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Part I:
ICSO@IN3 - Barcelona

(2017 SGR 111 Consolidated RG)

IEMAE



Barcelona: City of Knowledge 
6+ inter-connected universities 
promoting interdisciplinary and 

international research



Introducing the IN3 @ Barcelona (1/2)



Introducing the IN3 @ Barcelona (2/2)
▪ Internet Interdisciplinary Institute

▪ Mediterranean Technology Park



http://dpcs.uoc.edu

Introducing ICSO @ IN3 (1/3)



http://dpcs.uoc.edu

Introducing ICSO @ IN3 (2/3) BRAs, Simheuristics, Learnheursitics



http://dpcs.uoc.edu

Introducing ICSO @ IN3 (3/3)



ICSO@IN3 Training in MSc & PhD Programs 

MSc Aeronautical 
Management

MSc Logistics & SCMMSc Computational 
Engineering & Maths

MSc Informatics & 
MSc Data Science

PhD Network & ITs

MSc Business 
Administration

PhD Applied Math & 
Modeling



http://dpcs.uoc.edu

Industrial Partners & Industrial Doctorates



http://dpcs.uoc.edu

International Academic Partners



Part II:
Math & Analytics for a Smarter World

IEMAE



The world around us is becoming increasingly complex: globalization, 
freight and people mobility, IoT, e-commerce, sustainability issues, ...



Can we work for a better and more 
sustainable world? (wiser world)



How can we support decision making in a complex world?

Big Data 
Analytics

Algorithms 
(Solving & Searching Methods)



▪ Prescriptive Analytics (PsA) → complex 
decision-making (optimization-simulation 
algorithms) 

Analytics: describe, predict, and prescribe

▪ Descriptive Analytics (DA) → processing historical 
data to describe the real context.
 

▪ Predictive Analytics (PdA) → forecast the future 
with time series analysis, regression models, and 
machine learning methods. 

▪ Anything else? Can’t we go smarter?



Different types of Optimization Algorithms

Exact Methods (lab problems?) (Meta-) heuristics (real-life problems?)

Matheuristics (real-life problems?)



Yes, but… something is missing…

Real life is plenty of uncertainty!



What if we merge (Meta-) Heuristics with Simulation?

Simheuristics: a smart tool for a complex world

+ =



Learnheurisitcs for dynamic problem settings

We are also working on a new concept... 



What if we merge (Meta-) Heuristics with Machine Learning?

Learnheuristics: a smart tool for a complex and dynamic world

+ =



OR/Analytics solve Complex Problems for Business



Main applications areas

Telecomm. Systems

Logistics

Finance

Healthcare

Production

Internet Computing

Sustainable Cities

Green Transportation

e-Commerce



Optimizing airline crew scheduling



Social Responsible Crew Rostering

JDe Armas, J.; Cadarso, L.; Juan, A.; Faulin, J. (2016): “A 
multi-start randomized heuristic for real-life crew rostering 
problems in airlines with work-balancing goals”. Annals of 
Operations Research, 258(2), 825-848



Part III:
e-Math Courses become Global

IEMAE



Math Higher Education in the Internet Age



Main Online Universities in Europe



Traditional Universities Go Online and Global!



Examples of Math-related Online MSc Programs



Part IV:
New Challenges & Strategies

IEMAE



Global Math e-Learning: Educational Challenges

▪ In the past → Students of ‘traditional’ MSc and 
PhD degrees are relatively homogeneous (similar 
backgrounds, training, and skills)

▪ European Higher Education Area → Many new 
MSc and PhD degrees are offered instead of the 
‘traditional’ ones. New MSc and PhD students 
come from different backgrounds.

▪ E-Learning Globalization → MSc, and PhD 
students from different universities, nationalities, 
age groups, degrees, countries, etc. Students 
show heterogeneous levels of mathematical / 
analytical / programming training and skills.

▪ Challenges → While some students show high 
mathematical / analytical capabilities and skills, 
they also show lack of other skills (e.g., 
programming languages, writng scientific 
documents in English, etc.), and vice-versa.



Example 1: Student with a Math degree

▪ Strong points: typically, good 
mathematical background and analytical 
capacity.

▪ Weak points: typically, lack of 
programming skills, lack of ‘social’ 
background (e.g., Management 
perspective), lack of ability to write 
scientific documents in English, 
sometimes lack of teamwork habits.

▪ Challenge: to integrate the student in the 
course and provide him / her with the 
missing skills in a timely manner.



Example 2: Student with a Computer Sci. degree

▪ Strong points: typically, good 
programming skills and algorithmic 
knowledge, ability to learn how to use 
new software.

▪ Weak points: typically, lack of 
mathematical background and analytical 
skills, lack of ability to write scientific 
documents in English.

▪ Challenge: to integrate the student in the 
course and provide him / her with the 
missing skills in a timely manner.



Example 3: Student with a Management Sci. degree

▪ Strong points: typically, good writing 
skills, management perspective, and 
analytical skills; solid teamwork 
capacities.

▪ Weak points: typically, lack of 
mathematical background and 
programming skills.

▪ Challenge: to integrate the student in the 
course and provide him / her with the 
missing skills in a timely manner.



Strategy 1: Use ETL Sci. Programming Languages 



Strategy 2: Use ETL Simulation Software 



Strategy 3: Use ETL Optimization Software 



Strategy 4: Use ETL Stats / Analysis Environments



Strategy 5: Use ETL Math Environments



Strategy 6: Use ETL Latex Environments



Strategy 7: Promote Scientific Reading & Writing



Strategy 8: Teamwork for Complex Problem Solving



Strategy 9: Some Videos can Make a Difference



Part V:
Erasmus+ Network on Math e-Learning

IEMAE



Erasmus+ Jean Monnet Actions



Erasmus+ Jean Monnet Actions



Erasmus+ JM Network on Math E-Learning @ EU

3+ partners in 3+ EU countries; traditional 
universities are also welcome!



Part VI:
Conclusions & More

IEMAE



▪ Math e-Learning is growing in importance 
every year.

▪ More and more traditional institutions in 
Europe and USA are offering online MSc 
and PhD degrees.

▪ Heterogeneity of online global students 
impose new challenges on how to teach 
maths online.

▪ Some personal best-practices have been 
discussed. These ‘strategies’ might help 
to reduce the gap among different 
students in a global math education.
 

▪ Cooperation among existing online 
institutions is more necessary than ever 
if they want to keep their competitive 
adavantage in such a global market.

Conclusions...



…. & More
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