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Abstract

For the stochastic present value of aggregate daimthe renewal risk
model, a numerical algorithm is constructed basedtlbe Monte Carlo and
random process principle. The basic idea and depmgeess of this algorithm is
detailed. The numerical simulation results showt tihds consistence with the
theory analysis result under different parameteffedent distribution. The
numerical algorithm results can directly see therprobability of this renewal
risk model, to develop support in the actual decisi

Keywords. Renewal risk model, Numerical algorithm, Monte IGar
Exponential |évy process.

1 Introduction
Risk free and risky investment model is a classwatlel to an insurer. Suppose

the price process of the investment model is a @#aeriévy procese™™ t > 0}
In other words, {R(t),t =0} is a lévy process which starts with 0, has
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independent and stationary increments, and is asbicially continuous. In
mathematical finance, this assumption on price ggeds widely used [1, 2, 3, 4].
For the general theory of |évy process, we refer rdader to see Sato[5], and
Applebaum [6].

To the renewal risk model [7] with successive ckimX,,X,A , are
independent identically distributed (i.i.d.) randeariables. The random variable
distributionF on[0,«]. At the same time, their arrival timéss 7, <7, <A,
constitute a renewal counting proceBgt) =#{n=12A |7, <t ,t 3 0. Then the
amount of aggregate claims up to timheas follows:

St) ="V X(k), t20 (1.1)

For convenience, suppose that all sources of randssyX,, X, A} ,
{N(), t=0}and{R(t), t= O}are mutually independent. Then the stochastic
present value of future aggregate claims up to timean be expressed as

' _-R(s S -R(r
D(t) = [ e ™ds=) X(Ke ™14, t=0 (1.2)
k=1

In this paper, we shall focus on the numerical &ton ofD ¢ ), and compare to
the theory value. We shall also consider numesgaulation to ruin probability.

The rest of paper consists of fours sections. &ec# shows the numerical
simulation model of this paper; Section 3 presentserical simulation algorithm,
is the key contents of this paper; Section 4 gittes results of numerical
simulation; The last section concludes the paper.

2 Numerical Simulation Scheme of the Renewal Risk
M ode€l

Suppose an insurance business commencing at timighQnitial wealthx > O,
then the model of the cash flow of premiums lessntd is considered as a
compound renewal process with the form

C(t)=ct-S(), t=0 (1.3)
Where c> 0Ois a fixed rate of premium payment ad®((t), t= 03 a
compound renewal process defined in (1.1). Becdliseprice process of the
investment model is the geometric l1évy pro¢e€9,t > | tBg wealth process of
the insurer is defined as [8]

U (t) = R0 (x + j;e‘R(‘)dC(t)) t>0 (1.4)
This paper discusses the model:

U()=x+ j; e RYdC(t) t20 (1.5)

The model (1.5) is too compound to do numericalusation. In order to construct
a numerical simulation scheme, put (1.1), (1.28)(fo (1.5),

U= x+ j; e ROAC(t) t20=x+ j; e ROd(t - S(t))
=X+ cJ'; e "Odt - j; e " dS(t)
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= X+ CJ"; e—R(t)dt _ Z X ( k)e—R(r(k)) 1r(k)st
K1)

=X+ C.[; e ROt - z e R % (k) (16)
k=1

Where x>0 is the initial wealth,c> Ois a fixed rate of premium payment,
{R(t),t=0} is a lévy process, 7 k( )is the kth claim times,
N(@t) #{n=212A |r(n)<t}, X(K) is the kth claim sizes.

The scheme (1.6) is the numerical simulation sch@anehe stochastic present
value of aggregate claims in the renewal risk motleis paper mainly researches
the results in the numerical simulation scheme wifferent parameter different
distribution.

3 Numerical Algorithm of the Renewal Risk M odel

In order to numerical simulation one random procdsthe model (1.6), it needs
to assume concrete distribution. Without loss ofmegality, this paper
assumeR(t) =t +oW t() where u,0 are constantsW(t) is Brownian
motion. X k)~ lognormal distribution or weibull distributionN t ( )Poisson
distribution. EX(k) =A , EN(t) =8 . According to the numerical simulation
scheme, the algorithm flowchart is defined as fefio

(o

v

l— Input t l
Estimate w(t) Estimate N(t),
Tac(N()
A 4 A 4
Estimate R(t) Estimate X(k)
Estimateintegral Estimate sum
I |
Output U(t)
End

Figure 1: The algorithm flowchart of the renewal risk model
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(2) I'n Estimating w(t) Module

Every time always begin from 0 and end at timée, time interval is 0.01. Every
moment generator one random follows normal distidioy and then accumulate
the values to time t which is the value of Brownrantion w(t). Finally w(t) is
standardized.

(2) In Estimating R(t) Module

R(t) = 4t + dW(t), in which 4 denotes average income of investment, and
denotes variance of investment income. So the usssmption iz > 0The
parametersu,o will directly affect the probability of ruin.

(3) In Estimating Integral Module

R(t) is estimated, which means the values of iraedrin [0,t] are all known. So
the integral value can be obtained by using trap@tointegration or fast
integration method.

(4) In Estimating N(t) and Tao N(t) Module

N(t) follows the Poisson distribution, but the marhef events can’t be recorded
if it directly generates a random which follows tReisson distribution. In this
paper, a random can be get which follows the smitaisson distribution through
exponential distribution in [0,t]. The specific pess is that every time a random
which follows the exponential distribution is olted. if less than t, again
producing a random, then summation, if less thagpeat last step, otherwise end
of the process. So N(t) is the number of randombamiminus one, Tao(N(t)) is
the cumulative sum of random number.

(5) In Estimating X(k) Module

X(k) denotes the size of every claim amount whichynfollows different
distributions. This paper mainly considers two typd distribution: lognormal
distribution and weibull distribution. Different stribution will leads to different
probability of ruin.

(6) In Estimating Summation Module

After obtaining N(t), R(Tao(k)) and X(k), the remilcan be achieved by
cumulative sum.

4 Numerical Simulation Results

In order to observe the results of different part@mdifferent distribution, firstly
assume X K ) ~lognormal distribution.

a)x=1000,c=50,4=05,8=05, u=05,0 =1,W(t) is normal Brownian
motion, t = 10, step length 0.1.

b)x=1000,c=5,4=10,6=10, = 05,0 =1,W(t) is normal Brownian motion,
t =10, step length 0.1.
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€)x=100000,c=50,4=05,6=05,=05,0 =1,W(t)is normal Brownian
motion, t = 10, step length 0.1.

d) x=100000c=5,4=10,6=10, u=05,0 =1,W(t) is normal Brownian
motion, t = 10, step length 0.1.
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Figure 2: X(Kk) is the lognormal distribution

From the fig.2, it can be seen that wher A6 >> |, @n average, don't lose
money, or c- A6 << 0 it may be ruin. But fig. 1 only presents the onedam
process. In order to further discuss the relatietwben ¢ and A8, under the
same condition, repeat 10000 times.

Table 1: Repeat 10000 times

a) b) C) d)

Ruin probability 0.6893 1 0 1

From table 1, if the initial wealth is too littlend X(k) is the lognormal
distribution, ruin probability relatively high witut the relation betweer and
A6.

Secondly assumeX k( )weibull distribution.

a)x=1000,c=50,4=05,6=05, u=05,0 =1,W()is normal Brownian
motion, t = 10, step length 0.1.
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b)x=1000,c=5,4=10,6 =10, = 05,0 =1,W(t)is normal Brownian motion,
t =10, step length 0.1.

c)x=10000Qc=50,4=05,6=05,=05,0 =1,W(t)is normal Brownian
motion, t = 10, step length 0.1.

d) x=100000c=5,4=10,6=10, u=05,0 =1,W(t) is normal Brownian
motion, t = 10, step length 0.1.
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Figure 3: X(Kk) is weibull distribution

From the fig. 3, it can be seen that the resuttslar to the fig. 1. Similar, under
the same condition, repeat 10000 times.

Table 2: Repeat 10000 times

a) b) c) d)

probability 0 1 0 1

Note that the results are not happened. In theatitee, if X () is heavy tailed
and c—-A6< 0 the result ruin probability is one whein- «. The numerical
simulation and theory analysis are consistencanFanother perspective; can

be simply think to receive moneyA is the mean of claims size§ is the mean

of claims times. Whenc-A6< 0in other words, the aggregate claims are
greater than incomeruin is not avoid.
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5 Conclusion

The stochastic present value of aggregate claimhienrenewal risk model is

widely used in mathematical finance. In the litaraf most researchers were
interested in theory analysis, but ignore numeraadlysis. In this paper, we
firstly construct a numerical simulation schemetfog stochastic present value of
aggregate claims in the renewal risk model. Basedhe numerical simulation

scheme, we design a numerical simulation algoritmit. Different parameter

different distribution leads to different numericaulation results. These results
are all consistence with the theory analysis result

References

[1] J. Cai, Ruin probabilities and penalty funcgowith stochastic rates of
interest,Stochastic Processes and their Applicatjdti?(2004), 53-78.

[2] J. Paulsen, Ruin models with investment incormRegbability Survey
5(2008), 416-434.

[3] J. Paulsen and H.K. Gjessing, Ruin theory wstiochastic return on
investmentsAdvances in Applied Probabilit29(1997), 965-985.

[4] K.C. Yuen, G. Wang and R. Wu, On the renewak rprocess with
stochastic interes§tochastic Processes and their Applicatidlis(2006),
1496-1510.

[5] K. Sato,Lévy Process and Infinitely Divisible Distributign@ambridge
University Press, Cambridge, (1999).

[6] D. Applebaum, Lévy Process and Stochastic CalculuSambridge
University Press, Cambridge, (2004).

[7] J. Li, Asymptotics in a time-dependent renewsk model with stochastic
return, Journal of Mathematical Analysis and Applicatiprg87(2012),
1009-1023.

[8] Q. Tang, G. Wang and K.C. Yuen, Uniform tailyasptotics for the
stochastic present value of aggregate claims inr¢hewal risk model,
Insurance: Mathematics and Economid§(2010), 362-370.



