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Scientific Goals?

e Why is astronomy considered
scientific—and astrology not?

computer science (evolutionary
computation)?

Figure: Nostradamus
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e And what about experimental research in
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Goals in Evolutionary Computation

(RG-1) Investigation. Specifying optimization problems, analyzing
programs. Detect important parameters

(RG-2) Comparison. Comparing the performance of programs

(RG-3) Conjecture. Good: demonstrate performance. Better: explain
and understand performance

(RG-4) Quality. Robustness (includes insensitivity to exogenous
factors, minimization of the variability) [Mon01]
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What About Theory? A Totally Subjective History of Experimentation in
Evolutionary Computation

e Given: Hard real world optimization problems, e.g., chemical engineering,
airfoil optimization, bioinformatics

e Many theoretical results are too abstract, do not match with reality
¢ Real programs, not algorithms

e Palaeolithic
o Develop problem specific programs, experimentation is necessary « VYesterday
o Experimentation requires statistics « Today
o But: There are three kinds of lies: lies, damned lies, and statistics (Mark e TOMOITOW
Twain or Benjamin Disraeli), why should we care?
e Because it is the only tool we can rely on (at the moment,i.e., 2006)
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Stone Age: Experimentation Based on Mean Values Stone Age Example: Comparison Based on Mean
Values

Example (Particle swarm optimization: swarm size)

e Experimental setup:
e 4 test functions: Sphere, Rosenbrock, Rastrigin, Griewangk

o First phase (foundation and development, before 1980) « Program’s parameter: default setting

e Comparison based on mean values, no statistics e Results: Table form, e.g.,

o Development of standard benchmark sets (sphere function etc.)

* Today: Everybody knows that mean values are not sufficient Table: Mean fitness values for the Rosenbrock function
Population  Dimension  Generation  Fitness
20 10 1000 96,1725
20 20 1500 214,6764

e Conclusion: “Under all the testing cases, the program always converges
very quickly”
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Yesterday: Mean Values and Simple Statistics Today: Based on Correct Statistics

Second phase (move to mainstream,
1980-2000)

Statistical methods introduced, mean
values, standard deviations, tutorials

e Third phase (Correct statistics, since 2000)
e Statistical tools for EC
e Conferences, tutorials, workshops, e.g., Workshop
On Empirical Methods for the Analysis of

e t test, p value, ... )
i . Algorithms (EMAA)
 Comparisons mainly on standard (http://www.imada.sdu.dk/~marco/EMAA )
benchmark sets
e Questionable assumptions
NPT*in EC June 2006  9/21 NPT*in EC June 2006  10/21
Today: Based on Correct Statistics Today: Based on Correct Statistics

Example (Good practice)

Example (Good practice?)
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http://www.imada.sdu.dk/~marco/EMAA

Tomorrow: Correct Statistics and Correct Conclusions  Tomorrow: Correct Statistics and Correct Conclusions

o Generally: Statistical tools to decide whether a is better than b are
necessary

e Today: Adequate statistical methods, but wrong scientific conclusions ) o
e Today: Sequential parameter optimization (SPO)

e Tomorrow: o .
Consider scientific meanin e Heuristic, but implementable approach
L[] . . . . .
. ning e Extension of classical approaches from statistical design of experiments
e Severe testing as a basic concept
(DOE)

e Other (better) approaches possible
e SPO uses plots of the observed significance

SPO Overview Tests and Significance

Pre-experimental planning

Scientific thesis ¢ Plots of the observed significance level based on [May83]

Statistical hypothesis e Rejection of the null hypothesis H : § = 0y by a test T based on an
Experimental design: Problem, constraints, start-/termination criteria, observed average X

performance measure, program parameters
Experiments

o Alternative hypothesis J : 0 > 6q

 Statistical model and prediction (DACE). Evaluation and visualization Definition (Observed significance level)
e Solution good enough? The observed significance level is defined as
Yes: Goto step 15
No: Improve the design (optimization). Goto step 15 a(X,0) = &(0) = P(X >X|0) (1)

o Acceptance/rejection of the statistical hypothesis
e Objective interpretation of the results from the previous step
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Plots of the Observed Significance

¢ Observed significance level o0
a(X,0) = a(0) = P(X >X|6)

e Observed average X = 51.73

N

0
-100 -50 0 50 100 150
Difference

e Rejection of the null hypothesis

e Interpretation: Frequency of
erroneously rejecting H
(“there is a difference in
means as large as 6y or
larger”) with such an X

H:0=60,=0

by a test T* in favor of an alterna-
tive
J:0> 0

Then &(6) = 0.0530
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Figure: Plots of the observed difference. Left: This is similar to Fig. 4.3 in [May83].

Based on n = 50 experiments, a difference X = 51.3 has been observed, &(9) is the

area to the right of the observed difference X. Right: The &(¢) value is plotted for
different n values.
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“An objective theory of statistical testing” [May83]

0.014

0.012

001 results by considering the values of &(#’) for several 6’ values

o [May83] defines 6y, the largest scientifically unimportant 8 value in
excess of fq

e But what if we do not know 6,n?
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observed significance

OSL Plots and the Bootstrap

oaf | oo e Bootstrap procedure = no
W . assumptions on the
underlying distribution
necessary
e Summary:
e p value is not sufficient
Srnopeesept e OSL plots one tool to derive

Difference

meta-statistical rules

. . . e Other tools needed
Figure: Same situation as above,

bootstrap approach
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e Discriminate between legitimate and illegitimate construals of statistical
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Additional Information, Software

ary Computation

¥ i for papers, slides, software, etc.
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e Please check the WWW pages for [BB06]
http://Is11-www.cs.uni-dortmund.de/people/tom/
ExperimentalResearch.html
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