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1.1 Modeling Claim Counts
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1.2.1 Uses of Telematics Data



1.2.2 Challenges
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Chapter 2

Data structure and problem
description
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Chapter 3

Methodology
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3.2.2 Standard Errors of Estimates
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Chapter 4

Simulation study
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x4 <- rnorm(l)

lambda <- exp(-1.3-4*x1 + 3.4*x2 + 0.1*x3 + 0.5*x4)

NB_Claim <- rpois(l, lambda)

Duration <- rep(l, I)

fdata <- as.data.frame(cbind(x1, x2, x3, x4, Duration, NB_Claim))

#for testing

set.seed(j+1000)

test_ind <- sample(1:nrow(fdata), 10000)

forr.data<-fdata[ test_ind,]

trtt.data<-fdata[-test_ind,]

#sampling- when using a specific sampling method, comment other two sampling sections.
SRR R R R R R AR R HEATRS
set.seed(j+2000)

tele_ind <- sample(1:90000, nrow(fdata)*0.1)

ntr <- length(tele_ind)

HEHHHHHHH N | S (advse )
#set.seed(j+2000)

#dz <- 1/(1+exp(2*trtt.data$NB_Claim))

#dz <- dz/mean(dz)/9

#dzz <- rbinom(90000, 1, dz)

#tele_ind <- (1:90000)*(dzz==1)

#rm(dz, dzz)

#tele_ind <- tele_ind[tele_ind!=0]

#ntr <- length(tele_ind)

HEHHHHHHEH VAR (agese )
#set.seed(j+2000)

#dz <- 1/(1+exp(3*trtt.data$xl))

#dz <- dz/mean(dz)/9

#dzz <- rbinom(90000, 1, dz)

#tele_ind <- (1:90000)*(dzz==1)

#rm(dz, dzz)

#tele_ind <- tele_ind[tele_ind!=0]

#ntr <- length(tele_ind)

B R e B S e A e A e e et et

SO <- trtt.data[ tele_ind, ]

# A small dataset that contains both telematics and traditional features
S1 <- trtt.data[-tele_ind,-tele_ind,-tele_ind,



b_SO <- as.matrix(cbind(SO[,c(5,1:3)], SO[,6]*SO[,c(5,1:3)D)
b S <- as.matrix(cbind(S[ ,c(5,1:3)], S[ ,6]1*S[ .,c(5,1:3)]))

#function for optimize using nlegslv()

cal_eqgn <- function(parm) {
result <- colSums(as.vector(1+nrow(S1)/nrow(S0)*exp(parm%*%t(b_S0)))*b_S0)-colSums(b_S)
return(result) }

#find for parameters of basis functions
fit2 <- nlegslv(rep(0,8), cal_eqn)

#calculate weights from information projection
w3 <= 1+nrow(S1)/nrow(S0)*exp(b_S0 %*% Fit2$x)
Hetn e

#combine weights to SO

SS6<-cbind(S0,w3)

#fitted the model with ws

glm.freq.S3 <- gIm(NB_Claim ~ .-Duration-w3,offset=log(Duration),
weights= w3, data=SS6, family=poisson())

X_S0 <- model.matrix(glm.freq.S3)

#coef of proposed model
prop2_coef[j,] <- summary(glm.freq.S3)$coefficients[,1]

# sandwich formula for variance estimation
Ui <- cbind(c(as.vector(w3)-1, rep(-1, nrow(S1)))* b_S,
c(w3*(SS63NB_Claim-fitted(glm.freq.S3)), rep(0, nrow(Sl)))*as.matrix(S[,c(5,1:4)]))

Ui <- Ui - rep(colMeans(Ui), each=nrow(S))

V.U <= ( tUi) %% Ui)

tau <- rbind(cbind(t(b_S0) %*% (as-.vector(w3-1)*b_S0),

matrix(0, ncol=ncol(x_S0), nrow=ncol(b_S0))),
cbind(t(x_S0) %*% (as.vector(w3-1)*(SS6$NB_Claim-fitted(glm.freq.S3))*b_S0),
-t(x_S0) %*% (as.vector(w3*fitted(glm.freq.S3))*x_S0) ))

invtau <- solve(tau)

prop2_stde[j,] <- sgrt(diag(invtau %*% V_U %*% invtau))[-(1:ncol(b_S0))]

HEHHHHHHHHRHEHEHEH R Doos ting model

glm.freq.boost <- gIm(NB_Claim ~ x4-1,data=S0,

offset=log(Duration)+predict(glm.freq.trad, S0), family=poisson())

#coefficients and SE

boost_coef[j,] <- c(summary(glm.freq.trad )$coefficients[,1],
summary(glm.freq.boost)$coefficients[,1])

boost_stde[j,] <- c(summary(glm.freq.trad )$coefficients[,2],
summary(glm.freq.boost)$coefficients[,2])

HH R R R Rt ry Torecast

pred.naive <- predict(glm.freq.naive, newdata = forr.data, type="response')

pred.full <- predict(glm.freq.full , newdata = forr.data, type="response')

pred.S3 <- exp(as.matrix(forr.data[,c(5,1:4)]) %*% prop2_coef[j,])

pred.trad <- predict(glm.freq.-trad , newdata = forr.data, type="response')

pred.boost <- pred.trad * exp(coef(glm.freq.boost)*forr.data$x4)

#remove datasets for this split
rm(tele_ind, test_ind)

#RMSE

RMSEs[j,-4] <- sqrt(c(
mean((forr.data$NB_Claim-pred.naive)"2),



mean((forr.data$NB_Claim-pred.trad )"2),
mean((forr.data$NB_Claim-pred.full )"2),
mean((forr.data$NB_Claim-pred.S3  )"2),
mean((forr.data$NB_Claim-pred.boost)”2)))

#MAE

MAEs[j,-4] <- c(
mean(abs(forr.datas$\NB_Claim-pred.naive)),
mean(abs(forr.data$NB_Claim-pred.trad )),
mean(abs(forr.data$NB_Claim-pred.full )),
mean(abs(forr.data$NB_Claim-pred.S3 )),
mean(abs(forr.data$NB_Claim-pred.boost)))

#DEV

DEVsS[],-4] <- c(
Poisson.Deviance(pred.naive, forr.data$NB_Claim),
Poisson.Deviance(pred.trad , forr.data$NB_Claim),
Poisson.Deviance(pred.full , forr.data$NB_Claim),
Poisson.Deviance(pred.S3 , forr.data$NB_Claim),
Poisson.Deviance(pred.boost, forr.datasNB_Claim))

b))

#summarizing the outputs
colMeans(RMSEs)
colMeans(MAEs)
colMeans(DEVs)

#true coeffients used for data generation
true_coef <- c(-1.3, -4, 3.4, 0.1, 0.5)

#bias of each estimator

bias_naive <- true_coef - colMeans(naive_coef)
bias_trad <- true_coef - colMeans(trad_coef)
bias_prop2 <- true_coef - colMeans(prop2_coef)#proposed
bias_boost <- true_coef - colMeans(boost_coef)
bias_full <- true_coef - colMeans(full_coef)

#RMSE of estimates

rmse_naive <- sqrt(colMeans((naive_coef-rep(true_coef, each=J))"2))
rmse_trad <- sqrt(colMeans((trad_coef -rep(true_coef, each=3))"2))
rmse_prop2 <- sqrt(colMeans((prop2_coef-rep(true_coef, each=3))"2))#proposed
rmse_boost <- sqrt(colMeans((boost_coef-rep(true_coef, each=J))"2))
rmse_full <- sqgrt(colMeans((full_coef -rep(true_coef, each=3))"2))

#Cl of estimator

naive_90Cl <- colMeans((naive_coef-1.645*naive_stde<rep(true_coef, each=J))*
(naive_coef+1.645*naive_stde>rep(true_coef, each=J))*1)

trad_90Cl <- colMeans((trad_coef -1.645*trad_stde<rep(true_coef, each=J))*
(trad_coef +1.645*trad_stde>rep(true_coef, each=J))*1)

prop2_90Cl <- colMeans((prop2_coef-1.645*prop2_stde<rep(true_coef, each=J))*
(prop2_coef+1.645*prop2_stde>rep(true_coef, each=J))*1,

na.rm=TRUE)#proposed

boost_90CI <- colMeans((boost_coef-1.645*boost_stde<rep(true_coef, each=J))*
(boost_coef+1.645*hoost_stde>rep(true_coef, each=J))*1)

full_90CI <- colMeans((full_coef -1.645*full_stde<rep(true_coef, each=J))*
(full_coef +1.645*full_stde>rep(true_coef, each=J))*1)






#### Preliminary analysis ####
#naive model

glm.freq.naive <- gIlm(NB_Claim ~ .-Duration,offset=log(Duration),data=S0, family=poisson())
#full model

glm_freq.full <- gIm(NB_Claim ~ .-Duration,offset=log(Duration),data=S , family=poisson())
#traditional model

gim_freq.trad <- gIm(NB_Claim ~ .-Duration,offset=log(Duration),

data=S[, c(1:13, 30)], family=poisson())



D

data=S0, offset=log(Duration)+predict(glm.freq.trad, S0)
, Family=poisson())

#coefficients and SE
boost_coef[j,] <- c(summary(glm.freq.trad )$coefficients[,1],

summary(glm.freq.boost)$coefficients[,1])

boost_stde[j,] <- c(summary(glm.freq.trad )$coefficients[,2],

summary(glm.freq.boost)$coefficients[,2])

HHHHHTTHHTHHHTHHH T try forecast

pred.naive
pred.full
pred.S3

pred.trad
pred.boost

<- predict(glm.freq.naive, newdata = forr.data, type="response’)

<- predict(glm.freq.full , newdata = forr.data, type="response')

<- exp(as.matrix(forr.data[,c(2:29)]) %*%
propd_coef[j,2:29]+propd_coef[j,1]+ log(forr.data[,1]))

<- predict(glm.freq.-trad , newdata = forr.data, type="response')

<- pred.trad * exp(as-matrix(forr.data[14:29])%*%coef(glm.freq.boost))

#remove datasets for this split
rm(tele_ind, test_ind)

#RMSE

RMSEs[j,] <- sqrt(c(
mean((forr.data$NB_Claim-pred.naive)"2),
mean((forr.data$NB_Claim-pred.trad )"2),
mean((forr.data$NB_Claim-pred.full )"2),
mean((forr.data$NB_Claim-pred.S3  )"2),
mean((forr.data$NB_Claim-pred.boost)”2)))

#DEV

DEVs[j.] <-

c(

Poisson.Deviance(pred.naive, forr.data$NB_Claim),
Poisson.Deviance(pred.trad , forr.data$NB_Claim),
Poisson.Deviance(pred.full , forr.data$NB_Claim),
Poisson.Deviance(pred.S3 , forr.data$NB_Claim),
Poisson.Deviance(pred.boost, forr.data$NB_Claim))
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Basic Setup of Proposed Method
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