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Hit### R codes for Hosseini Thesis-4000710

setwd("G:/Sharoodut Students/Mehr97/Hosseini 09391575114")

##Tools for Descriptive Statistics

if(!require(DescTools)){

#install.packages("DescTools", lib="E:/R/Pakages")

library(DescTools, lib.loc="E:/R/Pakages")

}
#it

if(!require(data.table)){

#install.packages("data.table", lib="E:/R/Pakages")

library(data.table, lib.loc="E:/R/Pakages")
}
#
if(!require(rJava)){
#install.packages("rJava", lib="E:/R/Pakages")
library(rlava, lib.loc="E:/R/Pakages")
}
#
if(!require(xlsx)){
#install.packages("xIsx", lib="E:/R/Pakages")
library(xlsx, lib.loc="E:/R/Pakages")
}
#
if('require(bit)){
#install.packages("bit", lib="E:/R/Pakages")
library(bit, lib.loc="E:/R/Pakages")
library(bit)
}
#
if('require(bit64)){
#install.packages("bit64", lib="E:/R/Pakages")
library(bit64, lib.loc="E:/R/Pakages")
library(bit64)
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}
#

HHHHHHH

gc() #free RAM

Sys.setlocale(locale= "Persian")

HHHHHHHHHHHHHHHHHHHH

#1.Import raw data of Compensation and Premium and Per& refine:
data.Compensation=fread("G:\\Sharoodut Students\\Hosseini
09391575114\\RawDataForR\\DataCompensation.txt", sep="auto", nrows=-1L, header=TRUE, skip=0L,
select=NULL, drop=NULL, colClasses=NULL, integer64="integer64", encoding="UTF-8", strip.white=TRUE,
data.table=FALSE);

str(data.Compensation)# 372143 obs. of 26 variables:

data.Premium=fread("G:\\Sharoodut Students\\Hosseini
09391575114\\RawDataForR\\DataPremium.txt", sep="auto", nrows=-1L, header=TRUE, skip=0L,
select=NULL, drop=NULL, colClasses=NULL, integer64="integer64", encoding="UTF-8", strip.white=TRUE,
data.table=FALSE);

str(data.Premium)# 184 obs. of 20 variables

data.Name2Sex=fread("G:\\Sharoodut Students\\Hosseini
09391575114\\RawDataForR\\sheetName2Sex.txt", sep="auto", nrows=-1L, header=TRUE, skip=0L,
select=NULL, drop=NULL, colClasses=NULL, integer64="integer64", encoding="UTF-8", strip.white=TRUE,
data.table=FALSE);

str(data.Name2Sex) # 372143 obs. of 2 variables

data.Age=fread("G:\\Sharoodut Students\\Hosseini 09391575114\\RawDataForR\\sheetAge.txt",
sep="auto", nrows=-1L, header=TRUE, skip=0L, select=NULL, drop=NULL, colClasses=NULL,
integer64="integer64", encoding="UTF-8", strip.white=TRUE, data.table=FALSE);

str(data.Age) # 372143 obs. of 3 variables

#

data.GroupNameCode=fread("G:\\Sharoodut Students\\Hosseini
09391575114\\RawDataForR\\sheetGroupNameCode.txt", sep="auto", nrows=-1L, header=TRUE,
skip=0L, select=NULL, drop=NULL, colClasses=NULL, integer64="integer64", encoding="UTF-8",
strip.white=TRUE, data.table=FALSE);

str(data.GroupNameCode) # 184 obs. of 2 variables
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data.Province=fread("G:\\Sharoodut Students\\Hosseini
09391575114\\RawDataForR\\sheetProvince.txt", sep="auto", nrows=-1L, header=TRUE, skip=0L,
select=NULL, drop=NULL, colClasses=NULL, integer64="integer64", encoding="UTF-8", strip.white=TRUE,
data.table=FALSE);

str(data.Province) # 184 obs. of 2 variables

HHHHHH

#Replace and Select favorite colomns and rename:
new.DataCompensation=cbind(data.Name2Sex[,2], data.Age[,c(1:3)],
data.Compensationl[,c(1,3:4,9:23)1);
colnames(new.DataCompensation)[1]="Sex"

str(new.DataCompensation)

new.DataPremium=cbind(data.GroupNameCode[,c(1:2)], data.Premium[,c(5,10,12:16)],
data.Province[,c(4)])
colnames(new.DataPremium)[10]="Province"

str(new.DataPremium)

#Merge new.DataCompensation by new.DataPremium:
#ithttps://www.infoworld.com/article/3454356/how-to-merge-data-in-r-using-r-merge-dplyr-or-
datatable.html

#basel=merge(lookup, largetable, by="ID")

colnames(new.DataCompensation)[5]="GroupName2"

str(new.DataCompensation)

myData=merge(new.DataCompensation, new.DataPremium, by="GroupName2")

str(myData) #371403 obs. of 31 variables

colnames(myData)=c("GroupName","Sex","ContractDate","BirthDate","Age","ContractDate_Fa","Insure
dCode","HospitalizeDate","HospitalizReason","ClaimType","CalimCode","Hospital","HospitalizType","Co
verage","FilingDate","IssuedDate","GroupPolicylD","Claim","Deductions","Payment","PaymentDate","Fr
anchise","GroupCode2","IssuedDate2","InsuredGroupName2","InsurerCode","IssuedCode","StartDate",
"EndDate","PremiumPerPerson","Province")

str(myData)

summary(myData)

HAHHH

YA



#2.Descriptive statistics:

HOmais (sl e

aggregate.result.sex=cbind(

aggregate(InsuredCode™~Sex,data=myData,FUN=length), #< jlud by jo Cilada
aggregate(PremiumPerPerson~Sex,
aggregate(PremiumPerPerson~InsuredCode+Sex,data=myData,FUN=length),FUN=length),# o2& 4an &) y&
aggregate(Claim~Sex,data=myData,FUN=sum),#uuis sy G jlud sledl ¢ gane
aggregate(Deductions™~Sex,data=myData,FUN=sum),#< lua slelal ) &l ) o€ & sana
aggregate(Payment~Sex,data=myData,FUN=sum),#umis cuus y 025 Al j bl i
aggregate(Franchise~Sex,data=myData,FUN=sum),#uuis Cuus 0 5080 8 ¢ sana
aggregate(PremiumPerPerson~Sex,
aggregate(PremiumPerPerson~InsuredCode+Sex,data=myData,FUN=mean),FUN=mean),#4en (3= Jau sia
aggregate(PremiumPerPerson~Sex,
aggregate(PremiumPerPerson~InsuredCode+Sex,data=myData,FUN=mean),FUN=sum)# 4an 3> & sa3a
sl Cdly 5

);

write.xlIsx(aggregate.result.sex,"G:/Sharoodut Students/Hosseini
09391575114/RawDataForR/Results.xlsx",sheetName="AggregateResult_sex", col.names=TRUE,
row.names=FALSE, append=TRUE, showNA=FALSE)

HO) (slie s st

aggregate.result.Province=cbind(

aggregate(InsuredCode~Province,data=myData,FUN=length), # lea Cély )3 Clads
aggregate(PremiumPerPerson~Province,
aggregate(PremiumPerPerson~InsuredCode+Province,data=myData,FUN=length),FUN=length),# < )
Ol sy 0adi day

aggregate(Claim~Province,data=myData,FUN=sum),# i) s 3 & el sledl & gena
aggregate(Deductions~Province,data=myData,FUN=sum),#<lua glelal ) Q) suS & sane
aggregate(Payment~Province,data=myData,FUN=sum),# il sy o0l Sala Gk ilae
aggregate(Franchise~Province,data=myData,FUN=sum),# il caea 50l 8 & sana
aggregate(PremiumPerPerson~Province,
aggregate(PremiumPerPerson~InsuredCode+Province,data=myData,FUN=mean),FUN=mean),# 3= tau sic
aggregate(PremiumPerPerson~Province,

aggregate(PremiumPerPerson~InsuredCode+Province,data=myData,FUN=mean),FUN=sum)# 3~ ¢ saas
ol d\é\,g)a 4an

va



);

write.xlIsx(aggregate.result.Province,"G:/Sharoodut Students/Hosseini
09391575114/RawDataForR/Results.xlsx",sheetName="AggregateResult_Province", col.names=TRUE,
row.names=FALSE, append=TRUE, showNA=FALSE)

Hom Sl aaend

myData[myData$Age==35615,]

aggregate.result.Age=cbind(

aggregate(InsuredCode~Age,data=myData,FUN=length), #<_lua Gdly ja Slads
aggregate(PremiumPerPerson~Age,
aggregate(PremiumPerPerson~InsuredCode+Age,data=myData,FUN=length),FUN=length),# o2& 4an &) 44
G G )

aggregate(Claim~Age,data=myData,FUN=sum),#m sy Gl sled) & gana
aggregate(Deductions™~Age,data=myData,FUN=sum),#<_bed sleldl 5 &l ol & e
aggregate(Payment~Age,data=myData,FUN=sum),#( sy oad Cala Gl ilia
aggregate(Franchise~Age,data=myData,FUN=sum)#m sy 52l i g gena
aggregate(PremiumPerPerson~Age,
aggregate(PremiumPerPerson~InsuredCode+Age,data=myData,FUN=mean),FUN=mean),#4ax 3= lau 5ic
aggregate(PremiumPerPerson~Age,
aggregate(PremiumPerPerson~InsuredCode+Age,data=myData,FUN=mean),FUN=sum)# 4ep 3> & sa3a
sl Cdly 5

);

write.xlIsx(aggregate.result.Age,"G:/Sharoodut Students/Hosseini
09391575114/RawDataForR/Results.xlsx",sheetName="AggregateResult_Age", col.names=TRUE,
row.names=FALSE, append=TRUE, showNA=FALSE)

Hoad dap 3 8 (slise y arand
aggregate(Payment~InsuredCode,data=myData,FUN=sum)#e1d 4 3 )8 Caus yo0d Cila G jlud ilae
aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)# sy o2d iy 50 4Ll 4 3o il

ol day 2 4
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#3.Histograms and Density Plots:

B8 58 40038 Ci3ld ik a3
hist(aggregate(Payment~InsuredCode,data=myData,FUN=sum)SPayment,main="Payment for

insured",xlab="Rialls",ylab="Frequency")



plot(density(aggregate(Payment~InsuredCode,data=myData,FUN=sum)$Payment), main="Payment for
insured")

plot(ecdf(aggregate(Payment~InsuredCode,data=myData,FUN=sum)$Payment),main="CDF of Payment
for insured")

summary(aggregate(Payment~InsuredCode,data=myData,FUN=sum)$Payment)

Ha8 op Ol oad il 3 dan B @) 58
hist(aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)SPremiumPerPerson,main="
PremiumPerPerson",xlab="Rialls",ylab="Frequency")
plot(density(aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)SPremiumPerPerson
), main="PremiumPerPerson")
plot(ecdf(aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)SPremiumPerPerson),m
ain="CDF of PremiumPerPerson")

summary(aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)SPremiumPerPerson)

Hodd dan 3 8 O jld gleal 55l

hist(aggregate(Claim~InsuredCode,data=myData,FUN=sum)SClaim, main="Claim of
insured",xlab="Rialls",ylab="Frequency")
plot(density(aggregate(Claim~InsuredCode,data=myData,FUN=sum)$Claim), main="Claim of insured")
plot(ecdf(aggregate(Claim~InsuredCode,data=myData,FUN=sum)$Claim),main="CDF of Claim of
insured")

summary(aggregate(Claim~InsuredCode,data=myData,FUN=sum)SClaim)

H 80 0 dan B 4 (A1 5 G jled G
Payment2Premium=aggregate(Payment~InsuredCode,data=myData,FUN=sum)$Payment/aggregate(Pre
miumPerPerson~InsuredCode,data=myData,FUN=mean)$PremiumPerPerson
plot(sort(Payment2Premium, decreasing=TRUE))

summary(Payment2Premium)

HiHH T

str(myData)

Hoad dan 3 8 p 43 o e Clanlaa
ClaimPerlnsured=aggregate(Claim~InsuredCode,data=myData,FUN=sum J#<_jlui sled)
DeductionsPerlnsured=aggregate(Deductions~InsuredCode,data=myData,FUN=sum)#l ) sS
FranchisePerlinsured=aggregate(Franchise™~InsuredCode,data=myData,FUN=sum)# j&il 4
PaymentPerInsured=aggregate(Payment~InsuredCode,data=myData,FUN=sum)#< lud il il
PremiumPerlnsured=aggregate(PremiumPerPerson~InsuredCode,data=myData,FUN=mean)# 4ex 3~

B

M



AgePerInsured=aggregate(Age~InsuredCode,data=myData,FUN=mean)# s2% 4ay 3 8
#Note: Province+Sex

PaymentPerIinsured.N=aggregate(Payment~InsuredCode+Province+Sex,data=myData,FUN=length)#ilzds

Sl il

df.Insured=data.frame(ClaimPerInsured,DeductionsPerInsured[,2],FranchisePerinsured[,2],PaymentPerl
nsured[,2],PremiumPerInsured[,2],AgePerinsured[,2],PaymentPerinsured.N[,2:4])
colnames(df.Insured)=c("InsuredCode","ClaimInsured","Deductionsinsured","Franchiselnsured","Payme
ntinsured","Premiuminsured","Agelnsured","Provincelnsured","SexInsured","N.Paymentinsured")

str(df.Insured); head(df.Insured);

df.InsuredSSexinsured=as.factor(df.Insured$Sexinsured);
df.Insured$Sexinsured=as.numeric(df.Insured$Sexinsured);
df.InsuredSProvincelnsured=as.factor(df.InsuredSProvincelnsured);

df.InsuredSProvincelnsured=as.numeric(df.InsuredSProvincelnsured);

HitHH#######E LC, CC for Perlnsured:

#Concentration Index and Curves
if(!require(1C2)){
#install.packages("1C2", lib="E:/R/Pakages")
library(IC2, lib.loc="E:/R/Pakages")
}
#
#Computes the concentration index for a vector, ranked by another vector.
LC.Premium=calcSConc(x=df.InsuredSPremiumIinsured, y=df.InsuredSPremiumInsured, w=NULL,

param=2)

LC.Payment=calcSConc(x=df.InsuredSPaymentinsured, y=df.InsuredSPaymentinsured, w=NULL,
param=2)

CC.Premium=calcSConc(x=df.InsuredSPaymentinsured, y=df.Insured$Premiuminsured, w=NULL,
param=2)

CC.Sex=calcSConc(x=df.InsuredSPaymentinsured, y=df.Insured$SexInsured, w=NULL, param=2)
CC.Age=calcSConc(x=df.InsuredSPaymentinsured, y=as.integer(df.InsuredSAgelnsured/365), w=NULL,
param=2)

CC.Province=calcSConc(x=df.InsuredSPaymentinsured, y=df.InsuredSProvincelnsured, w=NULL,

param=2)

AY



#Concentration Curve

curveConcent(x=df.InsuredSPaymentinsured, y=df.InsuredSPaymentinsured, w=NULL,xlab="Cumulative
% Payment for Insured observations", ylab="Cumulative % Payment ranked by variable",
add=FALSE,lwd=1, Ity=2,col=rainbow(5)[1])

curveConcent(x=df.InsuredSPaymentinsured, y=df.InsuredSPremiuminsured, w=NULL,add=TRUE,Ity=2,
col=rainbow(5)[2])#

#

curveConcent(x=df.InsuredSPaymentinsured, y=df.Insured$SexIinsured, w=NULL,add=TRUE, Ity=2,
col=rainbow(5)[3])#

curveConcent(x=df.InsuredSPaymentinsured, y=as.integer(df.InsuredSAgelnsured/365),
w=NULL,add=TRUE,Ity=2, col=rainbow(5)[4])#

curveConcent(x=df.InsuredSPaymentinsured, y=df.Insured$Provincelnsured, w=NULL,add=TRUE, Ity=2,

col=rainbow(5)[5])#

title(main="Lorenz and concentration curves of Payment and Variables")

legend("topleft", bty="n", legend=c("LC.Payment=0.6301164", "CC.Premium=0.178291", "CC.Sex=-
0.01825577", "CC.Age=0.1648799", "CC.Province=-
0.001610496"),col=rainbow(5)[1:5],Ity=2,lwd=3,cex=.8)

HEHHHEH S plit Data to two sample randomly:

#1-learning and test sample:

set.seed(100)

ll=sample(c(1:nrow(myData)), round(0.9*nrow(myData)), replace=FALSE)

learn=myDatalll,]; str(learn); #

test=myDatal[-Il,]; str(test); #

HitH#
#Generalized linear models (GLMs):
if('require(glm2)){
install.packages("glm2", lib="E:/R/Pakages")
library(glm2, lib.loc="E:/R/Pakages")
library(glm2)
}
#
HitH#
glm.1=glm(formula=Payment~Age+Sex+Province, family=gaussian(), data=learn, offset=NULL)

summary(glm.1);

AY



test$fit_glm.1=predict(glm.1, newdata=test, type="response"); str(test);

learnSfit_glm.1=fitted(glm.1); str(learn);

HH

glm.2=glm(formula=Payment~Age+Sex, family=gaussian(), data=learn, offset=NULL)
summary(glm.2);

testSfit_glm.2=predict(glm.2, newdata=test, type="response"); str(test);

HH

glm.3=glm(formula=Payment~Age+Province, family=gaussian(), data=learn, offset=NULL)
summary(glm.3);

testSfit_glm.3=predict(glm.3, newdata=test, type="response"); str(test);

H#i
glm.4=glm(formula=Payment~Sex+Province, family=gaussian(), data=learn, offset=NULL)
summary(glm.4);

testSfit_glm.4=predict(glm.4, newdata=test, type="response"); str(test);

Hi
glm.5=glm(formula=Payment~Age, family=gaussian(), data=learn, offset=NULL)
summary(glm.5);

testSfit_glm.5=predict(glm.5, newdata=test, type="response"); str(test);

#i
glm.6=glm(formula=Payment~Sex, family=gaussian(), data=learn, offset=NULL)
summary(glm.6);

testSfit_glm.6=predict(glm.6, newdata=test, type="response"); str(test);

Hit
glm.7=glm(formula=Payment~Province, family=gaussian(), data=learn, offset=NULL)
summary(glm.7);

testSfit_glm.7=predict(glm.7, newdata=test, type="response"); str(test);

HitH S #HHWHICH MODEL IS BETTER???
LC.glm.1=calcSConc(x=testSPayment, y=testSPayment, w=NULL, param=2)
CC.glm.1=calcSConc(x=testSPayment, y=testSfit_glm.1, w=NULL, param=2)

A¥



ABC.glm.1=(LC.gIm.1SinegSindex - CC.glm.1SineqgSindex);
ABC.gIim.1

#it

LC.glm.2=calcSConc(x=testSPayment, y=testSPayment, w=NULL, param=2)
CC.glm.2=calcSConc(x=testSPayment, y=testS$fit_glm.2, w=NULL, param=2)
ABC.glm.2=(LC.gIm.2SineqSindex-CC.glm.2SineqSindex)

ABC.gIm.2

Ha

LC.glm.3=calcSConc(x=testSPayment, y=testSPayment, w=NULL, param=2)
CC.glm.3=calcSConc(x=testSPayment, y=test$fit_glm.3, w=NULL, param=2)
ABC.gIm.3=(LC.glm.3SineqSindex-CC.gIm.3SineqSindex)

ABC.glm.3

H#

curveConcent(x=testSPayment, y=testSPayment, w=NULL,xlab="Cumulative % Actual Observations",
ylab="Cumulative % Actual Observations ranked by predicted observation", add=FALSE,lwd=1, Ity=2,
col=rainbow(9)[1])

curveConcent(x=testSPayment, y=testSfit_glm.1, w=NULL,add=TRUE,Ity=2, col=rainbow(9)[2])#
curveConcent(x=testSPayment, y=testSfit_glm.2, w=NULL,add=TRUE,Ity=2, col=rainbow(9)[3])#
curveConcent(x=testSPayment, y=testSfit_glm.3, w=NULL,add=TRUE,Ity=2, col=rainbow(9)[4])#

title(main="Lorenz and concentration curves of Perdicted Payment by Models")
legend("topleft", bty="n", legend=c("LC.testSPayment=0.7597339", "CC.gIm.1=0.2026445",

"CC.glm.2=0.1501738", "CC.glm.3=0.1495147"),col=rainbow(9)[1:4],Ity=2,Iwd=3,cex=.8)

ABC.Models=c(ABC.glm.1, ABC.glm.2, ABC.gIm.3)

AD
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Abstract

The main purpose of this study is to present the application of the generalized Lorenz curve and the Gini
coefficient in risk management of insurance portfolios, fair pricing of insurance policies and the selection
of an appropriate pricing model. In this research, the insurance data of the DAY -Insurance Company in
the field of insurance supplemental treatment activity was used to validate the research, and in line with
its objectives, the insurance data was statistically analyzed in the R software environment. The analysis of
the insurance risk of the insurance company in the field of insurance activity completion of treatment in
relation to the characteristics of the insured (such as gender, age, place of residence) shows that these
factors play a decisive role in the level of insurance risk of the insurance company. For fair treatment
completion insurance pricing, multiple pricing models are estimated based on the characteristics of the
insured and the appropriate model is selected based on the ABC criterion (the area enclosed between the
CC and LC curves). The results show that the influence of all insurance factors on the characteristics of
the insured is significant for the selected pricing model; The influence of gender on the insurer's risk is
greater than the influence of the insured's age; While the effect of the place of residence factor is larger
than the effect of age and sex factors in some provinces.Based on this, it can be concluded that the
implementation of price discrimination measures (gender, age and province) is necessary to reduce the

insurance risk of insurance companies.

Keywords: Supplemental Health Insurance, Insurance Risks, Insurance Ratemaking, Insured Profiles,
Lorenz Curve, Concentration Curve.
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