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HPC irnePoland: 220 4pdate

AFunding2008-2014:
A HPCfor research $200M+
A Othere-infrastructuresfor academia $400M+

A e-infrastructuresfor governmentand administration $1.52B
A 20152022programs continuation focused on operations and R&D

Priorities (academia:

A Capacityinfrastructure:
A Cracow(Cyfrone)
A Poznan(PSNC)
A GdansKTASK)
A Wroclaw(WNSC)
A Swierk (NNRCenergy)

A Capability facility:
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Somebackground

A 1993:NationalResearchiCTInfrastructureprogramlaunched
A 1994: 5 HP€entersoperational
A 1996:Nationaloptical networkinginfrastructure programlaunched
A 1997: Virtual Library of Scienstarted
A 2007:Researchnfrastructures OperationalPrograms ¢ohesion budge
A 2013:Competencecentersfounded

A Currentaggregatedcapacity(selection:
A Cyfronet .5 PF (2+ Ri®ming
A ICM: .5 PF 24 PFcoming
A PSNC: 150 T&upjectexpansion
A In addition, TASK (150 TF), WNSC (100 TF), NC
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Coordinatedconcept competencecenters

AHigh Performance Networking®SNC
ACapacitycomputingservices: Cyfronet
ACapabilitycomputingand databasedservices: ICM

AFoundation: POWIEW and-BRID R&Programs |
(completed:
A ComplementanHPOnfrastructures
A Jointjob managementoncept
A Nationalservices

Ae-Infrastructureroadmap2014-2024
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OSIRIS:) C#'s rGa@mappings 2022

ADistributed , scalable e-infrastructure for data-driven
open science

ANational partnership coordinated by ICM
ACore: ) # - @GCBANNfrastructure for dataresearch

AMultiple e-infrastructure layers:
A Storage andretrieval services
A HPD Analyticsfeasibility
A Big databasedHPC

Alntegrating role of the competencecenters:
operations, development, consulting,
researchand education
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OSIRISconcept outline:

A Academia
A Data scienceprograms
A Open sciencemodels
A Specialfocus: digital humanities and social sciences
A Partnership with public sectorandindustry

A Non-academicpartners:
A government agenciespublic administration
A businessand industry
A NGOs

A Industry benefits:

A accesgo open data repositories, including opergovernme
data deposited

A business intelligencesolutions,

A accesgo comprehensiveresearch information
systems (OpenAlREInfona, PBN)

A accesdo open researchdata,tools and solutiog
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OCEAN program (2013+)

A Centre for Datatheir Analysisand ComputationalModelling

A National datainfrastructures:
A OSIRISoadmap
A Research INFONAntegrated platform
A Government CRIP public data platform

A HighPerformancedata 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 extreme computing
A specializedsolutions for big-data driven models

A Sharedinfrastructure resources
A Competencecenter: R&D, consulting
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OCEAN: concept foundationss

A Securebig dataoperations facilitated: multi -site set-up

A Motivation:

A rapid growth of experimental and observational data,computer
simulation results

A broad opening of governmental public data
A challenge ofinter -sector collaboration in public sector

A concertation of High-Performanceinfrastructures within
public sector

ATechnology-gapinduced challenges

A needfor novel conceptsin algorithmics and
computational models construction
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OCEAN initiah| physicall infrastructure-e

ADistributed location:
A Current site z future backupfacility

ANew site:
A Under construction
A Operations: Q3, 2015
A Total floor: 5000+sg.m
A Power supply: 4MW (LOMW provided)
ASetup:
A Datastorageservices:initial 30+ PB faststorage
A HPDataAnalytics: 850+ GTeps
A Capability computing: 2+ PF
A Technology developmentsite
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OCEANspecific: features:

AFull processingchain encompassedn knowledge retrieval
from big data:

A Dataacquisition, from experiment and observation results
through HPCsimulations

A Preprocessingand structuring of big data:selection, reduction,
visual data analysisand computing

A Post-processing data-driven HPC feedbackloop to
real systems

ANew generation of algorithms, computational modelsé
and highly scalablesoftware implementations
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OCEAN: selected priorities: s

Methodology:-
A Mathematicalfundations of data science andomputational
A Statisticalmethods
A Visual dataanalysisand scientific visualization
A Computationalsoftware: new drections , optimization
A Complexstructure systems characterizationand dynamics

Application areas

A Numerical weather prediction andits applications to critical
decisionplanning and supporting systems

A Complexsystemsin natural environment

A Medicine, healthcareand life sciences

A Materials sciencesand engineering

A e-governanceand industry

A Complexlogistics and transportation networks (aviatio

A Socialprocessesassociatedwith introduction of new
technologiesand digital societaltransformation i
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ICM: some milestoness
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ICM

Foundedin 1993, as a cerdr for:

A HPCresearchinfrastructure: operations and
development programs on national scale

A national information infrastructure
A research in computational and information sciences

Initiated programs and activities, e.g.:
A national academic applications software system (1996)
A national research database accessibility (1997)
A national w3caching program (1996)

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

A national virtual library of science (1998)

A a group of leadingedge experimental labs (2005),
extendedinto a university centre
for new technology (2012)
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Large-scale research infrastructures and their
development : some of ICM contributions

A National networked HPC infrastructure: applications software,
capability computing

A National virtual library of science: content, software system

A Unified national academic information infrastructure:
integrated system

A Polish Research Bibliography and Polish Citation Index
A EU: DRIVER an®penAlREopen repository infrastructures
A EU:EuDML (European Digital Mathematics Library)

A EU: UNICORE grid infrastructure (security functionalitie
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ICM: selected HPCGdriven research areas

AHuman physiology :
A Towards personalisedmedicine:
A cardiac system,blood circulation
A cancerogeneousdevelopments

AMultiscale developments
A Molecularlevel
A Cell andtissue scale
A Functional effectsat macro-scale

AMaterials science and engineering :

ADesign ofnew functional materials and

biomaterials down to nanoscale
A characterization

A processmodelling
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ICM: HPCG-driven research areas, cont.

Methodology :

ANew conceptsof computational algorithms and data
structures for future architectures (towards exascalg

ANonlinear processdynamics insystemsof high complexi

A spatial structure formation in systemsover complex,
possibly variable geometry/topology

A applications to population dynamics

A irreversible and nonlocal phenomena

A decision making and control over multiple time-scales
A stochastic dynamical networks
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|CM: main computational infrastructure

AAs of August, 2014:

A x86-basedcompu-clusters; ~20K cores

A Blue GeneQ: 16Kcores

A Power 775:  2.4Kcores

A BlueGeneP:  4kcores(R&D &education)

A2014 (pending):
A Capacitycompu-server: .3 PF

A2015 (pending):

A HighPerformancedata analytics system
A Capability computing system
A HighPerformancedata storage
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ICM: an evolution of the concept

A Center forcomputational sciences(1993+):
A Mathematicalmodelling
A Foundations: physics, chemistry, biologyh 8
A Algorithms

APromotion and implementation of openpublishing
models (2004+) z Poland and Europe:
A software
A Publishing andscholarly communication
A Researchdata
A e-infrastructures

AData Science and datdriven sciencescentre
(2013+):
A R&D
A partnerships
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ICM: research, solutionss and
services

UNIVERSITY OF WARSAW

-  Interdisciplinary Centre for Mathematical
m and Computational Modelling

www.icm.edu.pl



Visual Computing:andiData: Analysiss

New solutions: VisNow Visual Analysis Software
A Distributed Visualization Engine (MPP,SMP, GPGPU)
A In situ Visualization

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

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

ESITY OF WARSAW
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http://visnow.icm.edu.pl/
http://visnow.icm.edu.pl/

HPC wisualizatiom seftwaree

AVisNow http://visnow.icm.edu.pl

A Genericvisualization and visual analysis platforrVISNOW

A Developed inJavaat ICM

A Features
A Modular
A Data flow driven
A Pluggable
A Philosophy
A ReadAnd-Watchz instant visualization
A Multifunctional modules
A Module-object-interface connection
A Reasonable default values
A New developments :
A Large datasets support

. . - . UNIVERSITY OF WARSAW
A Distributed resources I;‘ BRIy Centre for Mathematica
A Batch processing s P .o A



ICM: oftware and services




VisNow for- molecular design

MolDyAna

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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Numericall weathen forecasting:
and dependent:senvicess

AMulti -model multi -grid processing mesoscale
ATop horizontal resolution in development 1km
AVertical resolution: 70+ layers

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

AR&Dsolutions:
A Energysmart grids
A Preciseagriculture
A Airspacemanagement
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Personalized! medicine: and healthcare:

A Cardiacinterventions:
A Non-invasive diagnostics
A Cardio-intervention design
A Remote monitoring and diagnostics

A Cellular andmolecular scalecomputational modeling:
A Diseaseprofiling
A Personalizeddrug design

AHealthcare:
A Remote monitoring
A Remote diagnostics
A Epidemiology (structured populations over networl
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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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ICM: some morne: R&D references;
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Casestudy: biologicalcellular processes
at tissuescale

A Main objlective: setup amethodologyand
Ioowerfu computatlonalalﬂorlthmsto enable
argescalemodellingof cellularbiosystems

A Multiscaleapproach simulationof cellular
biosystemgynamicsjndividualcell processes
and environment

A Hybrid computational model: solvingoff-lattice
manybody systemt 5 9d@saribingcellular
environment andheir interactions

A Challengeenablingsimulationson clinically
detectablescaleq1(° cells= 1cn? tissué

Ref.:LargeScaleParallelSimulationsof 3-D Cell Colony Dynami¢c$4.Cytowskj
“Lo{ | e YIEEEZdntputing in Science & Engineering, 2014
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POWIEW:program

Coalition ICM,Cyfronet PSNC
http://wielkiewyzwania.pl

Large scale scientific computing projects:

A Numerical Weather Prediction

A Semiconductor modelling

A Modelling and Visualization of RNA Structures
A NeuroinformaticsSimulations

A Modelling of the Structure of the Universe

A Molecular Modelling

A Reservoir Modelling

A Astrophysics and Radio Astronomy

A Visual Analysis

Main computing architectures:

MPP systemsg IBMBlueGenéP &
Fat Node systems|BM POWEI

SMP systemg HP BladeCen
SMP ySMB

GPUbased hybrid syste
HP SL390sVidiaFermi
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Cassestudy: CopernicuComplexio

A Zoomtin type simulation:
A Ultra highresolution: over 13 bilionparticlesin the middle of computationaldomain(green
A Medium resolution transition zone(blue)
A Lowestresolution: sufficientlylargesegment of theUniverse(red)

A Technicabetails; 70 Tflop's & 10 TRomputationalpartition, approx 4weekswall
clocktime

A Analysisresultsof the CoCasimulationare beinganalysedoy international
cosmologicatonsortium

A Visualizationavailableon Vimeo: http:// vimeo.com/76812335
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Maodelling of the Structure-of the ldhiverse

A Large scale simulations withddy codes (Gadget&otPM)
A Warsaw Universe Simulatigr2048.3 particles

A MPRbased results analysis:

A Statistical methods

A Topological classification

A Geometrical classification

A DelaunayTesselation Alphashapes and B& numbers
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Cassstudy: NumericalWeather Forecasting

A Operationalnumericalweather
forecastingfor Central Europe

http://meteo.pl

A Unified Model 60hforecasting current
resolutionapprox 4km,planned
resolutionapprox 1km

A 1BM Power 775 5x speedupover x86
cluster

A Technicabletails:
A 4runsper day
A 24nodes 768 Powertores
A approxd walltihe per run
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Porous media:: multiscale: modeling:

FLOW AND TRANSPORT AT MESOSCALE

Darcy model

Non-Darcy model

Stokes equations

slow UPSCALING fast
flow flow

FLOW AND TRANSPORT AT POR
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Modeling flows through porous media

AComputationalchallenges

A Flows at pore scalefor large range of velocities
A Upscalingto core scale effective parametres and model fitting
A Inertia effectsat pore scalet non-Darcy models at core scale

A Modeling processesresulting in pore cloggingand their impact
on core scaleparameters /

A Computations basedon realistic geometries obtained from4
microimaging (X-ray computed microtomography)
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Porous media: avirtual laboratory set-up

APore-scalegeometries
A Synthetic: periodic, regular patterns, random
A Realisticdata: micro imaging

AGridsat pore-scale
A 2D and3D models
A Triangular and quadrilateral (voxel-based unstructured grids

A Computationsat pore-scale
A Direct Numerical Simulations by Finite Volumes

AUpscalingand modelfitting
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Upscaling frem pore: to core scale

Q1op, Aaw 0 « Brectan yed, v inete185 G1op, Aaw 0 € Arectan yel, v inete1a1 Qlop, Aaw 0 « Brectan, yed, v inleteTe

slow flow g 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

A v L e
UNIVERSITY OF WARSAW

A x T = x . w i . ; Interdiseiplinary Centre for Mathematical
ad® t Sal éZa]l Pdetolcobe stnEtidpnd of floRv With Ia ) CoRinbItarmode)

data, Computational Geosciences, Vol. 17, nr 4, (2013),632 Bty jort bl



Impact: of pore: space clogging
on core parameterss

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

AChangesn pore geometriesas causesof: biofilm
growth, sedimentation, reactive flows,
antrophogenic actitiviteh 8

ZSignificantchangesin permeability dueto cloggin

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

i " UNIVERSITY OF WARSAW
. . : Inferdlscmllnary Centrn for Mathematical
' ® ¢NE] 21 ] 2 Porescale sinfliiatlors BEpdre cloggingland GPSCaling, Witk it igesmis
International Series, Mathematical Sciences and Applicat 5 (20130Q waswom.ed.p



Challenges im 3D pore:-scale simulationss:
SIZEN!

Glass beads

wComplexity” o mcells, 10Ghfiles, challengingvisualization and postpre
FEGrid reduction (data coarsening necessary
FESamplingvs. ReferenceElementaryVolumesize

EMeshrefinement

1[DWildenschilyl 414x414x300largestproblem: 30Mcells, 9Glvoxel34>.
UNIVERSITY OF WARSAW

2[DWiIdenschiI§i 431X436X380, 23MC€"K)O small to beREV l Interdisciplinary Centre for Mathematical
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3[BLingquigt 731x731x600largestproblem 8Gb, 27Mcells/g E?
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