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The purpose of this paper is to assess the usefulness of renewal assumptions for the 
modelling of multiplexed traffic in a broadband ATM network. A case study is described, 
which investigates the impact of changing the multiplexing structure and the traffic 
characteristics on the buffer occupancy at the output queue of an ATM switch. The results 
imply that for renewal assumptions to be justified, the traffic should be of low burstiness 
(ratio of peak to mean cell rates). The number of inputs to the switch and the burst length to 
buffer capacity ratio also affect the buffer occupancy, but they are subordinate to the effect of 
burstiness. 

1. INTRODUCTION 

Main contribution statement: ATM buffer 
occupancy is investigated, with various multiplex 
structures and traffic characteristics, showing the 
circumstances under which renewal assumptions 
are justified. 

This paper addresses the relevance of renewal 
assumptions made in the choice of models for 
broadband multiplexed traffic in ATM networks. 
This is of interest to teletraffic theorists in 
assessing the applicability of analytical models, 
and teletraffic engineers involved in the 
dimensioning of ATM switch buffer capacity and 
the design of connection acceptance control 
algorithms. 

The paper's scope covers the analysis of teletraffic 
networks and systems, more specifically, the 
application of various traffic models to ATM 
queueing systems using cell-level simulation. The 
simulation study is of a composite cell stream at 
the output queue of an ATM switch. The cell 
stream is formed as the result of source 
multiplexing, the traffic being uniformly distributed 
across the N inputs to the switch. The aim of the 
study is to assess whether such a composite cell 
stream may be modelled by a renewal process or 
whether correlation between cells needs to be 
considered. 

The correct dimensioning of buffer space in ATM 
switches is of great importance because of its 
impact on the cost of providing the required quality 
of service to the user: cell loss must be low, 
ranging from 1 e-3 for telephony to 1 e-8 for video 
services [1l. The assumptions of un-correlated or 
correlated mputs give quite different estimates of 
buffer size when a small number of sources are 
considered in an Asynchronous Time Division 
Multiplexing (ATOM) system [2]. However Kim [3] 
has shown, using a simulation study, that a large 

number of multiplexed voice sources in a packet 
switched network can be usefully approximated by 
a Poisson input. 

A simulation study is a means of accurately 
assessing the impact of expected broad band traffic 
mixes on buffer occupancy without making 
prejudicing assumptions. The study described in 
this paper uses the Generally Modulated 
Deterministic Process (GMDP) to model each 
source. This model has been adopted within RACE 
project 1022 "Technology for ATD" (as the best 
source model available so far) because it is simple 
to understand, it can be used for a wide variety of 
traffic types, and the complexity is determined by 
the user (Le. the choice of number of states). In this 
paper, simulation results are presented for the 
buffer occupancy in the switch output queues 
under a variety of traffic conditions and multiplexing 
configurations. 

Section 2 traces the use of different modelling 
approaches (using renewal or non-renewal inputs) 
described in the literature as being applied to the 
ATM environment. In section 3 the form of the case 
study is presented, along with a brief description of 
the simulation tool, MICROSIM. This is followed by 
a discussion of the simulation results and 
comparison with the buffer occupancy assuming 
renewal input traffic. 

2. DIFFERENT APPROACHES 

Both modelling approaches (Le. assuming renewal 
or non-renewal inputs) have been described in the 
literature as being applied to the ATM environment. 
Analytical investigations concerning the 
superposition of GMDP sources have been 
addressed in [4] . However, this produces a 
composite equivalent GMDP source only under 
certain specific conditions. 
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2.1 Renewal Inputs 

In [5], an ATM transmission system is modelled by 
an M/G/1 finite capacity queue with priorities. 
Customers are classified according to priority, and, 
for each class, arrive at the system according to a 
Poisson process. An embedded Markov approach 
is used to obtain the steady state distribution of the 
length of the queue for each priority level. 

At the last ITC, solutions to the GEO/O/1 queue 
were presented [6] for both finite and infinite cases. 
The arrival cell stream was modelled as a Bernoulli 
process, its applicability to the output queue of an 
ATO switch being based on the assumptions that 
successive arrivals are independent and the 
probability of an arrival occurring at a discrete time 
Instant is constant. 

2.2 Non-renewal Inputs 

In [2], results are presented which show that if an 
un-correlated arrival process is assumed, then the 
required buffer storage can be greatly 
underestimated. The mean buffer occupancy is 
shown to depend on the absolute (mean) lengths of 
a source's active and passive periods, even when 
the ratio of these lengths (and hence the mean 
user activity) is constant. 

A similar conclusion is drawn in [7], where the 
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performance of an ATM multiplexer is shown to be 
heavily dependent on the ratio of the number of 
cells transmitted in the average burst to the buffer 
capacity, and thus not being dependent only on the 
burstiness of the source. 

Other mathematical models (not designed 
specifically for ATM), which involve correlated 
arrivals, and particular examples, have been 
investigated in [8, 9, 10, 11]. 

3. A SIMULATION CASE STUDY TO 
DETERMINE THE APPLICABILITY OF INPUT 
ASSUMPTIONS 

The purpose of this study is to quantify the buffer 
occupancy at the output queues of an ATM switch 
under a variety of traffic conditions. 

3.1 Case study plan 

The form of the case study is shown 
dia~rammatically in figure 1. S1 to Sn represent 
vanous local populations of users (comprising 
background, BG, and foreground, FG, sources), 
SM represents a statistical multiplexer, and SW 
represents the switching matrix, the output queues 
of which are under study. It has been shown that 
the switch with queues at outputs is superior to the 
switch with queues at inputs [12], so the switch 
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Figure 1 



simulated is of the former type. In these 
simulations, the buffer occupancy distribution for 
one output queue is studied under a variety of 
conditions. 

The users are divided into two groups: 30 
"foreground" sources and n "background" sources, 
where n is the number of statistical multiplexers. 
The foreground traffic streams, all modelled by 
identical GMDPs, are routed to the same switch 
output buffer. The background traffic is modelled by 
Poisson processes and is routed to other outputs. 
There are m = 30/n foreground sources grouped 
on each multiplexer (note that the total number of 
foreground sources is constant). 

The parameters of the simulation that are adjusted 
are: the number of multiplexers, n, the burstiness 
(peak to mean cell rate ratio), b, and the peak rate 
burst length to buffer capacity ratio, I, of the 
sources. The values of burstlness used are 
b = 2, 5, 40 and the burst length ratios used are 
I = 0.2, 0.5, 5 (the output buffer capacity is 20 
cells). 

3.2 Traffic model 

The GMDP is a state model (see figure 2). While in 
state S, cells are generated at a constant rate (As). 
The time spent in a state is geometrically 
distributed, with a mean sojourn time ts, and when 
a state change does occur, a transition probability 
matrix (Pii' for i, j = 0, 1, 2 k~j) is used to determine 
the new state. The GMDP characterisation used 
here is a 3 state source, with equal probabilities 
(Le. 0.5) of transferring to the other states (at the 
end of a sojourn time in a state). 

Figure 2 

The GMDP parameter values are calculated using 
a standard 'recipe' to account for different values of 
burstiness and burst length (in peak rate state). 
The buffer under study has a service rate of 
353207.5 cells/s, which corresponds to the service 
rate of an output buffer for a 149.76 Mbitls link (the 
cell rate is calculated by dividing by (53 x 8) bits). A 
mean output rate of 8241 .5 cellsls for each of the 
30 foreground sources then gives a load of 70% at 
the output buffer. 
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To change the burstiness and burst duration of the 
source traffic, the cell rates and sojourn times of 
the states are modified, such that the mean cell 
rate remains the same. The GMDP parameters are 
calculated as follows: 

A1 = 8241.5 (mean cell rate) 
"-2 = b.A1 
A.o = A1/b 

Pij = 0.5 for i, j = 0, 1, 2 i;tj 

The probabilities of being in a state are given by: 

Po = 0.5 ; P1 = 0.5 - 0.5/b ; P2 = 0.5/b 

The mean sojourn time, t2, is calculated from the 
peak rate and the peak rate burst length. The other 
sojourn. times, to and t1, are found from t2-and PI 
(the ratios to:t1 :f2 are the same as PO:P1 :P2)· 

3.3 Simulation tool 

MICROSIM is an event-driven cell level simulator 
that has been used in projects R1005 and R1022 
of the CEC RACE programme. It uses a general 
model of a switch assuming that, at every time slot, 
a cell from each input queue is transferred to an 
output queue. It is a general queueing network 
simulator whose topology is defined by the user in 
a configuration file. Every cell belongs to a virtual 
channel (VC), and each VC has a route, which 
remains fixed for the duration of a call, across the 
network. MICROSIM gives results for cell waiting 
time distributions, cell buffer occupancy 
distributions and cell loss probabilities. 

Cell loss is so rare in some simulation runs of this 
case study (e.g. for low values of burstiness) that it 
is not practical to simulate for long enough to get 
statistically reliable cell loss probabilities. Thus only 
the cell buffer occupancy distributions are used. 

4. RESULTS 

The graphs presented in this section are of buffer 
occupancy probability distributions, as observed by 
cells arriVing at the buffer. Note that the reliability of 
the points on one graph vary, depending on their 
probability. In general, probability values of less 
than 10-6 cannot be trusted; because of their rarity, 
not enough occurrences were observed to provide 
statistica~ sound values (each simulation run had 
about 10 cells passing through the output buffer 
under study). 

These simulations were all run as batches of 40 
smaller simulations. The variances of the multiple 
results thus produced were used to calculate 
confidence intervals for each point. Graph 1 shows 
the 99% confidence intervals for buffer occupancy 
probability distributions of three sources with 
different burstiness values (with constant n = 15 
and I = 0.5). As can be seen, the consistency of the 
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values is good, although, as would be expected, 
the confidence intervals widen for lower 
probabilities. This graph is typical of the accuracy 
of the results presented here (the other graphs do 
not include confidence intervals for the sake of 
clarity). The confidence intervals also reveal which 
results should be discarded: in graph 1, for b = 2, 
the results for queue states higher than 10 are 
obviously incorrect. This type of result occurs 
because the simulation run is not long enough for 
such measurements. 

Confidence intervals of probabilities 
for different burstiness values 
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Sensitivity of burst length changes 
to 2 values of burstiness 
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It is difficult to deal with the effects of changing any 
one of the three study parameters, because there 
is an interaction between all three. For example, 
the consequences of increaSing the burstiness will 
depend on the multiplex structure and the burst 
length. The most Significant study parameter in 
terms of consequences on the buffer occupancy is 
the burstiness of the source. Graph 2 shows how 
the 'sensitivity' of the buffer occupancy to changes 
in the burst length depends on the burstiness of the 

source traffic (for n = 15). Similarly, graph 3 shows 
that for a burstiness of 5, the number of inputs to 
the switch makes very little difference to the buffer 
occupancy, yet with a burstiness of 2 the effects 
are significant (note that I = 0.5). 

Multiplex grouping changes and their 
sensitivity to 2 burstiness values 
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Graph 3 

Graph 4 compares the observed buffer 
occupancies with those expected assuming an 
equivalent renewal input to the buffer (for a fair 
comparison, the equivalent arrival rate used is the 
mean of the GMDP traffic, measured from 
simulation). Two theoretical curves are shown, 
which represent the buffer occupancy assuming 
the equivalent Poisson and binomial inputs for the 
simulation scenario (n = 15 and I = 0.2). The two 
simulated curves shown are for different values of 
burstiness. When b = 2, either Poisson or binomial 
assumptions would be sufficient for buffer 
dimensioning, however when b = 5, the renewal 
assumptions underestimate the buffer occupancy. 

Comparison of sources with different 
burstinesses with theory 
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The binomial can be used to model the multiplexing 
structure (Le the number of inputs to a switch 
output buffer). Here, there are n Bernoulli trials 
each slot, a successful trial corresponding to a cell 
arrival at one of the n inputs. The number of trials 
is therefore set equal to n and the probability of 
success, p, is given by pIn (where p is the 
utilisation measured from simulation). Graph 5 
compares the binomial input model with the 
multlplexed GMDP input traffic for different 
multiplexing configurations (different values of n, 
but constant b = 2 and I = 0.5). Notice that the 
closeness between the simulated n = 30 and 
n = 15 curves is apparent with renewal input. And 
for n = 2, both simulation and analysis results show 
the curves steeper than, and below, the 
corresponding n = 30 and n = 15 curves. 

Comparison of different multiplexing 
structures with theory 

-M-

Q) -1 ----- ------------------------------- Bi~30 

13 -2 -------- Bin n=15 en 
0) g -3 -----------

~ -4 -------------
:.0 as 
.t:l 
2 
a. 

Queue state 

Graph 5 

5. CONCLUSIONS 
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A number of conclusions can be drawn from this 
case study. For traffic of low burstiness and a small 
burst length to buffer size ratio, Poisson 
assumptions are satisfactory for finding the buffer 
occupancy. However, if the burstiness is high, or 
the burst length to buffer size ratio is large, then the 
tail of the buffer occupancy density is significant, 
and cannot be modelled adequately by renewal 
input. This is an important reSUlt, because it 
suggests that the use of traditional renewal 
assumptions for buffer dimensioning and 
connection acceptance control algorithms has 
severe limitations for typical broadband traffic 
mixes. 

The influence of the multiplexing structure (Le. the 
grouping of traffic in the access network) is shown 
to be small. However, for traffic of low burstiness, 
this influence can be modelled by assuming 
binomial input traffic. 
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Future work will involve assessing the suitability of 
bursty renewal source models for modelling typical 
broadband traffic mixes. 
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