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Abstract—On the sequence of the independent, equal
distributed and the positive random variables the process of
the semi-markovian random walk with negative drift, positive
jumps and with the positive delaying screen is constructed. In
the case, when the random walk has the complex Laplace
distribution, the evident form of Laplace transformation of the
distribution of the first moment of reaching of the positive
delaying screen with this process is found.
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. INTRODUCTION

To the finding of distribution of the first moment
reaching of the positive level many papers [1], [2], [3], [4]
and etc. are devoted. In these papers asymptotic forms are
obtained. But the evident form of the Laplace transformation
of the distribution of the first moment reaching the positive
delaying screen with the process semi-markovian random
walk with negative drift and positive jumps in the case, if the
random walk has the complex Laplace distribution in this
paper is obtained.

1. SOLUTION OF THE PROBLEM

Let the sequence of the independent identically
distributed and positive random variables {£, (), &, ()}

k=L *

are given on the probability space (€, T, P(-))
We construct the following process [5]:
k-1 k-1 k
X,(tw)=z2-t+> ¢ (@), if Y &(o)<t<) &(0),
i=0 i=0 i=0

where & (@) = ¢, (@) =0.
This process we delay with screen in a (a>0):

4 IEEE

X(t, w) = X, (t, ) —sup(0, X, (s) —a).

0<s<t

We denote
(o) =inf{t: X(t,w)=a},

L(9/2)=E(e " | X(0,0) = 2)

and
L(#)=Ee ™ , 6>0.

Our aim to find the evident form of L(6), when
¢, (w) and ¢, (w) have the Erlang-n distribution of the any
order and exponential distributions with parameters x and
A accordingly.

I1l. THE CONSTRUCTION OF THE INTEGRAL EQUATION
FOrR L(6/2)

Let X(0,w)=2z>0.
Theorem. The Laplace transformation of the condition
distribution of the random variable 7] (w) satisfies the

following integral equation

L@/z)= ]o.e’“P{gj(a)) >a-z+s}dP {& (w) <s |+

+ fe-“d P{& (w)<s} jL(H/y)dyP{é’l(a))< y—z+s}

y=2-s

If the random variables & (w) and ¢ (w) have the
absolute-continuous distributions, then
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L(0/z) = Te”’SP{Q(a))>a—z+s}p§1(s)ds+
., )
+ _[e‘“pgl(s) .[L(H/y)pgl(y—z+s)dyds.

s=0 y=2-s

Proof. It is obvious
. & (w) Vit -8 (o) + ¢ (w) >3,
(@) 2{ E(0)+T (@), if 2-E(0)+ () <a
Then we have
L(0/2)=E(e " | X(0,0) =2z) = je’”’““) P (dw) =

= [e"P(do)+

{0 :2-¢& (0)+¢ (w)>a}

j e “P(dw)+

{0 :2-¢ (0)+¢,(0)>a)

v [ePdo) =

{w :zf.,‘,(w)+§,(w)<a}

+ J‘efr)[,f] ()47 ()] P(d a))
{0 :2-¢ (0)+¢, (0)<a)
d
where T(w)=1](®).
Let & (w) =5, ¢,(w) =yand T(w) = x, then we have

L@@/ 2)= Te’“P{g’l(a))>a—z+s}dP{§1(a))<s}+

=0

»

+

s

x iL(@/y)dyP{g(w)< y—z+s}

y=2-s

e “dP{£ () <5 }x

0

—3

Second part of the theorem is obvious.

The theorem is proved.

IV. THE SOLUTION OF THE INTEGRAL EQUATION (1)

This equation we shall decide in the case, when the
random walk has the complex Laplace distribution. The
complex Laplace distribution we shall call the following
distribution:

L(m ;1‘)(X) = P{é’l(w) _ié (a)) <X }, X eR,

where gi(@), 1=1m and A have the exponential

distributions with parameters # and A accordingly. Then
equation (1) has the following form

4 IEEE

L@/z)=—H iy
A+u+o)"
et? J.e"‘"“”")ssm:1 Ie’“L(@/ y) dyds.

s=0 y=z-5

B ()
L AH
(m =1)!

From equation (2) we have the following integro-
differential equation

[L'(@)2)-AL(0]7)]e" " =

=7 /1{! ! I(Z—x)”"*le‘*‘*”*l_(e/ x)dX.
m — L

3)

We find the m~ derivation of (3) equality

mz C:Tr [L(i+l) 6172) _AL(i)(Q/ Z)](,U"‘ H)m’-ie(/ﬁ.g)z _ “
i=0

=—Au™ "L (0] 2).

From (4) we have differential equation
> ClL(@12)- AL @12)] (u+6)" " +

+Au™ L(@12)=0
with characteristic equation

m

3 ci k(@) - Ak @) (u+ )" ™ =0, (5)

. m7
i=0
with common solution

L(@/z) = mﬁ:ci (0)e i (6)

i=1

where Kk, (€),i=1 m™ are the roots of the characteristic
equation (5), with boundary conditions
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L@/oy=—t¢___,
A+u+6)"
/1,}-1 - I mfl 7(}L+;/+9)s I —le(elx)dXdS’
(m™ -t
L'(H/O):/iL(HIO)Jr
L j X" e L (9] x)dx,

( 1)'

k
> ciL(@10)- AL (010)|(u+6)" =
i=0
_1\m K m 0
— ( ]:) ﬂ“;u J‘Xm’f(kérl) e(,u+9)x L(a/ X)dX,
(m —(k+D)! 3

S e[l 010)- A0 010)](u+0)" + =

i=0

0
=—Au" j e (01 x)dx.

If take into consideration the common solution, we have
the system of the linear algebraic equations. After some
complex transformation this system reduced to one equation.
Only in the solution

,Umi K (9)a
c,(0).c,),...c, .0)=\+—"——e"7,0,..0
(1 ’ ' ) ([,u+¢9+k1(6’)]m )

(6) will be the Laplace traﬁsformation of the distribution
of the random variable 7} (w).

Then we have
Lo/ 2) = — e,
[y +6+k, (9)]
According to form of the total probability for
expected value we have

T @/a-x)dP{X(0,) < x }=

) (7)
Iu2m

p ki@

u-k @) [uro+k 0]

From (7) we have

Erf(w)=—%a+m7=
:—L(a))a-‘r ES (w),

Eérl (0)) - E§1 (0))

4 IEEE

__(m +YES@F[EC @)

[1].
[21.

(31

(41

[5].

m(m +1)Au s mo
mA-u)y — (mA-u)

, [ES(@I°[EG (o)

mE&(@)-EG@]  mE&(@)-ES@]

Dz(w) =
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