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###Figure() - \)##4#

lambda =)

f = function(z){

(Y * dnorm(x) * pnorm(lambda * x)

}

curve(f, zlim = c(=¥,¥),ylim = c¢(c, ), lwd =\, ity =\, col =)
lambda =Y

curve(f,zlim = c(=¥,¥%),lwd =\, Ity =Y, col =\, add = TRUE)
lambda = 0

curve(f,zlim = ¢(—¥,¥%),lwd =\, Ity =¥, col =\, add = TRUE)
legend(“topright”, “(z,y)", legend = c(“lambda = \", “lambda = Y",

“lambda = O"), ity = c(\,Y,¥),col =)

95 Jad 4 bgspe pugs 4l p
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HtA Figure(\V - )44

alpha = \

f = function (z){

(N = alpha * ) + V) /(Y + alpha”) * dnorm(z)

« dnorm((z — mu)/sigma)

}

curve(f, zlim = (=5, %), ylim = (o, o), lwd =\, Ity =\, col =)
alpha = 0

curve(f, xlim = o(=¥,¥), lwd =V, ity =Y, col =, add = TRUE)
alpha = \o

curve(f, zlim = o(=5,%), lwd =\, lty =¥, col =\, add = TRUE)
legend(“topright”, “(x,y)", legend = c(“alpha = \",

“alpha = 0", “alpha = Vo), Ity = ¢(V,Y,¥), col = V)

VoYY 6 alasde 4 bg e (g00s 1S
(Jlop dsz — Wlae5 S8 @) (o) slode 5 f(2) slodta; (53] s &

library(rootSolve)

mu = o; sigma = \; alpha = \o

f = function(x){

(Y = alpha * ((z — mu)/sigma))" + )/ (sigma * (Y + alpha")))
s dnorm((x — mu)/sigma)

}

g = function(z){

(—alpha” * 2" +Y s alpha x 2" =Y x 2+ Y * alpha’ * x — Y * alpha)
¥

uniroot, all(g,c(—Vo, Vo))

curve(f,lty =V, xlim = (=¥, %), ylim = c(o,o/B), col =)
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.C) l".
=9

gamma\ = function(alpha){
(Y * alpha® + A x alpha)/(sqrt(¥ * alpha® + ¥ + alpha” +¥))"

}

gamma) = optimize(gamma\, c(—Yoooo Yoooo) tol = o/o00ooo\)§objective
gammaY = optimize(gamma\,c(—Yoooo Yoooo) tg] = o/ocoooo)
mazimum = T RU E)$objective
c(gamma), gammaY)
gammaY = function(alpha){
(VO * alpha® + Yo x alpha” + \#A * alpha® + A8 alpha” + TA)
/(Y % alpha® + ¥ % alpha’ + )Y =Y
}
gamma) = optimize(gammaY , c(—Yoooo Yoooo) to] = o/o0coooY)$objective
gammaY = optimize(gammaY ,c(—Yoooo Yoooo) {g] = o/0cco0c0
mazimum = T RU E)$objective

)

c(gamma\, gamma¥
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#t#Figure(Y -V )44

—————— distribution ASN of kurtosis of Plot — — — — — —

a < seq(=Yo,Yo,/0V)

f < —function(a)\Y xa AO +AxaAY)/ Y xa Y +FxanY +F)AY)Y)
Plot(a, f(a), type =" V", ylime = C(—o/M\, o/AY), zlab =" alpha”

Jylab =" skewness”, main =" ASNskewess", Ity =, co\ =)

————— distribution ASN of skewness of Plot — — — ——

a < seq(—)0,\0,/0V)

f < —function(a) (d*xa AN+ \Woxan® +\FAxan¥

+87 xa AY +FAN) /(¥ xsaAF +FxarnY +F)AY Y

Plot(a, f(a), type =" V", ylime = C(—\/X'F, o NSAQ), zlab =" alpha”, ylab =" kurtosis”,

main =" ASNkurtosis”, lty =\, co) =)

TR 90, by 4 bgye soue I8
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alpha = \;j = o;n = Yo X = numeric(n)
= (Y + sqrt(Y))/Y
—¢(=),))
= c(o/,o/B)
while(j < n—+ Y){
w=runif(\): z = rnorm(\); t = rchisq(\,df =Y, nep = o);
v = sample(x,\, replace = TRUE, prob = p); y = sqrt(t) * v
s = sqrt(alpha’ /(Y + alpha®))  y + sqrt(Y /(Y + alpha’)) * z
if (< ((V+ (Y +alpha = 5)) /(Y + alpha® = s7))/M){
X[jl=s
J=i+V;
if (u>=((V+ (Y +alpha* s)") /(Y + alpha" * s"))/M{
j =7}
}
X

A uad 4 bogs o cungs 4ol Ol jgnans
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library(functional)
#fx < —D(expression((((()

—alpha * 2)¥) + V) /(Y + alpha")) * dnorm(z)),” z”)

f = function(z, alpha){

f=((((\ = alpha * )Y + V) /(Y + alpha")) * dnorm(z)

return(f)

}

fprime = function(z, alpha){

forime = —((((Y = alpha * 2)*) + V) /(Y + alpha™)) * (z * dnorm(z))+
Y « (alpha = (\ — alpha « x)) /(Y + alpha") = dnorm(z))

return(fprime)

}

b= sqrt(Y /pi)

C = function(alpha, lambda){

delta = lambda/ (sqrt(\ + lambda"))

¢ =\ — alpha x b x delta + ((alpha")/Y)

return(c)

F\ = function(z){

FY\ = (Y + alpha") /(C(alpha, lambda))) % fprime(x, alpha) x pnorm(lambda * x)

}

FY = function(z){

FY = (=(Y + alpha") /(C(alpha, lambda))) * lambda * f(x, alpha) * dnorm(lambda * x)
}

f—GASN = function(x, alpha, lambda){

Ff = ((\+ (Y = alpha * z)7)/C(alpha, lambda)) * dnorm(z)  pnorm(lambda * x)



return(ff)
}

Ex = function(alpha, lambda){

delta = lambda/ (sqrt(\ + lambda"))

Ex = (\/C(alpha, lambda)) x (b * delta — alpha + (((b * delta x (¥ + Y * lambda"))
/(Y % (\ + lambdaY)))  alpha"))

return(Ex)

}

ExY = function(alpha, lambda){

delta = lambda/ (sqrt(\ + lambda"))

ExY = (\/C(alpha, lambda)) * (\ — ((b* delta x (¥ 4+ Y % lambda"))/

(\ + lambda")) * alpha + (YY) * alpha")

return(ExY)

}

ExY = function(alpha, lambda){

delta = lambda/(sqrt(\ + lambda"))

ExY = (\/C(alpha, lambda)) = (b * delta * (Y + Y % lambda"))/(\ + lambda" ))—
Y« alpha + ((b* delta x (\O + (Yo x lambda") + A « lambda®)) /(Y * (\ + lambda™)")) * alpha")
return(ExY)}

Ext = function(alpha, lambda){

delta = lambda/ (sqrt(\ + lambda"))

Ex§ = (\/C(alpha,lambda)) * (¥ — (b delta x (\O + (Yo * lambda")

+ A s lambda™)) /(Y + lambda™)¥) * alpha + (VO /Y) * alpha')

return(ExY)

}

gamma) = function(alpha, lambda){

Varz = ExY (alpha, lambda) — (Ex(alpha, lambda))"

gamma) = (ExY (alpha,lambda) — Y * Ex(alpha, lambda) * ExY (alpha, lambda)
+Y * (Ex(alpha, lambda))") /(VarzX’' V)

return(gammal)}
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gammaY = function(alpha, lambda){

Varz = ExY (alpha, lambda) — (Ex(alpha, lambda))

gammaY = ((Ex¥ (alpha,lambda) — ¥ * Ex(alpha, lambda) x ExY (alpha, lambda)

+ & % (Ex(alpha, lambda)") * ExY (alpha, lambda) — Y * Ex(alpha, lambda)") /(Varz")) — ¥
return(gammaY )}

gamma\(—o/0, V)

gammaY (—o/0, V)

GASN (o, ) &5 & ol JKo a5 g

###EFigure Y4

f—GASN — set\ < —Curry(f — GASN, alpha = ©,lambda = °)
f—GASN — setY < —Curry(f — GASN, alpha =Y ,lambda = °/°\)
f—GASN — setY < —Curry(f — GASN, alpha =\, lambda = —\)
curve(f — GASN — set\, =¥, ¥, ylim = c(o, /%), ylab ="")

curve(f — GASN — setY,—¥,¥,lty =Y,add = TRUE)

curve(f — GASN — setY, ¥ ,¥,ity =Y,add = TRUE)

VoV D ey g

###Figure Y #H44t

gamma) — given — lambda < —Curry(gamma), lambda = )
curve(gamma\ — given — lambda, —\ o, °)
gamma) — given — alpha < —Curry(gamma), alpha = o/Y)

curve(gamma\ — given — alpha, —\o o)
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##4tFigure S H#44

gammaY — given — lambda < —Curry(gammaY ,lambda = )
curve(gammaY — given — lambda, —\o, )
gammaY — given — alpha < —Curry(gammaY , alpha = o/Y)

curve(gammaY — given — alpha, —\o o)
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x = scan(” http : //lib.stat.cmu.edu/data — expo/NAQY Jascii/poY .dat”)
n = length(z)

mu = O/NOY

sigma = \/#\Y

£\ = function(z){

dnorm(z, mu, sigma)

}

curve(fV, lwd =\, Ity =\, col =\, alim = ¢(Y, Vo), ylim = c(o, o/¥)
mu = $/114Y

sigma = Y/Y'0of

lambda = Y/o% oA

Y < — function(z){

Y % sigma™\ x dnorm((xz — mu)/sigma) * pnorm(lambda * ((x — mu)/sigma))

}
curve(fY, lwd =\, Ity =Y, col =\, add = TRUFE)
mu = Z/NOYA

sigma = \/FAVY

alpha = /A0

Y = function(x){

(Y = alpha * ((z — mu)/sigma))" + ) /(sigma = (Y + alpha"))) * dnorm((xz — mu)/sigma)
¥

curve(fY, zlim = ¢(Y, Vo), lwd =\, lty =Y, col =\, add = TRUE)

legend("topright”,” (z,y)”, legend = ¢(" N”,” SN” " ASN”), lty = c(\,Y,Y), col =)

VT ido & bgsye (V- F) IS sy g
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alpha = V/A; lambda = o/\

alpha = —o/3; lambda =

curve(F — Y, =¥,¥, ylim = c¢(—</¥, /%))
curve(F —Y,—¥,%,add = TRUE, Ity = Y)

YoF Jgaz 00,4l Cavoas

n = length(y — Y)

c(n,mean(y — ¥),sd(y — ¥), skewness(y — ¥), kurtosis(y — ¥))
YoF sl FOF oo 00,4 Caws 4

require(graphics)

require(stats¥)

require(sn)

B = Qo ocooo0

y = scan("http : //lib.stat.cmu.edu/data — expo/NARY fascii/poY .dat”
what = list("z\”,7a¥", 72X 7 2F7 72l 7287, sep = 7, nlines = VoAY)
y\ = as.numeric((y[[\]]))

yY = as.numeric((y[[Y]]))
yY = as.numeric((y[[V]]))
y¥ = as.numeric((y[[¥]]))
y® = as.numeric((y[[0]]))
y¥ = as.numeric((y[[%]]))

n = length(yY)

c(n, mean(yY), sd(yY))

Mu = mean(y¥); Sd = sd(y¥)
Mu

Sd
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zx = (y¥ — mu) /var

gamma) = mean((zz — mean(zx))¥)/ (var(zz) X /Y))
gamma)

gamma¥ = (mean(zx — mean(zz)")/(var(zz)")) =Y
gamma¥

HHHASN  random number  generatordi##
SCASN = function(I, alpha){

V = sample(c(=\, V), I, replace = TRUE)

T = rchisq(1,Y)

Y = sqrt(T) * V

Z = rnorm(I)

rr = sqrt((alpha" ) /(Y + alpha®)) * Y + sqrt(Y /(Y + alpha")) x Z
return(rr)

}

ASN = function(B, alpha){

r — ASN = numeric(B)

for(iin\ : B){

u=runif(})

s = SCASN(), alpha)

of

(u < (Y % (Y + alpha = s)" + V) /(Y + sqrt(Y)) = (Y + (alpha") * s)))){r — ASN[i] = s}
}

id = which(r — ASN == o)

r—asn =r — ASN[—id|

return(r — asn)

}



HH#H#GASN  random number — generatord44
GASN = function(B, alpha, lambda){

w = ASN (B, alpha); lenw = length(w)

r — GASN = numeric(lenw)

for(iin) : lenw){

z = rnorm())

#w = ASN (O°, alpha)[V]

if(z < lambda  w[i)){r — GASNIi] = wli]}
}

id = which(r — GASN == o)

return(r — GASN[—id))}
A A A A
b= sqrt(Y /pi)

C = function(alpha, lambda){

delta = lambda/ (sqrt(\ + lambda"))

¢ =\ — alpha = b delta + ((alpha")/Y)
return(c)

}
GASN — theta = function(theta){

mu = theta[\]; sigma = theta[Y]; alpha = theta|Y']; lambda = thetal¥]
logl = sum(log(\ + (Y — alpha * ((y§ — mu)/sigma))")) + sum(log(dnorm((y§ — mu)/sigma)))

+ sum(log(pnorm((lambda * (y¥ — mu))/sigma))) — n * log(sigma) — n * log(C(alpha, lambda)

return(—logl)

}

SN — theta = function(theta){

mu = theta[\]; sigma = theta|Y]; alpha = °;lambda = theta|Y]
logl = sum(log(\ + (\ — alpha * ((y§ — mu) /sigma))")) + sum(log(dnorm((y§ — mu)/sigma)))

+ sum(log(pnorm((lambda * (y¥ — mu))/sigma))) — n x log(sigma) — n x log(C(alpha, lambda)

return(—logl)

}
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ASN —theta = function(theta){

mu = theta|\]; sigma = theta|Y]; alpha = theta|Y]; lambda = °

logl = sum(log(\ + (\ — alpha = ((y§ — mu)/sigma))")) + sum(log(dnorm((y§ — mu)/sigma)))
+ sum(log(pnorm((lambda * (y¥ — mu))/sigma))) — n * log(sigma) — n * log(C(alpha, lambda))
return(—logl)

}

SBN — theta = function(theta){

mu = theta[\]; sigma = theta[Y]; alpha = theta|Y]; lambda = theta[¥]

logl < —n % log(Y) — n * log(sigma) — n x log() + alpha) + sum(log(\ + alpha x ((y§ — mu)/sigma)")
+ sum(dnorm((y§ — mu)/sigma,log = TRUFE))

+ sum(pnorm((lambda * (y¥ — mu))/sigma,log.p = TRUE))

return(—logl)

}

N —logLike = function(mu, sigmaY ){

logl = (—n)Y) % log(Y  pi) — (n/Y) % log(sigmaY) — (\ /(Y * sigmaY)) * sum((y§ — mu)")
return(—logl)}

A i A A i AR A i AR AR i A i AR A i

MLE — GASN = nlminb(c(Mu, Sd,°/°\,0/°Y), GASN — theta)

Mle — GASN = MLE — GASN$par; Mle — GASN

AIC — GASN = —Y x (-MLE — GASNS$objective) + Y x ¥; AIC — GASN

LogLikeGASN = —MLE — GASN$objective; LogLikeGASN

BIC — GASN =¥ « log(n) — Y * (—LogLikeGASN); BIC — GASN

Mle — mu — N = mean(y¥); Mle — mu — N

Mle — sigma¥ — N = (\/n) * sum((y§ — Mle — mu — N)V); Mle — sigmaY — N
NormalLikelihood = N — logLike(Mle — mu — N, Mle — sigmaY — N); —Normal Likelihood
AIC — N = =Y % (—=NormalLikelihood) + Y *Y; AIC — N

BIC — N =Y xlog(n) —Y x N — logLike(Mle — mu — N, Mle — sigmaY — N); BIC — N
MLE — SN = nlminb(c(Mu, Sd, o/o\), SN — theta)

Mle — SN = MLE — SN$par; Mle — SN



AIC — SN = =Y « (=M LE — SN$objective) + Y xY; AIC — SN
LogLikeSN = —MLE — SNS$objective; LogLikeSN

BIC — SN =Y xlog(n) — Y * (—LogLikeSN); BIC — SN

MLE — ASN = nlminb(c(Mu, Sd,/°\), ASN — theta)

Mle — ASN = MLE — ASN$par; Mle — ASN

AIC — ASN = —Y % (=M LE — ASNS$objective) + Y *Y; AIC — ASN
LogLike ASN = —MLE — ASNSobjective; LogLike ASN

BIC — ASN =Y xlog(n) =Y * (—LogLikeASN); BIC — ASN

MLE — SBN = nlminb(c¢(Mu, Sd,°/°\,°/°Y), SBN — theta)

Mle — SBN = MLE — SBN$par; Mle — SBN

AIC — SBN = —Y % (=M LE — SBNS$objective) + Y *¥; AIC — SBN
LogLikeSBN = —MLE — SBNS$objective; LogLikeS BN

BIC — SBN =Y xlog(n) — Y x (—LogLikeSBN); BIC — SBN

AR SEE TR N Y PRCSRNN JCORE

#H#H#Table X H#H#H#
y = read.table(”C : /WCC.tzt”)[,\]

mu = mean(y); varr = sd(y)
zx' = (y — mu)/varr
gamma\ = mean((zz — mean(zz))")/ (var(zz) /")

gammaY = (mean((xz — mean(xx))f)/(var(xx)v)) -Y
V-f Jgo Qo)ﬂwo L

#tAmle. Rt 44
n=VYoY
y = read - table("C : JWCC.txt”)[,\]

b= sqrt(Y /pi)
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C = function(alpha,lambda){

delta = lambda/ (sqrt(\ + lambda"))

¢ =\ — alpha = b * delta + ((alpha")/Y)

return(c)

}

GASN — theta = function(theta){

mu = theta[\]; sigma = theta[Y]; alpha = theta|Y]; lambda = theta[¥]

logl = sum(log(\ + () — alpha * ((y — mu)/sigma))")) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n * log(C'(alpha, lambda))
return(—logl)

}

SN — theta = function(theta){

mu = theta[\]; sigma = theta|Y]; alpha = °;lambda = theta|Y]

logl = sum(log(\ + () — alpha * ((y — mu)/sigma))")) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n x log(C(alpha,lambda))
return(—logl)

}

ASN — theta = function(theta){

mu = theta|\]; sigma = theta|Y]; alpha = theta[\']; lambda = ©

logl = sum(log(\ + (\ — alpha * ((y — mu)/sigma))")) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n * log(C(alpha, lambda))

return(—logl)

}



SBN — theta = function(theta){

mu = theta[\]; sigma = theta|Y]; alpha = theta|Y]; lambda = theta|¥]
logl < —n *log(Y) — n * log(sigma) — n * log(\ + alpha)

+ sum(log(\ + alpha % ((y — mu)/sigma)")) + sum(dnorm((y — mu)/sigma,log = TRUE))
+ sum(pnorm((lambda * (y — mu))/sigma,log - p = TRUFE))
return(—logl)

}

MLE — GASN = nlminb(c(V/\e A, \/A YY), GASN — theta)
Mle — GASN = MLE — GASNSpar

AIC — GASN = —Y x (-MLE — GASN$objective) + Y x ¥
MLE — SN = nlminb(c(N/YoA, /A, o/0Y), SN — theta)

Mle — SN = MLE — SN$par

AIC — SN = —Y x (=M LE — SN$objective) + Y Y

MLE — ASN = nlminb(c(N/YeA,V/A, o), ASN — theta)

Mle — ASN = MLE — ASNSpar

AIC — ASN = —Y % (-MLE — ASNobjective) + Y * Y
MLE — SBN = nlminb(c(N/\oeA,V/A,o,°), SBN — theta)
Mle — SBN = MLE — SBNS$par

AIC — SBN = —Y % (=M LE — SBN$objective) + Y * ¥

i i i i i i ki

random  generator.R

require(graphics)

require(statsY)

require(sn)
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y = read.table("C : JWCC.tat")[,\]

B = \ooooo

alpha = o/0\\O

lambda = Y/Y¥o

H##ASN  random  number  generator#4
SCASN = function(I, alpha){

V = sample(c(—\, V), I, replace = TRUE)

T = rchisq(I,Y)

Y =sqrt(T)«V

Z = rnorm(I)

rr = sqrt((alpha") /(Y + alpha®)) * Y + sqrt(Y /(Y + alpha")) x Z
return(rr)

}

ASN = function(B, alpha){

r — ASN = numeric(B)

for(iin) : B){

u=runif(})

s = SCASN(), alpha)

of

(u < ((Y % (V4 alpha + s)" + V) /(Y + sqrt(Y)) = (Y + (alpha’) * s))){r — ASN[i] = s}
}

id = which(r — ASN == o)

r—asn=r— ASN[—id|

return(r — asn)

}

HH#HGASN  random  number  generator#H##
GASN = function(B, alpha, lambda){

w = ASN(B, alpha); lenw = length(w)

r — GASN = numeric(lenw)



wg.a..: Qo

for(i%in$\ : lenw){

z = rnorm())

#w = ASN (B°, alpha)[\]

if(z < lambda x wli]){r — GASNi] = wli]}

}

id = which(r — GASN == o)

return(r — GASN|—id))

}

alpha = o/ON\O; s = Y/FAQY

lambda = Y/Y¥o; barz = O/07Y

r— GASN = GASN(B, alpha,lambda)

r— ASN = ASN(B, —o/0000)

r— SN < —rsn(B,z —i=°,omega = \,alpha = o/o0¥Y)

yy = (y —mean(y))/sd(y)

r—GASN =7 — GASN « YN + ¥4

r—ASN =r — ASN «\/NAFo + Y/\oVF

r—SN=r—SNx*\YaF\ +V/\oVA

ks.test(y,r — GASN)#, alternative = "1")

ks.test(y,r — ASN)

ks.test(y,r — SN)

plot(density(r — GASN), xlim = c(°,\0),ylim = c(°,°o/Y), main =7, zlab=""lty =Y)
#plot(density(r — GASN x s + barz), zlim = c(°,\0), ylim = c(o, /Y),
main ="" xlab=""lty =Y)

hist(y,prob=TRUE,add = TRUE)

par(new = TRUFE)

plot(density(rASN), xlim = c(°,\0),ylim = c(°,°/N), main =", xlab ="")
par(new = TRUE)

plot(density(r — SN), zlim = c(°,\0), ylim = c(°,°/Y'), main =" xlab ="")
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ks.test(y,r — GASN)

Two — sample$kolmogorov — smirnov$test
data : $y$and$r — GASN

D = o/0YYo\, p — value = o/FoAY
alternative$hypothesis : two — sided
ks.test(y,r — ASN)

Two — sample$Skolmogorov — smirnov$test
data : SySand$r — ASN

D = o/oA#0¥ p — value = o/\o )
alternative$Shypothesis : two — sided
ks.test(y,r — SN)

Two — sample$kolmogorov — smirnovStest
data : $y$and$r — SN

D = o/oAOAYQ, p — value = o/\ oY

alternative$Shypothesis : two — sided
DY F e 4 bg e (s aslip Dl gs

#H#H#New dataY .R##H#
require(graphics)
require(statsY)
require(sn)

B — ooooo

deta(ais)

attach(ais)

y = log(Bfat)

n = length(y)

mu = mean(y); Sd = sd(y)



H##ASN  random  number  generator#4
SCASN = function(I, alpha){

V = sample(c(—\,\), I, replace = TRUE)

T = rchisq(I,Y)

Y = sqrt(T) « V

Z = rnorm(I)

rrr = sqrt((alpha") /(Y + alpha®)) * Y + sqrt(Y /(Y + alpha")) x Z
return(rr)

}

ASN = function(B, alpha){

r — ASN = numeric(B)

for(i%in$\ : B){

w=runif(})

s = SCASN(), alpha)

if(u < (Y * (Y + alpha * $)" + V) /(Y + sqrt(Y))

« (Y + (alpha) « s")){r — ASN[i] = s}

}

id = which(r — ASN == o)

r—asn =r — asn|—id|

return(r — asn)

}

HH#HGASN  random  number  generator###
GASN = function(B, alpha, lambda){

w = ASN(B, alpha); lenw = length(w)

r — GASN = numeric(lenw)

For(i$in$\ : lenw){

2 = rnorm())

#w = ASN (o, alpha)[)]

if(z < lambda x wi)){r — GASN[i] = wli]}

}
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id = which(r — GASN == o)

return(r — GASN|—id])

}

b= sqrt(Y /pi)

C = function(alpha,lambda){

delta = lambda/ (sqrt(\ + lambda"))

¢ =\ — alpha = b x delta + ((alpha")/Y)

return(c)

}

GASN — theta = function(theta){

mu = theta[\]; sigma = theta[Y]; alpha = theta|Y]; lambda = theta¥]

logl = sum(log(\ + () — alpha * ((y — mu)/sigma))")) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n * log(C(alpha, lambda))
return(—logl)}

SN — theta = function(theta){

mu = theta[\]; sigma = theta|Y]; alpha = °;lambda = theta|Y]

logl = sum(log(\ + () — alpha * ((y — mu)/sigma))")) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n * log(C(alpha, lambda))
return(—logl)

}

ASN — theta = function(theta){

mu = theta[\]; sigma = theta|Y]; alpha = theta[Y]; lambda = ©

logl = sum(log(\ + (\ — alpha x ((y — mu) /sigma))¥)) + sum(log(dnorm((y — mu)/sigma)))

+ sum(log(pnorm((lambda * (y — mu))/sigma))) — n * log(sigma) — n * log(C'(alpha, lambda))
return(—logl)

}

SBN — theta = function(theta){

mu = theta[\]; sigma = theta[Y]; alpha = theta|Y']; lambda = theta¥]

logl < —n *xlog(Y) — n x log(sigma) — n * log(\ + alpha)



+ sum(log(\ + alpha * ((y — mu)/sigma)"))

+ sum(dnorm((y — mu)/sigma,log = TRUE))

+ sum(pnorm((lambda x (y — mu))/sigma,log.p = TRUFE))

return(—logl)

}

N —logLike = function(mu, sigmaY ){

logl = (—n)Y) % log(Y % pi) — (n)Y) % log(sigmaY) — (\ /(Y * sigmaY)) % sum((y — mu)")
return(—logl)

}

MLE — GASN = nlminb(c(mu, Sd,°/°V,0/°\), GASN — theta)

Mle — GASN = MLE — GASN$par; Mle — GASN

AIC — GASN = —Y x (-MLE — GASNS$objective) + Y x ¥; AIC — GASN
LogLikeGASN = —MLE — GASNS$objective; LogLikeGASN

BIC — GASN =¥ « log(n) — Y * (—LogLikeGASN); BIC — GASN

Mle — mu — N = mean(y); Mle — mu — N

Mle — SigmaY — N = (\/n) * sum((y — Mle — mu — N)*); Mle — Sigma¥ — N
NormalLikelihood = N — logLike(Mle — mu — N, Mle — SigmaY — N); —Normal Likelihood
AIC — N = =Y % (—NormalLikelihood) + Y * Y; AIC — N

BIC — N =Y xlog(n) —Y * N — logLike(Mle — mu — N, Mle — SigmaY — N); BIC — N
MLE — SN = nlminb(c(mu, Sd,o/°\), SN — theta)

Mle — SN = MLE — SN$par; Mle — SN

AIC — SN = =Y % (—MLE — SNS$objective) + Y «xY; AIC — SN

LogLikeSN = —MLE — SNSobjective; LogLikeSN

BIC — SN =Y % log(n) — Y % (—LogLikeSN); BIC — SN

MLE — asn = nlminb(c(mu, Sd, °/°\), ASN — theta)

Mle — asn = MLE — asnSpar; Mle — asn

AIC —asn = =Y * (=M LE — asn$objective) + Y xY; AIC — asn

LogLike ASN = —M LE — asn$objective; LogLike ASN

BIC —asn =Y *log(n) — Y * (—LogLike ASN); BIC — asn

MLE — SBN = nlminb(c(mu, Sd,o/°V,°/°\), SBN — theta)
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Mle — SBN = MLE — SBN$par; Mle — SBN

AIC — SBN = —Y % (—M LE — SBNS$objective) +Y *¥; AIC — SBN
LogLikeSBN = —MLE — SBNS$objective; LogLikeS BN

BIC — SBN =¥ xlog(n) — Y * (—LogLikeSBN); BIC — SBN
H##H#Simulation  Results - R#HH#

H#H#HGASN  Results#HH#F#

Mle — GASN = MLE — GASNSpar; Mle — GASN

AIC — GASN = —Y x (-MLE — GASNS$objective) + Y x ¥; AIC — GASN
LogLikeGASN = —MLE — GASNS$objective; LogLikeGASN

BIC — GASN =¥ xlog(n) — Y % (—LogLikeGASN); BIC — GASN
H###Normal  Reults#HH##

Mle — mu — N = mean(y); Mle — mu — N

Mle — SigmaY — N = (\/n) = sum((y — Mle — mu — N)*); Mle — SigmaY — N
NormalLikelihood = N — logLike(Mle — mu — N, Mle — SigmaY — N); —Normal Likelihood
AIC — N = —Y % (—NormalLikelihood) + Y * Y; AIC — N

BIC — N =Y xlog(n) =Y * N — logLike(Mle — mu — N, Mle — SigmaY — N); BIC — N
H#H#H#Skew Normal Results#+#+

Mle — SN = MLE — SN$par; Mle — SN

AIC — SN = =Y % (—MLE — SNS$objective) + Y xY; AIC — SN

LogLikeSN = —MLE — SNSobjective; LogLikeSN

BIC — SN =Y xlog(n) =Y * (—LogLikeSN); BIC — SN

H#H#HHalpha Skew  Normal#HH#H#

Mle — asn = MLE — asn$par; Mle — asn

AIC —asn = =Y * (—MLE — asn$objective) + Y «Y; AIC — asn

LogLike ASN = —M LE — asn$objective; LogLike ASN

BIC —asn =Y xlog(n) — Y * (—LogLike ASN); BIC — asn

H#H##Skew  Bivariate  Normal#H#H#

Mle — SBN = MLE — SBN$par; Mle — SBN

AIC — SBN = —Y % (—M LE — SBNS$objective) + Y *¥; AIC — SBN
LogLikeSBN = —MLE — SBNS$objective; LogLikeS BN

BIC — SBN =¥ xlog(n) =Y % (—=LogLikeSBN): BIC — SBN
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Aabstract

In this thesis, we have studied a new generalization of Alpha-Skew Normal distri-
bution, which is denoted by GASN (a, A). in the chapter one, we have introduced the
conceptes required in this thesis and then we illustrated normal and skew normal distribu-
tions.

In the chapter two, we have introuced Alpha-Skew Normal distribution and som the-
orem about it.

In the chapter tree, GASN (o, A) distribution have been introduced and we have stud-
ied its properties, moments and maximun likelihood estimation of parameters. finally in
chapter four by using R statistical software some features of previous theoretical problems
will be explored. we show that our new distribution is the best fitted distribution for the
used data among Normal, Skew Normal, Alpha -Skew Normal and Skew Bimodal Normal
distributions.

keywords: Skewness and kurtosis, Skew Normal distribution, Alpha-Skew Normal
distribution, Generalization of Alpha-Skew Normal distribution, Bimodality, Moment
generating function, Maximum likelihood estimation.
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