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Black Box optimization problem

Goal - minimize an objective function
(or �tness function or cost function)

f : Rn → R

Single-objective optimization

Black Box scenario

Function values of evaluated search
points are the only accessible
information
Gradients are not available

Search cost - number of function
evaluations

Figure 1: Sphere 2D function from COCO
BBOB benchmark [8]
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Black Box optimization
Applications

Applications:

Aerodynamics - shape optimization (simulation-based)

Economics - e.g. portfolio selection

Operations research

Model selection

Hyperparameter tuning

etc.
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Black Box optimization
Performance measures

Performance measures:

Number of function evaluations (per target)

Especially for time-consuming evaluations

Computation time

Final target reached

Memory consumption

Performance for various functions classes
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Black Box optimization
Problems

Problems:

In�nite number of solutions in a continuous domain

Multidimensional problems are di�cult for grid search

The goal is to �nd a global (not local) optimum

Unknown function shape

Non-linear, non-quadratic
Discontinuities, sharp ridges
Non-separability
Ill-conditioning

Zaborski Algorytm CMA-ES i jego wybrane rozszerzenia



Black Box optimization
Benchmarking

CMA-ES algorithm
CMA-ES extensions

Experiments

Black Box optimization problem
Examples

Figure 2: Attractive Sector Function (2D)[8]
Figure 3: Gallagher's Gaussian 21-hi Peaks
Function (2D)[8]
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Black Box optimization problem
Examples

Figure 4: Attractive Sector Function (2D)[8]
Figure 5: Gallagher's Gaussian 21-hi Peaks
Function (2D)[8]
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Optimization techniques

Optimization techniques:

Random / Monte Carlo

Grid search

Simulated annealing

Bayesian optimization

Swarm-based algorithms (e.g. PSO)

Evolutionary algorithms (e.g. DE, CMA-ES)

Surrogate optimization

etc.
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COCO BBOB benchmark

Platform for optimizer comparition

20�100 functions (24 noiselessall)

5�15 instances for each function

2, 3, 5, 10, 20, 40 dimensions

Up to 100 targets per instance

Figure 6: Example empirical runtime
distributions from COCO BBOB benchmark [8]
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CMA-ES algorithm
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Covariance Matrix Adaptation Evolution Strategy (CMA-ES)

Figure 7: Covariance Matrix Adaptation Evolution Strategy (CMA-ES) idea[9]
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CMA-ES
Algorithm idea

Figure 8: CMA-ES as randomized black box search algorithm[6]
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CMA-ES
Multivariate normal distribution

Figure 9: Source: [4]

m =

[
0
0
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CMA-ES
Algorithm idea [3]
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CMA-ES
Sampling[6]
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CMA-ES
Adaptive components

Adaptive components:

Mean

Covariance matrix

rank-one-update (evolution path pc)
rank-µ-update

Step-size

Population size (in IPOP-CMA-ES [1])
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CMA-ES
Mean update[6]

Usually cm = 1
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CMA-ES
Covariance matrix update

Figure 10: Rank-µ-update idea[5]

Figure 11: Rank-one-update (evolution path) idea[5]
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CMA-ES
Covariance matrix update[6]

Zaborski Algorytm CMA-ES i jego wybrane rozszerzenia



Black Box optimization
Benchmarking

CMA-ES algorithm
CMA-ES extensions

Experiments

CMA-ES
Step size

Figure 12: Step size adaptation idea[2]
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CMA-ES
Conjugate evolution path[6]
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CMA-ES
Step size[6]

Final sampling rule:
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IPOP-CMA-ES
LQ-CMA-ES

CMA-ES extensions

Zaborski Algorytm CMA-ES i jego wybrane rozszerzenia



Black Box optimization
Benchmarking

CMA-ES algorithm
CMA-ES extensions

Experiments

IPOP-CMA-ES
LQ-CMA-ES

CMA-ES extensions

Main ideas:

Parameter modi�cation

Covariance matrix adaptation modi�cation (e.g. including worst samples)

Restarts

Increasing population size

Surrogate models
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IPOP-CMA-ES
LQ-CMA-ES

IPOP-CMA-ES[1]

Restart criteria:
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IPOP-CMA-ES
LQ-CMA-ES

IPOP-CMA-ES[1]
Comparison
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IPOP-CMA-ES
LQ-CMA-ES

IPOP-CMA-ES[1]
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IPOP-CMA-ES
LQ-CMA-ES

LQ-CMA-ES[7]

Key concept:

Linear / quadratic surrogate model
added to the CMA-ES

The purpose of the model is to reduce
the search cost (true evaluations)

Weighted linear regression is used to
obtain coe�cients

Rank correlation is used as
meta-model quality measure

Model optimum is injected to the
population in the next iteration
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IPOP-CMA-ES
LQ-CMA-ES

LQ-CMA-ES[7]
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IPOP-CMA-ES
LQ-CMA-ES

LQ-CMA-ES[7]
Comparison
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Experiments
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CMA-ES + Quadratic model + rotation + R2

DE + rotation

CMA-ES + Quadratic model + rotation + R2

Concept

CMA-ES-based with simple restart criterion and
population doubling

Add FIFO archive evaluated samples (size: 5 ∗ λ)
Extend (conditionally) population with λ+ 1
o�spring

R2 criterion

λ+ 1 o�spring is designated by the
hyper-parabola peak

Transform archive population using BT matrix
from SVD decomposition of covariance matrix C Figure 13: Step Ellipsoidal example
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CMA-ES + Quadratic model + rotation + R2

DE + rotation

DE + rotation

Concept:

Di�erential Evolution based with simple restart criterion

Covariance matrix C calculated after each iteration using λ o�spring (current
population)

Covariance matrix C arithmetic smoothing is possible (0.2 ∗ C g )

Covariance matrix C SVD to get transformation (rotation) component

Transformation is done before mutation

Reverse-transformation is done before selection
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Summary

CMA-ES is a powerful optimization algorithm

CMA-ES behaves well on strong global structure functions

CMA-ES can designate optimum of rotated hyper-parabola by its normal sampling
procedure

Rotation concept can be applied into Di�erential Evolution

State-of-the-art version of DE such as L-SHADE should enhanced with rotation
component
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