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Motivatation

Figure 1: Source [Pintér, 2007] Figure 2: Source: [Wikipedia, 2022]
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Problems of optimization algorithms
R-DE, R-SHADE, RL-SHADE tuning

Single-objective continuous black box optimization problem

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

f : Rn → R

Single-objective continuous
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 3: Sphere 2D function from COCO
BBOB benchmark [Hansen et al., 2019]

Zaborski Zastosowanie algorytmu UCB w optymalizacji ci¡gªej



Single-objective continuous optimization
How to employ UCB?

Idea of UCB application

Problems of optimization algorithms
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Single-objective continuous black box optimization problem
Examples

Figure 4: Attractive Sector Function
(2D)[Hansen et al., 2019]

Figure 5: Gallagher's Gaussian 21-hi Peaks
Function (2D)[Hansen et al., 2019]
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Problems of optimization algorithms
R-DE, R-SHADE, RL-SHADE tuning

Single-objective continuous black box optimization problem
Challenges

Challenges:

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

Unknown target value
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Problems of optimization algorithms
R-DE, R-SHADE, RL-SHADE tuning

Per-instance algorithm selection

How to determine a priori which algorithm should be used to solve a given instance?

Per-instance algorithm selection problem - given a computational problem, a set of
algorithms for solving this problem, and a speci�c instance that needs to be solved,
determine which of the algorithms can be expected to perform best on that instance [?].
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Problems of optimization algorithms
R-DE, R-SHADE, RL-SHADE tuning

No-free-lunch (NFL) theorem [Wolpert et al., 1995]

"(...) all algorithms that search for an extremum of a cost function perform exactly the
same, according to any performance measure, when averaged over all possible cost
functions"
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Problems of optimization algorithms
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Problems of optimization algorithms

Problems:

Over-specialization (algorithm class/type)

Per benchmark (e.g., COCO BBOB restart mechanisms)
Per optimization budget (e.g., # evaluations, # iterations)
Per measure

Over-parameterization

Parameters
Population size
Custom mechanisms (population size reduction)

overcomplication

Examples: CMA-ES (restart conditions), MadDE (multiple adaptations), R-SHADE /
RL-SHADE + COCO BBOB [Hansen et al., 2019]
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Problems of optimization algorithms
R-DE, R-SHADE, RL-SHADE tuning

Tuning DE for cheap, medium and expensie
budgets [Tanabe and Fukunaga, 2015]

1 R-DE, R-SHADE, RL-SHADE considered

2 Various parameterization applied

3 Various restart mechanisms applied

4 CEC2014 benchmarks as training set, using SMAC [Hutter et al., 2011]

5 COCO BBOB as test set
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

How to employ UCB?
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UCB

Figure 6: UCB-1 formula [Baudi² and Po²ík, 2014]
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Search space dividing

Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
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Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

General idea:

Treat algorithms as "black-boxes"

Consider online selection (no features or landscape)

Dynamically switch between algorithms during the optimization run)

UCB1 multi-armed bandit policy applied to unbounded rewards

COCO BBOB benchmarking
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

Considered Bandit Policies:

epsilon-greedy policy (choose the best with 1− ε probability)
Upper Connfdence Bound (UCB1)

MetaMax

probability matching (probabilities based on proportions of their reward estimate)

adaptive pursuit ("winner takes all" + learning rate β)

Max k-Armed Bandit Problem (maximize the highest rather than cumulative
reward)

Threshold Ascent (s-sized window of the best-so-far rewards produced)
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
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Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

Reward estimate

raw value (negative function value) - only if value approaches the optimum
smoothly

value rank - rank algorithms using value linear scaling to [0, 1]

exponentially weighted moving average (EWMA) - extension of raw value and
value rank

Problems:

the Multi-Armed Bandit Problem assumes that the reward distributions are
stationary and rewards are independent

UCB-1 policy can be used as-is for non-stationary if c is set correctly

functional landscape is evolving

rate of improvement changes
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Online Black-box Algorithm Portfolios

Figure 7: Improvements (binary measure) for F1 - F4, D = 10 from CEC2021
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UCB in algorithm portfolio selection
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Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

UCB-1 and raw values:
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Algorithm Selection Strategies:

Zaborski Zastosowanie algorytmu UCB w optymalizacji ci¡gªej



Single-objective continuous optimization
How to employ UCB?

Idea of UCB application

UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

Algorithm Selection Strategies:
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

Experimental evaluation

Portfolio of 7 algorithms: CMA-ES and 6 numerical optimization algorithms from
SciPy

Algorithms are black-box

Algorithms run parallel

One algorithm is chosen per one iteration
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
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Online Black-box Algorithm Portfolios [Baudi² and Po²ík, 2014]

Comments:

Is portfolio better then the best algorithm?

There is no "the worst" measure

Does the portfolio (UCB-1) protects against local minima?

Can re-scalling and ranking techniques be applied to non-UCB strategies?

Can population switching improve the results?

Evaluations saving
Limiting the variability of the function value
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

Open questions

Can UCB-1 be used for other purposes?

Zaborski Zastosowanie algorytmu UCB w optymalizacji ci¡gªej



Single-objective continuous optimization
How to employ UCB?

Idea of UCB application

UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

Multi-restart strategy
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

UCB-1 in space dividing [Notsu et al., 2016]
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

UCB-1 in space dividing [Notsu et al., 2016]

Idea:

search area is divided into several subareas (e.g., 5x5)

area == slot == bandit

grid area search (GAS)

recursively choosing best subarea
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UCB in algorithm portfolio selection
Multi-restart strategy [György and Kocsis, 2011]
Search space dividing

UCB-1 in space dividing [Notsu et al., 2016]

Observations:

Trivial functions examined (D = 2)

Small number of evaluations

Interesting idea (e.g., not rectangles)
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Arti�cial Bee Colony[Karaboga and Basturk, 2007]
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Arti�cial Bee Colony [Karaboga and Basturk, 2007]
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Open questions

Potential UCB-1 applications:

Parameter adaptation (e.g., SHADE modi�cation)

Managing population

Balancing exploration and exploitation

Restart elimination
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Conclusions:

UCB-1 is usefull in Algorithm / portfolio selection

UCB-1 might be usefull in search space dividing

Exploration - exploitation balancing is an open issue

Elimination of restarts is an open issue
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