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The BP neural network model is a hot issae in recent academic research, and it has been successfully applied to many other fields,
but few researchers apply the BP neural network model to the field of automobile insurance. The main method that has been used
in the prediction of the total claim amount in automobile insurance is the generalized linear model, where the BP neural network
madel could provide a different approach to estimate the total claim loss. This paper uses a genetic algorithm to optimize the
structure of the BP neural network at first, and the calculation speed is significantly improved. At the same time, by considering the
overfitting problem, an early stop method is introduced to avoid the overfitting problem. In the model, a three-layer BP neural
network model, which includes the input layer, hidden layer, and outpat layer, is trained. With consideration of various factors, 2
total claim amount prediction model is established, and the trained BP newral network model is used to predict the total claim
amaunt of automobile insurance based on the data of the training set. The results show that the accuracy of the prediction by wusing
the BP neural network model to both the data of Shandong Province and to the data of six cities is over 95%. Then, the predicted
total chim amount is used to calculate premiums for five cities in Shandong Province according to credibility theory. The resalts
show that the average premium of the five cities is slightly higher than the actual claim amount of the city. The combination of BP
neural network and credibility theory can perform accurate claim amount estimation and pricing for automobile insurance, which
can effectively improve the current situation of the automobile insurance business and promote the development of
insurance industry.

1. Introduction
Insurance industry in China has made great progress along

premium income of automobile insurance was 619.9 billion
yuan, accounting for 73.59% of the premium income of
property insurance; in 2016, the premium income of au-

with the continuous development of Chinese economy, and
insurance plays an increasingly important role in people’s
daily life. Therefore, a fair and comprehensive pricing system
is essential to the development of insurance industry, which
can effectively avoid the adverse selection problem, can
maintain the insurance industry in a healthy competition,
and can promote the development of insurance industry.
According to the China Statistical Yearbook in 2015, the

tomobile insurance was 683.42 billion yuan, accounting for
73.76% of the premium income of property insurance; in
2017, the premium income of automobile insurance was
75211 billion yuan, accounting for 71.35% of the premium
income of property insurance. It can be seen that the pre-
mium income of automobile insurance is steadily increasing,
and the proportion of the premium income to the property
insurance premium income is maintained at more than 70%.
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Abstract: Taking mortality distribution, surrender value, and tax relief factors into consideration, the
authors construct an actuarial model for the influence of personal income tax deferred commercial
pension insurance on changes in personal pension wealth and adopts a numerical simulation to deliver
the corresponding changes in personal pension wealth to different initial insured age and different
initial insured annual salary. In order to better measure the security level of the commercial pension
insurance, the model for the net replacement rate of pension of the commercial pension insurance
was further constructed. The results show that the effect of participating in the personal income tax
deferred commercial pension insurance on the present value of personal pension wealth depends on
the combined action of the initial insured age and the initial annual salary. Under the same insured
age, because men retire later and work longer than women, men can obtain a higher accumulation of
personal pension wealth than women. For insured persons with different income levels, high-income
groups can obtain higher personal pension wealth growth, and although low-income groups cannot
obtain higher personal pension wealth growth, they can obtain a significant increase in the pension
replacement rate by participating in the insurance, thereby better guaranteeing their living standards
after retirement. Regardless of the income level, tax relief can be obtained once participating in the
insurance, but the value may vary. The optimal tax-saving age for men is 23 years old, and for women
25 years old.

Keywords: personal income tax deferred; personal pension wealth; pension replacement rate; tax
savings rate

MSC: 91B30

Mathematics 2020, 8, 2124; doi:10.3390/math8122124 www.mdpicom/journal/mathematics



. mathematics rﬁﬁw

Article
On a Periodic Capital Injection and Barrier Dividend
Strategy in the Compound Poisson Risk Model

Wenguang Yu %, Peng Guo 2, (i Wang 3, Guofeng Guan', Qing Yang ', Yujuan Huang %%,
Xinliang Yu ', Boyi Jin ! and Chaoran Cui §

! School of Insurance, Shandong University of Finance and Economics, Jinan 250014, China;
puodeng 199701 201 63.com (G.G.); yB2R6R36428163 com (L Y.); 2016343 38sd ufe. sdu.cn (X.Y);
2011098 s cube.edwcn (B.).)

2 CL'IUEEE of Mathematics and Statistics, U‘Imﬁqi:lg L'n.i.v\emil:].', UiunthiE, 4331, China;
penauol BEF4E163 com

# School of Mathematic and Quantitative Economics, Shandong University of Finance and Economics,
Jinan 250014, China; mijivouguei@] 63.com

* Schenl nl:Sricnrl.-,ﬁluru:l-unE_]ianlrmE Universaty, Jman 250657, China

Schosl of Computer Science & Technology, Shandong University of Fimance and Economics, Jinan 250004,
China; crenifisdufe edu.cn
*  Correspondence: yuwgf@sdube edu.cn (W.Y.); 2110 8SEsdjtueduon (YH.)

]

Received: 18 February 2030 Accepted: 25 March 2020; Published: 2 April 2020

Abstract: In this paper, we assume that the reserve level of an insurance company can only be
observed at discrete time points, then a new risk model is proposed by introducing a periodic capital
imjection strategy and a barrier dividend strategy into the classical risk model. We derive the equations
and the boundary conditions satisfied by the Gerber-Shiu function, the expected discounted capital
injection function and the expected discounted dividend function by assuming that the observation
interval and claim amount are exponentially distributed, respectively. Numerical examples are also
given to further analyze the influence of relevant parameters on the actuarial function of the risk
model.

Keywords: compound Poisson risk model; periodic capital injection strategy: periodic barrier
dividend strategy: Gerber-Shiu function; expected discounted dividend function; expected discounted
capital injection function; characteristic equation

MSC: 91830

1. Introduction

In the classical risk moded, the reserve process of an insurance { L) }e=o has the following form,

M{E)
Uity =u+ct—5t)=u+ct— ¥ ¥, t=0, i1
k=]

where the initial reserve is L] = u, the parameter ¢ > 0 is the incoming premium rate per unit
time, the aggregate claims process 5(1) = [:_'; ¥} is a compound Poisson process, where the Poisson
process {N(t)}i-g is the number of claims up to time ! with intensity A = 0, claim amount {¥: 1=
is a sequence of independent identically distributed random variables with common density fr(v).
{N{t) iz and {¥; ]3| are independent of each other.

The classical risk model and extended risk models, such as those with dividend, investment or
capital injection strategy, all require insurance companies to continuously observe the reserve process,
which will greatly increase the operating costs of insurance companies. Relevant literature can be

Mathesetics 300, £, 511; dod: 10359 /math808051 1 wiwwmdpi.comfjoamal fmathematics



. mathematics [”'ﬁ\w

Article

A Note on a Generalized Gerber-Shiu Discounted
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Abstract: In this paper, we propose a new generalized Gerber-Shiu discounbed pena]t_',.' Fumnetion
for a compound Poisson risk model, which can be wsed o study the moments of the ruin Hme.
First, I:u!.r tal:.'ing derivatives with respect bo the nrig‘inal Gerber-Shiu discounbad pena]t_',.' functiomn,
we construct a relation between the original Gerber-Shiu discounted penalty function and our new
genemlized Gerber-Shiu discounbed penally function. Mext, we wsa Lap-lau:e transform to derive a
defective renewal equation for the generalized Gerber-Shiu discounted penalty function, and give a
recursive method for m]ving the equati.an. Fi.nall!.-', when the claim amounts nhe'y the E:-:pnnmtial
distribution, we give some explicit expressions for the generalized Gerber-Shiu discounted penalty
function. Numerical illustrations are also given to study the effect of the parameters on the generalized
Gerber-Shiu discounted penalty function.

Keywords: compound Poisson risk model; generalized Gerber-Shiu discounted penalty function;
Laplace transform; Dickson-Hipp operator; recursive formula

MSC: 91B30; 91B70; 6DG55

1. Introduction
The classical compound Poisson risk process {L1(#) }e-p is defined by

M{E)
Uit)=u+ct— Y X, 120, i1

=1
where i is the non-negative amount of initial reserves, and ¢ = () denotes the constant premium rate
per unit time. The counting process { N (1) }y-p. representing the total claim numbers up to time [, is a
homogeneous Poisson processes with intensity A. { X}~ is a sequence of independent and identically
distributed non-negative random variables, where X is the i-th claim amount. Let {{x] denote the

o0
density function of X, and let E[X] and f(s) = f e~% f(x)dx denote the expectation and Laplace
[x]

transform of X, respectively. To avoid ruin from being a certain event, we assume ¢ = 1E[X].
We say that ruin occurs whenever L) becomes negative. The time to ruin of the insurance
company is defined as

T =inf{i : Ut} < 0O}, 2

Muthematics 2019, 7, §91; dod: 103590 /math 7100891 wwwmdpi.com Sjoumal fmathematics
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