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#### baravord Pareto-geometric######
rm(list=1s())

library(maxLik)
library(insuranceData)
data(dataCar)
x=as.matrix(dataCar)

x1=x[,4]

z=c()

logLikFun2<- function(param) {
p<- param[1]

alfa<- param[2]

beta<- param[3]

x1=x[,4]

c=as.numeric(xl)

N=length(c)

AN
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n0=length(which(c==0))

z<-n0*1log(p)+(N-n0) * (log(alfa)+log(p)+log(1l-p)+alfa*log(beta))-(alfa+l)*sum(log(beta+p:
z

}

mlel<- maxLik(logLik = logLikFun2,start = c(p=0.01, alfa =0.1, beta=0.9))
summary (mlel)

AIC(mlel)

#######baravorde namaee-hendesi##########HH###

rm(list=1s())

library(maxLik)

require(stats4)

library(insuranceData)

data(dataCar)

x=as.matrix(dataCar)

x1=as.matrix(x)

z=c()

logLikFun <- function(param) {

p<- param[1]

alfa<- param[2]

x1=x[,4]

c=as.numeric(x1)

N=length(c)

n0=length(which(c==0))

z<-n0*1log(p) +(N-n0) *log(alfa)+(N-n0)*log(1l-p)+(N-n0)*log(p) - (alfa*p)*sum(c)
z

}

mle <- maxLik(logLik = logLikFun,start = c(p=0.5, alfa = 0.82))
summary (mle)

AIC(mle)

###plot compound poisson-pareto###

f5(x,1,1,2)

k <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend

colors <- c("red", "blue", "gold", "black")
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labels <- c("lambda=2,alpha=1", "lambda=5", "lambda=10", "lambda=20")
# plot Z first

plot(x, £5(x,1,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f5(x,1,1,k[i]), 1lwd=2, col=colors[i])

+

# add legend

legend ("topright",

labels, 1lwd=2, lty=c(1, 1, 1, 1, 2), col=colors)
H#HHH IS

x <- seq(0, 30)

f6=function(x,a,b,k){
g=((k*x) /(b)) / (1+x*Db)

h= hypergeomlF1(g, a+l, 2)
s=((axk*exp(-k))/(b*(1+(x) /b)) ~(a+1))*h
s

}

f6(x,2,1,2)

k <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("lambda=2,alpha=2", "lambda=5", "lambda=10", "lambda=20")
# plot Z first

plot(x, f6(x,2,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f6(x,2,1,k[i]), 1lwd=2, col=colors[i])

}

# add legend

legend("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)
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HEH#HAHHSHY

x <- seq(0, 10)

f7=function(x,a,b,k){
g=((k*x) /(b)) / (1+x*Db)

h= hypergeomiFi(g, a+1, 2)
s=((axk*exp(-k))/(b*(1+(x) /b))~ (at+1))*h
S

¥

£7(x,10,1,2)

k <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("lambda=2,alpha=10", "lambda=5", "lambda=10", "lambda=20")
# plot Z first

plot(x, f7(x,10,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f7(x,10,1,k[i]), 1lwd=2, col=colors[i])

b

# add legend

legend ("topright",

labels, 1lwd=2, 1lty=c(1, 1, 1, 1, 2), col=colors)
HHHHEE R R R R R R R 3

I T 1 g SHARHH B R R R H R
g s

library (BMS)

x <- seq(0, 5,0.2)

fi=function(x,a,b,p){

k=(axp*(1-p))/ (bx(1+((p*x) /b)) ~(1+a))

}

p<- c(0.2, 0.4, 0.6,0.8)

# set up colours and labels for the functions and plot legend

colors <- c("red", "blue", "gold", "black")
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labels <- c("p=5,alpha=3", "p=3", "p=1.5", "p=0.5")
# plot Z first

plot(x, £1(x,5,1,0.2))

lines(x, f1(x,5,1,0.2), 1lwd=2, col=colors[i])
plot(x, f1(x,5,1,0.4))

lines(x, f1(x,5,1,0.4), lwd=2, col=colorsl[i])
lines(x, f1(x,5,1,0.6), 1lwd=2, col=colors[i])

lines(x, f1(x,5,1,0.8), 1lwd=2, col=colors[i])

# add lines representing t-distribution

for (i in 1:4){

lines(x, f1(x,5,1,p[i]), lwd=2, col=colors[i])
}

# add legend

legend ("topright",

labels, 1lwd=2, 1lty=c(1, 1, 1, 1, 2), col=colors)

library(ggfortify)

library(extraDistr)

x <- seq(0,80)

# try different degrees of freedom

n <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("n=2,alpha=0.5", "n=5", "n=10", "n=20")
# plot Z first

plot(x, f(x,0.5,1,n))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,0.5,1,n[i]), 1lwd=2, col=colors[i])

b

# add legend

legend("topright", title="t-Distribution",
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labels, lwd=2, 1lty=c(1, 1, 1, 1, 2), col=colors)

HHH RS
plot(x, dpios(x), type="1", 1lty=2, xlab="x value",
ylab="Density", main="Comparison of t Distributions")
g s s
x <- seq(0, 80)

f=function(x,a,b,n){

g=beta(n,a)

d=(x"(n-1))/((db"n) *g* ((1+(x/b)) " (n+a)))

d

X

n <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("n=2,alpha=0.5", "n=5", "n=10", "n=20")

# plot Z first

plot(x, £(x,0.5,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,0.5,1,n[i]), lwd=2, col=colors[i])

X

# add legend

legend("topright",

labels, lwd=2, lty=c(1, 1, 1, 1, 2), col=colors)

i s s s s

x <- seq(0, 30)

f=function(x,a,b,n){

g=beta(n,a)

d=(x"(n-1))/((b"n) *g* ((1+(x/b)) "~ (n+a)))

d

}

n <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend

colors <- c("red", "blue", "gold", "black")
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labels <- c("n=2,alpha=1", "n=5", "n=10", "n=20")
# plot Z first

plot(x, £(x,1,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,1,1,n[i]), 1lwd=2, col=colors[i])

+

# add legend

legend ("topright",

labels, 1lwd=2, lty=c(1, 1, 1, 1, 2), col=colors)
HERHHHAFH R B H AR RS H AR AR R RS

x <- seq(0, 20)

f=function(x,a,b,n){

g=beta(n,a)
d=(x"(n-1))/((d"n) *g* ((1+(x/b)) " (n+a)))

d

}

f(x,2,1,2)

f(x,2,1,5)

f(x,2,1,10)

f(x,2,1,20)

n <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")
labels <- c("n=2,alpha=2", "n=5", "n=10", "n=20")
# plot Z first

plot(x, f(x,2,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,2,1,n[i]), 1lwd=2, col=colors[i])

}

# add legend

legend("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)
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HEH S

HHHH R

x <- seq(0, 10)

f=function(x,a,b,n){

g=beta(n,a)
d=(x"(n-1))/((b"n) *g* ((1+(x/b)) " (n+a)))

d

X

n <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
# plot Z first

plot(x, f(x,10,1,2))

lines(x, f(x,10,1,2), lwd=2, col="red")
plot(x, f(x,10,1,5))

lines(x, f(x,10,1,5), 1lwd=2, col="blue")
plot(x, f(x,10,1,10))

lines(x, £(x,10,1,10), 1lwd=2, col="gold")
plot(x, f(x,10,1,20))

lines(x, f(x,10,1,20), 1lwd=2, col="black")
# add lines representing t-distribution

# add legend

colors <- c("red", "blue", "gold", "black")
labels <- c("n=2,alpha=10", "n=5", "n=10", "n=20")
legend ("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)

HAEH BB HBHHAFHAHBHHBHHAHH AR B HBHHAH R H RS H AR RRH
HEHFHHHFHHARHH BT IGUR222###H HHHHH AR HH HHH

HEFHEH AR RS SR SR R R R
require("hypergeo")

require(graphics)

library (hypergeo)

library(CharFun)

x <- seq(0, 50)
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f4=function(x,a,b,k){
g=((k*x) /(b)) / (1+x*Db)

h= hypergeom1F1(g, a+1l, 2)
s=((axk*exp (k) )/ (b*(1+(x) /b))~ (a+1))*h
S

}

f4(x,0.5,1,2)

k <- c(2, 5, 10, 20)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")
labels <- c("lambda=2,alpha=0.5", "lambda=5", "lambda=10", "lambda=20")
# plot Z first

plot(x, f4(x,0.5,1,2))

# add lines representing t-distribution

for (i in 1:4){

lines(x, f4(x,0.5,1,k[i]), 1lwd=2, col=colors([i])
}

# add legend

legend("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)
HHHHHHH

x <- seq(0, 50)

f5=function(x,a,b,k){

g=((k*x) /(b)) / (1+x*Db)

h= hypergeomlF1i(g, atl, 2)
s=((axkxexp(-k))/(b*(1+(x) /b))~ (a+1))*h

s

}

else{

z=NA
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+

sum(z)

+

mlel<- maxLik(logLik = logLikFun2,start = c(p=0.93, alfa =2.04, beta=2.03))
summary (mlel)

AIC(mlel)

rm(list=1s())

library(maxLik)
x=read.csv("C:/bime.csv" ,head=FALSE)
x1=as.matrix(x)

z=c()

logLikFun <- function(param) {

p<- param[1]

alfa<- param[2]

x=x1[,1]

c=as.numeric(x)

N=length(c)

n0=length(which(c==0))

for(i in 1:N){

if (p>=0&&alfa>=0){
z[1]<-N*log(p)+(N-n0)*(log(alfa)+log(1l-p))-(alfa*p)*sum(c)
}

else{

z[i]=NA

}}r

sum(z)

}

mle <- maxLik(loglLik = logLikFun,start = c(p= 0.92, alfa = 0.53))
summary (mle)

AIC(mle)
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#########negativebinomial -~expossional #########
rm(list=1s())

library(maxLik)

require("CharFun")

require("stats4")
x=read.csv("C:/bime.csv",head=FALSE)
xl=as.matrix(x)

z=c()

logLikFun <- function(param) {

p<- param[1]

alfa<- param[2]

r<- param[3]

x1=x[,1]

c=as.numeric(xl)

N=length(c)

NO=length(which(c==0))

for(i in 1:N){

if (p>=0&&alfa>=0&&r>=0){
#h=hypergeomlF1(r+1,2,r*(1-p)*c)
z[1]1<-(N-NO)*(log(alfa)+log(r)-log(1-p))-NO*r*log(p)
}

else {z[i]=NA}

}

sum(z)

}

mle <- maxLik(logLik = logLikFun,start = c(p= 0.5, alfa = 2.03, r=2.12))
summary (mle)

AIC(mle)

######pareto-negative binomial######H#dH#H####HHEH
rm(1list=1s())
library(maxLik)

require ("BMS")
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require("hypergeo")
x=read.csv("C:/bime.csv" ,head=FALSE)
xl=as.matrix(x)

z=c()

logLikFun <- function(param) {

r<- param[1]

alfa<- param[2]

beta<- param[3]

p<-param[4]

x1=x[,1]

c=as.numeric(xl)

N=length(c)

n0=length(which(c==0))
#g=((1-p)*(c/beta))/(1+(c/beta))
#h=hypergeo(r+1,alfa+1,2,g)
#r=abs(log(h))
#g=sum(log(1/(1+(N/beta))~(alfa+1l)))
#d=abs (q)

for(i in 1:N){

if (p>=0&&alfa>=0&&r>=0&&beta>=0){
z[1]1<-N*r*log(p)+(N-n0)* (log(alfa)+log(l-p)-log(beta))
}

else{z[i]=NA}

}

sum(z)

}

mle <- maxLik(logLik = logLikFun,start = c(r=0.31, alfa = 2.04, beta=1.91,p=0.81))
summary (mle)

AIC(mle)

HIHHEEEAA
#### piosson- namaee###H#H###HHEH#H#

rm(list=1s())
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library(maxLik)
x=read.csv("C:/bime.csv" ,head=FALSE)

xl=as.matrix(x)

z=c()

logLikFun <- function(param) {
lambda<- param[1]

alfa<- param[2]

x=x1[,1]

c=as.numeric(x)

N=length(c)

NO=length(which(c==0))

k=10

a=gamma (k+1)

b=gamma (k+2)

for(i in 1:N){

if (alfa>=0&&lambda>=0) {
#f=sum(log(((alfaxlambda) "k)/(a*b)))
z[1]<-(N-NO) * (-lambda-alfa*c)-NO*lambda
}

else{z[i]=NA

}

}

sum(z)

}

mle <- maxLik(logLik = logLikFun,start = c(lambda= 0.12, alfa = 0.87))
summary (mle)

AIC(mle)

####HH##H#pareto-poisson###H###
rm(list=1s())
library(maxLik)

require ("CharFun")
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require("stats4")

HAHHAHBHHHHHAHH

x=read.csv("C:/bime.csv",head=FALSE)

xl=as.matrix(x)

HAHHAH B HAHHAH R HHH#HF#HTREUE

z=c()

logLikFun <- function(param) {

lambda<- param[1]

alfa<- param[2]

beta<- param[3]

x1=x[,1]

c=as.numeric(x1)

N=length(c)

n0=length(which(c==0))
#g=sum(log(1/(1+(c/beta)) " (alfa+1)))

#g=(((lambda*c) /beta)/(1+c*beta))

#f=ghyper(p, m, n, k, lower.tail = TRUE, log.p = TRUE)
#h=hypergeom1F1(g,alfa+1,2)

for(i in 1:N){

if (lambda>=0&&alfa>=0&&beta>=0){

z[1]<-(N-n0) * (log(alfa)+log(lambda)-log(beta))- (lambda*N)
}

else{z[i]=NA

}

}

sum(z)

}

mle <- maxLik(logLik = logLikFun,start = c(lambda= 0.06, alfa = 2.03, beta=2.12))
summary (mle)

AIC(mle)

####negative pareto expotional######H###

rm(list=1s())
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library(maxLik)

require ("BMS")

require ("hypergeo")

require("CharFun")

require("stats4")
x=read.csv("C:/bime.csv",head=FALSE)
xl=as.matrix(x)

x2=x1[,1]

z=c()

logLikFun <- function(param) {

lambda<- param[1]

alfa<- param[2]

beta<- param[3]

x=x1[,1]

c=as.numeric(x)

N=length(c)

NO=length(which(c==0))

for(i in 1:N){

if (lambda>=0&&alfa>=0){
#b=sum(hypergeoml1F1(beta+l,alfatbeta+2,lambdaxc))
z[i]<-N*(log(alfa)-log(alfa+beta))+(N-NO)*(log(beta)-log(alfa+tbeta+l))-sum(lambda*c)
}

else{ z[i]=NA

}

}

sum(z)

}

mle <- maxLik(logLik = logLikFun,start = c(lambda= 0.82, alfa = 2.84, beta=0.207))
summary (mle)

AIC(mle)

#####poisson— pareto###i#t#

library(hypergeo)
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library(CharFun)

x <- seq(0,25,1)

f=function(x,a,b,k){
g=((k*x) /(b)) / (1+x*Db)

h= hypergeomlF1(g, a+l, 2)
s=((axk*exp(-k))/(b*(1+(x) /b))~ (a+1))*h
S

}

£(x,0.5,1,2)

£(x,2.04,2.13,0.07)

curve (f(x,2.04,2.13,0.07)
,from=0,t0=25, col = "violet",main="Primary distribution: Poisso")
curve (f(x,0.5,1,2)

,from=0,t0=25, col = "violet",main="Primary distribution: Poisso",ylab="f(x)")

colors <- c("violet", "gold")

labels <- c("violet=pareto",'"gold=exponential")
legend ("topright",

labels, 1lwd=2, 1lty=c(1, 1), col=colors)
#######poisson—namaee############

x <- seq(0,25,1)
fi=function(x,alfa,lambda,k){

g=gamma (k+1)

d=gamma (k+2)

v=sum(((lambda*alfa*x) "k+1/2)/gxd)

s=sqrt ((alfaxlambda)/x) *exp(lambda-alfa*xx) *v
S

}

curve(f1(x,0.87,0.12,1)

,from=0,t0=25, col = "gold",add=TRUE)

HEHHHHAFHHBHHH R FH B RS H B HRASH R A H RS

####H# geometr i cH##HHHH#RHH IR
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####HHARHHERH geometric—paret o#######
x <- seq(0, 25,1)
f3=function(x,a,b,p){
s=(axp*1-p)/ (b*x ((1+(p*x) /b) ~(a+1)))

S

}

£3(x,2.04,2.13,0.07)

curve (f(x,2.04655,2.05481,0.93)
,from=0,t0=25, col = "red" ,main="Primary distribution: Geometric",ylab="f(x)")
curve(f(x,0.5,1,2)

,from=0,t0=25, col = "violet" ,main="Primary distribution: Poisso",ylab="f(x)")

colors <- c("red", "blue")

labels <- c("red=pareto","blue=exponential)
legend("topright",

labels, lwd=2, lty=c(l, 1), col=colors)
#i###t#geometric-exponent ioal ############
x <- seq(0, 25,1)

f4=function(x,alfa,p){

s=alfaxp* (1-p)*exp(-alfa*p*x)

S

}

f4(x,1.005,0.93)

curve(f4(x,1.005,0.93)

,from=0,t0=25, col = "blue",add=TRUE)

g
#HHHHnegative —binomial########
T
#######negative -binomial-pareto####it#

x <- seq(0, 25,1)
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f5=function(x,r,alfa,beta,p){

v=hypergeo (1+r,1+alfa,2, (((1-p)*x) /beta)/(1+x/beta))
e=((r*alfax(1-p)*(p~r))/(betax((1+x/beta) "alfa+l)))*v
e

¥

curve(f5(x,0.31749,2.05542,1.915639,0.80067)

,from=0,t0=25, col = "black",main="Primary distribution: Negative Binomial",ylab="f(x)")

colors <- c("black", "green")

labels <- c("black=pareto","green=exponential")
legend ("topright",

labels, 1lwd=2, 1lty=c(1, 1), col=colors)
#######negative -binomial-expontial######
library(CharFun)

x <- seq(0, 25,1)

f6=function(x,r,alfa,p)q{
v=hypergeoml1F1(alfax(1-p)*x,2, 1+r)
e=alfaxr*(p~r)*(1-p)*exp(-alfa*x)*v

e

}

curve(£f6(x,0.51168,0.55250,0.87090) ,from=0,to=25, col = "green",add=TRUE)

HAHHRHBHHAHHAH R H B H B H AR B H RSB H AR
#######inegative-binomial -pareto-exp######
HAEHHAHBHHAHHAH B HBHHAHH AR R H RS H B HAH R AR RS H RS H

x <- seq(0, 25,1)

f7=function(x,beta,alfa,lambda){
v=hypergeomlF1(beta+1,alfa+beta+2,lambda*x)
e=(alfaxbeta*exp(-lambda*x)*v)/((alfat+tbeta+l)*(alfa+tbeta))
e

}
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curve (f7(x,0.20723,2.84501,0.82117)

,2from=0,to=25, col = "black",main="Primary distribution: Negative Binomial-
Pareto",ylab="f(x)")

curve(£7(x,0.2,2.8,0.82)

,2from=0,to=25, col = "black",main="Primary distribution: Negative Binomial-

Pareto",ylab="f(x)")

colors <- c("black")
labels <- c("black=exponential")
legend ("topright",

labels, 1lwd=2, lty=c(l, 1), col=colors)

HHHHRHHHHHHHRL 1 gSHHHHHHHHHBR RS

B s S s S S S S e e s e R e 2 R
#####al fa=0 . 2####H#AHHHAHAHEH

rm(list=1s())

x <- seq(0, 5,0.2)

f=function(x,alfa,beta,p){
v=(alfa*p*(1-p))/(beta* (1+(p*x) /beta) " (alfa+1))
v

}

p<- c(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.2", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, £(x,0.2,1,0.5))

lines(x, f(x,0.2,1,0.5), lwd=2, col="red")

lines(x, f(x,0.2,1,1.5), 1lwd=2, col="red")

# add lines representing t-distribution
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for (i in 1:4){

lines(x, £(x,0.2,1,p[i]), lwd=2, col=colors[i])
}

# add legend

legend ("topright",

labels, lwd=2, lty=c(1, 1, 1, 1, 2), col=color

HHHH RS R HHRHRHRHBHRHBHBHBHBH B RS

#####al £ a=0 . AH#H#HAHEHEHEHEH

x <- seq(0, 5,0.2)

f=function(x,alfa,beta,p){
v=(alfa*p*(1-p))/(beta*(1+(p*x) /beta) " (alfa+1))
v

}

p<- c(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.4", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, £(x,0.4,1,0.5))

lines(x, f(x,0.4,1,0.5), lwd=2, col="red")

lines(x, f(x,0.4,1,1.5), lwd=2, col="red")

lines(x, f(x,0.4,1,0.5), lwd=2, col="red")

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,0.4,1,p[i]), lwd=2, col=colors[i])
}

s
#####alfa=0 . GHHH##HHR AR IR HHH

x <- seq(0, 5,0.2)
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f=function(x,alfa,beta,p){
v=(alfa*p*(1-p))/(beta* (1+(p*x) /beta) " (alfa+1))
v

3

p<- c(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.4", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, £(x,0.6,1,0.5))

lines(x, f(x,0.6,1,0.5), lwd=2, col="red")

lines(x, f(x,0.6,1,1.5), 1lwd=2, col="red")

lines(x, £f(x,0.6,1,0.5), lwd=2, col="red")

# add lines representing t-distribution

for (i in 1:4){

lines(x, £(x,0.6,1,p[i]), 1lwd=2, col=colors[i])
+

# add legend
legend("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)

HEHHHHAFHHBH SRR AR HH

#####al fa=0 . SHH##H#HA#H#HEHHHH

x <- seq(0, 5,0.2)

f=function(x,alfa,beta,p){
v=(alfa*p*(1-p))/(beta*(1+(p*x) /beta) " (alfa+l))
v

3
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p<- c(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.4", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, f(x,0.8,1,0.5))

lines(x, f(x,0.8,1,0.5), lwd=2, col="red")

lines(x, £f(x,0.8,1,1.5), lwd=2, col="red")

lines(x, f(x,0.8,1,0.5), lwd=2, col="red")

# add lines representing t-distribution

for (i in 1:4){

lines(x, £(x,0.8,1,p[i]), lwd=2, col=colors[i])
}

# add legend
legend ("topright",

labels, 1lwd=2, lty=c(1, 1, 1, 1, 2), col=colors)

x <- seq(0, 5,0.2)

f=function(x,alfa,beta,p){
v=(alfa*p*(1-p))/(beta*(1+(p*x) /beta) " (alfa+l))
v

}

p<- ¢(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.6", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, £(x,0.6,1,0.5))

lines(x, £f(x,0.6,1,0.5), lwd=2, col="red")
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lines(x, f(x,0.6,1,1.5), 1lwd=2, col="red")

lines(x, f(x,0.6,1,0.5), 1lwd=2, col="red")

# add lines representing t-distribution

for (i in 1:4){

lines(x, f(x,0.6,1,p[i]), lwd=2, col=colors[i])
3

# add legend
legend ("topright",

labels, lwd=2, lty=c(l, 1, 1, 1, 2), col=colors)

HEHHAHBHHAHHEH B HAHH

x <- seq(0, 5,0.2)

f=function(x,alfa,beta,p){
v=(alfa*xp*(1-p))/(beta*(1+(p*x)/beta) ~(alfa+l))
v

}

p<- ¢(0.5, 0.3, 0.15, 0.09)

# set up colours and labels for the functions and plot legend
colors <- c("red", "blue", "gold", "black")

labels <- c("p=0.5,alpha=0.8", "p=0.3", "p=0.15", "p=0.0.09")
# plot Z first

plot(x, £(x,0.8,1,0.5))

lines(x, £f(x,0.8,1,0.5), 1lwd=2, col="red")

lines(x, £f(x,0.8,1,1.5), 1lwd=2, col="red")

lines(x, £f(x,0.8,1,0.5), 1lwd=2, col="red")

# add lines representing t-distribution

for (i in 1:4){

lines(x, £(x,0.8,1,p[i]), 1lwd=2, col=colors[i])
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# add legend
legend("topright",

labels, lwd=2, lty=c(1, 1, 1, 1, 2), col=colors)

HAEHHAHBHHAHHAHBHHAHHAH RS HBHHRH R H RS H R R H
###H A #negative —binomial########
HH#HHAHHHHBHBHBHBHBHBH AR AR HAH AR AR HEH GRS H ARG R GRS 1Y
#######negative -binomial-pareto######

x <- seq(0, 25,1)

f5=function(x,r,alfa,beta,p){

v=hypergeo (1+r,1+alfa,2, (((1-p)*x)/beta)/(1+x/beta))
e=((r*alfa*x(1-p)*(p~r))/(beta*x ((1+x/beta) “alfa+l)))*v
e

}

curve (f5(x,0.31,2.05,1.91,0.8)

,from=0,t0=25, col = "black",main="Primary distribution: Negative Binomial",ylab="f(x)")

colors <- c("black", "green")

labels <- c("black=pareto","green=exponential")
legend("topright",

labels, 1lwd=2, lty=c(l, 1), col=colors)
#iHHHH#negative —binomial-expontial######
library(CharFun)

x <- seq(0, 25,1)

f6=function(x,r,alfa,p){
v=hypergeomlF1(alfa*(1-p)*x,2, 1+r)
e=alfaxrx(p~r)*(1-p)*xexp(-alfa*x)*v

e

}

curve(£6(x,0.5,0.4,0.8) ,from=0,t0=25, col = "green",add=TRUE)



#4
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####HHARHHERH geometric—paret o###H####
x <- seq(0, 25,1)
f3=function(x,a,b,p){

s=(axp*(1-p))/ (b*((1+(p*x) /b)~(a+1)))
S

}

£3(x,2.04,2.13,0.07)

##curve (£3(x,2.04655,2.05481,0.93)
### ,from=0,t0=25, col = "red",main="Primary distribution: Geometric",ylab="f(x)")
curve(£f3(x,0.2,1,0.5)

,from=0,t0=25, col = "red" ,main="Primary distribution: Geometric",ylab="f(x)")

colors <- c("red", "blue")

labels <- c("red=pareto","blue=exponential)
legend("topright",

labels, lwd=2, lty=c(l, 1), col=colors)
####H#tgeometric-exponent ioal ######H#H#####
x <- seq(0, 25,1)

f4=function(x,alfa,p){

s=alfaxp* (1-p)*exp(-alfa*p*x)

s

}

curve(f4(x,0.53,0.5)

,from=0,t0=25, col = "blue",add=TRUE)
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Aabstract

In this dissertation we obtain closed expressions for the probability distribution function of aggre-
gated risks with multivariate dependent Pareto distributions. We work with the dependent mul-
tivariate Pareto type II proposed by Arnold (1983, 2015), which is widely used in insurance and
risk analysis. We begin with an individual risk model, where the probability density function cor-
responds to a second kind beta distribution, obtaining the Value at Risk and several other risk
measures. Then, we consider a collective risk model based on dependence, where several general
properties are studied. We study in detail some relevant collective models with Poisson, negative
binomial and geometric distributions as primary distributions. In the collective Pareto—Poisson
model, the probability density function is a function of the Kummer confluent hypergeometric
function, and the density of the Pareto—negative binomial is a function of the Gauss hypergeomet-
ric function.With reviews on data based on one-year insurance policies annually (2004 — 2005)
And the data of Iran’s insurance company was carried out in 93, we conclude that our collective
dependent models outperform other collective models considered in the actuarial literature in terms
of AIC statistics.

Keywords: Dependent risks Individual risk model Collective risk model Classical Pareto distribu-

tion Hypergeometric functions
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