5.2 OLS ver.0.1

OLS Classical Assumptions
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Var(e;)) o°?

Cov(e;g) O
non-stochastic

i (.03

100
100
n=2000;
x=100*rndu(n,1);
u rndn N( ,02 )

rndu

V0]
myu=0; var=4;
u=myu-+sgrt(var)*rndn(n,1);
a B i o B i u
a=1; b=2;

y=a+x*b+u;

times u

new; cls;

n=2000;
x=100*rndu(n,1); @ Suppose this is given. @



myu=0; var=4;

u=myu-+sgrt(var)*rndn(n,1);

a=1; b=2;
y=a+x*b+u;
print y~x;
OoLS
non-stochastic
u 0,1) rndn
N(0,0 ?)
X U a B
OoLS X u
u N(0,0?
N(0,0 ?)
OoLS
times
new; cls;
n=2000;
x=100*rndu(n,1);
times=1000;
m=zeros(times,2);
i=1;

do while i<=times;
myu=0; var=4;
u=myu-+sgrt(var)*rndn(n,1);
a=1; b=2;
y=a+x*b+u;

x1=ones(n,1)~Xx;



bl=inv(x1'x1)*x1l'y;
e=y-x1*b1l;
m[i,.]J=meanc(e)~vcx(e);
i=i+1;
endo;
print" mean var";

print/rd meanc(m)";

mean var
0.00000000 3.99466200
n=2000 OLS times=1000
E( ) O u
o’ Var( )-
u u OoLS
E( ) O
x=100*rndu(n,1); x=100*rndu(n,k-1); -1
u
a b
b={0.5,2,5,9}
k-1=3 0.5
procedure
new; cls;

/* rndseed 9999; */ @ If you need the same result, set rndseed here. @
b={0.5,2,5,9};

{y,x}=olssim(b,0,4,1000);

print y~x;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);



x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;

u=myu-+sgrt(var)*rndn(n,1);

y=x*b+u;
retp(y,x);
endp;
rndseed ;
k-1
100
x (k-1) OoLS
g var
u u
X*b+u
(e) 0 ( )
OoLS
proc olssim 1000
OoLS OoLS
meanc(e) vcx(e) stdc(e)
new; cls;
b={0.5,2,5,9};

{y,x}=olssim(b,0,4,1000);

b=inv(X'X)*X'y;

e=y-x*b;

print/rd meanc(e) vcx(e);
library pgraph;
graphset;
_plctri={0,-1};



xy(seqa(1,1,1000),zeros(1000,1)~e);

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=X*b+u;
retp(y,x);
endp;
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(02 ( )
OLS hist

Jarque-Bera Normality Test

new; cls;
b={0.5,2,5,9};
{y,x}=olssim(b,0,4,1000);

b=inv(X'X)*x'y;
e=y-x*b;
print" mean var";
print/rd meanc(e) vcx(e);
library pgraph;
graphset;
hist(e,19);
call jbtest(y,x,0.05);

proc(4)=jbtest(y,x,pp);
local n,k,b,e,skew,kurtosis,jb,p;
n=rows(x); k=cols(x);
b=inv(X'X)*x'y;
e=y-x*b;
skew=meanc(e”3)/(meanc(e”2)"1.5);
kurtosis=meanc(e”4)/(meanc(e”2)"2);
print "Skewness of Residuals=" skew;
print "Kurtosis of Residuals=" kurtosis;
jb=n/6*(skew"2+(kurtosis-3)"2/4);
p=cdfchic(jb,2);
if p>=pp;
print "Jarque-Bera Normality Test (RESULT:Not reject H0)";
else;
print "Jarque-Bera Normality Test (RESULT:Reject HO)";
endif;
print "X2( 2)="jb ; print "P-value=" p;
retp(jb,p,skew,kurtosis);



endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=Xx*b+u;
retp(y,x);
endp;
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mean var

0.00000000 3.99403619
Skewness of Residuals= 0.032739854
Kurtosis of Residuals= 2.9675831
Jarque-Bera Normality Test (RESULT:Not reject HO)
X2(2)= 0.22154559
P-value= 0.89514210
OLS

Jarque-Bera Test HO



Var(e;) o2 ( )

White Test
n=1000 n=100
hat

new; cls;
b={0.5,2,5,9};
{y,x}=olssim(b,0,4,100); @ Because of workspace limitation, n=100 here. @

b=inv(X'X)*x'y;
e=y-x*b;
yhat=x*Db;
library pgraph;
graphset;
_plctrl=-1;
xlabel("Yhat"); ylabel("e")
xy(yhat,e);
call whitetest(y,x,0.05);

proc(2)=whitetest(y,x,pp);
local n,k,z,i,j,h,p,wh,b,y1,b1,e1,r2;
n=rows(x); k=cols(x);
z=zeros(n,k*(k+1)/2);
h=1; i=1;
do while i<=k;
j=i;
do while j<=k;
z[.,h]=x[.,i].*x[..j1;
j=j+1; h=h+1,;
endo;
i=i+1;

endo;

b=inv(X'X)*x'y;
y1=(y-x*b)"2;



bl=inv(z'z)*z'y1,;

el=yl-z*bl;
r2=1-el'el/(yl'(eye(n)-1/n*ones(n,1)*ones(n,1)")*yl);
wh=n*r2;

p=cdfchic(wh,k*(k+1)/2-1);

if p>=pp;
print "White Test (RESULT:Not reject HO)";
else;
print "White Test (RESULT:Reject HO)";
endif;
print/rz "X2(" k*(k+1)/2-1 ")=" wh ; print "P-value=" p;
retp(wh,p);
endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=Xx*b+u;
retp(y,x);
endp;

White Test (RESULT:Not reject HO)

X2( 9)= 7.8103732
P-value= 0.55336338
White HO
White Test
proc 0.05 5%

100



hat 100
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Durbin-Watson

new; cls;

b={0.5,2,5,9};
{y,x}=olssim(b,0,4,1000);
dw=dwtest(y,x);

print "D.W.=" dw;

proc dwtest(y,x);
local n,b,e,dw;
n=rows(X);
b=inv(X'X)*x'y;
e=y-x*b;
dw=sumc((e[2:n,.]-e[1:n-1,.)2)/sumc(e”2);
retp(dw);

endp;

proc(2)=olssim(b,myu,var,n);
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local k,x,u,y;

k=rows(b);

x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;

u=myu-+sgrt(var)*rndn(n,1);

y=Xx*b+u;
retp(y,x);
endp;
D.W.= 2.0041844
non-stochastic
OLS
OLS
,3 Unbiasedness
1 ,B Consistency
I s> o2
v B
(Unbiasedness)
E(B) =8
b={0.5,2,5,9};
new; cls;

b={0.5,2,5,9};



call unbiasedb(b,0,4,2000,2000);

proc unbiasedb(b,myu,var,n,times);
local m,i,y,X;
m=zeros(times,rows(b));
i=1;
do while i<=times;
{y,x}=olssim(b,0,4,1000);
m[i,.]=( inv(x'x)*x'y )’;
i=i+1;
endo;
print meanc(m);
retp(m);
endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=Xx*b+u;
retp(y,x);
endp;

0.49887744
2.0000343
4.9999703

9.0000164
inv(x'xX)*x'y

meanc
times=2000



11 (Consistency)

plim(B) = B
singular
start=20 N=2000 oLS
new; cls;
b={0.5,2,5,9};

call consistency(b,0,4,2000,1);
call consistency(b,0,4,2000,2);
call consistency(b,0,4,2000,3);
call consistency(b,0,4,2000,4);

proc consistency(b,myu,var,n,j);
local y,x,start,m,i,y1,x1;
{y,x}=olssim(b,myu,var,n);
start=20;
m=zeros(n-start+1,rows(b));
i=start;
do while i<=n;
yl=y[1:i]; x1=x][1:i,.];
m[i-start+1,.]=( inv(x1'x1)*x1'y1 )"
i=i+1;
endo;
/* Graph of jth coefficient. */
library pgraph;
graphset;
xy(seqa(10,1,n-start+1),b[j]*ones(n-start+1,1)~m[.,j]);
retp(m);
endp;

proc(2)=olssim(b,myu,var,n);



local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=Xx*b+u;
retp(y,x);
endp;
olssim

start
m start

b[j]
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52
var=4
new; cls;
b={0.5,2,5,9};

call unbiaseds2(b,0,4,2000,2000);

proc unbiaseds2(b,myu,var,n,times);

local k,m,i,y,x,bl,e;

k=rows(b);

m=zeros(times,1);

i=1;

do while i<=times;
{y,x}=olssim(b,myu,var,n);
bl=inv(X'x)*x'y;

e=y-x*bl;



m[i]=(e'e/(n-Kk));
i=i+1;
endo;
print "E(s2)=" meanc(m);
retp(m);
endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);

y=x*b+u;
retp(y,x);
endp;
E(s2)= 4.0005805
times s2 m
mli,.] ml[i]
var=4
1V)
Jarque-Bera Test
times
new; cls;
b={0.5,2,5,9};

call normality(b,0,4,2000,2000,0.05,1);
call normality(b,0,4,2000,2000,0.05,2);



call normality(b,0,4,2000,2000,0.05,3);
call normality(b,0,4,2000,2000,0.05,4);

proc(0)=normality(b,myu,var,n,times,pp,j);
local m,i,y,x,e,skew,kurtosis,jb,p;
local mx,m1,m2,m3,m4,m5;
m=zeros(times,rows(b));
i=1;
do while i<=times;
{y,x}=olssim(b,myu,var,n);
m[i,.]=( inv(x'x)*x'y )’;
i=i+1;
endo;
library pgraph;
graphset;
hist(m[.,j],19);
mx=m[.,j];
ml=mx-meanc(mx);
m2=sumc(m172)/times;
m3=sumc(m173)/times;
m4=sumc(m174)/times;
m5=sqrt(m2°3);
skew=m3/mb5;
kurtosis=m4/(m2/2);
print/lz "Coefficient" j;
print "Skewness=" skew;
print "Kurtosis=" kurtosis;
jb=n/6*(skew"2+(kurtosis-3)"2/4);
p=cdfchic(jb,2);
if p>=pp;
print "Jarque-Bera Normality Test (RESULT:Not reject H0)";
else;
print "Jarque-Bera Normality Test (RESULT:Reject HO)";
endif;
print "X2( 2)="jb ; print "P-value=" p;
endp;



proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;

u=myu-+sgrt(var)*rndn(n,1);

y=Xx*b+u;

retp(y,x);
endp;

skew(nees) kurtosis
skewness
Skewness
kurtosis
Jarque-Bera Test

Coefficient 1
Skewness= -0.058937833
Kurtosis= 2.9961596
Jarque-Bera Normality Test (RESULT:Not reject HO)
X2(2)= 1.1591185
P-value= 0.56014520
Coefficient 2
Skewness= -0.090859910
Kurtosis= 3.0069174
Jarque-Bera Normality Test (RESULT:Not reject HO)
X2(2)= 2.7558285
P-value= 0.25210383
Coefficient 3
Skewness= -0.071787610
Kurtosis= 2.9105974

Jarque-Bera Normality Test (RESULT:Not reject HO)

hist

kurtosis

HO



X2(2)= 2.3838897

P-value= 0.30363017
Coefficient 4
Skewness= 0.016047369
Kurtosis= 2.9985931
Jarque-Bera Normality Test (RESULT:Not reject HO)
X2(2)= 0.086004293
P-value= 0.95790933
b=
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new; cls;
b={0.5,2,5,9};
call interval(b,0,4,2000,0.05);

proc(0)=interval(b,myu,var,n,pp);

local y,x,k,bl,e,s2hat,varb,se,interval;

if pp>=0.5;
errorlog "ERROR: Parameter pp must be less than 0.5.";
retp;

endif;

{y,Xx}=olssim(b,myu,var,n);

k=cols(x);

bl=inv(X'xX)*x'y;

e=y-x*bl;

s2hat=e'e/(n-k);

varb=s2hat*inv(x'x);

se=sqrt(diag(varb));

interval=cdftci(pp,n-k).*se;

print/rz (1-2*pp)*100 "% Confidence Interval";

print" beta +-"

print/rd bl~interval~(b-interval)~(b+interval);

endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1); @ Suppose this x is given. @
x=ones(n,1)~Xx;
u=myu-+sgrt(var)*rndn(n,1);
y=Xx*b+u;
retp(y,x);
endp;



90 % Confidence Interval

beta +-
0.38929733 0.22202046 0.27797954
2.00104766 0.00245941 1.99754059
5.00053664 0.00245080 4.99754920
8.99930777 0.00248227 8.99751773
(1 2x pp)x 100 OoLS B
pp
olssim
OLS t
s2 SE
ppx 100%
new; cls;
b={0.5,2,5,9};

call cinterval(b,0,4,2000,2000,0.05);

proc(0)=cinterval(b,myu,var,n,times,pp);
local m,i,y,x,j,k;
if pp>=0.5;

errorlog "ERROR: Parameter pp must be less than 0.5.

retp;

endif;

m=zeros(times,rows(b));

i=1;

do while i<=times;
{y,x}=olssim(b,myu,var,n);
m[i,.]=( inv(x'x)*x'y )’;
i=i+1;

endo;

k=cols(x);

=1

do while j<=k;

0.72202046
2.00245941
5.00245080
9.00248227



m[.,j]=sortc(m[.,j],1);

=i+,
endo;
print/rz (1-2*pp)*100 "% Confidence Interval";
print" Lower Bound Mean Upper Bound";;
print/rd m[round(pp*times),.]'~meanc(m)~m[round((1-pp)*times).,]’;

endp;

proc(2)=olssim(b,myu,var,n);
local k,x,u,y;
k=rows(b);
x=100*rndu(n,k-1);

x=ones(n,1)~Xx;

@ Suppose this x is given. @

u=myu-+sgrt(var)*rndn(n,1);
y=x*b+u;
retp(y,x);

endp;

90 % Confidence Interval

Lower Bound Mean Upper Bound
0.27197562 0.50294993 0.73379577
1.99736954 1.99998149 2.00262762
4.99751501 4.99995101 5.00253395
8.99740922 8.99999488 9.00249587
2000
ppx times (pp 1)x times
oLS SE
T ( )

ppx times
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Wiener Process
DF
T ppx 100

T critical value

new; cls;

n={25,50,100,250,500,1000};
pp={0.01,0.025,0.05,0.10,0.90,0.95,0.975,0.99};
i=1;

do while i<=rows(n);

=1

do while j<=rows(pp);
/* Replace timesmean=1 to some number to be accurate. */
/* You could set 1000, but it would take some hours each. */
print/rz pp[j]~dftau(n[i],10000,1,pp[jl);
j=itL

endo;

i=i+1;

endo;

proc dftau(n,times,timesmean,pp);
local m,j,tau,i,x,dx,x1,k,b,e,s2hat,varb,se;
m=zeros(timesmean,1);
=1
do while j<=timesmean;
tau=zeros(times,1);
i=1;
do while i<=times;
x=wiener(n,n); @ Setting dt=n/n=1. @
dx=x[2:n]-x[1:n-1];
x1=x[1:n-1]; /* ~ones(n-1,1) */
k=cols(x1);
b=inv(x1'x1)*x1'dx;

e=dx-x1*b;



s2hat=e'e/(n-k);
varb=s2hat*inv(x1'x1);
se=sqrt(diag(varb));
tau[i]=b[1])/se[1];
i=i+1;
endo;
tau=sortc(tau,l);
m[j]=tau[pp*times];
=i+,
endo;
/* print meanc(m); */
retp(meanc(m));

endp;

proc wiener(T,n);
local dt,x,dw,i;
dt=T/n;
x=zeros(n,1);
dw=sqgrt(dt)*rndn(n,1);
X[1]=dwl[1];
i=2;
do while i<=n;
x[i]=x[i-1]+dwli];

i=i+1;
endo;
retp(x);
endp;
n=25
0.01 -2.7024621
0.025 -2.2842307
0.05 -1.9740058
0.1 -1.6337536
0.9 0.93393406

0.95 1.3540192



0.975
0.99
n=>50
0.01
0.025
0.05
0.1
0.9
0.95
0.975
0.99
n= 100
0.01
0.025
0.05
0.1
0.9
0.95
0.975
0.99
n=250

DF T

T

ppx times

1000

Dickey

3.6

1.7114508
2.1792244

-2.6438181
-2.2166492
-1.9635877
-1.6512659
0.94424331
1.302312
1.6816693
2.1519462

-2.5728659
-2.2855906
-1.957277
-1.6378256
0.91552379
1.2789765
1.6592704
2.0334148
n=1000

wiener

dftau

OLS

critical value

GAUSS 4.0

timesmean

critical value

stop

times



