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Annotation: this article is devoted to the research and development of the new type of method for modeling of risks of insurance
companies. This approach implements Bayesian networksasa main tool for modeling.
Key words: Bayesian networks, insurance company, ruin probability.

Anomauin. oana cmamms NPUCEsYeHa OOCHIONCEHHIO [ po3poOyi HOB020 mumny Mmemooié YNPAGHIHHSA PUSUKAMU CMPAXOBUX
Komnawiu. /lanuil nioxio 3acmocogye baucciscoki Mepedici AK OCHOBHIU IHMPYMEHM MOOEN0BAHHSL.
Kniouosi cnoea: Baiicciécoki mepedici, cmpaxoea KoMnanis, iMosipuicms OanKpymemea.

I. Introduction. Today it is impossible to imagine a market economy withmlts. They are involved almost in every economic activiityere is a great need in
measuring, predicting and minimizing risks. Insuraseevices are one of the industries, which permanerggreence risks of bankruptcy. That is why calculatimg ruin
probabilities for insurance companies are one of the proktEhsieed well-developed mathematical models. Nowadayairikn insurance companies are searching for new
ways of profitability and competitiveness. Western Europeanansarcompanies has an option of investing their fund for additional gitwdt is way there is a great necessity of
creation and development of the actuarial models for Ukrainian itsuta provide them the possibility of investing their fund for additiorafitpr

I1. The analysis of the main researches and publications. One of the first studies in this area was conductetidrbeginning of the twentieth centl Since then, the
mathematical methods of ruin probability calculation developebagcumulated a great variety of models and approadfieke the permanent growing of economic needs,
insurance services increase steadily in the econashia developed countries. Insurance services are one gbtingest industries any economy, which experiencage sf
active development. In global practice of developed countrie,onganized insurance services are involved in many edensectors like investment activity of insurance
companies. This article studies how the actuarial matieal tools can positively affect the theoretical aratfical development of insurance. The development of thealetic
methodological, organizational and legal bases of insermacket have been contributed by many economists, su&aaylevych, V [1, 2], Chernyak, O. [7-10], Pikus[R,
Starostina, A. [1], Filoniuk, O. [1], Kaminsky, A. [6], Shpyrko, V. [1], Kalagbwi V. [6] and others.

I11. Unsolved issues: one of the main problems at present for actuarial asabfshe Ukrainian insurance market is the lack ojdestatistical base, which is necessary
for any econometric modeling. That is way there is atgnecessity of actuarial models that involve fewerstial information. We analyze methods of calculationuirf r
probabilities for insurance company. We consider an insurangeatyrin the case when the premium rate is a bounded by some nonnegetora function and the capital of the
insurance company is invested in a risky asset whose price follovesnetge Brownian.

V. Formulation of the problem. The goal of the article is creation new types of modetheofinalysis of ruin probabilities using Bayesian net&dikt can be helpful
for Ukrainian insurance companies. There are differ@thaads for approximating the distribution of aggregate clammdstlzeir corresponding stop-loss premium by means of a
discrete compound Poisson distribution and its corresponding stop-&wsisipr This discretization is an important step in the numegicduation of the distribution of aggregate
claims, because recent results on recurrence reldtiopsobabilities only apply to discrete distributions. ThecrBtization technique is efficient in a certain sefmezause a
properly chosen discretization gives raise to numerical uppeéidower bounds on the stop-loss premium, giving the possibflitglculating the numerically estimates for the
error on the final numerical results.

V.Results. We consider an insurance company in the case when theupreate is a bounded nonnegative random funiz,>n  and thaloafoihe insurance company is
invested in a risky asset whose price follows a geomBhogvnian motion with mean retuc  and volatia >0 . 8:=2a/ agl-1>0 wedipxact the asymptotic
upper and lower bounds for the ruin probability as the iniowmen¥ tends to infinity, i.e. we show tCyu ™ < P(u)=C'u™  for sidhdy largé  Moreover if

c,=¢ 7 with ¥ =0 we find the exact asymptotics of the ruin probabih@melf‘l’(u)ﬂ— u” . 18=0 , we show th: w{u) =1 forax=0 .We investigatehoblem

of consistency of risk measures with respect to ugsoahastic order and convex order. Itis shown that undek vegmilarity coriditions risk measures preserve theséastc
orders. This result is used to derive bounds for risk measaf portfolios. As a by-product, we extend the charaetéon of coherent, law-invariant risk measures with the
property to unbounded random variables. A surprising restliisthe trading strategy yielding the optimal asymptdécay of the ruin probability simply consists in holding a
fixed quantity (which can be explicitly calculated)tie risky asset, independent of the current resenis.réhult is in apparent contradiction to the common belileae rich'
companies should invest more in risky assets than “poor' Bhesieason for this seemingly paradoxical result istteaminimization of the ruin probability is an extremely
conservative optimization criterion, especially for “rich’ compaf8ep. 35].

It is well-known that the analysis of activity of arsurance company in conditions of uncertainty is of grepdrtance [9, p. 162]. Starting from the classical papers of
Cramer and Lundberg which first considered the ruin problestachastic environment, this subject has attractexh mitiention. Recall that, in the classical Cramewdberg
model satisfying the Cramer condition and, the positivehsifading assumption, the ruin probability as a functiomefititial endowment decreases exponentially. The problem
was subsequently extended to the case when the insurance risls psacgeneral Levy process.

It is clear that, risky investment can be dangerousistéss may arrive in the period when the market valwesséts is low and the company will not be able to cover
losses by selling these assets because of price fluctuationtatBeare rather attentive to this issue and impose stringasttaiots on company portfolios. Typically, junk bonds
are prohibited and a prescribed (large) part of the portfolio should rowtairisky assets (e.g., Treasury bonds) while in the rerggiain only risky assets with good ratings are
allowed. The common notion that investments in an asset with stedmgestest rate may be too risky for an insurance company can bieustidthematically.

We deal with the ruin problem for an insurance company investingpttatin a risky asset specified by a geometric Brownian motion:

av, =V (adt + @l w,), (1)

where(@,,£20) is a standard Brownian motion i@ >0, > 0
It turns out that in this case of small volatility, 0 <a® <2a the ruin probability is not exponential but a power functiérthe initial capital with the exponent

B=2al & — 1. Itwill be noted that this result holds without the requirement ofipessafety loading. Also, for large volatility, ia? > 2a , the ruin probapiiquals 1 for
any inifial endowment.
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In all these papers the premium rate was assumed to be congtaattice this means that the company should obtain a premthrthevisame rate continuously. We tf
that this condition is too restrictive and it significantly boundsafhigicability of the above mentioned results in practical insuraritegse

The numerical calculation of finite time ruin probabilitifor two particular insurance risk models are beingyaed! The first model allows for the investment at a fixed
rate of interest of the surplus whenever this is abovieem ¢evel. Our second model is the classical risk modelith the insurer's premium rate depending on the lef/éie
surplus.

Our methodology for calculating finite time ruin probabddiis to bound the surplus process by discrete-time Markains; the average of the bounds gives an
approximation to the ruin probability.

Our primary purpose in this paper is to discuss the noalecalculation of finite time ruin probabilities for twmarticular insurance risk models. Both models are

extensions of the classical risk model. For each m<U(£) ré;mdom variable which denotes the surplus at t(Z 0) I {U(z)},zo is a continuous time stochastic
process; the aggregate claims in [0,t] are derS(l) & S(t) has a compound Poisson distribution with Poisson parakpeétetividual claim amounts havcdf G'(x) ,
pdf g(x} and mez#; . We assume G(U) =0, sothatall claims are positive. We asthonelass of generality th A = 1= w2

It would be possible to have more than two bands for the surplus with a diffeieenf premium income at tilnelepending on the band in whi U(t) lies. However, all
our numerical examples assume just two bands and so we have presantaikethia this way.

An essential feature of the two models studied inghiser is that they are time-homogeneous Markov procdbedsyel of the surplus at any given time is suffitten
determine probabilistically its level at any tilméater. This is the feature that we will exploit in this paper to olitaimds for the finite time ruin probabilities for our two models.

We do not need to assume any form of 'net profit condition’ for our two models, Hotweed to assume tic, &, ¢, = 0 .

Our aim is to produce bounds for this probability; approximataegabf the probability can be‘calculatea by averaging the appktower bounds. However it is not
always possible to produce absolute bounds.

The surplus process of an insurance portfolio is defined asethihwobtained by the premium payments minus the reimbungemade at the times of claims. When this
process becomes negative (if ever), we say that ruirobesrred. The general setting is the Gambler's Rubbl®m. We address the problem of estimating derivatives
(sensitivities) of ruin probabilities with respect to the rate ofderits. Estimating probabilities of rare events is a challenging prosilere naive estimation is not applicable.

Solution approaches are very recent, mostly through thefusnportance Sampling techniques. Sensitivity estomas an even harder problem for these situations. We
study different methods for estimating ruin probabilities: oreimiportance sampling (IS), and two others via indirentilsition: the storage process (SP), which restates the
problems in terms of a queuing system, and the convolution for@Bla To estimate the sensitivities, we apply the RPA method to tamper sampling, the IPA method to storage
process and the Score Function method to convolution for@iralation methods are compared in terms of their effi@yj, a criterion that appropriately weighs precision and
CPU time. As well, we indicate how other criteria sashset-up time and prior formulas development may agtoelproblem-dependent. The canonical model in Risk Theory

assumes that claims due to accidents arrive accorda@tasson proces N(t) ofreA . The successive claim amountsgd {Y,}t are i.i.d. random variables with general
distribution & and premiums are received at a constarc ‘ate

The event epochs of the proc (¢} are denot {Tnz0} W, =T,-T,

e are the inteliarelal be cumulative claims process:

S)=2% @

»
is a compound Poisson process. We shall often'TJ, = U(?;) to denote teddmddiscrete event process S, = Z Y , with an obvious abuse of notation. |
i=1
we seiT=min {n: U{T, <0)}=min {#:u+cT, <5} then the ruin probability is [9, p. 217]. C 8= B[},] c= A8 i wlu, A)  arinital endowmenz . As

a consequence of this result, it is common to assume that premiisfise = 48

V1. Conclusions. We analyzed methods of calculation of ruin‘probabilitiesrisarance company calculated by Bayesian networks.on&dered an insurance company
in the case when the premium rate is a bounded by somegative random function and the capital of the insaraonpany is invested in a risky asset whose price fsli@aw
geometric Brownian.

The weak development of insurance market in Ukrainepkmed by the low incomes of Ukrainians and their désest in spending money on insurance, although some
cases.

The analyzed economic and mathematical models are recommetedsted in for Ukrainian insurance companies for increasinggtiéify and diversification of ruin
risks.

VII. The prospects for further development of the problem. Although there are several methods for calculation the ruin pratebibr insurance companies, this study
may enrich existing methods, for cases of investment activitieskfairihn insurance companies.
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