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Themes at TC Ghent 

• Vehicle routing, cutting and packing, (personnel) 

scheduling,… 



Themes @ KULAK 

Patrick De Causmaecker 

• Data Science meets Optimization 

o New EURO Working Group (workshop) 

o Algorithm Selection 

o Algorithm Configuration 

Benelearn  

http://set.kuleuven.be/codes/community/datascience
http://set.kuleuven.be/codes/community/datascience
http://set.kuleuven.be/codes/dfofoundationalmeeting
https://sites.google.com/site/nguyenttdangxyz/home
http://comex.ulb.ac.be
http://www.coseal.net/coseal-workshop-2016/
http://www.lion10.unina.it
https://www.kuleuven-kulak.be/benelearn/
https://www.kuleuven-kulak.be/benelearn/


So where are the data? 

 



So where is the problem? 

 



So where is the challenge? 

 



Modeling: Bin packing 

http://challenge-esicup-2015.org/Intro.htm 



Solving 

• ‘Exact’ methods 

o MILP, Quadratic programming, Constraint programming 

• Heuristics 

o E.g. Best Fit 

• Metaheuristics 

o E.g. Genetic Algorithm, variable neighborhood 

• Matheuristics 

o Hybridizing meta heuristic and exact mathematical 

ideas 

• Hyperheuristics 

o Allowing layman designers to use advanced search 



Solving: exact methods (MILP) 



Solving: heuristics 



Solving: Metaheuristics 

• The two-dimensional 

decomposition: 

• Until stop criterion is 

reached: 

o Order unhandled items 

o Until all items have been 

handled 

• Pack equal height items at the 

bottom layer 

• Stack two layers on top 

o Keep “best” packed 

containters 



Solving: Metaheuristics 

• “best”: 

o Space left in container 

o Fragmentation 

o Algorithm effectiveness 

o … 

• Stop criterion 

o Time 

o Iterations 

o Time since last 

improvement 

o … 

http://challenge-esicup-2015.org/Intro.htm 



Solving: Metaheuristics 

• E.g. local search of solution 

space 

• Neighborhoods (“best”) 

• Guided walk 

• Escaping from local optima 

o Good results when exact 

methods break down 

o Fast design 

o No guarantees for 

optimality 

http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/ 

http://file.scirp.org/Html/2-2730045_49864.htm  

http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://branchandbound.net/blog/architecture/2015/06/on-microservices-monoliths-and-critical-thinking/
http://file.scirp.org/Html/2-2730045_49864.htm
http://file.scirp.org/Html/2-2730045_49864.htm
http://file.scirp.org/Html/2-2730045_49864.htm
http://file.scirp.org/Html/2-2730045_49864.htm


Solving: Matheuristics 

• Metaheuristics use simple 

‘heuristic’ ingredients 

• Matheuristics incorporate 

mathematical devices 

o E.g. define a neighborhood 

using an MILP model 

o Neighborhood search 

becomes MILP search 

• Combine power of 

metaheuristics and 

mathematical methods 



Solving: Hyperheuristics 

• Domain independent 

technique:  

o E.g. metaheuristic 

o E.g. genetic 

algorithm 

o … 

• Domain dependent 

sector: domain expert 

o Heuristics 

o Neighborhoods 

o ... 

• Population based Monte Carlo tree search hyper-heuristic 

for combinatorial optimization problems, Nasser R. Sabar, 

Graham Kendall, Information Sciences 2015 

An intelligent hyper-heuristic framework for chesc 2011  

M Mısır, K Verbeeck, P De Causmaecker, GV Berghe, Learning and Intelligent 

Optimization, 461-466  

https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MuJmTFUAAAAJ&citation_for_view=MuJmTFUAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MuJmTFUAAAAJ&citation_for_view=MuJmTFUAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MuJmTFUAAAAJ&citation_for_view=MuJmTFUAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MuJmTFUAAAAJ&citation_for_view=MuJmTFUAAAAJ:UebtZRa9Y70C
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=MuJmTFUAAAAJ&citation_for_view=MuJmTFUAAAAJ:UebtZRa9Y70C


Solving: Active learning 

• Algorithm selection 

• Behavior of the 

algorithm depends on 

the instance 

• Instance features can 

be used to decide on 

which algorithm 

• Which algorithm? 

• Multi armed bandit 

learns to decide the 

algorithm 

 

https://en.wikipedia.org/wiki/Multi-armed_bandit 

Automatic Online Algorithm Selection,  

Hans Degroote, Patrick De Causmaecker,  

Benelearn 2016 

https://www.kuleuven-kulak.be/benelearn/papers/Benelearn_2016_paper_31.pdf
https://www.kuleuven-kulak.be/benelearn/papers/Benelearn_2016_paper_31.pdf
https://www.kuleuven-kulak.be/benelearn/papers/Benelearn_2016_paper_31.pdf
https://www.kuleuven-kulak.be/benelearn/papers/Benelearn_2016_paper_31.pdf
https://www.kuleuven-kulak.be/benelearn/papers/Benelearn_2016_paper_31.pdf


Solving: Off line analysis 

• Behavior of the algorithm depends on the instance 

• Instance features can be used to decide on which 

algorithm 

 

•  DATA ANALYSIS 

o Parameter tuning 

o Characterisation of components 

o Helping the designer 

 

 
Dang, Nguyen Thi Thanh; De Causmaecker, Patrick. Characterization of 

neighborhood behaviours in a multi-neighborhood local search algorithm, 

 Festa, Paola; Sellmann, Meinolf; Vanschoren, Joaquin (eds.), Learning and 

Intelligent OptimizatioN Conference, Ischia Island (Napoli), Italy, 29/5 - 1/6 2016, 

Springer 

http://www.cs.kuleuven.be/publicaties/lirias/mypubs.php?unum=U0090096
http://www.cs.kuleuven.be/publicaties/lirias/mypubs.php?unum=U0003471
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470
https://lirias.kuleuven.be/handle/123456789/537470


Maintenance 

• Metaheuristics for Production Scheduling, Jarboui, Siarry, 

Teghem, Wiley 2013 (Chapter 11. Multi-Objective 

Metaheuristics for the Joint Scheduling of Production and 

Maintenance, BERRICHI, YALAOUI) 

• Maintenance for Industrial Systems, Manzini, Regattireri, 

Pham, Ferrari, 2010 

• Maintenance scheduling in the electricity industry: A 

literature review, Froger, Gendreau, Mendoza, Pinson, 

Rousseau, EJOR 2016 

• The scheduling of maintenance: A resource-constraints 

mixed integer linear programming model, Manzini, Accorsi, 

Cennerazzo, Ferrari, Maranesi, Computers and Industrial 

Engineering, 2015 



Model 

• Reliability 

• Cost 

• Reliability & Cost 

• Resources 

• Downtime 

• MTTF 

o Failure prediction 

o Uncertainty 

• Product specifications 

• Complex systems 

Algorithms 

• Mathematical programming 

• Matheuristics 

• Heuristics/metaheuristics 

o GA 

o PSO 

o Other population based 

o LS 

o Tabusearch 

o ACO 

o CP 

o … 



A linear model 

• Service takes place in ‘time 

buckets’ Bin packing 

problem. 

• the set of tasks to be 

scheduled is known 

• the number of time buckets 

is pre-defined 

• the duration of a specific 

task is constant 

• the unit costs (e.g. spare 

parts, personnel, additional 

failure cost) are known and 

deterministic. 

Tfailure, fi and %failure,i 

 On field monitoring 



Open problems 

• Strategic planning 

o Exact methods 

o Metaheuristics 

• Fast algorithms for online decision support 

o (Meta)heuristics/matheuristics 

 



The role of data 

• Behaviour of the machinery  fault sensitivity 

• Production data  fault tolerance, criticality 

• Schedule robustness 

• Model accuracy and uncertainty 

o Constraint learning 

o Parameter tuning 

o On-line learning 

 

 

 

 

 



Thanks for the invite 

Well … 
this is only the 

1st! 


