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Course Information

* The aim of this course is to provide an introduction to the High
Performance Computing (HPC) infrastructure of the Leibniz
Supercomputing Centre (LRZ)

* You will probably benefit the most if you're not yet familiar with the
LRZ HPC infrastructure, but plan to work on these systems in the
future
-> py the end of this workshop, you should have the basic skills to
successfully interact remotely with LRZ HPC systems
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Moore’s Law
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The number of
transistors on
Integrated circuits
IS doubling about
every two years.




(Massively) Parallel Processing m

48 Years of Microprocessor Trend Data
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Original data up to the year 2010 collected and plotted by M. Horowitz, F. Labonte, O. Shacham, K. Olukotun, L. Hammond, and C. Batten
New plot and data collected for 2010-2019 by K. Rupp

https://github.com/karlrupp/microprocessor-trend-data
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Aggregated LRZ Systems

Evolution of Peak Performance and Memory
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What is a Supercomputer... (not)?

|t has overclocked high-speed processors?
 The CPU runs faster than a desktop PC?

* It has a large internal memory (RAM)?

e |t runs Microsoft Windows?

It will run my Excel spreadsheet?

e It will run my old tried and tested executable?
e It will run my software without changes?

e It will run my program with millions of threads?
|t can be used interactively?
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So... what is a Supercomputer?

* |t consists of many off-the-shelf (server) CPUs (and, possibly, accelerators like GPUSs)
with vector instructions (e.g. AVX2, AVX512) in login and compute nodes
(as well as service/management nodes)

» All these nodes are connected by a high-speed internal network
(interconnect, e.g. InfiniBand, OmniPath)

 They are typically diskless but have access to a parallel file system (e.g. Lustre, GPFS)

 The compute nodes can generally not be accessed directly, but programs have to be
submitted to a batch scheduler application (e.g. Slurm) from the login nodes (which are
usually accessible by SSH)

« Communication and parallelization is typically relying on the message passing interface
standard (MPI) between nodes and the Open Multi-Processing API (OpenMP) on
Individual nodes

* The operating system is Unix-like, i.e. GNU/Linux
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HPC Cluster Systems
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| evels of Parallelism

 Node Level (e.g. SuperMUC-NG has 6480 nodes)
« Accelerator Level (e.g. a Nvidia DGX A100 has 8 GPUs)

o Socket Level (e.g. Linux Cluster Teramem has 4 sockets [with 24
cores each])

e Core Level (e.g. Linux Cluster CoolMUC-3 nodes have 64 cores
[on a single socket])

 Thread Level
(e.g. Linux Cluster CoolMUC-2 nodes allow 2 threads per core)

* Vector Level (e.g. AVX-512 has 32 512-bit vector registers)

o SuperMUC-NG theoretical peak performance: 26,87 PFlop/s =
6480 Nodes x 2 Sockets x 24 Cores x 32 Vectors x 2,7 GHz
(= 26 873 856 000 000 000 Flop/s)
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SuperMUC-NG: High Level System Architecture
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SuperMUC-NG: Hardware Overview m

- Cores/Node RAM/Node Nodes Cores
(GB)

SuperMUC-NG Intel Xeon 6336 304128
Thin Nodes ("Skylake")
SuperMUC-NG Intel Xeon 48 768 144 8912

Fat Nodes ("Skylake")
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SuperMUC-NG: Access

There are three (well, four) ways to apply for using SuperMUC-NG:
» GCS test project: rolling call, fast review (short abstract), < 300.000 core-h
o GCS regular project: rolling call, technical & scientific review, < 45m core-h
 GCS large scale project: twice per year, technical & scientific review, > 45m core-h
 (PRACE projects for academic users from other European countries)

For further detalls, see

Introduction to the LRZ HPC Infrastructure | 2021-10
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HPC & BDAI Systems for Bavarian Universities

=

Tape Archive
and Backup

Data Science Storage
(DSS)

BEGN

Compute Cloud
w/ some GPUs
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Linux Cluster: Hardware Overview m

Name Cores/Node RAM/Node Nodes Cores
(GB) (total) (total)

CoolMUC-2 Intel Xeon 22736
E5-2690 v3
("Haswell")

CoolMUC-3 Intel Xeon Phi 64 96 148 9472
(“Knights
Landing”)

Teramem Intel Xeon 96 6144 1 96

E7-8890 v4
("Broadwell")
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Linux Cluster: Access

* |n order to use LRZ services provided to Bavarian universities, an LRZ account
(belonging to an LRZ project) with appropriate permissions is needed.
While student/staff accounts from LMU and TUM are (to some extent) managed by LRZ,
they are restricted to certain services (e.g. E-Mail, Cloud Storage, LRZ Sync+Share) and
can not be used to obtain Linux Cluster access.

« Department/institute heads and/or professors/Pls can request new LRZ projects and
appoint a master user (or more) for the project. The master user(s) can manage accounts
and permissions within these LRZ projects.

 |f such an LRZ project already exists for your department (or institute, or research group),
contact the master user and ask for an account with Linux Cluster permissions.
If not, see
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Data Storage

« The LRZ HPC Infrastructure is backed by the Data Science Storage (DSS)
* Long-term storage solution for potentially vast amounts of data
 Directly connected to the LRZ computing ecosystem
* Flexible data sharing among LRZ users
 Web interface for world-wide access and transfer
« Data sharing with external users (invite per e-mail, access per web interface)

* Disk space and access is managed (as DSS projects and containers) by data curators.
This can be LRZ personnel (e.g. Linux Cluster SHOME directories) or Pls/master
users/dedicated data curators (e.g. data projects).

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster: Data Storage

(DSS-backed home directory, managed by LRZ)
« 100GB per user

o Automatic backup and snapshots
(see “/dss/dsshomel/.snapshots/”’ directory)

 All your important files/anything you invested a lot of work into should be here

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster: Data Storage

e DSS-based
 Up to 10TB per data project upon request, shared among project members

« Configuration (e.g. exports, backup, quota) to be managed by data curator
« Use this for e.g. large raw data (and consider backup options)

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster: Data Storage

(scratch file system, “temporary file system”)
1.4PB, shared among all users

No backup (!) and sliding window file deletion, i.e. old files will eventually be deleted (!!)
— a data retention time of approx. 30 days may be assumed, but is not guaranteed

This is the place for e.g. very large, temporary files or intermediate results, directly
feeding into additional analyses

Do not save any important data exclusively on this file system!
Seriously, don’t do it!

Introduction to the LRZ HPC Infrastructure | 2021-10
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Side Note: Collaboration Tools

* Videoconferencing
https://meet.lrz.de

« Git-repository management, issue tracker, wiki...
https://gitlab.lrz.de

Introduction to the LRZ HPC Infrastructure | 2021-10
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https://meet.lrz.de
Video Conferencing

« Use a modern browser
(Safari will likely not work properly)
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https://meet.lrz.de
Video Conferencing

First person to join
R has to sign in
GRS using a valid LRZ
B account

Warten auf den Organisator...
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https://qgitlab.lrz.de
Git Repository Management

LRZ GitLab

Leibniz Supercomputing Centre
A of the Bavanan Academy of Sciences and Humanities

LOAB [LAZ-Usees] Usarrame

nnnnnnn

How can | use the LRZ Gitlab?

Remtmber rie.

External Users
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« Git repository manager providing wiki,
Issue-tracking and continuous integration

and deployment pipeline features

20 external users to the service

* Every LRZ project member can invite up to

(Gitlnvited), this is great for collaborations!
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https://gitlab.lrz.de

Git Repository Management

U GitLab Community
; Edition

€ Overview

® Repository
Files
Commits
Branches
Tags
Contributors
Graph
Compare
Charts

Locked Files

) i1ssues 9,023

1} Merge Requests 482

® cijco
M wiki
&b Snippets

& Members

4 Collapse sidebar
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estones  Snippets

¥ GitLab.org ¥ GitLab Community E.. Repository

master gitlab-ce |

g Merge b h ‘feature/mig p
Douwe Maan committed 49 minutes ago

Name

W .github

B gitlab

W app

W bin

I builds

I changelogs
M config

M db

W doc

W docker

W features

B fixtures/emojis
8 generator_templates

W lib

This project

y-diff* into 'master'

Last commit

Address feedback about wording.

Added a template for database changes

Merge branch ‘38234-reserve-refs-replace’ ...

Merge branch '21949-add-type-to-changelo...

Add missing builds/ folder to fix backup tests

Merge branch ‘ee-add-project-repository-st...

Resolve "Better SVG Usage in the Frontend*

Index projects on repository storage

Merge branch '38016-fix-bad-link-on-gitlab...

Common Docker Documentation Location in ...

Merge branch ‘replace_project_shortcuts.fea...

Added emoji description title to award emoji ...

Add remove_concurrent_index to database h...

Merge branch "feature/migrate-repository-di...

History

Q Findfile & =~

2 604f176b Iy

Last Update

a year ago

a month ago
about an hour ago
a month ago

2 years ago

about an hour ago
about 3 hours ago
a day ago

about 3 hours ago
3 weeks ago
about an hour ago
4 months ago

5 months ago

49 minutes ago
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https://gitlab.lrz.de

Git Repository Management

U GitLab Community
Edition

£ Overview

B Repository

) 1ssues 8,903
List
Boards
Labels

Service Desk

Milestones

1 Merge Requests 485
® cijco

0 wiki

& Snippets

& Members

4 Collapse sidebar
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ity Milestones Snippets

¥ GilLab.org > ¥ GitLab Community E.. > Issue Boards
Development Search or filter results...
~ Backlog 3427 +

Only first line of pre-receive and post-receive @)
hooks error is captured #25214

Error message shows up at the wrong place
in repository settings. #24319

L. Yreprocuced on o, com Y setinge

Retrying a failed build repeats the Slack
notification about a previous failure #21919

oo Yertermaiservicos

registry: deleting image tag deletes all tags
with same image id #21405

D C CITTTD CID

Very first commit to default branch didn't
close referenced issue #20930

Poccumentatony b0s Y cocs-oorty X roposion

Sticky runners #20447

D € ¢

D D

Improve non-triggered manual action job
dntail nane #27R47

This project

Lux)

Do a better job of communicating when MR is

blocked by a locked file. #2041

@D

Unable to see user to add him to repositories
#29371

No feedback when project limit is
728764

LUy buo J

When “No one" is allowed to push, the
manual merge hint should not be shown
#2811

LUx Y oug X merge requests |

URLSs in the Repository/Tags section are not
blue-coloured like in Project or Wiki sections
#27997

LY bus Y ropositon

“Project will be deleted" looks like an error
occurred #26956

129 +

1595

Import project by URL form error hides the L
field #28349

@

Contribution calendar label is cut off #27839
Ulpolish

The buttons to resolve a discussion are mal-
formed on Firefox under my Debian Stretch
#26522

merge requests

Do a better job of communicating when MR i
blocked by a locked file. #29419

@ O ) CTITTD

Unable to see user to add him to repositorie
#2931

Lo managonen:

No feedback when project limit is reached
#28764

LUX Y bug )
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https://www.rstudio.lrz.de

RStudio Server

Web-based RStudio frontend

Cluster of multiple nodes, each with

» 40 cores (please do not use more than 20 individually!) and

« 360 GB RAM

Integrates with the Linux Cluster:

» Directly access the data in your DSS-backed Linux Cluster home directory (SHOME)

» Allows to access any DSS-based storage container
(NFS-export has to be set up by data curator)

« Use the built-in Terminal to submit jobs to the Linux Cluster's batch queues via the
Slurm Workload Manager

For further details, see
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https://www.rstudio.lrz.de

RStudio Server

File Edit Code View Plots Session Build Debug Profile Tools Help
[+]

-logler-l | e A Go o file/function - Addins -
@ Untitled1 ==
H Y QIR Preview - - F Insert - #Run~- | % - | =
1~ k==
2 title: "R Notebook"
3  output: html_notebook
4 am-
5
& This is an [R Markdown](http://rmarkdown.rstudio.com) Notebook. When you execute code within the notebook, the results appear beneath
the code.
7
& Try executing this chunk by clicking the *Run* button within the chunk or by placing your cursor inside it and pressing
*Cmd+Shift+Enter®.
9
1@- " {r} =)
11 plot(cars)
1z -
1s
14 Add a new chunk by clicking the *Insert Chunk* button on the toolbar or by pressing *Cmd+Option+I*.
15

16 When you save the notebook, an HTML file containing the code and output will be saved alongside it (click the *Preview® button or press
*(md+5hift+K* to preview the HTML file).

17

18 The preview shows you a rendered HTML copy of the contents of the editor. Consequently, unlike *Knit*, *Preview® does not run any R code
chunks. Instead, the output of the chunk when it was last run in the editor is displayed.

11 [ R Notebook + R Markdown =
Console  Terminal Jobs |
=t
R version 3.6.3 (2020-82-29) -- "Holding the Windsock"

Copyright (C) 2020 The R Foundation for Statistical Computing
Platform: x86_64-pc-linux-gnu (64-bit)

R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()’ for more information and
'citation()' on how to cite R or R packages in publications.

Type 'demo()’ for some demos, ‘help()’ for on-line help, or
'help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

di36pez 4% [ | Sessions - @

&) Project: (None) = | R3.6.3 ~

Environment  History ~ Connections =0

9 MNew Connection

Connection Status
Files Plots Packages Help Viewer ==
= = Gy

R: Combine Multidimensional Arrays =  Find in Topic

Combine Multidimensional Arrays

DO

Documentation for package ‘abind’ version 1.4-5

+ DESCRIPTION file.

Help Pages

abind Combine multi-dimensional arrays

acorn Return a corner of an array object (like head)
acorn.default Return a corner of an array object (like head)
adrop Drop dimensions of an array object
adrop.default Drop dimensions of an array object

afill Fill an array with subarrays

afill<- Fill an array with subarrays

afill<-.default Fill an array with subarrays

Introduction to the LRZ HPC Infrastructure | 2021-10
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https://www.rstudio.lrz.de

RStudio Server

GStudiu Server Pro di3épez Logout

Sessions @ Suspend all C) Quit all Projects 7 Open Project

e (Homel @ info (i) Suspend (') Quit Open a new project
@®IDLE R4.0.:2
(Home) CREATED: 09:36:45 LAST USED: 0%:36:54
e (Home) © Info (11 Suspend () Quit
@®IDLE R363
(Home)  CREATED:09:32:57 LAST USED: 09:32:59

RStudio Server Pro 1.2.5042-1, "Double Marigold" {16eecb4)

©2009 -2020 RStudio, Inc.

Introduction to the LRZ HPC Infrastructure | 2021-10
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https://www.rstudio.lrz.de

RStudio Server

* Let’s get started:
Log in to the RStudio Server and get familiar with the interface

e Create a new folder in your home directory
(bonus points for using the built-in terminal)

Introduction to the LRZ HPC Infrastructure | 2021-10
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RStudio Server

* Let’s get started:
Log in to the RStudio Server and get familiar with the interface

e Create a new folder in your home directory
(bonus points for using the built-in terminal)

e Create a new text file, write down something nice and save it to the newly created folder

« Make sure you can locate the folder/file in the file system
(using the Files pane and/or the terminal)

o Extra credit: what is the full path to your files on the file system?

Introduction to the LRZ HPC Infrastructure | 2021-10 32



Linux Cluster

Introduction to the LRZ HPC Infrastructure | 2021-10

* Let’s get started:
Connect to the CoolMUC-2 segment
of the Linux Cluster

 From a terminal application:
$ ssh <user>@1lxlogini.1lrz.de

33



Linux Cluster — CoolMUC-2

user@localhost:~$ ssh user@lxloginl.lrz.de

Introduction to the LRZ HPC Infrastructure | 2021-10

e For CoolMUC-2 you can use the login
nodes
Ixloginl.lrz.de or
Ixlogin2.lrz.de or
Ixlogin3.Irz.de or
Ixlogin4.lrz.de

¢ (see for all
cluster segments/systems)
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Linux Cluster — CoolMUC-2

user@localhost:~$ ssh user@lxloginl.lrz.de

The authenticity of host 'lxloginl.lrz.de (129.187.20.101)' can't be established.
ECDSA key fingerprint 1is SHA256:Q2NG50fc7v/eWlkZYXCEUUG9T3ESOIUKY9bITwWNKJI5g.

Are you sure you want to continue connecting (yes/no)?

» The first time you connect to a (new) system, this message is expected, as the public-key of the remote system is not yet
known to your local system, see
for details.

« Information about the public keys of the LRZ Linux Cluster can be found here:
* Type “yes” to import the public key locally and to continue.

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster — CoolMUC-2

user@localhost:~$ ssh user@lxloginl.lrz.de
The authenticity of host 'lxloginl.lrz.de (129.187.20.101)' can't be established.

ECDSA key fingerprint 1is SHA256:Q2NG50fc7v/eWlkZYXCEUUG9T3ESOIUKY9bITwWNKJI5g.

Are you sure you want to continue connecting (yes/no)?
wWarning: Permanently added '1lxloginl.lrz.de' (ECDSA) to the 1list of known hosts.

Password:

* You can now continue by typing your password.
As this may become a repetitive burden, you may choose to do the following instead...

o (Interrupt the password prompt by pressing )

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster — CoolMUC-2

Using a local terminal, add your SSH public key (not the private one!) to the authorized
keys on the Linux Cluster!

On Linux, this is the content of ~/.ssh/<your_key>.pub on your local machine...
... which should go into ~/.ssh/authorized_keys on the login node

Use the command on Linux,
you may have to do it differently/manually on macOS and Windows (but only once)

Introduction to the LRZ HPC Infrastructure | 2021-10 37



Linux Cluster — CoolMUC-2

di36pez@ubuntu1804: ~

Demo content —

Datei Bearbeiten Ansicht Suchen Terminal Hilfe

di36pez@ubuntul8fd:~5 ssh di3épez@lxlogin5.1lrz.de
The authenticity of host 'lxlogin5.lrz.de (129.187.20.105)' can't be established

: use the current
ECDSA key fingerprint is SHA256:YmTuVciNdQzoZXpiDC4encMuUaB8WI jJuAd4NgmXaXgeM.

Are you sure you want to continue connecting (yes/no)? yes |()gJir] r]()(jEEES
Warning: Permanently added 'lxlogin5.lrz.de,129.187.20.105' (ECDSA) to the list

of known hosts. |nStead|

Password:

di36pez@ubuntul8fd4:~5 ssh-copy-id di36pezf@lxlogin5.1lrz.de

fusr/bin/ssh-copy-id: INFO: attempting to log in with the new key(s), to filter
out any that are already installed

fusr/bin/ssh-copy-id: INFO: 1 key(s) remain to be installed -- if you are prompt
ed now it is to install the new keys

Password:

Number of key(s) added: 1

Now try logging into the machine, with: "ssh 'di36pez@lxlogin5.lrz.de'"
and check to make sure that only the key(s) you wanted were added.

di36pez@ubuntulBsogd:~5 I

Introduction to the LRZ HPC Infrastructure | 2021-10




Linux Cluster — CoolMUC-2

e Connect to the cluster again, it should now work without password!
Crikey!
 You can use the or commands to close the connection

Introduction to the LRZ HPC Infrastructure | 2021-10
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Linux Cluster — CoolMUC-2

user@localhost:~$ ssh user@lxloginl.lrz.de

Last login: Wed Sep 22 13:08:36 2021 from SOME.IP.ADDRESS
Welcome to the CoolMUC2 Infiniband cluster, one of the Linux cluster systems
operated by Leibniz Supercomputing Centre (LRZ).

Please do not run any extensive computational programs on login nodes.
Instead, please submit SLURM batch scripts for production jobs, and SLURM
interactive shells for testing and short-running programs.
Misuse of the interactive resources will lead to violating accounts being
blocked from access to the cluster.
Il Please note in particular this pertains to specifying invalid !'!!
I''! mail addresses in SLURM scripts, please read r
https://doku.lrz.de/display/PUBLIC/Available+SLURM+clusters+and+features
Documentation: https://doku.lrz.de/display/PUBLIC/Linux+Cluster
Messages/System Status:
https://doku. lrz.de/display/PUBLIC/High+Performance+Computing
spack/release/21.1.1 21.1.1 release linux-sles15
intel-mpi: using intel wrappers for mpicc, mpif77, etc

user@cm2logini:~$
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Linux Cluster — CoolMUC-2

user@localhost:~$ ssh user@lxlogini.lrz.de
Last login: Wed Sep 22 13:08:36 2021 from SOME.IP.ADDRESS

Welcome to the CoolMUC2 Infiniband cluster, one of the Linux cluster
systems operated by Leibniz Supercomputing Centre (LRZ).

Please do not run any extensive computational programs on login nodes.

Instead, please submit SLURM batch scripts for production jobs, and
SLURM interactive shells for testing and short-running programs.

Misuse of the interactive resources will lead to violating accounts ) I I I

being blocked from access to the cluster. J -r11|£5 IE; tr]Ea rY]EaE;SSEiQJEE ()f tr]Ea (jEi>/ F)r()\/ICjEECj t)3/
Il Please note in particular this pertains to specifying invalid !!! TRy

'l mail addresses gn SLURM scripts? please readp yang 1 tf]EE 553/55t63r71 Ei(jr11lr]IEStréit()rES

https://doku.lrz.de/display/PUBLIC/Available+SLURM+clusters+and+features

_________________________________________________________________________ * Take note of it, it may contain important

Documentation: https://doku.lrz.de/display/PUBLIC/Linux+Cluster 1 1
Messages/Systen Status. bRy information about the system status,

https://doku.lrz.de/display/PUBLIC/High+Performance+Computing

_________________________________________________________________________ scheduled maintenances, etc. ...

spack/release/21.1.1 21.1.1 release linux-slesi5
intel-mpi: using intel wrappers for mpicc, mpif77, etc

user@cm2logini:~$
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Linux Cluster — CoolMUC-2

o Get your bearings... where did you end up on the file system?
(Hint: )
e Can you locate the folder and file created earlier (with RStudio Server)?

Introduction to the LRZ HPC Infrastructure | 2021-10

42



Linux Cluster — CoolMUC-2

« Take a look at the contents of your file
$ cat my_file

« Use dssusrinfo all toquery DSS-containers available to you

e Look at and explore $HOME (this is a environment variable):
$ echo $HOME

Introduction to the LRZ HPC Infrastructure | 2021-10
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Environment Modules

Modules allow for the dynamic modification of environment variables,
e.g. they provide a flexible way to access various applications and libraries available on

the system
 List the currently active modules (loaded by default):

Introduction to the LRZ HPC Infrastructure | 2021-10
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Environment Modules

user@cm2loginl:~$ module list
Currently Loaded Modulefiles:
1) admin/1.0 2) tempdir/1.0 3) lrz/1.0

6) intel-mk1/2019
user@cm2loginl:~$

7) intel-mpi/2019-intel

Get more info about e.g. the Irz module:

Introduction to the LRZ HPC Infrastructure | 2021-10

4) spack/21.1.1

5) intel/19.0.5
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Environment Modules

user@cm2loginl:~$ module show 1rz

/lrz/sys/share/modules/files_slesl5/environment/1lrz/1.0:

module-whatis {Environment: Default setup for all LRZ users}

setenv LRZ_ARCH x86_64_1intel

append-path PATH /1lrz/sys/tools/slurm_utils/bin

setenv SALLOC_PARTITION cm2_inter

setenv LRZ_0S {SUSE Linux Enterprise Server 15 SP1}
setenv LRZ_0S_VER 15

setenv LRZ_0S_SUBVER 1

setenv LRZ_NOCHECK yes

setenv INTEL_LICENSE_FILE /1lrz/sys/intel/licenses

setenv LRZ_LICENSE {open source - no access restrictions}
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Environment Modules

e Suppose you need to use MATLAB
It is not generally available (try $ which mat lab)
e ...0risit?

Search for available modules:

$ module available matlab or
$ module av matlab
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Environment Modules

user@cm2loginl:~$ which matlab

whish: no matlab in (/lrz/sys/tools/intel-mpi-wrappers/bin/:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel-
mpi/2019.8.254-gcc-
vyzekdm/compilers_and_libraries_2020.2.254/1linux/mpi/intel64/1ibfabric/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/X
86_64/intel-mpi/2019.8.254-gcc-
vyzekdm/compilers_and_libraries_2020.2.254/1linux/mpi/intel64/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/inte
1-mpi/2019.8.254-gcc-vyzekdm/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel-mk1/2019.5.281-gcc-
2gmjfxz/mkl/tools:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel-mkl1/2019.5.281-gcc-
2gmjfxz/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel/19.0.5-gcc-
uglchea/compilers_and_libraries_2019.5.281/1linux/bin/intel64:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel/19
.0.5-gcc-
uglchea/compilers_and_libraries_2019.5.281/1linux/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel/19.0.5-
gcc-
uglchea/compilers_and_libraries_2019.5.281/1linux/mpi/intel64/1libfabric/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x
86_64/intel/19.0.5-gcc-
uglchea/compilers_and_libraries_2019.5.281/1linux/mpi/intel64/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/inte
1/19.0.5-gcc-uglchea/debugger_2019/gdb/intel64/bin:/dss/dsshomel/1lrz/sys/spack/release/21.1.1/0pt/x86_64/intel/19.0.5-gcc-
uglchea/bin:/1lrz/sys/tools/modules/4.6.1/bin:/1rz/sys/bin:/dss/dsshomel/06/di36pez/bin:/usr/local/bin:/usr/bin:/bin:/1lrz/sy
s/tools/slurm_utils/bin)

user@cm2loginl:~$ module av matlab

------- /lrz/sys/spack/release/21.1.1/modules/x86_64/1inux-sles15-x86_64 -------
matlab-mcr/R2020a_Update5-generic matlab/R2020a_Update5-generic
matlab-mcr/R2020b_Update3-generic matlab/R2020b_Update5-generic
matlab-mcr/R2021a-generic matlab/R2021a-generic

--------------- /1lrz/sys/share/modules/files_slesi5/applications ---------------
matlab-inter/coolmuc-2 matlab-inter/coolmuc-3
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Environment Modules

e Look at all these options...!

 Most modules are maintained using the Spack package manager, i.e. always prioritize
modules in the “/Irz/sys/spack/...” path!

* Load any module you like, e.g. the latest MATLAB version:

Introduction to the LRZ HPC Infrastructure | 2021-10
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Environment Modules

user@cm2loginl:~$ module load matlab/R2021a-generic

WARNING: Please note that the dynamic loader is overloaded by this
MATLAB environment module!

Please note further that the setting of the KMP_AFFINITY
environment variable is also modified by MATLAB environment
module! This may have negative impact on the performance and
functionality of other OpenMP based programs.

Use a different shell to start programs other than MATLAB,
otherwise those programs may not function properly.

user@cm2loginl:~$ which matlab
/dss/dsshomel/lrz/sys/spack/release/21.1.1/0pt/x86_64/matlab/R2021a-gcc-cbijd4ux/bin/matlab

Introduction to the LRZ HPC Infrastructure | 2021-10
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Environment Modules

* Modules can/should be unloaded when you don‘t need them

anymore (e.g. before trying another version):
$ module unload <module/version>

e Loading modules is not persistent across sessions,
l.e. once you log out and back in again, only the default modules
will be loaded!

o For further documentation, see
https://modules.readthedocs.io/en/latest/module.html
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Slurm Workload Manager

e Slurm is a job scheduler:
» Allocates access to resources (time, memory, nodes/cores)
* Provides framework for starting, executing, and monitoring work
 Manages gqueue of pending jobs (enforcing “fair share” policy)

e Use the sinfo command to get information about the available

clusters
$ sinfo --clusters=all or, shortened:

$ sinfo -M all
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Slurm Workload Manager

user@cm2logini:~$ sinfo -M all -s
CLUSTER: biohpc_gen

PARTITION AVAIL TIMELIMIT NODES(A/I/0/T) NODELIST

biohpc_gen_highmem up 21-00:00:0 6/7/0/13 hlegrb5vc[01-

02],hlegr1409n[02-12]

biohpc_gen_production up 14-00:00:0 6/7/0/13 hlegrb5vc[01-

027, hiegr14bon[02-12] * Look for the cluster segments
bi?hﬁi_gen_nor?al ] up 2-00:00:00 6/7/0/13 hlegr5vc[01-

02],hlegr1409n[062-12 ° 1 ( 1 1 )
biohpc_gen_inter* up 12:00:00 6/7/0/13 hlegrb5vc[01- Inter a”OWS for InteraCtlve usage

02],hlegr1409n[02-12]

e ¢cm2 (the main CoolMUC-2 cluster)
CLUSTER: bsbslurm
PARTITION  AVAIL TIMELIMIT NODES(A/I/0/T) NODELIST ° ESEBriEiI (f;f]fiff?(j r]()(jeess for ESEBriEiI j()k)ES)
bsb_konvert* up infinite 6/0/0/6 122r@7c01s[01-06]
 What is their current status?

CLUSTER: c2pap

PARTITION AVAIL TIMELIMIT NODES(A/I/O/T) NODELIST . . =g

c2pap parallel  up 2-00:00:00  25/04/1/120 123ro7c1s[01- o Get information about a specific cluster
12%,123r07c025%01-12%,iZSrO?cOSs%Ol-lZ%,123r07c04s%91-12%,123r07c055%01-
12],123r08c01s[01-12],123r08c02s[01-12],123r08c03s[01-12],123r08c04s[01-

12],1i23r08c05s[01-12] ESEEQJTT]EEr]t, EE'QJ'

c2pap_serial* up 2-00:00:00 25/94/1/120 123r07c01s[01- c)r

12],123r07c02s[01-12],123r07c03s[01-12],123r07c04s[01-12],1i23r07cO5s[01-
12],123r08c01s[01-12],123r08c02s[01-12],123r08c03s[01-12],123r08c04s[01-
12],123r08c05s[01-12]
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CoolMUC-2 Overview

Slurm cluster Slurm partition Node range per Job | Slurm job settings

cm2_large 25-64 --clusters=cm2
--partition=cm2_1large
--gos=cm2_large

cm2_std 3-24 --clusters=cm2
--partition=cm2_std
--qos=cm2_std
cm2_tiny cm2_tiny 1-4 --clusters=cm2_tiny

serial serial_std 1 --clusters=serial
--partition=serial_std
- -mem=<memory_per_node>MB

serial_long 1 --clusters=serial
--partition=serial_long
- -mem=<memory_per_node>MB

inter cm2_inter 1-4 --clusters=inter
--partition=cm2_inter

teramem_inter 1 --clusters=inter
--partition=teramem_inter

For additional details see hitps://doku.lrz.de/display/PUBLIC/Job+Processing+on+the+Linux-Cluster
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Interactive Allocation

usercm2loginl:~$ sinfo -M inter -s
CLUSTER: inter

PARTITION AVAIL TIMELIMIT NODES(A/I/0/T) NODELIST
mpp3_inter* up 2:00:00 1/2/0/3 mpp3rO3c05s[01-03]
teramem_inter up 10-00:00:0 0/0/1/1 terameml
cm2_inter up 2:00:00 5/6/1/12 122r07c05s[01-12]

user@cm2loginl:~$ sinfo -M cm2 -s
CLUSTER: cm2
PARTITION AVAIL TIMELIMIT NODES(A/I/0/T) NODELIST

cm2_std up 3-00:00:00 275/120/9/404 1i22r01c01s[01-12],1i22r01cO2s[0O1-
12],122r01c03s[01-12],122r01c04s[01-12],1i22r01c05s[01-12],1i22r01c06s[01-12],1i22r02c0O1s[0O1-
12],1i22r02c02s[01-12],122r02c03s[01-12],i22r02c04s[01-12],i22r02c05s[01-12],i22r02c06s[01-
12],122r03c01s[01-12],122r03c02s[01-12],122r03c03s[01-12],1i22r03c04s[01-12],1i22r03cO5s[01-
12],122r03c06s[01-12],122r04c01s[01-12],122r04c02s[01-12],1i22r04c03s[01-12],1i22r04c04s[01-
12],122r04c05s[01-12],122r05c01s[01-12],122r05c02s[01-12],1i22r05c03s[01-12],1i22r05c04s[01-
12],122r05c05s[01-12],122r06c01s[01-12],122r06c02s[01-12],1i22r06c03s[01-12],122r06c04s[01-
12],122r06c05s[01-12],122r07c02s[11-12],122r07c04s[07-12]

cm2_large up 2-00:00:00 275/120/9/404 1i22r01c01s[01-12],122r01cO2s[01-
12],122r01c03s[01-12],122r01c04s[01-12],122r01c05s[01-12],1i22r01cO06s[01-12],122r02c01s[01-
12],122r02c02s[01-12],122r02c03s[01-12],122r02c04s[01-12],1i22r02c05s[01-12],122r02c06s[01-
12],122r03c01s[01-12],122r03c02s[01-12],122r03c03s[01-12],1i22r03c04s[01-12],122r03c05s[01-
12],122r03c06s[01-12],122r04c01s[01-12],122r04c02s[01-12],122r04c03s[01-12],122r04c04s[01-
12],122r04c05s[01-12],122r05c01s[01-12],122r05c02s[01-12],1i22r05c03s[01-12],122r05c04s[01-
12],122r05c05s[01-12],122r06c01s[01-12],122r06c02s[01-12],1i22r06c03s[01-12],122r06c04s[01-
12],122r06c05s[01-12],122r07c02s[11-12],122r07¢c04s[07-12]

user@cm2logini:~$
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 The inter cluster can be used for

Interactive resource allocation:
$ salloc -p cm2_inter -N
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Interactive Allocation

user@cm2loginl:~$ salloc -p cm2_inter -N 1
salloc: Granted job allocation 141265
user@i22r07c05s06:~$% hostname

122r07c05s06

user@i22r07c05s06:~$ exit

exit

salloc: Relinquishing job allocation 141265
user@cm2loginl:~$

Introduction to the LRZ HPC Infrastructure | 2021-10

* Notice the change of the hosthame, you're

now logged in on a compute node!

o See https://doku.lrz.de/display/PUBLIC/
Running+parallel+jobs+on+the+Linux-
Cluster#RunningparalleljobsontheLinux
Cluster-InteractiveSLURMshellforparallel
testing and https://doku.lrz.de/x/MgKoAg
for further details

e For production jobs, you want to prepare
and submit batch scripts — they tell Slurm
about the resources you need and the
scripts/programs you want to run
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Job Processing

#!/bin/bash
#SBATCH --clusters=cm2_tiny
#SBATCH --nodes=1

module load slurm_setup

./<executable>
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« Avery minimal example of a job script (not

recommended, but working in principle),
requesting

e asingle, exclusive node (with 28 cores)
o of the cm2_tiny partition/cluster, part of
* the CoolMUC-2 system

e Submit this job script to the queue:
$ sbatch <script.sh>
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Parallelization

Motivation:

e You have a lot of (more or less) indepen-
dent tasks or

e You want to accelerate a single complex
task -> it might be possible to turn the
single complex task into many (more or
less) independent tasks

...and you have access to a (massively
parallel) supercomputer!

Introduction to the LRZ HPC Infrastructure | 2021-10
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Parallelization Scenario: Embarrassingly/Pleasingly Parallel m

* many independent processes
(10 - 100.000)

* individual task (list) for each process
e private memory for each process
* N0 communication between processes

» results are stored separately on a (large)
storage medium
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Parallelization Scenario: Worker Queue
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many independent processes
(10 - 100.000)

central task scheduler (database)
private memory for each process
results are sent back to task scheduler
re-scheduling of failed tasks possible
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Parallelization Scenario. Shared Memory

« a few processes working closely together
(10-100)
» single script/program/task list

e shared memory
(cache coherent non-uniform memory
architecture aka ccNUMA)

* results are kept in shared memory
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Parallelization Scenario: Message Passing

 many independent processes
(10 - 100.000)

e one task list (script/program) for all processes

e each process can (in principle) talk to every
other process

e private memory

 needs communication strategy in order to
scale (area of optimization, e.g. nearest
neighbor communication)

e beware of deadlocks!
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Job Processing — Give it a try...

#1/bin/bash e Create a new folder in your home directory

#SBATCH --clusters=serial (€.g. “tmp”) and change into it.

#SBATCH --partition=serial std - Créate thisvery, very minimal example of
a Job script (again, this is generally not

recommended!) and save it as “script.sh”.
module load slurm_setup What will it do?

e Submit this job script to the queue:

hostname
o Keep your eyes open for output in the

current folder. What can you find?
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Job Processing

#1/bin/bash

#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH
#SBATCH

-J <job_name>

-0 ./%X.%j.%N.out

-D ./

--get-user-env
--clusters=cm2
--partition=cm2_std
--nodes=3
--ntasks-per-node=28
--mail-type=end
--mail-user=<emalil_address>@<domain>
- -export=NONE
--time=08:00:00

module load slurm_setup

mpiexec -n $SLURM_NTASKS ./<executable>
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« A more practical example...

assigning a job name
defining custom output file(s)
setting a working directory
configuring mail notifications
managing the environment
limiting walltime explicitly

 See documentation for more
detalls:
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Job Queue and Accounting

e Use the sqgueue command to query information
about your jobs in the Slurm scheduling queue,
e.g. of the cm2 cluster:
$ squeue -M cm2 -u <user>

 If you're interested in the approx. start time of your

pending jobs (in the the cm2 queue):
$ squeue -M cm2 -u <user> --start
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« Display accounting data of
(finished) jobs by use of the
sacct command, e.g.
$ sacct -M cm2 -u <user>

* Per default, this is limited to
today’s jobs, add the -S option

to specify a user-defined date:
$ sacct .. -S <YYYY-MM-DD>
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