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2. Chi

3. Weibull

4. Skew normal distribution

5. Azzalini

6. Scale mixture of normal distributions

7. Scale mixture of skew normal distributions
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Sl slodal,

M-1) IS

require(graphics)
curve(((2*pi)/(pi+2*atan(-1)))*dnorm(x)*pnorm(-1*abs(x)),-6,6,col="2")
curve(((2*pi)/(pi+2*atan(-0.5)))*dnorm(x)*pnorm(-0.5*abs(x)),-6,6,col="3",add=TRUE)
curve(((2*pi)/(pi+2*atan(2)))*dnorm(x)*pnorm(2*abs(x)),-6,6,col="4",add=TRUE)

curve(((2*pi)/(pi+2*atan(4)))*dnorm(x)*pnorm(4*abs(x)),-6,6,col="5",add=TRUE)

sk sk sk sk sfe sk sk sk sk sk sk s sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk s sk sk sk sk sk sk skeosk sk skeokeskoskosk

(Y-Y) 5 (\-Y) U

require(strucchange)

require(fMultivar )

dmvt=function(X,mu,Omega,nu){
mu=matrix(rep(mu,nrow(X)),byrow=T,ncol=ncol (X))

y=dmt(X,mu,0Omega,df=nu)

return(y)
}
n =50

x = seq(-4,4, length = n)
xoy = cbind(rep(x, n), as.vector(matrix(x, n, n, byrow = TRUE)))
X = matrix(xoy, n * n, 2, byrow = FALSE)
mu =c(1, 1)
nu=1
Omega = matrix(c(1, 0.5, 0.5, 1), 2)
Z= matrix(dmvt(X,mu,0Omega,nu),length(x),length(x))

persp(X, X, Z,xlab="X",ylab="Y",zlab="2")

A



Sl slodal,

*hhkkkhkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhhkkhihhkhkhhkhhhkhkhhkhkkhkhkhkkhhkhkkhhkhkihhhkhhkhkkhhhkkhhihkkikhihkkhihkikihkiihkiiikik

(O-%) IS

require(graphics)
curve(dsn(x,0,1,0),-6,6,ylim=c(0,1),col=6)
curve(dsn(x,0,1,1),-6,6,ylim=c(0,1),col=3,add=TRUE)
curve(dsn(x,0,1,5),-6,6,ylim=c(0,1),col=7,add=TRUE)
curve(dsn(x,0,1,10),-6,6,ylim=c(0,1),col=4,add=TRUE)

curve(dsn(x,0,1,100),-6,6,ylim=c(0,1),col=2,add=TRUE)

khkhkhhrhkhkhkkhkhkhkhhrrrhkhkhhkhkhrrrrrhhhhkhdrrrrhhkhhhkhdrrrrrhdhhkhiirriiithhhiiiix

(Y-1) U

curve(dsn(x,0,1,0),-6,6,ylim=c(0,1),col=6)
curve(dsn(x,0,1,-1),-6,6,ylim=c(0,1),col=3,add=TRUE)
curve(dsn(x,0,1,-5),-6,6,ylim=c(0,1),col=7,add=TRUE)
curve(dsn(x,0,1,-10),-6,6,ylim=c(0,1),col=4,add=TRUE)

curve(dsn(x,0,1,-100),-6,6,ylim=c(0,1),col=2,add=TRUE)

B R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S R R R R R R R R R R R R R R R R R R R R R R R R R R R R R S S R R

(r-1) U

require(graphics)
curve(dsn(x,-1,1,1),-6,6,ylim=c(0,1),col=6)
curve(dsn(x,-1,1,5),-6,6,ylim=c(0,1),col=3,add=TRUE)
curve(dsn(x,-1,1,10),-6,6,ylim=c(0,1),col=4,add=TRUE)

curve(dsn(x,-1,1,100),-6,6,ylim=c(0,1),col=2,add=TRUE)

KEAIAIAIIAAAKAAAAAIAIAAAAAAEAAIAIAAAAAAAAEAAIAAIAAAAAhAhEArArrrrAhkdhhkhkhiirriixixhhhiiiix
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Sl slodal,

(F-¥) s

require(graphics)
curve(dsn(x,-1,1,-1),-6,6,ylim=c(0,1),col=6)
curve(dsn(x,-1,1,-5),-10,10,ylim=c(0,1),col=3,add=TRUE)
curve(dsn(x,-1,1,-10),-10,10,ylim=c(0,1),col=4,add=TRUE)

curve(dsn(x,-1,1,-100),-10,10,ylim=c(0,1),col=2,add=TRUE)

KEAAEAAKAEAAKAIAAAAAAAAAAAAIAAAAAAIAAAIAAAAAAAAAkAAAkAAAkArhkhrhkhkrhhkrhhihhiihiiiiikx

(V-¥) S

require(graphics)
curve(1/pnorm(0)*dnorm(x)*pnorm(2*(x)),from = -6,to = 6,col="2",ylim=c(0,1))

curve(1/pnorm(1/sqrt(5))*dnorm(x)*pnorm(1+2*(x)),from = -6,to =
6,col="3",ylim=c(0,1),add=TRUE)

curve(1/pnorm(-1/sqrt(5))*dnorm(x)*pnorm(-1+2*(x)),from = -6,to =
6,col="5",ylim=c(0,1),add=TRUE)

curve(1/pnorm(-2/sqrt(5))*dnorm(x)*pnorm(-2+2*(x)),from = -6,to =
6,col="9",ylim=c(0,1),add=TRUE)

curve(1/pnorm(2/sgrt(5))*dnorm(x)*pnorm(2+2*(x)),from = -6,to =
6,col="6",ylim=c(0,1),add=TRUE)

KEAAEAAKAEAAAAAAAAAAAAAAAAAAAAAAAAIAAAAAAAAAAAhkArAhkhhhkhkhhkhkhhhkhhhihhiihiiiiik

A-Y) IS

require(graphics)

curve(1/pnorm(1/sqrt(5))*dnorm(x,1,2)*pnorm(1+2*((x-1)/sqrt(2))),-
10,10,col="2",ylim=c(0,1))

curve(1/pnorm(1/sqrt(5))*dnorm(x,-1,2)*pnorm(1+2*((x+1)/sqrt(2))),-
10,10,col="3",ylim=c(0,1),add=TRUE)

AR



Sl slodal,

curve(1/pnorm(1/sqrt(5))*dnorm(x,-2,4)*pnorm(1+2*((x+2)/2)),-
10,10,col="5",ylim=c(0,1),add=TRUE)

curve(1/pnorm(1/sqrt(5))*dnorm(x,2,4)*pnorm(1+2*((x-2)/2)),-
10,10,col="9",ylim=c(0,1),add=TRUE)

curve(1/pnorm(1/sqrt(5))*dnorm(x,4,4)*pnorm(1+2*((x-2)/2)),-
10,10,col="4",ylim=c(0,1),add=TRUE)

khkhkhhrhkhkhkkhkhkhkhrrrrhkhkhhkhdrrrrrhkhhhkhrrrrrrhhhhkhrrrrrhhhhhkhiirriididhhhiiiix

\-%) Jgox

require(mixsmsn)

mu=c(5,5)

sigma=matrix(c(2,1,1,2),ncol=2,nrow=2)

shape=c(2,2)

nu=5

data(ais, package="sn")

attach(ais)

y=matrix(cbind(Ht,Wt),ncol=2)

smsn.mmix(y, nu=3, g=1, get.init = TRUE, criteria = TRUE,
group = TRUE, family = "Normal")

smsn.mmix(y, nu=3, g=1, get.init = TRUE, criteria = TRUE,
group = TRUE, family = "Skew.normal™)

smsn.mmix(y, nu=3, g=1, get.init = TRUE, criteria = TRUE,

group = TRUE, family = "Skew.t")

KEAIAIAIIAAAKAAIAAAIAAAAAAAAAAAIAAAAAAAEAAIAIIAAAAAhhEArArrrrhhhhhkhiirrdiixhhhiiiikx

(V-) «(V-F) «(5-Y) (0-F) sl
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Sl slodal,

require(strucchange)
require(fMultivar)

# This is the square root of a positive definite matrix
matrix.sqrt <- function(A) {

sva <- svd(A)

if (min(sva$d)>=0)

Asqrt <- t(sva$v %*% (t(svadu) * sqrt(sva$d)))
else
stop(""Matrix square root is not defined")

return(Asqrt)
}
#function for skew t distribution with one paramter skew
dmvt=function(X,mu,0Omega,landa2,nu){
mu=matrix(rep(mu,nrow(X)),byrow=T,ncol=ncol (X))
landal=matrix(c(landa2),ncol=1)
partl=dmnorm(X,mu,0Omega)
f=2*partl*pnorm(t(landa2)%*%solve(matrix.sqrt(Omega))%*%t(X-mu))
#calculate the skew t
part2=dmt(X,mu,Omega,df=nu)
nustar=nu-+ncol(X)
d=mahalanobis(X,mu,0Omega)

f1=2*part2*pt(t(landa2)%*%solve(matrix.sqrt(Omega))%*%t(X-

mu)*sqrt(nustar/nu+d),df=nustar)
return(list(f,f1))
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Sl slodal,

n=>50
X = seq(-4,4, length = n)
xoy = chind(rep(x, n), as.vector(matrix(x, n, n, byrow = TRUE)))
X = matrix(xoy, n * n, 2, byrow = FALSE)
#mu is mean parametr
mu =c(1, 1)
nu=5
#t=4
#omega is sigma matrix with dimenstion p.p
Omega = matrix(c(1, 0.5, 0.5, 1), 2)
#landa2 is paramter skew
landa2=c(-3,3)

#new(X,mu,0Omega,landa3,landa2,nu)[[1]]

Z= matrix(dmvt(X,mu,0Omega,landa2,nu)[[1]],length(x),length(x))
#contor plot skew normal with one shape parametrs
contour(Z)
persp(x, X, Z,xlab="X"ylab="Y",zlab="2")
Z1= matrix(dmvt(X,mu,Omega,landa2,nu)[[2]],length(x),length(x))
#contor plot skew t with tow shape parametrs
contour(Z1)
persp(x, X, Z1,xlab="X",ylab="Y" zlab="2")

TEAAAEAAAEAAIAAAAAAAAAAAAAAAAAAAAAAIAAAAAAAAAAhkArAhkhhhkhkhhkhkhhhhhhihhiihiiiiik

(f—f) ‘(\‘—f) ‘(\ ’—V) ‘(Q—V) Jl&w‘

V¥



Sl slodal,

require(strucchange)
require(fMultivar)
# This is the square root of a positive definite matrix
matrix.sqrt <- function(A) {
sva <- svd(A)
if (min(sva$d)>=0)
Asqrt <- t(sva$v %*% (t(svadu) * sqrt(sva$d)))
else
stop(""Matrix square root is not defined")
return(Asqrt)
}
#function for skew t distribution with two paramter skew
dmvt=function(X,mu,0Omega,landa3,landa2,nu){
mu=matrix(rep(mu,nrow(X)),byrow=T,ncol=ncol (X))
landal=matrix(c(landa2),ncol=1)
landa0=landa3
sigma0=Ilanda0/(sqrt(1+t(landa2)%*%landa2))
sigmal=matrix(as.vector(landa2)/(sqrt(1+t(landa2)%*%landa2)),ncol=1)
partl=t(sigmal)%*%solve(matrix.sqrt(Omega))%*%t(X-mu)
part2=sqrt(1-t(sigmal)%*%/(sigmal))
part3=rep(sigma0,nrow(X))+partl/rep(part2,nrow(X))
part4=dmnorm(X,mu,Omega)
f=1/pnorm(sigma0)*part4*pnorm(part3)
#calculate the skew t

part5=dmt(X,mu,Omega,df=nu)

\Fo



Sl slodal,

nustar=nu+ncol(X)
d=mahalanobis(X,mu,0Omega)

f1=(1/pnorm(sigma0))*part5*pt(t(landal)%*%solve(matrix.sqrt(Omega))%*%t(X-
mu)*sqrt(nustar/nu+d),df=nustar,ncp=landa0"2)

return( list(f,f1))}

n=>50
X = seq(-4,4, length = n)
xoy = chbind(rep(x, n), as.vector(matrix(x, n, n, byrow = TRUE)))
X = matrix(xoy, n * n, 2, byrow = FALSE)
#mu is mean parametr
mu =c(1, 1)
nu=>5
t=4
#omega is sigma matrix with dimenstion p.p
Omega = matrix(c(1, 0.5, 0.5, 1), 2)
#landa3 is landa0 of frist skew parameter
landa3=-3
#landa2 is second paramter skew
landa2=c(5,3)
Z= matrix(dmvt(X,mu,0Omega,landa3,landa2,nu)[[1]],length(x),length(x))
#contor plot skew normal with tow shape parametrs
contour(Z)
persp(x, X, Z,xlab="X",ylab="Y" zlab="2")

Z1= matrix(dmvt(X,mu,Omega,landa3,landa2,nu)[[2]],length(x),length(x))

g



Sl slodal,

#contor plot skew t with tow shape parametrs
contour(Z1)

persp(x, X, Z1,xlab="X",ylab="Y" zlab="2Z")
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Abstract:

There are many practical situations for which a symmetric model doas not fit well to the
give data set, and the plot of data is skew. Thus an skew model can be fitted better.
Forther if there exist extreme values and outliers in the data heavier tail alternatives to
the skew normal models, such as Students-t skew distribution or more generally scale

mixture of skew normal distributions perform better for model fitting purpose.

In this thesis multivariate skew normal distributions with one and two skewness
parameters are studied in details and as an extension to the letter, a new multivariate
scale mixture of skew normal distributions model is defined, and its statistical properties

are obtainded.

Key words:

Scale mixture of normal distributions, skewness parameter, Skew normal

distribution, Scale mixture of skew normal distributions, EM Algoritm
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