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Introduction. In this paper we consider the problem of the evaluation
of the quality of service parameters of the telecommunication and computer
systems that can be described by means of queueing models with an virtual
orbit. One of such an important parameters is the probability that the buffer
content exceeds a given large threshold. This probability can be evaluated by
means of large deviation analysis. Previously this probability was studied in the
classic multi-server buffered queueing system in Sadowsky [1]. Then this result
has been adapted for the asymptotic analysis of the logarithm of the overflow
probability during regeneration cycle for the multi-server single-class retrial
queue in Morozov and Zhukova [2], [3]. Now we apply the technique developed
in Morozov and Zhukova [2] to the single-server system with Poisson input
and one orbit where server, which becomes idle after service completion, needs
some (non-zero) time to take a customer from the orbit for the next service.

Description of the model. We consider a single-server system with an
infinite-capacity orbit. We assume a Poisson input of customers arriving at
the instants {tn}, with (exponential) interarrival times τn = tn+1 − tn, t1 = 0
with rate λ. Service times {Sn} are assumed to be independent identically
distributed (iid). In a retrial system a new customer joins virtual orbit if finds
server busy upon arrival. After service completion, server begins to seek a
customer from the orbit to be served next according to the First-Come-First-
Served discipline. Denote retrieval (seeking) times {An}, and assume it to be
iid, where An is the seeking time after the (n−1)-th departure from the system
(A1 := 0). If the seeking time is completed before the next arrival, the server
begins to serve the oldest customer from the orbit. If a new customer arrives
during the retrieval time, the server begins to serve this new customer (and
stops seeking process). We are interested in the logarithmic asymptotics of
the stationary overflow probability PN that the number of customers in the
described system exceeds a fixed level N during regeneration cycle, as N →∞.

Analysis of the overflow probability. Let us assume that each new
arrival joins the orbit regardless of the state of server. If a new customer arrives
during a seeking time, then the server starts to serve the oldest orbital customer
immediately. In this case the new arrival joins the ’end’ of the virtual orbit. If
the seeking time of the server is not interrupted, then the server takes the oldest
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customer from the orbit to be served. This procedure remains the number of
customers in the system unchanged because of the stochastic equivalence of the
service times of the customers. On the other hand, we preserve FIFO discipline
since we keep the order of the service the same as the order of arrivals.

We note that now we can interpret the idle time of the server before ini-
tiation of the nth service as a part of the service time of the next customer.
This additional time equals An if the seeking time after n− 1 departure is not
interrupted by a new arrival, and τn otherwise. Thus, the iid service times in
modified system can be written as

Ŝn = Sn + min(An, τn), (1)

with generic variable Ŝ = S + min(A, τ). Due to the stochastic equivalence,
the number of customers in the original system and in the modified (buffered)
system with service time Ŝ are equal (see Muller [4]). Based on this fact and
applying the large deviation asymptotics from Sadowsky [1] for the classic
single-server system, we can obtain the logarithmic asymptotic for the overflow
probability PN as N →∞.

First we assume that the following stability condition

λ

µ
+ λE[min(A, τ)] < 1, (2)

holds. We denote
ΛX(θ) = log EeθX , θ > 0,

the logarithmic moment generating function for a random variable X, assum-
ing it is finite for some value of parameter θ > 0. Now we define

θ1 = sup(θ > 0 : EeθS <∞) > 0, (3)

θ2 = sup(θ > 0 : Eeθmin(A, τ) <∞) > 0. (4)

Theorem 1. Assume that condition (2) holds true. Then

lim sup
N→∞

1

N
log PN = Λτ (−θ∗), (5)

where parameter θ∗ is defined as

θ∗ = sup
θ

(
0 < θ < min(θ1, θ2) : Λτ (−θ) + ΛS(θ) + Λmin(A, τ)(θ) ≤ 0

)
. (6)

Example. The interval τ is exponential with parameter λ, service time is
exponential with parameter µ and retrieval time A is exponential with param-
eter γ. In this case, as it is easy to calculate, θ1 = µ, θ2 = λ+ γ and

Λτ (−θ) = log
λ

λ+ θ
, ΛS(θ) = log

µ

µ− θ , Λmin(A, τ)(θ) = log
γ + λ

γ + λ− θ .
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Then parameter (6) satisifes

θ∗ = sup
(
θ ∈ (0, min(γ + λ, µ)) :

λµ(γ + λ)

(λ+ θ)((γ − λ)− θ)(µ− θ) ≤ 1
)
.

Stationary condition (2) in this case can be written as

λ

µ
+

λ

γ + λ
< 1.

Conclusion. In the paper we study the logarithmic asymptotics for over-
flow probability that the number of customers in the system reaches a high
threshold within a regeneration cycle. The system is a retrial queue with an
orbit, with a Poisson input. The server retrieval time is assumed to be gen-
erally distributed. The logarithmic asymptotics of the overflow probability in
such a system is presented.
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