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HPCiin Poland: 2014 update:

AFunding2008-2014: $200M+

AMain components

A Capacity infrastructure :
A Cracow(Cyfronet)
A Poznan(PSNC)
A Gdansk(TASK)
A Wroclaw (WNSC)
A Governmentalsite (energy)

A Capability facility :

A Warsaw (ICM)
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Coordinated! concept: competence: centers

AHigh Performance Networking: PSNC
A Capacityservices: Cyfronet
A Capability and data-driven services: ICM

AConcertedPOWIEW and PIGRID Ré&programs:
A Complementarycomputing infrastructures
A Jointjob allocation concept
A National services

A Aggregated computing capacity, 7/2014:
A Cyfronet .5 PF (2+ PEoming)
A PSNC: 150 TFs(bjectexpansion)
AICM: .5 PF (2 PFcoming)
A In addition, TASK & WNSCeachappr. 100 TF
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ICM: compu-infrastructure-e

AAs ofJuly, 2014:

A x86-basedcompu-clusters: appr. 10Kcores

A Blue GeneQ: 16Kcores

A Power 775: 2.5Kcores

A Blue GeneP: 4Kcores(development &education)

A 2014 (pending):
A Capacitycompu-server: .2.3 PF

A 2015 (pending, OCEANacility ):
A HighPerformancedata analytics system
A Capability computing system
A HighPerformancedata storage
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ICM, afew facts:

A founded in 1993, as aentre for:
A HPC infrastructure: operations and development programs on national scale
A National researchinformation infrastructure
A research in computational and information sciences

A one of key contributing institutions to the national research ICT
infrastructure development in Poland

A'ICM hassetup:

A national academic applications software system (1996)

A national w3caching program (1996)

A national research database accessibility (1997)

A open-access multiscale numerical weather prediction system (1997)

A a group of leadingedge experimental labs (2005), extended
into a university centre for new technology (2012)

and also
A annual festivals of science (from 199y
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Some of ICM& Contributions to large research
Infrastructures and their development

A National virtual library of science (1997): content, software system
A National academic information infrastructure: INFONA system
A Polish Research Bibliography and Poligitation Index

A EU: DRIVER an®penAlREopen repository infrastructures

A EU:EuDML(European Digital Mathematics Library)

A EU: UNICOREgrid infrastructure (security functionalities)
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ICM: evolutiomn,

A Centre forcomputational sciences(1993+):
A Mathematicalmodelling
A Foundations physics, chemistry, biology, 8

APromotion and implementation of openpublishing model
(2004+) 7z Poland and Europe:

A software

A Publishing andscholarly communication
A Researchdata

A e-infrastructures

A OCEAN: Data Science and dadsiven sciencescentre (2013

Principle : INTERDISQIRUINARITY
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OCEAN: Centre for Data, their Analysis
and Computational Modelling

Infrastructure

A Delocalizeddata centre (2 remote locations)
A Datastoragesystems

A Critical processingand big dataanalytics systems
(time-critical processing

A Extreme computing (capability computing)

Concept

A Centre for data science and datdriven services

A Dual setup:
A research-oriented profile
A governmentalserviceinfrastructure
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ICM: integrated! OCEANconcept

A Distributed location:

A Current site z future back-up facility (2015)

ANew site:
A Under construction
A Operations:  Q3, 2015
A Total floor;:  60004sg.m
A Power supply: 4AMW (10MW pending)
A Energy-efficient facility

AConcept
A Datastorageservices:initial ~ 40 PB faststoragg
A HP Data Analytics: ~ 850G Teps
A Capability computing: ~ 3 PF
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OCEAN: pprogtam

ANational data infrastructures:
A Research INFONAIntegrated knowledge system
A Government CRIP publidnformation repository system

AHighPerformancedata analytics:
A large-scaledata-sets
A time-critical dependableservices

A development ofspecializedsolutions and infrastructure
for big-data analytics

A Capability computing:
A time-critical applications
A data-driven computing

A development ofspecializedsolutions
for big-datadriven computing
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OCEAN<core development
and service areas

ALargeoperational neworks (interactive structured
populations)

ASectors
A Natural environment (weather, pollutions, hazards)
A Energy (intelligent energy networks - smart grids)
A Transportation (air and surface)
A Logistics (delivery services)
A Healthcare andpersonalized medicine (also biobanks)

A Public administration:

A CentralRepository of Public Information CRIP (forgovernment
and public administration -createddata andinformation )

A Intelligent city (Warsaw)

A Socialprocessesrelated to new technologies
.. . . UNIVERSITY OF WARSAW
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OCEANsselected reference: areas
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Numericall weathen- forecasting:
and dependentisenvicess (meteo.pl)

AMulti -model multi -grid processing
ATop horizontal resolution in development 1km

AVertical resolution: 70+ layers

AServices:
A Severeweather warning systems
A Energysector
A Transportation and logistics
A Agriculture

AR&D:
A Energysmart grids
A Airspacemanagement
A Natural hazards
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Large-scale visuall data precessing:

and analysis

AVisualization
A Translation from data to image

A Natural and parallel information interpreted by
human

A Information presentation
A More comprehensive overview of data
A Key role in data interpretation

AVisual Analysis
A Enables key information extraction
A Reveals the unexpected information
A Supports model building
A Allows interactive analysis

)

CHINESE PROVERD

One picture is worth
ten thousand words
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Visual ComputingzandiData: Analysiss

New solutions: VisNow Visual Analysis Software
A Distributed Visualization Engine (MPPSMP, GPGPU
A In situ Visualization J

A Visualization of simulation results
A Cosmology
A Turbulent flows
A Neurobiology
A Biomedicine

A visnow.icm.edu.pl (Open Sourcdlcense)
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http://visnow.icm.edu.pl/

VISNOW  Software and services




VisNow: oftware and services

AMolDyAna

A Interactive tool for molecular dynamics
data analysis and visualization

A Dynamics animations

A Geometry measurements
A Density charts

A Trajectory analysis

A Spectral analysis

http://moldyana.icm.edu.pl
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Casestudies: computing
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Casestudy: Smulationss of bielogicall cellularn:
processes at tissue scale

A Main objective : setup a methodologyand powerful
computational algorithms to enablelarge scale
modelling of cellular biosystems

A Multiscale approach : simulation of cellular o
biosystemsdynamics,individual cell processesand E <
environment ¥

A Hybrid computational model: solving off-lattice
many body system,0 $ Yd@<aribingcellular
environment andtheir interactions

A Challenge: enabling simulations on clinically
detectablescales(10° cells= 1cnP tissue)

LargeScaIeParaIIeIS|mulatlonsof 3-D Cell Colony Dynami¢c#.Cytowski
vBd{ 1 & YIEEELdnputing in Science & Engineering, 2014
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Casestudy: Copernicus Complexio

A Zoome-in type simulation :
A Ultra high -resolution : over 13 bilion particles inside computational domain (green)
A Medium resolution : transition zone (blue)
A Lowest resolution : sufficiently large segment of theUniverse (red)

A Technical details : 70 TF & 10 TBcomputational partition ,approx. 4weekswall
clocktime

A Analysis: results of the CoCasimulation are being analysedby international
cosmologicalconsortium

A Visualization : http :// vimeo.com/76812335
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Modelling-of ithe-Structure of ,thé Universese

A Large scale simulations with Noody codes (Gadget3GotPM)
A Warsaw Universe Simulation , 20483 particles

A MPPbased results analysis:
A Statistical methods
A Topological classification
A Geometrical classification
A DelaunayTesselation Alphashapes and B&i numbers
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Casestudy: Numericall Weathen Forecasting:

A Operational numerical weather
forecasting for Central Europe

http://meteo.pl

A Unified Model 60h forecasting , current
resolution approx. 4km,planned
resolution approx. 1km

A IBM Power 775 7 5x speedupover x86
cluster

A Technical details :
A 4runs per day
A 24 nodes 768 Power7cores
A approx8 waliitiine per run
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High-throughput modelling of functionally and
therapeutically relevant
spatial RNA structures

A Modelling of spatial RNA structures

A Design of new therapeutic targets aimed
at the RNA

A Validation of) # - RIN@Composer
software for fully automated spatial RNA
models generation from structural
fragments
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Infectious disease spread over Poland:
computational Agent Based Model
and its predictions

structure and mathematical model of the infection
A Model predicts spacedistributed epidemic outbreak:

A and location of the epidemic
peak in time,dependent on
different socio-biological
circumstances:
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POWIEW program,

http://wielkiewyzwania.pl

Large scale scientific computing projects:
A Numerical Weather Prediction
A Semiconductormodeling

A Modelling and visualization
of RNAstructures

Neuroinformatics simulations
Modelling of thestructure of the Universe

Molecular modeling

A
A
A
A

A Astrophysics

Reservoir modeling

Main computing architectures:

M ™

MPP systemg IBM BlueGenéP &
BlueGendéQ

Fat Node systemsg |BM POWERZ

SMP systemg HP BladeCenter,
Versatile SMP ¢SMB

GPUbased hybrid systems
HP SL390sVidia Fermi
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ICM: driving research areas

AHuman physiology :
A Towards personalisedmedicine: cardiac system,circulation
A Multiscale developments from cellular level upwards

AMaterials science and engineering :

A Design ofnew functional materials andbiomaterials down to
nanoscale characterization, processmodelling

AMethodology :

A New conceptsof computational algorithms and datastructures £
for future architectures (towards exascalg ~'

A Nonlinear processdynamics insystemsof high complexity:

A spatial structure formation in systemsover complex,
possibly variable geometry/topology,
applications to population dynamics

A irreversible and nonlocal phenomena “
A decision making and control over multiple tig
A stochastic networks
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Modeling flows through porous media

AMain interest:
A Modeling flows at pore scale (large range of velocities)
A Upscalingto core scale effective parametres and model fitting
A Studyinginertia effectsat pore scale(non-Darcy core-scalemode

A Modeling pore-cloggingprocessesand their impact
on core-scaleparameters

A Computations basedon realistic geometries
(microimaging with X-ray computed microtomography)

APorousmediavirtual laboratory:
A Porescale
A Upscalingand dualscalemodel fitting
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Challenges in 3D pore -scale simulations
SIZEN!

'i(‘,;' 1\
LA TS

e

Glass beads Tuff?

wComplexity" o tcells, 10Ghfiles, challengingvisualization and postpreg
FEGrid reduction (data coarsening necessary
FESamplingvs. ReferenceElementaryVolumesize

EMeshrefinement

1[DWildenschild], 414x414x300, largest problem: 30Mcells, 9Gb, voxe
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3[BLingquist], 731x731x600, largest problem 8Gb, 27Mce rb
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Upscaling from pore to core scale

slow flow : P faster flow

 Otop_red2 __ SUMMARY irterms of upscaledvalues

#5 A O Adgith€®constantratio of P (ug
pressure) and V (upscaledvelocity)

Anertia effectsz non-Darcy modse

FAccounting foranisotropy
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Impact of pore space clogging
on core parameters

GR, v =1e-5, 2=0, rand0.1

AChangesn pore geometriesmay result for
avariety of processes biofilm growth,
sedimentation, reactive flows, antrophogenic
actitivite .

BSignificantchangesin permeability due to cloggin

ol i A-igures. random model of clogging
(irregular pore lining)

GB_rand_0.5, v_n=28-2

GB_rand_ 0.1, v_n=28-2

e, *
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