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Topics
Al) Linux BASH Shell
A2) The purpose of HigRerformance Computing (HPC)

A3) Running Programs on an HPC syst@®lur()
A4) AnalyseThaumatin

NOTE: All these topics are covered in our online
video tutorials
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Logging Iinto Hopper

ssh vanilla@hopper.alliance.unm.edu
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Welcome to Hopper
Be sure to review the "Acceptable Use" guidelines posted on the CARC website.
For assistance using this system erhailp@carc.unm.edu

Tutorial videos can be accessed through the CARC website: Go to
http:// carc.unm.eduselect the "New Users" menu and then click
"Introduction to Computing at CARC".

Warning: By default home directories are world readable. Usectiraodcommand
to restrict access.

Don't forget to acknowledge CARC in publications, dissertations, theses and
presentations that use CARC computational resources:

"We would like to thank the UNM Center for Advanced Research Computing,
supported in part by the National Science Foundation, for providing the
research computing resources used in this work."

Please send citations faublications @carc.unm.edu
Hopper is our newest general purpose cluster and member of the Taos/Hopper condo.

There are four types aflurmpartitions on Hopper:

1) General this partition is accessible by all CARC users.

2) Debug for testing your code and interactive jobs. Short time limits so that nodes are usually available right away.

3) Conde- this partition is accessible by users who are members of the Hopper/Taos condo. Users with access to thisglactitiave access to the
community partition on the Taos cluster. Jobs run here may be interrupted by the hardware owner, so we recommend thattwaue sapport
checkpointing so it can recover.

4) Private partitions these partitions are dedicated to the condo grant/lab/center that purchased the associated hardware.

Type ‘fgroK' to get information about the partitions to which you have access.
Enter "quotas" to see your storage usage and limits.
For a list of software installed on Hopper enter "module spider".
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* Logging in under another person's account is strictly forbldden and will *
* result in the account being locked.
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Linux and the
BASH Shell

AThe Kernel manages access
to the hardware in a
computer.

AAn Operating System (OS) is
the Kernel plus useful
%ré)grams provided by the

AThe fishell 0o i
layer of the OS.

Alt is where the user interacts
with the OS.
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Logging into Hopper

nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 76 x17

[vanilla@hopper ~1%






Linux and the BASH Shell

WHERE THERE IS A SHELL, THERE IS A WAY!



The Borne-Again Shell (BASH)

Written in 1976 by Stephen Bourne for UNIX version 7.

nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 76x17

[vanilla@hopper ~1%



nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 62x14

[vanilla@hopper ~1%

Username

Under standing t he




nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 62x14

[vanilla@hopper ~1%

Username Hostname

Under standing t he




nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 62x14

[van111a@hopper ~19%

This is the current working directory.
N~ o0 I s henmedirectoryf o r

Under standing t he




nap23 — vanilla@hopper:~ — ssh hopper.alliance.unm.edu — 62x14

[vanilla@hopper ~1%

nN$o means  this user s s
(i.e. not a system administrator)

Under standing the BAS



[vanilla@hopper]$passwd Lt
Changing password for user vanilla. qmc"""mk
Current Passwordtext will be hidden} _—
New password{text will be hidden}

Retype new passworditext will be hidden}

passwd: all authentication tokens updated successfully.

[vanilla@hopper]$

If you used the preset password set your own
password now

t_¥




bin

etc

home opt

jason pat |

Documents  Downloads Music

tmp

usr

bin

lib

var

Example Filesystem Tree




[[vanilla@hopper ~]1% pwd
/users/vanilla
[vanilla@hopper ~]%

Flgurlng out where you are In the
f1 1l esyst emé



Figuring out where you are In the
f1 1l esyst emé



Please enter the following command:

cp Or /projects/shared/workshops/beginner/ mystuff  ~/

We will come help you if you have any trouble.

(Later | will go over what this command does)

/



[vanilla@hopper ~19% 1s
mystuff wheeler-scratch

[vanilla@hopper ~1%

Flgurlng out where you are in the
f1 1l esystemé



[vanilla@hopper ~19% tree

— mystuff

F— myfilel
L— myfile2
L— wheeler-scratch -> /wheeler/scratch/vanilla

2 directories, 2 files
[vanilla@hopper ~1%

Figuring out where you are In
t he fi ]l esystemée



[[vanilla@hopper ~]9% tree

— mystuff

F— myfilel
L— myfile2
L— wheeler-scratch -> /wheeler/scratch/vanilla

2 directories, 2 files
[vanilla@hopper ~1%

Figuring out where you are In
t he fi ]l esystemée



[vanilla@hopper ~19% tree |

-4 | his . means the current directory
— mystuff

— myfilel
L— myfile2
L— wheeler-scratch -> /wheeler/scratch/vanilla

2 directories, 2 files
[vanilla@hopper ~1%

Figuring out where you are In
t he fi ]l esystemée



NAbsol uteo paths Vs

AA path is a list of directories and/or files. It is a path through the
directory tree that tells one how to get somewhere in the filesystem.

AAN absolute path tells one how to get to the destination from starting
from the root of the filesystem. E.gfii / u s e r snystudf/na | | a/

AA relative path specifies how to get there *starting from the current
working directory*. E.g vanilla/mystuff/

N



[vanilla@hopper ~1% ls mystuff/
myfilel myfile2
[vanilla@hopper ~1$

Figuring out where you
gol nge



[vanilla@hopper ~1% 1s /users/vanilla/mystuff
myfilel myfile2
[vanilla@hopper ~1%

Figuring out where you
gol nge



[vanilla@hopper~]$ls ./mystuff/
myfilel myfile2
[vanilla@hopper ~]|$1s ~mystuff/
myfilel myfile2
[vanilla@hopper ~]$

Figuring out where you
gol nge



[vanilla@hopper]$Is-a
.modulesbeginenv

. mystuff

.addressbook .oracle jre usage

.addressbook.lu.pinerc

bashrc PpKi
.cache .rhosts
.comsol .shosts
.config .spack

flexlmrc = .ssh
Figuring out where you

golil nge



[vanilla@hopper]$ls-I

total 4

drwxr-xr-x 2 vanilla users 4096 Jun 14 2200%stuff

Irwxrwxrwx1 vanilla users24 Jun 14 21:2@heelerscratch-> /wheeler/scratch/vanilla
[vanilla@hopper]$

Figuring out where you
gol nge



[vanilla@hopper]$ls -l mystuff/

total 473704

-rw-r--r-- 1 vanilla users 483165473 Jun 14 23:20 myfilel
-rw-r--r-- 1 vanillausers 0 Jun 14 22:05 myfile2
[vanilla@hopper-]$

Figuring out where you
gol nge



[vanilla@hopper]$Is-lh mystufl/

total 463M

-rw-r--r-- 1 vanilla users 461M Jun 14 23:20 myfilel
-rw-r-+-- 1 vanilla users 0 Jun 14 22:05 myfile2
[vanilla@hopper]$

Figuring out where you
gol nge



ANow you know how to view the filesystems using bash

N__et 0sSs see how to move ar ol
filesystem.

ATo move we used the cd (change directory) command.
Aln bash to move a file we use the mv command.
ATo copy a file it is cp.

ATo copy files from CARC to a personal computer use
scp or rsync.

For more information and graphical tools see the
Atransferring dantthesolaysi d e o



https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared

vanilla@hopper]$ cd mystuff
vanilla@hopper/mystuff$ mv myfilel myfileO
vanilla@hopper-/mystuff$ Is

myfile0 myfile2 myfile3
[vanilla@hopper/mystuff]

Modi fying the fi1l esyst
moving a file.



[vanilla@hopper-/mystufff$ cp myfile0 myfilel
[vanilla@hopper-/mystuff|$ I I

Source Destination

[vanilla@hopper-/mystuff|$ Is
myfile0 myfilel myfile2 myfile3
[vanilla@hopper/mystuff$

Modi fying the fi1l esyst
copying a file.



[vanilla@hopper-/mystuffl$ mkdir mynewdir
[vanilla@hopper-/mystuff|$ I

New directory name

Modi fying the fi1l esyst
create a new directory.



vanilla@hopper]$cp -r mystuff mystuff2
vanilla@hopper]$ I I

Source  Destination
[vanilla@hopper-]$I1s
mystuff mystuff2 wheelerscratch

Copying a whole directory
treeée



[vanilla@hopper]$ exit
CARCWSL1:~ vanillagscpvanilla@hopper.alliance.unm.edt/mystufimyfile3 Desktop/

| |

Source Destination

(vanilla@hopper.alliance.unm.eglitassword:
myfile3 100% 40 2.0KB/s 00:00

Copying data to a personal
computer from CARCE



CARCWSL~ vanilla$scp-r vanilla@hopper.alliance.unm.edumystuff Desktop/

| |

Source Destination
(vanilla@hopper.alliance.unm.efiiPassword:
myfilel 100% 1024KB6.5MB/s 00:00
myfile2 100% 2048KB 382.5KB&0:05
myfile3 100% 40 3.2KB/s 00:00
myfileO 100% 1024KB8.8MB/s 00:00

Copying data to a personal
computer from CARCE



CARCWS81:~ vanillagscp-r Desktopmystuffvanilla@hopper.alliance.unm.edy

|

sSource

(vanilla@hopper.alliance.unm.efliPassword:

myfilel 100% 1024KB 591.5KBf30:01
myfileO 100% 1024KB2.0MB/s 00:00
myfile2 100% 2048KB2.1MB/s 00:00
myfile3 100% 40 2.1KB/s 00:00

To copy from a personal
computer to

|

Destination

CARCE



sshvanilla@hopper.alliance.unm.edu

Log back 1 nto hopper é



[vanilla@hopper]|$file mystuffmyfileO
mystuffmyfileO: data

[vanilla@hopper-]$file mystuffmyfile3
mystuffmyfile3: ASCII text

Figuri ng out fi1l e type



[vanilla@hopper]$ cat mystuffmyfile3
Welcome to the CARC Beginner's Workshop

Te xt fi1 1 es é



[vanilla@hopper]$ nanomystuffmyfile3

Matthew — vanilla@wheeler:~ — ssh wheeler — 71x23

GNU nano 2.3.1 File: mystuff/myfile3

Belcome to the CARC Beginner's Workshop

[ Read 1 line ]
¢ Get Helpgd WriteOut@l Read Fil@{ Prev Pag@ld Cut Textg® Cur Pos
@4 Exit @8 Justify @] Where Is@¥ Next Pag@lll UnCut Tegll To Spell



[vanilla@hopper]$ date
Wed Jun 15 03:08:15 MDT 2022

[vanilla@hopper]$echo Hello from $HOSTNAME
Hello from hopper

[vanilla@hopper]$ hostname
hopper

Programs we will use as
exampl es é



[vanilla@hopper]$ nanomyscript.bash

BASH Script



File Edit Options Buffers Tools Sh-Script Help
'/bin/bash

echo Hello from $HOSTNAME

date

Shell Scripts



vanilla@hopper]$ nanomyscript.bash
vanilla@hopper]$ bashmyscript.bash
Hello from hopper

Wed Mar 26 16:17:52 MDT 2025

BASH Script



Software Access

s
Lmod
Conda
Modules
A
Installed Systemwide by CARC personnel Installed in your home dir yourself

Email help@carc.unm.edu



[vanilla@hopper-]$module spidematlab

Versions:
matlab’R2017a
matlablR2018b
matlakyR2019a
matlak/R2020a
matlab/R2021a
matlak/R2021b
matlab/R2022a
matlab/R2023a
matlab/R2023b

Getting access to soft



[vanilla@hopper]$module loadmatlakhR2021a
Lmodhas detected the following erroMatlab may only be run on compute
nodes. hopper is not a compute nodexiting...
While processing the following module(s):
Module fullname Module Filename

matlablR2021a /opt/local/modules/matlal’lR2021a.lua

Getting access to soft



[vanilla@hopper]$module loadmatlakhR2021a
Lmodhas detected the following erroMatlab may only be run on compute
nodes. hopper is not a compute node. Exiting...
While processing the following module(s):
Module fullname Module Filename

matlablR2021a /opt/local/modules/matlal’lR2021a.lua

What Is a compute node?

Getting access to soft
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Never run computations on the head node

(This can make it so no one else can login)

Always use compute nodes



Simple Linux
Utility for
Resource

Management

Workload manager



21’ HIGHLY ADDICT yg )

VOTED ‘ SOFT DRINK OF THE 31"CENTURY!

Wworkload manager




[vanilla@ ~]$ qgrok

partition nodes nodes nodes total total free total free CPUs RAM/node time CPU GPU RAM
name jobs free busy down nodes CPUs CPUs GPUs GPUs /noliit limit limit limit

general 4 4 6 0 10 320 156 0 0 32 193G 2d 128 0 372G

debug 1 1 1 0 2 64 63 0 0 32 093G 4h 8 0 25G

totals: 5 5 7 0 12 384 219 0 O



[vanilla@ ~]$ ggrok

partition nodes nodes nodes total total free total free CPUs RAM/node time CPU GPU
name jobs free busy down nodes CPUs CPUs GPUs GPUs /noliit limit limit limit
general 4 4 6 0 10 320 156 0 O 32 093G 2d 128 0 372G
debug 1 1 1 0 2 64 63 0 0 32 093G 4h 8 0 25G
condo 29 30 25 0 55 1760 1060 37 8 325794 512 4 15T
bugs o 0 2 0 2 64 0O O 0 32 093G lw 64 O

pchc O O 2 0 2 64 0 0 0 32 093G lw 64 O

pathogen O 1 0O O 1 32 32 0 0 32 093G w 32 O

tc 8 1 9 0 10 320 104 0 O 322593Gw 320 O

gold O 2 0 0O 2 64 64 0 0 32 093G lw 64 O

fishgen 1 0 1 O 1 32 12 0 0 32 377G w 32 O

neurohsc 0 14 0 0 14 448 448 0 0 32 093G 1w 448 O

pna o 1 o0 O 1 32 32 0 0 32 093G lw 32 O

geodef 0 4 0 O 4 128 128 0 O 32 504G 1w 128 O

cupecs 0 0O 2 0 2 64 0 13 8 32 188G 1w 64 13

tid o o0 1 o0 1 32 0 2 0 32 188G lw 32 2

biocomp 0 1 O O 1 32 32 1 0 32 188G lw 32 1
chakra O O 1 O 1 32 0 1 0 32 188G lw 32 1
quark o 3 7 0 10 320 112 20 O 32 377G lw3d 320 20
toadpole 0 1 O O 1 32 32 0 0 32 94G lw 32 O

nsar 0 2 0O O 2 64 64 0 0 32 504G lw 64 O
totals: 34 35 32 0 67 2144 1279 37 8

RAM



[vanilla@ ~]$ qgrok
partition nodes nodes nodes total total free total free CPUs RAM/node time CPU GPU
name jobs free busy down nodes CPUs CPUs GPUs GPUs /noliit limit limit limit
general 4 4 6 0 10 320 156 0 O 32 193G 2d 128 0 372G
debug 1 1 1 0 2 64 63 0 0 32 093G 4h 8 0 25G

condo 29 30 25 0O 55 1760 1060 37 8 325794 512 4 15T

bugs O 0 2 0 2 64 0O 0O 0 32 093G lw 64 O

pcnec 0O O 2 0 2 64 0 0 0 32 093G lw 64 O

pathogen 0 1 O O 1 32 32 0 0 32 093G w 32 O

tc 8 1 9 0 10 320 104 0 O 321.593Gw 320 O

gold O 2 0 0 2 64 64 0 0 32

fishgen 1. 0 1 0 1 32 12 0 O
neurohsc 0 14 0 O 14 448 448 O
pna o 1 0 o0 1 32 32 0 O
geodef 0 4 O O 4 128 128 0 O
cupecs 0 0 2 0 2 64 O 13 8
tid o o 1 o0 1 32 0 2 0 3

biocomp 0 1 O O 1 32 32 1 O
chakra O O 1 O 1 32 0 1 O
quark 0O 3 7 0 10 320 112 20 C
toadpole 0 1 O O 1 32 32 0 O

insar 0 2 0 O 2 64 64 0 O
totals: 34 35 32 0 67 2144 1279 37

RAM




[vanilla@ ~]$ sinfo --partition debug

PARTITION AVATUIMELIMITNODESSTATE NODELIST
debug up 4:00:00 1 mix hopper0ll

debug up 4:00:00 1 idle hopper012

sinforeports information about
partitions



[vanilla@ ~]$ sinfo --partition debug

PARTITION AVATUIMELIMITNODESSTATE NODELIST
debug up 4:00:00 1 mix hopperOl1l

debug up 4:00:00 1 idle hopper012

The debug gqueues are intended
for testing your programs.

And for Interactive jobs.



[vanilla@ ~]$ sinfo --partition debug
PARTITION AVATUIMELIMITNODESSTATE NODELIST

debug up 4:00:.00 1 mix hopperOll
debug up 4:00:.00 1 idle hopper012

|

Name



[vanilla@ ~]$ sinfo --partition debug

PARTITION AVATUIMELIMITNODESSTATE NODELIST
debug up 4:00:00 1 mix hopper0ll

debug up 4:00:00 1 idle hopper012

|

2dz OF Yy NXzy |

b

ac2o0



[vanilla@ ~]$ sinfo --partition debug

PARTITION AVATUIMELIMITNODESSTATE NODELIST
debug up 4:00:00 1 mix hopper0ll

debug up 4:00:00 1 idle hopper012

|

There are two nodes In this partitiot



[vanilla@ ~]$ sinfo--partition debug
PARTITION AVATUMELIMITNODESSTATE NODELIST
debug up 4:00:.00 1 mixhopperOll

debug up 4:00:00 1 idlehopper012
The state of the nodes In the
partition



[vanilla@ ~]$ sinfo --partition debug

PARTITION AVATUIMELIMITNODESSTATE NODELIST
debug up 4:00:00 1 mixhopperOll

debug up 4:00:00 1 idlehopper0l?2

|

Thenameof the nodes In the
partition



[vanilla@ ~]$ sinfo--partition general
PARTITION AVATUIMELIMITNODESSTATE NODELIST
general* up 200:00:00 5 allochopper[002009]
general* up 200:00:00 4 idlehopper010

|

Hopper001 through 009 are running job:s

Hopper010 Is waiting to be used.



[vanilla@ ~|$hostname
hopper
[vanilla@ ~1$

|

Running on the Head Node.
¢tKS KSIFIR Yy2RSQa

Vb



[vanilla@ ~]$ srun--partition debughostname

|

Tell slurm to run a program
2y | O02YLziS Y 2RS



[vanilla@ ~]$ srun--partition debughostname

|

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



[vanilla@ ~]$ srun--partition debughostname

|

The program
to run.



[vanilla@ ~]$ srun--partition debughostname

srun: Account not specified in script or ~/.default_slurm_account, using late
project

You have not been allocated GPUs. To request GPUs, uge tption in your
submission script.

hopper011



[vanilla@ ~|$squeue



[vanilla@
JOBID PARTITION
4314 general
4315 general
4317 general
4318 general
4319 general
4320 general
4321 general
4322 general
4323 general
4324 general
4325 general
4326 general
4328 general
4329 general
4330 general
4331 general
4332 general
4333 general
4334 general
4335 general
4336 general
4337 general

~|$squeue
USER ST

NAME
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland
PRE erowland

PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD
PD

TIME NODES NODELIST(REASON)

0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00
0:00

2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (
2 (

QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit
QOSMaxCpuPerUserLimit

N N N N N N N N N N N N N N N N N N N N N N



[vanilla@

JOBID PARTITION
4314 general
4315 general
4317 general
4318 general

~|$squeue

NAME USER ST TIM
PRE erowland PD 0]0)
PRE erowland PD .00

PRE erowland PD 0:00
PRE erowland PD 0:00

MaxCpuPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
puPerUserLimit
pygPerUserLgmit
pIPerUser::ﬂrqit
puPerUserLimit
puPerUserLimit
puPerUserLimit

CpuPerUserLimit
ViaxCpuPerUserLimit

vvvvvwvvvvvvvvvvv

-

2 T



[vanilla@ ~]$squeue-t R--all
JOBID PARTITIONNAME USER ST TIMENODES NODELIST(REASON)
4405 condo 2ndMA mfricke R 207:48:30 6 hopper[031036]
5208 condo NN kguR 5:48:49 1 hopper015
5210 condo NN kgu R 6:30:13 1 hopper014
5209 condo NN kguR 6:31:13 1 hopper013
5206 condo NN kguR 6:32:13 1 hopper051
5207 condo NN kgu R 6:32:13 1 hopper052
5205 condo NN kguR 6:32:43 1 hopper028
4595 cup-ecsgolConfiaalasandR 206:51:59 1 hopper050
4594 cup-ecsgolConfiaalasandR 206:52:03 1 hopper049
5120 generaljupyterh jacoom R 11:45:47 1 hopper007
4313 general PREerowland R 1:17:29 2 hopper[003004]
5111 general 1stMA mfricke R 11:15:28 2 hopper[005006]
5025 general c2n jxzuoR 1:50 1 hopper001
5024 general c2n jxzuoR 31:28 1 hopper002
5203 general NN kgu R 6:37:50 1 hopper009
5201 general NN kgu R 6:38:14 1 hopper008
4390 tc UCsTpCytepluart R 215:18:18 3 hopper[018020]
5198 tc NN kgu R 6:40:19 1 hopper030
5196 tc NN kguR 6:40:31 1 hopper029



[vanilla@ ~]$squeue-t R--all
JOBID PARTITIONNAME USER ST TIME NODES NODELIST(REASON)
4405 condo 2ndMA mfricke R 207:48:30 6 hopper[031036]
5208 condo NN kguR 5:48:49 1 hopper015
5210 condo NN kgu R 6:30:13 1 hopper014
5209 condo NN kguR 6:31:13 1 hopper013
5206 condo NN kguR 6:32:13 1 hopper051
5207 condo NN kgu R 6:32:13 1 hopper052
5205 condo NN kguR 6:32:43 1 hopper028
4595 cup-ecsgolConfiaalasandR 206:51:59 1 hopper050
4594 cup-ecsgolConfiaalasandR 206:52:03 1 hopper049
5120 generaljupyterh jacobom R 11:45:47 1 hopper007
4313 general PREerowland R 1:17:29 2 hopper[OOBF
5111 general 1stMA mfricke R 11:15:28 2 hopper[005006]
5025 general c2n jxzuoR 1:50 1 hopper001
5024 general c2n jxzuoR 31:28 1 hopper002
5203 general NN kgu R 6:37:50 1 hopper009
5201 general NN kgu R 6:38:14 1 hopper008
4390 tc UCsTpCytepluart R 215:18:18 3 hopper[018020]

5198 tc NN kgu R 6:40:19 1 hopper030
5196 tc NN kguR 6:40:31 1 hopper029




[vanilla@ ~]$ srun--partition debug--ntasks8 hostname

srun: Account not specified in script or eéfault_slurm_accountusing latest project
hopper011l

hopper01l

hopper011l

You have not been allocated GPUs. To request GPUs, uge gpion in your submission
script.
hopper01l
hopper01l
hopper01l
hopper011l
hopper01l




[vanilla@ ~]$ srun--partition debug--ntasks8 hostname

srun: Account not specified in script or eéfault_slurm_accountusing latest project
hopper011l

hopper01l

hopper011l

You have not been allocated GPUs. To request GPUs, uge gpion in your submission
script.
hopper01l
hopper01l
hopper01l
hopper011l
hopper01l




[vanilla@ ~]$ srun--partition debug--ntasks2 --cpusper-task 2hostname

srun: Account not specified in script or eééfault_slurm_accountusing latest project

You have not been allocated GPUs. To request GPUs, uge tpgion in your submission script.
hopper01l

hopper01l




[vanilla@ ~]$ srun--partition debug--mem 4G

--ntasks2 --cpusper-task 2 hostname

srun: Account not specified in script or défault_slurm_accountusing latest
oroject

nopper012
nopper012

You have not been
submission script.




[vanilla@ ~]$ srun--partition debug--mem 4G

--ntasks2 --cpusper-task 2 hostname

srun: Account not specified in script or défault_slurm_accountusing latest
oroject

nopper012
nopper012

You have not been
submission script.




[vanilla@ ~|$ srun--partition debug--mem 4G
--ntasks2 --cpusper-task 2 hostname

srun: Account not specified in script or défault_slurm_accountusing latest
oroject

nopper0l2
nopper012

You have not been
submission script.




Interactive vs Batch Mode

Interactive Mode

AEverything so far has been interactive. You request hardware, run
yourprogram, and get the output on your screen right away.

Batch Mode
Aa2ad0 LINPINIFYA O Yy 1t/ OSYdGSNI I

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

AWhtatea/er would have been written to the screen is saved to a file
instead.



[vanilla@ ~]$git clonehttps:// lobogit.unm.eduCARCWvorkshops.git
Cloning into 'workshops'...

remote: Enumerating objects: 132, done.

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

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

remote: Total 132 (delta 33), reused 74 (delta 32), paclsed 57
Receiving objects: 100% (132/132), 57.58 KiB | 3.60 MiB/s, done.
Resolving deltas: 100% (51/51), done.

N N



[vanilla@ ~]$tree workshops

workshops
D crystallography
D data
thaumatin.pdb
slurm
D integrate_xray images.slurm
solve_structure.slurm
D escape
D fit_insar_data.ipynb
kml_functions.py
D gaussian
D AcetylChloride.com
A dzaaAlymcpft AYRF ¢l OSGéetf OKft 2NARS P4 K
D intro_workshop

D code
D OF t OYLIA YWY LA ©F chbn
D calcPiMPl.py
D OF t OYLIA PYASNALFf ©F dn

D calcPiSerial.py

V4

e

6 directories, 30 files



[vanilla@ intro_workshog$ pwd
/users/vanilla/workshopshtro _workshop

[vanilla@ intro_workshog$ cat slurmworkshop _examplel.sh
#!/bin/bash

#SBATCHpatrtition debug

#SBATCHntasks4

#SBATCHtime 00:05:00

#SBATCHjob-namews_example

#SBATCHmailuseryour _username@unm.edu
#SBATCHmailtype ALL

srun hostname




[vanilla@ intro_workshop$ sbatchslurm/workshop examplel.sh
sbatch Account not specified in script or défault_slurm_accountusing latest project

Submitted batch job 5252
[vanilla@ intro_workshog$




Workflow

Head Node

User 1
Program A

Script A
User 2

Program B

Script B

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

Scheduler

Compute Node 01
~Script A Program A

Compute Node 02
Program A Program A

Compute Node 03
Program A Program A

Compute Node 04
ScriptB| Program B

Compute Node 05
Program B Program B




[vanilla@ intro_workshog$ Is
code data pbs slurm slurm5252.out




[vanilla@ intro_workshog$ Is
code data pbs slurm slurm5252.out

[vanilla@hoppemtro workshog$ cat slurm5252.out
What do you see?



[vanilla@ intro_workshog$ Is
code data pbs slurm slurm5252.out

[vanilla@hoppeimtro workshopg$ cat slurmb5252.out

To request GPUs, addjpusper-node X or-gpusX, where X is the desired number of GPUs
Job 3687623 running on hopper011

hopper011

hopper011

hopper011

hopper011



Crystallography




C ryStaI IOg rap hy Computationally Inferred molecular

structure from the pattern of spots.
© 7
OQur goal é

X-ray diffraction pattern of spots ~ . N )
scattered by the periodic structure of ) '
molecules in a crystal B



Collaborative Computational <@ CCP4

Project Number 4

A collection of programs designed to help
crystallographers determine the 3D

structures of biological macromolecules
(proteins, DNA, etc.) from X-ray diffraction
data.

| t 0s been under acti v
the 1970s, primarily in the UK, with global
contributions from structural biology labs.



Collaborative Computational <@ CCP4

Project Number 4
@ ~$cd ~/workshops/crystallography

@ .crystallograph$ tree

thaumatin.pdb

D Integrate xray Images.slurm
solve structure.slurm




Collaborative Computational <@ CCP4

Project Number 4
@ ~$module spider ccp4

This module can be loaded directly: module load ccp4/9.0.006

Help:
an interactive molecular graphics program for macromolecular model building, validation, and visualization, primari
In crystallography and crygM.




Collaborative Computational <@ CCP4

Project Number 4
@ ~$module spider ccp4

(if not Installed ask us to install it)

This module can

Help:
an interactive molecular graphics program for macromolecular model building, validation, and visualization, primari
In crystallography and crygM.




Collaborative Computational <@ CCP4

Project Number 4
@ ~$module spider ccp4

This module can be@aded directly: module load ccp4/9.0.006

-~ Version of the software Sumaya
"¢ Installed for you

Ilding, validation, and visualization, primari




Collaborative Computational <@ CCP4

Project Number 4

@ ~smodule load ccp4

Executing ccp4 environment script: /opt/local/ccpd/ceplbin/ccpd.setupsh
Environment variables set by this script persist after the module is unloaded.
You are on the hopper head node. Be sure to run ccp4 tools on a compute nodereng-X11--ptyO 2 2 U ¢




Collaborative Computational <@ CCP4

Project Number 4

@ ~smodule load ccp4

Executing ccp4 environment script: /opt/local/ccpd/ceplbin/ccpd.setupsh
Environment variables set by this script persist after the module is unloaded.
You are on the hoppédtead node Be sure to run ccp4 tools orcampute node e.g. ‘srun--x11--ptyO2 2 0 ¢

Reminder to run these tools on the
compute nodes withsrunor sbatch




Collaborative Computational <@ CCP4

Project Number 4

@ ~smodule load ccp4

Executing ccp4 environment script: /opt/local/ccp4/ceptbin/ccpd.setupsh
Environment variables set by this script persist after the module is unloaded.
You are on théwopper head node. Be sure to run ccp4 tools on a compute node,sum-x11--ptyO2 2 U €

--x11 allows us to run graphical programs like coot.
See the video tutorial on X11 forwarding in this
playlistfor more information.



https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared
https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared

“Image setfor Thaumatin

vanilla@ . crystallographyb Is ¢lh
/projects/shared/workshops/crystallographymxi_thaumatir
total 514M

-rw-r--r-- 1 mfrickeusers 512M Mar 25 22:13 image 15799 data 000001.h5
-rw-r--r-- 1 mfricke users 44K Mar 25 22:07 image_ 15799 master.h5
-rw-r--r-- 1 mfrickeusers 119K Mar 25 22:07 image 15799 meta.hdf5
-rw-r--r-- 1 mfrickeusers 49K Mar 25 22:07 image_15799.nxs

~ka

Katemfe fruit (Thaumatococcus daniellii), a
R tropical West African plant known for
producing thaumatindoa pr ot el n
thousands of times sweeter than sugatr.

Y AN 0



X-ray diffraction pattern of Crystalised Thaumatin

Mueller, C. & Marx, Alexander & Epp, S. & Zhong,
Yinpeng & Kuo, A. & Balo, Aidin & Soman, J. &
Schotte, F. & Lemke, H. & Owen, R. & Pai, Emil &
Pearson, Arwen & Olson, John & Anfinrud, Philip &
Ernst, O. & Miller, R.. (2015). Fixed target matrix
for femtosecond time-resolved and in situ serial
micro-crystallography. Structural Dynamics. 2.
10.1063/1.4928706.

(@) b (b) i
231 = 169

b . e

5 .A ’3@5.

. 593

X-ray plate
Cryst. chip

5 10 15—

counts / pixel

005 015 025
s [A]

(a) X-ray diffraction pattern of a 40-50 um T. daniellii thaumatin crystal located on a commercially available 96-
well X-ray plate. The inset shows a photograph of the 1 pl crystallization droplet on the plate. (b) X-ray diffraction
pattern of a 40-50 uym thaumatin crystal mounted on a crystallography chip with 50 pm sized features. The inset
is a photograph of one compartment with 144 features at prescribed positions. The photograph in (c) shows the
X-ray plate mounted at 124, Diamond Light Source. (d) Background scatter, radially averaged, as function of s =
sinB/A. The photograph in (e) shows the crystallography chip mounted in its holder at beamline 124.



XZ: Real-space refinement of the structure of hen egg-white lysozyme . CXIDB - Coherent X-ray Imaging Data Bank

CXIDB (@

Coherent X-ray Imaging Data Bank

X-ray Databank

Home Mission CXI File Format Browse Data Resources Sponsors Contact Us

CXIDB ID 49

Deposition Summary

Depositor: Michihiro Sugahara and Takanori Nakane Descrlphon
Contact: msu...@bs.s.u-tokyo.ac.jp Please check the README file inside
Deposition date: 2017-04-07 the metadata directory for more
information about the dataset.
Last modified: 2017-04-07
DOI: 10.11577/1350030
Associated PDE: 5WR8 , SWRC , SWR9 , 5WRA , SWRB
©oER
Title: Hydroxyethyl cellulose matrix applied to serial crystallography Licensed under the
Authors: Michihiro Sugahara et al. S
Journal: Scientific Reports R
Year: 2017
DOI: 10.1038/541598-017-00761-0
Method: Serial Femtosecond Crystallography
Sample: Thaumatin
Wavelength: 1.24 A (10 keV)
Lightsource: SACLA

Beamline: BL3




.
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‘Image setfor Thaumatin -

vanilla@ . crystallography$ Is¢lh
/projects/shared/workshops/crystallographymxi_thaumatir
total 514M

-rw-r--r-- 1 mfrickeusers 512M Mar 25 22:13 image 15799 data 000001.h5
-rw-r--r-- 1 mfricke users 44K Mar 25 22:07 image_ 15799 master.h5
-rw-r--r-- 1 mfrickeusers 119K Mar 25 22:07 image 15799 meta.hdf5
-rw-r--r-- 1 mfrickeusers 49K Mar 25 22:07 image_15799.nxs

~ka

Lot { L dz&ASR (0KAA O2YYIlIYyR (2 3S0 GKS RIGFX 42 @&2dz R2YyQ
- dials.dataget-g vmxi_thaumatin i
Downloading https:/zenodo.ordgrecord/2547566/files/image_15799.nxs
¢ Downloading https:/zenodo.orgrecord/2547566/files/image 15799 data 000001.h5 {
Downloading https:/zenodo.ordgrecord/2547566/files/image 15799 master.h5
Downloading https:/zenodo.orgrecord/2547566/files/image 15799 meta.hdf

DIALS (Diffraction Integration for Advanced Light Sources)
T X ey e Ny ——



~ka

egratio

vanilla@ crystallographys cat slurnmy integrate_xray images.slurm

#!/bin/bash
#SBATCHjob-namexray _int
#SBATCHpartition debug
#SBATCHoutput xray_int_%oeout
#SBATCHerror xray_int_%oout
#SBATCHtime 0:05:00
#SBATCHnodes 1
#SBATCHntasksper-node 1
#SBATCHcpusper-task 8
#SBATCHmMem 8G
#SBATCHmailtype ALL
#SBATCHmailuseryour.email@unm.edu

| # Load CCP4 and configure environment

module load ccp4

.,'I;I;ng-lmatin

# Define input dataset path
INPUT _PATH=/projects/shared/workshops/crystallograpmxi thaumatiiimage 15799 master.h
OUTPUT _PATH=~/workshops/crystallography/dategration_output

# Create output directory
mkdir-p $OUTPUT_PATH
cd SOUTPUT_PATH

# Run xia2 with input and working directory
xia2 pipeline=dials
image=3INPUT_PATH
multiprocessing.modeserial '
multiprocessing.nproe$SLURM_CPUS PER_TASK {

cd $SLURM_SUBMIT DIR

read all image headetfalse




gratiopf6f Thaumatin |
Integratiop/6f Thaumatin
vanilla@ crystallographys cat slurmy integrate _xray images.slurm
#!/bin/bash
#SBATCHjob-namexray_int
#SBATCHpartition debug
#SBATCHoutput xray int_%out
#SBATCHerror xray _int_%out
#SBATCHtime 0:05:00
| #SBATCHnodes 1
- #SBATCHntasksper-node 1
#SBATCHcpusper-task 8 ',
#SBATCHmem 8G
. #SBATCHmailtype ALL
 #SBATCHmailuseryour.email@unm.edu

LR AL TN - . T,




Integrationf6f Thaumatin

vanilla@ : crystallographys Cal slurm/ integ rate_xray_imag es.slurm

X

# Load CCP4 and configure environment
+ module load ccp4
. export OMP_NUM_THREADS=$SLURM_ CPUS PER_TASK
- cd $SLURM_SUBMIT_DIR '




Integrationf6f Thaumatin

vanilla@ : crystallographys Cal slurm/ integ rate_xray_imag es.slurm

X

# Define input dataset path
INPUT _PATH=/projects/shared/workshops/crystallography(i thaumatidimage 15799 m
ster.h5
OUTPUT _PATH=~/workshops/crystallography/datagration_output
| # Create output directory '
% mkdir-p $OUTPUT_PATH i
cd SOUTPUT PATH
r

kl a4 WL  TTShhhRBRBRASDSYTDCOCO .




Integrationf6f Thaumatin

vanilla@ crystallographys cat slurnmy integrate_xray images.slurm

X

# Run xia2 with input and working directory
xia2pipeline=dials\

iImage=%$INPUT_PATH

multiprocessing.modeserial\
. multiprocessing.nproe$SLURM_CPUS PER_TASK
., trust_beam_centreFalsa ’
. read all Image headers-alse /

Xla2 Is data reduction pipeline that wraps around DIALS

Y 3 -



Integrationf6f Thaumatin

vanilla@ : crystallographys Cal slurm/ integ rate_xray_imag es.slurm

X

# Run xia2 with input and working directory
xia2pipeline=dials\

iImage=3INPUT _PATH

multiprocessing.modeserial\
. multiprocessing.npros$SLURM_CPUS PER_TASK
., trust_beam_centreFalsa ’
. read all image headers-alse /

This BASH variable contains the number of CPUs Slurm allocated



Agienratiogfst Thaymatin

vanilla@ - crystallographyb sbatchslurnyintegrate xray images.slurm
sbatch Account not specified in script or défault_slurm_accountusing latest project
Submitted batch job 3687646

vanilla@ . crystallographyb watchsqueue--me

1) Submit the batch job to the Slurm scheduler
2) Monitor the progress of your job with squeue --me

Y. AL s, .




Integratiogg6f Thaumatin'l

Every 2.0ssqueue--me hopper: Wed Mar 26 10:49:35 2025

JOBID PARTITIONMAME USER ST TIMMDES NODELIST(REASON)
3687646 debug xray intvanillaR 1:24 1 hopperO11

¥
Wy

Check the job status every 2 seconds
Once your job is In the R state check the name of the node on
Weh-leaEais s WS GIORSRaR U N N LSg

WWal &G o )




Integratiogg6f Thaumatin'l

Every 2.0ssqueue--me hopper: Wed Mar 26 10:49:35 2025

JOBID PARTITIONMAME USER ST TIMMDES NODELIST(REASON)
3687646 debug xray intvanillaR 1:24 1 hopperO11

¥
Wy

Check the job status every 2 seconds
Once your job is In the R state check the name of the node on
Weh-leaEais s WS GIORSRaR U N N LSg

WWal &G o )




vanilla@hopper. crystallography ssh hopperO11
vanilla@hopper01z crystallography htop

i
o[
/L
8 [
Mem[| |
Swpl]|

481795
4181823
481797
431806
481796
481814
481798
481623
481713
1

534
581
/56
/80
/88
/90

USER
mfricke
mfricke
mfricke
mfricke
mfricke
mfricke
mfricke
mfricke
mfricke
mfricke
root
root
root
rpc
root
root
root

20
20
20
20
20
20
20
20
20
20
20
(8]
20
20
20

@@@@@@@@G@@G@@@G@H

@@@@M@@@

. 0%]
.0%]
. 0%]
. 0%]
. 0%]
.0%]
. 7%]

. 0%]

VIRT
990N
964N
1003N
990N
991N
990N
990N
990N
35964
4471
pen il
128H
98124
67328
JO2HM
236N
109M

[

100

81 [.
174}
Ll
14[
L5
L& [

331M
369HM
356M
3580
356M
356M
356M
4952
330M
11612
43856

SHR S

44296
414168
44796
44297
44296
44228
44796
442972
3488
LG AL
8660
40204

9308 69/6
5530 4348

1L 7815t
9100
3920

F1F2F3F4F5F6F

SIS 2
/828
3255

)
R
R
R
R
R
R
R
R
R
)
S
)
)
)
S
S

14.2G/92

9

CP

105.
1018

oo IRNo IRt e RN e}
RO I R S R |

o Mool oo No o N

.0%]
.3%]
.0%]
.0%]
.0%]
.0%]
.0%]
.0%]
. 9G]
96K/85. 2G]

oo oo Nolo N o)

U%vMEMS%

2 0.4
Ol O
R
e 0]
o e
@ @
AE 0]
a0 a
3 0.0
0
0 0.0
@ 0.0
O 0.0
0 0.0
0O 0.0
0 0.0
0 0.0

F

@H@@@@@@@@@@@@@@

700000t rrros.4%l 2500 EEEETEETEEEETTL] 196, 6%]
181 | 1.3%] 26[| 0.7%]
TR0l B 8 RO 27 e
20[ 0.0%] 28] 0.0%]
20T ko o e
221 0.0%] 30[| 3.9%]
28| L 1 A A o
241 0.0%] 32 0.0%]

Tasks: 50, 117 thr, 443 kthr; 13 running

Load average: 5.53 1.7/8 0.82

Uptime: 34 days, 21:39:21

TE2
@2 .
@A,
s @2 .
n@2 .
@2 .
102,
(00,
s @G .
IRCT
108,
02,
05,
10,
:32.

71
64
66
44
68
49
50
33
67
il
46
25
Sl
Gk
04
.00

Command
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
fopt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1libexec/python3
htop
fopt/local/ccpd/ccpd-9/1libexec/python3s
/shin/init
/usr/lib/systemd/systemd-journald
/usr/lib/systemd/systemd-udevd
fusr/bin/rpchind -w -1
/warewulf/wclient

/usr/shin/rsyslogd -n
/usr/shin/gssproxy -D

/opt/local/ccpd/
fopt/local/ccpd/
fopt/local/ccpd/
fopt/local/ccpd/
fopt/local/ccpd/
fopt/local/ccpd/
/opt/local/ccpd/
fopt/local/ccpd/

Jopt/local/ccpd/

8F9F101




vanilla@hopper01z crystallography htop

18] 0.0%] 9l .0%] F1/L0I1I[TTFITTEIEFETI193.4%] 2500 [TEFFEEETEEE]][96.6%]
2 [ 0.0%] 10[| 1.3%] § 181[| 1.3%] 26| 0.7/%]
3L 0.0%] 11 @. 0% QIO IILILIILITEPIErrrr1o2.8%1 27000 EEEEEETTT] (94, 0%]
A1 | 2.0%] 121 0.0%] § 20[ 0.0%] 28] 0.0%]
5[ 0.0%] 13 BE0% ]2 T e e o A R e
o[ 0.0%] 14] 0.0%] f 221( 0.0%] 30[| 3.9%]
7L 0.7%] 15[ HELE) 0 ] 200 s o8 o 5 R LR [ R e
a8l 0.0%] 16] 0.0%] \241( 0.0%] 32[ 0.0%
1 5 5 ' Tasks: 50, 117 thr, 443 kthr; 13 running
Swpl] | Load average: 5.53 1.7/8 0.387
Uptime: 34 days, 21:39:21
PID USER PRI NI VIRT RES Command
> : : : . /8 /opt/local/ccpd/ccpd-9/1ibexec/pythoni /opt/local/ccpd/

LB 02,68

I (TR s ) 2] )

A 0.4 02,50

.3 0.0 0:00.33

s 55 e, 6

0.0 0.0 0:19.65

534 root 20 0 128N 43856 40204 S 0.0 0.0 0:08.46
581 root 20 0 98124 9308 6976 S 0.0 0.0 0:02.25
/56 rpc 20 0 67328 5580 4848 S 0.0 0.0 0:05.97
780 root 20 SR pral gl L AR TRAS ARl 0.0 0.0 1:10.33
788 root 20 © 2360 9100 7828 S 0.0 0.0 @:32.@4
790 root 20 0 109M 3920 3256 0.0 0.0 .00

[@lHelp [@Setup [@ESea F4F5F6F7F

Jopt/local/ccpd/ccpd-9/1libexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/pythona
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/pythona
/opt/local/ccpd/ccpd-9/1ibexec/python3
/opt/local/ccpd/ccpd-9/1ibexec/python3
Jopt/local/ccpd/ccpd-9/1libexec/pythoni
htop
Jopt/local/ccpd/ccpd-9/1libexec/pythons
/shin/init
/usr/lib/systemd/systemd-journald
/usr/lib/systemd/systemd-udevd
/usr/bin/rpcbind -w -T
/warewulf/wwclient

/usr/shin/rsyslogd -n
/usr/shin/gssproxy -D

8F9F101

/opt/local/ccpd
fopt/local/ccpd/
/opt/local/ccpd/
fopt/local/ccpd/
/opt/local/ccpd/
fopt/local/ccpd/
/opt/local/ccp4

fopt/local/ccpd/




vanilla@hopper01z crystallography htop

8] 0.0%] 9I 8.0%1 L7001 (FIITTPPEIrErtirros.4%r 2501 EETTEEETTEEETT][96.6%]
2[ 0.0%] 10[| 1.3%] 18[| 1.3%] 2671 0.7%]
30 0.0%] 11[ (67, o N (1 e STt D L D e i)
47 | 2.0%] 121 0.0%] 20 0.0%] 28][ 0.0%]
5[ 0.0%] 13[ 0% 1™ 201 [ 1 o o R i)
Gl 0.0%] 14] 0.0%] 22 0.0%] 30[| 3.9%]
/LI 0.7%] 151 (IO v 00 o o | o 8 5 8 i R e ]
8[ 0.0%] 16] 0.0%] 24 0.0%] 32[ 0.0%]

= 7 I | o 14.2G/92.9G] Tasks: 50, 117 thr, 443 kthr; 13 running

Swpl] | 996K/85.2G] Load average: 5.53 1.7/8 0.82

Uptime: 34 days, 21:39:21

PID USER VIRT RES SHR S CPU%VMEM%
: "' e . 0.4

Command
@:02.78 /opt/local/ccpd/ccpd-9/1ibexec/pythonsi
f1 Jopt/local/ccpd/ccpd-9/1libexec/python3

fopt/local/ccpd/
fopt/local/ccpd/

‘-.D
@
f...u
(E)
@
]

2 4 .od oca cpd-9/1rmex python3 /opt/local/ccpd/
3 24 é%.(ﬁ(ﬁ /ﬁ lt;)ca{szB s Al exzpythonB /opt/local/ccpd/
A 0.4 0:02.44 /Jopt/localfccpd/ccpd-9/1ibexec/python3 fopt/local/ccpd/
0 0.4 0:02.68 /opt/local/ccpd/ccpd-9/1ibexec/python3 /opt/local/ccpd/
0 0.4 0:02.49 /opt/local/ccpd/ccpd-9/1ibexec/python3 fopt/local/ccpd/
cal (O al (0 OFAee Tl i) sl ko |y aee o c o= LT oenaespiitinemns sonits loesls cepaly
o3l () MRl ) SE T
0.3 0:06.6/7 Jopt/local/ccpd/ccpd-9/1libexec/python3 /opt/local/ccpd/
.0 0.0 0:19.65 /shin/init

534 root 20 0 128N 43856 40204 S 0.0 0.0 0:08.46 /usr/lib/systemd/systemd-journald

581 root 20 0 98124 9308 6976 S 0.0 0.0 0:02.25 /fusr/lib/systemd/systemd-udevd

756 rpc 20 ®@ 67328 5580 4848 5 0.0 0.9 0:05.97 /fusr/bin/rpchind -w -T

/80 root 20 B O S 0.0 0.9 1:10.33 /warewulf/wwclient

/88 root 20 0 236M 9100 7828 S 0.0 0.0 @:32.@4 /usr/shin/rsyslogd -n

/90 root 20 SRR e Bl e ) 0.0 0.0 .00 /usr/sbin/gssproxy -D

4F1F2F3F4F5F6F7F8F9F101




vanilla@hopper011 crystallographys exit

Be careful to not log out of the head
node.

If you your prompt Is showsh\ppper
R2Yy QU 0GeéL)S SEAIDN



vanilla@ : crystallography$ watch squeue--me




Integratio/6f Thaumatin

Every 2.0ssqueue--me hopper: Wed Mar 26 10:49:35 2025

JOBID PARTITIOMAME USER ST TINNODES NODELIST(REASON)
3687646 debug xray intvanillaR 3:24 1 hopperO11




Integratio/6f Thaumatin

Every 2.0ssqueue--me hopper: Wed Mar 26 10:49:35 2025

JOBID PARTITIONMAME USER ST TINNODES NODELIST(REASON)

i When your job finishes exit watch with ctrl-<cor &6 q 0




Integrationf6f Thaumatin

vanilla@ . crystallographyb Is
data slurm xray _Iint {your job ID}.out

. f
r
i You will have a new slurm output file.

kl g WL "SRRy 0 . Yy




gratlo of wmatm

vanilla@ : crystallographyb catxray_lnt_ your job ID}.out

Unit cell (with estimated stdevs:

58.6134(2) 58.6134(2) 151.3821(8)

90.0 90.0 .90.0

mtz_unmergedormat:

Scaled reflections (NATIVEisers/vanilla/workshops/crystallography/datategration_output DataFileSAUTOMATIC _DEFAULT _scaled _unmerged.mtz
mtz format:

Scaled reflectiongusers/vanilla/workshops/crystallography/datantegration_output DataFileSAUTOMATIC DEFAULT free.mtz
Processing took 00h 02m 59s

XIA2 used... ccp4, diathals.scalexia2

Here are the appropriate citation8IBTeXn xia2citations.bib.)

BeilsterREdmands, J. et al. (2020) AGsyst D76, 385399.

Winn, M. D. et al. (2011) AcGryst D67, 238242.

Winter, G. (2010) J. Apf@ryst 43, 186190.

Winter, G. et al. (2018) Ac@ryst D74, 8597.

Status: normal termination




Integratiogg6f Thaumatin ThdGeSfis

vanilla@ : crystallographys tree data

data
D integration_output
D automatic.xinfo
D DataFiles
AUTOMATIC DEFAULT free.mtz
Flchal ¢cL/ P 9 Clig
1 ¢hal!l ¢L/ 59 C! |
R ¢ hal ¢ ESES*S Cl| |
AUTOMATIC_DEFAULT scaled.expt
AUTOMATIC _DEFAULT scaled.mtz
AUTOMATIC DEFAULT scaled.refl
AUTOMATIC DEFAULT scaled.sca
AUTOMATIC DEFAULT scaled unmerged.mtz
AUTOMATIC _DEFAULT scaled unmerged.sca
EAlF HDPOA T
xia2.mmcif.bz2
D DEFAULT
D NATIVE
SWEEP1
12 directories, 154 files

P{299t mdPSE LI !
P{299t MmPpLb¢ecODwW! ¢9 dYIl
P{299t MPNBT{
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Structure Solving with \\ %
MOLREP & REFMACS5) NN\~



S — + Use experimental data

| and model to place the

--- MOLREP --- | - ot
Ners 11.9.02; 28.02.2022/ | olecule In the uni

| cell.

You can run this
molrep HKLIN data.mtz MODEL model.pdb [nteractively and enter

labin F=FP SIGF=SIGFP the commands you

mode MR_AUTO wahnt t o runk
nmon 1

docy

_end




Solving fogThaumatin Strucklireiii

molrep\
HKLIN [DataFileSAUTOMATIC DEFAULT _freemtz
MODEL K<EOF

labinF=FP SIGF=SIGFP
mode MR_AUTO
nmon1l

docy

_end

EOF

Xe 6dzi 9S Aty dzZAAYI UKS o6F0OK aeai:
commands tanolrepin a script by wrapping them in an EOF (same with refma



refmach

HHHHHHEHHE R R R
HHHHHHEHHE T R R R
HHHHHHEHHHE A R R R R
### CCP4 9.0.00Befmac version 5.8.0430 : 05/20/24++#

HHHHHHEHHHE T T T A R R R R
User: vanillaRun date: 26/ 3/2025 Run time: 11:41:25

REFMACS refines atomic models in crystallography, improving
fit to X-ray data while preserving chemical geometry.



V T B Y - S ] '
Solving fi aumatin S
vanilla@ - crystallographys lessslurny solve structure.slurm

#!/bin/bash
#SBATCHjob-namesolve_structure
#SBATCHpartition debug
#SBATCHoutput solve_structure_$wut
#SBATCHerror solve_structure_9wut
#SBATCHtime 0:05:00
#SBATCHnodes 1
#SBATCHntasksper-node 1
#SBATCHcpusper-task 8
#SBATCHmMem 8G
#SBATCHmailtype ALL
#SBATCHmail-useryour.email@university.edu
# Load CCP4 environment

module load ccp4
exportOMP_NUM_THREAES

INPUT _PATH/workshops/crystallography/data
OUTPUT_PAHEH /solver_output

# Path to the output of the image integrator (xia2)
INT PATH=$SINPUT PARtaration outpbut



aumatin S

# Refinement using refmac5

Splving fe

# Create output directory for this job refmacs\
1L hklin IDataFileSAUTOMATIC _DEFAULT _freemtz
hklout Itefined.mtz\
# Molecular replacement usingolrep O /molr.ep.pdb\
molrep\ Xyzout ltefined.pdb<<EOF
HKLIN IDataFileSAUTOMATIC DEFAULT _free\mtz Itefmac.log
MODEL K<KEOF hydrogen ALL
labin F=FP SIGSIGFP ncyc10
| gg‘co;‘l monitor MEDIUM
NG scales PEAK
AR labout FR-F SIGEESIGF FREFEreeR _flag |
: end

! EOF

' @2 N




Splving foffhaumatin S

# Create output directory for this job

# Molecular replacement usingolrep
molrep\
;f HKLIN HDataFileSAUTOMATIC DEFAULT _freeimtz
** MODEI$SPDB_ PATH<EOF
-"; labin F=FP SIGF=SIGFP
* mode MR_AUTO

nmon1l
N

3

" docy
‘_end This PDB gives us a starting point for the refinement
EOF

k— A D . BEEUEE . = JEET  SS— T )



Aglving f

# Refinement using refmacb

augatin S

refmac5h\
hklin DataFileSAUTOMATIC _DEFAULT free\mtz
hklout Itéfined.mtz\
Xyzin I'olrep.pdb\
~ Xyzout Itéfined.pdb<<EOF Itéfmac.log
make hydrogen ALL
f ncycl0

.1 weight AUTO
~~ monitor MEDIUM
g_a: scales PEAK
labout FP=F SIGFP=SIGF FREER _flag




Solving fogfhaumatin S
vanila@ - crystallographs ShAtch slurmy solve  structureslurm
vanilla@ : crystallographyb watch sgueue--me

Every 2.0ssqueue--me hopper: Wed Mar 26 11:54:15 2025

4« JOBID PARTITIONAME USER ST TINNODES NODELIST(REASON)
»." 3687680 debug solve_stvanillaR 1:29 1 hopper011




Solving f
Splving

aumatin S
vanilla@ .crystallographyb Is £

data slurm solve_structure 3687680.outray int 3687646.out

vanilla@ .crystallographyb cat solve_structure 3687680.out
---Summary (V23--

AR . . SN, SNSRI ASS U WS -
| RFTF theta phi chi x ty tz TF/ngcoefScore|
B R ] L .
| 111 000 000 0.090.2120.4130. 21030.04 1.000 0. 72199 Summary table showing top

2| 213 1 11.43 88.85155.770.3300.4250.339 3.68 1.000 0.29457| molecular rep|acement solutions

4 | 312 2 13.34 91.75134.420.0100.301 0.066 3.26 1.000 0.29332) : )

% | 4 4 2 2397 87.94129.700.407 0.112 0.230 3.39 1.000 0.28992) ranked by their rotation and
| 514 2 8.49 70.24140.710.3780.2240.120 3.11 1.000 0.28702| translation functions’ with

“ | 6 7 1 19.89 51.50179.630.2410.071 0.398 4.11 1.000 0.27902| . ) :

' | | 7 914 11.53 92.47 156.620.9600.410 0.029 2.58 0.900 0.25990| associated orientation angles

Y | 81012 42.11 44.11156.360.8630.3920.497 2.81 0.900 0.25988| (theta, phi, chi), shifts (tx, ty, tz),
| 9 811 92.72136.00 81.810.8740.228 0.070 3.01 0.900 0.25872) ) . X . }
|10 5 13 23.90 86.48 129.030.3750.062 0.379 2.86 0.900 0.25821] signal-to-noise (TF/u ) and final

. |11 214 73.81 89.88 71.610.8540.4480.480 2.71 0.900 0.25792] p|acement scores.

|12 313 12.31 81.24142.530.043 0.294 0.326 2.59 0.900 0.25447|

|13 6 11 19.59 50.07 178.920.7100.046 0.370 3.34 0.900 0.25107|
|14 11 8 19.08 48.47 178.540.982 0.339 0.178 3.23 0.900 0.24901| ’
Db, S S SN S el o ° WM 8 L S5

e |



wnng 0, Y aug!atin

vanilla@ .crystallographyb tree data

X

D solver_output
molrep.btc
molrep.doc
molrep_mtz.cif
molrep.pdb
molrep.xml
refined.mmocif
refined.mtz
refined.pdb
refmac.log
thaumatin.pdb

»
N

L3N
vivlvhvivivlvlv

e

I\




“allse ﬂmatln

vanilla@ .crystallograp b exit

CARCWS1:~ vanilla$sshcY vanilla@opper.alliance.unm.edu


https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared
https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared

+

isualise the Thaumatin €

v
-
A

module load ccp4
cd ~workshops/crystallography
srun--partition debug--x11--pty coot --pdb data/solver_outputrefined.pdb



https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared
https://youtube.com/playlist?list=PLvr5gRBLi7VAzEB_t5aXOLHLfdIu2s1hZ&feature=shared

Refined thaumatin structure visualised in Coot following molecular replacement and refinement with
MOLREP and REFMACS.



