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ELEM

166.000 CORES 
11.5 PFLOPS 
1.3 MW / YEAR 

HOSTED BY THE 
BARCELONA 
SUPERCOMPUTING CENTER 

HARDWARE SETUP AND 
MAINTENANCE 
SOFTWARE DEVELOPMENT 
AND EFFICIENCY 
DATA MANAGEMENT 

MARENOSTRUM IV

MARENOSTRUM IV SUPERCOMPUTER



ELEM

600+ RESEARCHERS 
SPANISH PUBLIC CENTER 

TIER-0 EUROPEAN 
SUPERCOMPUTING 
NETWORK (PRACE) 

APPLIED COMPUTATIONAL 
SCIENCE SINCE 2005

BARCELONA SUPERCOMPUTING 
CENTER

BSC CORPORATE BULDING
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50 RESEARCHERS 
MATHEMATICIANS, 
PHYSICISTS, ENGINEERS, 
PROGRAMMERS…  

SENIOR AND PHD 
STUDENTS 

BORN WITH BSC IN 2005

ALYA DEV TEAM

FLAMANG, B., MARRAS, S., ET AL. 2020. REMORAS PICK WHERE THEY STICK ON BLUE 
WHALES. JOURNAL OF EXPERIMENTAL BIOLOGY, 223, JEB226654. DOI:10.1242/

JEB.226654 
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BSC’S SPINOFF COMPANY 

BIOMEDICAL SOFTWARE 
TECHNOLOGY 

INSILICO CLINICAL TRIALS 

HPC-CLOUD BASED 
SIMULATIONS 

CELL, TISSUE AND ORGAN 
LEVEL

ELEM BIOTECH

ELEM’S VIRTUAL HUMANS

ELEM
THE VIRTUAL HUMANS 
FACTORY
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RE-CREATE BIOLOGICAL SYSTEMS IN A COMPUTER 

THE MORE COMPLEX THE SYSTEM, THE LARGER THE 
COMPUTER 

THE LARGER THE COMPUTER, THE MORE EFFICIENT 
THE CODE

THE TECHNICAL CHALLENGE
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A VIRTUAL HUMANS PLATFORM

SUPERCOMPUTING EFFICIENCY  
+  

ACCURATE MULTISCALE / MULTIPHYSICS MODELLING 
+ 

VIRTUAL POPULATION GENERATION 

————————————————————————— 

SUPERCOMPUTER BASED IN-SILICO CLINICAL TRIALS 
TO OPTIMIZE AND PERSONALIZE MEDICAL THERAPIES
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A VIRTUAL HUMANS PLATFORM

THE USER FOLLOWS THESE STEPS 

SELECT THE POPULATION 
SELECT THE PRIMARY DISEASE 
SELECT THE COMMORBIDITIES 

LAUNCH THE SUPERCOMPUTER-BASED IN-SILICO CLINICAL 
TRIAL ON THE SELECTED VIRTUAL COHORT 

WAIT FROM DAYS TO WEEKS (DEPENDING ON THE TESTS) 

ANALYSE THE RESULTS AS THEY COME 
REPEAT



ELEM

BACKGROUND
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USED IN INDUSTRY RELATED PROJECTS: AEROSPACE, ENERGY, 
ENVIRONMENT AND… BIOMEDICAL 

THE ONLY MULTIPHYSICS MULTISCALE CODE FOR BIOMEDICAL USE AT 
ORGAN LEVEL BORN AND DEVELOPED IN A SUPERCOMPUTING CENTER

ALYA  
PARALLEL MULTISCALE SIMULATION 
CODE

VÁZQUEZ, M., HOUZEAUX, G., KORIC, S., ARTIGUES, A., AGUADO-SIERRA, J., ARÍS, R., MIRA, D., CALMET, H., CUCCHIETTI, F., OWEN, H. AND TAHA, A., 2016. ALYA: MULTIPHYSICS ENGINEERING 
SIMULATION TOWARD EXASCALE. JOURNAL OF COMPUTATIONAL SCIENCE, 14, PP.15-27.
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ALYA RED

ORGAN / TISSUE LEVEL 

COMPLEX PROBLEMS WHICH REQUIRE SUPERCOMPUTERS 

CARDIOVASCULAR, RESPIRATORY, … 
FOR PHARMA, MEDTECH, …

SIMULATION TOOLS FOR 
BIOMEDICAL RESEARCH 

INSILICO CLINICAL TRIALS 
AND DIAGNOSE
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THE VIRTUAL HUMAN 
FDA VISION

COMPUTER

HUMAN

ANIMAL

LABORATORYVIRTUAL 
PATIENT

COMPUTER

HUMAN

ANIMAL

LABORATORY

CREDIT: MDIC MODELING AND 
SIMULATION PROJECT

CREDIT: MDIC MODELING AND 
SIMULATION PROJECT
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THE VIRTUAL HUMAN 
FDA VISION

CREDIT: MDIC MODELING AND 
SIMULATION PROJECT

COMPLEXITY BOOST: 

MODEL NOT JUST THE ISOLATED THERAPY 
BUT DO IT ON THE PATIENT: SYSTEM, ORGAN, 
TISSUE, CELL 

IMPLIES COMPREHENSIVE MODELLING: 
COMORBIDITIES, PATIENT VARIABILITY, ETC. 

REQUIRES SPECIFIC IN-VIVO AND 
EXPERIMENTAL VALIDATION ON CONTEXTS 
OF USE

COMPUTER

HUMAN

ANIMAL

LABORATORYVIRTUAL 
PATIENT
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“THEORETICAL AND APPLIED MECHANICS 
(TAM) IS THE BRANCH OF APPLIED SCIENCE 
CONCERNED WITH THE STUDY OF 
MECHANICAL PHENOMENA.”EXAMPLES 

WATCH OUR VIDEO CLIP ABOUT “THE VIRTUAL HUMAN”:  HTTPS://YOUTU.BE/GS9PLDZ8OKW

https://youtu.be/Gs9PLdz8okw
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“THEORETICAL AND APPLIED MECHANICS 
(TAM) IS THE BRANCH OF APPLIED SCIENCE 
CONCERNED WITH THE STUDY OF 
MECHANICAL PHENOMENA.”
THE 
CARDIOVASCULAR 
SYSTEM

THE VISIBLE HEART LAB - UNIV. OF MINNESOTA(US)  
CENTRO NACIONAL DE INVESTIGACION CARDIOVASCULAR (SPAIN) 

HOSPITAL DE SANT PAU (SPAIN) 
UNIVERSITY OF OXFORD (UK) 

UNIVERSITAT POMPEU FABRA (SPAIN) 
UNIVERSITAT POLITECNICA DE VALENCIA (SPAIN) 

GEORGE MASON UNIVERSITY (US) 
UNIVERSITY COLLEGE LONDON (UK) 

SAN DIEGO STATE UNIVERSITY (US) 
FDA (US)

COLLABORATORS:
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ELECTRO 
PHYSIOLOGY

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT
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ELECTRO 
PHYSIOLOGY

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

O’HARA-RUDY 
CELLULAR 
DYNAMICS  
MODEL 

50 ODES SOLVED 
AT EACH GAUSS 
POINT
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ELECTRO 
PHYSIOLOGY

MECHANICS

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

ELECTRO-MECHANICAL 
COUPLING

SANTIAGO, A., AGUADO-SIERRA, J., ZAVALA-AKÉ, M., DOSTE-BELTRAN, R., GÓMEZ, S., ARÍS, R., CAJAS, J.C., CASONI, E. AND VÁZQUEZ, M., 
2018. FULLY COUPLED FLUID-ELECTRO-MECHANICAL MODEL OF THE HUMAN HEART FOR SUPERCOMPUTERS. INTERNATIONAL 

JOURNAL FOR NUMERICAL METHODS IN BIOMEDICAL ENGINEERING, 34(12), P.E3140.
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ELECTRO 
PHYSIOLOGY

MECHANICS BLOOD

FLUID-SOLID 
INTERACTION

ELECTRO-MECHANICAL 
COUPLING

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

SANTIAGO, A., AGUADO-SIERRA, J., ZAVALA-AKÉ, M., DOSTE-BELTRAN, R., GÓMEZ, S., ARÍS, R., CAJAS, J.C., CASONI, E. AND VÁZQUEZ, M., 
2018. FULLY COUPLED FLUID-ELECTRO-MECHANICAL MODEL OF THE HUMAN HEART FOR SUPERCOMPUTERS. INTERNATIONAL 

JOURNAL FOR NUMERICAL METHODS IN BIOMEDICAL ENGINEERING, 34(12), P.E3140.
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ELECTRO 
PHYSIOLOGY

MECHANICS BLOOD

FLUID-SOLID 
INTERACTION

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

ANATOMY & PHYSIOLOGY

ELECTRO-MECHANICAL 
COUPLING
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ELECTRO 
PHYSIOLOGY

MECHANICS BLOOD

THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

ANATOMY & PHYSIOLOGY

RESULTS ANALYSIS

VALIDATION & VERIFICATION
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THE VIRTUAL HEART  
ENGINEERING VIEWPOINT

ANATOMY & PHYSIOLOGY

RESULTS ANALYSIS

VALIDATION & VERIFICATION

CONTEXT 
OF USE  

OR 

WHAT ARE 
YOU DOING?

QUANTITY 
OF INTEREST 

I.E. 
BIOMARKER 

OR 

WHAT DO 
YOU WANT?

MULTI-PHYSICS MODELLING
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THE VIRTUAL HEART  
VALIDATION & VERIFICATION

SCIENTIFIC 
VERIFICATION

ACADEMIC CODE SELF VERIFICATION 
ANALYTIC OR MANUFACTURED SOLUTIONS 

CONVERGENCE ANALYSIS
CONTINUUM GENERAL

SCIENTIFIC 
VALIDATION

FROM LITERATURE 
FREQUENTLY SIMPLE CASES 

MOSTLY SINGLE PHYSICS
CONTINUUM GENERAL

EXPERIMENTAL 
VALIDATION

AD HOC BENCHTOP (IN VITRO / EX VIVO) EXPERIMENTS 
ASME VV40 VALIDATION PROTOCOL 

HIGH CONTROL AND MAYBE MULTI PHYSICS 
BEST OUTCOME: MDDT FDA CERTIFICATION 

CAMPAIGN
CONTEXT OF 

USE

CLINICAL 
VALIDATION

AD HOC CLINICAL (IN VIVO)  MEASUREMENTS 
CLINICAL VALIDATION PROTOCOL 

LOW CONTROL AND MAYBE MULTI PHYSICS 
BEST OUTCOME: CLINICAL VALIDATION PAPER

CAMPAIGN
CONTEXT OF 

USE
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THE VIRTUAL HEART  
ANATOMY & PHYSIOLOGY

PATIENTS DATABASE 

FEMALE, MALE, CHILDREN 

WITH THE VHL, UNIV. OF MINNESOTA 
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VIRTUAL  
PATIENTS DATABASE 

FEMALE, MALE, CHILDREN 

HEALTH, DISEASE & 
TREATMENT 

THE VIRTUAL HEART  
ANATOMY & PHYSIOLOGY
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ANATOMY AND PHYSIOLOGY 
SETTING UP THE SCENARIO

SEMI-EMPIRICAL RULE BASED MODEL 
FIBRES ARE ORIENTED ALONG HELICES OF OPPOSITE SENSE IN 
EPICARDIUM AND ENDOCARDIUM


