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gamdlunslilisunsy R dmduniswAanaasiaadauneinsailngld
wallayasuasi
1. wiAladuimuINIg (development factor) mmmmqmau”luumLmugﬂmmuﬁ'ﬂu
(triangle)
RationCalc <- function(triTable){
NCol <- ncol(triTable)
Ratio <- new("list")
for(i in 1:(NCol-1)){
Ratio[[i]] <- sum(triTable[,1+i],na.rm=T)/sum(
triTable[-(NCol+1-i),il,na.rm=TRUE)
}
Ratio <- unlist(Ratio)

" Ratio

2. A lumssAmaulmmaunuslanumas (triangle) 89uf i=2,...n  uaz
r) g

Jj=n+2—i..n
FullTriangle <- function(triTable){

NCol <- ncol(triTable)
Ratio <- RationCalc(triTable)
devTemp <- as.vector(rev(apply(triTable, 1, FUN=Ilast)))[-length(
as.vector(rev(apply(triTable, 1, FUN=last))))]
devRecast <- as.vector(apply(triTable, 1, FUN=Iast))
devl <-devTemp*Ratio
devil <- devi[-length(devl)]*Ratio[-1]
devlll <- devli[-length(devll)] *Ratio[-c(1,2)]
devlV <- devlli[-length(devlll)] *Ratio[-c(1,2,3)]
dataUnder <- c(devl, devil, devill, devlV)
FullTable <- triTable
posData <- 1
NColTmp <- NCoI-1’
for(i in 1:(NCol-1)){

for(j in 1:NColTmp){

FullTable[NCol-j+1, i+j] <- dataUnder[posData]



posData <- posData+1
}
NColTmp <- NColTmp-1

}
FullTable

3. wiAnAulmumaunuaeautiilaqiy
last <- function(triTable){
lastValue <- triTable[sum(lis.na(triTable))]

lastValue

4. Aidusnetiadeimunns
RacastCalc <- function(triTable){

Ratio <- RationCalc(triTable)

NCol <- ncol(triTable)

Temp <- matrix(0, NCol, NCol)

RecastPaid <- triTable

for(iin 1:(NCol-1))}{
nLength <- sum(lis.na(RecastPaid[,NCol-i]))
for(j in 1:(nLength-1)){

RecastPaid[j,NCol-i] <- RecastPaid[j,NCol-i+1)/Ratio[NCol-i]

}
RecastPaid <- Temp+RecastPaid

}

RecastPaid

5. mdﬂmmﬁuiﬁuﬂmﬁiﬂﬁﬂ?ﬂﬁqnﬂﬁﬂﬁwmm?
RecastincreCalc <- function(triTable){
NCol <- ncol(triTable)
Temp1 <- triTable[,-1]
Temp2 <- triTable[,-NCol]

71



RecastTemp <- Temp1-Temp2
Recastincre <- triTable

Recastincre[,2:NCol] <- RecastTemp

Recastincre

6. WiAuus UL lefidusng
percentile <- function(x, p){
x <- sort(x)
x <- x[floor((p/100)*length(x))]
X

}

\

<

7. mi‘mﬂ'ﬂmmﬂmmm%a‘wwmna*tﬁmﬁ%’ﬁu‘l,mqnw (Chain-Ladder Method) ¢t
ABynaussl

options(digits=20)

Incurred <- read.csv("the name of the file", row.names=1, header=TRUE)

Paid <- read.csv("the name of the file", row.names=1, header=TRUE)

NCol <- ncol(Paid)

EarmmedPremium <- read.csv("the name of the file", row.names=1, header=TRUE)

cumrevEP <- rev(cumsum(EarnedPremium))

cumsumPaid <- t(apply(Paid, 1, FUN=cumsum))

#Step 1

Ratio <- RationCalc(cumsumPaid)

RecastCumsumPaid <- RacastCalc(cumsumPaid)

RecastRatio <- RationCalc(RecastCumsumPaid)

RecastCumsumPaidFull <- FullTriangle(RecastCumsumPaid)

Reserve <- RecastCumsumPaidFull[, NCol]-as.vector(apply(RecastCumsumPaid, 1,
FUN=last))

Recastincre <- Recastlr}creCalc(RecastCumsumPaid)

RecastincreTemp1 <- RecastCumsumPaidFull[,-ncol(RecastCumsumPaidFull)]
RecastincreTemp2 <- RecastCumsumPaidFull[,-1]

RecastincreFull <- RecastCumsumPaidFull
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RecastincreFull[,2:ncol(RecastCumsumPaidFull)] <- (RecastincreTemp2-RecastincreTemp1)

Residual <- (Paid-Recastincre)/sqrt(Recastincre)

SquareResidual <- Residual 2

sumSquare <- sum(SquareResidual, na.rm=TRUE)

numberData <- sum(lis.na(SquareResidual))

paraEst <-2*NCol-1

biasAdjust <- sgrt(numberData/(numberData-paraEst))

scalePara <- sumSquare/(numberData-paraEst)
ResidualAdj <- Residual*biasAdjust

orgDtSet <- ResidualAdj[lis.na(ResidualAdj)]
sampleSize <- length(orgDtSet)

numLoop <- 1000 #Specify number of loop
seedDOE <- 1 #Specify design of experiment
resBoot <- new("list")

PseudoDt  <- new("list")

cPseudoDt  <- new("list")

ratioPseudo <- new("list")

cPseudoDev  <- new("list")

cPseudoDtFull <- new("list")

ReservePseudo <- new("list")

IncrePseudo <- new('list")

Reservelncre <- new("list")

resBootH  <- new("list")

PseudoRea  <- new("list")

ReservePRea <- new('list")

diffReserve <- new("list")

ReservePE  <- new('list")

sseReserve  <- new("list")

#Step 2
for(i in 1:numLoop){

#Step 2.1

set.seed((seed DOE-1)*numLoop+i)

samDtTmp <- sample(orgDtSet, sampleSize, replace=TRUE)
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resBoot([i]] <- matrix(c(samDtTmp[1:9], NA, samDtTmp[10:12], rep(NA,2),
samDtTmp([13:14], rep(NA,3), samDtTmp[15], rep(NA,4)), NCol, NCol)
dimnames(resBoot[[i]]) <- list(dimnames(ResidualAdj)[[1]],
dimnames(ResidualAdj)[[2]])

PseudoDt[[i]] <- resBoot[[i]]*sqrt(Recastincre)+Recastincre

cPseudoDt[[i]] <- tapply(PseudoDt[[i]], 1, FUN=cumsum))

ratioPseudo([i]] <- RationCalc(cPseudoDt[[il])

cPseudoDev([i]] <- as.vector(apply(cPseudoDt[[i]], 1, FUN=last))
cPseudoDtFull[[i]] <- FullTriangle(cPseudoDt[[i]])

ReservePseudol[i]] <- cPseudoDtFull[[i]][, NCol]-cPseudoDev{[i]]
IncrePseudol[i]] <- cPseudoDtFull[[i]]

posTarget <- which(lis.na(cPseudoDt[[i]]))

cPseudoF1 <- cPseudoDtFull[[il][,-1]

cPseudoF2 <- cPseudoDtFull[[i]][,-NCol]

cPseudoTemp <- cPseudoF1-cPseudoF2

IncrePseudol[i]][,2:NCol] <- cPseudoTemp

IncrePseudol[i]] <- as.vector(unlist(as.data.frame(IncrePseudol[i]])))
IncrePseudol[i]l[posTarget] <- NA

IncrePseudo[[i]] <- matrix(IncrePseudo([il]l, NCol, NCol)

Reservelncre[[i]] <- apply(IncrePseudo[[i]], 1, FUN=sum, na.rm=TRUE)
IncrePseudoTemp <- as.vector(IncrePseudol[i]])[as.vector(!is.na(IncrePseudo([i]]))]
RecastincreTemp <- as.vector(RecastincreFull)[as.vector(lis.na(IncrePseudo([il]))]
valueCheck  <- (IncrePseudoTemp-RecastincreTemp)/sqrt(RecastincreTemp)
set.seed((seedDOE-1)*numLoop+i)

samDtH <- new("list")

for(j in 1:length(valueCheck)){

samDtH[[j]] <- sample(orgDtSet[orgDtSet>=valueCheck[jl], 1, replace=TRUE)

#Step 2.2

resBootH[[i]] <- IncrePseudol[i]]

resBootH[[ill[!is.na(IncrePseudol[i]])] <- unlist(samDtH)
PseudoRea[[i]] <- resBootH[[i]]*sqrt(RecastincreFull)+RecastincreFull
posTarget <- which(is.na(cPseudoDt[[i]]))

posAdjust <- which(is.na(PseudoReal[ill[posTarget]))
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PseudoRea|[[i]l[posTarget][posAdjust] <- IncrePseudol[i]l[posTargetl[posAdjust]
ReservePReal[i]] <- apply(PseudoReal[il], 1, FUN=sum, na.rm=TRUE)

#Step 3

diffReservel[i]] <- ReservePReal[i]]-Reservelncre[[i]]
ReservePE[[i]] <- Reserve+diffReserve([il]

sseReservel[i]] <- (Reserve-ReservePE[[i]])"2

}

reservePE <- matrix(unlist(ReservePE), numLoop, NCol, byrow=T)
reservePE <- apply(reservePE, 2, 95, FUN=percentile)

MSEP  <- matrix(unlist(sseReserve), numLoop, NCol, byrow=T)
MSEP  <- apply(MSEP, 2, FUN=mean)

seR  <- sqri(MSEP)

seRpercent <- (sqrt(MSEP)*100)/Reserve

7. mmqﬂ"\mmﬂmﬂLﬂ%‘ﬂuwmnmimm‘i%um'ugmmm’ wasndu (Bornhuetter-Ferguson
Method) fneisymauasL

options(digits=20)

Incurred <- read.csv(l "the name of the file", row.names=1, header=TRUE)

cumsumlncurred <- t(apply(Incurred, 1, FUN=cumsum))

Paid <- read.csv("the name of the file" ,row.names=1, header=TRUE)

LastDevPaid <- apply(Paid, 1, FUN=last)

NCol <- ncol(Paid)

EarnedPremium <- read.csv(" the name of the file", row.names=1, header=TRUE)[,position]

cumrevEP <- rev(cumsum(EarnedPremium))

EstPriorUltClaim <- read.csv("08EstPriorUlItClaim.csv", row.names=1, header=TRUE)[,position]

Errorll <- read.csv("09Errorll.csv", row.names=1, header=TRUE)[,position]

TaillLR <- read.csv("10TaillLR.csV", row.names=1, header=TRUE)[position,]

cumsumPaid <- t(apply(Paid, 1, FUN=cumsum))

#Step 1 ’

Ratio <- ¢(RationCalc(cumsumPaid), 1)
Pattern <- 1/rev(cumprod(rev(Ratio)))
oPattern <- 1-Pattern

RecastCumsumPaid <- RacastCalc(cumsumPaid)
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Recastincre <- RecastincreCalc(RecastCumsumPaid)

Residual <- (Paid-Recastincre)/sqri(Recastincre)

SquareResidual <- Residual ™2

sumSquare <- sum(SquareResidual, na.rm=TRUE)

numberData <- sum(!is.na(SquareResidual))

paraEst <- 2*NCol-1

biasAdjust <- sqrt(numberData/(numberData-paraEst))

scalePara <- sumSquare/(numberData-paraEst)

ResidualAdj <- Residual*biasAdjust

ExpUnReport <- EstPriorUltClaim*rev(oPattern)

ReportTD  <- apply(cumsumincurred, 1, FUN=last)
“TotalULT  <- ExpUnReport+ReportTD

PaidTD  <- apply(RecastCumsumPaid, 1, FUN=last)

Reserve  <- TotalULT-PaidTD

TotalReserve <- sum(Reserve)

orgDtSet <- ResidualAdij[!is.na(Residual Adj)]

orgDtSetTemp <- orgDtSet[order(orgDtSet)][-c(1,2)]

RecastincreTemp <- Recastincre[as.vector(lis.na(Recastincre))]

valueCheck  <- ((RecastincreTemp/1.5)-RecastincreTemp)/sqrt(RecastincreTemp)

valueCheckll ~ <- (0-RecastincreTemp)/sqrt(RecastincreTemp)

sampleSize <- length(orgDtSet)

numbLoop <- 1000

seedDOE <- 1

resBoot <- new('list")

PseudoDt <- new("list")

cPseudoDt <- new("list")

RatioBoot <- new("list")

PattBoot <- new("list")

oPattBoot <- new("list")

psDevYear <- new("list")

relatPEP <- new("list")

lastDev <- new("list")

relatAdj <- new("list")

Errorl  <- new("list")

sqrtError <- new("list")



EPremAd] <- new(list")
ULR <- new("list")
Ultimate <- new("list")
oPattBootR  <- new(list")
ExpUnReportBoot <- new("list")
ReportTDBoot <- new("list")
TotalULTBoot <- new("list")
PaidTDBoot <- new("list")
reserveBoot <- new("list")
resBootH  <- new("list")
PseudoDtH <- new("list")
cPseudoDtH <- new('list")
RatioBootH <- new("list")
QPattBootH <- new("list")
oPattBootH <- new("list")
psDevYearH <- new("list")
relatPEPH  <- new("list")
lastDevH  <- new("list")
relatAdjH  <- new("list")
ErrorlH  <- new("list")
sgrtErrorH  <- new("list")
EPremAdjH  <- new("list")
ULRH <- new('list")
UltimateH <- new("list")
oPattBootRH <- new("list")
ExpUnReportBootH <- new("list")
ReportTDBootH <- new("list")
TotalULTBootH <- new("list")
PaidTDBootH <- new("list")
reserveBootH <- new("list")
diffReserve <- new("list")
ReservePE  <- new("list")

sseReserve  <- new("list")’
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#Step 2

for(i in 1:numLoop){

#Step 2.1
set.seed((seed DOE-1)*numLoop+i)
samDtTmp <- new("list")
for(j in 1:length(valueCheck)){
if(valueCheck[j]l==max(orgDtSetTemp)){
samDtTmp[[j]] <- max(orgDtSetTemp)
}
else if(length(org DtSetTemp[org DtSetTemp>valueCheck[j]])==1){
samDtTmp[[j]] <- orgDtSetTemp[orgDtSetTemp>valueCheckl[j]]
‘ }\'
else{

samDtTmpl[j]] <- sample(orgDtSetTemp[orgDtSetTemp>valueCheck(jl], 1, replace=TRUE)
}

samDtTmp <- unlist(samDtTmp)
resBoot[[i]] <- matrix(c(samDtTmp[1:9], NA, samDtTmp[10:12], rep(NA,2),
samDtTmp[13:14], rep(NA,3), samDtTmp[15], rep(NA,4)), NCol, NCol)
dimnames(resBoot[[i]]) <- list(dimnames(ResidualAdj)[[1]],
dimnames(ResidualAdj)[[2]])
PseudoDt[[i]] <- resBoot[[i]]*sqrt(Recastincre)+Recastincre
cPseudoDt[[i]] <- t(apply(PseudoDt[[i]], 1, FUN=cumsum))
RatioBoot[[i]] <- c(RationCalc(cPseudoDt[[i]]), 1) #Ratio from bootstrap, 1st
PattBoot[[i]] <- 1/rev(cumprod(rev(RatioBoot[[i]]))) #Pattern of bootstrap, 1st
oPattBoot[[i]] <- 1-PattBoot[[i]] #1-Pattern of bootstrap, 1st
psDevYear[[i]] <- apply(PseudoDt[[i]], 2, FUN=sum, na.rm=TRUE)
relatPEP[[i]] <- psDevYear{[i]l/cumrevEP
lastDeV[[i]] <- apply(cPseudoDt[[i]], 1, FUN=last)
relatAdj[[il] <- rev(cumsum(relatPEP[[i]]))
if(length(as.vector(whigh(lastDev[[i]]<0)))){
lastDev[[i]][as.vector(which(lastDev[[i]}<0))] <- LastDevPaid[as.vector(
which(lastDeV[[i]]<0))}
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Errorl[[i]] <- as.vector(lastDev{[i])/EamedPremium/relatAdj[[i]])
sqrtError{[i]] <- sqrt(Errorl[[il]*Errorll)

EPremAdj[[i]] <- EamedPremium*sqrtError([i]]

ULR[[]  <- TaillLR*sqrtError{(i]]

Ultimate[[i]] <- EamedPremium*ULR[[i]]

oPattBootR[[i]] <- rev(oPattBoot[[i]])

ExpUnReportBoot[[i]] <- Ultimate[[i]]*oPattBootR[[il]
ReportTDBoot{[i]] ~ <- apply(cumsumincurred, 1, FUN=last)
TotalULTBoot[[i]] ~<- ExpUnReportBoot[[i]]+ ReportTDBoot[i]]
PaidTDBoot[[i]]  <- apply(cPseudoDt([i]], 1, FUN=last)
reserveBoot[[il]]  <- TotalULTBoot[[i]}-Paid TDBoot[[i]]

#Step 22
set.seed((seedDOE-1)*numLoop+i)
samDtH <- new("list")
for(j in 1:length(valueCheck)){
if(length(orgDtSet[orgDtSet<saleTmp[i]])=:1){
samDtH[[j]] <- min(org DtSet[order(orgDtSet)][-1])
}
else if(length(orgDtSet[orgDtSet<=samD{Tmplj] & orgDtSet>valueCheckli[jl})==1}
samDtH[[j]] <- orgDtSet{orgDtSet<=samDtTmplj]]
}
elsef
samDtH[[j]] <- sample(orgDtSetforgDtSet<samDtTmp(j] &
orgDtSet>valueCheckll[j]], 1, replace=TRUE)

}

samDtH <- unlist(samDtH)

resBootH[[i]] <- matrix(c(samDtH[1:9], NA, samDtH[10:12], rep(NA,2),
samDtH[13:14], rep(NA,3), samDtH[15], rep(NA,4)), NCol, NCol)
PseudoDtH[[i]] <- resBootH[[il]*sqrt(Recastincre)+Recastincre
cPseudoDtH[[i]] <- t(apply(PsequDtH[[i]], 1, FUN=cumsum))
RatioBootH[[i]] <- c(RationCalc(cPseudoDtH[i]]), 1)

PattBootH[[i]] <- 1/rev(cumprod(rev(RatioBootH[[i]])))

oPattBootH[[i]] <- 1-PattBootH[[i]]
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psDevYearH[[i]] <- apply(PseudoDtH[[i]], 2, FUN=sum, na.rm=TRUE)

relatPEPH[[i]] <- psDevYearH[[i]l/cumrevEP

lastDevH[[i]] <- apply(cPseudoDtHI[[i]], 1, FUN=last)

relatAdjH[[]]] <- rev(cumsum(relatPEPHI[i11))

if(length(as.vector(which(lastDevH[[i]1<0)))){
lastDevH([i]][as.vector(which(lastDevH[[i]}<0))] <- LastDevPaid[as.vector(

which(lastDevH[[i]]<0))]

}

ErrorlH[[i]]  <- as.vector(lastDevH[[il}/EamedPremium/relatAdjHI[i]])

sqrtErrorH[[i]] <- sqrt(ErrorlH[[i]]*Erroril)

EPremAdjH([i]] <- EarnedPremium*sqrtErrorH[[i]]

ULRHI[i]] <- TaillLR*sqrtErrorH[[i]]

WitimateH[[i]] <- EarnedPremium*ULRH[[i]]

oPattBootRH[[i]] <- rev(oPattBootH[[i]])

ExpUnReportBootH[[i]] <- UltimateH[[i]]*oPattBootRH[[i]]

ReportTDBootH([[i]] <- apply(cumsumincurred, 1, FUN=last)

TotalULTBootH[[i]] <- ExpUnReportBootH[[i]]+ReportTDBootH[[i]]

PaidTDBootH[[i]]  <- apply(cPseudoDtH[[i]], 1, FUN=last)

reserveBootH[[i]]  <- TotalULTBootH[[i]]-PaidTDBootH[[i]]

#Step 3

diffReservel[i]] <- reserveBootH][[i]]-reserveBoot[i]]
ReservePE[[i]] <- Reserve+diffReserve[[il]

sseReserve[[i]] <- (Reserve-ReservePE[[i]])*2

}

reservePE <- matrix(unlist(ReservePE), numLoop, NCol, byrow=T)
reservePE <- apply(reservePE, 2, 95, FUN=percentile)

MSEP <- matrix(unlist(sseReserve), numLoop, NCol, byrow=T)
MSEP <- apply(MSEP, 2, FUN=mean, na.rm=T)

seR <-sqrt(MSEP)

seRpercent <- (sqrt(MSEP)*100)/Reserve

/
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