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Summary  of  some of the most significant data of the UAB 

https://www.uab.cat/web/about-the-uab/the-uab/the-uab-in-figures-1345668682835.html 

The “Universidad Autónoma de Barcelona” (UAB) in figures 
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•           57 Departments 
•   25.924 Undergraduate students 
•      4.663 Graduates-Degree holders  
•      4.832 Students in Doctoral studies  
•    >3.700 Foreign students (Graduate, master, PhD) 
•          105 Undergraduate courses 
•         579  Postgraduate and continuing education programmes 
•         141  Official master's degrees 
•           68  Doctoral programmes 
•         541  PhD dissertations (2017-2018) 
•      3.868  Teaching and research staff  
•         569  Research staff in training 
•      2.275  Administration and services staff 
•      4.568  Articles published in indexed journals (Clarivate WoS-2018)  
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Researchers of the “Simulation of Health Services” Team 
2009 -2019 



Context: Social Impact 

Growing demand for emergency medical care (progressive 
growth of aging, increased life expectancy, greater number of 
chronic diseases, accessibility of emergency services, delay in 
scheduled care…). 
 

 Limitations on available resources which determine the system's 
attention capacity. 
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Introduction ED Operation Simulator as Source of Data Admissions Scheduling  Model Conclusions Experimental Results 

http://elcorreoweb.es/historico/los-defensores-alertan-de-las-malas-condiciones-de-las-urgencias-KIEC861748


 We “can” travel to the future 
through predictive simulation 

 

 

 We can try to avoid the "potential 
problems" seeking solutions 

What is simulation offering? 

 We can discover the "potential" 
problems and then we return to 
the present time where….. 



 We “can” travel to the future 
through predictive simulation 

 

 

 We can try to avoid the "potential 
problems" seeking solutions 

What is simulation offering? 

 We can discover the "potential" 
problems and then we return to 
the present time where….. 

We can bring DATA from THE 
FUTURE 

and  
use them with our DATA 

from THE PAST 



1.A complex system is one in which 
there are multiple interactions between 
many different components.  
2.Based on low-level interactions among 
components, emerge collective high-
level results. 

Simulation represents a way to 
exploit a computational model  Conceptual 

Model 

The Emergency Department (ED) is a Complex 
Adaptive System 
Model: Generalized and Adaptable Agent Based 
Model (ABM) 

Emergent Property: an observation about a system 
that we might not anticipate from the separate study of 
its individual components  
As the components of a system interact with each 
other, and influence each other through these 
interactions, the system as a whole exhibits emergent 
behavior 
This characteristic makes the output of a system 
difficult to understand and predict. 

Emergent Property 
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Hayden Stainsby, Manel Taboada, Emilio Luque: 
Towards an Agent-Based Simulation of Hospital Emergency Departments. IEEE SCC 2009: 

The First version of our Simulator 

https://dblp.uni-trier.de/pers/hd/s/Stainsby:Hayden
https://dblp.uni-trier.de/pers/hd/s/Stainsby:Hayden
https://dblp.uni-trier.de/pers/hd/t/Taboada:Manel
https://dblp.uni-trier.de/pers/hd/t/Taboada:Manel
https://dblp.uni-trier.de/pers/hd/t/Taboada:Manel
https://dblp.uni-trier.de/db/conf/IEEEscc/scc2009.html#StainsbyTL09


Conceptual Model of the ED Agent Based Simulator 



Emergency Department Simulation  

Conceptual 
Model 
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Results of the Simulation of the Emergency 
Department 



14 

o “Visiting the future” and taking decisions 
 

o Simulation as a source of data 
 

o Impossible/forbidden experiments 
 

o Virtual Clinical Trials 

What is Simulation of Health Services providing? 
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 “Visiting the future” and taking decisions 
 
oSimulation as a source of data 

 
o Impossible/forbidden experiments 
 
oVirtual Clinical Trials 

Those that Simulation of Health Services gives us 



In the functional management we must take decisions to answer 
questions of this kind: 
• If the number of arrival patients doubled, what will happen? 
• If we increase 20 more care boxes, the overcrowding could be solved?  
• The budget decreased, how the QoS will be affected? 
• Which technical staff should be reduced? doctors? nurses? ... ? 

Managerial decisions      
  and  

medical decisions 

How can we know and evaluate the effect 
of a decision without the commitment of 
any physical resources or interruption of 

the system?  



Final Decision: 
add Two Laboratory 

Technicians or 
Analysis Machines  

and  
Two Doctors to area A 

For 
150% extra arrival Add 2 more technicians or analysis machines to laboratory room 

Add two more doctors to area A 



✓ (one way to relieve overcrowding in real situation); 

Influence of Ambulance Service for Departure  



Emergency Department Overcrowding 



Overcrowding: Influence of additional 
careboxes on patients’ attention (Area A) 



Mitigating overcrowding in emergency departments by 
schedulig non-critical patients admission 



Schedulig model for non-critical patients 
admission into the ED 



Model of “Patient Flow” in diagnosis & treatment 
phase 



 Scheduling model for non-critical patients admission into the ED 

Recommendation system for non-critical patients admission into the ED 

Scheduling Model For Non-critical Patients 
Admission Into A Hospital Emergency Department 



Test Patients PaT and LoW 
before patients relocation 

 Test Patients PaT and LoW 
after patients relocation 

Results of Non-critical Patients Admission Relocation  
into A Hospital Emergency Department 

PaT: Patient attention Time 
LoW: Length of Waiting 
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o “Visiting the future” and taking decisions 
 
 Simulation as a source of data 

 
o Impossible/forbidden experiments 
 
oVirtual Clinical Trials 

Those that Simulation of Health Services gives us 



When Big Data Isn’t Enough (Michel Morvan COSMOTECH) 

While a big data approach does work in many instances, there are 
some cases where it will fail to deliver solution: 

• The first limit is that big data is designed to predict phenomena that have 
happened before  

• That limits its usefulness for predicting unusual events that we know can 
happen but which are not expressed in the data. 

• The second limitation of the big data approach is that it’s largely a black box. 
• The algorithms will find many correlations and use them to make predictions 

about what will happen in the future.  
• Data tells us what but not why: “You cannot explain the why”. “In some 

cases, this is OK. But in other cases…you really need to explain why they’re 
going to happen that way.” 

Alex Woodie.  https://www.datanami.com/2017/01/26/big-data-isnt-enough/ 



Simulation as a source of data for unusual and 
unexpected situations in Health Services 

The use of data mining techniques, based on real data 
provided directly by health services, provides new useful 
knowledge for decision-making but not always real data 
are available for all possible situations,  

Simulation provides parametrizable tools (simulators) 
allowing us to "replicate/create" any possible situation, 
becoming then the simulator in a "sensor/generator" of 
"virtual-data", otherwise difficult or impossible to obtain 
from real systems or historical data bases. 

"Simulated-data" will expand "real-data", allowing us 
obtaining more reliable models better predictions and more 
powerful and reliable support for helping Decision Support 
Systems.. 



Predicting with Real Data 

 
Incoming 
Patients 

4 pat/h 
9 pat/h 
13 pat/h 
17 pat/h 



Predicting with Real Data 

Prediction (regression) error: 
What serious problems could 

this error generate?  

 
Incoming 
Patients 

4 pat/h 
9 pat/h 
13 pat/h 
17 pat/h 

Data generated by simulation can be a 
more reliable source for predicting the 
behavior of the real system. 

+ SIMULATION DATA: IMPROVING PREDICTION 
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Simulation (Virtual)  and Real Data 



Simulation as a 
sensor of the 

real world 

Virtual 

 
Our proposal: inclusion of the 5th V  
Virtual data (simulation generated) 

 



Without 
simulation 

INNOVATION 

“Simulation as a Sensor of Emergency Departments: Providing Data for Knowledge Discovery” (Work-in-Progress Paper) E. Bruballa, M. Taboada, 
E. Cabrera, D. Rexachs, E. Luque.  Procc. SIMUL 2014 : The Sixth International Conference on Advances in System Simulation pp 209-212. 2014  

“Simulation and Big Data: A Way to Discover Unusual Knowledge in Emergency Departments” (Work-in-Progress Paper) E. Bruballa, M. Taboada, 
E. Cabrera, D. Rexachs, E. Luque.  Procc. 2014 International Conference on Future Internet of Things and Cloud. pp 367-372. 2014  

Including   
simulation 
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o “Visiting the future” and taking decisions 
 
oSimulation as a source of data 

 
 Impossible/forbidden experiments 
 
oVirtual Clinical Trials 

Those that Simulation of Health Services gives us 



Contact Transmission Model of the 
MRSA propagation in the Emergency 
Department 



Simulation of the MRSA propagation in the Emergency 
Department 

Conceptual 
Model 



Parameters of Execution:  

Objetive: To identify the influence of hand washing (HW) on the number of 
infected and colonized patients considering different values of effectiveness. 

Output dates:  
Table : Handwash Probability = 100% 

Simulation: Case Study A 



Simulation: Results Case Study A 
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Output dates:  Efficiency  

Colonized and Infected Patients with a hand wash (HW) accomplishment 
of 100% and differents values of effectiveness. 



Simulation: Resultas Case Study A 
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Outputs dates:  

Influence of hand wash (HW) effectiveness in the number of colonized and 
infected patient with MRSA during the attention process at ED.  

Sensitiviy to “Percent_TV” 
(Transmission Vector)  
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o “Visiting the future” and taking decisions 
 
oSimulation as a source of data 

 
o Impossible/forbidden  experiments 
 
 Virtual Clinical Trials 

Those that Simulation of Health Services gives us 



Clinical trial design 

Flow of Clinical Trial Design and Execution Process 

Clinical Trial: Any research study that prospectively assigns human participants or 
groups of humans to one or more health-related interventions to evaluate the 
effects on health outcomes. Interventions include, but are not restricted to drugs, 
cells and other biological products, surgical procedures, radiologic procedures, 
devices, behavioural treatments, process-of-care changes, preventive care, etc." 



Simulator: Virtual Clinical Trial design 

MRSA-T-Simulator: Environment Configuration Parameters and Internal 
Transmission Variables 



Virtual Clinical Trial (VCT) Results 



Chronic Diseases-eHealth  

Where are we going? The Future 

Flu Propagation in ED 



Conclusions 

Simulation: 
• Data 
• Information 
• Knowledge 

 
Based on MODELS  

(Glass Box vs Black Box)  
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