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APPLIED PROBLEMS OF MATHEMATICS AND MECHANICS

Mirvari H. HASRATOVA

SIMULATION OF THE SEMI-MARKOV
PROCESSES, DESCRIBING BEHAVIOR OF

STOCKS MANAGEMENT

Abstract

Semi-markov processes with screens have been investigated. Complicated
systems have been researched by simulation. Simulation data and graphical be-
havior of different parameters of the systems are given.

Introduction. Stocks management of store contains a momentum of first dis-
charge, work time of reliability system theory without any rejection, finding the
distribution of busy period of the system. The finding of this distribution is equiv-
alent to the finding of firstly falling to a level (or level of 0) of semimarkov process
and describe by mathematical model of stocks management.

Such models have been introduced by Prabhu N. U. [1] and called as (s,S). In
these models s and S mean down and up level and it is supposed that if the stock
level fall down, then it immediately fills to up level.

If the functions (which express down and up activities of stocks amount) have I
and II order Erlang distribution, then the various parameters of the system can be
expressed by analytical expressions [2,3].

If included distributions are arbitrary was used simulation [5]. In paper have
been proposed approach to simulation the situation [4] to find the characteristics of
such processes and using this approach to find of the numerical values of the different
characteristics in the case of arbitrary distributions.

Mathematical model. Assume that i1, i2, i3,. . . in,. . . are the states of semi-
markov process, σik the time, which semimarkov process spends in the ik state.
Denote i1 the position of the process at the level a. Suppose that at the initial
instant process is located at the level Z, where Z belong to [a, b]. If process reaches
up or down level, then it must stay at the level, i.e. it is not allowed to cross up and
down levels.

Suppose that 3 dimensional (ξn, ηn, θn) sequence of vectors is given, here ξ1, ξ2, ..., ξn
i.i.d.r.v. with distribution function F (x), η1, η2,. . . ,νn i.i.d.r.v. with distribution
function H(x) and θ1, θ2,. . . ,θn i.i.d.r.v. with distribution function G(x). Introduce
ξn as the length of the jumping to up, ηn is the length of coming down, θn is a
time-interval, where the process does not change its position.

Simulation. Modeling time is divided to ∆t interval. We find numerical values
of interested characteristics. At the interval ξn fraction goes up to ξntg (α). α, β
changes in [0, π/2] and are given.

In our model ηntg(α) the down displacement of fraction and a, b are the borders
of the levels. Denote W total time, when particle moves between a and b level (i.e.
its coordinates strongly less than b and strongly greater than b) and N is a number
of visiting level a and b together. Then average time will be defined as W/N . If in
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the model p1 = 0, p ∼= 1 then it coincides with (S, s) model (Prabhu) and if p1 = 1,
p = 0 then we have the following model

Fig. 1.

Below in the picture there are given simulation data. (fig. 2-4)

Fig. 2.
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Fig. 3.

Fig. 4.

In the fig. 1 there are given behavior of the process, where the number of the
steps equals 100. In the fig. 2 behavior of average value of the process is given,
where 20 trajectories have been used. Although at the Fig.1 high fluctuation of
the process is observed, but Fig. 2 shows that there is observing some stability for
average value.

In the Fig.3 behavior of average time and variances are given. Simulation time
is n = 20000th steps. In this case (time), exponential distribution with parameter
λ = 2.1

(
F (x) = 1− e−2,1x, x ≥ 0

)
is taken for jumping to up of the particle, the

length of coming down of the particle happens by exponential distribution with
parameter λ = 0.75

(
H (x) = 1− e−0,75x, x ≥ 0

)
. It is assumed that a difference

between two neighbor instants when process is at the level a or b has Weybul-

Gnedenko distribution, where α = 4.2 and σ = 0.8
(
G (x) = 1− e−4,2x0,8

, x ≥ 0
)
.

As the process is ergodic, hence at the Fig.3,4 we see stability of average value and
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variance as well.
Conclusion. The simulation approach suggested the paper allow to calculate

the value of the process with arbitrary distribution of the vector (ξn, ηn, θn), describ-
ing behavior of stocks management and also mathematical expectation and variance.
For taking practical recommendations it is necessary to take a statistical analyse of
simulation data. But it is a subject of another research.
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