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HiPerGator

The University of Florida Supercomputer for Research
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Research Computing
UF

» Strategic Goals
> Expand HPC, data storage and research network
capacity, performance and usability

Research Computing
Information Technology
Home of High-Performance Computing and I-HilPer Gator

> Enhance and expand services that use HPC, data
stforage and network resources

> Improve faculty awareness and access to use of
Research Computing services
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HiPerGator 2

The University of Florida Supercomputer for Research
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Research Computing:
Grants Supported
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Research Computing;:

Users
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HiPerGotor

The University of Florida Supercomputer for Research

> 16,384 cores—fotal of about 20,000 cores today
o Infiniband interconnect

> >3PB fast, high-availability, storage

> GPGPUs

> Large memory nodes (7SOGB to 1TB of RAM)

i t\l\l!inI .!MM ﬂlb\ i

Where do you starte

UF | Information Technology wwwitufledy

Research Computing What can you run?
» Linux-based LS

» Generally command line driven

» User Accounts
- Need current UF faculty

sponsor i applications
» Galaxy EEET
» Graphical apps can be setup
Request New Account o S AS
Gsas
“MATLAB
www.rc.ufl.edu ° STATA
° Oﬂd thel’s E
UF normsion Teimolosy 5 it
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Ssanez
Gal — Gal
y & . ey ca y
o 'UF ‘ Research Computing — Map with Bowtie for lllumina
Information Teehoology awee

st amans s Will you select a reference genome from your history or use a built-in index?:
. >~ (_Use a built-in index
e e = Built-ins were indexed using default options
prerem g i tiete @ x Select a reference genome:
e v =
s o e
e it " if your genome of interest is not listed - contact Galaxy team
o e [ R Is this library mate-paired?:
ey = eos (_Single-end 1%)
ey aa FASTQ file:
vy e seie 5 g x =
.
o Must have ASCII encoded quality scores
frerem
i Bowtie settings to use:
s s ((Commonly used %)
vyl For most mapping needs use Commonly used settings. If you want full control use Full parameter list
ool Suppress the header in the output SAM file:
vy o
e Bowtie produces SAM with several lines of header information by default
e
s (Execute)
< )
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.
Wiki.rc.ufl.edu Wiki: Installed Software
8 Login m -
Page Discussion Read View source View history  Search [Go_ search | e | Installed Software
et Sowar i
RESEARCH UF Research Computing Wiki F  |riieie—
COMPUTING Sy - o = — q
B3 = R
Welcome to the University o Fiorida Research Computing Wiki, The information here augments what s found e T — no e
on our web site with information we think i best provided in a less formal and offcial context. It is used for T e = i o s
: ID?‘S information that changes rapidly and might become quickly dated or incorrect on the web site. While there is = = i oo
< H";s"“:“’e good and helpful information here, you willfind text that has not been proofed to the same standards that we f=-. v s sz e
- = = 5 e
try to maintain on our web site. We hope you find it helpful. ey Mo 1188 o
I vy Yo == =T e
» Training Getting Started e =
~ Navigation = hee
UF Researen « Getting Started « Maiing Lists hanai pasamord e rae
ST + Moab Command Summary ~ Training 1anging your Passwor war s e
Gurent events = e aeees b
Random page. Software and Libraries e s e
Help == =
o=t « Installed Software « Instaling Perl Modules = — e
What nks here « Environment Modules Systom + GPUS and CUDA i S

High-Performance

Getting help:

»my.it.ufl.edu myl

» support@rc.ufl.edu

» UF Help Desk

HiPerGalor

The University of Florida Supercomputer for Research
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Cluster Basics

User
interaction

>

Login
server
(Head node)

Scheduler

Tell the
scheduler
what you
\Welail(eXelo)

Compute
resources

- 3 -y

Your job
runs on the
cluster
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WA ootorl | gatos |

ss|

Cluster login
User

gatorrc.ufl.edu interaction

/home/$USER

ssh <user-egator.rc.ufl.edu ‘

go' )

MNH-SOL-MAC1

h magitz@gator.rc.ufivedd
s ELast login: Mon Jan 19 07:10:5

Cluster login

9

7 2015 from ip72-196-105-160.ga.at.cox.net

Welcome to UF Research Computing

If you need to

Do not run interactive jobs on the login nodes.
run an interactive job, please use the interactive/test nodes.

http://wiki.rc.ufl.edu/doc/Test_Nodes

sSh <LUF Research Computing account policies are available at
the following URL.

http://www.rc.ufl.edu/about/policies/account

Wing

UFIT Policy Notice

Mad

The user understands and acknowledges that the computer and the
network are the property of the University of Florida. The user
agrees to comply with the University of Florida Acceptable Use
Policy and Guidelines. The university monitors computer and network

(3 0l activities without user authorization and the university may

Cluster Storage

gator.rc.ufl.edu * /home/$USER: 20GE limit
« Do not use for input or output for

WA cotort | gotos | jobs
[ gator2 | gators |

/home/$USER

- /scratch/Ifs/$USER: 218 limit/group
« Primary storage for all HiPerGator
jobs

/scratch/Ifs/$USER
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Login
server
(Head node)

Windows: PUTTY

Mac/Linux: Terminal m

[

Logging in PuTTY
R PuTTY Configuration =
Category:
= Session [ Basic options for your PuTTY session
- L'-“glg'"g e the destination you want to connect to

o e Host Name (or IP address) Port
Keyboard
Ball hipergator ro ufl edu 22
Features

=) Window ©) Raw ) Telnet () Rlogin @ SSH ) Serial
fppearance Load. save or delete a stored session
Behaviour °
Transiation Saved Sessions
Selection
Colours

Default Settings —

=)~ Connection HlFe:iSElOr N
e
Proxy
ot
Rlogin

- SSH
Senal Close window on exit:
© Aways () Never  ©) Only on clean ext

UF | Information Technology wwwitufledy

Research Computing

» Storage
> Home: /home/$USER
- For code compilation and user file
management only
+ Do not use for job input/output!
- Include ecd $PBS_O_WORKDIR or similar in scripts

> Scratch space: Lustre File System
- /scratch/Ifs/$USER

Other storage options
available for purchase

UF | Information Technology wwwitufledy




User
interaction

>—

Login
server
(Head node)

[

Cluster Basics

Scheduler

Tell the

scheduler
what you
\Welail(eXelo)

Compute
resources

|| | |‘| ‘|‘

Your job
runs on the
cluster

www.it.ufl.edu

File system
Last login: Mon Dec 8 21:44:54 on ttysee3
host:~ lucy$ Is
Desktop Downloads Movies Pictures Sites
Documents Library Music Public
host:~ lucy$ |
V|
800 @ luey f="
A 1~
Bt el I w
» SHARED Desktop Documents Downloads
=]
A g i T
A Lbrary Movies Music
[} o
= = -
e
UF | Information Technology www.it.uflL.edu

File system

Applications [oaen ] Desktop
bin m Library
e R
Library .bash _pzoﬁfe\
/
System lucy Documents datartxt
~/
home Pictures
renaner.sh™
Shared
tmp scripts N
test.py
Volumes .Trash
UF | Information Technology www.it.uflL.edu

6/18/15

Don’t be intimidated!

a0
Las

Yau il
FLMNH-SOL-MACL:~ gitzs I

The Jul 25 12:03:00 on ttys001
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Cluster Storage
gatorrc.ufl.edu * /home/$USER: 20GB limit
« Do not use for input or output for

ssh gco jobs
« /scratch/Ifs/$USER: 278 limit/group
« Primary storage for all HiPerGator

jobs

/scratch/Ifs/$USER

File system: Paths

Applications Desktop
bin g Library
etc Music

; Library } .bash _proﬁfe\

S/ lucy Documents antaexf™

home Y Pictures
Shared "“m"’bi

tmp scripts tast‘w\

Volumes .Trash




File system: 1s & cd

Applications
[basn ]

— = R Te—
== Music
7 nibrary | vasn_prosufs
System ruey e PR

home Pictures
Sharea
tmp. scripts

volumes .Trash

[magitz@gatorl scriptsl$ 1s

renamer.sh test.py

[magitz@gatorl scriptsl$ cd ../Documents/
[magitz@gatorl Documents]$ 1s

data.txt
[magitz@gatorl Documentsl$ I

File system: Basic commands

pwd: Present Working Directory

1s: List--show contents of directory

cd: Change Directory

mkdir: Make directory

rm: Remove a file (rm -r for directories)
rmdir: Remove directory

v v vvwvwvow

There is no
trashcan!
(or backups)

v

cp: Copy afile: cp data.txt ../analysis/
mv: Move a file: mv data.txt ../analysis/

v

UF | Information Technology www.it.ufl.edu

Linux permissions

Indicates a directory (d) or a file (=)
’7 [ Group (set of users)
drwxrwxrwx

Other users (everyone else)
User (owner) permissions

» Change with: chmod o-rwx file
> 1s —1 shows permission details
—&m—,r;—, 1 magitz ufhpc @ Jul 25 12:22 renamer.sh

u g o user  group
UF | Information Technology www.it.ufl.edu
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The command prompt

current
user host directory

[ 1 T 1 f 1

[magitz@gatorl scriptsl$ 1s

renamer.sh test.py

[magitz@gatorl scriptsl$ cd ../Documents/
[magitz@gatorl Documents]$ 1s

data.txt
[magitz@gatorl Documentsls$ I

Command arguments

» Modify how a command works
> Used from the most basic command like 1s, to most
applications you will run

[magitz@gatorl scriptsl$ ls

renamer.sh test.py

[magitz@gatorl scripts]$ ls -1

total 0

—rw-rw-r-— 1 magitz ufhpc @ Jul 25 12:22 renamer.sh
—-rw-rw-r-— 1 magitz ufhpc @ Jul 25 12:22 test.py
[magitz@gatorl scripts]$ s -la

total 8

drwxrwxr-x 2 magitz ufhpc 4096 Jul 25 12:22 .
drwxrwxr-x 4 magitz ufhpc 4096 Jul 25 12:25 ..
-rw-rw-r-— 1 magitz ufhpc 0 Jul 25 12:22 renamer.sh
-rw-rw-r-— 1 magitz ufhpc 0 Jul 25 12:22 test.py
[magitz@gatorl scriptsls JI

UF | Information Technology www.it.ufl.edu

Viewing text files

» more adnd less: show contents of a file, less
has more features (search, scroll up, etc.)

» head: show start of file (10 lines by default)
° head -n 20 file.txt

» tail: show end of file (10 lines by default)

» grep: search for text in file
° grep Gainesville weather.txt

» Text editors: nano, vi, vim, emacs, etfc.

UF | Information Technology www.it.ufl.edu
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Redirecting output

°ls -1 > file list.txt

» The ">" can be used to redirect output:
° grep GNV weather.txt > Gainesville.txt

> Caution: > will overwrite the specified file!

» You can append to a file with “>>"

UF | Information Technology wwwit.ufledu

Connecting commands

» The pipe, " | ", can be used to send, or pipe,
the output of one command to the input of

another:

°1ls -1 | grep Jun > files_modified_in_June

Tip: Don't use spaces in
file or directory names

UF | Information Technology

www.it.ufl.edu

Tools

ssh client to connect to
hipergator.rc.ufl.edu

SFTP client to move files
to/from your computer

0 Unix, and don’t use Word
Both have SFTP built in

UF | Information Technology

é [l

'yberduck, FileZilla

www.it.ufl.edu

SSH Clients

2 ragtattot- — o — 70530 = 31

.

FLANH-SOLMACLi~ gitzs ssh nagitzegator.rc.ufl.edu

nagitzagator. rc.ufl.edu’s password:

Last login: Mon Jan 19 07:10:57 2015 fron §p72-196-105-160.9a.at. cox.net
Vielcone to UF Research Computing

Do not run interactive jobs on the login nodes. If you need to
run an interactive job, please use the interactive/test nodes.

http://uiki. re.ufl.edu/doc/Test Nodes

UF Research Computing account policies are available at
the following URL.

http: / /e re.ufl.edu/about/policies/account

UFIT Policy Notice

[ragitzegatord ~1s

ssh user@gator.rc.ufl.edu

UF | Information Technology

Mac/Linux: Terminal

=

Windows: PUTTY

www.it.ufl.edu

UF | Information Technology

www.it.ufl.edu

Text Editors

» Not Microsoft Word or
other word processor

» Contextual coloring

» Built-in SFTP Client

» Regular expression
find/replace

» Unix line breaks

UF | Information Technology

www.it.ufl.edu



Unix line breaks

[Prtences ]
Pt | Bacup/Auto-Completion s,
o e
Hewsocment TS —

© Folow arrentdoament
Ovindons O Mac © unix
© Remenber lat used deectory
Encodng ¢
st
UTF S wihout BOM
Roply 1o opened AN fes
s

© ucs-28gEndan
800 Preferences

s ket

Line breks

Py anouases CEH

] Ensure file ends with line break

[—

B st ClaseMac (€ St i whitspace
() Windows (CRLF)
=
s
Eﬁ% Text Colors: ) Make backup before saving

Keep historical backups

T v ncoangs

Preserve file name extension

Restore Defaults |

[

Learn by doing...
Handouts also available on Wiki

Software you need for this tutorial:
[ I
| & | &
ssh Client Terminal ¢/ I £ putty.org

SFTP Client cyberduck.

Information Technology

Cluster login

015 from ip72-196-105-160.ga.at.cox.net

an 19 07:10:
Welcome to UF Research Computing

Do not run interactive jobs on the login nodes. If you need to
run an interactive job, please use the interactive/test nodes.

http://wiki.rc.ufl.edu/doc/Test_Nodes

sSh <LUF Research Computing account policies are available at
the following URL.

http://www.rc.ufl.edu/about/policies/account

Wind
UFIT Policy Notice
\Ylee 0
The user understands and acknowledges that the computer and the
network are the property of the University of Florida. The user
agrees to comply with the University of Florida Acceptable Use
Policy and Guidelines. The university monitors computer and network
mactivities without user authorization and the university may

Cluster basics

User Scheduler
interaction

Compute
resources

i

Tell the I
scheduler Your job

server what you runs on the
(Head node) cluster

Cluster login
User

gatorrc.ufl.edu interaction

W ootort | gotos |

/home/$USER

| ssh <user-@gator.rc.ufl.edu ‘

Windows: PUTTY Login
server

(Head node)

Mac/Linux: Terminal m

[ wwwitufledu

Logging in PuTTY
B8 PuTTY Configuration =]
Category:

Logging
=) Terminal

Host Name (or IP address)
Bell hipergator rc.ufl.edu

=) Window ) Raw ) Telnet () Rlogin @ SSH ) Serial
Load. save or delete a stored session
Transiation Saved Sessions

Colours
- Connaction RRzAZsee )
o
Proxy
Teinet

Rlogin
@ SSH
Serial

Close window on exit:
@© Aways () Never @ Only on clean exit




User
interaction

Development servers

» Do not run applications on the login
servers
o Account will be suspended

Do not run interactive
on the login nodes.

UF Research Computing account policies are available at
the following URL.

http://www.rc.ufl.edu/about/policies/account

» Use the development servers for testing
and interactive use:
° ssh devl Or ssh dev2

[ wwwitufledu

Cluster basics

User Scheduler
interaction

Compute
resources

R C |.| |
Tell the

scheduler Your job
server what you runs on the
(Head node) want to do cluster

[ wwwitufledu

UF Research Computing

» Ordinary Shell Script

Read the manual
for your application
#!/bin/bash

Commands typed
on the command
line can be putin a
script.

date
module load test_app
test_app —i file.txt

[ wwwitufledu

6/18/15

Learn by doing...
Handouts also available on Wiki

Software you need for this tutorial:
| & | &
ssh Client Terminal V g putty.org

Text Editor @7 borebones.coml ﬁ/notepod-plus»p\us.org

Scheduling a job

Scheduler

» Need fo tell scheduler what
you want to do
> How many CPUs you want and
how you want them grouped
> How much RAM your job will use
> How long your job will run
o The commands that will be run

Tell the
scheduler
what you

(Welail(eXolo)

[ wwwitufledu

Research Computing

» Submission Script Scheduler
#!/bin/bash
#PBS -N My_Job_Name
#PBS -M Joe_Shmoe@ufl.edu
#PBS -m abe
#PBS -o My_Job_Name.log
#PBS -e My_job_Name.err
#PBS -1 nodes=1:ppn=1
{#PBS —1 pmem=900mb

#PBS -1 walltime=00:05:00

Required Optional
Directives Directives

Tell the
scheduler
what you

want to do

cd $PBS_O_WORKDIR
date

module load test_app
test_app —i file.txt

[ wwwitufledu




Nodes and processors
Single processor apps:
#PBS -1 nodes=1:ppn=1

Threaded (& MPI) apps:
#PBS -1 nodes=1:ppn=8

MPI apps:
#PBS -1 nodes=2:ppn=64

UF | Information Technology wwwit.ufledu

Parallel efficiency

» How well does your application scale?

Example of poor scaling
14

12
10 4 & — —~ — Observed

Time

o N Ko
»

Ideal

Number of processors used
UF | Information Technology www.it.ufl.edu

Processor Equivalents

» Accounts for large RAM
requests
» Average ~4GB RAM/core

1 core, 10GB RAM: ~2.5 PEs
1 core, 60GB RAM: ~15 PEs |

» Non-investor's limit: 8 PEs

» Investor limits are based on
PEs

» pbs_info —f <job_file>

UF | Information Technology wwwit.ufledu
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HiPerGotor

The University of Florida Supercomputer for Research
> 64 cores per node

- If RAM allows, MPI jobs under ~32 cores, should use
nodes=1:ppn=##

- Some older nodes have 4-16 cores

UF | Information Technology wwwitufledy

RAM
#PBS —1 pmem=900mb

» Lofs to consider, but do your
best at estimating RAM
needed for job

» Over about 4GB of RAM, )
“costs” toward CPU allocation

Wasted RAM leads
to idle CPUs and

low job
throughput

UF | Information Technology wwwitufledy

#PBS -M Joe_Shmoe@ufl.edu

End-of-job emails: i = i

PBS Job Id: 358634.moab.ufhpc
Job Name: NR.25.nex

Exec host: c7a-s1/60

Execution terminated
Exit_status=0
resources_used.cput=07:16:09
resources_used.mem=251348kb
resources_used.vmem=318916kb
resources_used.walltime=07:16:52

UF | Information Technology wwwitufledy
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RAM- bigmem queue
» For jobs asking for
over 16GB per
core (pmem)

» #PBS -q bigmem

» 1TB and 750GB

nodes
UF | Information Technology www.it.ufl.edu

Job Management

» Commands:

> gsub <file_name>: job submission

o gstat -u <user>: check queue status

> showq -r -u <user>: shows job efficiency

> gdel <JOB_ID>: job deletion

> checkjob -v <job number> (shows PE value)

> pbs_info —f my_job.pbs (get job PE and group
resources before submitting a job)

UF | Information Technology www.it.uflL.edu

So what is this “module” thing?

» Imod—Implementation of Environment
Modules developed at TACC

» Allows easy management of user's
environment

Home About Resources User Services Partnerships Education & Outreach News

Lmod: Environmental Modules System

TEXAS ADVANCED COMPUTING CENTER £\ A

Powering Discoveries That Change The World

UF | Information Technology www.it.ufl.edu
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Walltime

#PBS —1 walltime=00:50:00

Scheduler

» Fairly straight forward

* As with all resource
requests, accuracy helps
ensure your jobs and alll
other jobs will run sooner

Tell th
[ _____| Maximum |__Short | _long ] S

scheduler
Investor 31 days <12hrs 7 days what you
Other 7 days <12 hrs 3 days want to do
UF | information Technology SEREIIEE
.
Learn by doing...

Handouts also available on Wiki

Software you need for this tutorial:
' J o
| & | &
ssh Client Terminal ¢/ | g pufty.org

SFTP Client cyberduck.io & [EI filezilla-project.org

Text Editor @ borebones.coml ﬁ/notepod-plus»p\us.org

UF | Information Technology www.it.ufl.edu

The standard way

PATH=$PATH:/some/long/path/to/application
export S$PATH

LD_LIBRARY_ PATH=$LD_LIBRARY_ PATH:/long/path/to/
place/I/probably/cant/find
export $LD_LIBRARY_ PATH

» Need to track down paths to applications,
libraries, etc.

» Multiple compilers, and MPI
implementations

» Manage dependencies

» Multiple versions of apps

UF | Information Technology www.it.ufl.edu
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Module discovery

» module spider

o List everything
» module spider cl

> List applications that have clin name
» module spider amber/12

o List details about this version of AMBER

» module key molecular
> Keyword search for applications

UF | Information Technology www.it.ufl.edu

Module loading

» module load raxml
» module load intel raxml
» module load intel openmpi raxml

» module load intel/12 openmpi/l.6
raxml/3.2

» module unload raxml

UF | Information Technology www.it.ufl.edu

UF Research Computing

» Help and Support (Continued)
o http://wiki.rc.ufl.edu
- Documents on hardware and software resources
- Various user guides
- Many sample submission scripts
o http://rc.ufl.edu/support
- Frequently Asked Questions
- Account set up and maintenance

UF | Information Technology

www.it.ufl.edu
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Multiple versions

[magitz@gator! ~]$ module spider gaussian
Rebuilding cache file, please wait ... done

gaussian:

Description:
A software for electronic structure modeling

Versions:
gaussian/e01
gaussian/g03
gaussian/go9

To find detailed information about gaussian please enter the full name.
For example:

$ module spider gaussian/g09

UF | Information Technology www.it.ufl.edu

Training sessions

» Online http://wiki.hpc.ufl.edu/doc/Training

Treining Resources (e

+ UF Rasoarch Computing: A Itroduction and Getting Startod
« Download o ide rom o presentation.

UF | Information Technology www.it.ufl.edu

12



