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ÅMulti-objective problems

ÅMulti-objective optimization

ÅReal-world examples

ÅNSGA-II

ÅOther approaches

ÅMany-ƻōƧŜŎǘƛǾŜ ƻǇǘƛƳƛȊŀǘƛƻƴΧΚ
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I and J are non-comparable,
ǿŜ ŎŀƴΩǘ ǘŜƭƭ ǿƘƛŎƘ ƻƴŜ ƛǎ ōŜǎǘ
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Can we find the set of points 
that are not dominated?

PARETO 
FRONT



ÅPareto-optimality

ÅPareto for minimizingor maximizing

ὼ: solution ὪὼȡÆÉÔÎÅÓÓ

ὼɰȡὪὼ Ὢὼ Ὥᶅ



ÅReal-world problems are often MO

ïOften with A LOT of conflicting objectives

ïtƭŀƴŜ ǘƛŎƪŜǘǎΥ ǎŜŀǘ ǇƻǎƛǘƛƻƴΣ ŀƛǊƭƛƴŜΣ ŀƛǊǇƻǊǘΧ

ïtǊƻŘǳŎǘƛƻƴΥ ŜƴŜǊƎȅΣ ǉǳŀƭƛǘȅΣ ǇǊƛŎŜΣ Χ

ï5ƛǎǘǊƛōǳǘƛƻƴΥ ǎǇŜŜŘΣ ŎƻǎǘΣ ŜƳǇƭƻȅƳŜƴǘΣ Χ



ÅSingle-objective optimization

ïFind ONE best solution

ÅMulti-objective optimization

ïFind THE PARETO FRONT(hard, maybe impossible)

ïFind as many non-dominated points as possible

ïCƛƴŘƛƴƎ ƻƴŜ Ǉƻƛƴǘ ƻƴ ǘƘŜ tŀǊŜǘƻ ŦǊƻƴǘ ƛǎ ŜŀǎȅΧ

ïΧōǳǘ ŦƛƴŘƛƴƎ Ƴŀƴȅ ƛǎ ƴƻǘΗ



ÅTechniques to deal with MO

ïAssign weights to objectives, adjust weights

ïSome only work on (differential) equations

ïMulti-objective EAs (state-of-the-art)

ÅEAs are particularly suited

ïPopulation of solutions -> lots of points!

ïBlack-box optimization -> easy to adopt!



ÅMOEAs (general idea)

ïCreate population, evaluate

ïCreate offspring

ïFind Pareto front

ïRemove individuals in Pareto front

ïRecomputePareto front (iterate)

ïObtain list of fronts

ïKill individuals starting from worst fronts
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ÅAdvertise products in social networks

ïUse influencers (lots of followers)

ïHow to chooseinfluencers? (followingoverlap)

ïSpend as little as possible

ÅMulti-objective problem

ïMinimize influencers

ïMaximize influence



ÅGenome (candidate solution)

ïSet of nodes taken from a graph

ïVector of integers of different size

ïString of bits (1=influencer, 0=not)

ÅFitness function

ï(Max) influence spread in the network

ï(Min) number of nodes/influencers





ÅOptimize land use in agricultural regions
ïPercentage of land assigned to each use
ïAnimal feed, crops, forests (carbon sequestration)

ÅMulti-objective problem
ïMaximize animal energy 

production
ïMaximize crop 

production
ïMaximize carbon 

sequestration



ÅGenome (candidate solution)
ïPercentage of land assigned to each task

ïFor each region! όϤмрлл ǾŀǊƛŀōƭŜǎ ŦƻǊ άƳŀǎǎƛǾŜ 
ŎŜƴǘǊŀƭέύ

ÅFitness function
ïModel for animal energy production

ïModel for crop production

ïModel for carbon sequestration









ÅCrowdingcan be an issue

ïToo many points too close together on the PF

ïbƻǘ ǊŜŀƭƭȅ ƛƴǘŜǊŜǎǘƛƴƎΧ

Fitness 2

Fitness 1



ÅCrowdingcan be an issue

ïIdeally, you would like to explore the PF

ï5ƛǎǘǊƛōǳǘŜ Ǉƻƛƴǘǎ άŜǾŜƴƭȅέ ƻƴ ǘƘŜ tC

Fitness 2

Fitness 1



ÅCrowding distance

ïValue associated to individuals

ïUsed to select for reproduction/survival

Fitness 2

Fitness 1

This individual is not 
very interesting

We want to explore 
more THIS part of the 

PF


