
Supercomputer and grid infrastructure !
in Poland !

Franciszek Rakowski!
Interdisciplinary Centre for Mathematical !
and Computational Modelling  !
!
12th INCF Nodes Workshop, 16.04.2015!
Warsaw, Nencki Institute. 



Outline of the talk: 

● presentation of the Polish High Performance Computer centres,  
and the Grid they are forming.  !
!

● presentation of the Warsaw HPC centre: ICM University of Warsaw!
!

● overview of the services, competences and projects led by, and  
provided at ICM UW!
!

● summary of the neuroinformatics activities facilitated by the  
resources of HPC centres



Five HPC centres in Poland

● were founded 22 years ago,!
● they are independent, although 

closely collaborating entities,!
● theirs mission is to provide free 

access to the HPC resources for 
entire academic community in 
Poland!

● since a couple of years part of 
the resources are accessible via 
web based grid services: 
PLGrid!

● research and education is also 
carried out in the HPC units. 
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Polish Grid Infrastructure PLGrid

Grid infrastructure (Grid services) PL-Grid
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● computational resources:  
576 TFLOPs; 41 248 cores!

● memory:  
113,26 TB RAM!

● storage:  
5,58 PB !

● cores:  
Intel Xeon, AMD Opteron  
GPU Nvidia TESLA



          Applications

Zasoby  i  usługi  oferowane  przez 
PL-Grid - oprogramowanie 
Dostępne  oprogramowanie 

Biologia: AutoDock/AutoGrid, BLAST, Clustal, 
CPMD, Gromacs, NAMD 
Chemia kwantowa: ADF, Amber, CFOUR, Dalton, 
GAMESS, Gaussian, Molpro, MOPAC, NWChem, 
Siesta, TURBOMOLE 
Fizyka: ANSYS Fluent, Abaqus, Meep, OpenFOAM, 
ROOT, Geant, COMSOL 
Obliczenia molekularne i symulacje: LAMMPS, 
MATLAB, Nmag, R, Wolfram Mathematica 
Możliwość  instalacji  dowolnego  oprogramowania 

Unix/Linux 
Windows poprzez PLGrid Cloud 

Możliwość  wykorzystania  własnych  licencji  
komercyjnych 

 
 

 
 
 
 
 
 
 
 
 

http://www.plgrid.pl/oferta/wykonywanie_obliczen/oprogramowanie_naukowe 
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● quantum chemistry 
Gaussian, Dalton, Turbomole, …!

● life sciences 
Amber, Namd, Charmm, 
AutoDock, Neuron!

● material sciences 
VASP, Medea, …!

● physics and engineering  
Abaqus, OpenFOAM, Meed, …!

● general purpose  
R, Matlab, Mathematica, Nmag, 
Python ..!

● user owns codes



        Access, grants, webService
● PLGrid resources are granted for free, disclosing the 

acknowledgement in scientific papers. !
● There is no direct access to the computers. Job 

submission, monitoring and output retrieving process is 
carried out by the WebPortal www.plgrid.pl

http://www.plgrid.pl


Interdisciplinary Centre for Mathematical !
and Computational Modelling !

University of Warsaw !
- One of the HPC centres in Poland 

● computational and storage infrastructure!
● research projects based at ICM: !
● Meteo - numerical weather forecast!
● VisNow - general purpose  visualisation package;!
● CeON - Centre for Open Science!
● many others!
!

● computational and algorithmic support for external 
projects: Cosmology, Nuclear Physics, Fluid Dynamics …!
!

● OCEAN - large infrastructural and research project on  
Big Data science.



An example: Nostromo – IBM Blue Gene/Q 
Architecture: IBM Blue Gene/Q 
Number of cores: 16384 
Memory: 16 TB 
CPU: PowerPC A2 @ 1.6GHz 
Interconnect: 5D Torus 
Binary format: big-endian  
Cores per node: 16 cores (64 threads) 
Memory per node: 16 GB  
Storage: GPFS  
OS: BG/Q Linux 
Batch system: Slurm

Installation of the Neuron software. !
Large simulations are carried out. 



Selected project based at ICM UW
!
Numerical weather forecast.!
• Based on the  Unified Model – 60h forecast !
• Computations are carried out  4 time a day!
• Computational engine: BlueGene/Q (IBM Power7)
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Selected project based at ICM UW
!
Visualisation software!
• VisNow, is a comprehensive visualisation 

software developed entirely at ICM UW!
• It is a general purpose, workflow based,  

modular environment for both:!
• data visualisation!
• visual data analysis !

• It is an OpenSource project!
• Written in Java, with intuitive GUI
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UNIVERSITY OF WARSAW 
Interdisciplinary Centre for Mathematical 
and Computational Modelling 
www.icm.edu.pl

VisNow
● Sample Applications 

● Solid State Physisc 
● Fluid dynamics 
● Molecular Mechanics ekularna 
● Cosmology 
● Medical Science 
● Neuroscience 

● Functionality 
● Direct Access to selected DBasis. 
● Data transformations (np. denoising, reduction, 

segmentation, sections, …)  
● Data mapping 
● Presentation



!
Cosmology!
• Evolution of the Universe

!
Epidemiology!
• Agent Based Modelling of the Influenza Disease 

spread across Poland

Computational and algorithmic support 
for external projects:



Computational and algorithmic support 
for external projects:
!
Biomolecular modelling !
● Modelling of spatial RNA structures 
● Design of new therapeutic targets aimed at the RNA 



OCEAN: the forth paradigm of science. 
● OCEAN is a infrastructural and 

research project totally devoted to 
big data issue!

● The new Big Data centre (building 
and machines) is currently under 
construction. !

● OCEAN will be also a centre of Big 
Data research and expertise:!
!

● data collection and storage!
● data curation!
● advanced data analysis 

Science development stages 
(by Jim Gray):!
Paradigms: !
1st.  Empirical facts!
2nd. Theoretical approches !
3rd.  Computer simulations!
4th.  Data Science



● C. Elegans locomotion: command  neuron circuit simulations

Computational neuroscience projects: 

● EEG based Alzheimer disease biomarkers

● Cognitive system simulations - emergence of linguistc categories 

Introduction
Alzheimer’s disease (AD) is the most common cause of dementia in geriatric patients. 
New guidelines encourage the use of instrumental markers in elderly subjects with 
mild cognitive impairment for an early diagnosis of prodromal AD (i.e. AD before the 
manifestation of dementia)[1]. These markers include dosing of A beta amyloid and 
tau proteins in cerebrospinal fluid, magnetic resonance imaging (MRI) of hippocampus 
volume, and positron emission tomography (PET). However these markers are 
expensive, not widely available in clinic, and/or partially invasive for a wide screening 
use in large populations of elderly subjects at risk of AD. AD targets specific and 
functionally connected neuronal networks, hence it should affect functional coupling of 
electroencephalographic (EEG) rhythms between electrode pairs. Noteworthy, these 
indexes are based on cheap, largely available, and fully non-invasive EEG recordings in 
resting state conditions. The evidence has been already reported concerning the 
changes in EEG rhythmical activity in AD [2] and mild cognitive impairment (MCI)[3]. 
Furthermore, a decrease in fronto-parietal coupling of the delta and alpha band for AD 
and MCI subjects was found [2], [4]. 
 In the present study, we tested the hypothesis that advanced analysis of 
the directional functional coupling of EEG rhythms can characterize subjects 
with MCI and AD with respect to the normal elderly subjects (Nold). To this 
aim, we used Directed Transfer Function (DTF), which is robust to noise and 
volume conduction [5]. The preliminary results are presented in the 
following.

Data recordings

The data came from the basis of EEG signals collected in the framework of the DCIDE 
FP7 ICT “Infrastructrure” European project (https://www.eu-decide.eu/ ) for AD and 
MCI patients and for the age matched normal subjects (Nold). The EEG series were 
recorded from 19 electrodes positioned according to the 10-20 system for a resting 
state eyes closed. The signals were filtered in the bandpass (0.3-70 Hz) for 
subsequent analyses. 

Computational Analysis Methods
Directed Transfer Function

The data analysis was performed by means of the DTF method introduced by Kaminski 
and Blinowska [6]. DTF can be considered as an extension of Granger causality 
principle to the arbitrary number of channels. In the case of a system of 
interdependent channels, it is absolutely crucial to fit all channels simultaneously into 
the model [7]. DTF is based on multivariate autoregressive model (MVAR). The AR 
model assumes that X(t) – a sample of data at a time t – can be expressed as a sum 
of its p previous values weighted by model coefficients A plus a random value E(t).

    
X(t) = A(i)X(t ! i) + E(t)

i=1

p

"
The p is called the model order. For a k-channel process X(t) and E(t) are vectors of 
size k and the coefficients A are k!k-sized matrices.

X(t) = (X1(t),X2 (t),...,X3(t))
T

After rearranging terms in eq.1 and application of z transform MVAR can be expressed 
in the frequency domain:

X( f ) = A!1( f )E( f ) = H ( f )E( f )

H ( f ) = A(m)exp(!2"imf#t)
m=0

p

$%&'
(
)*
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H( f ) is called a transfer matrix of the model. It contains information about the 
spectral and phase dependencies between channels of the process. Herein we have 
used non-normalized version of DTF since it is proportional to the coupling strength 
between channels :

nDTFj!i ( f ) = Hij ( f )
2

nDTF describes causal influence of channel j on channel i at frequency f.

Results
The matrices of nDTFs for the Nold, MCI and AD groups are shown in Fig.1.  One can 
observe that the main sources of activity are in P3, P4, and Pz electrodes for all 
groups, but the strength of the propagation changes among the groups. 

Figure 1. On diagonal power spectra, off-diagonal nDTFs in function of frequency 
(0-60 Hz) . Direction of propagation from the electrode marked below to the electrode 
marked at the left. 

Figure 1. On diagonal power spectra, off-diagonal nDTFs in function of frequency 
(0-60 Hz) . Direction of propagation from the electrode marked below to the electrode 
marked at the left. 

Figure 1. On diagonal power spectra, off-diagonal nDTFs in function of frequency 
(0-60 Hz) . Direction of propagation from the electrode marked below to the electrode 
marked at the left. 

Nold AD MCI

The nDTFs integrated in the frequency band 4-60 Hz representing patterns of outflows 
are illustrated in Fig.2 in the form of arrows. We searched for the best parameters for 
the group distinction, based on the nDTF functions.

Figure 2. Propagation of the EEG activity (0-60 Hz frequency range). The strength of 
flows coded in colors (red the strongest).

  The main differences between Nold and AD group concern the decrease of 
the propagation of EEG rhythms at theta, alpha and beta frequency bands  
from P3, P4, Pz electrodes and suppression of long- range connections from 
posterior electrodes to the frontal ones. The preliminary results show that 
the most promising for classification are parameters based on the ratios 
between nDTF values for close and the distant electrode pairs. The final 
analyses are in progress.

Discussion

In case of Nold group the EEG propagation comes from the parietal regions in 
agreement with presence of alpha activity sources in the visual cortex and the earlier 
studies [4][7].  Compared to the Nold group, the AD group showed a decrease of the 
propagation of EEG rhythms from P3, P4, Pz electrodes and suppression of long-range 
connections from posterior electrodes to the frontal ones. These connections are 
weaker for AD group, which can be explained by the impairment of the functional 
cortico-cortical and thalamo-cortical connectivity in AD patients, especially when bigger 
distances are concerned. Modulation of the parietal and frontal coupling of EEG 
rhythms in MCI and AD  extend the original findings reported in [2], [3], [4]. The 
tendency of the decline of the long-range connections in case of AD was also 
supported by the results concerning group classification.
 In case of MCI patients the propagation from the posterior sources as revealed by 
DTF is weaker in comparison to Nold and additionally a frontal source appears. This is 
in agreement with the increased frontal activation observed in aged persons by 
functional imaging studies [8]. This phenomenon can be interpreted either as an 
abnormal frontal activation in the condition of resting state or as a compensatory 
reorganization of brain networks in response to the challenges posed by declining 
neural structures. These preliminary results motivate further studies on the functional 
coupling of EEG rhythms in MCI and AD patients as promising markers for clinical use.

Functional connectivity in Alzheimer’s disease and 
Mild Cognitive Impairment: an EEG study in the 

framework of DECIDE project.
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Abstract

The data from the basis of EEG signals collected in the framework of the DCIDE FP7 ICT “Infrastructrure” European project (https://www.eu-decide.eu/) for 
Alzheimer disease (AD) and mild cognitive impairment (MCI) patients and for the age matched normal subjects (Nold) were analyzed by means of the Directed 
Transfer Function (DTF). DTF is an estimator showing propagation of activity as a function of frequency of the signal. The decrease of the long-range connections 
for impaired groups, especially manifested as the diminished propagation from the posterior regions, was observed. The results indicate directed connectivity 
measures estimated by DTF as a promising marker for AD and MCI diagnosis. 
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Thank You! 


