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Table 2 Ansys Roadmap 2021 2022 2023 2024 2025 2026
Red Hat Enterprise Linux R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1

RHEL &

Semiconductor applications only

RHEL 7.6 Enterprise

RHEL 7.7 Enterprise

SN AN

RHEL 7.8 Enterprise

R
{\

RHEL 7.9 Enterprise

N

RHEL 8.1 Enterprise

RHEL 8.2 Enterprise

NENENENANENEN

RHEL 8.3 Enterprise

NNENENENENENEN

RHEL 8.4 Enterprise

SNENSTA NSRS

RHEL 8.5 Enterprise

RHEL 8.6 Enterprise

SESTSNSNI SN AN

NENENENEN

RHEL 8.7 Enterprise

NNANENENEN
1.,\
1.,\

RHEL 8.8 Enterprise VR

RHEL 8.9 Enterprise v’ v v * v

RHEL 8.10 Enterprise v v ¥ v E

RHEL 9.3 Enterprise v F v ¥ v ¥

RHEL 9.4 Enterprise v v v *

008 HPC 0| H|O|M & RHEL 9.5 Enterprise 7 7+
0%0 RHEL 9.6 Enterprise Vs

tl'i-?"nEMI'O‘loiﬂ RHEL 9.7 Enterprise

=
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Table 6 Ansys Roadmap

Linux: 2024 2025 2026 2027 2028 2029
Rocky Linux ™ R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1
8.9 “Green Obsidian” v v’ v’ v’
8.10 “Green Obsidian” v’ v’ v’
9.3 “Blue Onyx” v’ v’ v’
9.4 “Blue Onyx" v’ v’ v’
9.5 “Blue Onyx” v v’
9.6 “Blue Onyx” v’
9.7 “Blue Onyx" v’
v" Ancuc Annliratinne and lirence Manacer * If feacihle

AMD Central Processing Unit Performance

[he performance of AMD 64-bit x86 processors 1s enhanced with AMD Optimizing CP

pending support of the AVX512 CPU include those shown in the table below.

HFSS Q3D PSi
9(0 o *
00 0 oM Hd AMD optimized yes no no
208 HPCOH{o[ ofe *
AVX512 no no no
Sl-a-;-l:IIEIAI'O"oiﬂ * Support vector instruction sizes of up to 256

Korea Computing Industry Association

Slwave
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LU Libraries (AOCL). To dat
matrix solver in the HFSS product supports the AMD Zend AVX512 CPU, resulting in enhanced performance.

e the direct

Ansys products

Maxwell

no
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In-house code (VASP, OpenFOAM....)

ZM ( Fluent, CFX, Star-CCM++....)

Master Cluster Node Master Cluster Node
GNOME Desktop GNOME Desktop Graphic Mode Compute Mode
=7} Ij7|X| :

Development tools Package
Compatibility Libraries Package
Network File System Client Package
Infiniband Support Package

39
Selinux Disable
Firewall Disable
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Ofofiol=Cll HOILt. 7|5 d-gotH S/H7 (2 HIS07 |7t 2S0ZIL}. O] S0 HIS/H7 1= =2 M0 X[oH0F ofl,
3771 2|2 E KO0 |x[aoF gtCt. (2H H{AI2 SSH Client, 24 HAI2 SSH Server?t AX|E HAFHE

o|n[gtt.)
. SSH F£2 AIZ5HH SSH Client7t 22 HAIS| HIZ747|9 27 HAIQ| HIZIHF|Z H| @M SO| URIGH=XIZ
SI0I5IC}

1 P =2 B

o Clrert !s:!smer SSH Cllent SSH Server
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Private Key Public Key id rsa
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RSA 1
DSA 2
of0
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I 4= (gu A8} 71E)
JH217| ~/.ssh/id_rsa
SH71 ~/.ssh/id_rsa.pub
known_hosts ~/.ssh/known_hosts (F&9t AH Fingerprint &%)
authorized_keys ~/.ssh/authorized_keys (2% 512 Z2Il7| 2|AE)
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# create key—pair

[root@master ~]$ ssh—keygen

Generating public/private rsa key pair.

Enter file in which to save the key (/root/.ssh/id_rsa):
Created directory '/root/.ssh'.

Enter passphrase (empty for no passphrase):

Enter same passphrase again: A
Your identification has been saved in /root/.ssh/id_rsa. ‘ SS h |OCa | hOSt E”——

Your public key has been saved in /root/.ssh/id_rsa.pub.

The key fingerprint is:
SHA256:TX8wijljDBsrx7FWYGDbuu/LV8TORV+BoF/+Ju8WDkFU root@master
The key's randomart image is:

[root@master ~]$ Il ~/.ssh
total 8
—rw——————- . 1 rocky rocky 2655 Jul 16 19:04 id_rsa
on0 —rw-r——r——. 1 rocky rocky 573 Jul 16 19:04 id_rsa.pub
208 HPCO|iztof1 v
[root@root ~]$ cp ~/.ssh/id_rsa.pub ~/.ssh/authorized_keys
SHAATEIAAI 3]

Korea Computing Industry Association



3. S2dAH #=

Cluster Setup : ssh 22I=

25 20| Tt S7H 7] copy =

ssh-copy-id -i ~/.ssh/id_rsa.pub root@111.222.333.444
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Cluster Setup — &t

2X| : /etc/profile.d/sshlessh.sh

#1/bin/sh
#/usr/local/dtk/bin/chk_user_n_node
#"$?" =="1"] && exit
##Passwordless ssh

if [1 —e ~/.ssh/authorized_keys ]; then
rm —f ~/.ssh/id_rsa* Y& /dev/null

fi

ssh—keygen -t rsa -C "

-N " —f ~/.ssh/id_rsa )& /dev/null

cp ~/.ssh/id_rsa.pub ~/.ssh/authorized_keys )& /dev/null
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Cluster Setup : 28 I

10.0.0.30 10.0.0.51

NFS Client

NFS Server

[root@storage ~]# dnf -y install nfs—utils

[root@storage ~]# vi /etc/exports

# create new

# for example, set [/home] as NFS share

/home/ 10.0.0.0/24(rw,no_root_squash)

[root@storage ~]# systemctl enable ——now rpcbind nfs—server

[root@storage ~]# firewall-cmd ——add-service=nfs

success

# if use NFSv3, allow follows, too

[root@storage~]# firewall-cmd ——add-service={nfs3,mountd,rpc-bind}
success

[root@storage ~1# firewall-cmd ——runtime-to—permanent

success
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ption Description
rw NFS 220] 5t Q17| 2! M7| QXS D= {25 L}
ro NFS 20N 217] LTt 51!t
sync HA LHE0| QPG XMl A A AHEIE S02F Y| SERILICE (7122
async 0] SMZ AIZotH NFS M7t NFS Z2EZS 2|85t oS Q0| Qg HE A0 QPEXQI AEZ|X|0| AHBIE[7]| Mo Q0| SEE + USLIC
secure 0| SME Ar2512{H 20| IPPORT_RESERVED(1024)=LC} =22 OIE{Yl EOf|A| A|RtE|0{0F SILICt (7|22}
insecure 0] SN2 ZE ZEE 5E&UC
wdelay CHE 23 M7 Q0| 21 SO|HLE &2 T2fet 02 OME|= AR CIAI0| M7 @FZ ofZt X|HAIZULL (7122
HIS7|3t Y0 QO™ 0| M2 St7} UELICEH NFS A= QBN OZ CH2 3 M7| Q0| XIg FO0|HLL 2 TS 7102 OME= AR
no_wdelay C|A 0] CHSE M7 O"éj% k7t X|HAIZILICE, O|ZA| oFH S Ho| MAOZ 02 71| M7| QFHE AT HBE £ JCEE H50| SHdE &
- UELICE NFS M7} =2 & Qs A2 QS Llots 22 0| &2 HHME 452 XNoIAZE = JLEZE no_wdelayE AHE5H0 0] S22 oA
=+ UL
subtree_check |0] SM& MEHGIH 51 E2| &010| &MSHEILICE (7|23
no_subtree_check [0] M2 o2 E2| ZAIS H[ZM3I6tEZ HOM0| F7to| FEkS DO|X|X|2H AR MM = A™HNES SAAZ = JASLIC
root_squash U'd/ d 09 232 Y uid/gid0ll FLFLICE, ALSAt §l EE 18 ABIQL 20| £Z0| RIZE 4 Q= LI2 uid EE gidols MBEIX| eH=CHs FHoj
- OISIMIL.
no_root_squash -%E AZA T17]. O] ML =2 ATV} Q= Z2210|AHEN| L8 LT
all_squash D= UID2 GIDE H AFZXL0]| DHLSHL|CE NFS LHEH 270 FTP CIAE 2], 5A AZ ClAHEZ| S0 KL},
no_all_squash DE AZAME BLICH (7122
000 _ L _
c@o HPC O|H|O|M e anonuid=UID PPl &2 A AFY uidet gidS BAIMOZ AFJULICE 0| g82 2 HE Q0| ot ASAZRH 2 2XE H0|7|S Hok= PC/NFS
0%0 2210|E0]| SEEILICE. O|Z S04 Of2f 0% MM /home/joedil CHEH LIELHY| E20IM RE QM uid 1500] IHLGH= 42 M2 HAIR.

SHR 2 TEIALI S 3] anongid=GID 2| 217|(2l™ o10|C|=UID)
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10.0.0.30 10.0.0.51

NFS Server

NFS Client

root@node01 ~]# dnf -y install nfs—utils

[root@node01 ~]# mount -t nfs master:/home
[root@node01 ~]# df —hT /mnt

[root@node01 ~]# vi /etc/fstab
# add to the end : set NFS share
master:/home/ /home nfs defaults 0 0
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Cluster Setup : AlZt S715t (Master)

Step 1 oM 24 HEE 20l

[root@node01 ~]# timedatectl
Local time: Mon 2024-06-10 19:47:46 KST
Universal time: Mon 2024-06-10 10:47:46 UTC
RTC time: Mon 2024-06-10 10:47:34
Time zone: Asia/Seoul (KST, +0900)
System clock synchronized: no
NTP service: inactive
RTC in local TZ: no
[root@node01 ~]#
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Cluster Setup : A|Zt 718t (Master)

Step 2 2t Time ZoneO| & A™E N U=HL Time Zone 24

[root@node01 ~|# timedatect| set—-timezone Asia/Seoul
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Cluster Setup : A|Zt 718t (Master)

Step 3 chrony &X]

[root@node01 ~]# dnf install chrony

Sterp 4 chrony configure

vim /etc/chrony.conf
# pool 2.centos.pool.ntp.org iburst
server time.bora.net iburst
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Cluster Setup : A|Zt 718t (Master)

Step b 8 A A5 15 28

systemctl enable chronyd
systemctl start chronyd]

Sterp 6 timedate ntp on

timedatectl set—ntp true
systemctl restart chronyd
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Step 7 chronyd 7+ &9|

[root@node01 etcl# timedatectl status
_ Local time: Mon 2024-06-10 20:09:33 KST
[root@kcia01 ~]# chronyc sources —v Universal time: Mon 2024-06-10 11:09:33 UTC
RTC time: Mon 2024-06-10 11:09:33
Time zone: Asia/Seoul (KST, +0900)
System clock synchronized: yes

.—— Source mode ™' = server, '=' = peer, '# = local clc NTP service: active
/ .— Source state * = current best, '+ = combined, = RIC in local T2: no
/ X = may be in error, ~' = too variable, ?' =
= xxxx [ yyyy | +/- zzzz
Reachability register (octal) -. | xxxx = adjusted offset,
Log2(Polling interval) ——. | | yyyy = measured offset,
\ ] | zzzz = estimated error.
| \
MS Name/IP address Stratum Poll Reach LastRx Last sample
gog HPCO|H[oM e :=‘============================================================================
time.bora.net 2 6 377 b3 +256us[ +300us] +/- 41ms

t Eﬁ-’r‘r%ﬂ‘ﬂﬂﬂ
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Cluster Setup : AlZt 7|8} (clusterr)

Step 1 oM 24 HEE 20l

[root@node01 ~]# timedatectl
Local time: Mon 2024-06-10 19:47:46 KST
Universal time: Mon 2024-06-10 10:47:46 UTC
RTC time: Mon 2024-06-10 10:47:34
Time zone: Asia/Seoul (KST, +0900)
System clock synchronized: no
NTP service: inactive
RTC in local TZ: no
[root@node01 ~]#
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Step 2 2t Time ZoneO| & A™E N U=HL Time Zone 24

[root@node01 ~|# timedatect| set—-timezone Asia/Seoul




MBZAM HPC
LR HPC
RUN-UP!

208 HPCO|icHjo} o

| eazagy
rea Computing Industry Assoc

3. 2dAH I

Cluster Setup : A|Zt

Step 3 chrony 2X|

=7|8} (clusterr)

[root@node01 ~]# dnf install chrony

Sterp 4 chrony configure

vim /etc/chrony.conf

# pool 2.centos.pool.ntp.org iburst

server kciaO1 iburst

systemctl enable ——now chronyd

chronyc sources
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Cluster Setup : AlZt 57|38} (clusterr)

Step b 8 A A5 15 28

systemctl enable chronyd
systemctl start chronyd]

Sterp 6 timedate ntp on

timedatectl set—ntp true
systemctl restart chronyd
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RUN-UP!
Step 7 chronyd 7+& &0l
[root@node01 etcl# timedatectl status
Local time: Mon 2024-06-10 20:09:33 KST
Universal time: Mon 2024-06-10 11:09:33 UTC
RTC time: Mon 2024-06-10 11:09:33
[root@ kcia02 ~]# Chronyc sources —vV Time zone: Asia/Seoul (KST, +0900)
System clock synchronized: yes
NTP service: active
.—— Source mode "' = server, '=' = peer, # = local clock. RTC in local 12: no
/ .= Source state *' = current best, + = combined, = = not com|
/ X = may be in error, '~ = too variable, ?' = unusable.
= xxxx [ yyyy | +/- zzzz
Reachability register (octal) —. | xxxx = adjusted offset,
Log2(Polling interval) ——. | | yyyy = measured offset,
\ | | zzzz = estimated error.
| \
MS Name/IP address Stratum Poll Reach LastRx Last sample
0 0 e ————— e —————— e ———— e ——————————— e ————— e ——————— e —————————————————————————
ég HPCOZH[CIH™E "+ |cia01 3 6 37 35 -330ns[ -20us] +/- 33ms

ARt
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el= NIS LDAP (FreelPA/OpenLDAP)
K& Rocky 8.x Rocky 9.x &
o|= RPC TLS/Kerberos
= tha JE/Het MEst
Ul 2= FreelPA= Web Ul
HPC &2 AFE LDAP %
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Cluster Setup : AF2AL S718) : master

[root@master ~]# dnf -y install ypserv rpcbind
# set NIS domain
[root@master ~]# echo "NISDOMAIN=hpc" )) /etc/sysconfig/network

[root@master ~|#

[root@master ~]# vi /etc/hosts
# add hosts that are in NIS domain (server/client)
10.0.0.30 master

10.0.0.51 nodeO01

[root@master ~]# systemctl enable ——now rpcbind ypserv ypxfrd yppasswdd nis-—
domainname

# update NIS databases
[root@master ~]# /usr/lib64/yp/ypinit —m
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RUN-UP: Cluster Setup : Al&At S7(8t : master

At this point, we have to construct a list of the hosts which will run NIS
servers. Master is in the list of NIS server hosts. Please continue to add
the names for the other hosts, one per line. When you are done with the
list, type a {control D).

next host to add: master

next host to add: # Ctrl + D key
The current list of NIS servers looks like this:

master.srv.world

s this correct? [y/n:y]y

We need a few minutes to build the databases...
Building /var/yp/hpc/ypservers...

Running /var/yp/Makefile...

gmakel[1]: Entering directory '/var/yp/hpc’
Updating passwd.byname...

gmakel[1]: Leaving directory '/var/yp/hpc’

090
8@3 HPC 0| oM vE Master has been set up as a NIS master server.

Now you can run ypinit —s master on all slave server.
SAABYMAS
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RUN-UP!

[root@master ~# cd /var/yp

[root@master ypl# make

208 HPCOficHo[ o
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Cluster Setup : AF2AL S718) : master

[root@master ~]# vi /etc/sysconfig/network

# add to the end

YPSERV_ARGS="-p 944"

YPXFRD_ARGS="-p 945"

[root@master ~]# vi /etc/sysconfig/yppasswdd

# add like follows

YPPASSWDD_ARGS="--port 950"

[root@master ~]# systemctl restart rpcbind ypserv ypxfrd yppasswdd
[root@master ~]# firewall-cmd ——add-service=rpc-bind
[root@master ~]# firewall-cmd ——add—port={944-951/tcp,944-951/udp}
[root@master ~]# firewall-cmd ——runtime—to—-permanent
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Cluster Setup : AR} S7|8t : cluster

[root@node01 ~]# dnf -y install ypbind rpcbind oddjob—mkhomedir

# set NIS domain

[root@node01 ~]# ypdomainname hpc

[root@node01 ~]# echo "NISDOMAIN=hpc" )) /etc/sysconfig/network

[root@node01 ~]# vi /etc/yp.conf
# add to the end

# [domain (NIS domain) server (NIS server)]

domain hpc server master
[root@node01 ~]# authselect select nis ——force
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[root@node01 ~]# authselect select nis ——force

Backup stored at /var/lib/authselect/backups/2021-08-04-00-18-12.kpwI8
Profile "nis" was selected.

The following nsswitch maps are overwritten by the profile:

— aliases

— automount

- ethers

— group

— passwd
— protocols
— publickey
- rpc
%3 HpColcHolyvs |~ services
— shadow
tjﬂcﬁ%‘r%@?i’ﬂ Make sure that NIS service is configured and enabled. See NIS documentation for more information.

ry Association
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Cluster Setup : AR} S7|8t : cluster

# set if you need (create home directory when initial login)
[root@node01 ~]# authselect enable—feature with—-mkhomedir

[root@node01 ~]# systemctl enable ——now rpcbind ypbind nis—domainname oddjobd
[root@node01 ~]# exit

# confirm binded NIS server
[rocky@node01 ~]$ ypwhich
master
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tp://www.mpich.org

M P I C H High-Performance Portable MPI M PI C H High-Performance Portable MPI

itiative

ABI Compatibility Supported Com

Downloads Documentation Support

Downloads Documentation Supported Compilers

ABI Compatibility Initiative

Home About Support

l | Search
Downloads
= News
MPICH is distributed under a BSD-like li NOTE: MPICH bi cle £ Bocumentation
= - - is distribu under a ike license. = inary packages are D laai
M PIC H IS a hlg h pe rformance and WIdely available in many UNIX distributions and for Windows. For example, you can search for it : S::;o‘:: °
using “yum” (on Fedora), “apt” (Debian/Ubuntu), “pkg_add” (FreeBSD) or “port”/"brew” (Mac & About

portable implementation of the Message Passing m
Interface (MPI) standard.

08S). If available for your platform, this is likely the easiest installation method since it
automatically checks for dependency packages and installs them. Otherwise you can use the

installation guide for installing MPICH from the source code below. MPICH2 was awarded an

R&D100 award in 2005

MPICH and its derivatives form the most widely used implementations of MPI in the Release Platform Download size
world. They are used exclusively on nine of the top 10 supercomputers (June 2016 .
ranking), including the world’s fastest supercomputer: Taihu Light. mpich-3.2.1 (stable release) MPICH [http] 11 MB
hydra-3.2.1 (stable release) Hydra [http] 3 MB
(mpiexec)
Do load MPICH mpich-3.3b2 (preview release) MPICH [http] 21 MB
hydra-3.3b2 (preview release) Hydr.a [http] 4 MB “The Oscars of Invention” —
(mpiexec) The Chicago Tribune For 45
years, the prestigious R&D
NEWS & EVENTS LEARN ABOUT MPICH SUPPORT Older releases are available here. Nightly h are i here. 100 Award=chave been
helping companies provide

MPE releases are available here. A S
the important initial push a

The documentation page provides
new product needs to

MPICH 3.3b2 released

A new preview release of MPICH,
3.3b2, is now available for download.
MPICH 3.3 contains a new (non-

documents for installing MPICH, how
to get started with MPI, and how to
run MPI applications. It also includes

MPICH users and developers. There
are links to frequently asked
questions, support mailing lists and a

Packages Included in UNIX/Windows Distributions:

compete successfully in the
marketplace. The winning of
an R&D 100 Award provides

default) device layer ... tutorials, publications and other trac system to report new bugs. Platform Maintainer(s) Download Base MPICH R e s
Version
documents for developers. Read More >> to industry, government,
Read More >> Read More >> and academia as proof that
Ubuntu Torquil Macdonald [yakkety] B2 the product is one of the
About Support News Documentation Downloads Publications Collaborators FAQ RSS Feed Sorenoen ial Mo noady ot
pp [xenial] 3.2 year. Continue reading —
[wily] 3.1
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root@nodel " 1#
root@nodel “1# cd /home/
rootBnodel homellt s

root@nodel homel# wget http://www.mpich.org/static/downloads/3.2.1/mpich-3.2.1.
ar.gz

-2818-66-23 14:48:87-- http://www.mpich.orgsstatic/downloads/3.2.1/mpich-3.2.1
.tar.gz

Resolving www.mpich.org (www.mpich.org)... 148.221.6.71

onnecting to www.mpich.org (www.mpich.org)il48.221.6.71:1:88... connected.

TTP request sent, awaiting response... 288 0K

ength: 11988154 (11M) [application/x-gzipl

Baving to: “‘mpich-3.2.1.tar.gz’

>] 11,988,154 2.57MB/s in 7.7s
PA18-86-23 14:48:16 (1.47 MB/s) - “‘mpich-3.2.1.tar.gz’ saved [11988154,119881541]
root@nodel homel#t Is

rootCnodel homel#t _

wget K A http://www.mpich.org/static/downloads/3.2.1/mpich-3.2.1.tar.gz

208 HPCOficHo[ o
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[rootBnodel home l#t
[root@Pnodel home l#t
[rootBnodel homel#t tar zxvuf mpich-3.2.1.tar.gz

[root@nodel homel#
[root@nodel homel#t cd mpich-3.2.1/
[rootBnodel mpich-3.2.11# ./configure --prefix=/home/prog/mpich

==/ R 7= 28

./configure —prefix=/home/prog/mpich
Aoy 3 X

o make ; make install

200 HPCO[|HO[H %=

ARt
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[root@nodel profile.dli#

[root@nodel profile.dli#

[root@nodel proflle dl# cat /etC/proflle d/mpich.sh
export PATH="/home/prog/mpich/bin:SPATH"

[rootBnodel profile.dl#

/etc/profile.d LHO|| path &A™
export PATH="/home/prog/mpich/bin:$PATH”

208 HPCOficHo[ o
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Cluster Setup : Intel OneAPI

https://www.intel.com/content/www/us/en/developer/tools/oneapi/toolkits.html

Developers «

PRODUCTS

Tools «

SUPPORT SOLUTIONS DEVELOPERS

onelAPl +~ Toolkits + Developer Toolkits

PARTMERS

FOUNDRY

Developer Toolkits

Q Search Intel.com

8 @ ENGLISH

Build, analyze, and optimize high-performance, cross-architecture applications on CPUs and GPUs with best-in-class compilers, performance libraries; frameworks, analyzers, and debug tools:

Discover the oneAPI Specification

Select Your Toolkit

Download what you need for any project.

Intel® oneAPIl Base Toolkit

Develop performant, data-centric applications across Intel® CPUs and

GPUs with this foundational toolset.

General Compute

Intel® oneAPl DPC++/C++ Compiler

Intel® DPC++ Compatibility Tool

Intel® Distribution for GDB*

Intel® oneAPlI DPC++ Library (oneDPL)

Intel® oneAPI Threading Building Blocks (oneTBE)

Intel® oneAPl Math Kernel Library (oneMEKL)

Intel® oneAPl Deep Neural Networks Library (oneDNN)
Intel® oneAPl Data Analytics Library (oneDAL)

Intel® oneAPl Collective Communications Library (oneCCL)
Intel® Integrated Performance Primitives (Intel® IPP)

Intel® Cryptography Primitives Library

Intel® oneAPI| HPC Toolkit

Build, analyze, and scale HPC applications across

shared and

distributed memory computing systems.

High-Performance Computing

Intel oneAPI DPC++/C++ Compiler

Intel® Fortran Compiler

Intel DPC++ Compatibility Tool

Intel Distribution for GDB

Intel oneAPI Threading Building Blocks (oneTBB)
Intel oneAPI DPC++ Library (oneDPL)

Intel® MPI Library

Intel oneAPI Math Kernel Library (oneMKL)

Intel oneAPI Deep Neural Networks Library (oneDNN)
Intel oneAPI Data Analytics Library (oneDAL)

Intel oneAPI Collective Communications Library (oneCCL)

Al Frameworks & Tools

Accelerate end-to-end data science and machine learning pipelines
using Python* tools and frameworks.

End-to-End Al and Machine Learning Acceleration

Python 3.9

Intel® Extension for PyTorch* (CPU)
Intel Extension for PyTorch (GPU)
Intel® Extension for TensorFlow* (CPU)
Intel Extension for TensorFlow (GPU)
Intel® Optimization for XGBoost*
Intel® Extension for Scikit-learn®
Modin*

Intel® Neural Compressor

Learn More
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Overview Download Documentation & Resources

Choose a Version

Packages &

2025.2.0 w
Intel® oneAPI Base Toolkit Intel® C++ Essentials

Size 2348.50MB

Intel® Deep Learning Essentials .
Version 2025.2.0

Date June 24, 2025

. 3
BEAEEIE ST by SHA384 176c5400c7f7df83d19ac03e3f8d9f11a10c7b6e44f641ca3129fae3blaac65541185bb6501451a57df664e

| Linux* | Windows* Af6031eb0
Intel® oneAPI Base Toolkit (version 2025.2.0) has been updated to include functional and security updates. Users should

update to the latest version.
Installer Type 3

Offline Installer Online Installer APT

Continue as a Guest (download starts immediately) —

YUM or Zypper Docker* _
By downloading, you agree to our Privacy and Terms of use

What's Included

« Intel® oneAPI DPC++/C++ Compiler Installation from the Command Line
» Intel® DPC++ Compatibility Tool

« Intel® Distribution for GDB*

« Intel® oneAP| DPC++ Library (oneDPL)

» Intel® oneAP| Threading Building Blocks (oneTEB)

« Intel® oneAPI| Math Kernel Library (oneMKL)

« Intel® oneAPI| Deep Neural Network Library (oneDNN)

« Intel® oneAPI| Data Analytics Library (oneDAL)

« Intel® oneAPI Collective Communications Library (oneCCL)

« Intel® Integrated Performance Primitives

0p0 i e pin
008 H pC oliu'"olﬁ U'lE : :;:zt; i:j},;[i)stzfraphy Primitives Library

s Intel® VTune™ Profiler

Configure System After Installation
Install the Driver Packages

Run Sample Code to Verify Installation

¢ € < < «

Additional Resources

SR AHZEIAIASIG]
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‘xeol gUI 28X =230 = dX]

. REOAM CIRECES MK IAUS AON Q.

- FEE GQUI EX| Z=20H = AWM CHF T StLIE oA 2.

» sudo sh ./(Tt2 O|&)2 YUHSIM L. O: sudo sh .\intel-oneapi—base-toolkit-YYYY.1.1.36_offline.sh
. MENROZ ST AFRXIZ GUI X T2 1M S A|ZSHE M $sh (I 0| EYS QlastL

- SX| ZE2O-O| X[& = IENR.

oSO A AIX]

« AI2E OP7HHSE Z-oIML. oE S0 (& It 0]Z0] OtE) sudo sh ./intel-oneapi—base-toolkit-
YYYY.1.1.36_offline.sh —a ——silent ——cli ——eula accept = HH= °._|E1I[1|0|*( ——cli )& AI25I0 Ats AX|(—
silent) £ & ol1! %[E AFZXt 20| MA A2k ——eula accept )0 S|t LIEHHLICE,

o R X|E ASEX} 2F0[MA H Y| S2loH0fF 2iLIC. HEH0| ——eula accept IH/HWH-ZE F716HOF LT |

o El-g %:'Ec';l; OIE_=| I.O:l Jé‘lil EEJ_EHO |___|-_|_§I:O|.A-||O Ol-EH |__|-O:|E| U=|E_=|E }_lkl H—lI‘lO-”A—lEH- O_é_c_>|'|__||:|-

wget https://reqistrationcenter—download.intel.com/akdim/IRC_NAS/bd1d0273-a931-4f7e—-ab76-

6a2a67d646¢7/intel-oneapi-base-toolkit—2025.2.0.592.sh

Cte HE f/NH(Z[AN)E Y=ol x| AFEEES AldioiM|2. HR0| m2f 7fHS-E O F7tet 5= QUSLIC

T = A

208 HPCO|iztof1 v | .
« sudo sh ./intel-oneapi-base-toolkit—2025.2.0.592.sh —a ——silent ——cli ——eula accept

t Eﬁ-’r‘r%'ﬂﬁi.’il
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https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717830
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717830
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717830
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717830
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717830
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717828
https://www.intel.com/content/www/us/en/developer/tools/oneapi/base-toolkit-download.html?packages=oneapi-toolkit&oneapi-toolkit-os=linux&oneapi-lin=offline#collapseCollapsible1750884717828
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh
https://registrationcenter-download.intel.com/akdlm/IRC_NAS/bd1d0273-a931-4f7e-ab76-6a2a67d646c7/intel-oneapi-base-toolkit-2025.2.0.592.sh

3. S2dAH #=

MPI Al

mpirun —n {number-of-processes) —ppn {processes—per-node) —f
(hostfile) ./myprog

mpirun —n 4 —ppn 2 —f hosts ./myprog




gsssppe 3 2YAH S

i HPC
RUN-UP! MP| AlsH

mpirun —genv |_MPI_DEBUG 5 —n 2 ./a.out[

[0] MPI startup(): Intel(R) MPI Library, Version 2021.8 Build 20221129 (id: 339ec755a1)

[0] MPI startup(): Copyright (C) 2003-2022 Intel Corporation. All rights reserved.

[0] MPI startup(): library kind: release

[0] MPI startup(): libfabric version: 1.13.2rc1-impi

[0] MPI startup(): libfabric provider: tcp;ofi_rxm

[0] MPI startup(): File "/opt/intel/oneapi/mpi/2021.8.0/etc/tuning_skx_shm-ofi_tcp—ofi-rxm_10.dat" not found
[0] MPI startup(): Load tuning file: "/opt/intel/oneapi/mpi/2021.8.0/etc/tuning_skx_shm-ofi_tcp—ofi-rxm.dat"
[0] MPI startup(): Rank Pid  Node name Pin cpu

[0] MPI startup(): O 31971 hpc-vm-9-01 {0,1}

[0] MPI startup(: 1 31972 hpc-vm-9-01 {2,3}

[0] MPI startup(): |_MPI_ROOT=/opt/intel/oneapi/mpi/2021.8.0

[0] MPI startup(): I_MPI_MPIRUN=mpirun

[0] MPI startup(): |_MPI_HYDRA_TOPOLIB=hwloc

[0] MPI startup(): |_MPI_INTERNAL_MEM_POLICY=default

[0] MPI startup(): |_MPI_DEBUG=b5

sum is 5050

elapsed time is 0.115ms
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i HPC
RUN-UP! MP| AlsH

mpirun —genv |_MPI_DEBUG 5 -n 4 ./a.out|

[0] MPI startup(): Intel(R) MPI Library, Version 2021.8 Build 20221129 (id: 339ec755a1)

[0] MPI startup(): Copyright (C) 2003-2022 Intel Corporation. All rights reserved.

[0] MPI startup(): library kind: release

[0] MPI startup(): libfabric version: 1.13.2rc1=-impi

[0] MPI startup(): libfabric provider: tcp;ofi_rxm

[0] MPI startup(): File "/opt/intel/oneapi/mpi/2021.8.0/etc/tuning_skx_shm-ofi_tcp—ofi-rxm_10.dat" not found
[0] MPI startup(): Load tuning file: "/opt/intel/oneapi/mpi/2021.8.0/etc/tuning_skx_shm-ofi_tcp—ofi-rxm.dat"
[0] MPI startup(): Rank Pid  Node name Pin cpu

[0] MPI startup(): O 32172 hpc-vm-9-01 O

[0] MPI startup(): 1 32173 hpc-vm-9-01 1

[0] MPI startup(): 2 32174 hpc-vm-9-01 2

[0] MPI startup(): 3 32175 hpc-vm-9-01 3

[0] MPI startup(): |_MPI_ROOT=/opt/intel/oneapi/mpi/2021.8.0

[0] MPI startup(): I_MPI_MPIRUN=mpirun

[0] MPI startup(): |_MPI_HYDRA_TOPOLIB=hwloc

[0] MPI startup(): |_MPI_INTERNAL_MEM_POLICY=default

[0] MPI startup(): |_MPI_DEBUG=5

sum is 5050

elapsed time is 136.378ms
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Slurm AX|
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3. S2dAH #=

Slurm Ax]

SLURM:
Simple Linux Utility for Resource Management




3. S2dAH #=

Slurm Ax]

Controller daemons

-/

P

slurmd

N

slurmd  slurmd . slurmd

Compute node daemons




yz=ygHpc - 3. 8dAH =
L@ HPC

AUNZUR Slurm Ex]

Daemon S

- OfAE LE é% 22| L.E (management node)0f|A AHE|= 02
slurmctid - Controllergt 5
- LESO| ME 2|, A0 CHet & &e], MS2| H &

[0

i)

L—

- 242¢0| A = EOIN MaEl= B2

- 1

- fault—tolerant hierarchical communication*= X|&

slurmd - =
“ \ABIS PAISIE HEO| UROIA Z8 EE THO| BSOS BAH 52 HEHOZ 7|58

A A —
_I_%ID-ICéI- T %I\l_ *léEé!

— databaseol dHZ 7|EQ PSS 7IFoliF7| flet Hi=
~ S HI=22 AIREIK| OB MEHA}S
~ slurmdbd01| (N5 =71&01 MHS o2 o] ¥M|0|X|E RHX Hit

. https://slurm.schedmd.com/archive/slurm-19.05.5/accounting.html

slurmdbd
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https://slurm.schedmd.com/archive/slurm-19.05.5/accounting.html
https://slurm.schedmd.com/archive/slurm-19.05.5/accounting.html
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L ES HPC
RUN-UP!

Slurm AX|

MUNGE (MUNGE Uid ‘N’ Gid Emporium)

» MUNGE= HPC StZ0|A 2IF EZ 7|8t OIF A|AH
» Slurm= H|Xot et HPC AREHESO| L& 210 LE[E = U= AEAL US= floll ArE
« UBMOZ Slurm?| slurmctld (AEZE )2t slurmd (£ HIE) 7t2] S41 Al, MUNGEZ} AZ X}

o= AGH
o= T O

s fg| (ZHH Q9f)

* slurmctld?t AIEA QFES 2= [If MUNGE EES 48
 slurmd= 1 EZ2 41511, MUNGEE Soll EZ2 f8d 843
o OIZE| AR0|Tt Slurm EAHS Y =20 A3
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3. S2dAH #=

Slurm AX|
hostnamect| set—hostname kcia02
vi /etc/hosts

192.168.10.250 kcia01
192.168.10.241 kcia02

ssh—keygen —t rsa
ssh—copy—-id —i id_rsa.pub kcia02




ABEA HPC
WL W] HPC
RUN-UP!
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Slurm AX|

dnf install epel-release -y

HVaVal

Anf inctn
Ul1l |||DLG IIIUUU

dnf install munge

Anf inctn —Aaval
UIII |||DLG IIIUIIHU UUVUI

dnf ——enablerepo=devel install munge—-devel -y
dnf install pam-devel -y

dnt install perl -y

dnf install readline—devel -y

dnfremove-glusterfs—y

export SLURMUSER=967
groupadd —g $SLURMUSER slurm

sudo useradd -m -c¢ "SLURM workload manager’ —d /var/lib/slurm —u $SLURMUSER -g
slurm -s /bin/bash slurm



gsssppe - 3 2dAH 5

= HPC

RUN-UP!

Slurm &X| (master munge key)

dd if=/dev/urandom of=/etc/munge/munge.key bs=1c count=4M
chmod a-r /etc/munge/munge.key

chmod u-w /etc/munge/munge.key

chmod u+r /etc/munge/munge.key

chown munge: /etc/munge/munge.key

systemctl start munge
systemctl status munge

systemctl| enable munge

munge —n

208 HPCOficHo[ o
munge —n | unmunge
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LI HPC
RUN-UP!

Slurm AX| (computing munge key)

#cd /etc/munge

scp master:/etc/munge/munge.key /etc/munge
chmod 400 /etc/munge/munge.key

chown munge:munge /etc/munge//munge.key
systemctl start munge

systemctl status munge

Master :

munge —n | node02 unmunge
208 HPCOficHo[ o
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N w=s HPC
RUN-UP! Slurm AX| (HEA ALR)

# Master

dnf ——enablerepo=devel install libaec—devel

sudo dnf install =y slurm slurm-slurmd slurm-slurmctld slurm-devel
mkdir —p /var/spool/slurmctld

sudo mkdir —p /var/spool/slurmd

sudo chown slurm: /var/spool/slurmctld /var/spool/slurmd

sudo systemctl enable ——now slurmctld

sudo systemctl enable ——now slurmd

# Cluster

dnf ——enablerepo=devel install libaec—devel
sudo dnf install -y slurm slurm-slurmd
sudo mkdir —p /var/spool/slurmd

090
ég HPCO[=HO[H %= sudo chown slurm: /var/spool/slurmd

" mctl enable ——now
SIRATEIAI3] sudo systemctl enable ow slurmd

Korea Computing Industry Association



3. S2dAH #=

Slurm AX]| (tar source AFR)

cd /home/hpc

wget https://download.schedmd.com/slurm/slurm-22.05.11.tar.bz2

tar jxvf slurm-22.05.11.tar.bz2
cd slurm-22.05.11/

dnf install readline—devel

dnf install -y mariadb

dnf install -y mariadb—devel

rombuild —ta slurm-22.05.11.tar.bz2



https://download.schedmd.com/slurm/slurm-22.05.11.tar.bz2
https://download.schedmd.com/slurm/slurm-22.05.11.tar.bz2
https://download.schedmd.com/slurm/slurm-22.05.11.tar.bz2

gessppc - 3 2dAH X
@& HPC

RUN-UP!

Slurm AX]| (tar source AF2)

yum ——nogpgcheck localinstall slurm—-[0-9]*.el*.x86_64.rpm slurm-contribs—*.el*.x86_64.rpm slurm-devel-
*.el*.x86_64.rpm slurm-example—configs—*.el*.x86_64.rpm slurm-libpmi—*.el* . x86_64.rom slurm-

pam_slurm-*.el*.x86_64.rom slurm—perlapi—*.el*.x86_064.rpom slurm-slurmctld—*.el*.x86_64.rpom slurm-

slurmd—*.el*.x86_64.rpm slurm-slurmdbd-*.el*.x86_64.rpom —y

208 HPCOficHo[ o
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N HPC
I
RUN-UP! Slurm AX| (tar source AlE)
sudo mkdir /var/spool/slurm sudo mkdir /var/spool/slurm/cluster_state
sudo chown slurm:slurm /var/spool/slurm sudo chown slurm:slurm /var/spool/slurm/cluster_state

sudo chown slurm:slurm /var/spool/slurm mkdir /var/log/slurm

h | |
sudo chmod 755 /var/spool/slurm touch /var/log/slurm/slurmctld.log

touch /var/log/slurm/slurmd.log

sudo mkdir /var/spool/slurm/slurmctld
sudo chown slurm:slurm /var/log/slurm//slurm=

sudo chown slurm:slurm /var/spool/slurm/slurmctld sudo touch Avar/log/slurm//slurm_jobacct log

sudo chmod 755 /var/spool/slurm/slurmctid sudo touch /var/log/slurm/slurm_jobcomp.log

sudo chown slurm:slurm /var/log/slurm//slurm=

sudo chmod 777 -R /var/lib/slurm
208 HPCO|icHjo} o
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JHYEE HPC
RUN-UP!

%ﬁ HPC O|icto} B

3. 2dAH I

Slurm &X| - Slurm config

2M

H

25 0f|A]

ControlMachine

ControlMachine=master—node

AuthType

AuthType=auth/munge

SlurmUser

Slurm Ol= &l ArSAL

SlurmUser=slurm

StateSavel ocation

Slurm ZESc| &R ME 8=

/var/spool/slurmctld

SlurmdSpoolDir

=9 Job Spool C|HEZ]

/var/spool/slurmd

SelectType

select/cons_res = CPU/O|E22|/GPU &g MIE

==X
T T 7

.I

SelectTypeParameters

CR_Core = Core 2| =H

SchedulerType AEY L& sched/backfill - g1 X}&0]| 2 Job 77|92 7|
PriorityType U2 Ei1e|F priority/multifactor = Age, FairShare S 7t&X|
NodeName=node[01-02] CPUs=64
Zt C XO
NodeName A== eA State=UNKNOWN
PartitionName Oueue MO PartitionName=debug Nodes=node[01-02]

Default=YES MaxTime=INFINITE State=UP




M2EA HPC
Neus HPC
RUN-UPI
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Slurm AX| - Slurm config

S

EE

SelectType=select/linear

LT R A 2| ()

SelectType=select/cons_res

HPC AX EZ=. CPU, Mem, GPU M =X

SchedulerType=sched/backfill

A XA 22 Job 7|24 ZE 7|

PriorityType=priority/multifactor

Fair Share, Age Factor =




3. S2dAH #=

Slurm 4AX| = Slurm config

#### Slurm config ####

# slurm.conf file generated by configurator easy.html.
# Put this file on all nodes of your cluster.

# See the slurm.conf man page for more information.

#
ClusterName=HPC

SlurmctldHost=master

#




3. S2dAH #=

Slurm 4AX| = Slurm config

#MailProg=/bin/mail

MpiDefault=none

#MpiParams=ports=#-#
#ProctrackType=proctrack/pgid
ProctrackType=proctrack/cgroup
ReturnToService=1
SlurmctldPidFile=/var/run/slurm/slurmctid.pid
SlurmctldPort=6817
SlurmdPidFile=/var/run/slurm/slurmd.pid
SlurmdPort=6818




3. S2dAH #=

Slurm 4AX| = Slurm config

SlurmdSpoolDir=/var/lib/slurm/slurmd
SlurmUser=slurm

#SlurmdUser=root
StateSavelocation=/var/lib/slurm/slurmctid
SwitchType=switch/none
TaskPlugin=task/affinity

#

#




3. S2dAH #=

Slurm 4AX| = Slurm config

# TIMERS

#KillWait=30
#MindobAge=300
#SlurmctldTimeout=120
#SlurmdTimeout=300

#

#




3. S2dAH #=

Slurm 4AX| = Slurm config

# SCHEDULING

#20240110 SchedulerType=sched/backfill
#20240110 SelectType=select/linear
SelectType=select/cons_res
SelectTypeParameters=CR_Core
#SelectTypeParameters=

#

#




gessppc - 3 2dAH X
@& HPC

RUN-UP!

Slurm &X| - Slurm config

# LOGGING AND ACCOUNTING
#AccountingStorageType=accounting_storage/none
AccountingStorageType=accounting_storage/slurmdbd
#JobAcctGatherFrequency=30
#JobAcctGatherType=jobacct_gather/none
#JobAcctGatherType=jobacct_gather/cgroup
#SlurmctldDebug=info
SlurmctldLogFile=/var/log/slurm/slurmctld.log
#SlurmdDebug=info

- SlurmdLogFile=/var/log/slurm/slurmd.log
208 HPCOficHo[ o
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RUN-UP!

s .
Slurm &X| = Slurm config slurmd -C

# COMPUTE NODES

NodeName=master NodeAddr=192.168.30.48 CPUs=12 RealMemory=64055 Sockets=1 CoresPerSocket=6
ThreadsPerCore=2

NodeName=node01 NodeAddr=192.168.30.27 CPUs=12 RealMemory=64056 Sockets=1 CoresPerSocket=6
ThreadsPerCore=2

NodeName=node02 NodeAddr=192.168.30.50 CPUs=12 RealMemory=64056 Sockets=1 CoresPerSocket=6
ThreadsPerCore=2

NodeName=node03 NodeAddr=192.168.30.26 CPUs=12 RealMemory=64055 Sockets=1 CoresPerSocket=6
ThreadsPerCore=2

PartitionName=jobs Nodes=ALL Default=YES MaxTime=INFINITE State=UP
208 HPCOficHo[ o
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RUN-UP!

000
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[root@localhost selinux]# sinfo

sinfo: error: If munged is up, restart with ——num-threads=10
sinfo: error: Munge encode failed: Failed to access
"/var/run/munge/munge.socket.2": No such file or directory
sinfo: error: slurm_send_node_msg: g_slurm_auth_create:
REQUEST PARTITION_INFO has authentication error: Invalid
authentication credential

slurm_load_partitions: Protocol authentication error



AlBZ=Al HPC 3. 2dAH A=

Neews HPC

RUN-UP! Slurm A8 - &g A3 EHE Ad
#!/bin/bash
#SBATCH ——job—name=test_job # 2% 0|
#SBATCH ——output=slurm-%j.out # =3 Lt (job ID Ats & ®)
#SBATCH ——ntasks=1 # HH EfAF £
#SBATCH ——cpus—per—task=2 # EiA3T 20
#SBATCH —-time=00:01:00 # ZCH 2 AL
#SBATCH ——partition=debug # A mHE[M
echo "2 & A& AlZE: $(date)"
hostname
sleep 30
echo "2 & T =& AlZt: $(date)"

§€’§ HPCOIZHPIM%E shatch job.slurm

| 3unguye
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News HPC

RUN-UP! Slurm A8 - &g A3 EHE Ad
#!/bin/bash
#SBATCH ——job—name=test_job # &Y 0|5
#SBATCH ——output=slurm-%j.out # =5 Lt (job ID Ats o §)
#SBATCH ——ntasks=1 # SN EfAF
#SBATCH ——mem=1gb # Memory limit
#SBATCH ——cpus—per—task=2 # EiA3T 20 ¢
#SBATCH —-time=00:01:00 # 2[CH 2l Al
#SBATCH —-partition=debug # AW OiE|M
echo "&f & A& AlZt: $(date)"
hostname
sleep 30
echo "M & &= Al7F: $(date)"

208 HPCOficHo[ o
sbatch job.slurm
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208 HPC O|rtfoft v

Korea Computing Industry Association

. 2dAH Ix

St= o|Oj
——nodes=2 27HS L EE AIE (& 204 AH)

—-—ntasks—per—-node=4

ZF LEEO|A] 4702 =S (MP] T2 AM|A) Al3Y

——cpus—per—task=8

2t X2 871 CPU T 0 AF2 (OpenMP, M3
)

OIH J

-
o

——gres=gpu:h200:2

2t 0 GPU 270 8% — & GPU 474 AIg
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HewE HPC
RUN-UP!
= = 49 Ol
e ——nodesOllA X|&5t M| ZEE{(AMH]) :nzotﬁef;
D2 HA 4 —-ntasksOl A X|Z8t 2} 744 (CPU 7H%) :”Eﬁ"fﬁ;f
= O
I} I = MIACH A | ——cpus—per—taske= ofLte| 0| AHEol= --cpus—per—-task=8
A 2=NS3 CPU = CPU % — BiLtol ol 871 CPU
CC 0| AR Y 5t Lo COA] A8t & CPU 44 - Mtasksper-noce x cpus-
per—task
Z CPU AEH M 2HHAM AESH= CPU &8¢ = ntasks X cpus—per—task
. L ——gres=gpu-a6000:2
GPU 71 ——gres=gpu:xxx:YOIM Y= =EY GPU =+ L2t LCE GPU 27t
- 2-E x 2GPU
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LI HPC
RUN-UP!
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[ksy@ksy0l ~]$ sbatch job.

Submitted batch job 19

[ksy@ksyQl1l ~]$ sbatch job.

Submitted batch job 20

[ksy@ksy0l ~]$ sbatch job.

Submitted batch job 21

|Ksy@ksy0l ~]$ sbatch job.

Submitted batch job 22

[ksy@ksy0l1l ~]$ sbatch job.

Submitted batch job 23

[ksy@ksy0®l ~]%$ sbatch job.

Submitted batch job 24

[ksy@ksy0l1l ~]$ sbatch job.

Submitted batch job 25
[ksy@ksy0@l ~]$ squeue

sh

sh

sh

sh

sh

sh

sh

JOBID PARTITION

22
23
24
25
19
pAC
21

[ksy@ksy0l1l ~1$%

Ksy
Ksy
Ksy
KSy
Ksy
Ksy
Ksy

NAME
test job
test job
test job
test job
test job
test job
test job

TIME NODES
100
100
100
100
106
103
103

NODELIST(REASON)
(Resources)
(Priority)
(Priority)
(Priority)

ksy01l

ksy02

ksy03




MBZAM HPC
LB HPC
RUN-UP!
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# SCHEDULING
tDetMemPerCPU=0

tFastSchedule=l1l
tMaxMemPe rCPU=0
tSchedulerTimeSlice=30
SchedulerType=sched/ba
SelectType=select/line
rSelectlypeParameters=

ckTill
ar

i

¥ SCHEDULING
tDetMemPerCPU=0
fFastSchedule=1

fMaxMemPerCPU=0

tSchedulerTimeSlice=30
S5chedulerType=sched/backfill
tSelectType=select/linear
selectType=select/cons res
SelectTypeParameters=CR Core
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SelectType=select/cons_res

SlurmO| 2 (job)S AAH =SS I XIS 01“"*71I atgetX| d8ol= YAlES X| -
select/cons_res= "consumable resources" 222 AM25HZICH= 2|0

urmO| CPU, HIE22|, GPU &2 X132 HHHO = AH|El=(consumable)
HOE Fgoll], HL ’SDE'?J Xf°4 =t 4 t'gétEE SR

£ 5oll ——cpus—per—task, ——mem, ——gres 52| LA0| 7|85t XS
’Si | AlLtotd gL L,

UHMO =2 MR HPC Z2{AEN M= O] HAS AL LY.

o

O>-IC/)

SelectTypeParameters=CR_Core
select/cons res =2{1919| M5 At HIAMS X|H
CR_Coret "core-level granularity” A+ &= 2|0
SlurmO| CPU core @82 XI&s L Tt
O]: ——cpus—per—task=80|2}H, Slurm EAH0|| H=ts5| 87H2| coreE
SHE LY.
Ol= SMT (Simultaneous MultiThreading) EE= Hyper-Threading0| U=
42Uk core U= KHES FHolE =, HL} ’Hi?_ I d5 M7t 7tsS L L.
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[Ksy@ksy0l ~]$

[ksy@ksy0l ~]$ sbatch job.

Submitted batch job 26

[kKsy@ksy®l ~]$ sbatch job.

Submitted batch job 27

[ksy@ksy0l ~]$ sbatch job.

Submitted batch job 28

[ksy@ksy0l ~]$ sbatch job.

Submitted batch job 29

[ksy@ksy0l1l ~]$ sbatch job.

Submitted batch job 30

[ksy@ksy0l ~]$ sbatch job.
Submitted batch job 31
[ksy@ksy0l ~]$ squeue

JOBID PARTITION

31
26
27
28
29
30

[ksy@ksy0l ~1$ |

sh
sh
sh
sh
sh

sh

Ksy
Ksy
Ksy
kKsy
Ksy
Ksy

NAME
test job
test job
test job
test job
test job
test job

TIME NODES
100
102
:02
102
102
102

NODELIST (REASON)
(None)
ksy0l
ksy01l
ksy02
Ksy02
ksy03
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M54 HPC
HYES HPC
RUN-UP!
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CPU + GPU &3AH

= 32049 cpu EHAELQ} 8LHC| gpu AH
CPU= 128201 2AKJI 2604

2t LLE= 512GB 22|12 24

LIHX| 6CH= 643204, 128GB

GPUS= 4ACH= H200 gpuZt 47HA.

LIHX| 4CH= 282f A60000| 4744 41-d
GPUAIH = 25 128303 512GB 0|22

0|} 7Hs} ZE HjX|=?



3. S2dAH #=

LC I8 ot CPU 20§ 2z GPU

Higm;m 26 128 512GB ol

v 6 64 128GB ol
GPU-H200 4 128 512GB 4x H200
GPU-A6000 4 128 512GB 4x AB000




gsssppe 3 2YAH S

@S HPC

RUN-UP!

» 7|8 Partition = cpu—highmem : &8t At 24 Xt HYX|

« GPU &Y= ——partition=gpu—h200 E£= gpu—a60002= HA|:
GPU Z20| [t2} Hetst X1 QA THs

208 HPCOficHo[ o
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gsssppe - 3 2dAH 5

Nt s HPC
RUN-UP! S LEE O e

# CPU High—-Memory (node—cpu-[001-026])

NodeName=node-cpu-[001-026] CPUs=128 RealMemory=500000 State=UNKNOWN

# CPU Low—-Memory (node-cpu—-[027-032])
NodeName=node—-cpu-[027-032] CPUs=64 RealMemory=125000 State=UNKNOWN

# GPU H200 (hode—gpu—h200-[001-004])
NodeName=node—gpu-h200-[001-004] CPUs=128 RealMemory=500000 Gres=gpu:h200:4
State=UNKNOWN

# GPU A6000 (node—gpu—a6000-[001-004])
NodeName=node-gpu—-a6000-[001-004] CPUs=128 RealMemory=500000 Gres=gpu:a6000:4
State=UNKNOWN

R — 11T S ) [ —

- O—

PartitionName=cpu—-highmem Nodes=node-cpu-[001-026] Default=YES MaxTime=INFINITE State=UP
PartitionName=cpu-lowmem Nodes=node-cpu-[027-032] MaxTime=INFINITE State=UP

PartitionName=gpu—h200 Nodes=node-gpu—-h200-[001-004] MaxTime=INFINITE State=UP
g{ag HPCO[H{opM B PartitionName=gpu—a6000 Nodes=node—gpu—a6000-[001-004] MaxTime=INFINITE State=UP
panmeneny | (M) GPU HA| S8 DE|M
t“m Corptting Iy st PartitionName=gpu—all Nodes=node—-gpu-* MaxTime=INFINITE State=UP



3. S2dAH #=

2t GPU .E9| /etc/slurm/gres.conf

Name=gpu Type=H200 File=/dev/nvidia[0-3]

Name=gpu Type=A6000 File=/dev/nvidia[0-3]




MBZAM HPC
LB HPC
RUN-UP!

000
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3. 2dAH I

#1/bin/bash

#SBATCH ——job—name=cpu_test
#SBATCH ——partition=cpu—highmem
#SBATCH ——nodes=1

#SBATCH ——ntasks=32

#SBATCH —-time=01:00:00

srun hostname

#1/bin/bash

#SBATCH ——job—name=gpu_test
#SBATCH ——partition=gpu—h200
#SBATCH ——gres=gpu:h200:2
#SBATCH ——nodes=1

#SBATCH ——ntasks=4

#SBATCH —-time=01:00:00
nvidia—smi




M24 HPC
= HPC
RUN-UP!

208 HPCO|iztof1 v

3. 2dAH A1 X H0]A 1

#!/bin/bash

#SBATCH —-job—name=cpu_basic # &Y 0|5

#SBATCH —-partition=cpu-highmem # 12%f H22| CPU I}E|M
#SBATCH --nodes=1 # LT 170 AR

#SBATCH ——ntasks=64 # = 6471 & (B2M|A)
#SBATCH ——time=01:00:00 # z|0H Al AIZFTA[ZE
#SBATCH ——output=cpu_basic_%j.out # =& =71

echo "Running basic CPU test on $SLURM_JOB_NODELIST"
srun hostname

o= o5
L E £ 171 (--nodes=1)
A+ 2= (ntasks) 647l (MPI EE= B E CHQ))
CPU = 6471 (12 ¥ < 1 CPU)
GPU AtE A= (-—-gres UF)
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3. 2dAH I

X4 A0|A 1: 7|&E CPU #& Job

Of T XIAO| {E11717

—

0] 782 GPU Gl0], CPURt At8d= B3 A0l MtaiLLh:

* OpenMP H& X2| (‘= 17l, shared memory #£=X)
« MPI 8 T2 2 (HY =E0|A 647 rank A1&H)

o LF
o

o H

2ot 1

X| 4|0|E

Hxe], L

Sh/Est AL (ex:

-|EI= El A
o —1—

~ortran, C 7|8 oA A E

E X2, 20 S



MB=M HPC
g uS HPC
RUN-UP!

208 HPCO|iztof1 v

i

2 oE
o R
@2

S 2t
ot

3. 24AH 1= O AHO|A 2: MH|22] CPU E0{|A2 MPI

:|

I'O-I

#!/bin/bash
#SBATCH ——job—name=cpu_lowmem_mpi # %A 0|
#SBATCH ——partition=cpu-lowmem # N 22| CPU ItE|M AL
#SBATCH -—-nodes=2 #-C 27 AFE
#SBATCH ——ntasks—per-node=64 # 2t Lo 64702 MPI rank
#SBATCH --time=00:30:00 # Z|0H 2l AlZE30=
#SBATCH ——output=cpu_lowmem_mpi_%j.out # =4 277 oyl
module load mpi # MPl 24 25 2C
echo "Running MPI job on nodes: $SLURM_JOB_NODELIST"
srun ——mpi=pmix ./mpi_app # MPI Al
A= 7t
'E 2 (-—nodes) 200 AMS
Lot Xiod & 647l (——ntasks—per—-node=64)
= X & (-—ntasks) 2 X 64 = 1287H MPI rank
CPU A% 1 XA 1 CPU — & 12871 20 Al
GPU Al s (-—gres Y=
e E R cpu-lowmem I{E|M (6420, 128GB RAM LE)
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3. 2dAH I

X AHl0|A 2: M2 CPU =EHML] MPI HE £

Si-

HE AL TE (Ex: Lattice QCD, X5 Hs! s oA

| 7|I:I = 1
& A= V|8 EE EE X

. [|O|E| BAL X2 ASI (LE 7t E

—I_OI_I

« OpenMPI / MPICH / IntelMPI &2t

* MP
.l

ﬂﬂﬂEE‘—\ L E 2000 B2 =8 MPI Z2MAE Ao 2



AS=A HPC
LS HPC
RUN-UP!
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3. 2YAH A= QX #H0|A 3: NUMA =|H{3}HE 1128t Openmp Y
#!/bin/bash

#SBATCH —-job—name=cpu_numa # &Y 0|5

#SBATCH —-partition=cpu—highmem # 185 CPU £

#SBATCH ——-nodes=1 #-C 10 AP

#SBATCH ——ntasks=1 # Xt 1700 MY

#SBATCH ——cpus—per—task=64 # off= 20| CPU 6471 2

#SBATCH —-time=01:00:00 # Z[CH & AlLL

#SBATCH —-output=cpu_numa_%j.out #= xa" 27 ol

# OpenMP &4 MH

export OM
export OM
export OM

P NUM_THREADS=64
P PROC_BIND=close
P PLACES=cores

# NUMA HH =4
echo "Running on: $SLURM_JOB_NODELIST"
numactl ——show

# s

srun ./ope

NMpPp_app




M25A HPC
NS HPC
RUN-UP!

208 HPCO|iztof1 v

i

2 oE
o R
> @9
S a2t
ot

3. 2dAH I

QX AH0|A 3: NUMA Z|H2HF 12{gt Openmp EH

#!/bin/bash

#SBATCH —-job—name=cpu_numa # &Y 0|5

#SBATCH —-partition=cpu—highmem # 185 CPU £
#SBATCH ——-nodes=1 # LT 170 AR

#SBATCH ——ntasks=1 # XA 1743 A3

#SBATCH ——cpus—per—task=64 # SHE 210l CPU 647
#SBATCH —-time=01:00:00 # =[Cf Al A[ZE

#SBATCH ——output=cpu_numa_%j.out # =2 27 Oofd

# OpenMP &t3 47

Zt
HA

export OMP_NUM_T

170 (Y EE0| A AlsH)

export OMP_PROC_
export OMP_PLACE!

170 (21 oLtk 22)

# NUMA 82 =5

6471 (--cpus—per-task=64) —
HE[AYE AT

echo "Running on: $

= CPU AR

6470 20 (12 x 6420})

numact! ——show

# 2l

srun ./openmp_app

GPU A8 (IR X g
[HAH L= O3 cpu—highmem (128204, 512GB
ST H2e) &




ABZAHPC 3. 2YAH A= OX #HO|A 3: NUMA Z|ESIE 112t Openmp EH

= HPC
RUN-UP!

T42 O3t Z2 NUMA Z/X3t OpenMP 7|8t A& T Zf{of

* OpenMP &= HE|AGE X2 ]
- ofLt9] A0 = CPU A1&0] ERot 4
* NUMA FZ0§|A 7H*I =4o|E| KAV S 5..* 8%
. I=|IE7 [’d M1, S& H22E M= E8ol= &E
TZXoliM /S FEM (S ol HH)
HdlAl A|=2|0|M
O|I:||I| X 2] (2 FFT/OpenCV EE S)

208 HPCOficHo[ o
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WL @] HPC
RUN-UP!
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3. 2YHAH 3= O HO|A 4: THY GPU(H200) + cPU EHE EH
#!/bin/bash

#SBATCH ——job—name=gpu_h200_test # &Y 0|2

#SBATCH —-partition=gpu—-h200 # H200 GPU ™& ItE|M

#SBATCH ——-nodes=1 #LC 170 AR

#SBATCH ——-ntasks=1 # ZH 170 (GPU 174 AtE)

#SBATCH —-—-cpus—per—task=16 # ol AN CPU 1671 &

#SBATCH ——gres=gpu:h200:1 # H200 GPU 174 24X

#SBATCH —-time=01:00:00 # Z|CH Al A[ZE

#SBATCH —-output=gpu_h200_test %j.out # = "E'—" 27 o

module load cuda # CUDA 24 B = 2
echo "Running on node: $SLURM_JOB_NODELIST"
nvidia—smi # GPU MHE =4

srun ./cuda_app # 2laliet CUDA oz




ARZA HPC
WS HPC
RUN-UP!

208 HPCOficHo[ o

i

2 oE
2
@2

:
ot

3. 2dAH I

SX HO|A 4: TFY GPU(H200) + CPU

o
u
1%

#!/bin/bash
#SBATCH ——job—name=gpu_h200_test # &Y 0|2
#SBATCH —-partition=gpu—-h200 # H200 GPU ™& ItE|M
#SBATCH ——-nodes=1 #LC 170 AR
#SBATCH ——-ntasks=1 # ZH 170 (GPU 174 AtE)
#SBATCH —-—-cpus—per—task=16 # ol AN CPU 1671 &
#SBATCH ——gres=gpu:h200:1 # H200 GPU 174 24X
#SBATCH —-time=01:00:00 # Z[CH & ALt
#SBATCH —-output=gpu_h200_test %j.out # = "E'—" 27 o
module load cuda 2= X
oy = 17l (--nodes=1)
echo "Running on node xFO 2 1M (—ntasks=1)
nvidia—smi 2t 51910] pu 2~ = -
srun ./cuda_app ZF A0 cPU 167} (--cpus-per-task=16)
S CPUAIEEH 1671l 20
GPU £ H H200 17H| (--gres=gpu:h200:1)
ot o E 3N gpu-h200 (GPU 47l + CPU 1282.0{) = E
H 24 HEAl GPU 17/l + Z2E|A | E cpu 1674




RS HPC 3. 2dAH 1= o X #0|A 4: T GPU(H200) + cPU B & =}

= HPC
RUN-UP!

AH10]| A stol) |2

| [ —

O]

0| T4 T GPUE AIZ5HT, TN B CPUS HE BX G|
A85H= TAR LIS 22 Xiiof MBteirt:

B

» PyTorch/TensorFlow @ GPU k& = £E
» CUDA 74 7|8t A|Z2{|0]M (1 GPU)
Of: FH|/HLAst, Xt AAR], Ray-tracing &
+ CPU EX A|&t0] 2 0]0|X| X2|/E2IEZZLRE X2
- OpenCV + CUDA 510|EH2|E Xz
il {|0|E| HiX| X2| (1GPU + HE|AZE CPU)

208 HPCOficHo[ o
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assgHpe 3. 2dAH X S H|0|A 5: HE| GPU (A6000 x 47H) 'HE =t

L ES HPC

RUN-UP! #!/bin/bash
#SBATCH —-job—name=gpu_a6000_multi # XA 0|5
#SBATCH —-partition=gpu-a6000 # A6000 GPU I}E|M
#SBATCH ——-nodes=1 # LT 170 AR
#SBATCH —-ntasks=4 # XA 474 (rank 47H)
#SBATCH ——cpus—per-task=16 # Z2F ZFA0| CPU 167 &
#SBATCH ——gres=gpu:a6000:4 # GPU 471 2%
#SBATCH —-time=02:00:00 # Z[CH & AlLL
#SBATCH —-output=gpu_a6000_multi_%j.out # &4 =11
module load cuda nccl # CUDA+NCCL E= =L
export NCCL_DEBUG=INFO # sS4 OO HH =9
srun ./multi_gpu_nccl_test # Aol (0d]: NCCL HIAE, PyTorch DDP )

208 HPCO|iztof1 v

| 3unguye
rea Computing Indus S50C



MBZM HPC
RS HPC
RUN-UP!

208 HPC O|rtfoft v

i

2 oE
2
@2

:
ot

3. 2YHAH 3= O HO|A 5: HE| GPU (A6000 x 47l{) B3 =t

#!/bin/bash
#SBATCH --job—name=gpu_a6000_multi # X 0|2
#SBATCH —-partition=gpu-a6000 # A6000 GPU I}E|M
#SBATCH ——nodes=1 #-C 170 AL
#SBATCH —-ntasks=4 # 2 47 (rank 47H)
#SBATCH ——cpus—per-task=16 # Z2F ZFA0| CPU 167 &
#SBATCH ——gres=gpu:a6000:4 # GPU 471 2%
#SBATCH —-time=02:00:00 # Z|0H 2l Al
#SBATCH —-output=gpu_a6000_multi_%j.out # &4 =11
= o
module load cuda nccl L= C 2 (--nodes) 17§
export NCCL_DEBUG=INF( 2100 2 (ntasks) 270 (@70 rank E= T2 AA)
srun ./multi_gpu_nccl_test &4 &2 cpu 167l| (--cpus-per-task=16)
S CPUALEE 4 x 16 = 647 IO
GPU £ H A6000 GPU 47| (--gres=gpu:a6000:4)
CHAN = gpu-a6000 ‘= = (GPU 47H], CPU 1282 1)
S &4 GPU 47lf « rank 471 1:1 O & (24 SH5, DDP 5)




ABEA HPC
WL W] HPC
RUN-UP!

208 HPCOficHo[ o
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3. 2YHAH A= O HO|A 5: HE| GPU (A6000 x 47l{) H & =tA
O &AH0f| Xelots}?

O 71842 U . HE| GPU &Y =|N2t=|0] /A2 Lz 22 &0
XBISHIC}:

mml— N —

MM
=3

PyTorch DDP

=

F

£HH|IO|EH HE & & (DataParallel >

DistributedDataParallel)

TensorFlow Horovod

Horovod 7|EtCo| B E| gpU &t &

NCCL H|&E

all_reduce perf, broadcast_perf

2 E|-gpu TIH &/ X E|

CUDA 7|2t HE| AE &l X2

GROMACS / LAMMPS (GPU)

cre =0 A 2 E[gpu EE AL

(BAt/=Ats Fe)




ABEA HPC
WL W] HPC
RUN-UP!
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3. 2] AF A= ©X #H|O|A 6: CPU + GPU S}0|HE| E XN

#!/bin/bash

#SBATCH —-job—name=cpu_gpu_hybrid # &Y O|F

#SBATCH —-partition=gpu—h200 # H200 GPU LiE|M

#SBATCH ——-nodes=1 # LT 170 AR

#SBATCH ——ntasks=2 # 2 274 (0l MPI rank 27H)
#SBATCH —-cpus—-per—task=32 # ZF ZASE CPU 3271 At
#SBATCH —-—-gres=gpu:h200:2 # GPU 270 A (1 &Y 1GPU)
#SBATCH ——time=01:30:00 # =[Cf Al AZE

#SBATCH ——output=cpu_gpu_hybrid_%j.out # =4 21

module load mpi cuda # MPI2} CUDA &A 2C
echo "Running hybrid CPU+GPU job on $SLURM_JOB_NODELIST’

srun ./hybrid_mpi_cuda_app Alst I (MPI1 + CUDA)




gez=gHpe | 3 2YAH A= S #|0|A 6: CPU + GPU 5}0| 2| E =t
Neuws HPC
RUN-UP! #!/bin/bash
#SBATCH —-job—name=cpu_gpu_hybrid # & 0|5
#SBATCH ——partition=gpu-h200 # H200 GPU ItE|M
#SBATCH --nodes=1 # LT 170 AR
#SBATCH ——ntasks=2 # 2 274 (0l MPI rank 27H)
#SBATCH —-cpus—-per—task=32 # ZF ZASE CPU 3271 At
#SBATCH —-—-gres=gpu:h200:2 # GPU 270 A (1 &Y 1GPU)
#SBATCH ——time=01:30:00 # Z|CH Al A[ZE
#SBATCH ——output=cpu_gpu_hybrid_%j.out # =4 21
module |Oad mpi Cu(ll _c|>_I-E d N ADNINI LINNA =174 4|/ r— 7I-
O 1 HA
echo "Running hybri ~E T 1/} (--nodes=1)
KO 24 (. tasks) 27l (O4l: 270 2] MPI rank)
srun ./hybrid_mpi_c 7—.F A 9| cpU 327} (--cpus-per-task=32)
= cpU A2k 2 x 32 =647 2O
GPU 2H H200 27} (--gres=gpu:h200:2)
020 — —
208 HPCO|iztof1 v GPU &> Rank Off & = Zt rankZt 17 GPUE A2 (1:1 O &)
AN - E 9 epu-h200 (128201, 512GB RAM, H200 GPU 47H)

i

2 oE
2
@2

:
ot




ABEA HPC
WL W] HPC
RUN-UP!

208 HPCOficHo[ o

2 oE
2
@2

2
ot

i

3. ZYAH 2= O AHO|A 6: CPU + GPU S}0| H 2| E =N
O &0 A efot/}?
O] +82 Zt rank’| CPUZ GPUE SA|0f| ARZol= TSt 22 &0
EelefLCt:
R Ol A] Off = 2| O]
%Ar%'fzcgfﬁ\ SH/SHL/7|A A ERO|M 2E

OpenACC + MPI

7| Ab7|2 2 E \WRF, MOM6

DNN Inference
Pipeline

CPUE M XN 2| + GPUE F=E (ex: BERT, LLM inference)

CUDA Al =2 0|

Ray tracing, @& X 2|, ¥ X} Al=gj O]

st A o

QUDA, LAMMPS, CP2K (MPI + GPU)




gez=gHpe | 3 2YAH A= SKX HO|A 7: NUMA £| X3} cpu + GPU HA| E Y
IHL WS HPC

RUN-UP! #!/bin/bash
#SBATCH ——job—name=cpu_gpu_numa # &Y O|F
#SBATCH —-partition=gpu-a6000 # A6000 GPU ItE|M
#SBATCH ——gres=gpu:a6000:2 # GPU 27 2F
#SBATCH --nodes=1 #LC 174 AR
#SBATCH ——ntasks=2 # 2 270 (2712] rank E= T2 M|A)
#SBATCH ——cpus—per—task=32 # 2F 240 CPU 327K &%
#SBATCH ——time=01:00:00 # z|0H Al AlLE
#SBATCH ——output=cpu_gpu_numa_%j.out = xa‘l =7 o

module load cuda

# 2t X012 NUMA =ERZ2 CPU + GPU S0{M Al3
numactl ——cpunodebind=0 ——membind=0 ./gpu_app ——gpu-id 0 &
numactl ——cpunodebind=1 ——membind=1 ./gpu_app ——gpu-id 1 &

wait # = XY 2F S=F M7 U/

0g0
208 HPC O|rtfoft v
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ABEA HPC
WL W] HPC
RUN-UP!

208 HPCOficHo[ o

i

2 oE
2
@2

2
ot

X1 0|4 7:

NUMA Z| &3} cpu + GPU ¥ A| =t

# %491 0|2
# AG000 GPU TE| M

# GPU 271 F
#C 10 AR

# A2 2

(2712] rank EEE= T2 M|A)

# Z2H AFA0| CPU 3270 &Y
# E|CH Alsd A7t

3. 2dAH A=

#!/bin/bash

#SBATCH ——job—name=cpu_gpu_numa
#SBATCH —-partition=gpu—-a6000
#SBATCH ——gres=gpu:ac000:2

#SBATCH ——nodes=1

#SBATCH ——ntasks=2

#SBATCH ——cpus—per—-task=32

#SBATCH —-time=01:00:00

#SBATCH ——output=cpu_gpu_numa_%j.out

module load cuda

PESERS T

# 7 242 NUMA Lt &= o
— A
numactl ——cpunodebin = 11
numactl ——cpunodebin A B 7 (ntasks) 271 (&2 B B2 E HE )
ZF A0l cpu 327} (--cpus-per-task=32)

wait # £ X = =EF S cPUALEE 2 x 32 =647 2O AIE
GPU 28 27 (A6000 GPU 271 > GPU 0, GPU 1)
NUMA B} QI ME YES — numactl --cpunodebind=X --membind=X
=5 CPU « GPU 7t M| 22| 248 x[H 3}




ASZA HPC
W@ HPC
RUN-UP!

000
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S HO|A 7: NUMA X| A3} cpu + GPU H Al ZH

—

Deep Learning Inference

=3
AE cpu Atk gpu B ihES SAO] A
S oA

CPU”Zt =

Bg/8S LEFH M

CPURL GPUZI B E| &

CUDA A| =2 0| M

>

22 230 B2 A2EL D =N

HPC 4= X| B

H= H| Lt (ex: Poisson solver &)

CPU-GPU Y A




gez=gHpe | 3 2YAH A= SX #H|O|A 8: GPU + OpenMP (CPU) HE FAHK 2|
W@ HPC

RUN-UP! #!/bin/bash
#SBATCH —-job—name=opencv_gpu_omp # X 0|5
#SBATCH —-partition=gpu-a6000 # A6000 GPU ItE|M
#SBATCH ——gres=gpu:a6000:1 # GPU 171 2%
#SBATCH ——-nodes=1 # LT 170 AR
#SBATCH ——-ntasks=1 # A 11
#SBATCH ——cpus—per-task=16 # CPU 1671 &Y
#SBATCH —-time=00:45:00 # Z|LH 2l Al
#SBATCH ——output=opencv_gpu_omp_%j.out = =271

module load cuda opencv # CUDAZ OpenCV E= 22

# OpenMP &H

export OMP_NUM_THREADS=16
export OMP_PROC_BIND=spread
export OMP_PLACES=threads

# AlsH
0po = O
5@8 HPCOL M= srun ./cv_inference_gpu_openmp # OpenCV + CUDA + OpenMP 7|8t T =2 ]

| 3unguye
rea Computing Industry Assoc



gez=gHpe | 3 2YAH A= SX #H|O|A 8: GPU + OpenMP (CPU) HE FAHK 2|

HYE HPC

RUN-UP! #!/bin/bash
#SBATCH —-job—name=opencv_gpu_omp # XA 0|5
#SBATCH —-partition=gpu-a6000 # A6000 GPU ItE|M
#SBATCH ——gres=gpu:a6000:1 # GPU 171 2%
#SBATCH --nodes=1 # T 170 AR
#SBATCH ——ntasks=1 # A 170 )
#SBATCH ——cpus—per-task=16 # CPU 1674 =4
#SBATCH —-time=00:45:00 # Z|LH 2l Al
#SBATCH ——output=opencv_gpu_omp_%].out = =271
mOdU|e |OaA_I?|;I?%AI‘ —— L N1 1IN A DI al-..f‘\l me Or—
# OpenMP LE 17l (--nodes=1)
export OM Y 17} (--ntasks=1)
export OM| 2t Xt o| cpy %= 167l (--cpus-per-task=16)
export OM = cpu At8 & 163.0]
4 AlH GPU 8H A6000 17} (--gres=gpu:a6000:1)
= O
(00 HpColztooE T Jov il CPU HE 2| LAl OpenMP (OMP_NUM_THREADS=16)
%l.ucg-aiﬂ I:H é)l- jill-Olzl-I 'IC')I'-é)C-:DI OpenCV + CUDA 7| I:Il_l- %:'AOI- X-I E—l; _;IS% %

it



ABEA HPC
WL W] HPC
RUN-UP!
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3. 2 A A= O HO|]A 8: GPU + OpenMP (CPU) HHE HAMK 2|
O &40 Aelhotut?

O] #+d2 L= 22 FaAE 2 AFHH|™ GPU+CPU of0|E2|E £0]
XBISHIC}

 l— N —

SR BT M
Z oy =2 EgfZ C|ALY E
OpenCV + CUDA F 4 X 2| GPUE= EH, 5 s 2, Cl2E S
7(
S22 gpul||A, MXE|/ZXE|= cpu
Ppenty fensorkl OpenMP=

CPUAHERZ 83 /o +GPUE N 2|

Real-time Video Pipeline
Ao Hi K| X 2] (Batch Inference)
S X SH

O S 2= E2 X2

Robotics, A&+, CCTV

2 5 MK K| O GlALS QB 1N

H A
S F A4




ABEA HPC
WL W] HPC
RUN-UP!
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i

2 oE
2
@2

2
ot

3. 2HAH 1= S X H|O|A 9: Slurm Job Array

#!/bin/bash

#SBATCH ——job—name=job_array_test # &Y 0|5

#SBATCH —-partition=cpu—highmem # CPU 11022 OfE|M A
#SBATCH —-array=1-10 # Job Array QIEIA: 1~10RH77IX| 1071 A&
#SBATCH ——-ntasks=1 # A1 171 (B T2 M| A)

#SBATCH ——-cpus—per—-task=4 # CPU 474 &

#SBATCH --time=00:15:00 # =[0 2 A[LZE

#SBATCH ——output=job_array_%A_%a.out # %A: JoblD, %a: Array Index

echo "Running job array task: ${SLURM_ARRAY_TASK_ID}
srun ./experiment_run.sh ${SLURM_ARRAY_TASK_ID}

2= of
S A = 10 (Array: 1~ 10)
ZF AMEr cpU ALEE 41 O (--cpus-per-task=4)
SA0f 527 A3 7|22 Slurm 278 (MaxArraySize )0| [
A = O Xt AFEE (SA| 2 =) x 4304
GPU AI& =




AS=A HPC
LS HPC
RUN-UP!
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i

2 oE
2
@2

:
ot

S X H|O|A 9: Slurm Job Array

= EFE M0 B E E

47 HhE ASEIALE, Ut

29

510| I4I}2t0|E{ sweep (0I]: learning rate 13})

task _idE QEIAZ Aol It =210|A &2

O[0fX|/H|| L BiX| X2

image_${SLURM_ARRAY_TASK_ID}.jpg X2l &

X[ofl A Al=¢|0]3 BI=

T}2 0f2f AlL2|Q Al

the Hi= HAE/CHZ

—_L— L_ =

OE H=|E=I |:_||:|-|7| 7|-o




AlBZ=A| HPC 3. 2 AH 3X X HOJA 10: Slurm 7| &2F MPI hostfile X}-S ‘4’3 0 |

e u= HPC

RUN-UP! #!/bin/bash
#SBATCH —-job—name=mpi_hostfile # XA 0|5
#SBATCH ——partition=cpu—highmem # CPU 1H|22] =E A
#SBATCH ——nodes=2 # L. 27 AR
#SBATCH ——ntasks—per—-node=64 # B 64712 rank Al
#SBATCH ——-time=01:00:00 # Z|CH Al A2t
#SBATCH ——output=mpi_hostfile_%j.out # E'_—". =7

module load mpi/openmpi # L= intelmpi &

#1. SlurmOA &H=E LE 2|AEE 7|8IO 2 hostfile 4
echo "Generating MPI hostfile from $SLURM_NODELIST"
scontrol show hostname $SLURM_NODELIST ) hostfile

#2 2t E0| AM2E &5 &= X|H (0f|: 64 rank per node)
sed -i 's/$/:$SLURM_NTASKS_PER_NODE/" hostfile

echo "Generated hostfile:"
cat hostfile

T S # 3. MPI 22 (K]: OpenMPI)
108 HPCOliH{op Bt mpirun ——hostfile hostfile -np $SLURM_NTASKS ./mpi_app

| eazagy
rea Computing Industry Ass
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AlBZ=A| HPC 3. 2 AH 3X X HOJA 10: Slurm 7| &2F MPI hostfile X}-S ‘4’3 0 |
RS HPC

RUN-UP! #!/bin/bash

#SBATCH ——job—name=mpi_hostfile # XA 0|12

#SBATCH —-partition=cpu-highmem # CPU 1HEE == AR
#SBATCH ——nodes=2 # 2 27 AFE

#SBATCH ——-ntasks—per—-node=64 # B 64712 rank A&l
#SBATCH ——time=01:00:00 # Z|CH Al ALt

#SBATCH ——output=mpi_hostfile_%j.out # E'_—". =7

module load mpi/openmpi # L= intelmpi &

#1. SlurmOA &H=E LE 2|AEE 7|8IO 2 hostfile 4
echo "Generating MPI hostfile from $SLURM_NODELIST"
scontrol show hostname $SLURM_NODELIST ) hostfile

#2 2t B0 AMEE &2 4= X|H (0f|: 64 rank per node)

sed —i 's/$/:$SLURM_NT"""" “HOFAERF o1
HA

echo "Generated hostfils LE 27l (--nodes=2)

cat hosthle A2 4 (B rank ) 2 x 64 = 1287} (--ntasks-per-node=64)
#3. MPI &8 (0f: Open) 4 ‘= =0{A cPU AHE 47|

020
ég HPCOIZHPES= mpirun ——hostfile hostfi GPU A2 He

HA O

t %ﬁ%ﬁﬂ'ﬁﬂﬂ hostfile Al’% %I__Il Slurm0| O|'L|;| mpirun 7| I:Il_l- )él-% X'”O‘I




A=A HPC 3. 2dAH A= QX AHO|A 11: Slurm 7|8t gpu E2{ 2 E{ 0| A MPI + GPU
N HPC 412 hostfile XIS M/ —
RUN-UP! #!/bin/bash

#SBATCH ——job—name=mpi_gpu_hostfile
#SBATCH ——partition=gpu—h200
#SBATCH ——nodes=2

#SBATCH ——ntasks—per—node=4
#SBATCH ——gres=gpu:h200:4
#SBATCH ——cpus—per—task=32
#SBATCH —-time=01:30:00

# XY 0|8
# GPU H200 M& LOjE|M

# - 27 A E

# 2 EA 4712 MPI rank
# 2t E::E':r GPU 474 @A
# 7—.* rankOll CPU 3274 35*%*

# =|CH Aol A|Zt

A3

#SBATCH —-output=mpi_gpu_hostfile_%j.out # =48 21

module load cuda mpi/openmpi

# 1. SlurmQA] 2HE LE 2|AE 7|8t hostfile 24-M
echo "Generating hostfile from SLURM_NODELIST..."
scontrol show hostname $SLURM_NODELIST ) hostfile

# 2. 2t Lo Alolsk rgnk = F7}
sed —i "s/$/1$SLURI\/I_NTASKS_PER_NODE/" hostfile

echo "Generated hostfile:"
000 cat hostfile

208 HPCO|iztof1 v
meIArors # 3. Alall (GPU-Aware MPI or CUDA + MP| £&t IE)

t ER mpirun ——hostfile hostfile -np $SLURM_NTASKS ./gpu_mpi_app

Ty




M2ZM HPC
IS HPC
RUN-UP!

000
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#!/bin/bash

#SBATCH ——job—name=mpi_gpu_hostfile
#SBATCH ——partition=gpu-

#SBATCH —-—-nodes=2

#SBATCH ——ntasks—per—node=4
#SBATCH ——gres=gpu:h200:4
#SBATCH ——cpus—per—task=32
#SBATCH —-time=01:30:00

S AHO|A 11: Slurm 7|8t gpu 2| A E{ 0| A mPI + GPU

h200

AlSH 2 hostfile XIS A —

= OO

# XY 0|8
# GPU H200 M& LOjE|M

# - 27 A E

#SBATCH ——-output=mpi_gpu_hostfile_%].out

# 2t CE0AN 4709 MPI rank AlsH
# 2 EH GPU 471 @A
# 7—.* rank®| CPU 3274 35*%*
# E|CH AlSH A|Zt

module load cuda mpi/ope

#1. SlurmOjjM 2= E

echo "Generating hostfile
scontrol show hostname $

£21 27
St X
= E &= (--nodes) 271
A 2= (—-ntasks) 2 E x 4 =87} rank
7 X0

327l (--cpus-per-task=32)

# 2. 2 e AMlolist rgnk 4
sed =i 's/$/:$SLURM_NT/

5 cPUAE S

8 x 32 =2567 20§

echo "Generated hostfile:"

GPU At

2t E a7 5 2 E x 4 =87 H200 GPU

cat hostfile

AMEE B

mpirun + Slurm 7|8t hostfile &1 & K|S

# 3. Alall (GPU-Aware MP

or CUDA + MPI & ZE)

mpirun ——hostfile hostfile -np $SLURM_NTASKS ./gpu_mpi_app
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PLE[E - GANGLIA

[ van | sewen | veus | sgsrgmeGrsts | Compme s | Sins | St | Avomsiefsten | bstbens | Gan | Mese

KCLE Cluster Grid Report at Mon, 04 May 2020 06:12:31 +0000 | GetFrash Data

LESt[ huur| 2hr| 4hr| day | weekl month | year | job |"—‘"f'°m| Eh’| ElE Clear |
Sorted | ascending | descending | by name | by hosts up | by hosts down |

KCLE Cluster Grid >

CPUs T‘*‘_‘l’ 128 . — KCLE Cluster Grid Memory last hour i
Hosts up: 2 KCLE Cluster Grid Load last hour EH a0t . o g
Hosts down: o . E] s
200 i i o g 00 6 ! ! 3
Current Load Avg (15, 5, im): P : b - g
0%, 0%, 0% : [ E g
Avg Utilization {last hour): = £ = B
0% FERL] E B
Localtime: 3 ™ -
2020-05-04 0612 -
8 - 14 : 15:68
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B
4 KCLE Cluster Grid Wetwork last hour E
E g, 2k o
& 1% 1
E 10k E
8+ -
W User i B H N . 14:-28 14:a3 15:89
W Mice  Now: g : W WIn MNow: 8.7k Min: 1.2k Avg: 2.2k Max: 14,4k
B ayenan B T o : i a Hout Now: 2.9k Min: 62.4 Avg:392.3  Max: 22.7K
W steal i
O Idle  Mow:
Cluster {physical view)
CPUs Total: 128 Cluster Load last hour EH —
Hosts up: 2 0 g Cluster Network last hour i
Hosts down: o - o S . g
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Current Load Avg (15, 5, 1m): g : R I g
0%, 0%, 0% o — 2l N
Avg Utilization {last hour): ] EllS E
0 3 NNE ek B
Localtime: = E
2020-05-04 0612
T 13:48 1380 8 I -
O 1-min Mow: 0.8 Min: 8.0 Avg:292.8m Max:998. e TR HER
@ Nodes Mow: 2.8 Min: 2.0  Avg: 2.8 Max: 2| BHIn Wow: 8.7k Min: 1.2k Awg: 2.2k Max: 12.8k
B CPUs  Mew:128.8  Min:128.0  Awg:128.8@  Max:128.| M Out Now: 2.9k  Min: 62.4  Avgi406.4 Max: 2I.7k
B Procs Mow: 0.9 Mim: @, Avgi334.9m  Max: 2.
Snapshot of the KCLE Cluster Grid | Legend
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gessppc - 3 2dAH X
@& HPC

AUNSURE o) B3] - GANGLIA
yum install epel-release

yum Install ganglia rrdtool ganglia—_gmetad ganglia—gmond ganglia—web

rrdtool2t2E 28I H|0|E{H|0|A (Round-Robin Database)= 12iZE A3 A|ZH0]| 2 C|0|E HIIE XASILT
HAlol= O MEEl= =~ RILIL,

ganglia—gmetad 2L|E& ofdi= S AE OA 2L|EE H[O|HE o= HIZILICH. ol S AEQ}OIAH

- E 0l A ganglia—gmond (2LE{& G2 X&) E AX| cljOF  FLILCE,

ganglia-web BLIEIZEI= AIARO) T3t 5|AE2| T4 U HO|EIS & +9l= ¥ I2E AES HBELIC

= — =

000
208 HPCOficHo[ o
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asz=aHpe - 3. 8dAH A=

HLES HPC
AUN-UPL o) 5=l - GANGLIA

Ganglia & QIE{H|O|A (/ usr / share / ganglia )0i| CHSH Q1SS MX

/etc/httpd/auth.basiclladminganglia X% &= AIEXt 0|18 ©= H|UHSE X| ™ot /etc/httpd/auth.basicOfl
ME OtIx|7t ¢iE &= = OE CHEL 3 / = O 0|52 ARFEA ME 7ts)

htpasswd —c /etc/httpd/auth.basic adminganglia

208 HPCOficHo[ o
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yz=ydHpe - 3. 2dAH IS
@ HPC

AUN-UPL o) B3y - GANGLIA

/etc/httpd/conf.d/ganglia.conf & =&

#
# Ganglia monitoring system php web frontend
#

Alias /ganglia /usr/share/ganglia
(Location /ganglia)
AuthType basic
AuthName "Ganglia web Ul"
AuthBasicProvider file
AuthUserFile "/etc/httpd/auth.basic’
Require user adminganglia
(/Location)

000
208 HPCOficHo[ o
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PLE[E - GANGLIA

/etc/ganglia/gmetad.conf =3

gridname 0| AH

« gridname "KCLE Cluster”

- data_source & SHAE (Mt 1E)0| M 0]F, & ©9l9| B2 2% U ULAE U RUER 8 52| IP 5
EEES G

« data_source ‘my cluster’ 10 kcle001 kcle002




3. 2dAH A1x

P LIEE - GANGLIA-Master

/etc/ganglia/gmond.conf& HE

cluster block =™

cluster {
name = "Cluster’
owner = "unspecified"
latlong = "unspecified"
url = "unspecified"

J
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Neus HPC
RUN-UPI
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3. 2dAH I

LY — GANGLIA-Master

/etc/ganglia/gmond.conf& HE
udp_send_chanel & udp_recv_chanel =&

udp_send_channel {
#bind_hostname = yes # Highly recommended,

soon to be default.

# This option tells gmond to use a
source address

# that resolves to the machine's
hostname. Without

# this, the metrics may appear to
come from any

# interface and the DNS names
assoclated with

# those |IPs will be used to create the

RRDs.
mcast_join = 239.2.11.71
mcast_if = ib0
port = 8649
ttl =1
}

/* You can specify as many udp_recv_channels as you like as well. */
udp_recv_channel {

mcast_join = 239.2.11.71

mcast_if = ib0

port = 8649

bind = 239.2.11.71

retry_bind = true

# Size of the UDP buffer. If you are handling lots of metrics you
really

# should bump it up to e.g. TOMB or even higher.

# buffer = 10485760

}
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PL{HE - GANGLIA-CLUSTER

/etc/ganglia/gmond.conf& &

cluster block =™

cluster {
name = "Cluster
owner = "unspecified"
latlong = "unspecified"
url = "unspecified"

J
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PL{EE - GANGLIA-CLUSTER

/etc/ganglia/gmond.conf& HE
udp_send_chanel & udp_recv_chanel =&

udp_send_channel {
#bind_hostname = yes # Highly recommended,

soon to be default.

# This option tells gmond to use a
source address

# that resolves to the machine's
hostname. Without

# this, the metrics may appear to
come from any

# interface and the DNS names
assoclated with

# those |IPs will be used to create the

RRDs.
mcast_join = 239.2.11.71
mcast_if = ib0
port = 8649
ttl =1
}

/* You can specify as many udp_recv_channels as you like as well. */
udp_recv_channel {

mcast_join = 239.2.11.71

mcast_if = ib0

port = 8649

bind = 239.2.11.71

retry_bind = true

# Size of the UDP buffer. If you are handling lots of metrics you
really

# should bump it up to e.g. TOMB or even higher.

# buffer = 10485760

}
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PLE[E - GANGLIA

systemctl restart httpd gmetad gmond
systemctl enable httpd gmetad gmond

systemctl restart gmond

systemctl enable gmond
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Ganglia - g5 https://xxx.xxx.xxx.xxx/ganglia

New Tab - Mozilla Firefox

D A usemame and password are being requested by http://192.168.0.29. The site says:

: " jemers | ket Rt | e Desiboard | cuiom. | e
i "Ganglia web Ul

| Get Fresh Data

Bl B[ 6o | cear |

User Name: | adminganglia

Password: iitiitiiiii|
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Cluster (physical view)
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