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Abstract

We present in arecursive form the limiting
probabilities in steady state for the number of
customers in the M/G/s system. Our method
includes first finding the limiting
probabilities for the number of customersin
the M/G/1 system and its variations, next
exploring the M/G/s system by separately
conditioning the number of customers on
being less than or equal to s and on being
greater than or equal to s, and last relating
these two conditioned results. Moreover, we
obtain an asymptotic behavior of the (time)
limiting probabilities as the number of

customers in the system goes large.
Keywords: LIMITING PROBABILITIES,
M/G/s QUEUES.

1.The M/G/1 queues

Consider an M/G/1 queueing system. The
customers arrive in accordance with a
Poisson process with rate 4 and the service
times are independent and have common
distribution function G. Assumethat G is
continuous with hazard rate function
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A(X) = & where g(x) isthe density of G
G(x)

and the moment generating function of G
exists. Denote X(t) the number of customers
attimetinthesystem. For k>0 welet
P, = !LT P(X(t)=k) and
r, = P(an arriving customer in steady state
finds the systemin state k)

Theorem 1

The limiting probabilities of the number
of customers of an M/G/1 queue can be
written as the following recursive form,
for j>2,
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Theorem 2

For an M/G/1 queue, the sequence of
limiting probabilities =z,, i >0, satisfy



0 < liminf 2i*t s% I|msup 1 .1 where Theorem4

o ”i o ”J’ For any nonnegative integers mand n,
¢ isthe unique solution to the equation the limiting probabilities of the number of
x = [e* Vg (1) other thanx =1. customers waiting in the queue of an
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m-dependent M/G/1 system conditioned on
gueueing state are the same as the limiting
probabilities of the number of customersin a
delayed n-dependent M/F,G/1 system where

3.The M/G/s Queues. . o
Th 3 F satisfies the conditions
eorem Pttt ©

For any nonnegative integer m,the ¢ (k +1)! .f ‘“(M) oF (1)’ , for

limiting probabilities of the number of 1- T e dG (t) 0

customers of adelayed m-dependent M/F,G/1 °

gueue can be written as the following dl k=0.

recursive form, Theorem 5

for j>2, In steady state, the unordered ages at

(8) Y _ . 1 each departing time of the remaining (s-1)

Fin = {Me 960 |- " customers of a conditioned M/G/s system on
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gueueing state are distributed as (s-1)
{ ) I (M) e’ dG(t) independent random variables with common
density the equilibrium density of G.
(1)! (lt)l -1 —M )
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(DI (/lt) e’M 4G (1) The limiting probabilities of an M/G/s
gueue can be written as
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0 for j>3,
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result of Theorem 2 also holds here disregard
the distribution function F. [
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Corollary 1
A necessary and sufficient condition for
an M/G/s queueto be ergodicis

or,
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equivaently, AEU <1 where U ~Q.
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