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Abstract 

In this work using the sequence of independent random variables a semi-Markov random 

walk process is constructed. Laplace transformation distributions of duration of time of stay of 

differential process of semi-Markov random walk is found. 

1. Introduction 

It is very well known that the semi-Markov processes are a 

generalization of Markov processes since the exponential distribution of time 

intervals is replaced with an arbitrary distribution. The semi-Markov 

processes have been introduced by Levy [2], Smith [7] and Takacs [8] in order 

to reduce the limitation induced by the exponential distribution of the 

corresponding time intervals. This is the immediate generalization of Markov 

chains since the Markov property is the typical consequence of the lack of 
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memory of the exponential distribution. In [3], the process of the semi-

Markov random walk is studied the asymptotic of distribution in two-sided 

boundary problems for random walks. In [4] and [6] various problems 

associated with the boundary functional of the random walk investigated. 

These studies found asymptotic expressions of various characteristics of the 

processes. In [5], an explicit form of the semi-Markov random walk with 

negative drift, nonnegative jumps and delaying screen. Recently, 

mathematical modeling of the semi-Markovian random walk processes with 

jumps and delaying screen by means of a fractional order differential 

equation was studied in [1].  

In this paper, we study the class of the distribution of the walk and 

founded the Laplace-Stieltjes transform of complex and summary process of 

the semi-Markov random walk. 

2. Problem Statement 

Let on the probability space ( )( ) PF ,,  is given the sequence 

  =
−−++  ,1,,, kkkkk  of independent equal distributed positive and between 

themselves independent random variables .,1,,,, = −−++ kkkkk  

Using these random variables, we can construct the following processes 

(see [4] and [6])  
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The process ( ) ( ) ( )tXtXtX −+ −=1  we will call the process with 

differentiated random walk process. 

One of realization of the processes will be the following 
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Figure 1. Complex semi-Markov random walk process. 

Our aim is to find the Laplace-Stielties transform of the residence time of 

semi-Markov process.  

We assume that the random variable 1  is distributed according to an 

exponential law. Then ( )tX  becomes a complex summary Markov process.  

Let it given ( ) 0, ttX  process. We delay this process in the screen “a” 

and reflect in the screen “a” (see, [3] and [5]) 

We denote ( )( ) ( ) ( )  .0,0,0|0|, === zxzXxtXPzXxtR  

Event ( ) xtX   occurs at the following five hypotheses: 

 ,; 111 ttH = −+  

 ,; 112 ttH = −+  

 ,113
−+ = tH  

 ,114 tH = +−  

 .115
+− = tH  

From total probability formula, we have  

( ) ( ) ( ) ( ) ( ) ( )54321

5

1
|, AHPAHPAHPAHPAHPHAPzxtR

i
i ++++=
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
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 ( ) zXazttP == −+ 0|0;; 11  

 ( ) ( )  ( ) = =

−+ −=+
a

y

t

s
yxstRzXdysXdssP

0 0
11 |,0|;;  

 ( ) ( )  ( ) = =

−+ −=+
a

y

t

s
yxstRzXdysXtdsP

0 0
11 |,0|;;  

 ( ) ( )  ( ) = =

−+ −=+
a

y

t

s
yxstRzXdysXsdsP

0 0
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 ( ) ( )  ( ).|,0|;;
0 0
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a

y

t

s
yxstRzXdysXtdsP  

Then that equation will become  

( ) ( ) ( ) ( ) ( ) ( )54321

5

1
|, AHPAHPAHPAHPAHPHAPzxtR
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Then we have 

( )    tPtPzxtR = −+
11|,  

( )    ( ( ( )) )  = =

−++− −+−+
a

y

t

s
y ysXzaasPddsPyxstR

0 0
111 ,min,min;|,  
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  ( )    ( )  = =

+++ +−++
a
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As casual processes ( )tX +  and ( )tX −  are also independent random 

variables +1  and −1  respectively. We will receive following form of a formula 

of total probability 

   ( ( ( )) ) ysXzaasPsP −+= −+++
111 ,min,min;  

  ( ( ( )) ) .,min,min; 11 ysXzaasP −++ −++  

Then we have the following form 
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After differentiating both side of the received integral equation on z, we 

have 

( )     += −+ tPtPzxtR 11|,  
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Both side of this integral equation having multiplied on te  and 

integrated on t. We have 
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Remark 1. From last integral equation it is possible to receive the 

ordinary differential equation. 

3. Conclusion 

Using the sequence of independent random variables, it is constructed 

process of semi-Markov random walk. Laplace transformation distributions 

of duration of time of stay of differential process of semi-Markov random walk 

is found. 
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