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formation transmission systems, operating in random environment, has been
considered in [5, 6].
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Development of the semi-Markov stock management
model with a discrete set of states and a random delay
of delivery

Peter Shnourkoff', Dmitry Vovk?>

1Higher School of Economics, Russia, pshnurkov@hse.ru
2Higher School of Economics, Russia, vovkdmitrij@gmail.com

This paper examines the stochastic semi-Markov stock management model
of some goods with possible deficit. The flow of the applications for this product
is determined as Poisson stream with the intensity A\.The amount of product in
the system can take discrete values in the range [— N1, No|, where No, N1> 0
are predefined integers. Value Ny - is the highest level of real stock. The amount
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of stock in the range [— N1, No] characterizes the deficit when bids for the good
are accepted for registration. Applications received at the time when the deficit
is set to (—N1) are lost. The decisions are taken at the time of replenishment.
If at this moment the state of the process is equal to i then the level of reserve
for next query is determined as r; where —N; < r; < i—1. Next time when the
process hits the value r; new level of reserve r;4+1 is set. And so on. Random
time 7 between the moment of the order and the moment of replenishment
has a specified distribution H(z). The size of replenishment is random and it
has discrete distribution with probabilities 58), ﬂ,g),—Nl +1<k<r—-1,
j>0.

Replenishment procedure is designed in the way that the basic process is
transferred from the state (k) which it takes directly before the replenishment
to the state j, j = 1,..., Ny the shortage of product is always filled in.

Let us introduce random processes describing the functioning of the system.
Let £(t) — the basic process that describes the level of stock at the moment t.
The set of spaces is determined as X = {—Ny,—N:1 +1,...,-1,0,1,..., No}.
Denote {tsl()),n = 0,1,...} - sequential moments of replenishment; t(o) = 0;
e = E(tn o 4 0) - the state of the process directly after replenishment. We
introduce a random process 5(0)( t) determined by the ratios £© (¢ (t) = {ﬁo)
when £ <t < tfloll. From now the process £ (¢) will be referred to as the

”maintainer”. The set of states for this process is X© = {0,1,..., No}, {5&0)}
and it constitutes the embedded Markov chain for the main process.

Denote pij, 4,7,= 0,1,..., No transition probabilities of Markov chains,
embedded in main semi-Markov process £ (t).

piy = PEQ, =4 €5 =i),i,j =0,1,...,No

Adduce explicit form for transition probabilities for unembedded Markov
chain:
1) Let i - to be afixed state, 0 < r; <4i,4,7=0,1,...,No

yri=k v
p = ZB(O) / N ey Y o) [ O any
0

k=—N;+1

+ *“dH(x) 59}“1],. (1)
k=r;+N1 0
2) Let i -to be a fixed state, r; = =N1 +1, =Ny +2,...,—1
un _ g e
pij = / T — k,‘ dH($)+
k—7N1+1
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> 7 Az)F =
+ > /(k,) e dH ()8, . (2)
k=r;+N1 ’

3) Let i-to be afixed state,r; = —Ny
Because —N; is the minimum level of stock in the system we get ratio:

III 1
p™ =5 (3)

Let us obtain the equation for the stationary probabilities of embedded
Markov chain. Note that the transition probabilities p;; for each fixed value 4
depends on the values r;.

So, let us fix the control parameters corresponding to the statesof embedded
Markov chain (ro, 7, ...,7n,). For each kind of set (ro,7s,...,7n,), expression
for the transition probabilities are determined by ratios (1)-(3). For a given
set (ro,7i,...,7N,) define the following set S,, S1, S2, that represent a subset
of the states (0,1,..., No).

:{’L'E{O,l,...,NQ}IT’Z‘EO};
S1={ie€{0,1,...,No}: —N1+1<r; <—-1};
SQ:{’L'E{0,1,...,N()}:7‘i:7N1};

Then the system of equations for stationary probabilities takes the form:

11 IIr
= mpl) + > mpl D+ Y w5 =0,1,...,No

1€Sp 1€S1 1€So

Next step is to obtain the indicators of quality management the semi-
Markov model, which depends particularly from the stationary distribution.

The estimation of ruin probability in multivariate
collective risk model

Ekaterina Smirnova

Peoples’ Friendship University of Russia, Russia, sukmanova-kate@Qmail.ru

In actuarial mathematics great importance has always been given to esti-
mations of ruin probability of insurer. The multivariate collective risk model
allows to consider the dependence between claims of different fields of in-
surance, operated by insurance company. Claims happened in different fields
of insurance are mutually dependent very often, that affects the process of
changing the value of the insurance reserve. The process of reserve changing
can usually be presented in a form:

Ut) =u+c-—S(t),
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