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1 Introduction

Very recently in the IP over ATM networks, we
can see a complicated queueing situation where the
close-down time as well as the set-up time are further
needed. The close-down time here corresponds to an
inactivity timer in the switched virtual channel con-
nections (SVCC) environment. Also, the set-up time
is not negligible for the ATM server. An approximate
queueing result (using the M/G/1 queue) has been re-
ported in Hassan and Atiquzzaman [3].

The main goal of this paper is 1) to present a new
finite capacity queueing system with vacation, set-up,
and close-down times for the SVCC operation in IP

- over ATM networks, generalizing the queueing system
of Hassan and Atiquzzaman; 2) and to provide an ex-
act result for the generalized system. The approach
taken here is the supplementary variable technique. It
should be noted that our approach enables one to treat
the infinite capacity system by taking the limit of our
result as the capacity (K) tends to infinity. We can
derive an exact formula to the Hassan and Atiquzza-
man’s system [3] as a special case.

2 The model

We consider an M/G/1/K system with single va-
cation, set-up and close-down time, where K repre-
sents the maximum number of customers allowed in
the system. The system consists of the waiting room
and the server. We assume a customer arrives at the
system according to a Poisson process with intensity
A independently of the system state. These arriving
customers are served under the First-In-First-Out (
FIFO ) discipline. Since we consider the system with
a finite capacity, those customers who find the system
full are lost. We assume the exhaustive service disci-
pline and the server continues to serve the customers
in the queue until the system gets empty.

We call the time while the server is working a busy
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period. If the server finds no customer in the queue
upon service completion, the system goes into a close-
down period. During a close-down period, if a cus-
tomer arrives, the server immediately begins service
for that customer without set-up period and another
busy period begins. On the other hand, if no customer
arrives until the end of a close-down period, the sys-
tem goes into a single vacation period. At the end of
a vacation period, if the server finds any customers
waiting, the server begins to serve for them after a
set-up period. If the server finds no customers wait-
ing, the system goes into an idle period and an arrival
of a customer ends this period. Then the server begins
to serve after a set-up period.

We assume service time, vacation time, set-up time,
and close-down time are generally distributed as B(z),
V(z), S(z) and C(z). We denote the LSTs of these
distributions as B*(s), V*(s), S*(s) and C*(s), re-
spectively. Furthermore we define B as the residual
of service time and V, S, C are defined similarly. We
denote the number of customers in the system as L
and define £ as

1 if the system is busy
_ 2 if in vacation
¢ = 3 if doing set-up
4 if closing-down.
Using these notations, we define

Op;(zr)dz = Prob[L=1,z< B<az+dz,£=1]
yi(z)dr = ProblL=1i,z< V<z+dr, €= 2]
Ogi(z)dz = ProblL =1i,z< S<z+dr,E= 3]
Hci(z)de = Prob[L=i,2 <C <z +dz,€=4].

The LST of Ilp;(z) is expressed as Ilg ;(s), and
1.:(8), II5 ;(s) and IIZ, ;(s) are defined similarly.

3 Supplementary variable ap-
proach

Observing the system state at time ¢ and ¢ + At, we



have the following equations.
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where IIj is the probability that the system is idle
at an arbitrary time. Equating the rate at which a
vacation period ends with no customers present to the
rate at which the idle period following it ends because
of arrivals, we have

AITE = Ty 0(0). (1)

During the close-down time, an arriving customer may
end the period, thus

T, (0) = A /0 Nl o(2)da. )

(1) and (2) yield the following LSTs.

(A= s)go(s) = =IIc,0(0) + 15,1 (0)C*(s)
(A= 8)II () = ~TIyp(0) + I 0(0) 17 (s)
(A =8Iy ;(s) = —IIy;(0) + ALY ;_; (s)
—sI}- g (s) = =Ty k (0) + M- 1o (s)
(A = 8T 1 (s) = -M5,,(0) + (y0(0) %H\il(o))S*(S)
(A = 8)II5 (s) = ~IIs,:(0) + A5 ;_, (s) + 113 (0)S" (s)
— 115 o (5) = Il x(0)
+ Allg g1 (8) + v,k (0)S™(s)
(A= 8)Ig (s) = —115,1(0)

(M,2(0) + 5.1 (0) + AT (0) ) B (s)

A~ s)H*Bi( ) = ~15,(0) +
Mg,i-1(s) + (Ip,i41(0) + 1Is,4(0)) B*(s)

—IIp k(0)
+ AH*B,K—l(S) + 15 x(0)B*(s).

- SHE,K(S) =

4 Performance measures

We obtain the system' state probability at an arbi-
trary point, IIZ. 5(0), TI},;(0)(0 <7 < K), ITg ,(0)(1 <
i < K), and I ;(0)(1 < i < K) after algebraic ma-
nipulation of the above equations. We also obtain
Hcp(0), My, (0)(0 <4 < K), II5:(0)(1 £ i < K) and
g ;(0)(1 €1 < K) as by-products. Then three im-
portant performance measures of the system, the loss
probability of an arbitrary customer P55, the set-up
rate Yset—up, Which is the number of set-up periods per
unit time, and the LST of waiting time distribution of
a customer accepted by the system W (s) are given as

Pioss =I5 g (0) + ITy, 1 (0) + ITp 1 (0)

_ 25,0
S"(l)(O)

Vset—up =

W*(s) = ( £ 0(0) + TI3S*(s)

K-1

K-1 .
+ Y T5(9)[ST (B ()] + Y M5 (s)[B™(8)]
=0 i=1

K-1
+ Z H*B,i(s)[B*(s)]i—l)/(l - Ploss)'

i=1
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