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The Evolution of the Research Paradigm

Numerical 
Simulation and 

Big Data Analysis

• Reduce expense

• Avoid suffering

• Help to build knowledge where 
experiments are impossible or 
not affordable



HPC: An enabler for all scientific fields

Advances leading to:

• Improved Healthcare

• Better Climate Forecasting

• Superior Materials

• More Competitive Industry

Life Sciences 
& Medicine

Earth 
Sciences

Astro,
High Energy

& Plasma 
Physics

Materials, 
Chemistry & 
Nanoscience

Engineering 



Barcelona Supercomputing Center
Centro Nacional de Supercomputación

Spanish Government 60%

Catalonian Government    30%

Univ. Politècnica de Catalunya (UPC)      10%

BSC-CNS is
a consortium
that includes

Supercomputing services
to Spanish and
EU researchers

R&D in Computer,
Life, Earth and

Engineering Sciences

PhD programme,
technology transfer,
public engagement



MareNostrum4
Total peak performance: 13,7 Pflops

General Purpose Cluster: 11.15 Pflops (1.07.2017)

CTE1-P9+Volta: 1.57 Pflops (1.03.2018)

CTE2-Arm V8: 0.5 Pflops (????)

CTE3-KNH?: 0.5 Pflops (????)

MareNostrum 1
2004 – 42,3 Tflops

1st Europe / 4th World

New technologies 

MareNostrum 2
2006 – 94,2 Tflops

1st Europe / 5th World

New technologies

MareNostrum 3
2012 – 1,1 Pflops

12th Europe / 36th World

MareNostrum 4
2017 – 11,1 Pflops

2nd Europe / 13th World

New technologies



Mission of BSC Scientific Departments

Earth 
Sciences

CASE

Computer
Sciences

Life
Sciences

To influence the way machines are built, programmed 

and used: programming models, performance tools, 

Big Data, computer architecture, energy efficiency

To develop and implement global and 

regional state-of-the-art models for short-

term air quality forecast and long-term 

climate applications

To understand living organisms by means of 

theoretical and computational methods 

(molecular modeling, genomics, proteomics)

To develop scientific and engineering software to 

efficiently exploit super-computing capabilities 

(biomedical, geophysics, atmospheric, energy, social 

and economic simulations)



Source:
European Comission, Participant Portal H2020 Projects

Updated July 2019

TOP-10 Spanish Organizations in Horizon 2020

Legal name EU Contribution (€) Project Participations

CSIC 230,466,641 € 535

Tecnalia 105,437,290 € 234

Barcelona Supercomputing Center 72,747,561 € 130

Universitat Politècnica de Catalunya 58,045,969 € 157

ATOS Spain 57,879,825 € 145

ICFO 56,517,896 € 78

Universitat Pompeu Fabra 55,709,232 € 108

CIEMAT 55,274,573 € 70

Universidad Politécnica de Madrid 52,993,088 € 153

Universitat Autònoma de Barcelona 52,860,835 € 115



Research on wind farms 

optimization and wing energy 

production forecasts

Simulations to improve the 

understanding of the rotating wheels 

flow physics and its impact over the 

aerodynamic performance

Research  into advanced 

technologies for the exploration of 

hydrocarbons, subterranean and 

subsea reserve modelling and fluid 

flows

Advanced statistical methods to the 

optimization of maintenance, 

energy usage, and control of the 

city's water treatment and supply 

processes.

Collaboration agreement for the 

development of advanced systems 

of deep learning with applications 

to banking services

Artificial Intelligence and Big 

Data techniques to improve the 

quality of care and personalized 

diagnosis

BSC’s dust storm forecast 

system licensed to be used to 

improve the safety of business 

flights. 

Collaborations with Industry

Research on efficient data sensing, 

algorithms for analysis of industrial 

processes and visualization of large 

datasets of industrial data



MareNostrum4
Total peak performance: 13,7 Pflops

General Purpose Cluster: 11.15 Pflops (1.07.2017)

CTE1-P9+Volta: 1.57 Pflops (1.03.2018)

CTE2-Arm V8: >0.5 Pflops (31.12.2019)

CTE3-AMD: >0.5 Pflops (1.12.2019)

MareNostrum 1
2004 – 42,3 Tflops

1st Europe / 4th World

New technologies 

MareNostrum 2
2006 – 94,2 Tflops

1st Europe / 5th World

New technologies

MareNostrum 3
2012 – 1,1 Pflops

12th Europe / 36th World

MareNostrum 4
2017 – 11,1 Pflops

2nd Europe / 13th World

New technologies



The new MareNostrum5



MareNostrum 5 
A European pre-exascale supercomputer

Hosting Consortium:
Spain I Portugal I Turkey I Croatia 

200 Petaflops peak performance (200 x 1015):

Experimental platform to create supercomputing technologies 
“made in Europe”

223 M€ of investiment:



Life Sciences Department BSC
Understanding  living 
organisms by 
computational methods

Computational
genomics

Text 
Mining

Evaluation of 
social impact

Protein and 
drug modeling

0

Machine Learning

Bio-Infrastructure

Personalized
Medicine

7 research groups

5 Support Units (including INB)

120 scientists/engineers by 2020



Personalized Medicine

Gomez-Lopez 2019



Personalized Medicine

Gomez-Lopez 2019



Personalized Medicine

Gomez-Lopez 2019



Personalized Medicine

Gomez-Lopez 2019

SIMULATIONS



Personalized Medicine

Gomez-Lopez 2019

SIMULATIONS



BSC works on Medical Imaging

Glaucoma Epiretinal
Membrane

Nevus Macular 
Degeneration

● Detecting retina pathologies

○ Trained models competitive with 
ophthalmologists

○ With Lenovo & Hospital Vall Hebron

● Learning from liver conditions

○ Learning about rare diseases

○ With Hospital Clinic

● Predicting and guiding in-vitro success

○ Finding the best embryo ASAP

○ With Hospital Clinic

● Supporting medical doctors on Rx review

○ Aid for Dr. in rural areas

○ With Asepeyo and ICS

By  Ulises Cortes and Dario Garcia  UPF & BSC



Personalized Medicine

Gomez-Lopez 2019

SIMULATIONS



Text mining and NLP in biomedicine



Word embeddings

100M 
tokens 

v1 0,78 0,65 0,98

v2 0,23 0,12 0,32

v3 0,90 0,32 0,56

v4 0,08 0,43 0,65

v5 0,77 0,88 0,77

|V|

Evaluación intrínsica: cálculo similitud entre términos (sinónimos en SNOMED)

Evaluación extrínsica: comprobar su utilidad en otras tareas PLN (neuroNER)

Word2Vec

fastText

85M tokens
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Word vectors
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MAPK3 

H3K9 
methylation

cerebellar granule 
cells

individualized Paediatric Cure (iPC)

Cloud-based virtual-patient models

for precision paediatric oncology



Spanish Plan for Advancement of Language Technologies

https://www.plantl.gob.es



Use cases  of Plan TL and shared tasks

Use case 
definition

Design of text 
Processing workflow

Implementation 
of executable PLN 

workflow

Functional 
evaluation

Usability
Evaluation

Platform 
adaptation

Implement 
Missing 

Components

Define required 
component 

set

Identify 
Currently missing 

components

Real world use cases with 
high impact and which 
generate resources and 
linguistic infrastructure 

Shared tasks

Potential
USERSPotential

USERSPotential
USERSPotential

USERS

Joaquim Moré
Claudia Rozas

David Vicente
Renata

Gimenez
Martin Krallinger

Marta Villegas
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