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VSC HPC environmentVSC HPC environment
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Tier-1 accessTier-1 access

Proposals open continuously

allocation at specified dates

When

Who

Researchers of:

University and association in the Flemish 

Community

Research institute under authority or 

supervision of a university in the Flemish 

Community

Strategic research center

What

Validated research project

Experience on Tier1/Tier2 

Technical feasibility

Responsible for software 

licenses

How
www.vscentrum.be/en/access-and-infrastructure/project-access-tier1



Are you a Tier-1 candidate?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 applicationsProject applications

Computing resources Software

Computer time is FREE

Funding

� Total node days: 500 – 5,000

� Single job max walltime: 3 days

� Maximum for 6 months 

� SCRATCH: 250 GB-100,000 files

� Memory: 128 GB/node 256GB/node

� Software already available at Tier-1

� Software not yet available:

� is suitable for Tier-1

� you have a valid license

� Installation on Tier-1 @ KUL

� enough licenses



Starting grant/preparatory accessStarting grant/preparatory access

Submissions at any time

Allocated time free

Fast submission 

procedure

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

Preparation for 

project application



Tier-1 application workflowTier-1 application workflow

STANDARD

APPLICATION

STARTING 

GRANT

YES

TIER-1

CALL

Tier-1

Experience?
admissible?

NO

YES
TECHNICAL

EVALUATION
Category 1? YES

ON

SCIENTIFICAL 

EVALUATION

Accepted?

Accepted?

ALLOCATED

TIME
YES

NO

FEEDBACK

Need more?

Eligible?

YES
YES



Evaluation committeeEvaluation 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



2017

Today

May Jun Jul Aug Sep Oct Nov Dec

Call for open pilots
May 27, 2016

Start Pilot Tier-1 current users
Jun 28, 2016

End Pilot Phase
Oct 17, 2016

Deadline for submission open pilots

Jun 27, 2016

Start Open Pilot

Jul 4, 2016

Pilot plan

� Open to all researchers affiliated with a Flemish university or research institute 

� Proven HPC experience needed

� More information: https://www.vscentrum.be/assets/1087



Tier-1b system specsTier-1b system specs



BrENIACBrENIAC

Brain + ENIAC



Top500 list June 2016Top500 list June 2016



BrENIAC architectureBrENIAC architecture



System comparisonSystem comparison

MUK BrENIAC

Total nodes 528 580

Processor type Sandy Bridge E5-2670 Broadwell E5-2680v4

Base Clock Speed 2.6 GHz 2.4 GHz

Cores per node 16 28

Total cores 8,448 16,240

Memory per node (GB) 64 435x128/145x256

Memory per core (GB) 4 4.5/9.1

Local Disk 500 GB SATA 128GB SSD

Peak performance (TF) 175 623

Network Infiniband FDR fat tree

non-blocking

Infiniband EDR 2:1

x2x2x2x2

x2x2x2x2

x2x2x2x2



System comparison(2)System comparison(2)

Swallot Golett BrENIAC

Total nodes 128 200 580

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

Base Clock Speed 2.6 GHz 2.5 GHz 2.4 GHz

Cores per node 20 24 28

Total cores 2,560 4,800 16,240

Memory per node (GB) 128 64 435x128/145x256

Memory per core (GB) 6.4 2.6 4.5/9.1

Local Disk 1 TB SATA 500GB SAS 128GB SSD

Peak performance (TF) 106 192 623

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



Compute nodes: Broadwell processorsCompute nodes: Broadwell processors
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Processor comparisonProcessor comparison

DDR4 2133 MHz
AVX2
16 DP FLOPs/cycle
two 4-wide FMA instructions

DDR4 2133 MHz
AVX2
16 DP FLOPs/cycle
two 4-wide FMA instructions

Broadwell

Sandy Bridge Haswell 10c Haswell 12c

DDR3 1600 MHz
AVX
8 DP FLOPs/cycle
4-wide AVX add +4-wide AVX mult

DDR4  2400 MHz
AVX2
16 DP FLOPs/cycle
two 4-wide FMA instructions
Cluster on Die –2 NUMA nodes x socket



NetworkNetwork

Mellanox Infiniband EDR 
Fat tree with blocking factor 2:1
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How to start? How to start? 

� Do you have a VSC-number account? 

� Do you have an active Tier-1 project?

� Your VSC-number credentials are known!

� ssh vscXXXXX@login1-tier1.hpc.kuleuven.be

… and you are in!

2 login nodes:
login1-tier1.hpc.kuleuven.be
login2-tier1.hpc.kuleuven.be

Adding visualization features?



VSC Common User EnvironmentVSC Common User Environment

Make user’s life easy

� Unify VSC cluster environments

� Based in an aggregated layered approach



CUE base configurationCUE base configuration

System 

Cluster 
management

Development

Application

queues
Commands
support scripts
node features

Module system
Environment variables: $VSC_XXXXl
login.hpc.site.be

Toolchains



Storage areasStorage areas

Name Variable Type Access Backup Quota

/user/leuven/30X/vsc30XXX $VSC_HOME NFS Global YES 3 GB

/data/leuven/30X/vsc30XXX $VSC_DATA NFS Global YES 75 GB

/scratch/leuven/30X/vsc30XXX $VSC_SCRATCH
$VSC_SCRATCH_SITE

GPFS Global NO XXX GB

/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 



ToolchainsToolchains

Intel compilers Open source 

Name intel foss

version 2016a 2016a

Compilers Intel compilers
icc, icpc, ifort

GNU compilers
gcc, g++, gfortran

MPI Library Intel MPI OpenMPI

Math libraries Intel MKL OpenBLAS, LAPACK
FFTW
ScaLAPACK

VSC BrENIAC

Icc, icpc, 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

Intel Toolchain has newer versions! 



SoftwareSoftware

� Base software is already installed

More to come!



CREDITS 
POOL

DONE

AccountingAccounting
Moab Accounting Manager (MAM) = credit card payment

RUN

PREAUTH
BALANCE

HOLD
CHARGE

Requested:
• Walltime
• nodes

Requested:
• Walltime
• nodes

Used:
• Walltime
• nodesREQ

CREDITS 
POOL

PEND

REQ
CREDITS 

POOL USED



Accounting commandsAccounting commands

� Projects : lt1_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: gbalanceAccounting: gbalance

: gbalance
Id   Name                    Balance Reserved Effective CreditLimit Available
---- ----------------------- ------- -------- --------- ----------- ---------
894  lt1_sys                     2630        0      2630           0      2630
918                             4492        0      4492           0      4492
1550 Account=lt1_bench 9989        0      9989           0      9989



Submitting jobsSubmitting jobs

� 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)

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

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

Other node features: memory. 
• -lfeature=mem128/mem256

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



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=1:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

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

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=1:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

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

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb

#PBS –A lt1_project



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=1:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

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

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb

#PBS –A lt1_project

Remove!



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=1:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

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

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb

mpirun –np $PBS_NP ./xhpl.sb.intel2016a
export I_MPI_STATS=ipm

#PBS –A lt1_project

Not available!



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=1:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

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

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb

export I_MPI_STATS=ipm
mpirun –np $PBS_NP ./xhpl.sb.intel2016a

#PBS –A lt1_project

Not available!



#!/bin/bash -l
#PBS -N HPL-2.2-T1-SB-64-1n
#PBS -lnodes=2:ppn=16
#PBS -lwalltime=24:00:00
#PBS -lvmem=55gb

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

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

#execute
Export OMP_NUM_THREADS=16
mympirun –universe= 2 --stats=3 ./xhpl.sb.intel2016a

Migrating PBS scriptsMigrating PBS scripts

#PBS –lnodes=1:ppn=28
#PBS -lwalltime=10:00:00
#PBS –lpmem=4gb

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

Hybrid MPI + OpenMP

#PBS –A lt1_project



What could you expect?What could you expect?
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What could you expect?What could you expect?
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What could you expect?What could you expect?
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What could you expect?What could you expect?
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What could you expect?What could you expect?
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Intel2016a vs intel2015a
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