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1. HPC Resources

A. Hardware

i.  Configuration Overview
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How to access HPC systems

1. All paths via LOGIN nodes

HPCAS& / I loginnode" 2, Ay o . = gatewayle Loginnode/ 7 * Hi BT P96 Ooo e kE HPQ
i wn3 loginnode/ login — " & yo.
(DNS' ¢ sH T QS/ AT AT AfF 4 T " & wo)
hostname login01 login02
DNS login O1.usc.unist.ac.kr login02.usc.unist.ac.kr

2. After a successful connection to login nodes

Login node/ ) 1 SSHSecure Shell) Qo 4 0§ A& / »1
hostt » 1 D BAyo.
Disk quota

-

HPaE Oo file systemdk Lustrer e t h

6 O o= q home

parallel file system server/ A " h Wy o .
1. home directory

Ooe 1 home YE = —A € /uhome ®n/

3 @ng command?’ £ . Az Yyo.

, home dirsk qouter € 50GBr H f {

2 Ay o .F s fhostname]d i o

work directory € © "Ex N1 VT

Ifs quota -u [username] -h [ s $ane Birectory path]

ex) Ifs quota -u exampleuser -h /uhome/ exampleuser

© § Qe g Uhome directory € O# ~ databackup Yyo .
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2. work directory

Work directo ryr . T K /uwork/$Usert H

work directoryq disk qouter € 1TBr H t directory € home dire ctory¥ ¢! ~ data backup=|= Hn QA

Yo .M+ 'y CO. datal€ = eqT ot H™ sVF Hi

1YV X% datal /home/$userdon/ e » M'E%.
HPCs
1. Leopard

A. System Overview

Hostname Leopard
Number of node( # of core) 28 node (224 cores), 8cores/node
Processor Intel Xeon E5540 2.53GHz
Memory 24GB per node
0OS Linux CentOS 6.5
Interconnection 1G Ethernet between computing nodes
10G network to parallel file system from leopard switch
Storage /uhome, /uwork in Lustre parallel file system




B. Job Queues and PEs

Queues
gueue name wall clock time available cores available PEs
leopard -short.q 48 hours - leopard-short
leopard-normal.q 168 hours - leopard -normal
leopard-long.q 504 hours 80 leopard-long
leopard-serial.q no limitation 16 -
wall clocktime$+ ~“ou ME 1 € ®—n "neg,t & O—" " » u E queuele leopard-short.qi y o .

Parallel Environment(PE)s

PHE queue name @ - Yyt AYyo. Qs " leopard-normal.qh Q «~ A job submit A leopard-

normalper Qo - vo.e® ~ leopard-long.qn O~ A/ I€ leopard-longpen Qo - yo.

Also, very careful thing is here.

computing node/ "AIE physical core¥ - E corer w" O~ yo. leopard systemk node': 8coren " M~

1 b1T Qoo K€ corew@By Ho" Qo - Yo .(ex. 8,16 320 . )

Resource quota

Ay O . PE job node/ 'AKE 40core n
=|=“ sequential job node / "AKE 12corel R, fe A QH% " % Yo .leopard27’ leopard28 k sequential job

HPGr resourced ) O oL §  — resource :: a7NVF £ saHE

node: W O . Jobstatus” wait ™ A resourcen 1 x t Qo km 4+ A énvyo.
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2. Lion

A. System Overview

Hostname Lion
Number of node(# of core) 41 nodes (584 cores), 12cores(25nodes), 16cores(Onodes), 20cores(7nodes)
Processor Intel Xeon X5650 2.66GHz, Xeon E5-2670 2.60GHz, E52670v2 2.50GHz
Memory 24GB(25n0des) + 64GB(16nodes)
(O Linux CentOS 6.5
Interconnection 1G Ethernet between computing nodes
10G network to parallel file system from lion switch
Storage /uhome, /uwork in the Lustre parallel file system

B. Job Queues and PEs

i. Queues
gueue name wall clock time available cores available PEs notes

lion-short.q 48 hours - lion-short
lion-normal.q 168 hours - lion-normal
lion-long.q 504 hours 80 lion-long
lion-octa.q unlimited - mpi_1~mpi_16 these queues are allowed
lion-deca.q unlimited - mpi_1 ~ mpi_20 to specific groups
lion-serial.q unlimited 12 -




Parallel Environment(PE)s

PEE queue name¢ ~ - Hi ZAYo.Q o= " lion-normal.gh O~ A jobsubmit A lion-normalpen O

o - vyo.e® ~ Jon-longgn O~ A/ IE lion-longpen’ Qo - yo.

Also, very careful thing is here.

computing node/ 'AlE physical core¥ - E corer @wn Qo wo. lion systemX lion01 ~ lion25 € node':
12coren " N bT Qoo € corew(12yr HoN O —  wo.ex. 12,24, 360. 7" 17 lion26/ "AlE
/ Ap rulex 4 cHR QAyO.

-

Resource quota

P Use 'AlE resourcey s L ;  — resource :: sV# £ sHI BAyo.PEjobnode/ 'AlE 48core
n £ sequential job node/ Al 18coreé N: feA QoS " ® wo.lion0L lion02IE sequential job & y

O . Job status" waitr ™ A resourcen 1T X * O o en L A &nyo.



3. Falcon

A. System Overview

Hostname falcon
Number of node(# of core) 16 nodes (320 cores)
Processor Intel Xeon E52690v2 3.00GHz
Memory 128GB
oS Linux CentOS 6.5
Interconnection 1G Ethernet between computing nodes
1G network to parallel file system from lion switch
Storage /uhome, /uwork in the Lustre parallel file system

B. Job Queues and PEs

i. Queues
gueue name wall clock time available cores available PEs
falcon-short.q unlimited - mpi_1 ~ mpi_20, falcon -short
falcon-normal.q unlimited - mpi_1 ~ mpi_20, falcon -normal
falcon-long.q unlimited - mpi_1 ~ mpi_20, falcon -long




4. Eagle

Parallel Environment(PE)s

mpilS mpi200 N ¥ falcon-short, falcon-normal, falcon-longk PE jobl W Ay o . falcon-
short/normal/long k (mpil-mpi20 £ £ Q) allocation rules$ & s+ BAyo :: queuen O oA v = core
w d° o 4 Qo - Yyo.(ex. 20, 40, 600)

mpir O « syntaxt€ mpi_[digit 1] [digit2] =|=q [digit2 ]i€ solving  total coren | e [digitl] £+ T hode:
solving core @9 . wo.[digit]] £ [digi2] O0 ==®- He [digit2]T - ®4 - o .(ex. mpi_l2, mpi

4 8, mpi _5 100)
Notices

- Falconclusterl€e Y, Ad bt We Qs b1 / Oc "2 yo.

A. System Overview

Hostname eagle

Number of node(# of core) 31 nodes (620 cores)

Processor Intel Xeon E52690v2 3.00GHz

Memory 128GB

oS Linux CentOS 6.5

Interconnection Infiniband(40G) network between computing nodes
Infiniband network to the parallel file system

Storage /uhome, /uwork int he Lustre parallel file system
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B. Job Queues and PEs

Queues
gueue name wall clock time available cores available PEs
eagle-short.q unlimited - mpi_1 ~ mpi_20, eagle-short
eagle-normal.q unlimited - mpi_1 ~ mpi_20, eagle-normal
eagle-long.q unlimited - mpi_1 ~ mpi_20, eagle-long

Parallel Environment(PE)s

mpi_1S mpi 20 M ¥ eagle-short, eagle-normal, eagle-long = PE jobl e W

_Ayo. eagle-
short/normal/long k (mpil-mpi20 E £ Q) allocation rules$ & sH 1

_ queue’ O <A v > core
w d° o 4 Qo - Yyo.(ex. 20, 40, 600)

mpi O - syntaxt€ mpi_[digit 1] [digit2]=|=q [digit2 ]i€ solving  total coren | e [digitl] £+ T hode:
solving core @9 . wo.[digit]] E [digit2] 00 ==®d—- He [digit2l —®*4 -  wo .(ex. mpi_l2, mpi

4 8, mpi _5 100)
Notice

Eagle systemk node’ A 1 1" 40GB/sf Infiniband networkt _ "EH %
networkOo 40H h° yo.

AYo . F5 4T € Ethernet
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2. Software

A. Compilers

GNU 4.4.7

leopard, lion, falcon, eagle
Intel composer xe 2013

PGl 14.3 lion
B. Libraries
Classifcation _|Lbarles  [nswledsysems |

OpenMPI 1.6.5
OpenMPI 1.8.1 _

Parallel libraries MPICH-1.2.7p1 leopard, lion, falcon, eagle
MPICH2-1.4.1p1
MPICH-3.1.2 lion, falcon
FFTW 2.1.5

Mathematical libraries FFTW 3.3.4 leopard, lion, falcon, eagle
Intel MKL




C. Computational Packages

Classification Applications Installed systems
ABAQUS 6.142
ANSYS CFDFluent
Commercial COMSOL Multiphysics 5.0 leopard, lion, falcon, eagle
VASP 5.3
Gaussian 09
GROMACS
LAMMPS

Open Source leopard, lion, falcon, eagle
Quantum Espresso

R Source

¢ NOTICE: &+ mw 4 | -~ 1 package &t - W , - $L licensedt f pt -~ dt v 4N TA  Dn3oy
3. Environment Settings

A. Overview

USGE § Ny © 6 software/ b A modulel ; e H Ay o .USC hasimplemented module environmenttomanageu s er s &
€A D O K
H, Fpt HIbT €8 =3 § W or,afFWis 17 YL At N—  EH UNIXo =Y GK Qoo e 4
N M3 Qo K€ Qoe/ T K-T - wmbo Wo.u¥/ e HPCsysteny Al £F -~ kE o guyl Hn ~

Ay o .Module filel Y'E 1 ®A % modulel rl oadR® runl oadRpo.1"
T Qoo " %T Ar.flideRs | N modulefile Ll n

environment for all software installed in our HPC systems/ O «= 6 E T, V € mml — HPC A

s modulesysteml O o

. W @Avo.

modue L O« = Ha . 7T,afFWi1> _ 17 MAN_ T YL %+ L 07 n
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HPCsystem/ A" a$ YEY" L = 1. fli @ e R+ userenvionmentn _ "E d

module L O« 3 =% 0~ userenvionmentn £ 72

15

. — Hn, (default € bash shell),

. Module commands

®n I module/ b commandiiyo .
$ module help
rhelpRR'HE @n¥ ~+ AoYywo.(helpr 0o n Qony ¢® ~ AoYyyo)

Available SubCommands and Args:
+ add|load  modulefile [modulefile ...]
+ rmfunload  modulefil e [modulefile ...]
+ switch|swap [modulefilel] modulefile2
+ display|show modulefile [modulefile ...]
+ avall [modulefile [modulefile ...]]
+ purge

+ list

$ module list
- modulefle L A0 wyo

$ module avail

Oo o Blro o modulefledl Ao yo.
$ module purge

- loady modulefile L o y unload yo.

- 14 -



$ module load moaulefile
rmoaulefileRL load o .
$ module unload moaulefile

rmodulefiler L unload o .

$ module switch modulefile_old modulefile_new

rmodulefile_oldr\L rmodulefile_newR n .

$ mod ule show moaulefile

Yo .

rmodulefile R PATH, LD _LIBRARY_PATH, MANPATH,etc n, K HI L Ao wyo.
4. Job Submission
A. Overview
USQ@ "AlE O o= " coden — A queue systeml Oo - yo.er USC Al Qoo g ' a3 Oo d
1" — SGE(Sun Grid Engine) Q< 4 jobl’® = yo.
B. SGE commands
Commands Example Description
gsub gsub job_script_file_name submit a job.
gstat show job status oneself
gstat - :
gstat -u *S show job status for all users
ghost ghost show computing node status
qdel gdel job_ID cancel a job

- 15 -




qdel -u user_ID (user$ all job cancelled)

gconf -sql

show all queue list

gconf -spl

show all pe list

gconf fsq queuename

show about 1 q u e u e ndataledR

gconf gconf -sul show all user list
gconf -srgs show resource quota policy
gconf -shgrpl show host group list
gconf -sc show complex attributes
C. Serial Job
#!/bin/bash
#$ -V # job submit node shell computing node (default)
#$ - cwd # directory directory
#$ - N serial_job # Job Name . job_script
#$ -q leopard - serial.q # gueue name
#$ - S /bin/bash # shell selection
#$ -wd/ uhome/ <user0l >/serialtest # directory directory (pwd)
# /uwork /<user01>
# cwd
#$ -1h_rt=01:00:00 # (hh:mm:ss) (wall time clock).
#

. letc/profile
module load intel/mkl
Jexecution_file_name

-10.1.3
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D. Parallel Job

#!/bin/bash

#$ -V # job submit node shell computing node (default)
#$ -pe leopard -normal 8  # parallel environment(pe) , core

#$ - N parallel_job # Job name. job_script

#$ -q leopard -normal .q # gueue name

#$ - S /bin/bash # shell selection users want use

#$ - cwd # directory directory

#$ -1 h_rt=24:00:00 # (hh:mm:ss)( wall time clock).

#

# job  wall time clock
/etc/profile
modul e load mpi/intel -11.1/openmpi -1.4.4 # ex) in case of OpenMPI -1.4.4
mpirun 1 machinefile $TMPDIR/machines I np SNSLOTS ./ exec ution _file

last updated Feb 22th, 2016 by DaeWoon Kwon.

UNIST HPC User Guide

1. HPC Resources
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A. Hardware
i.  Configuration Overview

UNIST Supercomputing Center(USC) has several High Performance Computing(HPC) systems and parallel file system to support
a variety of researches that find the secret in the universe. For those, we have four HPC x86 Linux clusters named it leopard,

lion, falcon, and eagle and Lustre parallel file system to be able to support high 1/0O throughput calculations.

At first, t he leopard sy stem was installed 2011. It consists of 28 computing nodes and each node has 8 cores. The
microarchitecture of leopard system is N ehalem. After leopard, we launched lion cluster. The lion is blade type. It has 41
computing nodes. The lion system consists of 12, 16, and 20 cores computing nodes. The falcon and the eagle system were
installed one after another. Those systems have newes t specification. The falcon consists of 16 computing nodes and the eagle

cluster has 31 computing nodes. Each computing node in those systems has 20 cores that are Intel lvy ~ -bridge microarchitecture .

Total number of cores in all HPC cluster are approximat ely 1,800. The HPC systems vary in the interconnection. Those are
connected from the 1G gigabit to the 40G infiniband connection. Detailed HPC system configuration in USC could be shown

by the following figure.

- 18 -
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How to access HPC systems

1. All paths via LOG IN nodes

We have two login nodes to access HPC system s. Login nodes are the main gateway to access to HPC systems. So, users

need to go through the login nodes to access HPC systems.

hostname login01

login02

DNS login O1.usc.unist.ac.kr login02.usc.unist.a c.kr

2. After a successful connection to login nodes

Users can access to all of HPC systems using Secure Shell(SSH) with passwordless. Just type issh hosthameSThatS alll.

Disk quota

USC has parallel file system that is made up by Lustre. So, all userS home and work directory locate s in the parallel file system

server. It is attached to the high performance network.
1. home directory

User$ home directory is located under /uhome. And all users have

a user takes disk space use this command.

up to 50GB home disk quota and can check how much

Ifs quota -u [username] -h [ s $ane Birectory path]

ex) Ifs quota -u smpark -h /Juhome/smpark

All usersShome directories are backed up for data safety.

- 20 -



2. work directory

The work directory has no limitation for disk usag e. However, it is not backed up unlike home directory.

directory like home directory. Comman path of work directory is /uwork/$USER.

HPCs
1. Leopard

A. System Overview

All users have work

Hostname leopard
Number of node( # of core) 28 node (224 cores), 8cores/n ode
Processor Intel Xeon E5540 2.53GHz
Memory 24GB per node
0OS Linux CentOS 6.5
Interconnection 1G Ethernet between computing nodes
10G network to parallel file system from leopard switch
Storage /uhome, /uwork in Lustre parallel file system

B. Job Queues and PEs

i.  Queues

- 21 -



2. Lion

gueue name wall clock time available cores available PEs
leopard-short.q 48 hours - leopard -short
leopard -normal.q 168 hours - leopard -normal
leopard-long.q 504 hours 80 leopard-long
leopard-serial.q no limitation 16 -

leopard-short.q has the highest priority. The longer wall clock
Parallel Environment(PE)s

PEs are high coupled with queue name. A user has to use leopard

normal.g. In the case of leopard -long.q, should be leopard -long pe.

Also, very careful thing is here.

Users have to use the number of cores same as physical cores in the computing nodes. The

time is, the lower priority is.

-normal pe when submitting a job using leopard

cores per node. So, users have to use multiple of the number of cores, 8.

Resource quota

For the fair usage of HPCs, there is a resource quota policy. Users can not take over 40 cores simultaneously in the

parallel job nodes and 12 cores in sequential job nodes.

ItS the po licy for the restriction of resource exclusive use.

A. System Overview

The leopard27 and leopard28 are for only sequential job.

Hostname

lion

- 22 -
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Number of node(# of core) 41 nodes (584 cores), 12cores(25nodes), 16cores(@nodes), 20cores(7nodes)
Processor Intel Xeon X5650 2.66GHz, Xeon E5-2670 2.60GHz, E52670v2 2.50GHz
Memory 24GB(25n0des) + 64GB(16nodes)
(OX) Linux CentOS 6.5

' 1G Ethernet between computing nodes
Interconnection . . )

10G network to parallel file system from lion switch

Storage /uhome, /uwork in the Lustre parallel file system

B. Job Queues and PEs

i. Queues
gueue name wall clock time available cores available PEs notes

lion-short.q 48 hours - lion-short
lion-normal.q 168 hours - lion-normal
lion-long.q 504 hours 80 lion-long
lion-octa.q unlimited mpi_1 ~mpi_16 these queues are allowed
lion-deca.q unlimited mpi_1 ~ mpi_20 to specific groups
lion-serial.q unlimited 12 -

Parallel Environment(PE)s

PEs are high coupled with queue name. A user has to use |

- 23 -
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3. Falcon

In the case of | ion-long.q, should be | ion-long pe. In case of lion -octa.q and lion -deca.q does not follow this policy.

Also, very careful thing is here.

Users have to use the number of cores same as physical cores in the computing nodes. The lion system has 12

cores per no de from lion01~lion25 . So, users have to use multiple of the number of cores, 12 in these nodes . From

lion26, this rule does not be applied.

Resource quota

For the fair usage of HPCs, there is a resource quota policy. Users can not take over 4 8 cores simultaneously in the
parallel job nodes and 1 8 cores in sequential job nodes. The lion01 and lion02 are for sequential job only.  It$ the

policy for the restriction of resource exclusive use.

A. System Overview

Hostname falcon
Number of node(# of core) 16 nodes (320 cores)
Processor Intel Xeon E52690v2 3.00GHz
Memory 128GB
(O Linux CentOS 6.5
) 1G Ethernet between computing nodes
Interconnection _ _ )
1G network to parallel file system from lion switch

- 24 -



Storage

/uhome, /uwork in the Lustre parallel file syst

B. Job Queues and PEs

4. Eagle

Queues
gueue name wall clock time available cores available PEs
falcon-short.q unlimited - mpi_1 ~ mpi_20, falcon -short
falcon-normal.q unlimited - mpi_1 ~ mpi_20, falcon -normal
falcon-long.q unlimited - mpi_1 ~ mpi_20, falcon -long

Parallel Environment(PE)s

Users can take parallel environment from mpi_1 to mpi_20 and falcon

-short/normal/long.

falcon-short/normal/long

PEs have core allocation rules, the number of core using calculation should be same as physical cores. 20, 40,60 0

Notices

Falcon cluster is for exclusive groups. It will take some time to open for general users.

A. System Overview

Hostname

eagle

Number of node(# of core)

31 nodes (620 cores)

- 25 .



Processor Intel Xeon E5-2690v2 3.00GHz

Memory 128GB
(O Linux CentOS 6.5
_ Infiniband(40G) network between computing nodes
Interconnection o )
Infiniband network to the parallel file system
Storage /uhome, /uwork in the Lustre parallel file system

B. Job Queues and PEs

i. Queues
gueue name wall clock time available cores available PEs
eagle-short.q unlimited - mpi_1 ~ mpi_20, eagle-short
eagle-normal.q unlimited - mpi_1 ~ mpi_20, eagle-normal
eagle-long.q unlimited - mpi_1 ~ mpi_20, eagle-long

ii.  Parallel Environment(PE)s

mpi_1 ~mpi_20, eagle-short, eagle-normal, and eagle-long pe are available to run ajob. eagle-short, eagle-normal,
eagle-long PEs have core allocation rules, the number of core using calculation should be same as physical cores.
20, 40, 60 0O

ili. Notice (Only in mpi_1 to mpi_20)
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Eagle system has Infiniband network tha t is able to communicate between computing nodes very fast, 40GB/s. It is
40x faster than Ethernet network theoretically. So, user does not need to match up the number of cores with the
physical number of cores.

2. Software

A. Compilers

Compilers Installed syste m
GNU 4.4.7

leopard, lion, falcon, eagle
Intel composer xe 2013

PGl 14.3 lion
B. Libraries

Classification Libraries Installed system s
OpenMPI 1.6.5
OpenMPI1 1.8.1 _

Parallel libraries MPICH-1.2.7p1 leopard, fion, falcon, eagle
MPICH2-1.4.1p1
MPICH-3.1.2 lion, falcon
FFTW 2.1.5

Mathematical libraries FFTW 3.3.4 leopard, lion, falcon, eagle
Intel MKL
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C. Computational Packages

Classification

Applications

Installed systems

Commercial

ABAQUS 6.142

ANSYS CFDFluent

COMSOL Multiphysics 5.0

VASP 5.3

Gaussian 09

leopard, lion, falcon, eagle

Open Source

GROMACS

LAMMPS

Quantum Espresso

R Source

leopard, lion, falcon, eagle

¢ NOTICE : When you want to use

illegal usage of license.
3. Environment Settings

A. Overview

USC has implemented module environmenttomanageuser s S

a commercial package for your research, please contact

envi

ronment

us first, due to prevent the

f onrour BIRCl systerosf Usevsaare e

required very often to define some variables that affect the en vironment on each HPCs. And the operation of the program s

executed under this environment. These environment variables are used to inform the HPC system the location of execution file S,

documentation, or related libraries. This would make new user or use

the modul e approach, however,

by the staff

users simply

- 28 -
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files.

Environment module approach updatesuser sS envi ronment Vv e rBATHLD 4 IBRARY PATH MANPATH | varigbles,
etc.

When your account is ma-fiéel ies RHBG amfgrsseré@msviorentedt@efault  bash shell). You can
modi fy tfhiilsesiRotto configure your environment firsthand. But, t

B. Module commands

To know how to use environment module approach, typ e the following:

$ module help
rhelpRoption displays as below. (not full result, select useful options)

Available SubCommands and Args:
+ add|load modulefile [moduléfile ...]
+ rmjunload  modulefile [modulefile ...]
+ switch|swap [modulefilel] modulefile2
+ display|show modulefile [modulefile ...]
+ avall [modulefile [modulefile ...]]
+ purge

+ |ist
$ module list

prints a list of the currently loaded modulefile.

$ module avail
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lists all the modulefiles which are available to be loaded.
$ module purge
unloads all loaded modulefiles currently.
$ module load modulefile
loads the modulefile.
$ module unload moadulefile
unload the modulefile.
$ module switch modulefile_old modulefile_new
switches the modulefile _old with moadulefile_new.
$ module show moaulefile
displays how the modulefile changes the environment such as PATH, LD _LIBRARY_PATH, MANPATH, etc.

4. Job Submission
A. Overview

USCuses the queuing system to run users Scode. We are using SGE(Sun Grid Engine) to hand le user$ job. This makes HPCs more

effective and gives users convenience within HPCs use.

B. SGE commands

Commands Example Description

gsub gsub job_script_file_name submit a job.
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