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Genetické algoritmy

Genetické algoritmy predstavuji stochastickou prohledavaci metodu, ktera je
inspirovana genetickymi principy jako je pfirozeny vybér, kiiZzeni a mutace. I kdyZ
se prvni pokusy o modelovani evoluce na pocitadi objevily uz v padesatych letech,
za objevitele genetickych algoritmi tak, jak je znime dnes, je povaZzovan John
Holland, ktery polozil ziklady této discipliny v sedmdesatych letech.

1. Sbér potiebnych informaci

Jalay:

Casové nejnarotnéjsi &ast. Obrazek (1) sch ticky ukazuje
tikolu — popis provozu pro nasledné FeSeni genetickymi algoritmy.
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2. Predikce mnozstvi produkt( potfebného
k vyrobé

 regresni analyza se sezénni sloZkou
* harmonicka analyza
* SARIMA modelovani

* umélé neuronové sité

3. Vytvoreni matematického modelu
provozu v Uzkém misté

Model, jak miZeme shlédnout na obrazku (2), zahrnuje zejména:
* mnozstvi, které je tfeba vyrobit,

* skladové zasoby,

« ¢as lisovani,

* atd.,

Aplikace genetickych algoritmi

hodl o dul 120

Pro aplikaci geneticky algoritmi r slozZitost vyr procesu pr p ]
ve spolecnosti Mitas, a. s., kde tento proces dokaZe optimalizovat snad jen Fizeni metoda
pokus-omyl. Genetické algoritmy pravé tuto metodu vice nez vylepsily a jsou snad jedinym
uvaZovanym nastrojem pro FeSeni velmi sloZitych problémi s velkym mnozstvim proménnych.

Aplikace genetickych algoritmi bude stru¢né popsana v péti ¢islovanych krocich.

4. Vyuziti genetickych algoritm p¥i reSeni
maximalizace produkce — Evolver

K feSeni problému byl velmi napomocen jiZ vyvinuty software Evolver od spole¢nosti
Palisade, ktery je urcen k produktu Microsoft Excel. Dle vloZenych proménnych nastroj
zvladt’ u kazdého vyrobku fesil, zda ma byt vyroben a v jakém mnoZstvi, a to pro kazdy den
ze 14 planovanych.
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(3) Jednoduchy princip pouziti programu

Evolver béhem nékolika vtefin vyuZil kapacity vSech lisii a nasledné jiZ jen optimalizoval
vyrobu tak, aby maximalizoval vystup s penalizaci pfechodu z jedné receptury na novou mezi
jednotlivymi dny.

5. Problém obchodniho cestujiciho

Problém obchodniho cestujiciho je sice oznafen jako NP problém, ale algoritmus je
samoziejmé mozné propujéit i napiiklad problémim typu stanoveni vhodného poradi
receptur do vyroby s neukon¢enou Hamiltonovou kruZnici pri penalizaci z pfechodu mezi
vyrobKy, kde napfiklad penalizace piechodu z vyrobku A na vyrobek B miiZe byt odlisna
pro opacné poradi (pfechod z vyrobku B na vyrobek A), coZz je presné na§ piipad.
Koneckonci se toto specifikum miiZe objevit i v realité u problému obchodniho cestujiciho
z diivodu jednosmérnych ulic. Ukol byl feSen v Matlabu.
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(2) Matematicky model provozu Vysledna hodnota 167 minut pii vyméné 105 receptur, tzn. 104 zmén, je v porovnani
s pocatecni nihod per i poradi receptur (1162 minut) velmi dobry
vysledek. ReSeni piedstavuje sedminasobné lepsi vyuZiti asu.
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SUMMARY

modelled by a series of i.i.d.

using several methods and study their properties.

The poster presents a statistical analysis of the dependance of atmospheric radioactivity on the altitude. As a theoretical model explaining the
physical background of this process is not known, two parametric regression models based on Richards growth curve are proposed. We discuss
several computational challenges coming from the parameter estimating procedure and we focus on the choice of software suitable for calculations.
The second part is devoted to the statistical analysis of changes in variance of our measurements.
random variables. On the contrary, the functional model consisting of three segments with two unknown change
points seems to be much more appropriate. Assuming normal distribution of the error terms we propose test statistic for the detection of the
linear trend in the variance and show its limit distribution. To complete the work, we estimate the change points and the variance parameters

It appears that the random terms cannot be

I METEOROLOGICAL EXPERIMENT
Anal

ed data come from Prague-Libus upper air meteorolog-

station of the Czech Hydrometeorological Institute, where 35 km

very month the vertical profiles of beta and gamma radioac-

tivity are measured by the radioactivity sonde system. The

radioactivity sensor consisting of two ger-Miiller gamma

and beta tubes is a part of meteorological balloons which as-

cends from the earth’s surface up to 35 km and detects short

current pulses coming from the interaction between the radi-

ation and the tube wall material.

1 “re-calculations” the complicated measurement

ssults into the data pairs

sents thc altitude and y the average number of pulses SE:::::

per second in the fixed altitude z. Let us note that y is o s 12

ff)u_l&onal to the radiation intensity. Pulses per second
PPLIED REGRESSION MODELS

The first aim of the analysis was to suggest a parametric regression model Y; = m(X;) +¢;, where m(-) repre-

sents mean amount of radiation and €; a random “error” term. As described by Hlubinka (2004), the models

m(-) are based on Richards growth curve R(z) and its derivative r(z). Unfortunately, Richards

curve itself does not describe properly the measurements in low atmospheric layers. That’s why we propose

two extended additive models. The first model consists of 7(z) and a simple linear function, meanwhile

the second model of r(z) and logistic growth curve being of the form

beta gamma

@4, Y;)iy, where x repre-

my(z) = r(z) +ex +k;
mo(z) = r(z) + e(l I (‘,Xp{*f(.’l) = t])}) £k

IIT COMPUTATIONAL CHALLENGES

We used the classical Least Squares method to estimate the unknown parameters of suggested models m(z)
and ma(x). Although the principle seems to be quite simple, the minimization procedure must be performed
numerically resulting in several difficult computational problems and challenges

SETTING UP THE INITIAL PARAMETERS

mators to start the procedure with. The key to set up appro-

Numerical methods need initial parameter
priate initial parameters is to understand their interpretation. The choice of starting points resulting from
the analysis of the parameters is described in detail by Hlubinka (2004).

NUMERICAL NON-STABILITY

The numerical stability of the minimization procedure is influenced by several factors. Because of the analytic
form of 7(z) one must pay attention on representation of small numbers, exclude non-sense values
of parameters and think about appropriate data scaling.

CHOICE OF SOFTWARE

Almost every statistical or mathematical software offers some implementation of numerical methods suitable
for the Least Squares minimization. However, not all implementations are able to solve our, quite complicated,
problem with 6 (or 8) parameters to be estimated. Notice that we wish not only to obtain the reasonable
fit of the data, but we require that the estimated submodels (e.g. r(z) and the logistic curve) and their
parameters are interpretable. To obtain the best possible parameterization we applied the optimization
procedure implemented in several software packages. Finally, we decided for Matlab, Release 13,
and its 1sqcurvefit function.

Mathematica 5 offers, as default, one ex-
tremely rapid function (FindFit). How-
ever, it sometimes results into non-sense
and uninterpretable parametrizations
as shown in the figure.

Methods implemented in R and S Plus soft-
wares do not convergate at all, even if the
initial parameters are set up to the “optimal”
solution provided by Matlab.
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Matlab, Release 13, contains two suitable functions. Presented results were obtained
by more sophisticated 1sqcurvefit function from the Optimization Toolbox (right figure),
while the simplier nlinfit function from the Statistics Toolbox convergates into uninter-
pretable parametrizations (left figure).

IV ANALYSIS OF VARIABILITY
Radioactivity measurements evidently show heteroscedasticity. The goal was to suggest a suitable parametric
model, estimate its parameters and study its properties.
PARAMETRIC MODEL

It appears that the errors €; cannot be modelled by a series of
i.id. random variables. To gain an idea about a suitable para-

metric model for the variance, we fitted squared errors using a
stima-

-
o

kernel estimator as shown in the figure. Based on this
= var Y; in the

. . . p)
tion, the parametric functional model for o=(z;
form of

e
o
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seems to be much more appropriate. Having two unknown real parameters o2 > 0 and § > 0 it consists
of three segments and may change its behavior in two unknown altitudes (two unknown change points
s and zy).

CHANGE POINT DETECTION

A natural question appears: Is the variance constant or

not? More precisely, the question is how to perform a statisti-
Vo € (z1,2,) cal test of the hypothesis of a constant variance against
ST} & <ay the alternative of two unknown change points.
<<z, Assuming independent Y; ~ N(m(x;), 0%(x;)) and being in-
T <z <y spired by Gupta and Ramanayake (2001), we propose a test
<z < Ty statistic and show its limit distribution. Main ideas and key
e summarized in the box below. The formal, very long

ous proof is available on request.

3 MOMENTS OF T
To calculate moments of 7" denote

1 TRANSFORMATION
Assuming independent and normal U; we get

2 nf2 =
2j-1) Zi=wi [ Swi|
k=1

2 MAXIMUM LIKELIHOOD APPROACH

For fixed change points s and ¢ we have ML ratio

The vector (Zs, Zs, ..., Z,/5) has n/2 — 1 dimensional Dirich-
let distribution with all parameters equal 1. Moments of 7" can
be easily calculated using moments of Z for fixed n.

4 LIMIT DISTRIBUTION

The test statistic has asymptotic normal distribution, i.e.

lyi(0?,8%) =

H Fa(Wj)

Su(W))'

Using the sum-type principle, for unknown s, t we
obtain the test statistic in the form of

>

Vi

T = const. - and n = 100 is enough to use its asymptotic properties.

ESTIMATORS

As expected, we rejected the null hypothesis for
all data sets. To complete the study we have
to estimate the change points and the parame-
ters o2 and 02 of the segmented model. We sug-
gested estimators based on the Least Squares 2
method, Weighted Least Squares method and . Tt
the L approach using Iteratively Weighted i
Least Squares method and the linear pro-
gramming. L; approach seems to be satis-
factory for the change points estimations,
on the contrary LS and WLS methods
are much more appropriate for estimat-
ing the variance parameters.

The optimal estimator combines the Li-
estimator for change points with the WLS-
estimator of variance parameters o2 and §2.

Squared errors

20
Altitude [km]

Warning !!! As shown in
the figures, the change points
estimators based on the Least
Squares methods (blue line)
are extremely sensitive to
the “outliers”. On the con-
trary, L approach (red line)
provides much more stable es-
timations.

Squared errors
Squared errors

V FUTURE PLANS

The presented work should be understood as the first step in analyzing atmospheric radiation. However, a lot

of interesting statistical and meteorological questions still remain without satisfactory answers. Among them,
10 . . . .
il 8 we would like to focus mainly on the following:
b &
3 3 e how to detect a seasonality in our measurements when considered as functional data;
2 g s e how to estimate quantiles of the radiation in different altitudes to be able to set up an alarm system;
£ € e how to improve numerical methods to obtain more stable parameterizations of proposed models.
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