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Abstract. In this paper, we consider an MMPP/M/1/1 retrial queue
where incoming fresh calls arrive at the server according to a Markov
modulated Poisson process. Upon arrival, an incoming call either occu-
pies the server if it is idle or joins an orbit if the server is busy. From
the orbit, an incoming call retries to occupy the server and behaves the
same as a fresh incoming call. The server makes an outgoing call in its
idle time. Our contribution is to derive the asymptotics of the number of
calls in retrial queue under the conditions of high rate of making outgoing
calls and low rate of service time of outgoing calls.
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1 Introduction

In service systems idle time of an operator should be minimized to increase the
productivity. An operator not only receives calls from outside but also makes
outgoing calls in the idle time. The example of that could be the cellphone that
is used for incoming and outgoing calls. In call centers operators could receive
arriving calls but as soon as they have free time and are in standby mode they
could make outgoing calls to sell packages and services of the center [1].

Retrial Queues with two-way communication have been extensively studied
recently [2-7]. In these literatures the arrival process is Poisson process. However,
it is well known that real traffic has a more complex structure. Markov modulated
Poisson process (MMPP) can represent correlated traffic and thus it is more
suitable for modelling real traffic.
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In this paper, we consider asymptotic analysis for the distribution of the
number of customers in the system under two conditions: (i) high outgoing call
rate and (ii) low service rate for outgoing calls. In case (i), the server makes an
outgoing call as soon as it becomes idle while in case (ii), the duration of an
outgoing call is extremely long.

In both cases, the number of incoming calls in the system explodes. How-
ever, using suitable scalings, we prove that the scaled version of the number
of incoming calls in the system follow some simple distributions, i.e. Gaussian
distribution [8] and Gamma distribution, respectively [9].

The remainder of the paper is presented as follows. In Sect.2, we describe
the model in detail and preliminaries for later asymptotic analysis. In Sects. 3
and 4, we present our main contribution for the model with Markov modulated
Poisson process. In Sect.5 we show the ranges of parameters under which our
approximations are usable. Section 6 is devoted to concluding remark.

2 Model Description and Problem Definition

We consider a single server queueing model with two types of calls: incoming calls
and outgoing calls. Incoming calls arrive at the system according to a Markov
modulated Poisson process. The incoming call that finds the server idle receives
a service for an exponentially distributed time with rate p;. Upon entering the
system the call that finds the server being busy immediately joins the orbit,
where it stays during a random time exponentially distributed with rate o. If
the server is idle (empty) it starts making outgoing calls to the outside with
rate a. If the outgoing call finds the server free the call goes into service for
an exponentially distributed time with rate po. If upon entering the system the
outgoing call finds the server being busy the call is lost and is not considered in
the future. Let ¢(t) denote the number of calls in the system at the time ¢, k(%)
denote the state of the server: 0 if the server is free, 1 if the server is busy serving
an incoming call, 2 if the server is busy serving an outgoing call and n(t) denote
the state of the background process of the MMPP at time ¢. The infinitesimal
generator of n(t) is defined by matrix Q. When n(t) = n, the arrival rate is
given by A, (n = 1,2,...,N). To determine the condition for the existence of a
stationary regime, we define the matrix A in the form A = %, where Aq is a
diagonal matrix with nonnegative elements, and the condition for the existence
of a stationary regime is the fulfillment of the inequalities 0 < p < 1.

Under the current setting the three-dimensional process {k(t),n(t),i(t)} is
a Markov chain. Under the stability condition, the stationary probability dis-
tribution P{k(t) = k,n(t) = n,i(t) = i} = Px(n,i) is the unique solution of
Kolmogorov system of equations:

—(An +i0 4+ Q) Po(n,3) + p1 Pr(nyi + 1) 4+ p2Pa(n,i 4+ 1) + S0 Po(v,4)qun = 0,

—(An + p1)Pi(n,i) + A [Pi(n,i — 1) + Po(n,i — 1)] + io Po(n, i)
+ 2117:1 Py ('in)qvn =0,

N
— (A + p2)Po(n,i) + Po(n,i — 1)a+ Pa(n,i — 1)\, + ZPQ(U, i)qon = 0. (1)

v=1
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We introduce partial characteristic functions [10], denoting j = +/—1:
Hy(n,u) =Y e Py(n,i), Hi(n,u)=»_ e Py(n,i), k=12
i=0 =1
For k = 1,2, there will be at least one call in the system. Rewriting system (1)

in the following form:

—(An +a)Ho(n,u) +.7'0%:’“) + pre I Hy(n,u) + pge™7*Ha(n, u)
=+ szl HO(U7 u)Q?m = 07

=+ i) Ha (0, 0) + g™ [H(n,10) + Ho(n,w)] — o 2252
+ Zv:l Hl (UV u)qvn = 07

N
— (An 4 o) Ho(n, u) + ae?™ Ho(n, u) + Ape? ™ Ho(n, u) + Z Hy(v,4)qyn = 0. (2)

v=1

We define I - unit matrix, A = diag[A\,],

H(u) = {Hg(1,u), Hp(2,u), ..., Hy(N,u),

/ o aHk(lau) aHk(zau) aHk(Nau)
Hk(“)_{ ou ' ou 7 ou |

Let’s write system (2) in a matrix form (3):
Ho(u)(Q — A —al) + joHy(u) + pre ™ 7"Hi (u) + pze7*Ha(u) = 0,
H;(u) (Q + (ej“ - 1) A — mI) + Ho(u)e*A — joHg(u) = 0,
H(u) (Q+ (¢ — 1) A — poI) + ae?Hy(u) = 0. (3)
Let’s sum the equations of the system (3)

Ho(u) [Q+ (e7* —1) (A + aI)] +H;(u) [Q+ (gju —1) (A = pe=71)]
VL@ (7 1) (A e )] 20,

Multiplying the last equation by a unit vector e and using Qe = 0, we obtain
Ho(u) (A + aI) e+ Hi(u) (A — pre 7T) e + Ha(u) (A — poe 7“T) e = 0.
Multiplying the last equation by a e/%:

Ho(u) (/A + aej“I) e+ H;(u) (/A — 1) e ()
+Hs(u) (eJ“A — ,ugI) e=0.

We will consider the system (3) and the Eq. (4), i.e. a system of three matrix
equations and one scalar equation:

Ho(u)(Q — A — o) + joHy(u) + pre 7"y (u) + pze 7" Hy (u) = 0,
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H(u) (Q+ (¢/* —1) A — X)) + Ho(u)e’ A — joHj(u) = 0,
Hj(u) (Q + (ej“ — 1) A — ,uQI) + aej"Ho(u) =0,

Hy(u) (/A + ael*T) e + Hy (u) (A — 1) e
+Hy(u) (e7"A — poT) e = 0. (5)

The characteristic function H(u) of the number of incoming calls in the
retrial queue is expressed through partial characteristic functions Hy(u) by the
following equation

H(u) = Ee?®) = (Hy(u) + Hy(u) + Hy(u))e.

We will find the characteristics of our retrial queue with two-way communication
with Markov modulated Poisson input. The main content of this paper is the
solution of system (5) by using an asymptotic analysis method in two limit
conditions: of the high rate of making outgoing calls and the low rate of service
time of outgoing calls.

3 Asymptotic Analysis of MMPP/M/1/1 Retrial Queue
with Two-Way Communication Under the High Rate
of Making Outgoing Calls (o« — o0)

We will investigate system (5) by asymptotic analysis method under the high
rate of making outgoing calls.

3.1 First Order Asymptotic

Theorem 1. Suppose i(t) is the number of calls in the system of the stationary
MMPP/M/1/1 retrial queue with outgoing calls, then the (6) holds

lim Ee/V o = el (6)
ax— 00

where k1 is the positive root of the equation
-1 —1 !t
r{mo (- @7+ (I- @'}

(7)
< AT+ ko uI- Q7 (A =D + (2T~ Q' (A= 2D } e =0,

The row wvector v is the stationary probability distribution of the underlying
process n(t) which is given as the unique solution of the system rQ =0, re = 1.

Proof. We denote o = 1/¢ in the system (5), and introduce the following nota-
tions

U = ew, HO(U) = 6FO(U}vEL Hk(u) = Fk(waa)a k=1,2,
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in order to get the following system

OF ) .
Fo(uw,€)(eQ A 1) 4 jo o0y =B, (1,2) 4 o F(w,€) = 0,
) OF
Fi(w,e) (Q+ (e — 1) A — 1) + ce’*“Fo(w, ) A —ja% =0,
Fa(w,e) (Q+ (€7 — 1) A — poI) + e Fo(w, ) = 0,
Fo(w,e) (e’ A + 7**T) e + Fy(w,e) (/A — 1) e (8)
+Fa(w,e) (€A — ppI) e = 0.

Considering the limit as € — 0 in the system (8), then we will get
—Fo(w) + joFo(w) + mF1(w) + p2Fa(w) =0,

Fi(w) (Q — pulI) — joFy(w) =0,
Fo(w) (Q — p2) + Fo(w) = 0,
Fo(w)e + Fl(w) (A — ,ull) e+ FQ(IU) (A — ‘LLQI) e=0. (9)

Our idea is to find the solution of (9) in the form of
Fi(w) = &(w)ry. (10)

Here r, k = 1,2 are vectors with components 7x.,, where rg,, is the probability
that the server is in state k, and the MMPP is in state n; ro is a vector with
components rg,, and has no sense of probability, since the probability that the
server will be in the zero state (will be free) as @ — oo is zero.

/

)I‘o + p1r1 + pery =0,

P'(w)
P(w)

—Iy + jU

£ Q- mD) - jo g

r2 (Q — poI) + 10 =0,
roe +rp (A—ulI)e—l—rg(A—ugI)e:O. (11)

I‘OZO,

As the relation ] @( ) does not depend on w, the function is obtained in the
following form

&(w) = exp{jws1 },

which coincides with (6). The value of the parameter x; will be defined below.
We rewrite the system (11) in the form

—Tg — K10To + p1T1 + pary = 0,

r1 (Q — pI) + kiorg =0,
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r2 (Q — p2I) + 19 =0,
roe+ry (A —pl)e+ry (A — p2l)e =0. (12)
Let’s review the normalization condition for stationary server state probability

distribution
ry +ro =r.

The row vector r is the stationary probability distribution of the underlying
process n(t). Vector r is defined as the unique solution of the system rQ = 0,
re = 1. We have
ry = K10Trg (,UqI — Q)il s
ry =1 (ol - Q) 7",
ry +rp =r. (13)

We substitute the values of the vectors rg, k = 1,2 into the last equation of the
system (13). We obtain an equation that determines the vector ry:

ro=r{rmo(ul-Q) " +(ul-Q '} (14)

Now we substitute the first two equalities of the system (13) into the scalar
equation of system (12). We obtain the equation that determines the value of
ro:

ro {T+ w10 (mI= Q)™ (A = D) + (2l - Q)™ (A = jal) e = 0.

Substituting this equality into Eq.(14), we obtain an equation for k;, which
coincides with (7):

r{mo (I - Q) 4 (ual - Q1)

1 1 (15)
X {1 + 1o (I — Q) (A — i) + (I — Q)™ (A — MI)} e=0.

The first order asymptotic i.e. Theorem 1, only defines the mean asymptotic
value k1 of a number of calls in an system in prelimit situation of & — 0. For
more detailed research of the number i(t) of calls in an system let’s consider the
second order asymptotic.

3.2 Second Order Asymptotic
Theorem 2. In the context of Theorem 1 the following equation is true
1 -
. i) =k w?,,
O‘h_{tgoEexp {jw\/a =e z "2 (16)
where parameter Ko s given by

foy — l ) roe—|—r1Ae—|—r2Ae+ [yo +Y1 (A — ,ull) —|—y2 (A — MQI)]G
o [—go + 81 (I —A)+go (I —A)le )
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Here the vector of ry and the vectors of probabilities 11, 1o are defined above.
The vectors gy, 915 G2, Yo, Y1, Yo are defined by the two systems:

9 [—I— ok I+ p (e — Q)1 + pyoky (I— Q)
= 1o — oy (mI— Q) ",
91 = (gook1 +10) (mI— Q)

9 =90 (n2I— Q7"
(90 + 91+ 9:)e=0. (18)

Yo {(—I— ok D) + ok (I — Q)" + pa (ol — Q)_l]
= pum [If A (I~ Q)_l} + 12 [7‘2 — (ro + maA) (ol — Q)_l}
Y, = (yoor1 + i A) (ua I — Q)_l
Yo = (Yo + 10+ 12A) (2T — Q)7
(yo+ 91+ y2)e = 0. (19)
Proof. We introduce the following notations in the system (5)
Hy(u) = exp (jouk:) H,(f)(u)7 (20)
and we get

HEQ) (u)(Q —A—al-— O’Ozﬁl) —+ ‘LLlefj“H?) (U) + ,Uz267juHé2)(u)

e
+jo it — o,
(2) ’ @) ,)) (o - dHG (w)
H” (u) (Q+ (/" = 1) A — I) + Hy” (u) (/" A + ok, 1) —Jo— = 0,
HY (u) (Q + (¢ — 1) A — pol) + ae?*HY (u) = 0,
ng) (u) (7" A + ael*T) e + H (u) (e7*A — 1) e (21)
+HY (u) (A — uQI) = 0.
Denoting o = 1/&2, and introducing the following notations
u=cw, Hi(u) =*F3(w,e), Hi(u)=Fi(w,e), k=1,2, (22)

we obtain

FP (w,e)(e2Q — £2A — 1 — 0wy I) + ,ule*j“”FgQ) (w, &) + poe3=WF D (w, )
OF? (

+ joe ) =0,
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ng)(w, e) (Q+ (e = 1) A — 1) + F(()Q) (w, ) (267 A + ok 1)
aFéz)(w,a)

—joe—g,— =0,
(2) jew _ jewp(2) _
Fy”(w,e) (Q+ (e 1) A — pol) 4+ *VFy” (w,e) =0,

F(()Q) (w,e)e* (e2A +T) e+ F:(LZ)(w, e) (e7*"A — 1) e

: 23
+Fé2)(w,s) (€7 A — pg I) e = 0. (23)

Our idea is to seek a solution of the system (5) in the form
F\? (w,¢) = &a(w) {ry + jewfi} + o (c?) . (24)

Substituting (24) to (23), we obtain

ro(—I—oriI) + par1 + pors + jew [fo (—I — ok1I) + p1 (f1 — r1) + p2 (f2 — r2)]
—&—jas%ro =o(e),
r (Q — UII) =+ YoOR1 +j5’w [fl (Q — /.L1I) + foO‘l{l =+ I‘1A]
. ddo (w)/dw _ 2
_]O'Ewr =0 (E ) y
r2 (Q — p2I) + 1o + jew [f2 (Q — p2l) + 1o + fo + r2A]l =0 (52) )
roe+ri (A —pml)e+ra (A —p2d)e

+ jew [fo + f1 (A — paI) + f2 (A — p2I) +ro+r1A+r2A]e:o(52).

Previously, the system of equations (12) was obtained. Taking this into account,
we have

jE [f() (—I - O'Iﬁ:lI) —l—,u1 (f1 - I'1) + M2 (f2 - 1‘2)] +j0€% rg =0 (52) R

ddy(w)/dw
Q;T(rw)ro—O(E ),

jew [f2 (Q — poI) + 1o + fy + r2A] = 0 (£7),

Je[fi (Q — 1) + foory +r1A] — joe

jew [fo 4+ fi (A — 1) + £ (A — poI) + ro + 11A + 12A]e = 0 (7).
Dividing these equations by € and taking the limit as ¢ — 0 yields

dPs(w)/dw
fO (—I — O‘K,lI) —|— ,U/1 (fl — I‘l) —|— ,u2 (f2 — 1'2) + U'Ljéh()”[{})ro = O,
do d
f; (Q — ,ull) + fook1 + 11 A — O'MI‘Q =0,
wPy(w)

£2(Q — pol) +ro +fo +1r2A =0,
[f0+f1 (A*,U,l]:)+f2 (A*/LQI)+I‘O+I‘1A+I‘2A]€:0.
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@5 (w)
wPo (w)
function @9(w) is given in the following form

These equations imply that doesn’t depend on w and thus the scalar

2

—

jw)
2

Dy (w) = exp Ko,

@5 (w)
wPs (w)

which coincides with (16). We have = —ko and then we obtain the system

fo (=1 — ok1X) + a1 + pofs = okarg + pary + pors,

fi (Q — ,ull) + fook1 = —1r1A — oKarg,
f2 (Q — ,UQI) + fo = —Ig — I‘le7
[f() + fl (A — ,ulI) + f2 (A - MQI)} e = — (I‘o + I‘1A + TQA) e. (25)

System (25) is an inhomogeneous system of linear equations, with respect to
the vectors fy, f1, fo. The determinant of the matrix of the system is zero (the
sums of rows are all zero). The rank of the extended matrix and the rank of
the matrix of coefficients coincide . Consider systems (12) and (25). System (12)
is homogeneous, system (25) is inhomogeneous. Consequently, we can write the
solution of the inhomogeneous system (25) in the form fy, = Cry + k208, + ¥4,
where C' is a constant, vectors r, are defined above, vectors g, and y, are
particular solutions of the system (25) and then

Clro (=1 = oral) + pary + pors] + k20 [y (—1 — okil) + pngy + 128,)]

+ p1y, + p2ys +¥o (=I — ok1l) = okaro + par: + pors,
Cri(Q—mlI) +rooki] + k20 (g (Q — punI) + ggok1] +y; (Q — muI) + yook1
= —I‘lA — OK2rq,

Clr2 (Q — p2I) + ro] + k20 (g5 (Q — p2I) + go] +y2 (Q — p2l) +yy = —ro — r2A,
Clro+ri (A—pil)+re(A—pd)]e
+ 120 (g + 81 (A — paT) + g5 (A — p2l)] e
+ Yo +y1 (A= paI) +y, (A= peI)]e = — (ro + riA + r2A)e.

Previously, the system of Eq. (12) was obtained. Taking this into account, the
coefficients of C' are zeros and we can rewrite the last system in the form

120 (8o (I — oril) + pagy + p2gy] + payy + p2ys + yo (=1 — ki)
= ORolg + (1T + pare,
k20 (81 (Q — pl) + gook1] +y1 (Q — pal) + ygoky
= —T1A — 0koro, K20 [8 (Q — p2I) + 8] +¥2 (Q — p2I) +yo = —ro — r2A,

K20 (8o + 81 (A — nI) + g5 (A — p2I)] e

26
+ oty (A—mD) +ys(A—pD)le=—(rp+r1A+mA)e. 2O

We consider the first three equations of the system (26). We equate the
corresponding coefficients for ko to obtain

go (I — or1I) + p1g; + pagy = ro,

g1 (Q — mI) +gook1 = —ro,
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g (Q — p2I) +gy =0, (27)
and
1y + peys +¥o (=1 — or1l) = piry + pors,

Y1 (Q - /1/1]:) + YoOk1 = —r1A7
Vo (Q — p2l) +y, = —rg — r2A. (28)

From systems (27) and (28) we obtain systems:

g [T —omI+po (2l — Q)" + ok (I — Q)] =ro —rops (I-Q)~",

g, = (gook1 +10) (I —Q) ",

g =g (1l - Q). (29)

Yo |(—1—oril) + proky (I — Q)" + pa (sl — Q)_l}
= pry | T— A (I — Q)fl} + p2 [1‘2 — (ro + r2A) (2l — Q)il} ;

y1 = (yoor1 +r1A) (I — Q"
Y2 = (Yo +10+124) (21 = Q)" (30)
The determinants of the coefficient matrices systems (29) and (30) are zero.
Then we define an additional condition for this systems of equations

(g0 +8 +82)e=0,

(Yo +y1 +ys)e=0.

Thus, the solutions of inhomogeneous systems for gg, g;, 85, Yo, Y1, Yo are
uniquely determined. We obtain systems that coincide with the systems (18)
and (19). Substituting values g, g1, 82, Yo, Y1, Y2 into the scalar equation of
the system (26), we obtain

iy = 1 . roe + riAe +raAe+ [y, + vy (A — D) +y, (A — pol)] e
g [—go+ 8 (I —A)+ g5 (2l —A)le

This equality coincides with (17).

Second order asymptotic i.e. Theorem 2, shows that the asymptotic proba-
bility distribution of the number i(¢) of calls in a system is Gaussian with mean
asymptotic k1o and dispersion Koa.
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4 Asymptotic Analysis of MMPP/M/1/1 Retrial Queue
with Two-Way Communication Under the Low Rate
of Service Time of Outgoing Calls (uz — 0)

We will research system (5) by asymptotic analysis method under the low rate
of service time of outgoing calls.

Theorem 3. Suppose i(t) is a number of calls in an system of stationary
MMPP/M/1/1 retrial queue with two-way communication, then the following
equation s true

H(u) = ;}zigo Eedwh2i(t) _ (1 _ jp:;u) ~(zm+1) 7 (31)
where ppy = rAe and p is the trafic intensity.
Proof. We denote o = ¢, let’s substitute the following in the system (5)
u=cew, Hp(u) =cFo(w,e), Hi(u) =Fp(w,e), k=1,2.
We will get the system

eFo(w,e)(Q — A — aI) +]UaFU(w <) 4 e TV (w,€)
+ee IV, (w, 5) =0,

. . F
Fi(w,e) (Q+ (7°" —1) A — nI) + Fo(w, e)ee’* VA — jo% =0,
w

Fo(w,e) (Q+ (e7° — 1) A — €I) + ace’*“Fo(w,e) = 0,
Fo(w,e)e (€7 A + ael*"I) e + F1(w,e) (/A — p1I) e
+Fa(w,e) (€A —eI) e = 0.
Considering the limit as ¢ — 0 in the system (32) then we will get
joFo(w) + pFi(w) =0,

Fi(w) (Q — mI) — joFg(w) =0,
Fo(w)Q =0,

From the first and second equations we obtain F;(w)Q =0, Fa(w)Q = 0. We
seek the solution of the system (33) in the form Fi(w) = &p(w)r, &k =1,2.
Then, given the fact that rAe = pu; and

joFy(w) 4+ p1®1 (w)r = 0,

@1 (w)r (Q — p1I) — joFy(w) = 0,
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Do (w)rQ =0,
S1(w)r (A — piI) e + Py(w)rAe = 0,
we have
joFo(w) + Py (w)r =0,
P1(w) (p— 1) 1 + Pa(w)ppr = 0.

;Ne cilenote &1 (w)+ P2 (w) = &(w), then &1 (w) = pP(w), Pa(w) = (1 — p) P(w).
urthermore,
Fi(w) = p®(w)r, Fy(w) = (1—p)P(w)r. (34)

Multiplying the third equation of system (32) by the unit vector e, considering
the limit as € — 0, we have

(1—p)P(w)r (jwA —I)e+ aFo(w)e = 0.

We denote
Fo(w)e = p(w). (35)
Then

(= o) (1 = jupa) 7 = P10 (36)

We consider the first equation of system (33), multiplying it by a unit vector e
and taking into account (34), (35) and (36), we obtain

g ap1p
Jjoo (w) + - p(w) =0.
(w) (1 =p) (1 — jwppr) ()

The solution of the differential equation has the form

p(w) = C (1 - jwppy) 707 .
Then .
B(w) = (1 — jwppy)” (1)

Making reverse substitutions, we obtain the characteristic function (31).

Theorem 3 shows that the asymptotic probability distribution of i(¢) of calls
in the system under the low rate of service time of outgoing calls is Gamma.

5 Approximation Accuracy P® (i)

The accuracy of the approximation P(?) (7) is defined by using Kolmogorov range

Ap = Jmax > (P(v) - P (v)) ’ , which represents the difference between dis-
> v=0

tributions P(i) and P (i), where P(i) is obtained by using numerical algorithm

for the MMPP/M/1/1 retrial queue and the approximation P() (i) is given by

Gaussian and Gamma approximations.
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Table 1. Kolmogorov range p1 = 1, u2 = 2,0 =1

a=350|a=>500|a=600a=23800|«a=1000
p=10.2/0.054 0.045 0.041 0.036 0.032
p =04 0.041 0.034 0.029 - -

Table 2. Kolmogorov range, 1 = l,a=1,0 =1

pi2 = 0.07 | piz = 0.05 | p2 = 0.04 | iz = 0.035
p=0.5]0.05 0.036 0.029 0.026
p=0.60.058 0.042 0.034 0.030

Tables 1 contains the values of Ay for various values of rate p and « for
MMPP/M/1/1 retrial queue with two-way communication. We fix u1 = 1, po =
2 and o = 1 in Table1. Table2 contains the values of Ay for various values of
rate p and ps for MMPP/M/1/1 retrial queue with two-way communication.
We fix pg = 1, « = 1 and ¢ = 1 in Table2. We observe in Table1 that the
approximation accuracy increases with the increase in o and in Table 2 that the
approximation accuracy increases with the decrease in ps.

6 Conclusions

In this paper, we have considered retrial queue with two-way communication
with MMPP input. We have found the first and the second order asymptotics
of the number of calls in the system under the condition of the high rate of
making outgoing calls. Based on the obtained asymptotics we have built the
Gaussian approximation of the probability distribution of the number of calls in
the system. Our numerical results have revealed that the accuracy of Gaussian
approximation increases while increasing a. We have found the Gamma approx-
imation of the number of calls in the system under the condition of the low
service rate of outgoing calls. Our numerical results have revealed that the accu-
racy of Gamma approximation increases while decreasing us. In future we plan
to consider this retrial queueing system in other asymptotic conditions.
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