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Optimisation  

}Given function f: Rn Ÿ R, and set S Ì Rn , find x*Í S such 

that f(x*) ¢ f(x) for all xÍS  

}Or graphically: 

f(x)  
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Consider  

}What if the problem canõt be differentiated? 

}What if the objective function is unknown? 

}What if the objective function changes with time? 
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Black box Optimisation  

}If the scope of x is infinite then we cannot guarantee 

optimality. 

}We can only hope for a good guess! 

f? x f(x) 
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Continuous Function Optimisation  

}Input Variables (x1, x2, x3 ,.., xn)  

}Constraints (-10.05 < x1 < 13.02, ...) 

}Objective (Fitness) Function ( f ) 

f x f(x) 
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Practical Example  

iBeer ! 
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Continuous Function Optimisation  

}Iõm going to allow you to choose the quantity of the 

ingredients you need to make the beer: 

}Hops (0 - 100g) 

}Malt(0 - 2kg) 

}Water(0 - 25L) 

}Yeast(0 - 25g) 

}You need to combine them in some quantity to make the 

best tasting beer. 

}You are allowed 100 tries and can sample as you go. How 

do you proceed? 
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Benchmark CFO Problems  

}There are many benchmark CFO Problems. 

}All benchmark problems exhibit a mixture of features: 

}Modality: Unimodal, Bi-modal, Multimodal 

}Needle in a Haystack 

}Noisy 

}Deceptive 
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Combinatorial Optimisation  

}Instead of adjusting the values of variables as in CFO, 

Combinatorial Optimisation problems are interested in 

the ordering of discrete variables. 

}It doesnõt take many variables to make the size of the 

search space very large! 
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Combinatorial Optimisation  

}Iõm going to allow you to choose the order of adding 

the ingredients when we make the beer: 

}Hops (12 bags in total):  

}3 x 25g Galaxy,  

}3 x 25g Cascade,  

}3 x 25g Northern Brewer,  

}3 x 25g Pride of Ringwood. 

}You need to add 25g of hops every 5 minutes over an 

hour.  You need to design a hop schedule to make the 

best tasting beer. 

}You are allowed to design 10 different hop schedules 

sampling as you go. How do you proceed? 
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Travelling Salesman Problem (TSP)  
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To/From Melbourne Sydney Perth 

Melbourne 873km 3432km 

Sydney 873km 4110km 

Perth 3432km 4110km 

Minimise total distance 



Travelling Salesman Problem (TSP)  

3038 positions º 1.180³109259 solutions 

Minimise drilling 

time 
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Knapsack Problem  

Knapsack 

$120 

$100 

$140 $60 

$150 

$80 

$120 

Blocks 
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Knapsack  

}What selection and arrangement of blocks will ensure the 

highest value knapsack? 

}Donõt underfill (wasted space) 

}Donõt overfill (not legal) 

}Donõt fill with low cost items (wasted $$$) 

}Fill to capacity with the highest cost items! 
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Multiple Objectives  

}What if there are multiple (competing or complimentary) 

objectives? 

}Cost, size, quality, time, distance, safety, etc. 

}How do you decide which objectives are the most 

important? 
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Practical Example: Melbourne to Sydney  
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Multi -objective Optimisation  

Time (minimise) 
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Pareto Optimality  

}Of the set of all possible solutions there exists a 

subset of òPareto optimaló solutions which represent 

the best possible trade-off between all objectives. 

}Named after a famous economist,  Vilfredo Pareto. 

20 ENGG7302: Advanced Computational Techniques in Engineering © Daniel Angus 



Ranking solutions (Pareto Optimality)  

Objective 2 (minimise) 
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Dominance  

}If s1 is better in all objectives than s2  it strongly 

dominates s2 . 

}If s1 is not worse than s2  in all objectives and better in at 

least one objective it dominates s2 . 

}If s1 does not dominate s2  and s2 does not dominate s1 

then s1 and s2 are incomparable. 
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Multiple Objective Optimisation  

}Three ways to proceed: 

}A Priori: Determine a mixing function ahead of time so that 

the problem reduces to a single objective optimisation 

problem, then solve. 

}Progressive: Mix the functions differently during the 

optimisation process, òtuningó the mixing function. 

}A Posteriori: Solve for all objective functions and select a 

solution from this set at the end. 
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Dynamic Problems  

}What happens if our objective function changes over 

time? 

}Properties of change: 

}Magnitude of change 

}Frequency of change 

}Type of change 

}Should we restart, or continue from where we are? 
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Metaheuristics  

}Refers to a class of algorithms. 

}Most are global search algorithms. 

}Can be nature inspired. 

}Responsible for the scheduling of many processes. 

}Hybridisable. 

}Can be applied to many different problems with relative 

ease. 

}Population or single-state methods. 

}Beware, definitions may vary! 
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Intensification (Exploitation)  

}Refine the quality of a known good solution. 

}Local search. 

}Leverage our knowledge of good solution components. 

}Too much can lead to early (premature) convergence to 

one area of the search space. 

}Too little and we may miss out on possible quality 

improvements. 
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Diversification (Exploration)  

}Find promising areas of search space. 

}Global search. 

}Too much may make an algorithm fail to converge to one 

area of the search space. 

}Too little and we may miss out finding good areas of 

search space (global optima). 

 

27 ENGG7302: Advanced Computational Techniques in Engineering © Daniel Angus 



Which Metaheuristic?  

}What is the problem you are trying to solve? 

}Does the problem fit into one of the following: 

}Non-differentiable 

}Objective function unknown 

}Dynamic or multiple objectives 

}Other complex factors 

}How will you balance intensification and diversification? 
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To come....  

}The techniques we will cover include: 

}Single state methods 

}Simulated Annealing 

}Hill Climbers 

} Iterated Local Search 

}Evolution 

}Genetic Algorithms 

}Evolutionary Systems 

}Genetic Programming 

}Swarm Intelligence 

}Ant Colony Optimisation 

}Particle Swarm Optimisation 
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