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Abstract

Many queueing systems as for example the G/G/1-system cannot be solved explicitly, yet.
That is why one has to rely on approximative methods. One of these methods is the so-called
diffusion approximation. The diffusion approximation is based on the decomposition of the
queueing process (Q(t))t∈[0,∞) in the components (X(t))t∈[0,∞) and (Y (t))t∈[0,∞) by

(Q(t))t∈[0,∞) = (X(t))t∈[0,∞) + (Y (t))t∈[0,∞) ∀ t ≥ 0.

The part (X(t))t∈[0,∞) describes the system’s in- and outflow under the assumption of an
uninterrupted service in [0, t]. But since no services take place, when the server is idle, a
correction is needed, which is expressed by the component (Y (t))t∈[0,∞). Now the point is,
that the distribution of (X(t))t∈[0,∞) can be approximated by the distribution of a Brownian
motion (X̃(t))t∈[0,∞) for t→∞ and ρ→ 1 (ρ being the utilization of the system.) and that
there is a mapping Φ, which translates (X(t))t∈[0,∞) into (Q(t))t∈[0,∞), i.e.

Q(t) = Φ (X(t)) (t) ∀ t ≥ 0.

By the properties of (Q(t))t∈[0,∞), (X(t))t∈[0,∞) and (Y (t))t∈[0,∞) the mapping Φ is uniquely
determined. It turns out, that Φ is Skorohod’s reflection mapping. Since Φ is continuous, we
can conclude from

X(t) d= X̃(t) für t→∞, ρ→ 1

that
Q(t) d= Φ(X̃)(t) für t→∞, ρ→ 1.

The process (Φ(X̃)(t))t∈[0,∞) is the so-called reflected Brownian motion, whose distribution
is known.

For applying an analogous construction on more general queueing systems, in particular
some with batch service, similar problems occur: Firstly, to find a suitable decomposition of
the queueing process, which firstly fulfills

(Q(t))t∈[0,∞) = (X(t))t∈[0,∞) + (Y (t))t∈[0,∞) ∀ t ≥ 0

and secondly can be approximated by a simpler process (X̃(t))t∈[0,∞). Then a suitable reflec-
tion or drift correction mapping is needed, which carries the approximation of (X(t))t∈[0,∞)

respectively (X̃(t))t∈[0,∞) over to (Q(t))t∈[0,∞). In the general case though one cannot expect
to find the distribution of (Φ(X̃)(t))t∈[0,∞) explicitly as in the example of the reflected Brow-
nian motion. Therefore a more general approach is needed leading to a reflected stochastic
differential equation, which has to be solved numerically. Numeric results complete the text.


