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/*00000000EEEEEEEEEEEEEECEECEEECACCACEEAECEECAECEACEECACEEACEECCEEAECECEEECEEAECEECEAEREAE

000000000000
Simulated Density Paper
Jun 2005

Density Graphs: Figures 2 and 3 from the paper
@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
0eeeeeeeEe™>/

new; cls;

library cml, pgraph;

clearg Tg, ee_gmm, ee_sim;

output file = c:\fig _data.out reset;
outwidth 255; output on; format /MAl /LD 6,4;

"Data for Density Graphs: Figures 2 and 3 from the paper';
""Geetesh Bhardwaj,Valentina Corradi, and Norman R. Swanson, June 2005
"A Simulation Based Specification Test for Diffusion Processes"

load xt[] = c:\edl w.txt;
xt=xt/100;

Tg=rows(xt);

X1=xt;
arg=seqa(minc(x1), (maxc(x1)-minc(x1))/199,200);
d=Lden(arg, xt);

{bl,sl}=est _cir(xt);
{a,d1,d2,d4,d12}=sim_Lden(xt,bl,1);

“Figure 2 Panel 1';

“"Arg, True, 1-Step, 2-Step, 4-Step, 12-step™;
a~d~d1~d2~d4~d12;

d=d~d1~d2~d4~d12;

xy(a,d);

{b1,sl}=est_ou(In(xt));
{a dl,d2,d4,d12}= S|m Lden(xt,bl,2);
Flgure 2 Panel 2"
“"Arg, True, One—Step, 2-Step, 4-Step, 12_step";
a~d~d1~d2~d4~d12;
d=d~d1~d2~d4~d12;
xy(a,d);

Xt=xt[992:rows(xt), -];

X1=xt;

arg=seqa(minc(x1), (maxc(x1)-minc(x1))/199,200);
d=Lden(arg, xt);

{bl,sl}=est _cir(xt);
{a,d1,d2,d4,d12}=sim_Lden(xt,bl,1);

“Figure 3 Panel 1';

“"Arg, True, 1-Step, 2-Step, 4-Step, 12-step™;
a~d~d1~d2~d4~d12;

d=d~d1~d2~d4~d12;

xy(a,d);

{b1,s1}=est ou(In(xt));
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{a,d1,d2,d4,d12}=sim_Lden(xt,bl,2);
“Figure 3 Panel 2';
"Arg, True, One-Step, 2-Step, 4-Step, 12_step’;
a~d~d1~d2~d4~d12;
d=d~d1~d2~d4~d12;
xy(a,d);

end;

/0000000000000EEEEEEEEEEEEEEEEAEACEAEEEAEEACAREACEAEEACAREAEEAEEALCAREACEEEEEEAREAREEA
00000000000EEEEEEEEEEEEEEAEEEA

* sim_Lden: returns the Kernal density for 1,2,4, and 12 step ahead simulations
*

R o R R AR R R R R R SRR SR SR R R R R AR R e R e R R e R AR R kR ek R e R R AR R R R R R S R S e S R AR
R T S o e o o e S S S o S S S

* Inputs: X - The*time series

* b1 - Estimatsd coefficients

* mod_ind- Model igdicator 1 for CIR, 2 for OU
* Qutput: arg - Points ghere density is evaluated

* denl - 1 step ihead simulated density

* den2 - 2 step ihead simulated density

* den4 - 5 step ihead simulated density

* denl2 - 12 step*ahead simulated density

000e0e0E0EEEEEEEEEEEEEEEEEEECECECEEREEACEEEEEEEACEERAERACACEACAECAECAEEACECECEEREEACAEEA
000eEEEEEEEEEEEECEECEREREEA™/
proc (5)= sim_Lden(x1,bl,mod_ind);
local ii1,x _sim,denl,den2,den4,denl2,arg,count;
11=0;den1={};den2={};den4={};denl2={};count=0;
do while ii<rows(x1)-12;ii=ii+l;
if mod_ind==1;
x_sim=dgp_cir(12,1/Tg,b1[1],b1[2],b1[3],.x1[1i]);
elseif mod_ind==2;
x_sim=dgp_ou(12,1/Tg,b1[1],b1[2],b1[3],In(X1[ii]));
X_sim=exp(x_sim);
endif;
denl=denl]|x_sim[1];
den2=den2|x_sim[2];
dend4=den4|x_sim[4];
denl2=denl2|x_sim[12];
if 1i==rows(x1)-12;
ii=0;count=count+1;
endif;
if count==10;
ii=rows(xl);
endif;
endo;
arg=seqga(minc(x1), (maxc(x1)-minc(x1))/199,200);
denl=Lden(arg,denl); den2=Lden(arg,den2);
dend4=Lden(arg,den4); denl2=Lden(arg,denl2);
retp(arg,denl,den2,den4,denl2);
endp;
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/*00000000000EEEEEEEEEEEEEEEEEEAEACEEEEAEERCAREAEEAEEACAREAEEAEEAEAREACEAEEEREEREAREEA
0000000000000

Lden: returns the Kernal density
*

R o R AR R R R R R R AR R R R Sk R R R R AR R R R R R R AR R R Rk R R R R R R R R R R R R AR AR R R R R S e R S

*hkKhhk

* Inputs: arg - the values at which the density is to evaluated
*
* \Y; - The realised values of the series for which density is to
be estimates *
* Qutput: p - density
*

88g8g8ggggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc Lden(arg,Vv);
local Narg,r,N,h,P,j,d,tl;
Narg = rows(arg);
r=1/(4+cols(Vv));
N=rows(V);
h=(1/(N*r))*stdc(v)";
P=zeros(Narg,1);
1=0:
do while j < Narg;j=j+1;
d=(arg[i,.1-V)./h;
tl=pdfn(d)./h;
tl=prodc(tl”);
PJJ1=meanc(tl);
endo;
retp(P);
endp;

/*000000000000000EEEEEEEEEEEEEECEEEREEEEEEAEEAREEAEREEEEEAAEEAREEAEREEEEEAAEEAREEAREEAEA
0000ee00eeeEee

* est _OU: returns the SGMM estimaes and standard errors for OU process
*

AE A A AA A A A A A A A A A AR A A A A A AR A A A A A AR A A AA A AA A A AA A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AAAXhX
R R R R e e

* Inputs: x1 - time series
*
* Qutput: b OU - estimates
*
* se OU - GMM standard errors
*

88888888888@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc (2)= est 0U(X);
local b _OU,f,g,cov,retcode,se_0U;
b _OU=start_ou(x);
cmlset;
__output=0; cml_Algorithm = 1; cml _LineSearch = 2; cml_GradMethod =
1; cml_DirTol = le-5; cml _DFTol = le-5;
emlLC=4{ 100,
0 0 1%};
—eml D ={ O,
0%};
ee_gmm= sqrt(l/Tg)*rndn(lO*Tg*Tg 1);
{b_ou,f,g,cov,retcode} = CML(x,0,&SGMM_OU,b_0OU);
SE_OU= oU _SE(b_ou,x);
SE_0U= SQRT(DIAG(SE ov));
retp(b_ou,se ou);
endp;
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/*00000000EeEEEEEEEEEEEECEECAECCECCACEEAECEECAECEACECCACECAECEECEEECECEEECEEECEECEAERAE
000eeeeEEEEeE

* est_cir: returns the SGMM estimaes and standard errors for CIR process
*

AE A A AA A A A A A A A A A A A A A A A A A A A A A A A AR A A AA A AAAAAA A AAAAAAAAAAAAAAAAAAAAAAAAAAAAA AR A LA AR dhX
R R R R e

* Inputs: x1 - time series s
*
* Qutput: b _cir - estimates
*
* se _cir - GMM standard errors
*

ggggggggggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc (2)= est_cir(x);
local b _cir,f,g,cov,retcode,se _cir;
b cir=start _cir(x);
cmlset;
__output=0; cml_Algorithm = 1; cml _LineSearch = 2; cml_GradMethod =
1; cml_DirTol = le-5; cml _DFTol = le-5;
emlLC=4{ 100,
010,
0 0 13};
—cml D = { O,
0,

O}'
_cml_InegProc = &ineq_CIR;
ee_gmm= sqrt(l/Tg)*rndn(lO*Tg*Tg 1);
{b_CIR,f,g,cov,retcode} = CML(X,0,&SGMM_CIR,b_CIR);
SE_CIR= CIR SE(b CIR,X);
SE_CIR=SQRT(DIAG(SE_CIR));
retp(b_cir,se_cir);
endp;

/*0000e0eEeEeEeEEEEEEEEEEEEECEEEEEEEEEEEECECEEARECECEACEEERACECECEAECAEEERECECEEEECEREE
0000EEEEEECEE i
*  SGMM_OU: Returns the obj func

* dp(t):pgi*(p_bar—p(t))*dt+(sigZ)*dW(t)

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AA A AAA A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AAA Xk X
R R R R e e

* Inputs: b1 - starting values
*
* x1 - time series
*
* Qutput: - the objective function to be minimised
*

ggggggggggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc SGMM_OU(bl,x1);
local XS, g _prime, g, q, meanf, ¥, w0, invW, v, W, auto,s;
s=rows(x1)*10;
xs=dgp_OUS(s,1/Tg,bl1[1],b1[2],b1[3],b1[2]);
g_prime=_meanc(X1l) - meanc(Xs);
rime=
g_prime~ %(?meanc((xl[l rows(x1l)-1]-meanc(x1)) -*(x1[2:rows(x1)]-meanc(x1))))) -
((meanc((xs[1:rows(xs)-1]-meanc(xs))-*(xs[2:rows(xs)]-meanc(xs))))));
a_ prlme g_prime~(vex(x1l) - vex(xs));

g=g_prime~
|nt(rows(X1)A(l/6))

f=(X1[2:rows(XD) D ~(((XL[1:rows(x1)-1]-meanc(x1)) - *(X1[2:rows(x1)]-meanc(x1))))~((x1
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[2: rows(él)] meanc(x1))"2);

meanf—meanc(f')'
wO=(1/rows(X1))*((fF-meanf)*(F-meant) ") ;
invW=wO0;
if q> 0;

v=0;

do while v < q; v=v+l;

auto=(1/rows(XL))*(((F[-,v+l:rows(f*)]-meanP)*(f[.,1:rows(f")-v]-meanft) *)+((f[.,1l:ro
ws(F*)-v]-meanf)*(f[.,v+1l:rows(f")]-meanf)"));
invW=invW+(1-(v/(g+1l)))*auto;
endo;

endif;

W=inv(invW);
retp(-g_prime*W*qg);
endp;

/*00000000000000EEEEEEEEEEEEEEEEEEEREEAEEAAEEAREEEREECEEAAEEAREEAEREAEEEAAEEAREEAREEAEA

0000EEEEEEAEE i
*  SGMM_CIR: Returns the obj func

* dp(D=phi*(p_bar-p(t))*dt+(sigl*sart(p(t)))*dw(t)

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AA A AAA A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AR A K hX
R R R R e e

* Inputs: b1 - starting values
*
* x1 - time series
*
* Qutput: - the objective function to be minimised
*

gg888888888@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc SGMM_CIR(b1,x1);
local XS, g _prime, g, q, meanf, ¥, w0, invW, v, W, auto,s;
s=rows(x1)*10;
xs=dgp_cirS(s,1/Tg,bl1[1],b1[2],b1[3].bl[2]D);
g_prime= meanc(X1l) - meanc(Xs);
_prime=
g_prime~(((meanc((X1[1:rows(x1l)-1]-meanc(x1)) . *(x1[2:rows(x1)]-meanc(x1))))) -
((meanc((xs[1:rows(xs)-1]-meanc(xs))-*(xs[2:rows(xs)]-meanc(xs))))));
a_ prlme g_prime~(vex(x1l) - vex(xs));
g=g_prime~
:lnt(rows(Xl)A(l/S));

f=(X1[2:rows(X1)D~(((X1[1:rows(x1)-1]-meanc(x1)) - *(X1[2:rows(x1)]-meanc(x1))))~((x1
[2: rows(xl)] meanc(xl))“ );

meanf—meanc(f')'
wO=(1/rows(X1))*((F-meanf)*(F-meanf) ") ;
invW=wO0;
ifq> 0;

v=0;

do while v < q; v=v+1;

auto=(1/rows(xXL))*(((FL- ,v+l:rows(F*)]-meanf)*(FL.,1:rows(f")-v]-meant) ")+((F[-,1l:ro
ws(f*)-v]-meanft))*(f[.,v+1l:rows(f*)]-meanft)"));
invW=invW+(1-(v/(g+1)))*auto;
endo;
endif;
W=inv(invW);
retp(-g_prime*W*qg);
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endp;

658888ggg88%g@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
* ineq_CIR: Single Factor Square Root Process Nonlinear Inequality constraints

R R kR R AR R R R R R R R R R S R R AR R R S S S e R e S R R AR R AR R SR AR R ok R R R AR R R R R AR AR R R R R R S o

*  dp(t)=phi*(p_bar-p(t))*dt+(sigl*sqrt(p(t)))*dw(t)
* Nonlinear Inequality constraints
* 2*phi*p_bar >= sigl”"2

88888888ggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc ineq_CIR(b);

retp(2*b[1]*b[2]-b[3]72);

endp;

6688888888888@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
*  OU_SE: Returns the gmm var-cov matrix for OU Process

AE A A A A A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AAA A AA LA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AR AXhX
R R R R e

* Inputs: bl - estimated values
*
* x1 - time series
*
* Output: - gmm var-cov matrix
*

00000000000EEEEEEEEEEEEEEAEEEEEEEEEAAEEEREEEEEEAEEAAEEAREEEEEAEAEEAAEEAREEEEEAAEEAREE
eeeeeeeeeee™/

proc OU_SE(b1l,x1);
local se, XS, g_prime, g, q, meanf, ¥, w0, invW, v, W, auto,s;
W=SE_W(b1,x1);
g=GRADp(&grad_*21,b1);
g=meanc(q);
g=GRADp(&grad_T22,b1);
g=g~-meanc(q);
q=GRADp(&grad_f23,bl);
g=g-meanc(q);
se=inv(g*W*g");
retp(se/rows(x1));
endp;
proc grad_f21(b);
local g,s,xs;
s=Tg*10;
Xs= dgp OUS(s,1/T7G,b[1],b[2],.b[3].b[2]);

proc grad | f22(b);
local g,s,Xxs;

s:Tg*lo;

Xs=dgp_OUS(s,1/TG,b[1],b[2].b[3].b[2]);

g= (Xs[l:rows(xs)-1]-meanc(xs)).-*(xs[2:rows(xs)]-meanc(xs));
retp(g);
endp;
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proc grad_f23(b);
local g,s,Xxs;
s=Tg*10;
Xs=dgp_OUS(s,1/TG,b[1].b[2].b[3].b[2]):
g= (Xs-meanc(xs))"2;
retp(g);
endp;

/*00000000000000EEEEEEEEEEEEEEEEEEEEEEEEEAAEEAAEEEREEEEEAAEEAREEAEREAEEEAAEEAREEAREEEA
0000000000000

CIR_SE: Returns the gmm var-cov matrix for CIR Process
*

AE A A AA A A A A A A A A A AR A A A A A AR A A A A A AR A A AA A AA A A AA A AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AR KhX
R R R R e e

* Inputs: bl - estimated values
*
* x1 - time series
*
* Output: - gmm var-cov matrix
*

00000000E00EEEEEEEEEEEEEEAEEEEEEEEEAAEEEREEAEEEEAEEAAEEAREEEEEAAEEAREEAREEEEEAREEAREE
eeeeeeeeeee™/

proc CIR_SE(b1,x1);
local se, XS, g_prime, g, q, meanf, ¥, w0, invW, v, W, auto,s;
W=SE W(bl x1);
q=GRADp(&grad_T11,b1);
g=meanc(q);
g=GRADp(&grad_T12,b1);
g=g~meanc(q);
q=GRADp(&grad_f13,bl);
g=g-meanc(q);
se=inv(g*W*g~
retp(se/rows(xl))
endp;
proc SE_W(bl,x1);
local se, XS, g _prime, g, q, meanf, f, w0, invW, v, W, auto,s;
g=int(rows(X1)"(1/6));

f=(X1[2:rows(XD)]DD~(((X1[1l:rows(x1)-1]-meanc(x1l)).*(x1[2:rows(x1)]-meanc(x1))))~((x1
[2: rows(xl)] meanc(xl))A );

meanf—meanc(f')'
wO=(1/rows(X1))*((fF-meanf)*(F-meant) ") ;
invW=wO0;
if g > 0;

v=0;

do while v < q; v=v+l;

auto=(1/rows(XL))*(((FL-,v+l:rows(f*)]-meanP)*(F[.,1:rows(f")-v]-meanft) *)+((f[.,1:ro
ws(F*)-v]-meanf)*(f[.,v+1l:rows(f")]-meanf)"));
invW=invW+(1-(v/(g+1l)))*auto;
endo;

endif;

W=inv(inv\W);
retp(W);
endp;
proc grad_fl11(b);
local g,s,Xs;

s= Tg*lO
Xs=dgp_cirS(s,1/T7G,b[1],b[2],b[3]1.b[2]);
g=_(Xs);
retp(9);
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endp;
proc grad_f12(b);
local g,s,Xs;
s=Tg*10;
Xs=dgp_cirS(s,1/T7G,b[1],b[2].b[3].b[2]);
g= (xs[l:rows(xs)-1]-meanc(xs)).*(xs[2:rows(xs)]-meanc(xs));
retp(9);
endp;
proc grad_f13(b);
local g,s,Xxs;
s=Tg*10;
Xs=dgp_cirS(s,1/T7G,b[1],b[2].b[3].b[2]);
g= (Xs-meanc(xs))"2;
retp(g);
endp;

/*00000000000000EEEEEEEEEEEEEEEEEEEREEEEEEAEEAAEEEREEEEEAAEEAREEEREEEEEAAEEAREEAEREEEA
000eeeeeeeeee

* dgp_ou: Data Generation as OU process
*

* dp(t)=phi*(p_bar-p(t))*dt+sig*dw(t)
***********:************************************************************************
R R R e e

* Inputs: *T - Length of time series

* *h - discretization interval

* *phi - mean reversion parameter Process

* *p_bar - mean level

* *sigl - variance term

* start - starting value of the process

*
* Qutput: dat - time series

g888g8g8ggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc dgp_ou(T,h,phi,p bar,sigl,start);
local TN,dat,Pt,i,X1,ee;
TN=round(T/h);
ee=sqrt(h)*rndn(T/h,1);
dat={};
Pt=start;
i=0;
do while 1 < TN;
i=i+l;
X1=Pt+phi*(p_bar-Pt)*h+sigl*ee[i];
it 1%(h"-1)==0;
dat=dat]|X1;
endif;
Pt=X1;
endo;
retp(dat);
endp;
/*same as above but for sgmm with errors that do not change over optimization*/
proc dgp_ous(T,h,phi,p_bar,sigl,start);
local TN,dat,Pt,i,X1,ee;
TN=round(T/h);
ee=ee_gmm;
dat={};
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Pt=start;

i=0;

do whille 1 < TN;
i=i+l;

X1=Pt+phi*(p_bar-Pt)*h+sigl*ee[i];
it 1%(h™-1)==0;
dat=dat]X1;
endif;
Pt=X1;
endo;
retp(dat);
endp;

/000000000000EEEEEEEEEEEEEEEEEAEAECEAEEEAEEALCAREAEEAEERCAREACEAEEALEAREACEAEEEEEEREAREEA
0000000000000

* start_ou: Returns the starting values for the OU process

*

* dp(t)=phi*(p_bar-p(t))*dt+sig*dw(t)
*
AEEAIAAXAAAAXAAAAAAAXAXAAEAA XA AAAAAAXAAAXAAAXAAAAXAAXAXAAAXAXAAAXAXAAXAXAAAXAXAAXAXAXAAXAXAAXAA XA XX AAA XXX XXhdx*xX
* Inputs: y - time series
*
* Qutput: b - 1x3 vector of starting values for phi p_bar and sig

888888ggggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc start_ou(y);
local mu,rho,sig,phi,test;
mu=meanc(y);
rho=meanc((y[1:rows(y)-1]-meanc(y)) -*(Y[2:rows(y)]-meanc(y)))/vcx(y);
phi=-In(abs(rho));
sig=(vex(y)*2*phi)”.5;

retp(phi~mu~sig);
endp;

/*00000000000000EEEEEEEEEEEEEEEEEEEREEACEAEAEEAAEEEREEEEEAAEEAREEEREAEEEAAEEAREEAEREEEA
000eeeeeeeeee

* dgp_cir: Data Generation as CIR process
*

* dp(t)=phi*(p_bar-p(t))*dt+sig*sqrt(p(t)*dw(t)
***********:************************************************************************
R R R R e

* Inputs: *T - Length of time series

* *h - discretization interval

* *phi - mean reversion parameter Process

* *p_bar - mean level

* *sigl - variance term

* *start - starting value of the process

* Qutput: *dat - time series

ggggggggggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc dgp_cir(T,h,phi,p_bar,sigl,start);
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local TN,dat,Pt,i,X1,ee;
TN=round(T/h);
ee=sqrt(h)*rndn(7/h,1);

dat={};

Pt=start;

i=0;

do whille 1 < TN;
i=i+l;

X1=Pt+phi*(p_bar-Pt)*h+sigl*sqrt(pt)*ee[i]
-0.5*(sigl*sqrt(pt))*(0.5*sigl/sqgrt(pt))*h
+0.5*(sigl*sqrt(pt))*(0.5*sigl/sqrt(pt))*(eeli]™2);

/*Theory implies that this condition will never be reached as when process
approaches

zero the volatility is switched off, that result depends on h going to zero
here h is

very small indeed 1 am including the condition as a final safe guard, here |
am switching

off the volatility manually something that should happens assymptotically*/

if X1 < 0;
X1=Pt+phi*(p_bar-Pt)*h;
endif;
it 1%(h™-1)==0;
dat=dat]X1;
endif;
Pt=X1;
endo;
retp(dat);

endp;
/*same as above but for sgmm with errors that do not change over optimization*/
proc dgp_cirS(T,h,phi,p_bar,sigl,start);
local TN,dat,Pt,i,X1,ee;
TN=round(T/h);

ee=EE_GMM;
dat={};
Pt=start;
i=0;
do whille 1 < TN;
i=i+l;

X1=Pt+phi*(p_bar-Pt)*h+sigl*sqrt(pt)*ee[i]
-0.5*(sigl*sqrt(pt))*(0.5*sigl/sqgrt(pt))*h
+0.5*(sigl*sqrt(pt))*(0.5*sigl/sqrt(pt))*(eeli]™2);

if X1 < 0;
X1=Pt+phi*(p_bar-Pt)*h;
endif;
it 1%(h"-1)==0;
dat=dat]X1;
endif;
Pt=X1;
endo;
retp(dat);

endp;

/*00000000000000EEEEEEEEEEEEEEECEEEREEEEEAAEEAREEAEREECEEAAEEAREEEREEEEEAAEEAREEEREEEA
0000000e00Eee

* start_cir: Returns the starting values for the CIR process
*

* *dp(t):phi*(p_bar—p(t))*dt+sig*sqrt(p(t)*dW(t)

AE A A AA A A A A A A A A A A A A A A A A AR A A A A A AR A A AA A AAAAAA LA AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA LA AR Kk X
R R R R e e

* Inputs: y -  time series
*

* Output: b - 1x3 vector of starting values for phi p_bar and sig
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fig_den.g

88888888ggg@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@
proc start_cir(y);

local b,mu,rho,sig,phi,test;
mu=meanc(y);
rho=meanc((y[1:rows(y)-1]-meanc(y)) -*(Y[2:rows(y)]-meanc(y)))/vcx(y);
phi=-In(abs(rho));
sig=(vex(y)*2*phi/mu)”™.5;
b=phi~mu~sig;
retp(b);
endp;
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