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Multi-objective optimization
Motivating example: f1pxq :“ px ´ 2q

2
, f2pxq :“ x

2
` 1 and fλpxq :“ f1pxq ` λf2pxq rλ “ 1

2
s

´1 0 1 2 3
0

1

2

3

4

5

6

7

8

9

10

x

f
px

q

f1p¨q

f2p¨q

fλp¨q

Multi-objective optimization: An introduction

Prof. Dr.-Ing. habil. Christoph M. Hackl
Version from 29.03.2021

3/13



Multi-objective optimization
Motivating example: f1pxq :“ px ´ 2q

2
, f2pxq :“ x

2
` 1 and fλpxq :“ f1pxq ` λf2pxq rλ “ 1

2
s

0 1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

10

f1pxq

f
2
px

q

Pareto front

Multi-objective optimization: An introduction

Prof. Dr.-Ing. habil. Christoph M. Hackl
Version from 29.03.2021

4/13



Multi-objective optimization
Motivating example: f1pxq :“ px ´ 2q

2
, f2pxq :“ x

2
` 1 and fλpxq :“ f1pxq ` λf2pxq rλ “ 1

2
s

´1 0 1 2 3
0

1

2

3

4

5

6

7

8

9

10

x

f
px

q

f1p¨q

f2p¨q

fλp¨q

0 1 2 3 4 5 6 7 8 9

1

2

3

4

5

6

7

8

9

10

f1pxq
f
2
px

q

Pareto front

Multi-objective optimization: An introduction

Prof. Dr.-Ing. habil. Christoph M. Hackl
Version from 29.03.2021

5/13



Outline I

2 Key questions
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Multi-objective optimization
Key questions

(KQ1) Can we minimize both sub-costs f1pxq :“ px ´ 2q
2

and f2pxq :“ x
2

` 1 simultaneously? ... and how

does the Pareto front help here? What is the “best” trade-off? Is there a “best” trade-off?

(KQ2) Does there exist an optimal λ
‹

such that fλpxq :“ f1pxq ` λ
‹

f2pxq minimizes both sub-costs? How can

we find λ
‹

? Or should fλpxq be defined differently?

(KQ3) What can we do when f1p¨q and f2p¨q are not known? How can we analyze the impact of parameter

uncertainties?

Multi-objective optimization: An introduction

Prof. Dr.-Ing. habil. Christoph M. Hackl
Version from 29.03.2021

6/13



Outline I

3 Discussion
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Multi-objective optimization
Key question (KQ3): What can we do when f1p¨q and f2p¨q are not known? How can we analyze the impact of parameter
uncertainties?
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Multi-objective optimization
Key question (KQ3): What can we do when f1p¨q and f2p¨q are not known? How can we analyze the impact of parameter

uncertainties? — Motivating example: f1pxq :“ px ´ 2q
2
, f2pxq :“ x

2
` 1 and fλpxq :“ f1pxq ` λf2pxq rλ “ 1
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