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(Weak) Law of Large Numbers( () )




(
new; cls;

call uniformsim(2000);

proc(0)=uniformsim(n);
local m,t,e,myu;
m=rndu(n,1);
t=seqa(1,1,n);
e=cumsumc(m)./t;
myu=0.5*ones(n,1);
library pgraph;
graphset;
Xy(t,myu~e);
endp;
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p o 05

rndu(l,1)

O O 0O new; cls;
O O O call snsim(2000);

proc(0)=snsim(n);
local m,t,e,myu;
m=rndn(n,1);
t=seqa(1,1,n);
e=cumsumc(m)./t;
myu=zeros(n,1);
library pgraph;
graphset;
xy(t,myu~e);
endp;
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0.4

new; cls;
call bsim(2000,0.4);

proc bsim(n,p);
local m,i,u,t,e,pline;
m=zeros(n,1);
i=1;
do while i<=n;
u=rndu(l,1);
if u<=p;
m[i]=1;
else;
m[i]=0;
endif;
i=i+1;
endo;
t=seqa(1,1,n);
e=cumsumc(m)./t;
pline=p*ones(n,1);
library pgraph;
graphset;
xy(t,pline~e);
retp(e);
endp;
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run

new; cls;
call largesim(10000,20,100,10000);

proc(0)=largesim(n,n1,n2,n3);
local uniform,snormal;
uniform=rndu(n,1);
snormal=rndn(n,1);
library pgraph;
graphset;
begwind;
window(2,3,0);
setwind(1);



hist(uniform[1:n1],10);
setwind(2);
hist(uniform[1:n2],10);
setwind(3);
hist(uniform[1:n3],10);
setwind(4);
hist(snormal[1:n1],19);
setwind(5);
hist(snormal[1:n2],19);
setwind(6);
hist(snormal[1:n3],19);

endwind;

n=20,100,10000

1 O
3) begwind; window(2,3,0); . . . .endwind,
setwind(1)
Xy
setwind( )

graphset



graphset library pgraph
nl,n2,n3
hist

Critical Value by Simulation

Critical Value Exact

Critical Value

new; cls;
call snsim(1000,10000,0.025);

proc(0)=snsim(n,times,p);
local m,i,u;
m=zeros(times,1);
i=1;
do while i<=times;
u=rndn(n,1);
u=sortc(u,1);
m[i,1]=u[round(n*(1-p)),1];
i=i+1;
endo;
print "Standard Normal Distribution";
print/rz "Upper" p*100 "%";
print "Simulated Critical Value:" sumc(m)/times;
print"  Actual Critical value:" cdfni(1-p);
endp;

Standard Normal Distribution
Upper 25%
Simulated Critical Value: 1.9501864



Actual Critical value: 1.9599640

X sortc
round(n*(1-p))
times
simulated critical value
GAUSS CDF PDF Exact
cdfni(1-p) (1-p)
actual critical value
times
Central Limit Theorem( )
[V var
X —
A _N(0Q)
var/n
new; cls;

call clt("beta",1000,10000);

proc(0)=clt(opt,n,times);
local dist,m,i,x,r,a,b,k,p,myu,var,name;
m=zeros(times,1);
i=1;
do while i<=times;
if opt$=="uniform";
x=rndu(n,1);
myu=0.5;
var=1/12;
m[i]=(sumc(x)/n-myu)/sqrt(var/n);
elseif opt$=="poisson";
r=2;
x=rndp(n,1,r);
Myu=r;

var=r;



m[i]=(sumc(x)/n-myu)/sqrt(var/n);
elseif opt$=="beta";
a=1;
b=1;
x=rndbeta(n,1,a,b);
myu=a/(a+b);
var=a*b/((a+b+1)*(a+b)"2);
m[i]=(sumc(x)/n-myu)/sqrt(var/n);
elseif opt$=="gamma";
a=1;
x=rndgam(n,1,a);
myu=a;
var=a;
m[i]=(sumc(x)/n-myu)/sqrt(var/n);
elseif opt$=="negative binomial";
k=1;
p=0.25;
x=rndnb(n,1,k,p);
myu=k*p/(1-p);
var=k*p/(1-p)"2;
m[i]=(sumc(x)/n-myu)/sqrt(var/n);
else;
errorlog "ERROR:Check back the input";
print "The first input must be one of the following:";
print" uniform";
print"  poisson";
print" beta";
print" gamma";
print" negative binomial";
retp(-1);
endif;
i=i+1;
endo;
library pgraph;
graphset;
name="Central Limit Theorem of "$+opt$+" distribution";



title(name);

hist(m,19);

print "mean" meanc(m);
print " var" stdc(m)”"2;

endp;

mean -0.0014575121
var 0.99252170
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Central Limit Thearem of kela digdribulian
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o 400
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Midpoint

times Critical value
truncated (sumc(x)/n-myu)/sqrt(var/n)
Central Limit
Theorem proc clt
uniform poisson beta gamma negative

binomial



Random Walk

[0,4)
floor int
x,y) - (+1,y) if O
(x-1,y) if 1
(x,y+1) if 2
(x,y-1) if 3
(2D Lattice )
new; cls;

call randomwalk(0,0,1000);

proc randomwalk(x,y,n);
local m,i,p;
m=zeros(n,2);
i=1;
do while i<=n;
p=floor(4*rndu(1,1));
if p==0;
x=x+1; y=y;
elseif p==1;
x=x-1; y=y;
elseif p==2;
X=X; y=y+1;
elseif p==3;
X=X; y=y-1;
else;
errorlog "ERROR?";
endif;
m[i,.]=x~y
i=i+1;

endo;

[0.1)



library pgraph;
graphset;
xy(m[.,1],m[.,2]);
retp(m);
endp;
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(-3

0 T *rndu

(xX,y) - (x+cosO ,y+sinB )

(2D Off Lattice )
new; cls;
call randomwalk2(0,0,2000);

proc randomwalk2(x,y,n);
local m,i,theta;
m=zeros(n,2);
i=1;

360



do while i<=n;
theta=2*pi*rndu(1,1);
x=x+cos(theta); y=y+sin(theta);
m[i,.]=x~y
i=i+1;

endo;
library pgraph;
graphset;
xy(m[., 1], m[.,2]);

retp(m);

endp;

GHUEE  Thp Jan TP OV AT

x,y,z) - (xtl,y,2) if 0
(x-1,y,2) if 1
(x,y+1,2) if 2



(x,y-1,2)
(x,y,z+1)
(x,y,z-1)

(3D Lattice
new; cls;
call randomwalk3(0,0,0,2000);

proc randomwalk3(x,y,z,n);
local m,i,p;
m=zeros(n,3);
i=1;
do while i<=n;
p=floor(6*rndu(1,1));
if p==0;
X=x+1; y=y; z=7;
elseif p==1,
x=x-1;y=y; z=z;
elseif p==2;
X=X; y=y+1l; 7=z,
elseif p==3;
X=X; y=y-1; 7=z,
elseif p==4;
X=X; y=y; z=z+1;
elseif p==5;
X=X; y=y; z=2-1;
else;
errorlog "ERROR";
endif;
ml[i,.]=x~y~z;
i=i+1;
endo;
library pgraph;
graphset;
xyz(m[.,1],m[.,2],m[.,3]);
retp(m);



endp;
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Wiener Process

dt Wiener Process

dt

new; cls;

call wiener(500,1,2000);



proc wiener(w0,T,n);
local dt,dw,w,t;
dt=T/n;
dw=sqgrt(dt)*rndn(n,1);
w=w0 | (WO+cumsumc(dw));
t=0]seqa(T/n,dt,n);
library pgraph;
graphset;
xy(t,w);
retp(t~w);
endp;

dw=sqgrt(dt)*rndn(n,1) dw( =w(t) w(t-1))
w0
w0

procedeure



White Noise
Wiener Process White Noise

E(eo O Var(e ) 02 o,CoVv(e € +o) O

dx dw

— =p(t)=— dt
a0

dx =dw

[ ax=1"aw

X(t) = x(t_y) =W(t;) -W(t_,) dx = dw
() = x(t, ) + dW(t;)

dt
x0

( Wiener Process )
new; cls;
call whitenoise(0,1,2000);

proc whitenoise(x0,T,n);
local dt,x,dw,i,t;
dt=T/n;
x=zeros(n,1);
dw=sgrt(dt)*rndn(n,1);
X[1]=dwl[1];
i=2;
do while i<=n;
x[i]=x[i-1]+dw[i];
i=i+1;
endo;
t=0]seqga(T/n,dt,n);
x=X0 ] (x0+x);
library pgraph;
graphset;



Xy (t,x);
retp(t~x);
endp;

(tis)
dx/dt  dwi/dt

dx dw
i f(x(1)+ g(X(t))E

f(x(1) x(t)
9(x(D) x(t)
dt
dt

@ () ( (G)dt  ( (ty)dW(L)

( ) A (tiy) ( (o)) v (ti)
Ao
(t) () A (tydt p o (t)dW(L)

White Noise
( White Noise)
O O 0O new; cls;
O O O call whitenoise(1,1,2000,2,1); @ X0 must be non-zero. @

proc whitenoise(x0,T,n,lambda,myu);

local dt,x,dw,i,t;

dt=T/n;

x=zeros(n,1);

dw=sqgrt(dt)*rndn(n,1);

X[1]=x0+dt*lambda*x0+myu*x0*dw][1];

i=2;

do while i<=n;
x[i]=x[i-1]+dt*lambda*x[i-1]+myu*x[i-1]*dwl[i];
i=i+1;

endo;



t=0]seqa(T/n,dt,n);
x=x0]x;
library pgraph;
graphset;
xy(t,x);
retp(t~x);
endp;

x[i]=x[i-1]+dt*lambda*x[i-1]+myu*x[i-1]*dw[i]
x(1)

Wiener

x[i-1] 0

Geometric Brownian Motion

Wiener S(t)

ds(t) p St)dt o S(t)dz

0,1,2,3,.... V M- 05072



Method 1

S(to) = S0

S(ty.r) — S(ty) = 4S(t )AL + oS(t)e(t VAL
£(t,) ~ N(0J)

S(ty ;) =[1+ At + oe(t, WAL]S(t, )

S(t)

Method 2

INS(t,,,) - InS(t,) = VAt + oe(t, )V At
S(tkH_) — evAt-%—o‘s(tk)\/E S(tk)

INS(ty.1)/S(ty)
e S(ty)
Method 1

SO 10 v 0.15 o 0.40
A t=1/52 52
[VIRY;
P2 Method 1  Method 2 S(t)

new; cls;
S0=10;
nu=0.15;
sig=0.40;
delt=1/52;
n=52;

label1={"week" "dz" "mudt+sdz" "P1" "nudt+sdz" "P2"};
label2={"-----" "emmet Mot M

print $labell;

print $label2;;

print/rd sim2ways(S0,nu,sig,delt,n);

Method 2

P1



proc sim2ways(S0,nu,sig,delt,n);

local e,t,mu,dz,c2,c4,St1,St2,i;

e=rndn(n,1);

t=seqa(0,delt,n+1);

mu=nu+0.5*sig"2;

dz=e*sqrt(delt);

c2=miss(0,0) | (mu*delt+sig*dz);

c4=miss(0,0) | (nu*delt+sig*dz);

dz=miss(0,0) ] dz;

/* Method 1 */

Stl=zeros(n+1,1);

St1[1]=S0;

i=1;

do while i<=n;
Stl[i+1]=(1+mu*delt+sig*e[i]*sqrt(delt))*St1[i];
i=i+1;

endo;

/* Method 2 */

St2=zeros(n+1,1);

St2[1]=S0;

i=1;

do while i<=n;
St2[i+1]=exp(nu*delt+sig*e[i]*sqrt(delt))*St2[i];
i=i+1;

endo;

/* graph */

library pgraph;

graphset;
_plegctl=1;
_plegstr="Method 1¥000 2"
xlabel("t");
ylabel("S(t)");
xy(t,St1~St2);

retp(sega(0,1,n+1)~dz~c2~St1~c4~St2);

endp;
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