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Read in data, set path

cl ear

clc

addpat h(' C:\ Users\ zi | i u. ADS\ Docunent s\ npr og\ sbpp- gamm' )

%read in data

%lat =l oad(' C:\ Users\ zi | iu. ADS\ Docunent s\ paper\ dnmem dat a\ cort. nat"')

% sinmulated series as in Guo et al 1999

dat =[ 34. 4869; 31.5246; 30.1842; 27.2080; 27.3270; 25.3538; 25.6737;
26.8707; 40.1862; 36.3959; 32.8935; 32.9351; 31.4124; 29.7213;
32.0355; 30.5897; 31.2845; 32.0449; 32.0136; 32.0786; 32.0305;
43. 0864; 40.9459; 36.9226; 49.9756; 45.1780; 51.6372; 49.5080;
43.5909; 55.6887; 48.7038; 44.1438; 49.4833; 45.5847; 55.0681;
49, 8833; 43.7684; 42.4096; 40.5782; 37.5312; 36.4526; 35.0706;
36.2236; 48.4704; 43.7940; 39.1879; 36.9465; 36.2339; 36.0744;
34.1230; 40.4906; 37.1775; 34.6944; 32.2586; 31.3812; 32.7248;
29.3397; 28.7604; 27.1978; 28.7927; 27.1132; 28.5214; 32.0620;
29.1151; 26.8689; 27.6379; 35.1122; 31.3488; 28.4624; 26.6647;
23.4898; 21.9376; 20.3986; 20.4595; 18.6581; 17.3227; 15.1767;
16. 9705; 16.4438; 16.1967; 15.5911; 14.2398; 12.4941; 13.6040;

12.5489; 12.9998; 11.2400; 11.7456; 9.9510; 9.1123; 8.8719;
17.9048; 13.6076; 10.5590;, 8.7694;, 9.2277, 9.2072; 6.8445;
6.4539; 6.1144; 16.5384; 12.5556; 11.6224; 8.9477;, 9.8249,
15.2266; 12.5618; 10.2398; 19.0942; 11.5815; 12.3536; 7.2226;
8.1654; 7.6028; 6.7120; 6.6505;, 8.4944;, 7.2750; 7.1487,
7.9975; 7.0118; 7.2709;, 7.7351, 6.8609; 8.1859; 8.5136;
10. 2088; 11.0113; 10.3338; 10.1901; 11.3667; 13.9568; 23.8260;
21.3579; 18.7671; 18.7556; 27.1478; 24.5506; 22.5556; 22.3145;

20. 6102; 20.4378; 19.5546; 20.6471];

Get initial parameter values from GWB

addpat h(' C:\ Users\ zi | i u. ADS\ Docunent s\ npr og\ sbpp')
% rom Guo etal 1999 JASA paper

theta_ini=zeros(6, 1);

theta_ ini(1)=7;

theta_ini (2)=10g(0.8/0.2);

theta_ ini(3)=lo0g(0.1/0.9);




theta_ini (4)=1o0g(5.12);
theta_ini(5)=log(1l.67);
t heta_ini (6) =l og(0.85);
[ xsG vsG ppost G t het a_new] =sbpp(dat,theta_ini);

% transformthe paraneters back
t het a=exp(t het a_new);

| anbda=t heta(1);

phi =t heta(2)/(1+theta(2));
pprior=theta(3)/(1+theta(3));
nmu=t heta(4);

si gp=t heta(5);

si gerror=theta(6);

gama=mu”2/ si gp; %ganma shape paraneter, for pul se
ganb=si gp/ nu; %ganma scal e paraneter, for pusle
%

% ransformto working scale

| par 0O=zeros(6, 1);

| par0(1) =l og(l anbda) ;

| par0(2) =l og(pprior/(1-pprior));

| par0(3) =l og(phi/ (1-phi));

| par0(4) =l og(gams) ;

| par 0(5) =l og( gamnb) ;

| par0(6) =l og(sigerror);

Parameter estimation

% wuner of iterations

num_i t e=1000* nunel (| par0);

opti ons=opti nmset (' MaxFunEval s' ,num.ite, ' Maxlter',..
num.ite, ' Tol Fun', le-4,' Tol X', le-4);

%unber of particles
npart =1000;
% andom seed
r seed=55555
%al |l optimzation routine
[ par _new, n2l | h] =f m nsearch( @] par)
I 1 h_sbpp_ganma(l par, dat, npart, rseed), | par0, options);

Posteriors: particle filtering and smoothing

%unber of particles

npart 2=10000;

% unber of repeat in snoothing

nr epeat =1000;

% andom seed

rseed2=88888;

%get posterior

[ f smoot h, xsnoot h, i nsnoot h, ovsnoot h, frfil, fvfil, xnfil, xvfil,mfil, vfil,..
pfil,inputfil]=post_sbpp_ganma(par_new, dat, npart 2, rseed2, nrepeat);




Get the fitted components

npt =nunel (dat);
%overal |l posterior nean
nmu=r eshape(nean(ovsnoot h, 1), npt, 1) ;

%snoot h baseline
f 1snoot h=zer os(npt, nrepeat);
for kkk=1:nrepeat
f 1smoot h(:, kkk) =r eshape(f smoot h(1, kkk, :), npt, 1);
end
baseL=nean(f 1snoot h, 2);

%ul se estiante
Pul seL=r eshape(nmean(i nsnoot h, 1), npt, 1);

%oul se probability
ppost L=r eshape(mean( (i nsnoot h>0)), npt, 1);

Function to calculate the likelihood

function n2ll h=l1h_sbpp_gama(l par, dat, npart, r seed)

% ransform paraneters to original scale
par a=exp(l par);

| anbda=para(l); %snooti ng paraneter
pprior=para(2)/(1+para(2)); Y%rior prob of being a pul se

phi =para(3)/(1+para(3)); %AR(1) coefficient

gana=par a(4); %ganma shape paraneter, for pul se
ganb=par a(5); %gamua scal e paraneter, for pusle
si gerror=para(6); Y%observational error variance

% unber of tinme point

npt =nunel (dat);

%ower limt, log-like, that will be set as zero
| ower b=l og( 1/ npart~10);

%system matrices

dt =1/ npt ;

He[1 dt; O 1];

si gf =l anbda*[ 1/ 3*dt 3 1/2*dt~2; 1/2*dt~2 dt];

%initialize random nunber generator
s=RandStrean(' nt 19937ar', "' Seed', rseed);
RandSt ream set @ obal Streant(s);
%nitial for pul se
xvec=ppri or *ganma* ganb/ (1- phi) +. .
bi nornd( 1, pprior, npart, 1).*ganr nd( game, ganb, npart, 1);
%nitial for snooth baseline
p0=1000; %uneric diffuse




fmat =zeros(2, npart);
for iii=1:1:npart

frmat (:,iii)=bl kdi ag(p0”70.5*randn(2, 1));
end

%filtering | oop

[ 1 h=0;

for iii=1:1:npt
%generate new states
s=RandStrean{(' nt 19937ar',' Seed', 55555+iii);
RandSt ream set d obal Strean(s);
%ul se part
gamew=(rand(npart, 1) <pprior).*ganmr nd(gang, ganb, npart, 1); % nnovati on
xvec=phi *xvec+gamew, %ilecay + innovation
%pline part
for jjj=1:1:npart

frmat (:,jjj)=Hfmat(:,jjj)+(nmvnrnd([0 O],sigf))";

end

%rean vector, conbine baseline and pul es
fvec=reshape(frmat(1,:),npart,1);
al phavec=xvec+fvec;

%al cul ate wei ghts

% og scal e

| wec=-0. 5% og(2*pi )-0.5*l og(sigerror)...
-0.5*(dat(iii)-al phavec).”2/sigerror;

%wei ght, reset so that no NaN, no Inf

wvec=exp(l wec- max (| wec) +l owerb);

% ogl i kel i hood
1 h_here=l og(mean(wec)) +max(| wec) - | owner b;
[1h=l1lh+l|h_here;

% escal e wei ghts
wec=wec/ (sumwec));

% esanpl e
i ndvec=r andsanpl e(npart, npart, true, wec);
xvec=xvec(i ndvec);
frmat=fmat (:, i ndvec);
end

n2l | h=-2*[1 h;

Function to calcualte the posterior items

function [fsnooth, xsnmoot h, i nsmoot h, ovsnoot h, fnfil, fvfil,xnfil,xvfil, ...
nfil,vfil,pfil,inputfil]=post_sbpp_ganmma(| par, dat, npart, rseed, nrepeat)

% transform paraneters to original scale
par a=exp(| par);




| anbda=para(1); %snooti ng paramneter
pprior=para(2)/(1l+para(2)); %rior prob of being a pulse

phi =para(3)/(1+para(3)); Y%AR(1) coefficient

gama=par a(4); %ganma shape paraneter, for pul se
ganb=par a(5); %gamma scal e paraneter, for pusle
si gerror=para(6); Y%observational error variance

% systemitens

% unber of time point

npt =nunel (dat);

%ower limt, log-like, that will be set as zero
| ower b=l og( 1/ npart"10);

%system matrices

dt =1/ npt ;

He[1 dt; O 1];

si gf =l anbda*[ 1/ 3*dt 3 1/2*dt~2; 1/2*dt~2 dt];

%initialize random nunber generator
s=RandSt rean(' nt 19937ar' ,"' Seed', rseed);
RandSt r eam set d obal Strean{(s);
%nitial for pulse
xvec=ppri or *ganma*ganb/ (1-phi). ..
+bi nornd(1, ppri or, npart, 1). *ganr nd( gama, ganb, npart, 1) ;
% nitial for snmooth baseline

p0=1000; %uneric diffuse
f mat =zeros(2, npart);
for iii=1:1:npart
fmat (:,iii)=bl kdi ag(p070.5*randn(2,1));
end

% matrices to hold
% he filtered val ues
frfil=zeros(npt,1); %noothing baseline, nean

fvfil=zeros(npt,1); % , variance
xnfil=zeros(npt,1); %usatile, cumulative, nean
xvfil=zeros(npt,1); % , variance
nfil=zeros(npt, 1); Y%overal |, nmean
vfil=zeros(npt, 1); % , variance

pfil =zeros(npt, 1); % iltered prob of being a pulse
i nputfil=zeros(npt,1); %ulse iInput

% tens needed for snoothing
ffil=zeros(2,npart, npt); %basel i ne conponent
xfil=zeros(npart, npt); %AR( 1) conponent

i nvec=zeros(npart,npt); %ul se input

ovfil =zeros(npart,npt); %overall [|evel

%filtering | oop

for iii=1:1:npt
%generate new states
%=RandSt rean(' m 19937ar',"' Seed' ,rseed+iii);
RandSt ream set d obal Strean(s);




%ul se part
gammew=(r and(npart, 1) <ppri or). *ganr nd(gama, ganb, npart, 1);
xvec=phi *xvec+gamew, %lecay + innovation
%spline part
for jjj=1:1: npart
frmat (:,jjj)=Hfmat(:,jjj)+(mvnrnd([0 O],sigf))";
end

%rean vector, conbine baseline and pul es
fvec=reshape(fmat(1,:), npart,1);
al phavec=xvec+fvec;

%al cul ate wei ghts

% og scal e

| wec=-0.5*| og(2*pi)-0.5*l og(sigerror)...
-0.5*(dat(iii)-al phavec).”"2/sigerror;

%wei ght, reset so that no NaN, no Inf

wec=exp(l wec- max (| wec) +l owerb);

wec=wec/ (sum wec));

%rean and vari ance, filtered

fnfil (iii)=sum wec.*fvec);

xnfil (iii)=sum wec.*xvec);

nfil(iii) =sumwec.*al phavec);
fvfil(iii)=sumwec.*fvec.*fvec)-(fnfil(iii))"2;

xvfil (iii)=sumwec.*xvec.*xvec)-(xnfil (iii))"2;

viil (iii) =sum wec. *al phavec. *al phavec)-(nfil (iii))"2;
inputfil (iii)=sum wec.*gammew);

% esanpl e

i ndvec=r andsanpl e(npart, npart,true, wec);
xvec=xvec(i ndvec);

fmat =fmat (:, i ndvec);

% iltered prob being a pul se
pfil (iii)=mean(gamew i ndvec)>0);

Ustore itens

ffil(:,:,iii)=fmat;

xfil(:,iii)=xvec;

invec(:,iii)=gamew(i ndvec);

ovfil(:,iii)=al phavec(indvec); %Yoverall |evel
end
% snoot hing | oop, Godsill, Doucet and West 2004 JASA paper
% posterior itens
f smoot h=zer os( 2, nrepeat, npt); %asel i ne component
xsmoot h=zer os( nrepeat, npt); %AR( 1) conponent
i nsnoot h=zeros(nrepeat, npt); %ul se input
ovsnoot h=zeros(nrepeat, npt); %overall |evel

%pline innovation variance parts

% nnovati on




| denconst =-1 og(2*pi ) - 0. 5*1 og(det (sigf));
i nvsi gf =i nv(sigf);

%ganmma constant part

gantonst =- gama*| og( ganb) - gammal n( gane) ;

for kkk=1:nrepeat
%ick one at the last time point
i ndn=cei | (npart*rand);
fhere=ffil (:,indn, npt);
xhere=xfil (i ndn, npt);
i nhere=i nvec(i ndn, npt);
ovhere=ovfil (i ndn, npt);

% ecord

fsnoot h(:, kkk, npt) =f here;
xsnoot h( kkk, npt) =xhere

i nsnmoot h( kkk, npt) =i nhere;
ovsnoot h( kkk, npt) =ovher e;

% oop through renmaining tinme points

for iii=npt-1:-1:1
% og-density of the AR(1l) part, contional on t, a mxture
denar =zeros(npart, 1) -Inf;
net di ff=xhere-phi*xfil (:,iii);

for jjj=1:1: npart
if netdiff(jjj)==
denar (jjj)=log(1-pprior);
elseif netdiff(jjj)>0
denar (jjj)=log(pprior)*(ganconst+..
(gama-1) *l og(netdiff(jjj))-netdiff(jjj)/ganb);
end
end

% og-density of the splien part, contional on t, a nornal
denss=zeros(npart, 1);
for jjj=1:1: npart

denss(jjj)=I denconst-0.5*(fhere-..

Hffil (:,jjj,iii)) *invsigf*(fhere-Hffil(:,jjj,iii));

end
Y%overal |l |og-density
| denov=denar +denss;
% enove ones too snal |
denov=exp(| denov- mex(| denov) +l ower b) ;
wi her e=denov/ (sunm{denov)) ;

%lraw one at this time point
i ndn=r andsanpl e(npart, 1,true, w here); % ndex here
fhere=ffil (:,indn,iii);

xhere=xfil (indn,iii);

i nhere=i nvec(indn,iii);
ovhere=ovfil (indn,iii);
% ecor d




fsmoot h(:, kkk,iii)=fhere;
xsnoot h( kkk, iii)=xhere;
i nsnoot h( kkk, iii)=inhere;
ovsnoot h( kkk, iii)=ovhere;
end
9k kk
end
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