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1. MISSION OF THE STUDY PROGRAMME (BIP) - Introductlon to Mathematicał and Computationał Modelling for Sustainability 

Th s sEas BIP will give an Introduction to mathematical and computational moclelling technicţues for appllcation in developing understanding and 
supporting sustainable decision maklng In health, environmental, societal, and Industrial systems. The programme 15 designed for students at the Masters 
or Doctoral level who wlsh to develop these skllls for appllcatlon in research projects aligned to the EU Green research themes. This prograrnme prioritises 
hlgh-IeveI strategic thlnklng in the design and analysls of modelling paradigms and how they can be applled for effectlve decision maklng. Interpersonal 
skllls together wlth technlcal skllls are central to the leaming outcomes. 

The aim of thls Summer school is to provlde students wlth the basics of mathematlcal and computatlonal modeling techniques wlth appllcabllity In 
developlng dIgItal models and supportlng sustalnable decislon making In the health, envlronmental, societal and industrial domains, The program Is 
deslgned for students at Master or PhD level who wish to develop these skllls to apply them In research projects allgned to the EU GREEN research themes. 
This programme priorltlzes high-IeveI strategIc thlnklng In the design and analysis of modelllng paradigms and how they can be applied for effective 
decision-maklng. Interpersonal skills, together wlth technical skills, are essentlal for learnlng outcomes. 

2. OB)ECTIVES OF THE STUDY PROGRAMME (BIP) - Introductlon to Mathematicał and computatlonal Modelllng for Sustainability 

- ramiliarization wlth fundamental approaches to mathematical and computational modellng methods, techniques and tools, includlng differential 
equations, machine learnlng/Al, finite difference/element/volumetrlc methods, cellular automate and optlmization algorithms. 
- Develop awareness of niethods that may be suitable for different types of research problems, together with the potentlal benefits, challenges and 
llmltatlons of each approach 
- Develop skills in appllcatlon of these methods to real-world multidisciplinary research problems allgned to the EU Green themes 
- Develop student transferable skills in group worklng and communication; 
- Help to create a culture of internatlonal and cross-discipline collaboratlon In postgraduate research at the EU Green lnstltutlons 

Postgraduate students will develop skills in translatlng broad-ranging real-world problems In a mathematical/computational framework and be familiar 
with fundamental tools In analysing models for problem solving, particularly in the context of sustainabllity. Students can be from any discipline but should 
normally have completed at Ieast 5 ECFS relevant to Mathematics/Statlstlcs at undergraduate level. The programrne wlll focus on famlllarity wlth different 
methods, their potentlal appllcations and their IimItatIons and wlll enable students to select specIfic toplcs for further in-depth study. 

3. COMPETENCES THAT GRADUATES WILL OBTAIN UPON THE COI4PLETION OF STUDIES 

Professional competences: 
Become famlllar with: 

o Different appllcatlons and benerits of mathematical/computational moclels. Stochastic vs Deternilnlstlc, Continuous vs Discrete etc. 
o Real world relationships based on rates of change and their mathematical formulatlon 
o 8asic concepts in the numerical solutlon of partial differential equations (PDEs) 
o Markov Chains and their applications 
o Cellular automata models (CA) and their appllcatlons 
o Probablllty as a framework for quantlylng uncertainty, Monte Carlo methods 
o Supervised and unsupervisecl learnlng approaches 
o Problem modellzatlon with constraints, declarative programming 
o Problem modelizatíon wlth relations expressed as constralnts 

Becorne aware of: 
o The rnodelling process. Challenges and IImitations in the development and use of models. lmportance of model verlflcatlon and 

valldatlon strategy 
o l-low lnteractions wlthin a complex system can be modelled as a system of Ordlnary Differential Equations (ODEs) 
o How to develop and use basic methods for numerlcal solution of partial differentlal equatlons 
o How a Markov Chain Is formulated and identify the maln problems to solve 
o How real world systems can be translated into a CA model framework 
o Probabillty distributions, state transitions, Monte Carlo slmulatlons 
o Dlfferent types of data; the dlfference between classlflcatlon and regression 
o The dlfference between a decislon varlable, and a standard computer sclence variable 
o The Impact of the solut on landscape on the search process 

Analyze: 
o Model performance (quantitatlve and qua itative), usefulness In the context of the problem to be solved 
o Behavlour of model vs behavlour of the real world system, valldlty of assumptions/hypotheses 
o Propertles for dlfferent methods for part al differential equations 
o Properties of a Markov Cha n 
o Properties of a CA model 
o Parameter uncej-tainty, model predlctlve uncertainty 
o Blas-variance tradeoffs 
o Posslble decision vaj-iables and constra nts 
o Adequate heurlstlcs 

Assess: 
o Nature of the the problem to be solved, the goal of the modelling task 
o Paranieter Uncertalnty and Model predict ve uncertainty, system stability 
o Deficiencies and limltatlons of the considered methods 
o Umltations of Markov Chalns to model certaln problems 
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o Limltatlons of CA to model certaln problems 
o Llmltatlons of Monte Carlo methods 
o Complexity and dimenslon of a machine learning problem 
o Dlfficulty of a problem 
o Adequacy of different metaheurlstics 

Know how: 
o To approach model formulatlon and data gathering. How to approach solving a model and to verify and interpret the solution 



o To simulate systems uslng a commonly available computer package 
o To ImpIement numerlcal methods for PDEs 
o How to infer the state using standard algorlthms 
o To simulate CA systems using a computer package 
o To implement Monte Carlo methods via a computer package 
o Generate models; choose performance measures; estimate the model performance 
o How to model a problem 
o How to rind the decision variables and constralnts 
o Kow to choose a single or hybrid metaheuristic 

Beableto: 
o iustlfy and present the approach to formulatlon of a model and lts analysis in the context oť the real-world problem to be addressed 
o Formulate systems of ODEs based on physlcal knowledge and communicate to a non-expert audlence 
o Formulate sultable numerlcal methods for solvlng sclentific and englneering problems described by PDEs 
o ImpIement the algorithms and adapt them to speciŕlc cases 
o Formulate CA models of some case study real-world systems 
o Formulate and slmulate slmple stochastic models of real-world systems 
o Implement and optlmize a low dlmenslon modeling problem 
o Model a problem 
o Improve a model, help the solver wlth strategles and symrnetry breaking 
o Determine usefulness thresholds, choose among different metaheuristlcs 

Knowledge about: 
o Approaches to formulating, solving and testing models 
o Developing, slmulating and analysing mathematĺcal models of dynamlc systems 
o Solvlng PDEs for sclentlflc and englneerlng problems 
o solving Markov Chaln problems uslng Python 
o oeveloplng, slmulating and analyslng CA models of dlscrete dynamlc systems 
o Uncertainty and probability and how it can be managed in a modelling framework 
o Data manipulation and Machine Learning Python packages 
o Modelization Ianguages, constraint solvers, solver rine-tuning, search parameters 

Understand how 
Mathematical and Computationa models can prov de insight and predlctions about systems, wlth an understanding of limitations 
and challenges 
How a model can asslst in testing hypotheses and predictlng future behavlour and how data Iimltations can result In hlgh 
uncertalnty 
To lnterpret the results In the context of the prob em and objectives 
How modelllng errors lnfluence the predlctlons 
CA models can glve Inslght lnto real world physlcal systems and asslst In decision making 
Stochastic modelling approaches can handle uncertalnty ln real-world systems and provide probabillstic outcomes 
Quality and quantity of data influence the model 
How a model can influence the effectiveness and efřiciency of resolution, how a good strategy can lnfluence eĺficiency 

Transversal competences: 
• Conipletion of professional tasks on time, rlgorously and responslbly, In condltions of efflclency and effectiveness, in compllance wlth the 

ethlcal principles of scientiric activity, rigorous appllcation of cltation rules and rejectlon oť plagiarlsm and other requlrements. 
• Appllcatlon of group communication techniques and effective teamwork, assumlng varlous roles. 
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Modulel 

12 4 Ex 2 34 
________ _________ 

Overview oť Modet/Ďng 
Differential equatlon based models 

Numerlcal Methods for partial differential equations _______ ____________________________ 

Modtđe2_jĹjjJľj Ex I 2 34 

Finite Dynamical systems - Markov Chains 
Cellular automata/Agent-based models 
Stochastic_modelling,_Monte_Carlo methods _____________________________________________ 

ModuIe3 121 j4 l l Ex I 2 j 34 

lntroduction to Machine Learning - Ciasslflcation ana Regression problems 

Constraínt Modeling and Constralnt soIving 

Local Search ancl Metaheurlstics 
TOTALJ3GI 1121 I I 6 [ii2 

Legend: C - Course; S - Seminar; L Laboratory; p - Project; 15 - IndIviduaI Study;Ex. - Examination 

ONE CREDIT POINT REQUIERES A TOTAL OF 25 HOURS OF STUDY PROGRAM, DIDACTIC AND INDIVIDUAL ACTIVITY. 
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Overview oť Modemng 
Differentiai equatlon based models 
Numerical Methods for partial differential equations 

Module 2 

___________________ 

-_- __________ 

Finite Dynamlcal systems - Markov Chains 

cellular automata/Agent-based models 

Stochastlc_modelilng,_Monte_Carlo_methods ___________________ 

ModuIe3 & I 61 l 4 

Introduction to Machine Learning - classircatlon and Regresslon probiems 

constraint Modeling and Constraint solvlng 

Local Search and Metaheuristics ____________ 
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