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VSC HPC environment o f;

Vlaams Supercomputer Centrum

§ » 16,240 CPU cores
p 128/256 GB memory/node
p IBEDR interconnect
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Tier-1 access L o

]
Who What
ﬂesearchers of: \ ( Validated research project\

»
» University and association in the Flemish » Experience on Tier1/Tier2
Community » Technical feasibility
» Research institute under authority or » Responsible for software
supervision of a university in the Flemish licenses
Community /
Q Strategic research center L. | ‘ﬁ;_:’—;,m.vﬂrm 7/

\

H OW / Proposals open continuously

allocation at specified dates

[Nww.vscentrum.be/en/access-and-infrastructure/project-access-tier1




Are you a Tier-1 candidate? " !;,

» Do you have already experience with HPC infrastructure ?

» Is your code already running on a HPC infrastructure ?
» Is your code optimized and scalable?

» Do you need lots of compute time ?
» Will it take too long to get the wanted results using Tier-2 ?

» Do you want to simulate more complex, bigger systems?
» Do you need your results faster?



Project applications iy
Computing resources M Software
» Total node days: 500 — 5,000 » Software already available at Tier-1
» Single job max walltime: 3 days » Software not yet available:
» Maximum for 6 months » is suitable for Tier-1

» SCRATCH: 250 GB-100,000 files » you have a valid license
» Memory: 128 GB/node 256GB/node = |nstallation on Tier-1 @ KUL

= enough licenses

» Computer time is FREE
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Starting grant/preparatory access " Vg

Computing resources

» Allocations are personal

» Total node days: 100

» Maximum for 2 months

» Single job walltime: 3 days

» SCRATCH: 250 GB-100,000 files
» Memory: 128 GB/node 256GB/node

Submissions at any time

Allocated time free

Fast submission
procedure

Preparation for

project application



Tier-1 application workflow 7"

SCIENTIFICAL
EVALUATION

Accepted?

Eligible?

TECHNICAL
EVALUATION

Tier-1 STANDARD -
S APPLICATION admissible? E Category 1? D

ALLOCATED
N ? Accepted?
eed more TIME
STARTING

GRANT

FEEDBACK



Evaluation committee

» a Policy Officer of FWO

» at least three experts appointed by the Board of Directors who:
= are not active within the Flemish Community

= have wide experience in the field of using large computing

capacity



Pilot plan i iy @

End Pilot Phase
> Oct 17, 2016

> Call for open pilots
May 27, 2016

| Start Pilot Tier-1 current users
Today

Jun 28, 2016

2017

Jun 27,2016
Deadline for submission open pilots

Jul 4,2016
Start Open Pilot

» Open to all researchers affiliated with a Flemish university or research institute
» Proven HPC experience needed

» More information: https://www.vscentrum.be/assets/1087
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Top500 list June 2016

sugon
193 China Unicom Lenovo NeXtScale nx360M5, Intel Xeon Eb- 78,000 550.1 1,372.8
China 2660v2 10C 2.2GHz, 10G Ethernet
Lenovo
194 NASA/Goddard Space Flight Center  Discover SCU12 - Rackable Cluster, Xeon E5- 17,136  548.7 712.9
United States 2697w3 14C 2.6GHz, Infiniband FDR
SGl
195 NASA/Goddard Space Flight Center  Discover SCU11 - Rackable Cluster, Xeon E5- 17,136 548.7 712.9
United States 26973 14C 2.6GHz, Infiniband FOR
196 Flemish Supercomputer Center BrENIAC - NEC HPC1816Rg, Xeon E5-2680v4 16,128 548.0 619.3 253
Belgium 14C 2.4GHz, Infiniband EDR
NEC
DolNg Services ClUSLEl PLalioNn DLS0Up GEND , INEl REON Lo 55,032 2479 Tol.0
United States 2630v2 BC 2.6GHz, 10G Ethernet
Hewlett-Packard
198 Service Provider Cluster Platform 3000 BL460c Gen8, Xeon ES- 42,848 5455 891.2
United States 2670 8C 2.600GHz, 10G Ethernet
Hewlett-Packard
199 China Unicom Lenovo x3950, Xeon E7-8860v3 16C 2.2GHz, 10G 24,576 545.0 865.1
China Ethernet
Lenovo
200 High Energy Accelerator Research ~ SAKURA - BlueGene/Q, Power BQC 16C 49,152 536.7 629.1 247

Organization /KEK
Japan

1.60GHz, Custom
IBM



BrENIAC architecture

Management Network
GigaBit Ethernet and
10 GigaBit Ethernet

Monitoring Network
Fast Ethernet

KU Leuven Network
NFS Server
Internet

2 management nodes
Intel E5-2650v3 (10C — 2.3GHz)

64GB DDR4 2133MHz
Local SATA disks

NEC GxFS

2 NEC GxFS blocks:

¢ 4 NSD servers

e 28.8 TB raw SSD for
MetaData

e 856 TB raw NL-SAS
for Data

634 TB usable for Data
1.5x10° inodes
2 7% Hot Spare disks

2 service nodes

Intel E5-2650v3 (10C - 2.3GHz)
64GB DDR4 2133MHz

Local SATA disks

2 login nodes
Intel E5-2680v4 (14C — 2.4GHz)

256GB DDR4 2400MHz
Local SSD

High Performance Interconnect
Infiniband EDR
Fat Tree — blocking factor 2:1

580 compute nodes
Intel E5-2680v4 (14C — 2.4GHz)

435x 128GB DDR4 2400MHz
145x 256GB DDR4 2400MHz
Local SSD

623,6 TFlops peak
90,6 TB of memory




System comparison

Processor type Sandy Bridge E5-2670 Broadwell E5-2680v4
Cores per node 16 28
I R
Memory per node (GB) 64 435x128/145%x256
I -
Local Disk 500 GB SATA 128GB SSD
Network Infiniband FDR fat tree Infiniband EDR 2:1

X2

non-blocking



System comparison(2)

Processor type Haswell E5-2669v3 Haswell E5-2680v3 Broadwell E5-2680v4

Cores per node

Memory per node (GB) 435x128/145x256

Local Disk 1 TB SATA 500GB SAS 128GB SSD

Network Infiniband FDR Infiniband FDR-10 Infiniband EDR 2:1



Compute nodes: Broadweli processors




. m;::? L
Processor comparison et

Socket 0 Socket 1

Numa node 0 Numa node 1
= Ea: Lo EE: DDR4 2400 MHz
- AVX2
EE: !E. 16 DP FLOPs/cycle
Broadwell & &l m & & Wl two 4-wide FMA instructions
roadwe & E!EI & E!LEI Cluster on Die —2 NUMA nodes x socket
Bl BB B B R
[ conc | Bn [ coree | B
= B = B
-
Sandy Bridge Haswell 10c Haswell 12c
Socket 0 Socket 1
Numa node 0 Numa node 1
=1 T et e Sl i B
B B B Em o 5 W B B B = Oy e
1B T [T : u
B = BB Em - e e
B B B WE:

110 Hn

DDR3 1600 MHz DDR4 2133 MHz DDR4 2133 MHz
AVX AVX2 AVX2
8 DP FLOPs/cycle 16 DP FLOPs/cycle 16 DP FLOPs/cycle

4-wide AVX add +4-wide AVX mult two 4-wide FMA instructions two 4-wide FMA instructions



Network ]

Mellanox Infiniband EDR
Fat tree with blocking factor 2:1

é Infiniband network

Peak aggregate N

4

 bandwidth: 31.2Tb/s (EDR switches) /'
/‘ﬂ,"‘f’é‘«”’d“ NN

Peak aggregate
bandwidth: 62.4Tb/s (EDR HCA)

To the compute nodes and servers




Infiniband Islands

Edge 03 Edge 06 Edge 09 Edge 12 Edge 17 Edge 20

Edge 05 Edge 08 Edge 11 Spine 12 Edge 16 Edge 19
Eageon e e e [




N/
|

iy O

-

How to start?

i

-

» Do you have a VSC-number account?
» Do you have an active Tier-1 project?
» Your VSC-number credentials are known!

» ssh vscXXXXX@Ilogin1-tier1.hpc.kuleuven.be

@ loginl-tierl.hpc.kuleuven.be - PuTTY EI@ |

login as: vsc30706 - )

Buthenticating with public key "ingrid@office" from agent 2 |Og|n nOdeS:

Informatie over deze server: loginl.tierl.hpc.kuleuven.be |Ogin1'tier1-hpC-kU|eUV9n-be
* cluster: tlerl/2016 login2-tier1.hpc.kuleuven.be

* role: login
* hardware: X10DRi (x86_64)
¥ gs5: CentOs 7.2.1511

. vs5c30706@1logini ~ 17:20 § I Adding visualization features?

... and you are in!




VSC Common User Environment |
Make user’s life easy

» Unify VSC cluster environments
» Based in an aggregated layered approach

Application Life e Engineerin
sciences forecast 9 9
Development
Cluster S Job :
management Monitoring ~anzelilzn Filesystem
Operating System Drivers lassociar k;bumversnmre_ Mﬂ
System libraries mm """""""""""""" BRUSSEL o \./
Hardware Compute Interconnect Storage ;i;nsso ...... f?)*"‘ivefsi‘aife_ a_lhr:l
nodes ku Leuven lLl unvensirerr cent \J |_J BRUSSEL Cy— y wm
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Application

Toolchains

queues

Cluster Commands
management

node features

Module system
Environment variables: $VSC_XXXXI
login.hpc.site.be
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Storage areas | i
/user/leuven/30X/vsc30XXX $VSC_HOME NFS Global 3GB
/data/leuven/30X/vsc30XXX $VSC_DATA NFS Global YES 75 GB
/scratch/leuven/30X/vsc30XXX  $VSC_SCRATCH GPFS  Global NO XXX GB

$VSC_SCRATCH_SITE
/node_scratch $VSC _SCRATCH_NODE ext4 local NO 128 GB

« Only data from $VSC_SCRATCH needs to be migrated
« SCRATCH is not removed until the end of the project
 After the project there is 14 days grace
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Toolchains Lty
___|Intel compilers
Name intel foss
version 2016a 2016a
Compilers Intel compilers GNU compilers
icc, icpc, ifort gcc, g++, gfortran
MPI Library Intel MPI OpenMPI
Math libraries Intel MKL OpenBLAS, LAPACK
FFTW
ScalLAPACK

Intel Toolchain has newer versions!

- |vsc BrENIAC

lcc, icpe, ifort  16.0.1.150 Build 20151021  16.0.3.210 Build 20160415
Intel MKL 11.3.1.150 11.3.3.210

Intel MPI 5.1.2.150 5.1.3.181



Software wes

» Base software is already installed

———————————————————————————————————————————————— /apps/ Ll e
AllineaForge/6 Valgrind/3.11.0-GCCcore—-4.9.3

Autoconf/2.69 binutils/2.25
Automake/1.15 binutils/2.25-GCCcore-4.9.3
Autotools/20150215 bzip2/1.0.6-GCC-4.9.3-2.25
Bison/3.0.4 expat/2.1.1-GCCcore-4.9.3
,Bis““” e LT F flex/2.5.39
CMake/3.5.2-GCC-4.9.3-2.25 flex/2.5.39-GCCcore-4.9.3
FFTW/3.3.4-gompi-2016a foss/2016a
R e gompi/2016a
GCCcore/4.9.3 hwloc/1.11.2=-GCC-4.9.3-2.25
GDB/7.11.1-GCCcore-4.9.3 icc/2016.3.210-GCC-4.9.3-2.25
GMP/6.1.0-foss-201¢6a iccifort/2016.3.210-GCC-4.9.3-2.25
n Besntol-2016a ifort/2016.3.210-GCC-4.9.3-2.25
iimpi/2016.03-GCC-4.9.3-2.25
M4/1.4.17 imkl1/11.3.3.210-1impi-2016.03-GCC-4.9.3-2.25
M4/1.4.17-GCCcore-4.9.3 impi/5.1.3.181-iccifort-2016.3.210-GCC-4.9.3-2.25
NASM/2.11.08-foss-2016a intel/2016a
NASM/2.11.08-intel-2016a intel/2016a-GCC-4.9.3
OpenBLAS/0.2.15-GCC-4.9.3-2.25-LAPACK-3.6.0 libjpeg-turbo/1.4.2-foss-2016a
DL/l 0 2 CCCl O 3225 libjpeg-turbo/1.4.2-intel-2016a
'Perl/S G2 1—foss-2016a-bare| libpng/1.6.21-foss-2016a
e e Seeelabesinl libpng/1.6.21-intel-2016a
Python/2.7.11-GCC-4.5.3-2.25-bare libreadline/6.3-GCCcore-4.9.3
Bl Safocca20] libtool/2.4.6
R/3.2.5-intel-2016a-bare ncurses/6.0-GCCcore-4.9.3
SQLite/3.9.2-GCC-4.9.3-2.25 numactl/2.0.11-GCC-4.9.3-2.25
ScalAPACK/2.0.2-gompi-2016a-OpenBLAS-0.2.15-LAPACK-3.6.0 z1ib/1.2.8
Tcl/8.6.4-GCC-4.9.3-2.25 z1lib/1.2.8-GCCcore—-4.9.3

Tk/8.6.4-GCC-4.9.3-2.25-no-X11

More to come!



Accounting

Moab Accounting Manager (MAM) = credit card payment

BALANCE
HOLD

Requested: Requested: Used:
« Walltime « Walltime « Walltime
odes e nodes e nodes

L




Accounting commands b

» Projects : It1_projectname
» Credits pool = assigned node/days per project

» Module load accounting

= gbalance -> check your account status

= gquote -> check how much credits the job will cost
= gstatement -> detailed overview

= glsjob -> account information about a job



Accounting: gbalance if
@ legin.muk.gentvsc - PuTTY El@
-qash-4.1$ [gbalance )

Id Name Balance Reserved Effective CreditLimit Available

894 It1_sys 2630 0 2630 0 2630

918 4492 0 4492 0 4492

1550 Account=It1_bench 9989 0 9989 0 9989




Submitting jobs L gl

» Torque/Moab will be used for scheduling
» Single job policy
= Use worker framework for single core jobs

https://www.vscentrum.be/cluster-doc/running-jobs/worker-framework
» As always: specify resources

- -lwalltime=4:30:00 (job will last 4h 30 min)

* -lInodes=2:ppn=28 (job needs 2 nodes and 20 cores per node)

 -lpomem=4gb (job request 4 GB of memory per core)

Other node features: memory.
e -|feature=mem128/mem256

qsub —Inodes=10:ppn=28,walltime=1:00:00,pmem=4gb my_job.pbs



Migrating PBS scripts

@ login.muk.gent.vsc - PuTTY
~-bash-4.15 [

#!/bin/bash -
#PBS -N HPL-2.2-T1-SB-64-1n
E#PBS -Inodes=1:ppn=16

#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

J

module load intel/2016a
module load scripts
cd $HOME/mydatadir

OUTDIR=$VSC_SCRATCH/myresdir
mkdir -p SOUTDIR
cd $OUTDIR

#execute
mympirun --stats=3 ./xhpl.sb.intel2016a

.y O Y
E=3|ECH 5
#PBS —Inodes=1:ppn=28

#PBS -lwalltime=10:00:00
#PBS —lpmem=4gb

A [m




Migrating PBS scripts

@ login.muk.gent.vsc - PuTTY
~-bash-4.15 [

#!/bin/bash -
#PBS -N HPL-2.2-T1-SB-64-1n
E#PBS -Inodes=1:ppn=16

#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

J

module load intel/2016a
module load scripts
cd $HOME/mydatadir

OUTDIR=$VSC_SCRATCH/myresdir
mkdir -p SOUTDIR
cd $OUTDIR

#execute
mympirun --stats=3 ./xhpl.sb.intel2016a

iy Y

o5l

#PBS —Inodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS —lpmem=4gb

#PBS —A It1_project

A [m




Migrating PBS scripts

@ login.muk.gent.vsc - PuTTY
~-bash-4.15 [

#!/bin/bash -
#PBS -N HPL-2.2-T1-SB-64-1n
E#PBS -Inodes=1:ppn=16

#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

J

Remove!

module load intel/2016a
module load scripts
cd $HOME/mydatadir

OUTDIR=$VSC_SCRATCH/myresdir
mkdir -p SOUTDIR
cd $OUTDIR

#execute
mympirun --stats=3 ./xhpl.sb.intel2016a

iy Y

o5l

#PBS —Inodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS —lpmem=4gb

#PBS —A It1_project

A [m
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Migrating PBS scripts

@ login.muk.gentvsc - PuTTY El@

~-bash-4.15 [
#!/bin/bash -I
#PBS -N HPL-2.2-T1-SB-64-1n

E#PBS -Inodes=1:ppn=16 J #PBS —Inodes=1:ppn=28

#PBS -lwalltime=24:00:00 #PBS -lwalltime=10:00:00
#PBS -lvmem=55gb HFIES [omei=41go

#PBS —A It1_project
module load intel/2016a

module load scripts Not available!
cd SHOME/mydatadir

OUTDIR=$VSC_SCRATCH/myresdir
mkdir -p SOUTDIR
cd $OUTDIR

#execyte _ mpirun —np $PBS_NP ./xhpl.sb.intel2016a
mympirun --stats=3 ./xhpl.sb.intel2016a export |_MPI_STATS=ipm

A [m




Migrating PBS scripts

@ login.muk.gent.vsc - PuTTY
~-bash-4.15 [

#!/bin/bash -

o5l

#PBS -N HPL-2.2-T1-SB-64-1n

#PBS -lwalltime=24:00:00

E#PBS -Inodes=1:ppn=16
#PBS -lvmem=55gb

#PBS -lwalltime=10:00:00

#PBS —Inodes=1:ppn=28
#PBS —lpmem=4gb

module load intel/2016a A

module load scripts

cd SHOME/mydatadir

#PBS —A It1_project

Not available!

OUTDIR=$VSC_SCRATCH/myrefNr

mkdir -p SOUTDIR
cd $OUTDIR

#execute

export I_MPI_STATS=ipm

mympirun --stats=3 ./xhpl.sb.intel2016a mpirun —np $PBS_NP ./xhpl.sb.intel2016a

A [m

iy Y




iy Y

Migrating PBS scripts »

@ login.muk.gent.vsc - PuTTY
~-bash-4.15 [

#!/bin/bash -
#PBS -N HPL-2.2-T1-SB-64-1n

E#PBS -Inodes=2:ppn=16 J

#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

module load intel/2016a
module load scripts
cd $HOME/mydatadir

OUTDIR=$VSC_SCRATCH/myresdir
mkdir -p SOUTDIR
cd $OUTDIR

#execute
Export OMP_NUM_THREADS=16

o5l

#PBS —Inodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS —lpmem=4gb

#PBS —A It1_project

Hybrid MPI + OpenMP

export I_MPI_JOB_RESPECT_PROCESS_PLACEMENT=disable
export I_MPI_PIN_DOMAIN=core

export KMP_AFFINITY=compact,1

export I_MPI_STATS=ipm

mpirun —np $PBS_NP ./xhpl.sb.intel2016a

mympirun —universe= 2 --stats=3 ./xhpl.sb.intel2016a

A [m




What could you expect?

Single node performance comparison

HPL STREAM Triad
BT1A ®mTK-HSW ET1B

| .
0




What could you expect?

time (seconds)

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

Node performance comparison

o8 iy i
i i

AMRVAC

HT1-A
TK-HSW
HmT1-B

#nodes
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What could you expect? i

time (seconds)

Node performance comparison AMRVAC

9,000

8,000
7,000
+ 61%
6,000
5,000
4,000 + 64% + 64% HT1-A
3,000
+ 64% T1-B
2,000 o
1,000 . I i 51 /o
: =

18 % 192
#nodes T1B +75% cores
T1A +8% freq

System size



What could you expect? iy

| Parallel efficiency 2688 AM RVAC

S
O

1536 3072

—T1A
T1B

37 48 96 192
#nodes



T

What could you expect? | i

time (seconds)

5,000
4,000
3,000
2,000

1,000

0
#nodes 16

Node performance comparison AMRVAC

I + 25%

+ 24%

+ 25%
3

32 48

B TK-HSW = T1-B  T1B +16% cores
TK-HSW +5% freq
Intel2016a vs intel2015a



Jan Ooghe
Ewald Pauwels
Ingrid Barcena

hpcinfo@kuleuven.be




