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Cray XC40 Massively Parallel Processor (MPP) supercomputer
e 3376 12-core 2.6-GHz Intel Haswell 64-bit processors
40512 cores
2,67 GB memory/core
» Aires interconnects

Meant for jobs that parallelize well
* Normally 64-4096 cores/job (MPI)
» can be increased for Grand Challenge projects

Modest selection of bioinformatics tools
« Molecular dynamics codes: gromacs, namd, Amber

Sisu user’s guide
 http://research.csc.fi/sisu-user-guide

cscC
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HP Apollo 6000 XL230a/SL230s Supercluster

» New nodes: 2 x 12 core 2.6 GHz Intel Haswell processors
397 nodes with 128 GB memory (5,3 GB/core)
10 nodes with 256 GB memory (10,7 GB/core)
Total of 9768 Haswell cores

» Old nodes: 2 x 8-core 2.6 GHz Intel Sandy Bridge processors
. 496 nodes with 64 GB memory (4 GB/core)
16 nodes with 256 GB memory (16 GB/core)
2 nodes with 1,5 TB memory and 32 cores ( 47 GB/core)
4 login nodes with 64 GB memory (4 GB/core)
Total of 9344 Sandy bridge cores

» Also GPU and MIC nodes available

» Meant for serial and mid-size parallel jobs

» 1-448 cores/job (more posible after scalability tests)

» Maximum of 896 simultaneous jobs/user

» Taito user’s guide: http://research.csc.fi/taito-users-guide



cscC

» Service for interactive computing

» Direct access to an interactive batch queue in Taito
cluster

» Limits: 4 cores, 128 GB of memory, unlimited runtime.
» When you log out, all processes will be terminated

ssh taito-shell.csc.fi

» User’s guide: https://research.csc.fi/taito-shell-user-guide
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Computing nodes (989)

Login nodes (2)

CPU

core||core




Directory

$HOME

$SUSERAPPL

$TMPDIR

$WRKDIR

project

HPC-Archive

Intended use

Initi:ﬁ atio Ig}gripts, source codes,
Ing programs or research

Lo Fanon for Iusers. own application
tware installations

Run-time temporary files.

Temporary data files.

ommon storage for {:Jroiject members.
g oject can tonsis one or more
user dccounts.

Long term storage

Default
guota/user

50 GB

50 GB

5TB

On request

2TB

Storage time

permanent

permanent

~ 2 days

Until further
notice.

permanent

permanent

CscC

Backup

Yes

Yes

No

No

Yes

Yes

http://research.csc.fi/csc-guide-directories-and-data-storage-at-csc
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taito.csc.fi sisu.csc.fi

compute login compute login
nodes nodes nodes nodes

$WRKDIR

IRODS

based
archive server

Data transport with iRODS client
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» Terminal connections ( ssh, PuTTY, SUI)
« usage through typed commands
« Graphics requires Xterm connection

» Scientist's User Interface
» Usage through web interface
* Mostly used for managing your account and files
* No bioscience applications

» NoMachine/FreeNX virtual desktop
« requires local client installation
. Norman terminal connections can be used

« Enables using grapical interfaces and
displaying images

http://research.csc.fi/csc-guide-connecting-the-servers-of-csc
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Managing files in unix command line

http://research.csc.fi/csc-guide-linux-basics-for-csc

cscC
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Unix/linux commands

Basic syntax:

comand -option argument
Is

iIs -1

Is -1 myDirectory

Use man command to get information about
possible options

man Is

cscC
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Commands for directories:

cd

Is
pwd
mkdir
rmdir

change directory

list the contents of a directory
print (=show) working directory
make directory

remove directory

csc
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Commands for files:

cat
Cp
less
rm
mv
head
tail
grep
WC
Tfile

print file to screen

Copy

view text file

remove

move/rename a file

show beginning of a file

show end of a file

find lines containing given text
count number of words or lines
check the type of the file

CscC
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Special characters:

*(asterisk), wild card, means any text
Is *_fasta
| (pipe) guides output of a command to an input of another commands
Is *.fasta | less
> Writes output to a new file
Is > Tiles of the directory.txt
~ (tilde) means your home directory as does $HOME
cp test.txt ~/file.txt
cp text.txt $HOME

& runs command in background
gzip my big file.tar &

\ (backslash) escape, used to tell the system to ignore special meanings
cp this\ filename\ has\ spaces.txt $WRKDIR
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» Itis also possible to "pipe” output of one command to another
command using ”|” characters

» This can be faster that using files as there is no disk 1/O

Is —1 | less

cat myfile.txt | sort | uniq

1L

cscC
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» It is often useful to redirect the output (stdout) of a command to a file

> ">" will overwrite the contents
> Try:
Is > filelist
cat Tilelist
» Depending on your bash settings, may cause error if target file exists

»> ">>" will append to a file
> Try:
echo ”one” > test
echo ”two” > test
echo “three” >> test
cat test

» Sometimes it's necessary to capture stderr as well
command > out.file 2> err.file
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» Redirection can also be done in the other direction

» Redirect the contents of the file to the standard input (stdin) of a command
cmd < file

» Redirect a bunch of lines to the stdin. If 'EOL' is quoted, text is treated literally.
cmd << EOL

linel
line2
EOL

» Redirect a single line of text to the stdin of a command
cmd <<< "'string"

CsC
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To set a variable:
variable=value

To use a variable
$variable

varl=""Hello"
var2="World"
echo $varl $var2

To set an array
array=( valuel value2 valueN )

To use a value in an array (note: zero based)
${array[n]}

array=C a b c )
echo ${array[1]}

csc
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Sometimes it is necessary to separate variable name from rest of the
command:

This would not work:
sed -n $SLURM_ARRAY_TASK IDp namelist

So instead we can use:
sed -n ${SLURM_ARRAY_TASK ID}p namelist
or

sed -n ”$SLURM_ARRAY TASK_ID”’p namelist

cscC
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» Normal variables only visible to the process that set them

» To make a variable visible also to any child processes (e.g. any
programs run from a shell), you must use export command:
export PATH=${PATH}:${USERAPPL}/mcl/version-12-068/bin

> Typical examples are the system variables that point to different file
system locations: $SHOME, $SUSERAPPL, $WRKDIR etc

» SLURM has it own set of useful system variables:
$SLURM_CPUS_PER_TASK, $SLURM_ARRAY_TASK ID etc
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» Different quotes have different fuctionalities

> 2 Take text enclosed within quotes literally

c Take text enclosed within quotes as command and
replace with output

?”” Take text within quotes literally after substituting any variables

» Compare the results of these commands:
var=""test”; echo “echo $var’
var=""test”; echo “echo $var"
var=""test”; echo ”echo $var”
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Try these to see what they do!

sed
echo
echo

awk
echo
echo

cut
echo
echo
echo
echo
echo ’

"one this two this three" | sed s/this/that/
"one this two this three" | sed s/this/that/g

one two three” | awk “{print $2}”
”one;two;three” | awk —F7;” *{print $2 $3}’

’123456789” | cut —c 4
’123456789” | cut —c -4
71234567897 | cut —c 4-
7123456789 | cut —C 4-7
’one_two_three” | cut —d 7”7 —F 2

All of these have much more options. See man pages for details.

csc
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grep is a powerful tool for finding regular expressions in files

grep pattern fTile
grep —c pattern file

grep —v pattern file

grep —w pattern file
grep —fF filel file2
grep “~pattern” fTile

grep “pattern$” file

returns the lines from i le containing the pattern
returns the count of lines containing the pattern

reverses output, i.e. returns lines not containing
the pattern

returns only complete word matches
returns lines in Fi1le2 that also exist in Filel
A matches beginning of line

$ matches end of line

It's good to remember that grep operates line by line, i.e. matches separated into two

lines are not found.
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Data handling

cscC
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» Directories containing tens of thousands of files are
often problematic ( use subdirectories and/or aggregation)

» It's usually faster to move one large file than many small ones

» On the other hand you should avoid too large files
« it's nicer to re-send one 100 GB chunk than the whole 1 TB file

» Consider compression

» Prefer file formats that have checksums or other verification
mechanisms

» Data should be packaged for saving in Archive server or IDA
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> tar

« concatenates a set of files into one file. Does not compress by
default

» preserves directory structure

many compression programs don’t handle directories well/at
all

answer: first tar, then compress
 making a tar package:

tar cf myfolder.tar myfolder
e Opening a tar package:

tar xf myfolder.tar

« checking tar file contents
tar tf myfolder.tar

Tar can automatically use gzip (z) and bzip2 (j) compression
tar zcft myfolder.tgz myfolder

http://research.csc.fi/csc-guide-packing-and-compression-tools#2.6.1
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File compression/decompression takes time, but
saves storage space and time on upload/download

* net gain depends on data size
Files used in bioinformatics (sequences, pedigree files
etc) are often text-based and compress well (to ~30%
of original size)

Compressed file formats typically include checksums

« if you can uncompress the file without error messages you
know your data is intact

Commonly used compression programs:
 Zip

* gzip

e bzip2

http://research.csc.fi/csc-guide-packing-and-compression-tools



28

> Zip
e compressing
zip myfiles.zip filel file2
* uncompressing
unzip myfiles.zip
» leaves origan file intact

» gzip
e compressing
gzip myfile
* uncompressing
gunzip myfile.gz
* replaces original file with the compressed file

> bzip2
» slightly better compression ratio than zip/gzip
mostly linux spesific
compressing
bzip2 myfile
uncompressing
bunzip2 myfile.bz2
replaces original file with the compressed file

csc
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» Linux
e tar, zip, gzip, bzip2 part of most standard distributions

» Windows
o 7-Zip
free
makes and opens tar, zip, gzip, bzip2
http://www.7-zip.org/

» Mac
 tar, zip, gzip available on standard installation

CscC
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Moving data
to and from CSC

http://research.csc.fi/csc-guide-moving-data-between-csc-and-local-environment

cscC



Moving data to and from CSC +

wget
N\ >
RADS CSC
N Computing
0 environment
Briowser

iIR@DS

Your colleague

wqet SUl
SUI ebDAV
rsync
i wqet
— N
Q S u
o IDA
WebDAV Long term FUNET
storage File sender
~

Browser

31



Scientist's User Interface +

> cec

HPC Computing
archive environment

Your colleague

N

N R
IDA ~ @
Long term FUNET
storage File sender

v

Browser

32
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» SUI Scientist’s User Interface

http://research.csc.fi/csc-guide-data-transport-with-scientist-s-user-interface

WWW based interface for CSC
MyFiles tool can be used for file upload and download

» Uploading files larger than 2 GB works on some browsers (Chrome, Safari)

GSI-SSH Console based SFTP for larger files

Lt Advanced Seanch
P LT I ‘irﬂa
T Qga-m== D d
WA SHORE (bl mall o) Lok pely iExtplan: charsat=y 133,28 kB

=TT I | 1herl. s applcationooiet-se 106 ME
s = 1bwl.msy applcatoniccie-ens 342,42 B
" L 330k 1kl pda iextplan charssizu 135.11 k&
" i

LT £ e Luow 500 Tl ChagsaI=L - 315,88 KE
* 2 CalraseFrengy_7009_01_13 8
TR Laow_lig.mdhb text'plang charssi=u 2,59 kB
S uinleing =
* 23 blaszge lzag_relakoinl car wiplan: charsar=u 303,37 kB
L ._TII.H!-.I'HI'.I'I_:!: ] Lrm.mss applcationiociel-sce 422,55 kH
=110 7 200508 22 KugamigtlaEuuden_ kasl.dog applcafonimsword 32,50 KB
* Dkin 3 J0OGTERE KTL_verailn SSCdoc appleationimsverd 3200 kB

—nnsr ] 00F0E1E_BIOVERKKD CSC EUFPT_preps applcatonimsverd 62,00 KB

JFF"Ir . £ Ihod pharmacuphore_crsial srucloreansy applicalionicclel-soe £24.17 kH
* 5 discevery = - -

T il 4 3,

* £ Calo e Frincipal s omponents SN il Rt
* 2 grid 1uter el FLiLT ] lextplan charssl-u 3£1.14 kH
el ,-,l A5 cah applcanon-shellEn 974 byios
¥ B2 lwborial | AK TR, sy applzationicciel-soe 337,00 kB
* 2 e5t_hakemisa 7 AKTE P e 171,93 kE

B i3 amsprRh Auo_ln_ducsing_Brzz.pdb lext'plan charsel=u ¥O1.15 kB
= 2 kanrd

L B e [P W (.

F O cairsbB &

[

CsC
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Traditional data transport tools

CSC
archive

CSC

Computing
environment

SUI

scp, rsync

WinSCP

Remote disk mounts

N
]

IDA
Long term

storage

Your colleague

N
]

FUNET
File sender

~
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» scp is a standard tool and works well
scp myfiles.tar.gz “userl@hippu3.csc.fi:$WRKDIR”
scp “userl@hippu3.csc.Fi:SWRKDIR/myfiles.tar.gz’

http://research.csc.fi/csc-guide-copying-files-from-linux-and-mac-osx-machines-with-scp

» rsync can be used for data mirroring and moving very large files and
directories
rsync -avz -e ssh my data kkayttaj@hippud.csc.fi:/wrk/kkayttaj

http://research.csc.fi/csc-guide-using-rsync-for-data-transfer-and-synchronization

» Several graphical file transport tools exisits
- e.g. Fugu for mac
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File transport tools for Windows <

» most commercial ssh programs have graphical file moving
interfaces

» commonly used PUTTY does not (it does have command line
based scp and sftp)

> W|nSCP iS gOOd free Option "3 wiki - My Server - WinSCP (=13

Ele Commands Mark Session Miew Help
Address | () fhome/matting/public_htmi/wikifwili/ v|E
. H H = = | T r T R a2
http://winscp.net/eng/index.php @ gRaxs s cEd S G-
dg =) My Server « Fu | B F - Defauk A - - [3] & -
= () 7 <root> Mame ~ Ext Size  Changed Rights ownes
B2 home 2] commanding. bt 3896 16.8.2006 13:00:22  rwr-r-  test
=0 g"":p ] corfig.txt 2605 23002006 1218118 rw-r-r--  best
= d::ta I';] 1716 3.4.2007 17:59:12 fi-r--t--  test
! [a'lzl ot E di 1861 25.3.2005 9:56:49 Pid=r=-t-- test
= [‘;:l public;_html E-:J [ 4245 31.5.2006 14:43:29 FW-r--F-- tesk
[l wii E_é':] q.kxk | 5234 29.1.2007 14:30:26 Fu-t-f-- kest
T wiki [5¥ran_commandine. bxt 102 17122004 12:45:36  rw-r--r--  test
53 sewet %] Faq_dir_default.bxt 1216 15.8.2006 22:25:56  rw-r-+--  fest
E] faq_download_temp. .. 743 15.12.2005 23:10:24  rw-r--r--  best
& | i
11 4426 of 21698 B in4 of 9 = SFTP-3 -=l' 0:01:33
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Fuse ( linux) OSXFUSE (Mac) allow
you to mount you disk areas at CSC to
your local computer

With this arrangement you can use o

locally installed tools to work with data =" :

Date Modified |
L L — A T
- Mattila_and_Haltia_Proteins_2005.pdf Aug 24,2005, 8:52 4M 1)
that Iocates at CSC | =__-;=) Cartman #® korttijpg Dec 23, 2005, 1:33 PM |

|| =

| - ; Z2hud_pharmacophore_crystal_structure.msv Jan 22, 2009, 2:05 PM
m 7" palvelunomistajat_20.06.2005.zip Jul 1, 2005, 12:57 PM
IEm _| lipase_dock_1.3.06.psv Mar 1, 2006, 5:58 PM
| /Eﬁ:‘]\ METAWRK = ) final.pdb Aug 8, 2005, 2:23 PM
I— # DS_tutorial.ps Oct 24, 2008, 12:05 PM
. . & 3 E Deskiop T sh2nuoli.psv May 18, 2006, 3:07 PM
Can be used in to link CSC directories
(j_‘\‘ kkmawil || ® hexakuva2jpg Mar 25, 2008, 3:08 PM
. . . . . | =| reporterlist.txt Mar 20, 2006, 4:56 PM
to VI rtu al m aC h I n eS (I I n UX) ru n n I n g | n H Documents ¥ DS_tutorial2.ps Oct 24, 2008, 12:06 PM
1=

9 Tzrnmsv Aug 20, 2007, 9:02 AM

- | % Movies # nammalal.jpg Dec 23, 2005, 12:49 PM
Cpouta CIOUd SerVICe # hakemistot2.ps Dec 19, 2006, 9:52 AM
| & Music : gaps.grd Jun 21, 2005, 9:49 AM
| _| 1zag_telakointl.car May §, 2006, 7:09 PM
Y P_1ZAG_Apdb May 19, 2006, 5:53 PM 4[|
_ 1bvl.msv Jan 7, 2009, 10:26 AM v
( 4>
611 ftems, 1,000 G available 7

http://www.csc.fi/english/pages/data-services/transport/remote_mounts



Wget and curl: command line tools foHL
downloading files

CSC
Computing
environment

Browser

N
N
IDA ~
Long term FEUNET
w/ File sender

-

a

wget
curl
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- wget and curl are a simple command line tools to download data from a

given ULR
-handy tools to move a file from internet to the servers of CSC

Syntax:
wget URL
curl URL > file

For example:
wget ftp://hgdownload.cse.ucsc.edu/goldenPath/hg19/chromosomes/chrY.fa.gz

Use your local browser to locate the file you need and then download it directly
to CSC by using wget or curl command in Sisu or Taito.
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« wget and curl are general purpose tools for data download.
Some data sources can be used through source specific tools in Taito
« Ensemblfetch: download genomes form ensembil:

ensemblfetch pseudomonas aeruginosa_pa7

« Edirect package to download data from NCBI:

esearch -db nucleotide -query 'NC _009656" | \
efetch -format fasta > NC _009656.edirect.fna

« SRA-toolkit to download data from SRA databases:

sam-dump SRR490207 > SRR490207.sam
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FUNET File Sender

> cec

CSC Computing
archive environment

WQe Browser
wqet
N
¥/
IDA
Long term FUNET
storage File sender
~ .

A

Browser
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YV VY

YV V V

DropBox like service provided by CSC

Intented to be used as a replacement
for e-mail attachments

Browser based, no need for client
installations

Maximum file size 200 GB
Storage time 14 days

Uploaded data is readable to anybody
(who knows the link)

Can be accessed from CSC too with
wget and curl.

-

csc

. m = —? FILESENDEF}/ et e fetne® ey

Send File Guest Voucher My Files

Send a file

To:

From:

Subject: {optional)

Message: (optional)

Expiry date:

Select your file:

Help About Log Off

HTML 5 +

|Kimmo.Mattila@csc fi

Kimmo.Mattila@csc.fi

| Enter delivery email
) @ address{es)

@ Set expiry date.

|Test data for Taito

| @ Browse for a file.

is currently limited

This file contans test data for Taite

Filesize

to 50 GB. If you

need more space, please
contact noc@funet.fi

@ Click Send.

|25.01.2013

File Name: tophat_test.tgz
Size: 23.34 MB

I accept the terms and condit|
[Show/Hide]

Send

/home/kkmattil/Downloads/to| Browse... |

ions of this service.
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HPC-Archive and IDA storage services

Based on IRODS technology
(Integrated Rule-Oriented Data System)

http://www.tdata.fi/ida
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HPC archive

HPC-
archive

SuU

IRODS

CSC

Computing
environment

N
]

IDA
Long term

storage

Your colleague

N
]

FUNET
File sender

~



IDA storage service +

CSC
Computing
environment

Your colleague

iRODS
SUl
WebDAV
/\
IDA )
iRODS Long term FUNET
SUI storage File sender

WebDAV \\\___ﬂ///



46

cscC

» Storage service — not a mounted disk
* very large capacity
» for stabile datasets only
» retrieving the files may take a few minutes
— Speed: about 2 GB/min at the servers of CSC (1 TB takes ~ 1,5 days!)

» Can be accessed with SUI and IRODS commands: iput, iget etc.
* Visible to Sisu and Taito

» You have to reconfigure your IRODS connection when you want
start using another archive server.

» Avoid archiving small individual files on the servers
If you have to archive small files, you should first combine them to tar format and compress

http://research.csc.fi/csc-guide-archiving-data-to-the-archive-server
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IRODS based storage system for storing, archiving and sharing
scientific data

« The service was launched 2012. Guaranteed until 2017.
« Usage through personal accounts and projects
« Each project has a shared directory

« Speed: about 2 GB/min at the servers of CSC (1 TB takes ~ 1,5
days!)

« CSC host's the service but universities and academy of Finland
allocate the storage space

Three interfaces:

. WWW interface in Scientists' User Interface

« nhetwork directory interface for Mac and Windows

« command line tools (i-commands are available at CSC)
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Some iIRODS commands

iput file
iget file

ils
icd dir
irm file

imv file file
Irsync

imeta command

move file to IDA

retrieve file from IDA

list the current IDA directory
change the IDA directory
remove file from IDA

move file inside IDA

synchronize the local copy
with the copy in IDA

create a directory to IDA
Initialize your IDA account

manage metadata

~+-

cscC

IDA In Scientist's User Interface

BH s
1 CSC - IT Center for Science

cse Scientist's User Interface
Home m Contact
cscfi ) SUI ) Senvices ) My Files

ida:cscinternaliceskkmattilipairsdb_2011

My Places Filename Size | Owner
> thppu . nrdb90 fasta 297 GB kkmatt

*» Jloun )
4 % i ‘ka | ] nrdbso_nd (2 Open 12368 kkmatt

L/ mursi
b wuor | nribso_ne 123GB | kkmatt
¥
__:'l%acsc L] nrab90_ne  Download 83150MB  kkmatt
|| nrdbon_ole 17368 kkmatt
v [Sintemal =

v[ce || pairsdn_at 692 MB Kkmatt
¥ Emat 1 pairsah 8¢ — 902GB | kimat
M pairsdb 2011 (7 paisat & [1/Copy 9138 amat
all e . mal

> Bkos L o Cut
»[Cyshared WL pairsdb_9C 9.37GB klmatt
[] paitsdb_of ¢ SelectAl 961 MB Kkmatt
A pairstb_9¢ A Clear Selecton 555 GB kiematt
| pairsan_9¢ % Delete 862 MB kkmatt

£ Rename
5 Properties
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IDA

. Part of ATT, you need to

apply for a storage quota.

. Quotas granted by

universities and Academy of
Finland

« Several interfaces

(WWW/SUI, network disk, i-
commands)

. Internet accessible
. Project based structure
. Data can be made public

through Etsin (metadata)
and AVAA (data)

. http://avointiede.fi/ida

+

CsC

HPC-archive

Part of CSC computing environment
2,5 TB default quotas for CSC users
Usage with i-commands

Visible only to CSC environment
Personal storage area
https://research.csc.fi/csc-guide-

archiving-data-to-the-archive-
servers
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EUDAT https://eudat.eu/ EUDAT

B2DROP

« Secure and trusted data exchange service for researchers and scientists to keep their
research data synchronized and up-to-date and to exchange with other researchers

B2SHARE

« A user-friendly, reliable and trustworthy way for researchers, scientific communities and
citizen scientists to store and share small-scale research data from diverse contexts.

B2SAFE

« Arobust, safe and highly available service which allows community and departmental
repositories to implement data management policies on their research data across multiple
administrative domains in a trustworthy manner
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Module system on Taito

csc
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Different software packages have different, possibly
conflicting, requirements.

LMOD module system is used to manage software
and programming environments

module load biokit sets up most of the bioinformatics
tools (but not all the tools)

See software web pages for details
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Most commonly used module commands: 4

module
module

module
module

module
module

module

module
module

load modulename

csc

Loads the given environment module

load modulename/version

list
avail

spider
spider name

swap modulel module2

unload modulename
purge

List the loaded modules

List modules that are available to be loaded
(i.e. compatible with your current environment)

List all existing modules
Searches the entire list of existing modules

Replaces a module with a another module and
tries to re-load compatible versions of other
loaded modules

Unloads the given environment module
Unloads all modules
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Running jobs on CSC servers

CscC
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» Serial jobs
» Use only one core
» Many older bioinformatics tools

» Embarrassingly parallel tasks:
» Job can be split to numerous sub jobs

» You can use array jobs and splitting utilizing tools like pb blast,
cluster_interproscan, trinity, miso.

cscC
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Types of jobs +

CsC

» Threads/ OpenMP based parallelization
» Many bioinformatics tools use this approach. Bowtie2, BWA, Tophat, ....

> All the parallel processes must see the same memory -> all processes must run
within one node -> can utilize max 16/24 cores

> Applications rarely benefit from more than 4-8 cores
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Types of jobs

» MPI parallelization.
» Each task has own memory -> can utilize several nodes
» Check scaling before launching big jobs
» Using too many cores can actually make your job run slower

csc
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» Only applicable if your program supports parallel running

» Check application documentation on number of cores to use
 Speed-up is often not linear
 Maximum number of cores can be limited by the algorithms
* Using too many cores can actually make your job run slower

cscC
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» Typical interactive jobs
» Short jobs
» Serial jobs (or small shared memory parallel jobs)
» Software with GUI

» Typical batch jobs
» Long jobs
> Parallel jobs

» Jobs that need specific resources (e.g. hugemem nodes, GPU
nodes etc.)

csc



» Interactive jobs are best run on Taito-shell

Login to: taito-shell.csc.fi

Resources reserved automatically
Currently 4 cores/128 GB memory

no time limit on jobs

Note: screen/nohup will not work!
When you log out/disconnect all jobs will be killed

https://research.csc.fi/taito-shell-user-guide

» If the job:

Takes long
Can be run in batch mode
Can use more than one core

you should consider running it as a batch job

60
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» Only very small tasks should be done on the login nodes

» Any "real” jobs should be run on Taito-shell

> You can use command sinteractive to start taito-shell session in
Taito

» Bigger interactive jobs can be run on Taito by reserving
resources through the batch job system

» Mainly necessary if you need specific resources (e.g. more memory or
cores than in Taito-shell)

> https://research.csc.fi/taito-interactive-batch-jobs

cscC
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« Example using srun

srun —n 1 -mem=256000 -t02:00:00 --x11=First --pty $SHELL
module load myprog

myprog

Here the option "--x11=first" sets up the x11 connection so that graphical user
interfaces can be used, and option "--pty $SHELL" runs the default command
shell

 Example using salloc

salloc -n 32 --ntasks-per-node=16 --mem-per-cpu=1000 -t00:30:00 -p parallel
srun mdrun_mpi -s topoll -dlb yes

srun mdrun_mpi -s topol2 -dlb yes

exit
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» screen is a virtual window manager

available on Taito
your session stays "as is” even if you disconnect

> Basic commands

open a new screen
screen

list open screens
screen —Is

re-attach to a screen (if only one open)

screen —r

re-attach to screen with id 12345 (as shown by screen —Is)
screen —r 12345

detach from screen
screen -d

screen exits when all processes (including the shell) exit. Or type
Ctrl+a Shift+k

cscC
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» Using screen with Taito-shell

Open a connection to Taito:
ssh taito.csc.fi
Take note of the login node. Let's assume taito-login3.

Open a screen session using command:
screen -R

In the screen session, open a taito-shell session with command:
sinteractive

When you want to leave the session running in the background, detach from screen using Ctrl-a d.

Now you can logout from Taito, but your screen session in taito-login3 and the Taito-shell session within it is preserved.

To reattach to your session, connect first to the Taito login node where you have your screen session running. For example:
ssh taito-login3.csc.Fi

Then, reattach the screen session with command

screen -R
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» Steps for running a batch job

1. Write a batch job script

» Script format depends on server, check the user guides, e.g:
http://research.csc.fi/taito-user-guide
http://research.csc.fi/sisu-user-guide

* You can use the Batch Job Script Wizard in Scientist’'s User Interface:
https://sui.csc.fi/group/sui/batch-job-script-wizard

2. Make sure you have all the necessary input files where the
program can find them
e Usually best to use SWRKDIR
$HOME has limited space
* Login $TMPDIR is not available in compute nodes

3. Submit your job
sbatch myscript

csc
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» User has to specify necessary resources

« Can be added to the batch job script or given as command line
options for sbatch (or a combination of script and command line

options)

» Resources need to be adequate for the job

* Too small memory reservation will cause the job to use swap disk
(very slow) or even falil

 When the time reservation ends, the job will be terminated whether
finished or not

» But: Requested resources can affect the time the job
spends in the queue

» Especially core number and memory reservation

» S0: Realistic resource request give best results
* Not always easy to know beforehand

» Usually best to try with smaller tasks first and check the used
resources
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Batch Job Script wizard in Scientist’s User Interface

taito

[

v

v
Form

General

Job Name: test1
Shell- /bin/bash

Email Address: | ari-matti saren@csc fi
Output
Standard Qutput File Name: test_out-%;

Standard Error File Name:  test_err-%]

Computing Resources

Computing Time:  02:00.00
MNumber of Cores: 8
Memory Size: 4000

Script Commands

# example run commands
srun /my_mpi_program

#+-0

| 4 Script Result

#! /bin/bash -1

# created: Jan 15, 2015 12:55 PM
# author: saren

#SBATCH -1 testl

#SBATCH -o test_out

#SBATCH -e test_err

#SBATCH -n &

#SBATCH -t 02:00:00

#SBATCH —-mem-per-cpu=4000
#SBATCH —-mail -type=END

#SBATCH --mail-user=ari-matti.saren@csc.fi

# commands to manage the batch script
submission command
shatch [script-file]
status command
sSqQqueue -u saren
termination command
scancel [jobid]

For more informatiecn
man sbhatch
more examples in Taito guide in
http://research.csc.fi/taito-user-guide

#
#
#
#
#
#
#
#
#
#

# example run commands
srun . /my_mpi_program

# This script will print some usage statistics to the
# end of file: test_out-%j

# Use that to improve your resource request estimate
# on later jobs.

used_slurm_resources.bash

4+-0

csc



68

Batch Job Script wizard in Scientist’s User Interface

taito v Select applicatior v
|4 Form &% +=© |J Script Result S+=-0
v General #!/bin/bash -1
# created: Jan 15, 2015 12:55 PM
Job Name: test1 # author: saren
#SBATCH -J testl
Shell- Ihinfbash < #SBATCH -o test_out

#SBATCH -e test_err

#SBATCH -n 8

Email Address: ari-matti saren@csc fi #SBATCH —-mem-per-cpu=4000

#SBATCH —-mail-type=END

#SBATCH —-mail-user=ari-matti.saren@csc.fi

v Qutput .
# commands to manage the batch script
# submission command
shatch [script-file]
status command
Standard Error File Name:  test_err % squeue -u saren
termination command
scancel [jobid]

Standard Output File Name: test_out-%j

¥ Computing Resources
For more information
Computing Time: | 2:00:00 man sbatch : . . )
_ ) . gasamcxamples in Taito guide in
Computing time must be in format: hh:mm:ss //research.csc. fi/taito-user-guide

Number of Cores: 8
Supply computing time for a job in hh:mmi:ss format. Accurate estimation for
run commands

Y computing time will improve tumover time for the job S e
Memory Size: 4000 ki B ! mpi_program
# This script will print some usage statistics to the

~  Script Commands # end of file: test_out-%j

# Use that to improve your resource request estimate
# on later jobs.
used_sTurm_resources.bash

# example run commands

srun /my_mpi_program

cscC
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Submitting a Batch Job Scientist’s User Interface

» Go to My Files

> Select afile

» From the pop-up menu select "Submit batch job”

SUl / Services | My Files

.J Location

@ hitps:/fsul.csc filmy-filesfaito/$WRKDIR/raxml-test

.J My Files

» @ hippu
b @ sisu
hd g taito
» (L SHOME
- (& SWRKDIR
» ‘_} _STARtmp
» J eija-bowtie-test
¥ (L) kurssitestaus
» (LJ mrbayes-test

m

E § E =

O

@ Open
£ Edt

53 Submiit Baich Job
g Download Submit the selected file as a batch job to the job scheduler of the host

&) Pack

Name

(2] Copy
132Pla

ofF Cut

132Pla ﬁ Clear Selection

f> Select Al

mpi_en
¥ Delete

mpi_oy / Rename

mf:i_% 13} Properties

& +=@ J Search

csc

4 +-0

Type one or more keywords and press enter when ready

{5} Advanced Search

Type

text/plain

text/plain

application/x-empty

text/plain

text/x-shellscript

4 4+=0
Size  Owner
84.07kB  saren
5265kB  saren
Obytes  saren
1666 kB  saren

280 bytes  saren
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Example serial batch job script on Taito: ﬁﬂrb

cscC

#1/bin/bash -1

#SBATCH -J bowtie2
#SBATCH -0 output %j .-txt
#SBATCH -e errors_%j .txt
#SBATCH -t 02:00:00
#SBATCH -n 1

#SBATCH --nodes=1
#SBATCH --cpus-per-task=6
#SBATCH --mem=6000
#SBATCH -p serial

#

module load biokit
bowtie2-build chr_18.fa chr_18
bowtie2-align -p $SLURM_CPUS PER TASK chr_ 18 reads.fq > out.sam
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#1/bin/bash -1

cscC

» Tells the computer this is a script that should be run

using bash shell

» Everything starting with "#SBATCH” is passed on to

the batch job system

» Everything starting with "# ” Iis considered a comment

» Everything else is executed as a command

#1/bin/bash -1

#SBATCH -J bowtie2
#SBATCH -0 output_%j .txt
#SBATCH -e errors_%j .txt
#SBATCH -t 02:00:00
#SBATCH -n 1

#SBATCH --nodes=1
#SBATCH --cpus-per-task=6
#SBATCH --mem=6000
#SBATCH -p serial

#

modulle load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
chr_18 reads.fq > out.sam
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#SBATCH -J bowtie2

» Sets the name of the job

» Job names can be used to manage jobs, but unlike jobids
they are not necessarily unique, so care should be taken

- E.g
scancel —n bowtie?2

#1/bin/bash -1
#SBATCH -J bowtie2
#SBATCH -0 output %j -txt
. . #SBATCH -e errors_%j -txt
characters of job name are displayed. AU
#SBATCH -n 1
#SBATCH --nodes=1
#SBATCH --cpus-per-task=6
#SBATCH --mem=6000
#SBATCH -p serial
#

» When listing jobs e.g. with squeue, only 14 first

modulle load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
72 chr_18 reads.fq > out.sam
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#SBATCH -0 output %j -txt
#SBATCH -e errors_%j -txt

>

Option —o sets the name of the file where the
standard output (stdout) is written

Option —e sets the name of the file where possible
error messages (stderr) are written

When running the program interactively these would
be written to the command promt

What gets written to stdout and stderr depends on
the program. If you are unfamiliar with the program,
it’s always safest to capture both

%] is replaced with the job id number in the actual
file name

csc

#1/bin/bash -1

#SBATCH -J bowtie2
#SBATCH -0 output_%j -txt
#SBATCH -e errors_%j -txt
#SBATCH -t 02:00:00
#SBATCH -n 1

#SBATCH --nodes=1
#SBATCH --cpus-per-task=6
#SBATCH --mem=6000
#SBATCH -p serial

#

module load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
chr_18 reads.fq > out.sam
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#SBATCH -t 02:00:00 o
» Time reserved for the job in hh:mm:ss
» When the time runs out the job will be terminated!
» With longer reservations the job might spend longer
in the queue
> Limit for jobs is 3d (72h) . -
» if you require longer time, you can specify "longrun” e T
queue (Ilmlt 14d) #SBATCH -e errer:W;:txt
« In the longrun queue your job size is limited to one L
node #SBATCH --nodes=1

#SBATCH --cpus-per-task=6
#SBATCH --mem=6000
#SBATCH -p serial

#

modulle load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
chr_18 reads.fq > out.sam
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#SBATCH
#SBATCH

+

CScC
—--nodes=1

#SBATCH --cpus-per-task=6

» In this case we are running a shared memory program.
It must run inside one node, so we specify:

1 task (-n)
1 node (--nodes)

6 cores (--cpus-per-task)

» For a MPI program we would not need to run inside
one node, so we might specify simply something like: .cc.ci 5 vouies

#1/bin/bash -1

#SBATCH -0 output_%j .txt

#SBATCH _n 36 #SBATCH -e errors_%j .txt

#SBATCH -t 02:00:00
#SBATCH -n 1
#SBATCH --nodes=1

> Check software documentation #SBATCH —-cpus-per-task=6

#SBATCH --mem=6000

* Many bioinformatics software can not utilize more than one core #search —p serial

#

 Some can use threads and run as a shared memory job

*  Only very few utilize MPI module

load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
chr_18 reads.fq > out.sam
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#SBATCH --mem=6000 csc

>

vV VYV

The amount of memory reserved for the job in MB
« 1000 MB=1GB

—-mem should be used for shared memory (OpenMP) jobs
——-mem-per-cpu must be used for MPI jobs
 Example: Specifying --n 8 and —--mem-per-cpu=1000
reserves 8 GB memory (8 cores x 1 GB)

Keep in mind the specifications for the nodes. Jobs 7
with impossible requests are rejected #SBATCH —J bowtie2

#SBATCH -0 output_%j .txt
#SBATCH -e errors_%j .txt
#SBATCH -t 02:00:00

If you reserve too little memory the job will use } A

#SBATCH --nodes=1

swap disk and become very slow ey, g
#SBATCH -p serial

#

If you reserve too much memory your job will spend ... 10a siokie

bowtie2-build chr_18.fa chr_18

much |0nger in gqueue bowtie2-align -p $SLURM_CPUS_PER_TASK

chr_18 reads.fq > out.sam
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#SBATCH -p serial
» The queue (partition) the job should be submitted to
» You can check the available queues with command
sinfo —I
» Available queues in Taito:
#SBATCH -J bowtie2
serial (default) 16 (1 node) 256 GB #SBATCH -0 output_%j .xt
#SBATCH -e errors_%j -txt
parallel 448 (28 nodes) 3d 256 GB #SBATCH -t 02:00:00
#SBATCH -n 1
longrun 16 (one node) 14d 256 GB SRR - OCEs=1

#SBATCH --cpus-per-task=6
#SBATCH --mem=1000
#SBATCH -p serial

#

hugemem 32 (one node) 7d 15TB

test 32 (2 nodes) 30 min 64 GB

modulle load biokit
bowtie2-build chr_18.fa chr_18

bowtie2-align -p $SLURM_CPUS_PER_TASK
77 chr_18 reads.fq > out.sam
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Choosing processor architecture

For Haswell:
#SBATCH --constraint=hsw

For Sandy Bridge
#SBATCH --constraint=snd

» Necessary if code has been compiled with processor-specific optimizations

> Often not necessary

» Check software web pages
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modulle load biokit ‘

bowtie2-build chr_18.fa chr_18 €sc
bowtie2-align -p $SLURM_CPUS_PER_TASK chr_18 reads.fqg > out.sam

» Remember to load modules if necessary

» By default the working directory is the directory where you submitted the job
* If you include a cd command, make sure it points to correct directory

» Command syntax depends on the software
* It's not enough to reserve the cores: Also remember to tell the program to use them!

* See application documentation for correct syntax
* You can use system variable $SLURM_CPUS_PER_TASK

» MPI programs must be run through srun. Depending on the software you may
need to specify some additional options
»  See application documentation for each software

*  For example:
srun raxmlHPC-MPI -N 100 -n testl -s coxl.phy -m GTRGAMMAI
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Best suited for running the same analysis for large number of files

Defined by adding --array option to batch job script

Can be defined as a range or a list. For ranges step size can be defined
#SBATCH --array=1-50

#SBATCH --array=1,2,10

#SBATCH --array=1-100:20

When run, variable $SLURM_ARRAY_TASK ID will be replaced with
the current array job index

Note that the range of the $3SLURM_ARRAY_TASK _ID variable is limited between 0 and 896

Note that the batch job script is executed for each iteration, so things
that should be done only once should not be included in the script
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#1/bin/bash

#SBATCH -J array_job

#SBATCH -0 array_ job out %A %a.txt
#SBATCH -e array_job _err_%A %a.txt
#SBATCH -t 02:00:00

#SBATCH --mem=4000

#SBATCH --array=1-50

#SBATCH -n 1

# run the analysis command
my prog data ${SLURM_ ARRAY_ TASK ID}.inp data ${SLURM ARRAY TASK ID}.out

In this example the actual command run at each iteration will be:
myprog data_l.inp data_l.out
myprog data_2.inp data_2.out

myprog data_50.inp data 50.out
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» Often it is easiest to use a list of input filenames

» You can use a combination of sed and the $SLURM_ARRAY_TASK _ID
variable

* To create a list of filenames
Is data_*.i1np > namelist

* To print a single row in a file by row number:
sed —n "row_number'p inputfile

 Example commands in batch job script
name=$(sed -n ${SLURM_ARRAY_TASK_ ID}p namelist)
my prog ${name} ${name}.out
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#1/bin/bash -1

#SBATCH -J array_job

#SBATCH -0 array_ job out %j.txt
#SBATCH -e array_ job _err_%j.txt
#SBATCH -t 02:00:00

#SBATCH --mem=4000

#SBATCH --array=1-50

#SBATCH -n 1

# set Input file to be processed

name=$(sed -n ${SLURM_ARRAY_TASK_ ID}p namelist)
# run the analysis command

my_prog $name $name.out
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Slurm option

--begin=time

-Cc, --cpus-per-task=ncpus
-d, --dependency=type:jobid
-e, --error=err
--ntasks-per-node=n

-J, --job-name=jobname
--mai l-type=type

--mai l-user=user

-n, --ntasks=ntasks

-N, --nodes=N

-0, —-output=out

-t, --time=minutes

—--mem-per-cpu=MB

—p

cscC

Description

defer job until HH:MM MM/DD/YY
number of cpus required per task

defer job until condition on jobid is satisfied

file for batch script's standard error

number of tasks per node

name of job

notify on state change: BEGIN, END, FAIL or ALL
who to send email notification for job state changes
number of tasks to run

number of nodes on which to run

file for batch script's standard output

time limit in format hh:mm:ss

maximum amount of real memory per allocated cpu
required by the job in megabytes

Specify queue (partition) to be used. In Taito the
available queues are: serial, parallel, hsw_par,
longrun, test and hugemem.
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SLURM:
Managing batch jobs in Taito

cscC
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» The script file is submitted with command
sbatch batch_job.file

» sbatch options are usually listed in the batch job script, but they
can also be specified on command line, e.g.
sbatch -J test2 -t 00:05:00 batch_job file.sh

» Job can be deleted with command
scancel <jobid>



CcSscC
» The job can be followed with command squeue:
squeue (shows all jobs in all queues)
squeue —p <partition> (shows all jobs in single queue (partition))
sgueue —u <username> (shows all jobs for a single user)
squeue —j <jobid> (shows status of a single job)

» To estimate the start time of a job in queue
scontrol show job <jobid>

row "StartTime=..." gives an estimate on the job start-up time, e.g.
StartTime=2013-02-27T19:46:44 EndTime=Unknown
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» Command sacct can be used to study past jobs

« Usefull when deciding proper resource requests

sacct

sacct -1
sacct —j <jobid>
sacct —-S YY:MM:DD
sacct -o

Short format listing of jobs starting
from midnight today

long format output

iInformation on single job

listing start date

list only named data fields, e.qg.

sacct -0 jobid, jobname,maxrss,maxvmsize,state,elapsed -j <jobid>

88
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» You can check available queues on each machine with

command:
sinfo -1

PARTITION AVAIL TIMELIMIT  JOB_SIZE ROOT SHARE

serial* up 3-00:00:00 1 no YES:4
parallel up 3-00:00:00 1-28 no NO
longrun up 14-00:00:00 1 no YES:4
test up 30:00 1-2 no YES:4
hugemem up 7-00:00:00 1 no YES:4

GROUPS NODES

all
all
all
all
all

525

525
525

4

2

STATE NODELIST

mixed c[5-497,500-505,508,510-516,518-528,570-576]

mixed c[5-497,500-505,508,510-516,518-528,570-576]
mixed c[5-497,500-505,508,510-516,518-528,570-576]
idle c[1-4]

mixed c[577-578]
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sjstat -c

Scheduling pool data:

1L
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» You can check available nodes in each queue with command:

serial™*
serial™*
parallel
parallel
hsw_par
hsw_par
longrun
longrun
test
hugemem

258000Mb
64300Mb
258000Mb
64300Mb
128600Mb
258000Mb
64300Mb
258000Mb
64300Mb

1551000Mb

14
500
14
500
397
10
500
8

4

2

0
88
0
88
304
6
88
0

4

1

bigmem
bigmem

hsw
hsw

bigmem

bigmem
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Command
srun
salloc
sbatch
scancel
sinfo
squeue

smap
sjstat

scontrol
sacct

csc

Description

Run a parallel job.

Allocate resources for interactive use.

Submit a job script to a queue.

Cancel jobs or job steps.

View information about SLURM nodes and partitions.

View information about jobs located in the SLURM
scheduling queue

Graphically view information about SLURM jobs,
partitions, and set configurations parameters

display statistics of jobs under control of SLURM
(combines data from sinfo, squeue and scontrol)

View SLURM configuration and state.

Displays accounting data for batch jobs.
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pouta.csc.fi cloud service

https://research.csc.fi/pouta-user-guide

CscC
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« Infrastructure as a Service (laaS) a type of cloud computing service
« Users set up and run virtual machines at the servers of CSC ( Taito)

« Motivation: The user does not need to buy hardware, network it and
Install operating systems, as this has already been handled by the cloud
administrators

« Ready made virtual images available for CentOS, ScientificLinux and
Ubuntu.

« Independent from the CSC environment (no direct connection to CSC
disk environment and software selection).

« Possible solution for cases where the normal servers of CSC can't be
used:(very long run times, unusual operating system or software
selection.)
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« Send a request for Pouta access with the MyCloud Projects tool in Scientist's
User Interface. {hifps://research.csc.fi/pouta-application)

« Once you have the access, log in to Pouta-portal:
https://pouta.csc.fi

« Set up and launch a virtual machine according to the instructions in the Pouta
user guide:

https://research.csc.fi/pouta-user-guide

« Login to the virtual machine with ssh and start using your virtual server.
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Cloud environment virtual machine
Chosen by the user

Irpgs}%?éled by the user, the user has admin

Managed by the user

gfs%rn?\?nsgmrﬁé%ﬁ%%%onsmlIlty: e.g. patching

The us?r is free to use or not use a batch
jOb S

The user can decide on versions.

Can save as a Virtual Machine image
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tiny
mini
small
medium
large
bigroot

fullnode

Cores

12

16

16

Memor

1GB

3,5GB
15 GB
30 GB
45 GB
60 GB

60 GB

(t000)
10 GB
10 GB
10 GB
10 GB
10 GB
80 GB

10 GB

Disk
(ephem
eral)

110 GB
110 GB
220 GB
440 GB
660 GB
500 GB

900 GB

(total)
120 GB
120 GB
230 GB
450 GB
670 GB
580 GB

910 GB

Memor
ylcore

w

~ b~ B

+
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Billin
Units/h

16
24
32

32



