Basic course:
Introduction to Linux for HPC

1) Overview of HPC: (30 min)
2) Linux (60 min)

break (30 min)

3) Transferring files (20 min)
4) Submitting jobs (40 min)






ll#

%

System |
Agant/= J
Memofy
Cantralbet]

Mz [




e Linux, not Windows.

* Windows software not always available.

 No GUI, point and click.

» Generalized command line approach, not dedicated to a package.

« HPC is not supercomputing.



=

Operating system: Centos Linux

X86 64
HPC server: hpc.uct.ac.za

Scheduler: SLURM

Worker nodes:
* Dell C6420 40 core nodes
* Dell C4140 GPU servers
* Dell C6145 64 core nodes
» Supermicro GPU servers
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Dt speoe [Users logged in alewis kmiwaikano kntchrd03 nynbuk003 ldtem001 ryna
[Hesd Node loack 0.15  Head Noda RaM fras: 54%
JCurrently computing: 4329 hours  Jobs running: 3 Jebs queued: 0

. fim cusrvien] usue accounting  Granhs

[(JOBS RUNNING
3

0BID PARTITION NAME  USER ACCOUNT STATE TIME CPUS NODES  NODELIST(REASON) Q0 PRIORITY  CPU TIME

h gounka r2_pn12F_6RU mkuttel  gpumk  RUNNING 2-22:38:58 32 il srucntgpueds normal 10645 94-84:42:49)
2 gpum r4_prB 68U mkuttel  gpumk  RUNNING 2-22:38:06 32 T srucntgpueos normal 7315 94-84:19:12)
5 3da LethaboCaselFineFi __ ryno mecheng  RUNNING 12:19 a0 1 sruenthpel0d  normal 6753 08:12:48

ICLUSTER STATUS
PARTITION AVATL TIMELIMIT NODES STATE NODELIST
da™ alloc srventhpe1ee

ada” 26 idle srventhpc[101-126]
lise 1 alloc srventhpclds

lise 7 idle srventhpe[101-107]
swan 4 idle srventhpe[120-123]
gpunk 2 alloc srventgpu[885-606]
gpunk 2 idle srvcntgpu[0e7-008]
gpunka 2 alloc srventgpu[805-006]
gounka 2 idle srventgpu[807-008]
curie 4 idle srventhpc[600-601,603,614]
test 3 idle srventhpc[400-201,217]
testl 3 idle srvcnthpc[400-201,217]

[PartitionName-ada

AllowGroups=ALL AllowAccounts=ALL AllowQos=ALL

AllocNodes=ALL Default=YES QoS=N/A

DefaultTime=NONE DisableRootlobs=NO Exclusivelser=NO GraceTime=d Hidden=NO
Haxtiodes=UNLINITED MaxTime=3-80:08:00 Minliodes=8 LLN=NO MaxCPUsPerhode=UNLIMITE!
Nodes=srventhpc[100-126]

Priority)obFactor=20 PriorityTier=20 RootOnly=NO ReqResv=NO OverSubscribe=NO
OverTimeLimit=NONE PreemptHode=0FF

State=UP TotalCPUs=1680 TotalNodes=27 SelectTypeParameters=NONE




Partitions

|2c= lize swan

Partitions

|zca iz swan

Partitions

|2c= lize swan

Partitions

lapumk
lapumks

Partitions

Partitions

Usars logged in: alewis kmwaikono kntchr005 nynbuk001 oldbem001 ryno

J/ = 8% of 9246
hom= = 3% of &.6T
scratch = 9% of 3457
exg_soft = 4% of 4.8
bk = &3% of 24T

OBS RUNNING
JOBID PARTITION HAME USER ACCOUNT STATE TIME CPUS MNODES NODELIST({REASON) QOS5 PRIORITY CPU TIME
r2_pnl2F &6RU mkuttel gpumk RUNMIMG 2-22:38:50 32 1 srvcntgpu@ds  normal 18648 04-B4:42:40
gpumk rd4 _pnd_6RU mkuttel gpumk RUNMING 2-22:38:06 32 1 srvcntgpu@ds normal 7315 94-04:19:12

ada LethaboCaselFineFi = RUMNNING 12:1% srvcnthpcl®@  normal 6753 @3:12:48

Head Mode load: 0.15  Head Node RAM free: 34%
urrantly computing: 4529 hours  Jobs runmning: 2 Jobs queued: 0
Efficiency: 100% System overview Summary Queue accounting GSraphs
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hpcO1@srventhpc001:~> cmd argl arg2 arg3

/ / \ / /

command prompt command Arguments (3)

hpcO1@srventhpc001:~> cmd argl arg2 arg3 “arg 4"
command Arguments (4)
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Is

w hpcO1
date

uptime

Shows a directory listing

Shows who is logged on to the system and what they are doing
Shows login, idle time and what user hpcO1 is doing

Prints the system time and date

Tells you how long the system has been running



«rm —f <filename>

e rm —-force

* (
* 2 (
<filename>
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DC

els -l
e short form flag “-I”
9' *
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2 ( <2?>

Jconfigure --prefix=pathl/dir_install
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Is -l
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Is -all -I




manis a command that takes as its argument the name of
another command.

NAME

find - search for files in a directory
hierarchy

SYNOPSIS
find [-H] [-L] [-P] [path...] [expression]

The [] indicate an optional argument (you don’t type these)
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ac3 What are the names of the

bin contents of the directory called
etc /home ?
home
hpcol /home/hpcO1
hpc02 /home/hpc02
hpco3 /home/hpc03
/home/hpc21

hpc21

usr



ac3
....... bin
....... etc
__________ home
...... hpcO1
....... hpqoz
Elexample.sh
hpc03
hpcgl
aexample.sh
"""""" - Path separator
/ home/ hpcOZ /example sh
Where do | start from? Path components
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ac3
_______ bin
__________ etc
__________ home

...... hpCOl
....... hpC02

[E_‘lexample.sh
hpc03
hpc21

[Ejexample.sh

Path separator

~hpc02 /example.sh

e

Where do | start? Path components
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<>
<>
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<
<
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cd <path> <path>
Is <path> 7 <path>
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9

=l%J < >
*

e cd ..

* cd ../hpcO1

(
=1%J <
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experiments

---E] description
b= stepl

| step2

experiment2
—E] description

—  stepl Path separator

— [ filet

[ file2
(. step2

— [ fiter

.. | experiment?2 /step/l / filel
'\ \4\\
Where do | start? Path components
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| * $
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mkdir </path/new_directory>
mkdir </path/to/new/directory>
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© What happens when you execute the commands?

experiments

experimentl mkdir ~/experiments
~  stepl cd ~/experiments
. step2 mkdir experimentl
—w  experiment2 mkdir experimentl/stepl
mkdir experimentl/step2
stepl . .
step? mkdir experiment2/stepl

* Did the above command work?
mkdir -p experiment2/stepl
cd experiment2
mkdir step2
tree ~/experiments



6]
$

pwd * (

Is <path> 7 <path>

~

I— experiments

experimentl
stepl

step2

experiment2

stepl
Slid step2
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9C + | (
9 C 2 + 2%
9 C 2 2( < <

cp <from path/file> <to path/file>
mv <from path/file> <to path/file>
touch <path/file>
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~

: experiments
< p

experimentl

-—-[?_‘I description

experiment2

EI description

What happens when you execute the commands?

cd ~/experiments
touch experimentl/description

cp experimentl/description experiment2
cd experimentl

touch stepl/filel stepl/file2

cp stepl/filel ../experiment2/stepl
cp ../experiment2/description ../.

cd ../experiment2/stepl
mv filel ../step2

cd ~/experiments

tree experimentl experiment2
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+ ( C

mv <from> <to> ( <from> <to> + <from>
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% +

nano <file name.txt>
A G S
r2(( ,2
EB + KB!

EJ L KJ!
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nano <file>

CTRL+O

CTRL+X

Will open file <file> in a text file editor

Using CTRL+O within the nano editor will cause any
glhaanges made to the file while editing to be saved to the

Using CTRL+X within the nano editor will cause the
editor to close. _I1|‘ gou have not already saved your

cnan es you will be asked If I\}/ou wish to save'those
changes by answering Y or
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Secure Copy (scp) Is another way to
transfer files to and from the HPC




9

1 * 2 +
( [+
c ,*

9 http://winscp.net/eng/download.php
7 (
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9 % 2 7
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pscp.exe

cmd )
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o

pscp <file name.ext> <user_name> @hpc.uct.ac.za: <dest_dir>
The local file  Your training account Where you
you want to user name want the file to
copy go on the HPC

machine
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echo %PATH% DOS command to show the value for the

PATH variable

set PATH= <path> DOS ciommar?d to set the value for the PATH
variable equal to <path>

cd <directory> D S command to change the directory to

irectory>



o

9)
(

pscp <user_name> @hpc.uct.ac.za: <path/to/file_name.txt>

vvvvvvvvvvvvvvvvvvvvv Where to put

Cour The path on the ]l the file locally.
ur HPC machine to In this case “.”

training the file you wantto  for the current

account copy working

user name directory
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# 472 L

To add a job to the SLURM queue, we write a job script . A
job script is simply a shell script (text file).

) O (2

* 4
l7:ll



*&+’

# 472

¢

)

L 42%
/% 0
L ( *

L

L (



# 'AH) 42

#!/bin/bash

#SBATCH --account icts
#SBATCH --partition=ada
#SBATCH --nodes=1 --ntasks=1
#SBATCH --time=10:10:00
# By default you start in ~
cd myfolder

pwd

date

hostname

sleep 10

Rules!!!

No space before #SBATCH
No space between # and SBATCH



# 'AH) 42

1

#!/bin/bash

#SBATCH --account icts
#SBATCH --partition=ada
#SBATCH --nodes=1 --ntasks=1
#SBATCH --time=10:10:00
# By default you start in ~
cd myfolder

pwd

date

hostname

sleep 10

cat slurm-235294.out
/home/alewis/myfolder

Tue Aug 6 10:37:52 SAST 2019
srventhpel13



G &+

# Set email address
#SBATCH --mail-user=USERSEMAIL

# Send an email when jobs
# begins, gets fails or ends
#SBATCH --mail-type=BEGIN,END,FAIL

3



o A#

# This example submission script contains several i

# The line below indicates which accounting group t
#SBATCH --account=3USERSACCOUNT

# The line below selects the group of nodes you req
#SBATCH --partition=$USERSPARTITION

# The line below means you need 1 worker node and a
#SBATCH --nodes=1 --ntasks=2

# The line below indicates the wall time your job w
#SBATCH --time=10:00:00

# A sensible name for your job, try to keep it shor
#SBATCH --job-name="MyJob"

# Modify the lines below for emalil alerts. Valid ty
#SBATCH --mail-user=$USERSEMAIL
#SBATCH --mail-type=BEGIN,END,FAIL

# The cluster is configured primarily for OpenMPI a

# parallel aware. To protect the cluster from code

# cluster has the following environment variable se

# If you feel compelled to use OMP then uncomment t
# export OMP_NUM_THREADS=$SLURM_NTASKS

# NB, for more information read https://computing.|

# Use module to gain easy access to software, typin
# Example:
# module load python/anaconda-python-3.7

# Your science stuff goes here...

42

mportant directives, please examine it thoroughly

o log your job against

uire

total of 2 cores

ill need, 10 hours for example. NB, mandatory direc tive!

pe values are NONE, BEGIN, END, FAIL, REQUEUE, ALL

nd PMI. Use srun to launch parallel jobs if your co deis
that uses shared memory and grabs all available cor es the
t by default: OMP_NUM_THREADS=1

he following line:

Inl.gov/linux/slurm/sbatch.html

g module avail lists all packages.



#SBATCH

sbatch

squeue

cat <filename>

less <filename>

nano <filename>

42

#SBATCH (* ="

U *

# Next line will create a job

‘2 42 '7="
7 42 L

!
/ cat k2






