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In this paper we consider a network of discrete-time queues
in which the service time is deterministic and the same at each
queuve. Such a network of queues arises in a data communication
network model, where data is formatted into fixed-length packets.
An important performance index in such networks is queueing
delay. The model generally used for the analysis of delay in a
large network is based on Kleinrock's Independence Assumpti
which assumes that the queues at each link behave as independent
queues regardless of the interaction of traffic between the different
links [1]. This model is reasonably good for systems involving
exponential arrivals, a densely connected network, and uniform
loading among source-destination pairs. Otherwise the model
becomes very inaccurate in predicting delay.

The exact computation of delay in a network of queues with
constant service time is complicated by the fact that the outputs of
intermediate queues in the network (which serve as inputs to other
queues) are correlated. This correlation, in an N-node network,
gives rise to an N-dimensional infinite Markov chain whose
analysis is very difficult. There has been some effort in the
literature to develop a delay model for a packet-switched network
with fixed-length packets. It is clear that in a discrete-time
network with fixed-length packets of one slot duration, only one
packet can depart from a link during any slot. In [2] an attempt is
made to take advantage of this regular nature of departures by
modeling the departures from a link in the network as
an independent Bernoulli process with rate equal to the utilization
of that link. In [3]a direct calculation of the moment generating
function for the steady-state queue sizes for a tandem of queues is
obtained. However, the direct nature of the approach makes it
difficult 10 extend to more than a simple tandem because of the
rapidly increasing complexity of the calculations.

In this paper we offer an exact solution to a tree network of
discrete-time queues with identical service times. Our solution is
based on considering an equivalent network, where priority is
given to customers in transit (over exogenous customers entering
the system). The solution to the equivalent model is easily
computed, from which the solution to the original mode} (without
priorities) can be obtained. Thus, the priority scheme is devised
only as a means to simplify the analysis of the system, but is not
proposed for actual use in a network.

We begin by considering the two discrete-time queues in
tandem shown in Figure 1. The input to the first queue is a
Poisson process of rate 2,, and its output is fed into the second
queue.  Additionally, the second queue has an independent
exogenous Poisson arrival stream of rate 1,. Both queues have the
same, constant, service time. The first queue is then a simple
discrete-time M/D/1 queue with arrival rate ;. The average delay
for such a sysiem is well known. The analysis of delay at the
second queue is complicated by the fact that the inputs to that
queue are a mixture of the outputs of the first queue and an
exogenous Poisson stream. For our analysis we assume that in-
route traffic has priority over exogenous traffic. That is, customers
departing from the first queue are immediately served at
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Figure 1. Two discrete-time queues in tandem.

the second queue without experiencing any delay. This assumption
is not required of the actual system, and is only a hypothetical one
made for the purpose of simplifying the analysis. In fact, we note
that the overall average delay at the second queue is the same for
either the system with priority or the actual system without
priority.

Now considering the tandem with priority, we observe that
customers departing from the first queue will experience no delay
at the second queue. Exogenous traffic arriving at the second
queue will be served only when there are no customers departing
from the first queue. Since a customer departs the first queue
exactly one time unit after it begins receiving service, the entire
two-stage tandem system can be thought of as a single server
system with two exogenous Poisson streams where one stream
receives priority over the other. With this observation we can
show that the average queue size at the second queue is equal to
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and the average delay is
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This result is consistent with that obtained in [3] when the
arrival processes are independent Poisson processes. Using a
similar priority scheme this result can now be extended to obtain a
solution to the queueing delay in a tree-network of queues.
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