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Uloha 3 — EM algoritmus

1. Seznamte se s daty v souboru height. csv, ktery obsahuje télesnou vySku vzorku 100 lidi,
Ameri¢anud ve véku mezi 20 a 29 lety. Kromé vysky lidi (1. sloupec) obsahuiji data i jejich pohlavi
(2. sloupec). Kazdy zaznam tvofi jeden fadek tabulky.

2. Prohlédnéte si dokumentaci k pfilozené funkci dataplot (data), ktera nadtena data vykresli do
grafu: >> data = csvread('height.csv.txt'); dataplot(data);

3. Implementujte EM algoritmus pro maximume-likelihood optimalizaci parametri smési dvou
normalnich rozdé&leni. Popis algoritmu naleznete ve tfeti pfednasce (str. 21-24).

e Vstupem algorimu bude prvni sloupec nactenych dat (druhy sloupec mizete pouzit pro
zpétnou kontrolu). Vhodné zvolte pocate¢ni parametry obou rozlozeni.
e Pokud Vas algoritmus vrati matici 2 x 2 ve formatu

params = (uzeny o zeny
gmuzi o muzi)

mUzete pro vykresleni obou rozdéleni pouzit pfikaz >> dataplot(data, params) ;
4. Vyvorte protokol o rozsahu cca. 1 strany A4, ktera shrne Vasi praci a analyzuje vysledky.

Doporuceny obsah:

e grafy obou gaussovskych rozloZzeni v nékolika poCatec¢nich iteracich algoritmu a stav po
konvergenci

e pocet iteraci algoritmu (dochazi-li k velkému rozptylu hodnot pro rlizna po¢ate¢ni nastaveni,
spustte algoritmus nékolikrat a vysledek vyhodnotte statisticky)

e diskuze o vlivu prvotniho pfifazeni parametrll na jejich vysledné hodnoty

e rozbor, zda Ize mezi vySkou muz( a Zen pozorovat statisticky vyznamny rozdil (vyuzijte druhy
sloupec vstupnich dat a zavéry z pfedchozich bodl)

e poznamky k implementaci

Graf naétenych dat:
>> data = csvread('height.csv.txt'); dataplot(data) ;
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Implementace v aplikaci Matlab:

function [ vysledek ] = em( data )
em(data(:,1)) = dle zadani pouzijeme prvni sloupec dat
data = csvread('height.csv.txt'); = inicializace dat

o°

o°

O

% inicializace pocatecnich parametru podle zadani ulohy

uMuz = 200.0;

uZena = 150.0;

oMuz = 10.0;

oZena = 10.0;

convergence = 0.00001; % convergence = presnost algoritmu
nextStep = 1;

pocetIteraci = 0;

while nextStep ==

hodnotaM = uMuz;

hodnotaZ = uZena;

pocetIteraci = pocetIteraci + 1; % pocet iteraci

[uMuz, uZena, oMuz, oZena] = emIteration(data, uMuz, uZena, oMuz, oZena)

if ((abs (hodnotaM - uMuz) < convergence) && (abs(hodnotaZ - uZena) < convergence))
nextStep = 0;

end

o°

nastaveni iteraci

% if (pocetIteraci == 10)
% nextStep = 0;
% end

end

fprintf ('Number of iterations: %d\n', pocetIteraci);
vysledek = [uMuz oMuz; uZena oZena];

return

end

% em algoritmus

function [uMuz, uZena, oMuz, oZena] = emlIteration(data, uMuzIt, uZenalt,
oMuzIt, oZenalt)

uMuz = uMuzlt;

uZena = uZenalt;

oMuz = oMuzIt;

oZena = oZenalt;

length = size(data, 1); % pocet hodnot
probabilitiesl = zeros(l, length);
probabilities2 = zeros(l, length);

% expectation krok - viz vzorec z prednasky

for i = 1l:1length
templ = expectationForDataPartl (data(i), uMuz, oMuz) ;
temp2 = expectationForDataPartl (data(i), uZena, oZena)
probabilitiesl (i) = templ / (templ + temp2);
probabilities2(i) = (1.0 - probabilitiesl(l, i));

end

% maximization krok - viz vzorec z prednasky

uMuz = (probabilitiesl * data) / sum(probabilitiesl);

uZena = (probabilities2 * data) / sum(probabilities2);

oMuz = sqrt((probabilitiesl * ((data - uMuz).”2.0)) / sum(probabilitiesl)) ;
oZena = sqrt((probabilities2 * ((data - uZena).”2.0)) /

sum (probabilities2)) ;
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return
end

function [ vysledek ] = expectationForDataPartl (data, mean, stdDev)

% pomocna fce pro vypocet expectation kroku

vysledek = (exp(-(((data - mean)”2.0) / (2.0 * stdDev”*2.0))) * 0.5) /
sqrt (2.0 * pi * stdDev);

return

end

Piehled zmén podle poctu iteraci:

>> em(data(:,1))
Number of iterations: 1

ans = 180.4965 5.2399
164.0837 7.4728

Freguency in population [%)]
P
=1

>> dataplot(data, em(data(:,1)));
Number of iterations: 1

. i
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>> em(data(:,1)) b
Number of iterations: 2

ans = 179.3628 5.7099
163.5752 7.4414

Fregquency in population [%]
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o

>> dataplot(data, em(data(:,1)));
Number of iterations: 2
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>> em(data(:,1))
Number of iterations: 3
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ans = 178.4129 6.1487
163.0996 7.3916

m

Freguency in population [%)]
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>> dataplot(data, em(data(:,1))):
Number of iterations: 3
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>> em(data(:,1))
Number of iterations: 10

176.1025
161.9127

ans = 7.2212

7.3626

>> dataplot(data, em(data(:,1)));

Freguency in population [%]
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>> em(data(:,1)) [ [ TIURIUR R R R R - —— E
Number of iterations: 15 £
] S S g
ans = 175.9800  7.2977 A W | |
161.8967 7.3900 'g
5 15_ .......................................................................................................... =
>> dataplot(data, em(data(:,1))); §1u .......................................................................................................... ]
Number of iterations: 15
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>> em(data(:,1))
Number of iterations: 25

ans = 175.9579 7.3153
161.9070 7.4034

Fregquency in population [%)]
b
[mm}

>> dataplot(data, em(data(:,1)));
Number of iterations: 25
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>> em(data(:,1))
Number of iterations: 35
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ans = 175.9569 7.3163

161.9081 7.4045

Frequency in population [%)]

>> dataplot(data, em(data(:,1)));
Number of iterations: 35

0 . : j
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Height of 3 parson [cm]

Stav po konvergenci: -

>> em(data(:,1))
Number of iterations: 39

ans = 175.9568 7.3164
161.9082 7.4045

Freguency in population [%)]
ha
=)
i

>> dataplot(data, em(data(:,1)));
Number of iterations: 39 Spoi g

0 : .
140 150 160 170 180 190 200
Height of & person [cm]

Pokud algoritmus spustime podle poctu iteraci, dochazi k vyraznym zmé&nam u iteraci 1 - 5. Od 10té
iterace jiz nejsou markatni rozdily ve vyslednych kfivkach. Ztoho vyplyva, Zze ¢&im vice iteraci
provedeme, tim presnéjsi vysledek ziskame.

PFi zadani vstupnich dat muzi = 200 a zeny = 150 zjistime po prvni iteraci, ze max vySka u muzi
dosahuje 180,5 a u Zzen 164. Primérna vySka muzl a zen pak Cini 172,25.

Po konvergenci €ini max vySka u muzl cca 176 a u zen na 161,9. Tzn. primérna vyska €ini 168,95.
Z toho vyplyva, ze ¢im vice dat je zpracovano, tim vice dochazi ke snizeni rozdilu ve vySce muzl a
Zen, ficemz vétsi rozdil je v max. vySce muzl, ktery se snizil ze 180,5 na 176, zatimco u zen dochazi
k poklesu ze 164 na 161,9.
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