Odhad smési s datové zavislym dynamickym ukazovatkem a
statickymi komponentami'

e smiSeny (spojity i diskrétni) jednorozmérny vystup, bez fizeni
e simulovana data
e inicializace odhadu - datovy vzorek klasifikovany expertem
e standardni odhad / odhad s pevnymi kovariancemi Sumua komponent
e znaceni:
— Yy, spojity vystup

— 2z diskrétni vystup

— ¢ pointer
e modely:
— model spojité komponenty
[ Welyi—1, 2, 26-1, )
— model diskrétni komponenty

f (Zt|zt—17 ﬂ) = 6zt\zt,1

— model ukazovatka

f (Ct‘ctfla thlaa) = Qcylei_1326-1

Predpoklady: diskrétni modely zavisi jen na diskrétnich veli¢inéch.
Sci znaceni: standard podle dohody o znaceni.

Uloha: Simulace, odhad a predikce s dynamickym modelem smési statickych komponent. Uloha
patii do nadstavby.

Poznamky
Program

// PT7MixDatDepPt.sce

// Estimation of mixture with DATA DEPENDENT DYNAMIC POINTER

// Models:

// Cy - continuous component fC yt(t) | yt(t-1),zt(t),zt(t-1) ,theta )
// Cz - discrete component f( zt(t) | zt(t-1),be )

// Cp - discrete pointer model f£( ct(t) | ct(t-1),zt(t-1),als )

// ct=1,2,3; zt=S1,2;

// - mixed (discrete and continuous) modeled data

ITato tloha je zobecnénim jak spojitych tak i diskrétnich smési. Pat¥i uz mezi nadstandardné slozité zalezitosti



// - pre-classified data sample for initialization

[u,t,n]=file(); // find working directory
chdir(dirname(n(2))); // set working directory
clear("u","t","n") // clear auxiliary data
exec("ScIntro.sce",-1) ,mode(0) // intro to sesion
nd=150; // number of data

ni=20; // number of initial data

nc=3; // number of components

// parameters for continuous components
Sim.Cy(1).th=[.95 1 1 B];

Sim.Cy(2).th=[.6 -1 1 0];

Sim.Cy(3).th=[.81 1 -1 -5];

// common variance for continuous components
r=.1;

// parameters for discrete components
Sim.Cz(1) .th=fnorm([1 0

0 1]1+1,2);
Sim.Cz(2) .th=fnorm([0 1

1 0]+2,2);
Sim.Cz(3) .th=fnorm([1 0

0 1]1+3,2);

// parameters for pointer model
Sim.Ca(1).th=fnorm([0 1 O

001

1 0 0]+5,2);
Sim.Ca(2) .th=fnorm([0 0 1

100

0 1 0]1+8,2);

// initial conditions
yt(1)=0; zt(1)=1; ct(1)=1;

// SIMULATION - - ommommomommoo
for t=2:nd
als=Sim.Ca(zt(t-1)) .th; // parameter of Cp
ct(t)=sum(rand(1,1,’unif’)>cumsum(als(ct(t-1),:)))+1; // pointer value

be=Sim.Cz(ct(t)) .th; // parameter of Cz
zt(t)=sum(rand(1,1,’unif’)>cumsum(be(zt (t-1),:)))+1; // disc. output

ps=[lyt(t-1) zt(t) zt(t-1) 1]; // regression vector of Cy

th=Sim.Cy(ct(t)) .th; // parameters of Cy

yt(t)=th*ps’+sqrt(r)*rand(1,1, ’norm’); // cont. output
end // ——m—m e



ky=min(size(yt)); // dimension of cont. output
mz=max (zt) ; // number of values of disc. output

// Initial statistics and par. estimates

for j=1:nc
// model Cy
Est.Cy(j).V=zeros(5,5);
Est.Cy(j).cv=r;
// model Cz
Est.Cz(j).V=rand(mz,mz,’u’)+.1*ones(mz,mz) ;
Est.Cz(j).th=fnorm(Est.Cz(j).V);

end

// initial estimates of th = estimation with known components !!!
// (for initiation, a sample of pre-classified data is used)
for t=2:ni
Ps=[yt(t) yt(t-1) zt(t) zt(t-1) 11°;
Est.Cy(ct(t)).V=Est.Cy(ct(t)).V+Ps*Ps’;

Vy=Est.Cy(ct(t)).V(1,1); // part Vy yt.yt
Vyps=Est.Cy(ct(t)).V(2:$,1); // part Vyps psi.yt
Vps=Est.Cy(ct(t)).V(2:$,2:$); // part Vps psi.psi’

Est.Cy(ct(t)).th=inv(Vps+le-5*eye(Vps))*Vyps; // pt.est. of reg.coef.
end

// poiner

Est.ka=5*ones(1,nc);

for j=1:mz
// statistics for pointer
Est.Cp(j).V=rand(nc,nc,’u’)+.1*ones(nc,nc);
// parameters of pointer model
Est.Cp(j) .th=fnorm(Est.Cp(j).V,2);

end

// weighting vector

w=fnorm(rand(1,nc,’u’)+ones(1,nc));

// TIME LOOP
printf(’ ?), tt=fix(nd/10);
for t=(2:nd)
if t/tt==fix(t/tt), printf(’.’); end
// computation of likelihoods
ps=[yt(t-1) zt(t) zt(t-1) 1]1°; // regression vector
for j=1l:nc // likelihood for yt
yp=Est.Cy(j) .th’*ps;
rh=Est.Cy(j).cv;
[xxx Lm(j)]=GaussN(yt(t),yp,rh);
Zp(j)=Est.Cz(j).th(zt(t-1),zt(t)); // prediction for zt
end
Lm=Lm-max (Lm) ;
Yp=exp(Lm) ;




// computation of weights W and w

al=Est.Cp(zt(t-1)).th;

Wp=((Yp.*Zp)*w) ’.*al;

if sum(Wp)<le-6, Wp=rand(nc,nc,’u’); end

W=Wp/sum(Wp) ; // matrix W
w=sum(W,’r’); // weighting vector w
wt(:,t)=w?;

[xxx ce(t)]=max(w);

// update of statistics
Ps=[yt(t) yt(t-1) zt(t) zt(t-1) 1]1°’; // extended regression vector
for j=1l:nc // update of Cy.V, w, Cz.V
Est.Cy(j).V=Est.Cy(j) .V+w(j)*Ps*Ps’;
Est.ka(j)=Est.ka(j)+w(j);
Est.Cz(j).V(zt(t-1),zt(t))=Est.Cz(j) .V(zt(t-1),zt(t))+w(j);
end
Est.Cp(zt(t-1)).V= Est.Cp(zt(t-1)).V+W; // update of Ca

// computation of point estimates
for j=1:nc

Vy=Est.Cy(j).V(1,1); // part Vy
Vyps=Est.Cy(j).V(2:$,1); // part Vyps
Vps=Est.Cy(j).V(2:$,2:$); // part VUps

Est.Cy(j) .th=inv(Vps+le-5*eye(Vps))*Vyps; //regression coefs

th(j).t(:,t)=Est.Cy(j).th;
// how about estimation of coveriances:
// for 0 - fix variance, for 1 - variances estimation

if 1
Est.Cy(j) .r=(Vy-Vyps’*inv(Vps+le-5*xeye(Vps)) *Vyps) /Est.ka(j);
end
Est.Cz(j) .th=fnorm(Est.Cz(j).V,2); // parameters for Cz
end

Est.Cp(zt(t-1)).th=fnorm(Est.Cp(zt(t-1)).V,2); // pointer pt.est.
end // END OF TIME LOOP

// Results

s=2:nd;

wr=sum(ct(s) “=ce(s));

printf (’\nWrong classifications %d from %d\n’,wr,length(s))

set(scf(1),’position’,[600 50 600 600])
plot(l:nd,ct’,’x’,1:nd,ce’,’.r’)

set (gca(),’data_bounds’,[1 nd .8 nc+.2])
legend(’simulation’,’estimation’); // 5 means place legend hy hand
xlabel(’Time [periods]’)

ylabel(’Pointer values’)

title(’The pointer estimation’)



set (scf(4),’position’,[150 50 400 500])
for i=1:nc
subplot(nc,1,1)
plot (th(i).t?)
xlabel (’Time [periods]’)
ylabel (’Parameter values’)
title(’Evolution of parameter estimation of the ’+..
string(i)+’. normal component’)
end

Popis programu

1. Simulace hodnot ukazovatka a podle toho generovani dat z pfislusné spojité a diskrétni
komponenty.

2. Inicializace odhadovactho algoritmu se provadi s mnozinou apriornich dat. Tato mnozina se
sestava z datovych zdznami (bud pFedem zmé¥Fenych nebo uméle zkonstruovanych tak, aby
dobfe reprezentovali datovy prostor). K témto datovym zaznamim jsou expertné piifazeny
hodnoty ukazovatka (t¥idy, do kterych patii). Je nékolik moznosti, jak tuto pFed-klasifikaci
ziskat:

(a) pro ziskani dat pouZijeme specialni mé&feni (napf. délky kolon jsou zaznamenavany
studenty),

(b) expert sleduje méfeni a urcuje, do které kategorie patfi (napf. stupen dopravy)

(c) expert sestavuje datové zaznamy uméle, tak aby odpovidaly jeho piedstavam o fun-
govani systému (napf. tato zatacka (s parametry ...) patii do kategorie velmi nebez-
pecnych, a tahle (s parametry ...) je bez nebezpedi - pfitom zatacky nemusi vibec
existovat)

Tato inicializace je velmi Géinné a ve standardnim piipadé staci néjakych 5 dat do kazdé
komponent a algoritmus je velmi dobfe pfipraven

3. Odhad se provadi podle modifikovanych vzorca ze spojitého a diskrétniho odhadu:

(a) vypocet vah W, a w; pro zméfeny vystup y;.
(b) Piepocet statistik komponent a ukazovatka.
(c) Konstrukce bodovych odhada parametri. Tady je moznost volby:

i. pribézné odhadovani kovarian¢nich matic komponent,
ii. pouziti pocatec¢nich kovarian¢énich matic bez priibézného piepoctu.

Tato varianta je bezpe¢né&jsi. Pfi prubézném odhadu se mize stat, Zze jedna kom-
ponenta piekryje ostatni a vysledek je dany pravé jen touto komponentou.
Mozné je také varianta, kdy v prvé ¢asti odhadovéani ponechdme kovarian¢ni

matice pevné, a v dalsi ¢asti je jiz odhadujeme.

4. Jako vysledek se ukazuji hodnoty odhadovaného ukazovatka ve srovnani se simulovanym.
Tim tloha ziskava charakter klasifikace.

Koad programu



Odhad smési s datové zavislym statickym ukazovatkem a sta-

tickymi komponentami

Jedna se o stejnou tlohu jako je predeslé, ale model ukazovatka je staticky, tj. aktuélni ukazo-
vatko neni zavislé na pfedchozi hodnoté ukazovatka. Jeho model je

f etz @) = ag, |2, -

Hlavnim rozdilem je, Ze model ukazovatka je tvofen soustavou pravdépodobnostnich vektort,

indexovanych hodnotami diskrétni veli¢iny z;.

Upraveny program je

// PTTMixDatDepPtStat.sce

// Estimation of mixture with DATA DEPENDENT STATIC POINTER

// Models:

// Cy - continuous component £f(C yt(e) | yt(t-1),zt(t),zt(t-1) ,theta )

// Cz - discrete component £f( zt (L)

zt(t-1) ,be )

// Cp - discrete pointer model f( ct(t) | zt(t-1),als )

// ct=1,2,3; =zt=S51,2;

// - mixed (discrete and continuous) modeled data
// - pre-classified data sample for initialization

[u,t,n]l=file();

chdir (dirname(n(2)));

clear ("u" L "n")
exec("ScIntro.sce",-1) ,mode(0)

nd=150; // number
ni=20; // number
nc=3; // number

// parameters for continuous components
Sim.Cy(1).th=[.95 1 1 B];
Sim.Cy(2).th=[.6 -1 1 0];
Sim.Cy(3).th=[.81 1 -1 -5];

//
//
//
//

of
of
of

find working directory
set working directory
clear auxiliary data
intro to sesion

data
initial data
components

// common variance for continuous components

r=.1;

// parameters for discrete components
Sim.Cz(1) .th=fnorm([1 O

0 1]1+1,2);
Sim.Cz(2) .th=fnorm([0 1

1 0]+2,2);
Sim.Cz(3) .th=fnorm([1 0

0 1]143,2);

// parameters for pointer model
Sim.Ca(1).th=fnorm([5 1 3]1);
Sim.Ca(2).th=fnorm([1 3 8]);



// initial conditions
yt(1)=0; zt(1)=1; ct(1)=1;

// SIMULATION - - oo
for t=2:nd
als=Sim.Ca(zt(t-1)) .th; // parameter of Cp
ct(t)=sum(rand(1,1,’unif’)>cumsum(als))+1; // pointer value

be=Sim.Cz(ct(t)) .th; // parameter of Cz
zt (t)=sum(rand(1,1,’unif’)>cumsum(be(zt (t-1),:)))+1; // disc. output

ps=[lyt(t-1) zt(t) zt(t-1) 1]; // regression vector of Cy
th=Sim.Cy(ct(t)) .th; // parameters of Cy
yt(t)=th*ps’+sqrt(r)*rand(1,1, ’norm’); // cont. output
end // ——mmmmmm e
ky=min(size(yt)); // dimension of cont. output
mz=max (zt) ; // number of values of disc. output

// Initial statistics and par. estimates
for j=1:nc
// model Cy
Est.Cy(j).V=zeros(5,5);
Est.Cy(j).cv=r;
// model Cz
Est.Cz(j) .V=rand(mz,mz,’u’)+.1*ones(mz,mz) ;
Est.Cz(j).th=fnorm(Est.Cz(j).V);
end

// initial estimates of th = estimation with known components !!!
// (for initiation, a sample of pre-classified data is used)
for t=2:ni
Ps=[yt(t) yt(t-1) zt(t) zt(t-1) 11’
Est.Cy(ct(t)).V=Est.Cy(ct(t)).V+Ps*Ps’;

Vy=Est.Cy(ct(t)).V(1,1); // part Vy yt.yt
Vyps=Est.Cy(ct(t)).V(2:$,1); // part Vyps psi.yt
Vps=Est.Cy(ct(t)).V(2:$,2:$); // part Vps psi.psi’

Est.Cy(ct(t)).th=inv(Vps+le-5*eye(Vps))*Vyps; // pt.est. of reg.coef.
end

// poiner

Est.ka=b5*ones(1,nc);

for j=1:mz
// statistics for pointer
Est.Cp(j).V=rand(l,nc,’u’)+.1*ones(1,nc);
// parameters of pointer model
Est.Cp(j) .th=fnorm(Est.Cp(j).V);

end

// weighting vector



w=fnorm(rand(1,nc,’u’)+ones(1,nc));

// TIME L0OOP
printf(’ ?), tt=fix(nd/10);
for t=(2:nd)
if t/tt==fix(t/tt), printf(’.’); end
// computation of likelihoods
ps=Llyt(t-1) zt(t) zt(t-1) 1]°; // regression vector
for j=1l:nc // likelihood for yt
yp=Est.Cy(j).th’*ps;
rh=Est.Cy(j).cv;
[xxx Lm(j)]=GaussN(yt(t),yp,rh);
Zp(j)=Est.Cz(j) .th(zt(t-1),zt(t)); // prediction for zt
end
Lm=Lm-max (Lm) ;
Yp=exp (Lm) ;

// computation of weights W and w

al=Est.Cp(zt(t-1)).th;

Wp=(Yp.*Zp)’ .*al;

if sum(Wp)<le-6, Wp=rand(nc,nc,’u’); end

W=Wp/sum(Wp) ; // matrix W
w=sum(W,’r’); // weighting vector w
wt(:,t)=w?;

[xxx ce(t)]=max(w);

// update of statistics
Ps=[yt(t) yt(t-1) zt(t) zt(t-1) 1]1°; // extended regression vector
for j=1l:nc // update of Cy.V, w, Cz.V
Est.Cy(j).V=Est.Cy(j) .V+w(j)*Ps*Ps’;
Est.ka(j)=Est.ka(j)+w(j);
Est.Cz(j).V(zt(t-1),zt(t))=Est.Cz(j) .V(zt(t-1),zt(t))+w(j);
end
Est.Cp(zt(t-1)).V= Est.Cp(zt(t-1)).V+W; // update of Ca

// computation of point estimates
for j=1:nc

Vy=Est.Cy(j).V(1,1); // part Vy
Vyps=Est.Cy(j).V(2:$,1); // part Vyps
Vps=Est.Cy(j).V(2:$,2:$); // part VUps

Est.Cy(j) .th=inv(Vps+le-5*eye(Vps))*Vyps; //regression coefs

th(j).t(:,t)=Est.Cy(j).th;
// how about estimation of coveriances:
// for 0 - fix variance, for 1 - variances estimation

if 1
Est.Cy(j) .r=(Vy-Vyps’*inv(Vps+le-b*xeye(Vps)) *Vyps) /Est.ka(j);
end
Est.Cz(j) .th=fnorm(Est.Cz(j).V,2); // parameters for Cz
end



Est.Cp(zt(t-1)).th=fnorm(Est.Cp(zt(t-1)).V); // pointer pt.est.
end // END OF TIME LOOP

// Results

s=2:nd;

wr=sum(ct(s) “=ce(s));

printf (’\nWrong classifications %d from %d\n’,wr,length(s))

set (scf(1),’position’,[600 50 600 600])
plot(l:nd,ct’,’x’,1:nd,ce’,’.r’)

set(gca(),’data_bounds’,[1 nd .8 nc+.2])
legend(’simulation’,’estimation’); // 5 means place legend hy hand
xlabel(’Time [periods]’)

ylabel(’Pointer values’)

title(’The pointer estimation’)

set (scf(4),’position’,[150 50 400 500])
for i=1:nc
subplot(nc,1,1)
plot (th(i).t?)
xlabel (’Time [periods]’)
ylabel (’Parameter values’)
title(’Evolution of parameter estimation of the ’+..
string(i)+’. normal component’)
end



