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Abstract 

How is a traffic process changed, after it has passed a node in the ATM network? We focus on the 
change in two parameters: auto-correlation and coefficient of variation of inter-arrival times: The 
decrease in the one leads to an increase in the other. We find an empirical approximate linear 
relation. 
The method presented in this paper yields a fast algorithm for computing the two parameters all 
over the queueing network. The complexity resides in the approximation of a stochastic process to 
the parameters and subsequently solving the queueing model. 
We approximate a Switched Poisson Process (SPP) to these parameters and find, that the 
parameters, that we focus on, enable us to calculate accurately the performance of the queues in 
a network. 
As the parametric model is empirically based, and because we have no analytical base for it, we 
have chosen it to be rather rough. Additionally the SPP has its modelling limitations. But the model 
is simple and can be improved, and other stochastic processes may supplement the SPP. Thus 
the paper indicates an untraditional way of making queueing network analysis. 

1 Introduction 

In the literature, when evaluating the performance of 
an ATM node, little effort has been made to evaluate 
the output traffic process from the queue (Le. from 
the ATM node). 
In this paper we deduce an empirical parametric 
method to characterize the output traffic. We 
characterize the individual components of the 
output, corresponding to the individual input 
sources. 
It is the assumption, that the traffic is characterized 
by three parameters: 

* intensity or mean cell rate 
* coefficient of variation of the inter-arrival time, c2 
* auto-correlation lag one of the inter-arrival time, e 

The second parameter is meant to capture the 
burstiness, and the third parameter to capture the 
auto-correlation of the cell sequence. 
We derive a simple model describing the change in 
these parameters as the

2 
traffic passes the ATM 

nodes. Of course, only c and e are assumed to 
change: given no significant cell loss, the intensity is 
constant. 
If then the performance of a node is wanted a traffic 
model can be fit to the three parameters, ' and the 
corresponding queueing problem be solved. 

2 Parametric Model 

Usually the "badness" of a traffic stream is 
numerically measured in a burstiness parameter. As 
a bursty stream passes the queues of the ATM 
network with deterministic servers, it will become 
more smooth. But the "badness", Le. its propensity 
to create long queue lengths and cell losses, is 
assumed to be constant. 
Thus we use the auto-correlation together with 
burstiness to parametrize this "badness". 
We assume that as the burstiness is reduced due to 
the smoothing effect, the auto-correlation is 
increased. Fro~. experi~ents .shown in appendix A 
we get an empIrical re!rtlonshlp between burstiness 
and auto-correlation, c and e. 
Given a relation between c2 and e, it is only 
necessary to calculate the change in one of the two 
parameters, after the process passea.a queue. 
We seek a linear relation between c~ and e. As we 
have not a great empirical material at hand, we do 
not apply any statistically refined method to estimate 
this relation. We only use a "visual fit" to the graphs 
displaying the relation empirically. 
From the appendix A we get the following two 
empirical models: 

Coefficient of variation 

The coefficie~ of variation of the inter-arrival time 
distribution, c , is altered after the passage of a 
queue according to the load of the queue if the 
process were alone on that queue: 

where 
(1 ) 
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r = individual arrival intensity * service time (2) 

r is the individual load factor. It is seen, that in the 
limit, when r tends to zero, i.e. when the traffic 
stream virtually does not load the queue, it passes 
unchanQed. In the heavy traffic limit, on the other 
hand, it IS completely smoothed out. 
Given the load, r, we can say that 

c2 out = f 1 (C2in) 

Auto-correlation 

The auto-correlation lag one of the sequence of 
inter-arrival times

2 
is estimated to have a simple 

relation with the c . Giv~ the load, we have a out as 
a (linear). functio~ of c out,. and where the line is 
parametnzed by c in ana e in' 

aout= f2(C2
0ut; c2in' ain) 

1- ain 
aout = ain-~ . (c20ut-C2in) 

c in+4 

where 2 2 _ 2 
c out- c in - - r c in 

(3) 

This relation is empirically reasoned in the appendix 
A. It can be seen, that we a~ume the process stays 
on a given line in the (c ,a) - plane. The free 
parameter in (3) is r. 
This relation is sketched in figure 1. 

Figure 1. The linearized empirical 
relationship between a and c2 applied in 
this paper. The line in question is 
d~termined by the input values of a and 
c. 

The formula (3) can now in figure 1 be interpreted as 
follows: For a process entering the ATM netwo~, we 
calculate the corresponding point in the (c ,a) -
plane. Each time the process passes a queue, this 
correspon~ng point moves "up the line" towards the 
ordinate (c = 0) in steps determined by the load of 
the queues. Usin~ (3), i.e. the line, we know the 
output values of (c ,a). 
From reasons mentioned in appendix A, the 
formulae only contain contributions from the 
individual traffic, and we ignore the influence of other 
traffic in the same queue on the individual output. 
The method enables a three-parameter 
characterization of all processes. In the following we 

shall use this parametric method to model the traffic 
and thus be able to solve queueing models. 

3 Output modelling 

In this section we compare the parametric method to 
other known methods of queueing network analysis 
In order to do so, we have created a scenario 
consisting of two queues. The efficiency of an 
approximation is then its

1 
ability to show the correct 

performance of a queue. 
The scenario is sketched in figure 2. 

pr~~I~ 7 
r~'2 proc, .. 2 2 JJI}-()--) 
Figure 2. Test scenario. Processes 1 and 
2 share the first queue and then split. We 
evaluate the queueing problem of node 2, 
which is loaded by process no. 2 after 
passing the common queue. 

Process no. 1 : ~P(6,1 ,0.1 ,0.4) 
intensity = 2, c = 2.143, a = 0.2286 

Process no. 2 : ~P(5,0,0.1,0.4) (an IPP) 
intensity = 1 , c = 17 , a = ° 

In the above scheme, c2 and a are the input values 
to node 1. 

Servers: 

node 1 : Deterministic 
service time = 

node 2 : Deterministic 
service time = 

experiment 1 : 
experiment 2 : 

0.25 

0.75 
0.90 

We now evaluate the performance of node 2 
(process 2) with respect to mean queue length at an 
arbitrary time instant, E(lt). We do so using three 
methods, the present metliod, the M/M/1-method, 
and the method assuming that the process is not 
changed after passing a queue. 

Spp approximation 

The queueing model to be used for node 2 is the 
SPP /D/1 model. An SP~ is characterized by four 
parameters: intensity, c , Zu" and Cao. As we 
a~proximate using only three parameters: intensity, 
c ,and a, we have to put a restriction on the four of 

1 We use the SPP to approximate the process; for details on this 
procedure and the solution of the SPP /G/1 queue, see [2] , [3], 
and [4] , results combined in [7] . 



the SPP. We choose the restriction, that Coo is 
constant from input to output. 

Present method 

According to (1) and (3) (our model), the output of 
process 2 after node 1 is characterized by 

r = 0.25, c2 out = 12.75, 
90ut = 0.2024 (4) 

The simulated values are: 

I c2
0ut= 13.05 ,90ut= 0.0124 (5) 

A first comment is thus, that we have captured the 
change in 9 quite badly. 
Now we use (4) to approximate an SPP to the output 
process. The SPP cannot be used generally to 
approximate t9 the three parameters. It is limited to a 
part of the (c ,9 )-plane, see appendix B. From [3] 
and [4],9 can be shown to be 

c2-1 c2-1 
9 =(1- __ ). 

~-1 ~ 

which can be used to find ~: 

c2-1 
~= + 1 

1-(9 ·2c2)/(c2-1) 

(6) 

In [2] it is assumed, that both ~ and Coo are 
preserved at the output, here we change Zn in order 
to match 9. However, we still assume C to be 
preserved. From the definition of process ~ above 
we calculate Coo = 16 using formulae in [2]. Thus, 
for the approximation we have as input to node 2 

intensity = 1, c2 = 12. 75,~ = 21.95, Coo = 16 (7) 

giving the approximate process at the output (using 
methods from [4]): 

SPP(8.31 ,0.0617,0.0745,0.580) (8) 

Solving the SPP/D/1-problem for node 2 with two 
values of the service time, we et 

experiment 1: E(4) =38.4 
experiment 2: E(Lt) = 104.4 (9) 

The simulation result is 

experiment 1: E(4) =20.0 
experiment 2: E(Lt) =63.2 

To illustrate the source of inaccuracy, we have 
solved the SPP/D/1-probl~ of node 2 using the 
exact simulated values of c and 9 5, ieldin 

experiment 1 : E(4) =22.5 
experiment 2: E(Lt) =62.7 
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Thus we see, that the main source of inaccuracy is 
not the SPP approximation, fut the inaccuracy in 
determining the parameters c and 9. 

M/M/1-method 

This method simply approximates all processes with 
the Poisson process, and all servers with 
ex onential servers. Doin so, we et 

experiment 1 : E(4) =3 
experiment 2: E(Lt) =9 

Unchanged process - method 

Process 2 is offered without changes in any 
parameters to node 2, and . the corresponding 
SPP D 1- roblem is solved: 

experiment 1 : E(4) = 29.2 
experiment 2 : E(Lt) =80.2 

4 Conclusion 

We have presented a method to determine the 
change in two parameters of a process as it passes 
a queue. It involves a simple linear relation. This 
linear relation is rather rough, however it captures 
the empirical "fact", that decreasing the one 
parameter increases the other. 
The method does not take into account the influence 
of other processes in the same queue, if however 
doing so, the model may improve significantly. 
A test scenario indicates, that knowing the correct 
value of the two parameters will enable us to 
calculate accurately the queueing performance. 
Unfortunately, the present test example disfavours 
the method, because the real output process is 
closer to the input process than to the calculated 
output process. In general, however, the real output 
process is expected to be closer to the calculated 
output process than to the unchanged input 
process. 
Thus we conclude, that some refinements to the 
present linear model, combined with good 
approximation procedures based on the three 
parameters, will make traffic analysis simple and 
accurate in ATM networks. 

Appendix A 

Using a P and an SPP as input, figure A 1 shows how 
the process changes with the load, the process 
being alone on the queue. 
1: As the load r 0 increases, c2 decreases, but 9 
increases. This seems to happen according to a 
"straight" line. 
2: The ~ovement up th~ "str~ight" Ii~ seems to be 
proportional to the load, I.e. c out= c in(1-rn). 
The curves are a bit concave, thougn we Tind the 
model to be rather accurate on these data. We 
assume the relation to count for all processes. - Also 
for processes being a superposition of several 
individual streams. 
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rO • 0.8 p~ 
/- (the output la - In A2) 

In A2 we see how an individual stream of a mix is 
changed. With a fixed aggregate load, rO, we have 
the individual load r: 

r = p'rO 

where ro is the total load, and p is the relative part of 
the totaf load. The aggregate load is a mix of Pans 
SPP. Figure A2 shows the change as p varies. 
These curves seem to be rather convex. 
If both A 1 and A2 are linear, the lines will coincide for 
each process, which is our model. 
The fact that they coincide is due to the fact that the 
points p = 1 and p = 0 will also be on the A 1 curve. As 
p tends to 0, the individual process is undisturbed, 
and p tending to 1 corresponds to the process being 
alone. 
However some refinement in modelling the curves in 
A2 seems to be needed. I.e. an enhancement to the 
linear model. This will imply, that we first have to 
calculate the total load and use A 1 as if the process 
were alone, then transfer point to A2 as the p = 1-
point, and then calculate the relative part and use 
A2. 

Appendix B 

From formula (5) we get a set of curves, one for 
each value of Zoo. With Zoo in the range from 0 to 00, 

we get the feasible region as sketched in the 
following figure: 
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