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BSN=function(n,alpha,lambda){

xl=rchisq(n,3)

x2=rnorm(n)

u=c () ;w=c;t=c;s=cO)

for (i in 1:n) {

ulil=sample(c(-1,1),size = 1,prob = c(1/2,1/2))

wlil=sqrt(x1[il)*uli]

t[il=sqrt (alpha/(1+lambda))*w[il+sqrt(1/(1+1lambda))*x2[i]

s[i]=sample(c(t[i],-t[i]),size = 1,prob = c(pnorm(alpha*t[i]) ,1-pnorm(alpha*xt[i])))

}

return(s)

}
(SEN 155 5 6305 a5
library(TruncatedNormal)
SFN=function(n,alpha,delta){
yl=cO;wi=c() ; si=cO ; z=c()
for(i in 1:mn){
yi[i]l=rtnorm(1l,-delta,1lb=0,ub=Inf,sd=1)
wi[i]=pnorm(alpha*y1[il)
si[i]l=sample(c(1,-1),size =1,replace = TRUE,prob = c(wil[i],1-w1[i]))
z[il=s1[il*y1[i]
}

return(z)

}

i sbaewsledl 039 Jbo s sy 5 OLS iy & O Sy Je (551
library (FMsmsnReg)
library(e1071)

data("horses")

head (horses)

str (horses)

attach(horses)
model.ols=1m(Position~Starters+Ratio)

skewness (model.ols$re)
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kurtosis (model

.ols$re)

sd (model.ols$re)

mean (model.ols$re)

HAHHHHHBHBRAR AR AR H R BB HHRH

hist (model.ols$res,breaks = 10,col=13,main=

residuals",

freq = FALSE)

ks.test (model.ols$res, "pnorm")

ggqnorm(model.ols$res,ylab="Residuals",xlab = "Standard Normal Quantiles")

gqqline (model.ols$res,col=6,1lwd=3)
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regression.BSN=function(y,x1,x2,beta){

bO=beta [1]
bl=beta [2]
b2=beta [3]
alpha=beta [4]
lambda=beta [5]

sigma=beta [6]

lhod=2* (((sigma~2)+lambda* (y-b0-bl*x1-b2%x2) ~2)/(sigma~3* (1+lambda)))*dnorm((y-b0O-bl*xx1l-b2

*x2) /sigma) *pnorm(alpha*(y-bO-bl*x1-b2*x2)/sigma)

return(-sum(log(lhod)))

3

MLE.BSN=optim(c(3,2,-1,1,-1,2) ,regression.BSN,y=Position,x1=Starters,x2=Ratio,hessian

TRUE)

MLE.BS=MLE.BSN$par

ObsInfo=MLE.BSN$hess #0bserved Fisher information matrix

Vhat=solve (ObsInfo) #Inverse of observed Fisher information

Std.Errors=sqrt (diag(Vhat))

#0btain the MLEs,estimated std errors,

Wald.table.BSN
UpperBound=MLE
Wald.table.BSN
row.names (Wald
Wald.table.BSN
K=6

AIC=2xK-2* MLE

=cbind (MLE.BS,Std.Errors,LowerBound=MLE.BS-qnorm(0.975) *Std .Errors,

.BS+gnorm (0.975) *Std.Errors)

.table.BSN )=c("betal","betal","beta2","alpha","delta","sigma")

.BSN$value

(S 90 4./_,5 L;[m;/.s UZ".I:JL;/JJL;JJ:..‘_)? dl.éd.u \o¥

"Residuals of ols method",xlab
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and approx Wald 957 Cis
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natijeh.BSN=1ist(Wald.table.BSN,AIC=AIC)
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regression.SFN=function(beta,y,x1,x2){

bO=beta [1]

bi=beta[2]; b2=beta[3]; alpha=beta[4];delt=betal[b] ;sigma=betal[6];cdeta=1/(1-pnorm(delt))

lhd= (cdeta/sigma)*dnorm((abs(y-bO-bl*x1-b2*x2)/sigma)+delt)*pnorm(alpha*(y-b0O-bl*xl-b2*x2
)/sigma)

return(-sum(log(lhd)))

}

MLE.SFN=optim(c(3,2,-1,1,-1,2) ,regression.SFN,y=Position,xl1=Starters,x2=Ratio,hessian =
TRUE)

MLE.SF=MLE.SFN$par

ObsInfo=MLE.SFN$hess #0bserved Fisher information matrix

Vhat=solve (ObsInfo) #Inverse of observed Fisher information

Std.Errors=sqrt(diag(Vhat))

#0btain the MLEs,estimated std errors, and approx Wald 95% Cis

Wald.table.SFN=cbind (MLE.SF,Std.Errors,LowerBound=MLE.SF-qnorm(0.975) *Std.Errors,

UpperBound=MLE.SF+qnorm(0.975) *Std.Errors)

Wald.table.SFN

row.names (Wald.table.SFN)=c("betal","betal","beta2","alpha","delta","sigma")

Wald.table.SFN

K=6

AIC=2*K-2*MLE.SFN$value

natijeh.SFN=1ist(Wald.table.SFN,AIC=AIC)

HHAHHHHRHHARFHBRFH AR B HBRHH AR B AR A A H###H Mix.sn. LR

data("horses")

head (horses)

attach(horses)

FMsmsnReg ()

x=cbind (1,Starters,Ratio)

parCN <- FMsmsnReg( Position,x, g=2, get.init = TRUE, criteria = TRUE, group = FALSE, shape
=c(0,0),

family = "Skew.normal", error = 107-4,0bs.prob= FALSE)
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Regression Models for Analyzing of Bimodal and Skewed Data

Hassan Mirzavand, and Majid Jafari Khaledi?

Abstract:

For statistical inference about the parameters of the regression model, it is necessary to assume a specific distribution for
the random error term. A basic assumption in the linear regression model is that the random error term follows a normal
distribution. However, in statistical research, sometimes the distribution of the data display both skewness and bimodality,
and in such situations, it is inappropriate to use the normal distribution for statistical analysis. A conventional approach
to overcome this problem is to use a mixture of normal models. But in such models, the number of parameters increases
substantially, which makes it difficult to fit these models to the data. In addition, the mixed models suffer from the non-
identifiability issues. In this case, a suitable solution is to use flexible distributions which can simultaneously handle the
skewness and bimodality of the data in the modeling structure. So far, various methods have been proposed, which were
created based on the development of the skew-normal distribution. In this article, these asymmetric bimodal distributions are
used to build and introduce a flexible regression model compared to the regression models based on the normal distribution
as well as a mixture of two normal distributions. Their performance is evaluated using a simulation example. Then, the
usefulness of the method is demonstrated through a practical example related to the horse data set.
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