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Module Aims  
 
To introduce students to, and develop practical experience of, key concepts in problem 
solvability, computational complexity and exact and inexact (heuristic) optimisation; ranging 
from theoretical analysis of classical graph problems to coded implementation of modern 
metaheuristics and evolutionary computing. 
 
 

Intended Learning Outcomes 
 
Key skills for employability 
 

KS1 Written, oral and media communication skills 
KS2 Leadership, team working and networking skills 
KS3 Opportunity, creativity and problem solving skills 
KS4 Information technology skills and digital literacy 
KS5 Information management skills 
KS6 Research skills 
KS7 Intercultural and sustainability skills 
KS8 Career management skills 
KS9 Learning to learn (managing personal and professional development, self- 
 management) 
KS10 Numeracy 

 

At the end of this module, students will be able to Key Skills 

1 

Demonstrate an in-depth understanding of the underlying 
concepts of optimisation problems; their complexity and 
problem-solving algorithms. 
 

KS3 KS4 
KS5 KS6 

KS9 KS10 

2 
Compare and contrast appropriate graph problems and 
algorithms, making appropriate selections in a variety of 
scenarios. 

KS3 KS4 
KS5 KS6 
KS9 KS10 

3 Select and apply different appropriate exact and heuristic 
optimisation techniques in complex real-world situations. 

KS3 KS4 
KS5 KS6 
KS9 KS10 

4 
Implement appropriate exact and heuristic optimisation 
techniques as working programs in a high-level language, 
balancing objectives with constraints. 

KS3 KS4 
KS5 KS6 
KS9 KS10 

Transferable skills and other attributes 

 

 
Derogations  
 
None 
 
 



 

Assessment:  

Indicative Assessment Tasks:  

 
This module will be assessed through a group ‘challenge’ and an (individual) examination.  
 
The examination will cover underlying concepts described in the lectures and researched 
through independent study. The weighting of the examination is 40%.  
 
The weighting of the group challenge is 60% (work/report 40%+ presentation/viva 20%). The 
students will be asked to solve either a real-world continuous optimisation problem or a 
complex combinatorial optimisation problem. A range of evolutionary/heuristic algorithms will 
have to be applied and compared before a final approach is agreed and taken forward. The 
challenge will be undertaken by groups of two or three students. Their outcomes (algorithms 
and results) will be presented in a joint report but defended by individual viva.  (Thus each 
group member will have a common and individual group mark component.) 
 
Assessment 
number  

Learning 
Outcomes to 
be met 

Type of assessment Weighting 
(%) 

Duration  
(if exam) 

Word count 
(or equivalent if 
appropriate) 

1 1 2 Examination 40 2 Hours  
2 3 4 Group Project 60 20 mins 3,000 
 
Learning and Teaching Strategies: 
 
This module will be delivered through lectures, open-ended student experiments, tutorials 
and guided independent studies. Students will also discuss and exchange information 
through peer group discussions and presentations (using a VLE platform). 
 
 
Syllabus outline: 
 
Computational intractability, decidability and solvability 
Optimisation objectives and constraints, combinatorial search and computational complexity 
(‘O’ notation) 
Graph problems and algorithms 
Complexity classes (P, NP, NP-complete) 
Exact and heuristic methods; greedy algorithms and local search 
Metaheuristics and genetic algorithms (ant colony optimisation, differential evolution, 
surrogate modelling, etc.) 
Hard and soft constraints in multi-objective optimisation 
Real-world optimisation and engineering applications 
Evaluation of real-world solutions 
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