5.7 ARCH Family(2) ver.0.1

ARCH GRACH IGARCH

GARCH-M(p,q)
GARCH A

B A
h =a,+au’, +..+au’, +bh  +..+bh_
u, =/he, e, ~ NID(0,))

new; cls;

a={0.2,0.1,0.1}; b={0.2,0.1,0.1,0.1}; a0=1; cutn=20; n=100; beta={0.5,2};
r=0.1;

{y,X}=garchmsim(a,b,a0,cutn,n,beta,r);

data=y~x;

print data;

proc(2)=garchmsim(a,b,a0,cutn,n,beta,r);

local s2,q,p,u,h,max,t,x,y;

if sumc(a)+sumc(b)>=1;
errorlog "ERROR:Parameter sum must be less than 1.";
retp(-1);

endif;

if cutn<maxc(rows(a) | rows(b));
errorlog "ERROR:Initial cut must be at least greater than order p or g.";
retp(-1);

endif;

g=rows(a); p=rows(b);

s2=a0/(1-sumc(a)-sumc(b));

u=zeros(cutn+n,1);

h=zeros(cutn+n,1);

max=maxc(q | p);



u[l:max]=sqgrt(s2)*rndn(max,1); h[1:max]=s2*ones(max,1);

t=max+1;

do while t<=cutn+n;
h[t]=a0+rev(a)'(u[t-q:t-1]"2)+rev(b)'h[t-p:t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;

endo;

u=u[cutn+1:cutn+n]j;

h=h[cutn+1:cutn+n];

x=ones(n,1)~(10*rndu(n,1)-5); /* Set a constant and X of [-5,5] here. */

y=X*beta+r*h+u; /* We now have r*h[t] term. */
retp(y,x);
endp;
GARCH y
GARCH
GARCH(1,1)

GARCH(1.,1) with L everage
GARCH Ueg

u.; Leverage

Ug,? Leverage

h =a,+ a1(|ut—1| +Yut—1)2 +bh_,
u, =/he, e, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; lev=0.1;
{u,h}=garchlilleverage(a,b,a0,cutn,n,lev);
library pgraph;

graphset;

title("GARCH with Leverage");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));



proc(2)=garchllleverage(al,bl,a0,cutn,n,lev);
local s2,u,h,t,e;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
e=zeros(cutn+n,1);
u[1l]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
e[t-1]=abs(u[t-1])+lev*u[t-1];
h[t]=a0+al*e[t-1]"2+b1*h[t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+n]j;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;
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PGARCH(1.1)

power

(ht)d =, + a1(ut271)d + bl(htfl)d
u, =/he, e, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; d=0.3;
{u,h}=pgarchl1i(a,b,a0,cutn,n,d);

library pgraph;

graphset;

title("PGARCH");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

proc(2)=pgarchll(al,bl,a0,cutn,n,r);

local s2,u,hd,h,t;

s2=al/(1-al-bl);

u=zeros(cutn+n,1);

hd=zeros(cutn+n,1);

u[1]=s2~(1/(2*d))*rndn(1,1); hd[1]=s2;

t=2;

do while t<=cutn+n;
hd[t]=a0+al*abs(u[t-1]*2)"d+b1*hd[t-1];
u[t]=hd[t](1/(2*d))*rndn(1,1);
t=t+1;

endo;

u=u[cutn+1:cutn+nj;

h=hd[cutn+1:cutn+n]"™(1/d);

retp(u,h);

with Leverage

PGARCH



endp;
hd d power
1/2d  power
hd 1/d power
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PCZARCH

NGARCH(1.,1)
GARCH BOX-COX A

h =ay+au,[ +bh,
u, =/he, e, ~ NID(0)

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; r=1.3;
{u,h}=ngarchl1l(a,b,a0,cutn,n,r);

library pgraph;

graphset;

title("NGARCH");

_plegctl=1;



_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

proc(2)=ngarchll(al,bl,a0,cutn,n,r);
local s2,u,h,t;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1l]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
h[t]=a0+al*abs(u[t-1])*r+b1*h[t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+n]j;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;
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MEARCH

NGARCH lucsl
GARCH A =13

Leverage % Absolute Value

AGARCH(1,1)
GARCH A
ht =8, + al(ut—l + 7‘)2 + blht—l
u, =/he, g, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; r=0.1;
{u,h}=agarchl11(a,b,a0,cutn,n,r);

library pgraph;

graphset;

title("TAGARCH");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

proc(2)=agarchll(al,bl,a0,cutn,n,r);

GARCH



local s2,u,h,t;
s2=a0/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1l]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
h[t]=a0+al*(u[t-1]+r)"2+b1*h[t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+nj;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;
GARCH
AGARCH GJR EGARCH
AGARCH

NAGARCH(1,1)
N A

h =8, +a (U, +Ahy)* +bh,
u, =/he, e, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; r=0.1;
{u,h}=nagarch1l(a,b,a0,cutn,n,r);

library pgraph;

graphset;

title("NAGARCH");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

U

GARCH



proc(2)=nagarchll(al,bl,a0,cutn,n,r);
local s2,u,h,t;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1l]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
h[t]=a0+al*(u[t-1]+r*sqgrt(h[t-1]))"2+b1*h[t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+nj;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;

Lol L L B =R R UL TRt

HaZARCH

L
. -.—||| || || "-. | ||
1 T | |
|,-I II l | II| III '.II | I “ ||

NAGARCH A GARCH
AGARCH A



VGARCH(1,1)
GARCH

ut—l

h, =ao+al(\/m+k)2+blhl
u, =/he, e, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; r=0.1;
{u,h}=vgarchll(a,b,a0,cutn,n,r);

library pgraph;

graphset;

title("VGARCH");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

proc(2)=vgarchll(al,bl,a0,cutn,n,r);
local s2,u,h,t;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
h[t]=a0+al*(u[t-1])/sqrt(h[t-1])+r)"2+b1*h[t-1];
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+nj;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;
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GJR-GARCH(1,1)

bad news( )

h =a, + alulz—l +bh +YDt—lut2—1
D . - 1 if u_, <0

* 0o if u,=0

= Jhe, g, ~ NID(0,))

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100; g=0.05;
{u,h}=gjrgarchll(a,b,a0,cutn,n,g);

library pgraph;

graphset;

title("GJR");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));



proc(2)=gjrgarchll(al,bl,a0,cutn,n,g);
local s2,u,h,t;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1l]=sqgrt(s2)*rndn(1,1); h[1]=s2;
t=2;
do while t<=cutn+n;
if u[t-1]<0;
h[t]=a0+al*u[t-1]"2+b1*h[t-1]+g*u[t-1]"2;
else;
h[t]=a0+al*u[t-1]"2+b1*h[t-1];
endif;
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+n]j;
h=h[cutn+1:cutn+n];
retp(u,h);
endp;
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EGARCH(1,1)
exponential

U,y

=exp(a, +& +b Inh. ;)
h, a, e hy
u, =/he, e, ~ NID(0,))

s2

exponential

new; cls;

rndseed 111;

a=0.45; b=0.5; a0=0.1; cutn=20; n=100;
{u,h}=egarch(a,b,a0,cutn,n);

library pgraph;

graphset;

title("EGARCH");

_plegctl=1;

_plegstr="u2¥000h¥0000";
xy(seqa(1,1,n),u~h~zeros(n,1));

proc(2)=egarch(al,bl,a0,cutn,n);

local s2,u,h,t;

s2=al/(1-al-bl);

u=zeros(cutn+n,1);

h=zeros(cutn+n,1);

u[1]=exp(In(s2)/2)*rndn(1,1); h[1]=exp(s2);

t=2;

do while t<=cutn+n;
h[t]=exp(a0+al*abs(u[t-1])/sqgrt(h[t-1])+b1*In(h[t-1]));
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;

endo;

al+bl



u=u[cutn+21:cutn+n];
h=h[cutn+1:cutn+n];
retp(u,h);

endp;

Lol L L B =R TELTFL oo

exponential

h[t]=exp(a0+al*abs(u[t-1])/sqgrt(h[t-1])+b1*In(h[t-1]));
u[t]=sagrt(h[t])*rndn(1,1);

Inh exp
Inh[t]= a0+al*abs(u[t-1])/sqrt(h[t-1])+b1*Inh[t-1];
u[t]l=exp(Inh(t)/2)*rndn(1,1);

U[t] In rndn(1,1)
2*Inu[t]=Inh[t] Inu[t]*2=Inh[t] Inh[t] In(h[t])
uft}™2  h[t] ut]=sqrt(h[t])
NID(0,1) rndn(1,1)
GED

Log-Likelihood GARCH



EGARCH(1,1)
GARCH

Log-Likelihood
2

1 1 e

LL = -=In(2x) —=In(h) - —

2()2()2h

EGARCH
GARCH Uy

unconditional variance s2

exponential
a0 ,
GARCH
B B 1 a0 al bl
100 0.5 2 [-5,5] 0.1 045 05
GARCH
new; cls;
library cml;
cmiset;

rndseed 111;
a=0.45; b=0.5; a0=0.1; cutn=20; n=100; beta={0.5,2};

{y,X}=egarchsim(a,b,a0,cutn,n,beta);

data=y~x;

_cml_Bounds={ -1e256 1256,
-1e256  1e256,
0.001 1e256,
0 1,
0 1};

_cml c={000-1-1}; _cml_d=-0.9999;
_cml_ParNames = {"const","beta","a0","al","b1"};
_cml_Algorithm=4;

start={0,0,1,0.1,0.1};

__weight=(rows(data)/(rows(data)-1))*ones(rows(data),1);

{x,f,g,cov,retcode}=cml(data,0,&ll,start);

cl=cmltlimits(x,cov);

where e=y-xB

h[1]

exponential

al,bl al+bl

__weight[1]=zeros(1,1);

a0



call cmlclprt(x,f,g,cl,retcode);
rndseed 111;
proc ll(b,data);
local y,x,e2,a0,al,bl,h,t;
y=datal.,1]; x=data][.,2:3]; beta=b[1:2];
e2=(y-x*beta)"2;
a0=b[3]; al=b[4]; b1=b[5];
h=zeros(rows(data),1);
h[1]=exp(a0/(1-al-bl));
t=2;
do while t<=rows(data);
h[t]=exp(a0+al*sqrt(e2[t-1])/sqrt(h[t-1])+b1*In(h[t-1]));
t=t+1;
endo;
retp(-1/2*In(2*pi)-1/2*In(h)-1/2*e2./h);
endp;

proc(2)=egarchsim(al,bl,a0,cutn,n,beta);
local s2,u,h,t,x,y;
s2=al/(1-al-bl);
u=zeros(cutn+n,1);
h=zeros(cutn+n,1);
u[1]=exp(In(s2)/2)*rndn(1,1); h[1]=exp(s2);
t=2;
do while t<=cutn+n;
h[t]=exp(a0+al*abs(u[t-1])/sqgrt(h[t-1])+b1*In(h[t-1]));
u[t]=sagrt(h[t])*rndn(1,1);
t=t+1;
endo;
u=u[cutn+1:cutn+nj;
h=h[cutn+1:cutn+n];
x=ones(n,1)~(10*rndu(n,1)-5); /* Set a constant and X of [-5,5] here.
y=X*beta+u;
retp(y,x);
endp;



Mean log-likelihood -1.93900

Number of cases 100
0.95 confidence limits

Parameters Estimates Lower Limit Upper Limit Gradient

const 0.6106 0.2978 0.9234 0.0000

beta 2.0541 1.9480 2.1602 -0.0000

a0 0.1373 -0.2593 0.5340 -0.0000

al 0.4214 -0.0295 0.8724 -0.0000

bl 0.5127 -0.0260 1.0513 -0.0000

Number of iterations 35

Minutes to convergence 0.10250

NID(0,1) Log-Likelihood GARCH

GED Log-Likelihood

/*

** (C) Copyright 2002 Yosuke Amijima. All Rights Reserved.

** Any portion of the algorithms above should not be included in any other software.

** The copyright for these is strictly legally protected though they are pretty simple.
*/
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