 15.000000
3.9013E+00 7.533310 0.690863 -28.971924 3.137050 -99.000000 0.000000
9.0641E+04 ©.787282 4.289535 -11.439140 -995.000000 -8.905833 0.000000

DATE: 2025-08-28
TIME: ©08:41:45



Mesa Star — Output files

vanilla@ .~/workshops/mesastar$ 1s tutorial/LOGS/
history.data profilel.data profile3.data profile5.data profiles.index
pgstar.dat profile2.data profiled4.data profile6.data




Mesa Star — Longer run (at least an hour to run simulating 12 Myr+)

vanilla@ ~/workshops/mesastar$ sbatch test long.slurm
Submitted batch job 24904
vanilla@ :~/workshops/mesastar$ squeue --me
JOBID PARTITION NAME USER ST TIME NODES NODELIST(RE
24904 debug starsim vanilla R ©:53 1 easley018
vanilla@ :~/workshops/mesastar$ LS

mesa_ 24905.err
mesa_ 24905.out

mesa plotting example.ipynb
test.slurm

vanilla@ .~/workshops/mesastar$ tall mesa 24905.out
lg dt yrs lg Tcntr lg R lg L3a lg Lneu lg Mdot He core
age yrs lg Dcntr lg L | = 4 lg Lphoto lg Dsurf CO_core
207 7.533310 3.078E+04 4.293451 4.293451 15.000000 15.000000
3.9013E+00 7.533310 0.690863 -28.971924 3.137050 -99.000000 0.000000
9.0641E+04 ©.787282 4.289535 -11.439140 -99.000000 -8.905833 0.000000
DATE: 2025-08-28
TIME: 08:41:45



JupyterHub for Plotting — Installing matplotlib

vanilla@ .~ $ module load miniconda3

This Miniconda3 installation uses the conda-forge channel. Conda-forge packages
are generally open-source and free for research and educational use. Be sure to
review the license agreements of software packages you install and additional
channels you enable.

vanilla@ .~ $ conda create --name mesa plot matplotlib pandas ipykernel
Retrieving notices: done
Channels:

- conda-forge

- nodefaults

Platform: linux-64
Collecting package metadata (repodata.json): /
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The Jupyter Notebook is running as a batch job
under Slurm

vanilla@ :~/workshops/mesastar$ squeue --me
JOBID PARTITION NAME USER ST TIME NODES NODELIST(RE
24910 interacti jupyterh wvanilla R 0:17 1l easley@57

vanilla@ :~/workshops/mesastar$



eoe M+ < % @ ° easley.alliance.unm.edu ¢ © M +
: Ju pyter hub Logout = Control Panel
(3 vist_src 4 years ago
(3 working 6 years ago
(3 workshops \ 12 hours ago
(O workshops2 a year ago
(O workshops3 3 years ago
(3D workshops4 2 years ago
(3 workshops_old 12 hours ago
(O workshops_old?2 6 months ago
(3 workshops_old3 12 hours ago
(3 workshops_prev a year ago

(3 workshops_quantum 5 months ago



eoe M+ < 2 @ S easley.alliance.unm.edu ¢ © M +
: Ju pyte rhub Logout = Control Panel

(O crystallography 12 hours ago

(3 escape 12 hours ago

(3 gaussian 12 hours ago

(3 intro_workshop an hour ago

(3 machine_learning 12 hours ago

(3D mesastar \ 27 minutes ago

(3 namd 12 hours ago

(3 quantum_computing 12 hours ago

(O radio_astronomy 12 hours ago

(3 starccm 12 hours ago

(3 README.md 12 hours ago 47 B
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: J u pyter h U b Logout Control Panel

Files Running Clusters

Select items to perform actions on them.

Upload New~v

0 + @B/ workshops / mesastar Name ¥  Last Modified File size
O .. seconds ago
(3 tutorial 43 minutes ago
& mesa_plotting_example.ipynb \ 7 hours ago 74.6 kB
[ mesa_24904.err 28 minutes ago 776 B
[ mesa_24904.out 27 minutes ago 265 kB
9 test.slurm 32 minutes ago 357 B
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: workshops/mesastar/ &' mesa_plotting_example - Jupyter Notebook
‘A. .
- Ju pyte rhub mesa_plotting_example Last Checkpoint: 7 hours ago  (unsaved changes) ﬁ Logout | Control Panel
File Edit View Insert Cell Kernel Widgets Help Not Trusted | Python [conda env:.conda-mesa_plot] O

B+ x @D 44 ¥ PRuin H C » Code

<
B

In [ 1: 1 import matplotlib.pyplot as plt
g import numpy as np
4 # Load the file, skipping headers The pythOn kernel IS the
5 data = np.genfromtxt('tutorial/LOGS/profilel.data', skip_header=6) .
6 conda environment we
7 mass = datal:, 1] # mass coordinate
8 logR = datal:, 2] # log radius CreatEd
9 1logT = datal:, 3] # log temperature
10
11 plt.figure(figsize=(8,6))
12 plt.plot(logR, logT, color='darkred')
13 plt.gca().invert_xaxis()
14 plt.xlabel(r'$\log(R/R_\odot)$")
15 plt.ylabel(r'$\log(T/\mathrm{K})$")
16 plt.title('Temperature Structure of Star (Profile 1)')
17 plt.grid(True)
18 plt.tight_layout()
19 plt.show()
In [ 1: import pandas as pd

import matplotlib.pyplot as plt

1
2
3
4 # Path to the history file

5 history_path = 'tutorial/LOGS/history.data’
6

7

8

9

# Skip the header to locate the column names
with open(history_path, 'r') as f:
lines = f.readlines()

11 # Column headers are usually on line 6 or 7 (index 5 or 6), right after metadata
12 for i, line in enumerate(lines):

13 if 'star_age' in line and 'log_Teff' in line:

14 column_names = line.split()



Temperature Profile
Plot: Python script
reads a MESA
profile.data file and
plots stellar
temperature vs. radius
(log T vs. log R),
revealing the star’s
internal temperature
gradient.

In [2]:

log(T/K)

impo
impo

# Lo

rt matplotlib.pyplot as plt
rt numpy as np

ad the file, skipping headers

data = np.genfromtxt('tutorial/LOGS/profilel.data’', skip_header=6)
mass = datal:, 1] # mass coordinate
logR = datal:, 2] # log radius
logT = datal:, 3] # log temperature
plt.figure(figsize=(8,6))
plt.plot(logR, logT, color='darkred')
plt.gca().invert_xaxis()
plt.xlabel(r'$\log(R/R_\odot)$")
plt.ylabel(r'$\log(T/\mathrm{K})$")
plt.title('Temperature Structure of Star (Profile 1)')
plt.grid(True)
plt.tight_layout()
plt.show()

Temperature Structure of Star (Profile 1)
5.5 1
5.0 1
4.5
4.0

2.0 15 1.0 0.5 0.0
log(R/R )



File Edit View |Insert Cell Kernel Widgets Help Trusted |Python [conda env:.conda-mesa_plot] O
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In [3]: 1 import pandas as pd
2 import matplotlib.pyplot as plt

# Path to the history file

Hertzsprung_Russe" Diagram jv history_path = 'tutorial/L0GS/history.data’

# Skip the header to locate the column names
with open(history_path, 'r') as f:
lines = f.readlines()

. M # Col head 1l i 6 7 (index 5 6), right aft tadat
Protostar phase: first 90 kyr of o e e nimers it inesy s 70 0 0 7 (index or 6), right after netadata
13 if 'star_age' in line and 'log_Teff' in line:
14 column_names = line.split()

contraction toward the main S Gawsancie

break

Se q u e n Ce . F ro m M ESA’S h iStO ry- d ata v ﬁfRzagdf?‘gasisi\e;(ﬁsi‘;zgrgiggii, skiprows=data_start, delim_whitespace=True, names=co’
file: tutorial/LOGS/history.data. 33 e Fiowre(tiedsem(a, o)

plt.plot(df['log_Teff'], df['log_L'], color='blue', linewidth=1)
plt.gca().invert_xaxis() # Hotter (higher T) on the left
plt.xlabel('log(Teff) [K]"')

plt.ylabel('log(L / L®)")

plt.title('Hertzsprung—Russell Diagram')

plt.grid(True)

plt.tight_layout()

plt.show()

/tmp/ipykernel_2184284/412598046.py:19: FutureWarning: The 'delim_whitespace' keyword
in pd.read_csv is deprecated and will be removed in a future version. Use '‘sep='\s+'"
* instead

df = pd.read_csv(history_path, skiprows=data_start, delim_whitespace=True, names=col
umn_names)

Hertzsprung-Russell Diagram

4.4 -

4.3

4.2 1

4.1

4.0

log(L/L®)

3.9 1

3.8 1

3.7

3.6 1

4.4 4.2 4:0 3.8 3.6
log(Teff) [K]



Hertzsprung—Russell Diagram
(from history file under tutorial_long)

*Pre—Main Sequence (Pre-MS): O—
0.1 Myr — star contracting before
sustained fusion

*Zero-Age Main Sequence (ZAMS):
=0.1 Myr — hydrogen fusion ignites
in the core

*Main Sequence (MS): 0.1-10 Myr —
stable core hydrogen burning

*Terminal-Age Main Sequence
(TAMS): 10-11 Myr — core hydrogen
exhausted

*Red Supergiant (RSG), Helium
burning: 11-12 Myr — star expands
and ignites helium in the core

In [ ]:

log(L/Lo)

- Ju pyter hub mesa_plotting_example Last Checkpoint: 6 hours ago  (autosaved)
File Edit View Insert Cell Kernel Widgets Help
+ < @ B 4 ¥ PRun B C MW Code C

plt.ylabel('log(L/L$_\\odot$)")

plt.title('HR Track (15 M$_\\odot$) coloured by age')
cb = plt.colorbar(sc)

cb.set_label('Age [Myr]')

# optional: markers every ~1 Myr to highlight pacing

tick_myr = np.arange(np.floor(age_myr.min()), np.ceil(age_myr.max()) + 0.1, 1.0)

idx_mark = np.searchsorted(age_myr.values, tick_myr)
idx_mark = idx_mark[idx_mark < len(age_myr)]

plt.plot(x[idx_mark], y[idx_mark], linestyle='None', marker='o',

plt.grid(True, alpha=0.3)
plt.tight_layout()
plt.show()

HR Track (15 M ) coloured by age

4.8
4.6

4.4 1 o,
......
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]

3.6
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log(Teff) [K]

Trusted

markersize=3)

12
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Age [Myr]

ﬁ Logout Control Panel

| Python [conda env:.conda-mesa_plot] O



H - t n lotti I st Checkpoint: 6 hours ago (autosave
Hertzsprung_Russe" Dlagram jupyter mesa_plotting_example Last Checkpoint: 6 h go (aut d)
(from history file under tutorial |ong) File Edit View Insert Cell Kernel Widgets Help
- + < @ B A ¥ PRin B C » Code .

*Pre—Main Sequence (Pre-MS): O—
0.1 Myr — star contracting before
sustained fusion

*Zero-Age Main Sequence (ZAMS):
=0.1 Myr — hydrogen fusion ignites

in the core

*Main Sequence (MS): 0.1-10 Myr — Size of Star

stable core hydrogen burning W I
. . SR

*Terminal-Age Main Sequence Size of Jupiter's Orbit

(TAMS): 10-11 Myr — core hydrogen

? Logout Control Panel

Trusted | Python [conda env:.conda-mesa_plot] O

exhausted Atmosphere of Betelgeuse - Alpha Orionis

Hubble Space Telescope - Faint Object Camera

'REd Supergiant (RSG), Helium Janua7 151996 A. Dupree (CfA), NASA, ESA

]

burning: 11-12 Myr — star expands
and ignites helium in the core

In [ ]:
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In [1]:

Ooo~NOOULEWNPRE

'@ ° = easley.alliance.unm.edu

: workshops/mesastar/

Insert

impo
impo

# Lo
data

mass
logR
logT

plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.
plt.

: Ju pyte rhub mesa_plotting_example Last Checkpoint: 7 hours ago (autosaved)

Cell Kernel Widgets Help Trusted

B

rt matplotlib.pyplot as plt
rt numpy as np

ad the file, skipping headers
np.genfromtxt('tutorial/LOGS/profilel.data’', skip_header=6)

datal:, 1] # mass coordinate
datal:, 2] # log radius
datal:, 3] # log temperature

figure(figsize=(8,6))

plot(logR, logT, color='darkred"')
gca().invert_xaxis()
xlabel(r'$\log(R/R_\odot)$"')

ylabel(r'$\log(T/\mathrm{K})$")

title('Temperature Structure of Star (Profile 1)')
grid(True)

tight_layout()

show()

Temperature Structure of Star (Profile 1)

e © M + O

& mesa_plotting_example - Jupyter Notebook

a Logout Control Panel

| Python [conda env:.conda-mesa_

When finished we should
relinquish the hardware.

Closing the browser or
logging out doesn’t end the
job.

5.5 1

5.0 1
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: workshops/mesastar/ : JupyterHub

: Ju pyter hub Home Token Admin miricke & Logout

Closing the browser or
logging out doesn’t end the
job.

Click “stop my server”.




Useful Slurm Commands

sgueue --me --long shows information about jobs you submitted
squeue --me --start shows when slurm expects your job to start
scancel jobid cancels a job

scancel --u SUSER cancels all your jobs

sacct shows your job history

seff jobid shows how efficiently the hardware was used



You have learned

* how to run programs using
the SLURM scheduler

* the difference between
interactive and batch jobs

* how to check the status of
your jobs

* how to ask for the
hardware resources you
need

* you ran MesaStar
interactively and in batch
mode and plotted the
results in Jupyterhub




