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14:45 GÉANT HPC Liaison Use Case Rudolf Vohnout CESNET 

15:05 Romanian Research and Education Network. Status and Future development Octavian Rusu ARNIEC 
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16:00 VI-SEEM Virtual Research Environment Dušan Vudragović IPB 
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17:00 JINR CMS Tier-1 center Nicolae Voytishin JINR 
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IFIN-HH's contribution to advanced scientific computing 

infrastructure 

Mihnea Dulea, Dragoş Ciobanu-Zabet, Mihai Ciubăncan, and Ionuţ Vasile 

Department of Computational Physics and Information Technologies,  

Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH),  
30 Reactorului Str., Bucharest-Magurele, Romania 

The participation of IFIN-HH’s scientists in international collaborations built around 
large-scale research facilities, such as those at CERN and DESY, has stimulated a 
growing local interest in the advanced computing technology that was used for the 
storage, processing and analysis of the experimental data. After a decade of continuous 
evolution, the institute hosts today the most complex computing infrastructure in the 
country and its specialists are prepared for handling new challenges like the 
computational support for ELI-NP or for GSI-Darmstadt’s experiments.  

This communication overviews the current status and development prospects of 
the high-throughput (HTC), high-performance (HPC) and Cloud computing 
infrastructure within IFIN-HH, focusing on the facilities managed by DFCTI.  

HTC solutions, that started to be implemented in IFIN-HH in connection with High 
Energy Physics experiments, are mainly used today within the collaborations with the 
Worldwide LHC Computing Grid (WLCG) and the European Grid Infrastructure (EGI). 
Most of the CPU capacity dedicated in IFIN-HH to WLCG comes from the two Grid sites 
managed by DFCTI. The main site supports production and analysis for the ALICE, 
ATLAS and LHCB experiments, to which it provides 1,6 PB storage capacity. 

DFCTI also manages the NGI-RO Operations Centre and the GRIDIFIN site, that 
supports the ELI-NP research community (eli-np.eu virtual organization - VO), the 
computational biology community (ronbio.ro VO), and the research in condensed state 
physics and nanomaterial technology. For intensive computations, such as those 
necessary e.g. in molecular dynamics or in particle-in-cell studies for ELI-NP, GRIDIFIN 
provides a medium-size HPC cluster. Faster molecular dynamics and docking simulations 
are also performed on GPU resources.  

An applications portal connected to a dedicated distributed, extensible and 
scalable infrastructure of HPC clusters has been implemented for the automation of the 
procedures required in the modeling of molecular structures of bacteria.  

Recently, DFCTI has become provider of cloud resources through a new site, 
CLOUDIFIN. that has been certified in the EGI Federated Cloud infrastructure. This will 
allow the participation of the institute in the European Open Science Cloud initiative and 
its associated projects. 

Acknowledgements: This work was partly funded by the Ministry of Research and 
Innovation under the contracts no. 6/2016 (PNIII-5.2-CERN-RO) and 
PN16420202/2016.  
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JINR computing infrastructure 

Gh. Adam1,2, V. Korenkov1, and T. Strizh1 

1Laboratory of Information Technologies, Joint Institute for Nuclear Research,  

6, Joliot Curie St., 141980 Dubna, Moscow Region, Russia 
2Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH), 

30, Reactorului St., Măgurele - Bucharest, 077125, Romania 

The main directions of activity of the Laboratory of Information Technologies (LIT) 
stem from the need to secure the provision of network, computer and information 

resources, as well as mathematical support of a wide range of research done at JINR in 
high energy physics, nuclear physics, condensed matter physics, etc. Computing has 

become an integral part of the theory, the experiment, the technology development. 
Many recent successes have only been made possible due to the significant community 

effort to develop and advance necessary computing tools. 

The present report provides an overview of the activity done in LIT along the two 

above-mentioned main support directions of the JINR scientific research during the 

seven years period 2017–2023.  

The hardware development is done around the Multifunctional Information and 

Computing Complex (MICC), which is one of the basic JINR facilities. There are six main 
MICC components the state of which will be characterized together with their 

perspectives of development during the next years: 

 The JINR grid infrastructure involving sites of WLCG/EGI: Tier-1 for CMS, Tier-

2 for ALICE, ATLAS, CMS, STAR, LHCb, BES, biomed, fermilab; 
 The cloud infrastructure;  

 The heterogeneous (CPU + GPU) computing cluster HybriLIT; 

 The off-line cluster and storage system for BM@N, MPD, SPD, storage and 
computing facilities for local users;  

 The network infrastructure;  
 The engineering infrastructure.  

The mathematical support of the JINR research assumes the development of 
methods, algorithms and software for modeling physical systems, mathematical 

processing and analysis of experimental data. It is done along several basic directions:  

 Software development and realization of mathematical support of experiments 

conducted on the JINR basic facilities and in the frameworks of international 

collaborations; 
 Development of numerical methods, algorithms and software packages for 

modelling complex physical systems: 

 interactions inside hot and dense nuclear matter 

 physicochemical processes in materials exposed to heavy ions 
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 evolution of localized nanostructures in open dissipative systems 
 properties of atoms in magnetic optical traps 

 electromagnetic response of nanoparticles and optical properties of 
nanomaterials 

 evolution of quantum systems in external fields 
 astrophysical studies 

 Development of methods and algorithms of computer algebra for simulation 

and research of quantum computations and information processes 
 Development of symbolic-numerical methods, algorithms and software 

packages for the analysis of low-dimensional compound quantum systems in 
molecular, atomic and nuclear physics. 
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GÉANT HPC Liaison Use Case 

Rudolf Vohnout1,2, Chris Atherton2 and Vincenzo Capone2 

1CESNET, Zikova 4, Prague, CZ-16000 
2GÉANT Limited, Singel 468 D, 1017 AW, Amsterdam, The Netherlands 

GÉANT from the very beginning tried to offer pan-European research community 
beyond state-of-the-art services and conditions to allow research groups to conduct 

world class research in collaboration with their peers around the world. However, to 

understand the needs of the users the project needs to interact with the researchers, 
scientists and user communities that use the services that GÉANT provides. 

This paper will focus on such case, which in the begging represent tiny, 
heterogonous and fragmented activities, which later on became one of the most 

important infrastructures in in Europe. In the paper it will be explained the way to 
support research excellence through careful communication, analysis and solution 

proposals according to infrastructure requirements, which overlaps national borders and 
at the moment represents one of the key world-scale players in High Performance 

Computing (hereafter HPC). 

Introduction 

Within the global research and education community there exists user groups, 

both large and small, which span multiple countries and jurisdictions. These user groups 
are highly visible to the public, often drive innovation in the sciences and encourage 

uptake of NREN services. In order for the NREN community to remain successful, it has 
to maintain a competitive advantage over commercial network providers within the R&E 

sector.  

One of very active and promising user groups with international overlap is 

Partnership for Advanced Computing in Europe (hereafter PRACE). Originally, this was 

a closed community of connections to a DEISA switch in Frankfurt hosted by the Jülich 
supercomputing centre. In 2014 PRACE wanted to look at evolving its network topology 

from the star topology it had been operating for some time. GÉANT at that time was 
providing services for the existing network topology. It was during the regular 

interactions that GÉANT was approached about a requirement to update the current 
network topology. Following a requirements gathering process, GÉANT proposed a mesh 

network in order to fulfil PRACE’s needs. 

In 2016 during a regular PRACE service call, GÉANT was approached for support 

to explore alternative long term network topology solutions. This time with an emphasis 

on delivering a solution in a short space of time. Another motivating factor was that the 
Swiss supercomputing centre at CSCS was also intending to join the PRACE network. 

These two motivating factors, cost and speed of delivery, helped to set the framework 
which GÉANT had to deliver a solution within. 
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Solution Proposal 

Based on the information gathering phase, GÉANT was able to come up with 

detailed solution to meet new PRACE needs. Original solution of the network topology 
(Figure 1) was sub-optimal and not sufficient to meet new PRACE requirements.  

NREN

NREN

NREN

NREN

NREN

Géant Géant

Géant

Géant

DEISA
Switch

 

Fig. 1: PRACE original network services solution design  

During a series of meetings between representatives of PRACE, GÉANT and the 

Lead NREN DFN, a number of features were established as requirements in order to help 

define the required future solution. Upon analysis of the traffic levels across all of the 
PRACE optical links by GÉANT, it was discovered that bandwidth rarely exceeded 1Gbps 

for production traffic. Due to the traffic levels falling within the capabilities of existing 
NREN connections to the GÉANT backbone, a purely optical solution was not something 

that had to be adhered to. This meant that a more novel and ultimately cost effective 
approach to delivering this solution was possible. Two options were put forward for 

consideration: L3VPN and MD-VPN. 

Both of these solutions utilised the existing NREN infrastructure and GÉANT backbone. 

This would negate the need for new optical circuits to be established between the existing 

supercomputing centres and would also mean that connections could take advantage of the 
multiple forms of redundancy across the NREN and GÉANT networks. This would further 

strengthen the resiliency of the delivered solution when compared to a purely optical point 
to point circuit. By not requiring point to point circuits, costs would also be minimised for 

existing and new centres that joined the new topology. 

Due to the need for a speedily rolled out segregated network solution and strong 

backing from the NREN community the suggestion for opting for the MDVPN service, GÉANT 
developed by the community in the last iteration of the GÉANT project, was put forward.  
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Romanian Research and Education Network  

Status and Future development 

Octavian Rusu 

Agency ARNIEC/RoEduNet 

NREN status 

Romanian Research and education network provides communication services for 

the research and education in Romania. According to its statute, Romanian NREN 
(through its network named RoEduNet) provides data communication services for 

research and education in Romania and provides connectivity to the GÉANT network 
and to the Internet for research and academic community within the country. Also, 

RoEduNet facilitates research in its own right in the field of data communication, 

participating into research projects and providing experimental test beds to implement 
new services and advanced network technologies.  

At the national level, the communication infrastructure of Romanian NREN is based 
on dark fiber and DWDM equipment installed starting with 2008 and constantly 

upgraded. The DWDM network is called RoEduNet2. The total length of the lighted fiber 
is over 5000 km and provides connectivity to all county capitals in the country. The 

backbone of the network has been massively upgraded in 2012 by installing 100 Gbps 
lambdas for all seven Network Operation Centers (NOCs). The backbone consists of four 

rings: one small ring in Bucharest linking on two paths the National node with Bucharest 

node and Măgurele sit with 100G lambdas and another three 10G lambdas, another 
three rings with 100G linking each one two NOCs to the national NOCs (Eastern, Center 

and Western rings) and multiple 10G links between each NOC. There are also 10G links 
between the main rings providing backup connectivity in case of double failure inside 

one ring. Using this topology, the availability of the NOCs is very close to 100%, 
reachability problems are generated by other situations like power outage and not link 

failure. The access network consists of multiple 10G and 1G connections to all county 
capitals in the country where RoEduNet has Points of Presence (POP). It should be noted 

that there are two POPs with 100G connectivity: Măgurele to provide services for the 

Romanian GRID community (Romanian Tier 2 Federation) and Tulcea for the upcoming 
DANUBIUS Research Infrastructure. 

International connectivity for Romanian NREN consists of four 10G circuits: two 
for the connection to the Bucharest POP of the GÉANT network (hosted by RoEduNet in 

the data center of the National NOC), one to Level3 POP and the last one to Cogent POP 
in Bucharest. The connections with Level3 and Cogent were installed as part of the 

Global IP Services - commercial traffic for NRENs negotiated by DANTE, the operator of 
the GÉANT network. To minimize the commercial traffic to/from the network, RoEduNet 

installed more than ten peering connections with Romanian ISPs. Also, RoEduNet is 

present in the Romanian Internet Exchanges such as InterLAN, RoNIX and Balcan-IX.  
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It should be noted that the traffic through these connections is about two times greater 
than the traffic through the international links. The medium value of the total external 

traffic of the RoEduNet network (including peering, GEANT and Global IP Services) is 
around 75 Gbps. 

Future development 

The development of the network to provide state-of-the communication 

technologies and services for the academic and research community is a constant 

activity of the Romanian NREN. Building the DF based network at the national level and 
using DWDM transmission technology was the necessary step to achieve fast and easy 

upgradable connectivity for all sites. At the European level, the participation of the 
Romanian NREN in the GEANT projects starting with 2001, bring the Romanian 

community in close and fast contact with the European colleagues. 

There are there main directions in the development of the network and associated 

services to better support the community and the big projects in the near future.  

The first direction is to upgrade and diversify the external connectivity with the 

research community in Europe. There are two options both considered for the future:  

 the first one is to buy optic fiber (IRU – Indefeasible Right of Use) to extend 
the DWDM national network to reach the academic exchange in Wien, the main 

goal would be to be connected inside the DF cloud of the GEANT network. 
 participate in the Joint Research Activities in the GEANT projects to extend the 

European DF based network in Eastern Europe and connect Romania with fast 
links (100G and faster) and offer easy upgrade in case of necessity. 

The second direction is to continue the extension of the national network to 
support the Romanian research. In this direction DWDM network has been installed in 

Tulcea and will be further extended to Murighiol to fulfill the requirements of the 

DANUBIUS Research Infrastructure. Magurele site has been integrated into the DWDM 
network, further increase of the traffic need only equipment upgrade. 

The third direction consist of implementation of new services, extend the 
Romanian federation and adopt eduGain and other GEANT services for European 

research and education for the Romanian academic and research community. 
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VI-SEEM Virtual Research Environment 

Dušan Vudragović1, Petar Jovanović1, and Antun Balaž1 

1Scientific Computing Laboratory, Center for the Study of Complex Systems,  

Institute of Physics Belgrade, University of Belgrade 

In the last decade, a number of initiatives were crucial for enabling high-quality 
research in both South-East Europe and Eastern Mediterranean region. This was 

achieved by providing e-Infrastructure resources, application support and training in 

these two areas. VI-SEEM project brings together these e-Infrastructures to build 
capacity and better utilize synergies, for an improved service provision within a unified 

virtual research environment for the inter-disciplinary scientific user communities in 
those regions. The overall aim is to provide user-friendly integrated e-Infrastructure 

platform for regional cross-border scientific communities in climatology, life sciences, 
and cultural heritage. This includes linking computing, data, and visualization resources, 

as well as services, models, software and tools. The VI-SEEM virtual research 
environment provides the scientists and researchers with the support in a full lifecycle 

of collaborative research: accessing and sharing relevant research data, using it with 

provided codes and tools to carry out new experiments and simulations on large-scale 
e-Infrastructures, and producing new knowledge and data. The VI-SEEM consortium 

brings together e-Infrastructure operators and scientific communities in a common 
endeavor that will be presented in this talk. We will also point out how the audience 

may benefit from this newly created virtual research environment. 

Underlying e-Infrastructure of the VI-SEEM project consists of heterogeneous 

resources - HPC resources - clusters and supercomputers with different hardware 
architectures, Grid sites, Clouds with possibility to launch virtual machines (VMs) for 

services and distributed computing, and storage resources with possibility for short and 

long-term storage. The heterogeneous nature of the infrastructure presents 
management challenges to the project's operational team, but is also an advantage for 

the users because of its ability to support different types of applications, or different 
segments of the same application. These are modern, state-of-the-art technologies for 

computing, virtualization, data storage and transfer. 

Efficient management of the available computing and storage resources, as well 

as interoperability of the infrastructure is achieved by a set of operational tools. Static 
technical information, such as name, geographical location, contact and downtime 

information, list of service-endpoints provided by a particular resource center within the 

infrastructure etc., is manually entered and made available through the VI-SEEM GOCDB 
database. Based on this information, project monitoring system is able to automatically 

trigger execution of monitoring service probes, and to enable efficient access to results 
of the probes via a customized monitoring web portal. Using standardized metrics, the 

VI-SEEM accounting system accumulates and reports utilization of the different types of  
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resources. User support and service-related problems are resolved mainly through the 
helpdesk system, but via a technical mailing list as well. The VI-SEEM source code 

repository contains all codes developed within the project, while the technical wiki 
collects technical documentation, know-hows, best practices, guidelines, etc. 

A solid but flexible IT service management is one of the keystones of the 
foundation for the service-oriented design. The specifics of the federated environment, 

such as the one found in the VI-SEEM consortium, impose requirements for service 

management tools that cannot be met using common off-the-shelf solutions. Hence, 
special care is taken in the design and the implementation of easy to use, custom 

solutions that are tailor-made for the scientific communities. Our application-level and 
data services are managed through the VI-SEEM service portfolio management system. 

It has been developed to support the service portfolio management process within the 
project as well as to being usable for other infrastructures, if required. The main 

requirements for the creation of this tool have been collected from the service 
management process design, and it is designed to be compatible with the FitSM service 

portfolio management. 

The VI-SEEM authentication and authorization infrastructure relies on the Login 
service. It enables research communities to access VI-SEEM e-Infrastructure resources 

in a user-friendly and secure way. More specifically, the VI-SEEM Login allows 
researchers whose home organizations participate in one of the eduGAIN federations to 

access the VI-SEEM infrastructure and services using the same credentials they are 
using at their home institutions. Furthermore, the VI-SEEM Login supports user 

authentication through social identities, enabling even those users who do not have a 
federated account at home institutions to be able to seamlessly access the VI-SEEM 

services without compromising the security of the VI-SEEM infrastructure. 

The provided infrastructure resources and services are mainly used through the 
development access, as well as through the calls for production use of resources and 

services. The VI-SEEM development access facilitates the development and integration 
of services by the selected collaborating user communities: climatology, life sciences, 

and cultural heritage. In this process, applications are given access to the infrastructure 
and necessary computational resources for a six-month period, during which application 

developers are expected to develop and integrate relevant services. The calls for 
production use of resources and services target specific communities and research 

groups that have already began development of their projects. These calls are intended 

for mature projects, which require significant resources and services to realize their 
workplans. Therefore, a significant utilization of the VI-SEEM resources comes from the 

calls for production use of resources and services, and an order-of-magnitude smaller 
utilization comes from the development access. 
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ELI-NP: towards the definition of the Computing Needs  

for HPLS and Nuclear Physics 

Teodor Ivănoaica 

Department of Computational Physics and Information Technologies,  

Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH),  
30 Reactorului Str., Bucharest-Magurele, Romania 

The ELI-NP facility presents a unique opportunity for exploring problems in 

fundamental physics, combining a 2x10 PW high-power laser system (HPLS) and high-
brilliance gamma-beam system (GBS) with energies of up to 19.5 MeV. The project aims 

to host a broad range of scientific experiments covering frontier fundamental physics, 
nuclear physics, new nuclear physics and astrophysics as well as applications in nuclear 

materials, radioactive waste management, as well as material science and life sciences. 

For envisaged types of experiments, given the particularities and beam 
characteristics, many computing techniques and resources are used together in order 

to be able to do the necessary simulations, data analysis and data storage for 
accelerators that will need to be processed and analysed by user’s communities. 

The first necessary steps in a research facility start with the safety systems which, 
in our case, are also the first steps that require computing resources and precise 

caculations for the radiological protection prospective. Calculations required by 
development of ELI-NP safety system are being performed using advanced 

computational tools, Monte Carlo simulation codes, in particular, for the ELI-NP 

experimental cases assessments, FLUKA, and MCNPX simulation codes, codes developed 
for typical grid computing clusters, have been employed. The particle transport codes 

are reliable from the results accuracy point of view. Figure 1 represents the 2 weeks 
CPU time using a “classical PC”, intel Core I7 CPU, showing that, a bigger number of 

cores, preserving the amount of memory installed for each core would help for faster 
and accurate simulations for radiological safety systems. 

  

Fig. 1 Dose contour plot using FLUKA, representing  
an experimental area during operation 

Fig. 2 
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Sensitivity study of photonuclear and capture reaction rates to different nuclear 
structure ingredients, 6 kinds of nuclear level densities (NLDs) and 5 kinds of gamma 

strength functions (gSFs) should be tested for the calculations of about 3000 nuclei, will 
require 2 hours to finish the calculations of all 30 combinations of NLDs and gSFs, for 

one nucleus, on a single CPU, therefore, for the 3000 nuclei, on a single CPU, the total 
number is 6000 hours, however, the code being a parallel processing code, the number 

can be reduced to 60-100 hours on a 100 CPUs cluster. 

Nuclear mass is an important input for the astrophysical network calculations. Here 
we made the calculations about how the nuclear mass impacts on the astrophysical 

rates of the photonuclear and capture reactions for 3000 nuclei. Now, as the example, 
the results of one set of theoretical mass are in Figure 2. 

In future, we need to calculate the results for about 8 sets of theoretical mass. 
Furthermore, the successive network calculation will be performed based on the 

astrophysical rates. Therefore, HPC computing is quite promising. 
GEANT is also a well-known tool and used, in our case, for designing the gas cell 

of the ELI-NP IGISOL beamline implies extensive simulations: GEANT 4.10 - the photo-

fission processes generating the exotic heavy ions of interest; GEANT 4.10 - heavy ion 
slowing down in uranium targets, followed by thermalization in the gas of the cell; 

SIMION 8.1 - electric drift of the heavy ions in the electric fields applied to the gas cell 
and generated by the space charge created in the gas cell; COMSOL 5.1 - fluid drag of 

the heavy ions in the helium gas jets at the multiple exit nozzles. 
In terms of HPC first-phase experiments [1] aims at studying in the laboratory the 

conditions normally encountered in nuclear astrophysics, namely inducing photoexcitation 
on a nuclear isomeric state. In a nutshell, electrons are accelerated by the laser pulse to 

MeV energies, and they hit a tungsten target, producing Bremsstrahlung gamma radiation 

that impacts a secondary target with the nucleus of interest, producing isomers. These 
isomers are photo-excited just above the neutron threshold by the GBS. 

For this type of experiments performed 3D PIC simulations using the EPOCH code 
[2], in order to study the electron beam generated by laser wakefield acceleration (LWFA). 

An electron beam is produced from LWFA by means of the HPLS hitting a target consisting 
of a gas cell filled with pure nitrogen. As a result, strong nonlinear wakefields can be 

generated so that the electron bunch could be trapped due to ionization-induced injection 
[3,4] and accelerated up to hundreds of MeV. This type of simulations, using highly 

parallel and scalable simulation software, could require huge amounts of CPU time, time 

that can be easily reduced by using HPC computing clusters. 
Those few computing resources and simulations that are already time and resource 

consuming are starting to underline the need of state-of-the art computing infrastructure 
that serves both HTC and HPC computing along with other tools and techniques. 

For this, in the case of ELI-NP, a Tiered model architecture is envisaged to be 
developed, starting with the ELI-NP Local Facility and able to offer scalability and reliability 

for the data acquisition, vital simulations, data storage and part of data analysis. 
[1] K. Homma et al., Rom. Rep. in Phys. 68, S233 (2016) 

[2] T. D. Arber et al., Plasma Phys. Control. Fusion 57, 113001 (2015) 

[3] A. Pak et al., Phys. Rev. Lett. 104, 025003 (2010) 
[4] M. Chen et al., Physics of Plasmas 19, 033101 (2012) 
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JINR CMS Tier-1 center  

A. Dolbilov1, V. Korenkov1, V. Mitsyn1, T. Strizh1 and N. Voytishin1 
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6, Joliot Curie St., 141980 Dubna, Moscow Region, Russia 

The JINR Tier-1 center is operating since March 2015. It is fully dedicated to the 
CMS experiment at LHC as a part of the global grid infrastructure Worldwide LHC 

Computing Grid (WLCG).  

The present configuration of the JINR Tier-1 center includes both computing 
elements (CE) and storage elements (SE). 

There are two kinds of CEs all consisting of 64-bit machines.  

Each of the 100 machine entering the first CE group contains: 2 x CPU (Xeon 

X5675 @ 3.07GHz, 6 cores per processor) ; 48GB RAM; 2x1000GB SATA-II; 2x1GbE. 

Each of the 148 machine entering the second CE group contains: 2 x CPU (Xeon 

E5-2680 v2 @ 2.80GHz, 10 cores per processor); 64GB RAM; 2x1000GB SATA-II; 
2x1GbE. 

This makes a total of 4160 core/slots for batch. All of them run under Scientific 

Linux release 6 x86_64 operating system. A homemade version of Torque 4.4.10 and 
Maui 3.3.2 are installed for batch and Phedex is used as data-management system.  

There are two SE subsystems: disk only and support mass storage system. Both 
are based on dCache storage system type.  

The disk only part consists of disk servers with a total volume of 4.6 PB: 

 31 disk servers: 2 x CPU (Xeon E5-2650 @ 2.00GHz); 128GB RAM; 63TB h/w 

ZFS (24x3000GB NL SAS); 2x10G, 
 24 disk servers: 2 x CPU (Xeon E5-2660 v3 @ 2.60GHz); 128GB RAM; 76TB 

ZFS (16x6000GB NL SAS); 2x10G, 

 4 disk servers: 2 x CPU (Xeon E5-2650 v4 @ 2.29GHz) 128GB RAM; 150TB ZFS 
(24x8000GB NLSAS), 2x10G, 

 3 head node machines: 2 x CPU (Xeon E5-2683 v3 @ 2.00GHz); 128GB RAM; 
4x1000GB SAS h/w RAID10; 2x10G, 

 8 KVM (Kernel-based Virtual Machine) for access protocols support. 

The support mass storage system includes: 

 8 disk servers: 2 x CPU (Xeon X5650 @2.67GHz); 96GB RAM; 63TB h/w RAID6 
(24x3000GB SATAIII); 2x10G; Qlogic Dual 8Gb FC, 

 8 disk servers: 2 x CPU (E5-2640 v4 @ 2.40GHz); 128GB RAM; 70TB ZFS 

(16x6000GB NLSAS); 2x10G; Qlogic Dual 16Gb, 
 1 tape robot: IBM TS3500 with a volume of 11PB consisting of: 
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 4400xLTO Ultrium-6 data cartridges; 12xLTO Ultrium-6 tape drives FC8, 
 3 head node machines: 2 x CPU (Xeon E5-2683 v3 @ 2.00GHz); 128GB RAM; 

4x1000GB SAS h/w RAID10; 2x10G. 

 6 KVM machines for access protocols support. 

The software version used for the storage system is dCache-2.16 plus Enstore 
4.2.2 for the tape robot.  

Our site comes in the second place by the number of processed events and in the 

fourth place by the number of completed jobs by a CMS Tier-1 site for the last year (Fig. 
1) 

  

Fig. 1. The number of processed events (left) and completed jobs (right) by CMS Tier1 sites 
during September 2016 – September 2017. 

The plans for the upgrade of our site for 2018 are: 

 To increase the number of cores of the CE up to 5200; 
 To increase the disk storage overall volume up to 6.1 PB; 

 To upgrade the tape robot volume up to 20 PB. 

The inauguration of the CMS Tier-1 center at JINR brought an important 

contribution to the WLCG infrastructure. During the last two years it was tuned and 

upgraded in order to fulfil the increasing needs of data storage and processing coming 
from the CMS experiment, a task which was fully completed. 
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Runge-Kutta methods of special type 
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and 
Academy of Romanian Scientists, 54 Splaiul Independentei, 050094, Bucharest, Romania 

By tradition the coefficients of the Runge-Kutta methods for differential equations 

are constant but în the last years a series of investigations have been reported for 
enlarging this family of methods.  

The salient feature of the new versions is that some of the coefficients are now 
allowed to be equation dependent.  

Among the advantages we quote:  

(i)  an increased accuracy with respect to the standard versions with the same 
number of stages,  

(ii)  superior behavior when solving stiff problems. In particular, explicit versions 
of the new type are A-stable, in contrast with the methods of standard form 

where only implicit versions can enjoy such a property. 

In this talk we briefly present the mathematical backgrounds of the new versions 

and the potential of these when applied on physical problems. As an illustration 
numerical results are reported from an application on a problem of acute interest in 

biophysics. 
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Adapted numerical methods for partial differential equations 
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The talk aims to present a novel approach for the numerical approximation of 

advection-reaction-diffusion problems generating periodic wavefronts both in space and 
time, which have very significant applications in Life Science (see [2, 9] and references 

therein).  

The introduced numerical scheme relies on exploiting the a-priori knowledge of 
the qualitative behaviour of the solution, i.e. the periodic character, gaining advantages 

in terms of efficiency and accuracy with respect to classic schemes already known in 
literature. The adaptation is here carried out through the so-called exponential fitting 

technique (see [1, 3-8, 10] and references therein), giving rise to an adaptation of the 
method of lines depending on frequency depending coefficients. The resulting system of 

ODEs depends on a vector field containing both stiff and non-stiff terms; hence, an 
Implicit-Explicit (IMEX) time integration is preferred. Therefore, the overall numerical 

scheme is obtained by coupling an exponentially fitted space discretization and an IMEX 

time integration. 

As announced, the coefficients of the method introduced depend on the value of 

the frequency of the wavefront which needs to be properly estimated: such an estimate 
is normally performed by means of expansive optimization procedures leading to 

minimizing the local truncation error, clearly affecting the overall efficiency of the 
numerical solver. We propose an alternative approach which does not require further 

optimization steps in the numerical scheme, thus providing a significant balance in terms 
of accuracy and efficiency.  

The effectiveness of this problem-oriented approach is shown through a rigorous 

theoretical analysis (including the analysis of convergence and stability results) and 
some numerical experiments, also in comparison with existing numerical methods. 
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Multichannel scattering arises in the description of different quantum processes in 

atomic and molecular physics, quantum chemistry and nuclear physics. In recent years, 
multichannel scattering is of particular interest in the context of the accurate description 

of Feshbach resonances in ultracold gases1,2. The initial step of the conventional analysis 
of the scattering is to separate the angular part with the aid of expansion over spherical 

harmonics. However, in the case of strong coupling between the different partial waves, 
it can become questionable. Especially, the drawback of the partial-wave analysis is 

developed if the coupling remains non-negligible in the asymptotic region due to the 

long-range character of the interparticle interaction. Thus, in dipole-dipole scattering, 
occurring for example in atomic scattering in external laser field, the long-range term 

~1/r3 describing interatomic interaction leads to nonseparability of the partial scattering 
amplitudes even in the zero-energy limit3. In this case it is necessary to provide a special 

procedure for extracting the desired partial amplitudes4. 

An alternative approach without usual partial-wave analysis for treating scattering 

with non-separable angular part in the asymptotic region was suggested in the works 
of Melezhik and Melezhik5 and Chi-Yu Hu3. Then, it was extended for multichannel 

scattering of cold atoms in quasi-1D harmonic traps6 and successfully applied for a 

number of resonant processes in confined geometry of atomic traps7-11. The key element 
of the approach is to use, instead of the partial analysis, the non-direct product discrete-

variable representation (npDVR) suggested and developed by Melezhik in a number of 
works12-16. 

In this work we present the computational scheme, based on the npDVR, which 
we develop for multichannel confined scattering with nonseparable angular part. We 

reformulate the scattering problem as a boundary value problem for a system of 
algebraic equations with block-band structure of the well-defined matrix of coefficients 

which arises in npDVR after high order finite-difference approximation of the radial part 

of the kinetic energy operator on a quasi-uniform grid. Such reduction permits us to use 
efficient computational algorithms for solving the special system of algebraic equations. 

We demonstrate the efficiency and flexibility of the computational scheme by two 
examples. It is 3D atomic scattering confined in strongly anisotropic waveguide-like trap  
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and the system of four strongly coupled 2D Schr\"odinger-like equations describing the 
atomic collisions confined in a quasi-1D harmonic trap in the vicinity of magnetic 

Feshbach resonances7. First example was also analyzed earlier with alternative approach 
based on the expansion of the desired wave-function over the harmonic oscillator 

basis17. We give a comparison with the alternative approach17 to demonstrate 
advantages of our computational scheme.  

The developed computational method can be extended to other multichannel 

scattering problems with nonseparable angular part. Such problems arise in the 
description of atomic and molecular collisions in confined geometry of optical and 

electromagnetic traps of different configuration. The method permits to treat the effects 
of spin and spin-orbit couplings as well as the effects of anisotropy in the interparticle 

interactions and in the interaction with the traps. Application of the method to this kind 
of questions and to other actual multichannel 

scattering problems with nonseparable angular part looks very promising thanks 
to the fast convergence and the flexibility: there is no need for laborious calculations of 

the matrix elements with change of the form of the interactions because any local 

interaction is diagonal in the npDVR. 

The work was financially supported by the Ministry of Education and Science of 

the Russian Federation (Agreement No. 02.a003.21.0008). 
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The adiabatic representation is widely applied for solving multichannel scattering 
and bound-state problems for systems of several quantum particles in molecular, atomic 

and nuclear physics. Such problems are described by elliptic boundary value problems 
(BVPs) in a multidimensional domain of the configuration space, solved using the 

Kantorovich method (KM) [1], i.e., the reduction to a system of self-adjoint ordinary 
differential equations (SODEs) using the basis of surface functions of an auxiliary BVP 

depending on the independent variable of the SODEs parametrically.  

The implementation of KM requires efficient calculation schemes for solving the 
following problems. 1. Calculation of a finite set of eigenvalues and surface 

eigenfunctions of the parametric BVP. 2. Calculation of the first derivatives of surface 
eigenfunctions with respect to the parameter. 3. Calculation of the integrals of products 

of surface eigenfunctions and/or their first derivatives. 4. Solution of the bound-state 
problem for the set of ODEs. 5. Solution of the multichannel scattering problem for the 

set of ODE. 

For solving the problems 1–5 numerically the efficient variation-projection 

computational schemes and economic algorithms were developed basing on the R-

matrix theory, asymptotic methods and the finite element method (FEM). The problem-
oriented software packages ODPEVP [2] for the solving problems 1-3 for ODE, POTHEA 

[3] for the solving problems 1-3 for a set of ODEs and KANTBP [4] for solving problems 
4-5 were elaborated. 

In this work we propose new calculation schemes and algorithms for solving the 
parametric self-adjoint elliptic boundary-value problem (BVP) with the Dirichlet and/or 

Neumann type boundary conditions in a 2D finite domain, using high-accuracy finite 
element method (FEM) with triangular Lagrange elements. The algorithm and the 

programs calculate with the given accuracy the eigenvalues, the surface eigenfunctions 

with their parametric derivatives, and the potential matrix elements, expressed as 
integrals of the products of surface eigenfunctions and/or their first derivatives with 

respect to the parameter. These parametric eigenvalues (potential curves) and the 
potential matrix elements are used for reduction of 3D BVP to bound-state and multi-

channel scattering problems for systems of coupled second-order ODEs. 
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We demonstrate the efficiency of the proposed finite element schemes, 
algorithms, and codes by benchmark calculations of 3D BVPs of Helium atom bound 

states. In the hyperspheroidal coordinates, 0 <R  , 1 <   , 1 1   , the equation 

for the solution for S-states of the Helium atom reads as  
2 2 2

5

5 2 2 2 2
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The function ( , , ) R    satisfies the Neumann boundary conditions (BCs). 

The parametric function ( , ; )i i R     and eigenvalues ( )i R  are eigensolutions of 

the 2D BVP having a purely discrete spectrum  
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We seek for the solution of the 3D BVP by Kantorovich expansion 

1
( , , ) = ( , ; ) ( )

N

j jj
R R R     


   over the eigenfunctions ( , ; )j R    of the parametric 2D BVP. 

So, we get an 1D BVP for a finite set of N  coupled SOODEs for 1( ) = { ( ),..., ( )}χ
T

NR R R  . 

The solution of this BVP with the help of KANTBP program [4] on the non-uniform grids 

={0(50),5,(75),20}R  for N=12 gives us upper estimation of the energy of Helium atom 

ground and first exited state 
1 = 2.90372430E   a.u. and 

2 = 2.14597322E   a.u. with 8 

significant digits similar to results of POTHEA [3].  

The proposed calculation schemes, algorithms and software implemented the 

high-accuracy finite element method and Kantorovich method for solving the boundary 
value problems can be applied for analysis of dynamics of the few body scattering 

problems and quantum tunneling and diffraction models. 

The work was partially supported by the RFBR (grants Nos. 16-01-00080 and 17-
51-44003 Mong), the MES RK (Grant No. 0333/GF4), the Bogoliubov-Infeld program 

and grant of Plenipotentiary of the Republic of Kazakhstan in JINR. The reported study 
was partially funded within the RUDN University Program 5-100. 
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Invariant preserving numerical approximation of stochastic 

differential equations 
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The aim of this talk is the analysis of the behaviour of numerical methods for 
stochastic differential equations having an a priori known character. We consider a 

nonlinear stochastic oscillator [1] describing the position of a particle subject to the 

deterministic forcing and a random forcing dictated by a Weiner process, whose 
dynamics is also assumed to exhibit damped oscillations. For such a problem, we aim 

to analyze long-term properties of two-step linear multistep formulae, with special 
emphasis to clarifying their ability in retaining invariance laws arising along the 

dynamics [4]. To this purpose, we provide a result that enables to a priori compute in 
exact way the covariance matrix associated to the long-term numerical solution by 

solving a simple 2 by 2 linear system. The power of this result relies on the fact that 
only simple symbolic manipulations are needed to perform a reliable and complete long-

term analysis of the methods object of investigations. Examples of the application of 

this result are presented for a selection of stochastic linear multistep methods, showing 
how the accuracy in retaining the invariance laws also depends on the level of damping.  

We also study how stochastic numerical modeling is useful to describe oscillating 
chemical reactions. In particular, we introduce a stochastic model for a prototype 

chemical oscillator, i.e. the Belousov-Zhabotinsky reaction [9], and focus our attention 
on properly modifying the standard Oregonator model in order to better reproduce the 

behaviour described by a given set of experimentally observed time series. We show 
how the so-called exponential fitting technique [2, 3, 6, 7, 8, 10] plays a significant role 

in the investigation. Indeed, the knowledge of experimental time series can give a way 

to estimate the frequencies of the oscillations on which the coefficients of the method 
depend on, without affecting at all the overall efficiency of the numerical scheme, since  
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optimization procedures for parameter estimations can be avoided [5]. Numerical 
experiments will be provided to show the effectiveness of the presented approach.  
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Interpolation Hermite polynomials in simplexes for high-

accuracy finite element method 
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4N.G. Chernyshevsky Saratov National Research State University, Saratov, Russia 
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In paper [1] the new algorithm for calculating high-order one dimensional Hermite 
interpolation polynomials (HIP) in analytical form was elaborated. In this work we 

propose a new algorithm for calculating high-order HIP on the simplex in the d-
dimensional Euclidean space. Such a choice of the polynomials allows us to construct a 

piecewise polynomial basis continuous across the boundaries of elements together with 
the derivatives up to a given order κ’, which is used to solve elliptic boundary value 

problems using the high-accuracy finite element method (FEM). 

In contrast to one dimensional case, the basis of HIP contains three types of 
polynomials (AP1, AP2 and AP3). First type of polynomials (AP1) are determined from 

values of the polynomials themselves, and their derivatives up to the order κmax−1 and 
calculated via recurrence relations. AP2 needed to provide the continuity of derivatives 

up to a given order κ’ and AP3 needed for the unique determination of the polynomials 
are calculated by solving the systems of the linear algebraic equations. The 

characteristics of the bases of HIP up to order p’=13 at d = 2 are presented in Table. 

The efficiency of the FEM scheme, the algorithm, and the program is demonstrated 

by constructing typical bases of Hermitian finite elements and their application to the 

benchmark exactly solvable boundary-value eigenvalue problem for a triangle 
membrane. The eigenvalues of Helmholtz equation for equilateral triangle with the side 

4/3 with the Dirichlet or Neumann boundary conditions has integer eigenvalues. Figure 

shows the errors ΔE4 of the eigenvalue E4=3 depending on the length N of the 
eigenvector of the algebraic eigenvalue problem for the FEM schemes from the fifth to 

the ninth order of accuracy using the Lagrange interpolation polynomials (LIP) 

[pκmaxκ’]=[510],..., [910] and HIP [pκmaxκ’]=[131], [141], [231], [152].  

As seen from Figure, the errors of the constructed FEM schemes of the same order 

are nearly similar and correspond to the theoretical estimates, but in the FEM schemes 
with HIPs conserving the continuity of the first and the second derivatives of the 

approximate solution the matrices of smaller dimension are used that correspond to the 
length of the vector N smaller by 1.5–2 times than in the schemes with LIPs that  

 



 

 

39 

  

FRIDAY, OCTOBER 27, 2017 

NUMERICAL ANALYSIS AND APPLICATIONS 

 

RO-LCG 2017, Sinaia, Romania, 26-28 October 2017 

conserve only the continuity of the functions themselves at the boundaries of the finite 
elements.  

The FEM computational schemes are oriented at the calculations of the spectral 
and optical characteristics of quantum dots and other quantum mechanical systems.  

Table 1. Characteristics of the bases of HIP of order p’ at d = 2. Num(*) means the number  
of corresponding polynomials  

[pκmaxκ’] [120] [131] [141] [231] [152] [162] [241] [173] 

p’ 3 5 7 8 9 11 11 13 

Num(HIP) 10 21 36 45 55 78 78 105 

Num(AP1) 9 18 30 36 45 63 60 84 

Num(AP2) 0 3 3 6 9 9 6 18 

Num(AP3) 1 0 3 3 1 6 12 3 

Restriction of derivative order κ’: 3pκ’ (κ’ + 1)/2≤ Num(AP2)+ Num(AP3). 

 

   

Fig. 1. The profile of the fourth eigenfunction Φ4(z) with eigenvalue E4=3, obtained using the 

LIP of the order p=8 and the error ΔE4 of the eigenvalue E4=3 calculated using LIP and HIP 
[pκmaxκ’] depending on the length N of the eigenvector. 

The work was partially supported by the RFBR (grants Nos. 16-01-00080 and 17-

51-44003 Mong), the MES RK (Grant No. 0333/GF4), the Bogoliubov-Infeld program 
and grant of Plenipotentiary of the Republic of Kazakhstan in JINR. The reported study 

was partially funded within the RUDN University Program 5-100. 
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Quantum three-body problem and high performance computing 

V.I. Korobov 
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In our contribution we want to demonstrate how high performance computing 

allows to solve the bound state problem for the three-body Coulomb systems with 
almost arbitrary precision.  

Applications to precision spectroscopy of the antiprotonic helium and hydrogen 
molecular ions will be discussed. Obtained results have direct impact on the improved 

determination of the fundamental physical constants such as the Rydberg constant, 

proton-to-electron mass ratio, and may help to resolve the problem of the proton rms 
electric charge radius. 
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At present time numerical methods for computing integrals of rapidly oscillating 
functions are being actively developed, such as the Levin method, the steepest descent 

method, methods based on the approach of Filon. In the case where the phase function 
has a stationary point (its derivative vanishes on the interval of integration) the 

calculation of the corresponding integral becomes a sufficiently difficult task.  

The regularized algorithm presented in the work describes the stable method of 

integration of rapidly oscillating functions at the presence of stationary points. Using the 
Levin’s collocation method as well as the pseudo-spectral method based on Chebyshev 

polinomials, we reduce the problem to solving a (may be degenerate) system of linear 

algebraic equations.  

The basic idea of regularization, described in the article, is the simultaneous 

modification of the amplitude and phase functions, which does not change the integrand, 
but eliminates the degeneracy of the phase function in the interval of integration. 

Consequent regularization of this auxiliary problem gives us a stable algorithm to the 
solution of the initial problem. Performance and high accuracy of the algorithm is 

illustrated by various examples. 

The numerical examples show significant increase in integration accuracy when 

using regularization even in the absence of the stationary points. Properties of linear 

algebraic system are improved by increasing the diagonal elements of the resulting 
matrix, providing the predominance of the leading elements. 

A similar approach can be extended to the integrals in infinite limits using other 
(non-Chebyshev functions of the first kind) basis functions. 

Keywords: regularization, integration of rapidly oscillating functions, Levin 
collocation method, Chebyshev differentiation matrix, ill conditioned matrices, stable 

methods for solving systems of linear algebraic equations  
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Use of containers in high-throughput computing at RAL 
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At Rutherford Appleton Laboratory (RAL) we operate the UK’s WLCG Tier-1 site 
which provides resources to all four LHC experiments in addition to supporting many 

other communities. Since migrating to HTCondor in 2013 we have been making 

increasing use of containers, both for isolation and more recently for providing flexibility. 
Here we report on our experience using containers in production with HTCondor, 

originally using HTCondor’s functionality for runnng jobs in a subset of cgroups and 
namespaces before migrating to the Docker universe early this year. 

In addition we discuss use of Kubernetes as an abstraction for enabling portability 
for LHC workloads, providing a simple way of using multiple public clouds in addition to 

on-premises resources. We also discuss our work using Apache Mesos as a flexible 
platform for running multiple computing activities on the same set of resources. 
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Deployment of new technologies in a complex RO-LCG site 

Mihai Ciubăncan, Mihnea Dulea 
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Horia Hulubei National Institute for Research and Development in Physics and Nuclear 
Engineering (IFIN-HH), 30 Reactorului str., Măgurele, Romania 

During the last years the main national LCG site, RO-07-NIPNE, has constantly 

been at the forefront regarding the implementation of advanced technology within RO-
LCG. This commitment was expressed for all three experiments it supports - ALICE, 

ATLAS and LHCb, such that today the structure of the site has become particularly 
complex. 

The total data processing capacity of the site (42,934 HEPSpec06 units) places it 

in the first third of all the WLCG sites that are listed in the REBUS database.  

The site uses three CREAM and two ARC Compute Elements (ARC-CEs), that 

manage in total 8 single- or multicore job queues, to provide support for ALICE, ATLAS 
and LHCb production and analysis. 

RO-07-NIPNE is the largest contributor to the national ATLAS offline computing, 
both in terms of wall clock time and number of processed bytes. It runs the greatest 

variety of ATLAS job types in RO-LCG: simulation, event generation, merge, pmerge, 
reprocessing, reconstruction, deriv, pile-up, eventindex and overlay jobs.  

The site provides a disk capacity of 400 TB for ALICE analysis, 880 TB for ATLAS 

and 360 TB for LHCb, ranking 2nd worldwide among the Tier2-with-Data centres that 
offer storage for the LHCb user analysis. 

The communication reviews this year’s activities regarding the implementation of 
new technologies and the support of some structural change within RO-LCG for 

increasing the efficiency and lowering the operational costs.  

Migration started for the ATLAS analysis and 8-cores Monte Carlo queues from one 

CREAM CE (with Torque and Maui) to the virtualized environement based on ARC-CE / 
HTCondor and worker nodes generated as Docker containers. The migration was decided 

because HTCondor allows a better resource exploitation than Torque+Maui, due to the 

use of partitionable slots. 

The consequences on the Storage Element’s DPM of the deployment of the EOS 

storage management system (for ALICE) and of the support of two ATLAS diskless sites 
were investigated. It was found that, while the data traffic with the diskless sites is 

negligible, the number of simultaneously open sockets can reach appreciable peaks. On 
the contrary, in the EOS case the socket generation is moderate while the outward data 

traffic is considerable.  

Acknowledgements: This work was partly funded by the Ministry of Research and 

Innovation under the contracts no. 6/2016 (PNIII-5.2-CERN-RO), PN16420202/2016. 
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RAL Tier-1 Evolution as a Global CernVM-FS Service Provider 

Cătălin Condurache 

STFC Rutherford Appleton Laboratory, Harwell, Oxfordshire, United Kingdom 

The CernVM File System (CernVM-FS) is firmly established as a method of software 
and condition data distribution for the LHC experiments at WLCG sites. Use of CernVM-

FS outside WLCG has been growing steadily and an increasing number of Virtual 
Organizations (VOs), both within the High Energy Physics (HEP) and in other 

communities (i.e. Space, Natural and Life Sciences), have identified this technology as 
a more efficient way of maintaining and accessing software across Grid and Cloud 

computing environments. 

This presentation will give an overview of the CernVM-FS infrastructure deployed 

at RAL Tier-1 as part of the WLCG Stratum-1 network, but also as the facility provided 

to setup a complete service - the Release Manager Machine, the Replica Server and a 
customized uploading mechanism - for the non-LHC communities within EGI and that 

can be used as a proof of concept for other research infrastructures and communities 
looking to adopt a common software repository solution. 

The latest developments to widen and consolidate the CernVM-FS infrastructure 
as a global facility (with main contributors in Europe, North America and Asia) are 

reviewed, such as the mechanism implemented to publish external repositories hosted 
by emerging regional infrastructures (eg. South Africa Grid). Also the presentation will 

describe the progress on implementing the novel protected CernVM-FS repositories, a 

requirement for academic communities willing to use CernVM-FS technology. 
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HybriLIT based high performance computing in JINR 
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2Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH), 

30, Reactorului St., Măgurele - Bucharest, 077125, Romania 
3Košice Technical University, Slovakia 

The heterogeneous computing cluster HybriLIT, under development in LIT-JINR, 

is the high performance computing component of the Multifunctional Information and 
Computing Complex (MICC), which will supply the general purpose information and 

computing resources asked by the JINR scientific research during the seven years period 

2017–2023. 

The state-of-the-art solutions found in the initial implementation stages have 

resulted in a top level HybriLIT facility which adequately covers the needs of a wide 
variety of users within a threefold way: 

 Design and implementation of parallel software for computing intensive 
research by means of several supported programming paradigms; 

 Porting to the cluster open software packages, numerical libraries, and parallel 
codes which are already tuned for hybrid architectures;  

 Development of new mathematical methods and parallel algorithms adapted to 

heterogeneous architectures.  

The present communication provides an overview of the today HybriLIT status, 

with relevant examples along the three abovementioned lines, and discusses the 
perspectives of its development within the near future.  

For the time being, the cluster has 10 compute nodes that include graphics 
accelerators from NVIDIA (Tesla K20, K40, K80) and co-processors Intel Xeon Phi 

(5110P, 7120P) securing a summed peak performance in single precision floating point 
arithmeticis of 142 Tflops. The efficient use of cluster resources involves twofold 

developments. On one side, the inner organization of the cluster was conceived such as 

to secure both rapid program developments on virtual machines and performing 
resource demanding parallel applications on the cluster compute nodes.  

A continually evolving software and information environment helps the various 
HybriLIT user groups to get accustomed with the cluster resources. Training courses are 

regularly held with the aim at alleviating the abrupt learning curve of the parallel 
programming, to secure efficient usage of various existing program packages. The 

International Conferences organized in LIT-JINR are actively used for the organization 
of learning courses and master classes. 
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Value-added services provided by NGI-RO Operations Centre 
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The Operations Centre of the Romanian National Grid Infrastructure (NGI-RO) has 

been implemented and managed by DFCTI since 2015, using the infrastructure of the 
GRIDIFIN site. It currently provides core services for all the national grid sites (including 

those of the Tier-2 Federation RO-LCG), access to High-Performance Computing 
resources, and cloud services for the research community. 

Following the centralization by EGI, in the late 2016, of the Service Availability 

Monitoring (SAM), the external support for the monitoring of the NGIs has been entirely 
moved to EGI, being now provided by the ARGO service. Due to the relatively frequent 

reporting by ARGO of national sites in unknown state, it was decided to implement new 
SAM solutions locally.  

A local mechanism for collecting accounting data from the national sites was 
developed, by using grid jobs submitted under the ifops VO, which is managed by NGI-

RO. Also, the development of the own basic monitoring system for the NGI-RO resource 
centres has started, based on the EGI probes. 

Apart from these services, the NGI-RO Operations Centre supports parallel 

computing resources provision to non-HEP communities. For accomplishing this, a 
secondary Computing Element was deployed, which gives access to a High-Performance 

Computing cluster hosted within GRIDIFIN. The site currently serves three research 
communities: the experimental groups of the Extreme Light Infrastructure – Nuclear 

Physics (ELI-NP) project, the computational biology community and the researchers in 
condensed state physics and nanomaterial technology. 

Besides Grid computing resources, NGI-RO Operations Centre has implemented 
and certified within the EGI Federated Cloud a new cloud computing site, CLOUDIFIN. 

This site, based on OpenStack, offers IaaS and, at present, custom built Virtual Machines 

dedicated to the ELI-NP research community (eli-np.eu VO).  

This communication describes the recent advances in developing and/or 

implementing within NGI-RO the new services described above, which are represented 
as green blocks in the figure below. 
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Fig. 1. Schematic view of the resources and services coordinated by the NGI-RO Operations 
Centre. The components that required local developments are colored in green. 

Acknowledgements: This work was partly funded by the Ministry of Research and 
Innovation under the contracts no. 6/2016 (PNIII-5.2-CERN-RO), PN16420202/2016. 
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Worker Nodes running on OpenStack for RO-03-UPB site 

Mihai Cărăbaş1, Costin Cărăbaş1, Emil Sluşanschi1, Nicolae Ţăpuş1 

1University POLITEHNICA of Bucharest 

Research IT infrastructure from University POLITEHNICA of Bucharest is composed 
of multiple parallel and distributed systems offering users processing and storage 

services for sustaining advanced research and national and international collaborations. 
Besides the resources that are available to students and researchers, the IT 

infrastructure follows the trend and offers bleeding edge Cloud services (computing, 
storage, virtualization, identity management) to people affiliated to University 

POLITEHNICA of Bucharest and also to external parteners at national and international 
level. The IT research infrastructure is composed of more than 3000 cores, 10 TB of 

RAM and more than 100TB of data storage, covering all the services enumerated above. 

To be able to offer services to international research community, the grid site from 
University POLITEHNICA of Bucharest (RO-03-UPB) is connected and certified by 

European Grid Infrastructure (EGI, http://www.egi.eu). The IT Infrastructure is 
connected with multiple fiber optic link of 10Gbps/s at the Romanian Educational and 

Research Network (http://www.roedu.net) and through it, at the European Network for 
Education and Research GEANT (http://www.geant.net). 

The main services that are running on the UPB IT Infrastructure are: 

 Data processing and storage in RO-03-UPB grid site (http://cluster.grid.pub.ro) 

 Cloud services for running simulation and production services 

(http://cloud.curs.pub.ro) 
 Identity Management services and integration with all the offered services, 

having an unique authentication token (over 75 000 accounts for internal users 
and external parteneres) 

 E-learning services for UPB and external parteners (e.g. University of 
Bucharest) (http://www.curs.pub.ro) 

Having such a variety of services and each one is resources intensive (CPU, 
memory, storage), one must decide which hardware to use for grid computing and which 

hardware for cloud services and so on. Given the differences between their software 

stacks (supported operating systems, libraries, frameworks), one cannot use a node for 
running grid and cloud services at the same time. So we need a static allocation of 

resources without any means to use the resources from cloud to grid computing jobs. 
To solve this issue, the majority of the IT infrastructure in UPB was virtualized using the 

latest hardware features (virtualization) to provide bare metal performance in the 
virtualized environment. We installed two virtaulization frameworks: 

http://www.egi.eu/
http://www.roedu.net/
http://www.geant.net/
http://cluster.grid.pub.ro/
http://cloud.curs.pub.ro/
http://www.curs.pub.ro/
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 A Hyper-V cluster which hosts all production services that need to be High 
Available (we offer live migration for them) 

 An OpenStack cloud setup for all services that aren’t critical 

From the grid perspective (RO-03-UPB), we run on the Hyper-V cluster all the 

services: compute element, storage element, LFC, WMS, VOBOX (for Alice experiment). 
They are high available and don’t depend on the underlaying hardware. The worker 

nodes are running on the OpenStack cloud, as KVM virtual machines. This way we are 

capable of scaling up whenever the cloud has available resources (create new virtual 
machines and add them automatically to grid framework). The performance is the same 

as baremetal because of the new virtualization features that are present in hardware. 
Bellow is a picture with the used resources by the Grid Tenant on our OpenStack setup. 

 

Currently, on RO-03-UPB, we are running Alice experiments that comes from CERN: 

 

For future work, we plan to implement the EGI OpenStack extensions. 
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RO-14-ITIM, upgrades for a diskless site 

F. Fărcaş1, R. Truşcă1, J. Nagy1, Ş. Albert1 

1National Institute for Research and Development of Isotopic and Molecular Technologies,  

65-103 Donath, 400293 Cluj-Napoca, Romania  

During the last four years the grid site hosted by the National Institute for 
Research and Development of Isotopic and Molecular Technologies (INCDTIM) Cluj-

Napoca, which is dedicated to ATLAS Monte Carlo production, experienced multiple 

service availability issues due to its faulty storage server. In cooperation with ATLAS FR 
Cloud and the management of the RO-07-LCG site, it was decided to adopt cost-effective 

measures for improving the site efficiency. 

This report presents the last year planning and implementation of a diskless 

solution for upgrading the site to a more efficient processing system for single and multi-
core simulation jobs. 

As a result of the migration of the storage on RO-07-NIPNE, the reliability and 
availability of the site have significantly improved. 

  

According to the data published by the ATLAS Dashboard, the statistics of the 
completed jobs and of the WallClock Consumption of Successful and Failed Jobs (Figures 

above) show a sharp improvement after the migration. 
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Life without storage element in RO-16-UAIC site 

Ciprian Pȋnzaru1, Paul Gasner1, Valeriu Vraciu1, and Octavian Rusu1 

1Digital Communications Department 

Alexandru Ioan Cuza University 
Iasi, Romania 

ciprian.pinzaru@uaic.ro 

Introduction 

Grid computing represented the first successful technological solution for the 

managing and sharing of resources in a distributed, on global scale, computing 
environment. At international level, the grid computing for High Energy Physics is 

organized since 2005 in the Worldwide LHC Computing Grid collaboration (WLCG) [1]. 
This collaboration consists today of more than 170 computing centres in 42 countries, 

grouping national and international grid infrastructures.  

RO-16-UAIC site infrastructure 

The main contribution to the infrastructure of the RO-16-UAIC grid site is given by a 

cluster of computers with 8 core processors, 4 MB of cache memory per core and 160 GB 
disk storage per computer, which are used as Worker Nodes (WN). The WN’s include other 

4 blade servers providing 48 CPU cores, plus 2 more servers with 20 core processors and 
96 GB RAM per server. According to the WLCG REBUS monitoring portal, RO-16-UAIC 

provides 576 logical CPUs and 5184 HEPSpec06 units. 

To provide management services for the grid site (CREAM, Perfsonar, BDII, UI, Squid, 

DHCP and DNS) we use two servers with 12 core processors, 32 GB RAM and two 10 Gigabit 
Ethernet interfaces where virtual servers are installed in back-up configuration.  

The network interconection between work nodes and management servers is 

accomplished through Gigabit Ethernet switches that offer two connections for every work 
nodes. Theses switches are connected to each other using 10 Gigabit Ethernet links and to 

the central router of the University at the same speed. The servers used for host 
virtualization are connected to the grid switch with 10 Gigabit Ethernet links, which brings 

an advantage for network tests used in grid.  

Until this year, our grid site had an old storage system which offered about 180 TB 

for the ATLAS VO, but in 2016, following the evaluation of the RO-LCG grid sites and in 
agreement with the ATLAS policy, it was decided to decommission the SE and work directly 

with RO-07-NIPNE storage, as a lightweight site, keeping just some disk space for caching. 

Evolution of RO-16-UAIC 

In collaboration with the personal from RO-07-NIPNE and ATLAS France Cloud we 

started the tests for the diskless configuration. In the first phase, the new 
ROMANIA16_DISKLESS queue was created for RO-16-UAIC. In this new queue the jobs  
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run on RO-16-UAIC using the DPM storage of RO-07-NIPNE. The first HC cloud tests 
were very encouraging, exhibiting efficiency ( good/bad jobs) up to %99 [2].  

 

Fig. 1. The efficiency during the testing process  

In the seccond phase of the test process we evaluated the space occupied on disk 

by jobs in the RO-07-NIPNE storage system and the network resources. The results 
showed that the storage proces to and from the diskless sites was considerably small 

compared with the total amount of data processed by the RO-07-NIPNE, and the remote 
transactions represented 17,45% of the total number of transactions, which does not 

significantly affect the activity of the IFIN-HH site [3].  

Since May, the RO-16-UAIC site has been completely migrated to the diskless 
configuration and no operational incidents have been encountered in connection with 

this migration process. 

In conclusion, more than 350 k jobs were completed in single and multicore 

simulations on RO-16-UAIC since the beginning of 2017, which used more than 3 Mhours 
wall clock [4], with an efficiency of 94%, and the migration to the diskless configuration 

did not affect the site and removed storage system issues. 

Reference: 

[1] The Worldwide LHC Computing Grid, http://wlcg.web.cern.ch . 

[2] HammerCloud | ATLAS, http://hammercloud.cern.ch/hc/app/atlas/testlist/all/, 2017 

[3] Mihai Ciubăncan, Mihnea Dulea, Implementing Advanced Data Flow And Storage 
Management Solutions Within A Multi-VO Grid Site, Conference RoEduNet 2017 

[4] Atlas dashboard, http://dashb-atlas-job.cern.ch/dashboard/request.py/dailysummary 
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ISS Grid sites – current status and future plans 

Liviu Irimia1, Ionel Stan1 and Adrian Sevcenco1 

1Institute of Space Science 

GRID computing is the standard way of data processing for the LHC experiments. 
It is organized hierarchically in a structure of three Tiers for an efficient way to store 

and process raw, analyzed and Monte Carlo data and also for an optimum participation 
of research institutes/universities members of the LHC experiments.  

In this presentation we will describe the existing Grid sites, datacenter topology, 
hardware, architecture and components of main Grid middlewares as well a status report 

of ISS performance numbers as seen by the Grid monitoring tools and future plans. 
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Applications and Computational Challenges 

of the Wigner Function Formalism 

Dániel Berényi1, Péter Lévai1 

1Wigner Research Centre for Physics, 

Hungarian Academy of Sciences, 
Budapest, Hungary 

Resolving the time evolution of quantum systems excited by external fields is a 

common challenge in multiple areas of physics. Laser physics use the coherent light sources 
to study the response of bound and free electrons or even nuclei, but also promise to reach 

the field strengths to excite the vacuum itself. The observation of this vacuum pair 
production process, that is regarded as one of the final frontiers of Quantum 

Electrodynamics could validate our understanding at a completely new energy regime. 

Heavy-ion physics is focusing on the dense and hot state of matter, that is created 
in nucleus-nucleus collisions in high-energy accelerators and aims to describe the 

complicated evolution of the deconfined quarks and gluons. The non-Abelian and non-
perturbative nature of the theory poses a serious challenge, and only very few tools are 

available to calculate reliable predictions that are comparable to experimental 
measurements. 

Since classical, Boltzmann-like evolution models becoming insufficient to encapsulate 
the inherent quantum processes in these systems, an appropriate tool is needed that can 

naturally describe such cases. The (relativistic) Wigner function [1, 2], that is the 

generalization of the phase-space probability density is a suitable candidate for this task, but 
the equations of motion are complicated multi-dimensional, coupled partial differential 

equations, that require state of the art techniques to solve them. Since complicated equation 
structure implies complicated numerical techniques, and in turn complicated programs one 

must design the development process carefully and use all possible tools to minimize mistakes 
while trying to maximize performance to obtain results in an acceptable amount of time. 

Because the numerical methods are not strictly specific to problems and special cases, code 
reuse and modularity should be taken seriously. 

For the solution of the Wigner function equations, we developed a system that 

tries to balance between these requirements. This system is a modern C++ library, that 
is using an Embedded Domain Specific Language (EDSL) to represent the symbolic 

constituents of the equations, including vectors, tensors, differential operators, and 
mixtures of them. It is also capable to carry out some important symbolic simplifications 

on the equations. After these steps the equations are solved by pseudo-spectral 
collocation, by expanding the functions over an orthonormal polynomial basis, and thus 

turning the problem into a dense linear algebraic one. Finally, the equations are evolved 
from the initial conditions by a time stepping routine, in our case a Runge-Kutta one. 

During the evolution, observables are calculated and recorded by performing numerical 

quadrature integrations of the Wigner function components. 
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The computation is accelerated by performing the dense tensor operations on 
Graphical Processing Units (GPUs). The transition from the symbolic representation to the 

GPU operations is automatic, the system handles the creation of all the necessary memory 
operations, like allocation, deallocation, host-to-device, and device-to-host streaming, 

etc. To maximize portability, the implementation uses OpenCL, the Open Computing 
Language. This makes it possible to express out-of-order execution patterns and perform 

memory operations asynchronously and beside computations. Overall, we reach a factor 

of 30x speedup compared to single threaded traditional CPU calculations. The system was 
developed and run on the GPU Cluster of the Wigner GPU Lab. 

In the talk we review our recent results for the Chiral Magnetic Effect [3], that is 
a non-trivial QCD electric current created in off-center nucleus-nucleus collisions. The 

Wigner evolution equations for massless fermions are solved for time dependent 
external electric and magnetic fields, and collision energy dependence is given for the 

effect for phenomenological external field models. The results are consistent with other 
theoretical models, that the effect disappears at high energies, but we also find, that at 

intermediate energies the CME current changes sign, that is a new addition to the theory 

(see Fig. 1.). Further details are given in [4]. 

 

Fig. 1. Predictions for different collision energies. Upper panels: model fields for the 
chromoelectric and chromomagnetic field components parallel with the beam direction (solid red 

line) and perpendicular electrodynamical magnetic field (dashed blue line). 

Lower panels: CME current (solid green line). 

References: 
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[3] K. Fukushima, D. E. Kharzeev, H. J. Warringa Phys. Rev. Lett. 104 (2010) 212001. 
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Reconstruction algorithms for CMS and BM@N experiments 

M. Kapishin1, V. Palichik2 and N. Voytishin2 

1Laboratory of High Energy Physics, Joint Institute for Nuclear Research,  

6, Joliot Curie St., 141980 Dubna, Moscow Region, Russia 
2Laboratory of Information Technologies, Joint Institute for Nuclear Research,  

6, Joliot Curie St., 141980 Dubna, Moscow Region, Russia 

The new high-energy physics experiments require precise tools for particle 

trajectory and parameters reconstruction. To reach the required precision, the detectors 

used in these experiments need high quality algorithms for processing the collected 
data. This report is a summary of the JINR scientists’ contribution to the development 

and maintainance of the reconstruction algorithms in the cathode-strip chambers (CSC) 
of the CMS experiment [1] and the drift chambers (DCH) of the Barionic Matter at 

Nuclotron (BM@N) experiment [2], the development and testing of which heavily used 
the JINR grid infrastructure.  

CMS is a multipurpose experiment used mainly for research in the fields of 

Standard Model, extra dimensions and dark matter. The CSCs are a part of the muon 
system, which registers and reconstructs the trajectories of the muons. Our group has 

developed and implemented into the official software package of the CMS a new 
segment building algorithm named Road Usage (RU) algorithm [3] which is robust and 

stable in the conditions of high luminosity and multiplicity of particles which are 

expected in the nearest future at LHC. In comparison with the previous one, the RU 
reconstructs the segments ~4 times closer on average to the actual muon trajectory in 

terms of the coordinate φ (Fig.1).  

 
Fig. 1. Difference in φ coordinates between the reconstructed and the simulated moun 

trajectory. The RU algorithm outputs are shown in red while those of the old one in blue. 

Starting with 2017, the RU algorithm was approved by the CMS collaboration as 

the default algorithm for reconstructing both experimental and simulated data. 

Another direction for improving the precision of the reconstruction in the CSCs is 
the reconstruction of the overlapped signals from two or more passing particles at the 

scale of one layer of a CSC detector. For the time being, only one coordinate is  
 



 

 

57 

  

FRIDAY, OCTOBER 27-28, 2017 

MODELING AND APPLICATION DEVELOPMENT 

 

RO-LCG 2017, Sinaia, Romania, 26-28 October 2017 

reconstructed from the overlapped regions. This will be insufficient under the expected 
increase of luminosity and particle multiplicity. An algorithm is under development for 

high precision sepparation of the overlapping hits. It is based on the wavelet 
transformation [4]. An instance on its capability to sequre accurate splitting of 

overlapping signals is shown in Fig. 2.  

 
Fig. 2. Division of two overlapping signals. The input signal is shown in yellow, red lines are the 

coordinates of the two overlapped signals restored from the input data by the proposed 
algorithm, the blue line is the coordinate of the hit reconstructed by the standard algorithm and 

the green line is the actual simulated (truth) coordinate. 

The high quality of the the reconstruction algorithm for the DCH detectors entering 
the BM@N experiment for barionic matter studies, which is part of the mega-project NICA, 

can be proved by the precision of the beam momentum estimation that is done by using 
DCH detectors only. The estimated momentum value for different values of the magnetic 

field is shown in Fig. 3. All the errors of the estimated values (points) are within the nominal 

value (dotted line) of the beam given by the Nuclotron accelerator facility. 

 
Fig. 3. Nuclotron beam momentum estimation. 
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Deep Learning Optimization Strategies in Designing Laser-

Plasma Interaction Experiments. Applications in Big Data 

Predictive Analytics. 

Andreea Mihăilescu 

Lasers Department, National Institute for Lasers, Plasma and Radiation Physics 

P.O. Box MG-36, Magurele, 077125, Romania 
andreea.mihailescu@inflpr.ro 

As one of the most active reasearch areas in machine learning, deep learning is 

nowadays increasingly gaining success in more and more fields. With the sheer size of 
scientifc data available today, deep learning algorithms and techniques not only find big 

opportunities but also have a transformative potential for laser-plasma interaction 

investigations as compared to the traditional simulation software and numerical 
methods. The deployment of intelligent predictive solutions enables the discovery and 

understanding various physical phenomena occurring during interaction, therefore 
facilitating researchers to set up controlled experiments at optimal parameters. 

The presentation will offer a comparative analysis between the performances of 
three of the most popular types of deep learning architectures, namely deep neural 

networks (DNNs), convolutional neural networks (CNNs) and deep belief networks 
(DBNs) when used to predict the most favourable interaction conditions in high order 

harmonics generation (HHG) experiments as well as when used for estimating the 

moment of occurence and the increase rate of the percentage of hot electrons when 
applying various laser heating mechanisms.  

Over 5TB of interaction data have been harnessed and processed, firstly for 
cleaning purposes and ultimately for extracting patterns and making the envisaged 

predictions. The deep learning solutions have been implemented on a private cloud 
platform running Hadoop, with additional GPU computations employed in the phase of 

optimal architecture discovery and algorithms testing. In this sense, Theano, 
TensorFlow, Caffe and Keras were alternatively used in order to find the optimal 

combination between amount of required coding, computational complexity, running 

times and performances, the yielded outcomes being discussed during the presentation. 
Promising results have been obtained by combining deep neural networks (DNNs) and 

convolutional neural networks (CNN) with ensemble learning. The DNNs and CNNs were 
built by grid search, in conjunction with dropout and constructive learning. The alternate 

implementations encompass deep belief networks (DBN) and decision jungle or DBNs 
and boosted decision forest, with somewhat better performances in terms of speed and 

comparable accuracy in estimations. Additional boosts concerning the speed and 
towards a more efficient usage of computational resources have been achieved via 

integration of a workflow engine within Hadoop and the advantages of this aspect will 

also be highlighted. 
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The presentation will end with perspectives, challenges and further architectural 
and algorithmic improvements that could bring a positive impact towards an overall 

optimization of predictive analytics for designing optimized laser-plasma interaction 
experiments.  
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The NGI-RO Monitoring Portal 

Bianca Neagu1, Corina Dulea2 and Horia V. Corcalciuc1 

1Department of Computational Physics and Information Technologies (DFCTI)  
2Nuclear Training Centre (CPSDN) 

IFIN-HH, Magurele, Romania 

The information regarding the service availability of the national grid sites is provided 

from multiple sources. EGI (European Grid Infrastructure) performs the service level 
monitoring of the core grid services using ARGO. The LCG experiments probe the availability 

of specific services that are provided by the WLCG sites on experiments’ VOs. Also, NGI-RO 
Operations Centre uses EGI’s probes to independently test the availability of the core 

services on national sites.  

The aggregation and analysis of all this information by NGI-RO is of highest interest, 

as discrepancies e.g. between EGI’s and NGI’s monitoring results, or between the 
availability levels of core services and experiment services may call into question the validity 

of the measurement process itself. Moreover, site administrators would like to be notified 
in the shortest possible time about service disruptions, as their reaction time is crucial to 

the SLA fulfilment. This is especially difficult when the external reporting is published 

through web interfaces only, like in the cases of EGI and LCG (which uses the ETF website 
at CERN).  

In order to address the SLA issue, system administrators have been using a wide 

palette of tools, ranging from system-specific utilities such as shell scripting in various 
flavours mixed with web-development tools and programming languages such as Python. 

Given the plethora of tools, multiple points of failure can be introduced which leads to a 

decrease in the reliability of the monitoring system as a whole. Unfortunately, there are no 
tools available to certify that local monitoring metrics correspond to remote site SLA 

measurements. 

The necessity of creating an unified tool that can pull data from various sources, be 
reliable and provide an easy means of detecting service disruptions, has led to the recent 

development at DFCTI of the Realtime Asynchronous Service Status Monitoring application 

(RASSMon) [1]. The application can be easily accessed by system/NGI-RO administrators 
and eliminates the need to employ additional tools. 

This communication presents the customization of RASSMon for the management of 

the experiment monitoring data published by ETF. ETF offers a Check MK web interface with 
limited access that does not provide a consistent way of extracting data. Although Check 

MK offers a comma-separated values (CSV) downloadable report, the structure of the file 

is not strictly RFC4180 compliant and can only be processed with a relaxed parser. 

In its current version, the portal features a functional webserver backend that can 
both serve static content and pull remote site metrics asynchronously in the background. 

The software architecture is based on the separation of context between the frontend and 
the backend. The latter is responsible for querying remote grid sites by using different  
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plugins that are able to read data and then store the data locally to be served by the 
frontend. Not only does the context separation provide an elegant solution to a graphical 

frontend, due to the re-use of web technologies but also provides additional security by 
separating privileges to the various components: whilst browsers may access the frontend 

and retrieve the data, there is no provided access to the backend that would allow 
tampering with the inner workings of the tool itself. 

  
Fig. 1. Screenshots of the ‘Overview’ table (left)  

and the service ‘Details’ for the tbit03.nipne.ro CE (right). 

At the current stage of development, the portal is able to retrieve data from any 
Check MK instance dynamically, and other plugins to extract data from different sources 

will be created as needed.  

Both portal’s frontend and backend use Javascript as a programming language in 
order to avoid increasing requirements. The frontend additionally uses HTML for markup 

in order to provide an interface for client browsers while the backend uses the Node.js 

Javascript engine. One of the side-benefits of using Javascript for the frontend is that 
all the representation of data provided by the portal is rendered dynamically by the 

client browsers without overloading the backend with further processing of data. 

The frontend is currently capable of displaying an overview of all servers of interest 
provided by ETF CERN and can additionally render bar charts in real time allowing 

operators to spot any change of status for the various grid statuses that have to be 

monitored. The portal uses YAML as a configuration file that is read by the backend 
allowing servers to be added conveniently whilst letting the frontend adapt dynamically 

to the changes. 

Further planned developments are bound to include an additional accounting view 
where jobs submitted to the various servers will be displayed using the frontend. The 

changes may include other tracked parameters such as well-known operating system 

metrics: CPU time, wall time, RAM and network usage. Adding an accounting module to 
RoGMon could be done using the same data extraction modules and given a proper 

export mechanism of the site to be monitored. 

Acknowledgements: This work was partly funded by the Ministry of Research and 
Innovation under the contracts no. 6/2016 (PNIII-5.2-CERN-RO), PN16420202/2016. 
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RoNBio: A molecular modeling system for computational biology 
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2S.C. Totalsoft SA 
3Faculty of Biology, University of Bucharest 

We report the commissioning of the Romanian Node for Computational Biology 

(RoNBio), which is an integrated system based on a grid of HTC and HPC resources 
dedicated to the modeling and simulation of cellular substructures, accessible through 

a graphical frontend (applications portal). The system automates procedures for the 
investigation of current research topics, such as bacterial drug resistance, by means of 

programmable and reusable Taverna workflows, in order to simplify the user's tasks.  

The development of RoNBio and its applications portal was motivated by the major 

challenges in the treatment of bacterial infections, which is getting more and more 
complicated due to the ability of bacteria to develop resistance to antibiotics. Gram-

negative bacteria resistance to β-lactam antibiotics can be caused by three mechanisms: 

enzymatic inactivation, expulsion by efflux pumps and reduction of outer membrane 
permeability. Of the two, the outer membrane permeability, which is the least 

understood, is a research priority.  

The applications portal is currently customized for the modeling and simulation of 

subcellular structures of Gram-negative bacteria. A collection of workflows was uploaded 
on the portal, and could provide the basis for further development: modeling and 

parameterization of LPS from different Gram negative bacteria e.g. Escherichia coli, 
Klebsiella pneumoniae, Campylobacter jejuni; parameterization of small molecules e.g. 

drugs; receptor based virtual ligand screening (VLS); format conversion; construction 

of LPS monolayers, asymmetrical bilayers (LPS and glycolipids) and insertion of 
membrane proteins; molecular dynamics and analysis. The portal includes a workflow 

creation and editing function, workflow execution history, a database for storing 
processed data, tools for visualization and editing molecular structures, and a file 

manager. 

Since the workflow management is based on Taverna, the portal also has great 

potential for next generation sequencing analysis: de novo assembly, mapping, indel 
analysis, SPNs and variant identification, and other bioinformatics tools. 
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High order harmonics generation (HHG) by means of ultrashort and intense laser 

pulses interacting with overdense plasmas is one of the most challenging research 
directions in the field of laser-plasma interaction. Firstly, obtaining harmonics with much 

higher orders translates into a reduced harmonic duration towards the attosecond range 
while maintaining power and brilliance levels as well as a good conversion efficiency. 

Conventionally, HHG theoretical investigations rely heavily on Particle-in-Cell (PIC) 

simulations. Albeit the extensive improvements this method has seen over the last 
years, there are some compelling issues related to certain non-physical behaviours that 

these codes tend to exhibit, not mentioning the considerable computational resources 
and the hours of running time they require. Complementary approaches to PIC 

simulations, namely codes that adapt and learn from experience and available research 
data in the field have previously been reported by the author. Machine learning solutions 

as well as deep learning solutions built on Hadoop and on top of a private cloud have 
been successfully developed and deployed to predict the outcome of various interaction 

configurations (e.g, attainable highest harmonic order, along with its characteristics) as 

well as to estimate the optimal interaction setting for HHG experiments. 

This presentation proposes a different approach to the previous machine learning 

and deep learning implementations based either entirely on Hadoop, either on Hadoop 
and GPU computing. The motivation relates to avoiding certain caveats caused by 

installing and configuring this somewhat exotic big data platform on a private or hybrid 
cloud. Furthermore, developing a custom machine learning or predictive modelling 

application requires more complex tools that need to be coded since suitable ones are 
not readily available. This is, in general, a slow, time-consuming and error prone 

process. For the previously developed predictive models on top of Hadoop, additional 

effort was needed in order to implement mechanisms to allow switching models in or 
out without having to recompile and deploy the entire application. Solving issues related 

to higher transaction rates or lowering latency was tackled by provisioning new 
hardware, deploying the service to new machines and scaling out. These are first of all 

infrastructure- expensive and secondly, time-consuming. Secondly, workflow engines 
and real-time streaming were the ones that really brought significant improvements but 

their integration was not an easy task.  
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Azure Machine Learning Studio is an innovative cloud based machine learning 
platform that provides democratized access and easy deployment of a multitude of 

readily deployable tools and algorithms. It is a fully managed cloud service with no 
software to install, no hardware to manage and no operating system versions or 

development enviroments to handle. Basically, the users just need to log on to Azure to 
start building their predictive models from any location and any device, through a web 

browser. After hosting their own data on Azure storage, the predictive modelling 

experiments may be constructed as simple data flow graphs, with an easy-to-use drag, 
drop and connect paradigm. A multitude of built-in algorithms along with support for R 

code further mitigate the necesity for heavy programming, the entire focus being on the 
experiment design. Data flow graphs can have several parallel paths that automatically 

run in parallel, hence allowing the execution of complex experiments and the side-by-
side comparisons without the usual computational constraints. No reimplementation or 

porting is required, which is a key benefit over traditional data analytics software. 

This presentation will focus on discussing the advantages offered by choosing to 

build a predictive model for HHG experiments using Azure ML over the more 

computationally and architecturally challenging Hadoop platform and add-on software. 
The previously harnessed 4TB of interaction data were loaded into the cloud and several 

prediction models were constructed- using different algorithms and different modelling 
strategies- and tested using Azure’s built-in model evaluation tools. Ultimately, the best 

performance models were deployed as a scalable REST API within minutes. The 
peresentation will end with a comparison between the results obtained with Azure ML 

and the previous ones yielded out of the custom machine learning and deep learning 
based predictive models build on top of Hadoop.  
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The study of asteroids and comets is expected to provide deep insight about the 
origin and evolution of the Solar System. Most investigations were directed towards the 

asteroids in the main belt and also towards the most distant Kuiper belt objects. These 
studies have the potential to produce important discoveries because asteroids represent 

unspoiled remnants of the formation of the Solar System. However, asteroids are also 
a potential threat to life on Earth, as some can impact it. 

The analyse of the Astronomical brut data in order to detect and identify the Near 

Earth Objects (NEO - asteroids, comets that orbit the Sun in a region near the Earth) 
includes three steps: the reduction of captured images by a telescope, the visual 

analysis of images and the analysis of the numerical data for correctly identify the 
moving objects and validate the results. 

The first step includes the development of the required image processing 

algorithms that are necessary for transforming raw data into information ready to be 
processed. Similar to the corrections applied for satellite images, specific computation 

is required to correct the raw captured astronomical images by: removing the internal 

electronic noise of the CCD, identifying bad pixels and using interpolation to 
compensate, rectifying the optical distortion along the optical path. The output of this 

step is represented by corrected images, known as “reduced images” that can be further 
used in the analyzing stages. 

The second step, visual analysis, solves the problems of understanding the 

massive data through "symbiosis" between the observer and the computer expert. The 
astronomical images can be analyzed using different processing methods and image 

visualization (see Astrometrica site for this analysis). The most common technique is to 
“Blink” sequences of series of consecutive images aligned on stars, so that any moving 

source will appear to move linearly.  

The third step includes the correct identification of the moving objects from the 
astronomical images, the validation of the second steps, the record of the newly 

discovered asteroids in the main Solar System Objects’ databases around the word, 
planning new astronomical observations of recovered asteroids.  

The purpose of this abstract is to present these specific problems mentioned 

above, in the third stage of data analysis for the detection of NEO, as follows: 

 The numerical analysis of the residuals between observation and calculated 
position of recorded asteroids, a method that permits to recover a lost asteroid 

or to reject the results of the astronomical observation;  
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 The rapid classification of newly observed asteroids in one of the categories: 
Near Earth Objects or Possible Hazardous Objects;  

 The identification of the NEA asteroids that must cross the analyzed images and 
the computation of apparent deviation of an asteroid from his known orbit in 

the AstDyS-2 database;  

All the presented tools used graphical modules and a direct connection to major 
astronomical database. The software tools developed are shortly described below:  

1. The Asteroid Observations Residuals Computer script uploads a set of astronomical 

observations in MPC format, determines the identification of the asteroid from the 
AstDyS-2 database that corresponds to the astronomical observations, interrogates 

the database to determine the ephemeris corresponding to the beginning of the date 
and time of the observation file, with a precision of a second, determines - by a 

linear interpolation - the ephemeris of the asteroid for each position in each pictures 

from the package, then calculates and graphically displays the differences between 
the observed positions and those determined by the calculation of ephemeris in 

universal equatorial coordinates. At the end, the script identify the observations with 
errors too large to be taken into account when the scattering of the residuals is 

greater than a few seconds of arc, or, alternatively, the observations that proved a 
slight orbital deviation of the asteroid when the residuals are grouped in a region 

separated from the origin, in which case is necessary to compute a correction of the 
known asteroid trajectory. 

This script is an advanced version of a very elementary one active on the site of 

EURONEAR. 

2. The Mu-Epsilon NEA classification script takes a set of astronomical observations 
in MPC format, determines the apparent motion of the object in the sky, both 

horizontally (RA) and vertically (DEC), as well as its apparent global motion (Mu). 
It also compute the Solar Elongation (Eps), which represents the angle made by 

the Sun, Earth and the asteroid at the time of observation, using the on-line 

computational facilities of the AstDyS-2 site. The ratio of the two sizes makes it 
possible to quickly identify asteroids that have a high orbit radius below the 1.3 UA 

limit, asteroids that are by definition classified as Near Earth Objects (NEAs), and 
the Potential Hazardous Objects (PHO). The determination of the NEA and PHO 

limit was made with a formula proposed by O. Vaduvescu. There are no other 
known on-line implementations on this subject.  

3. The Pre-recovery script identifies and presents all the recorded asteroids from 
the MPC database – the greatest database of Solar System Objects from the 

world – that theoretically cross the telescope window at the exact moment of 

the observation. This script is useful to search the “lost objects”, the asteroids 
that where observed only for a short period of time, and are too faintly to be 

observed by “Blink” method.  

Acknowledgements: This work was supported by the Ministry of Research and 
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