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ABSTRACT. The aim of this paper is to test the effectiveness of 
a method for the computation of the cell loss rate in multi-source 
and multi-traffic class ATM multiplexers. Different models to 
describe a bursty on-off source are presented, which are based on 
Markov chains, whose complexity is increasing with the accuracy 
of the description. Moreover, one of these models is extended to 
compute the cell loss rate in an ATM multiplexer under a traffic 
mix, composed first by the superposition of multiple 
homogeneous sources, and then of multiple sources of different 
traffic classes. The model accuracy is analyzed by numerical and 
simulation results. 

1. Introduction 
In Asynchronous Transfer Mode (ATM) networks, the statistical 
multiplexing of cells associated to non-homogeneous traffic 
flows (narrowband, broadband, time- or loss-sensitive, etc.) 
originates the need for a number of congestion control 
mechanisms that should be applied to meet the generally different 
performance requirements of the various users and ensure the 
necessary levels of Quality of Service (QoS). Moreover, the 
statistical description of many different sources involves a great 
effort in mathematical modelling, in order to capture the essential 
characteristics of the traffic. In these respects, several source 
models have been proposed and analyzed, as well as bandwidth 
allocation and Call Admission Control (CAC) mechanisms (see, 
for instance, [ I ]  and [2-41, respectively). Concerning the latter, 
the acceptance of a new connection should be conditioned on the 
possibility of guaranteeing the required performance, without 
impairing that of the existing connections. One of the main 
parameters which define the QoS of a connection is the cell loss 
rate: its accurate estimation is very important not only to evaluate 
the QoS, but also to carry out effective CAC schemes. Much 
work has been recently done in the field of modelling bursty 
sources and computing the cell loss rate in ATM multiplexers. A 
review of the most used source models can be found in [5], while 
different approaches for the cell loss rate computation can be 
found in [6-131, among others. The aim of the present paper is to 
present, in a more homogeneous and complete form than 
previously, a cell loss rate computation scheme in a multi-source 
and multi-traffic class ATM multiplexer, already used in [ 14- 181 
as a part of CAC and bandwidth allocation mechanisms, and 
thoroughly test its accuracy. The model of a source is based on 
the Interrupted Bernoulli Process (IBP), which is extended to the 
case of multiple independent sources and is used to compute the 
cell loss rate, by applying a "quasi-stationarity" approximation 
[14, 191. Moreover, a multi-traffic class situation is then 
considered, and the cell loss rate evaluation is extended in a 
simple manner to this case, by supposing the use of a complete 
partitioning control policy in the multiplexer. Our work approach 
is very similar to that presented in [6] ,  where a very accurate 
analysis has been done with respect to the cell loss probability 
computation by using MMDP processes to describe the 
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superposition of multiple homogeneous sources. Some of the 
numerical results reported at the end of this paper have been 
obtained under the same conditions and for the same traffic types 
as in [6], to give the opportunity to compare our results with 
those reported therein. 
The paper is organized as follows. In Section 2 a detailed 
description of some models for a single bursty source is shown; 
in Section 3 one of the models described in the previous Section 
is extended to deal with multiple homogeneous sources and a cell 
loss rate computation is presented. Section 4 shows as the cell 
loss rate computation can be used, with few changes, in a multi- 
traffic class situation if a complete partitioning policy is used in 
the ATM multiplexer. In Section 5 some numerical and 
simulation results show the accuracy of the estimation, while 
Section 6 contains the conclusions. 

2. Bursty source models 
As shown, for instance, in [5],  an accurate description for several 
types of bursty sources can be given by a Talkspurt-Silence 
model, a two-state Markov chain alternating periods of activity 
(burst periods) and periods of silence. A specific case where this 
model is particularly in accordance with reality is that of voice 
sources [20]. In the case of data, it must be applied with some 
care, as recent results on the nature of LAN and also wide area 
TCP/IP data traffic have demonstrated [21-231. Within a burst 
period, cells are generated with known and constant bit-rate. If 
the model is considered in the continuous-time domain, the 
sojourn times in both states are exponentially distributed with 
known mean value; the probability density function of the cell 
interarrival time for one source is shown in [7]. If the model is 
used in the discrete-time domain, sojourn times have geometric 
distribution and the model is equivalent to a two-state Markov 
Modulated Deterministic Process (MMDP) with one silence state 
[5]; as already said, this model and its use in the computations of 
the cell loss probability in ATM multiplexers has been 
extensively analyzed in [6]. The first model described in the 
following, already used in [14-18], is an Interrupted Bernoulli 
Process (IBP), discrete-time version of the Interrupted Poisson 
Process (IPP) [5 ,  81. Considering a channel with capacity C, a 
bursty connection of a particular traffic class h can be described 
by a two-state model: 'active' and 'idle', as in the Talkspurt- 
Silence discrete-time model. 

Figure 1 IPP buFv source model 
We consider a traffic class h composed by homogeneous sources 

(h) with the same statistical parameters, i.e., peak bandwidth P , 
average bandwidth D(h), mean value of the burst length (in cells) 
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~ ( ~ 1  and value of the burstiness b(h)=p(h)/D(h). The probabilities State 0 is the Silence state, while states 1 through dh) are bursty 
to be in the 'idle' and 'active' state, respectively, are: ones, but only 1 is a generating state. It is possible to compute the 

transition probabilities, obtaining: 
M(h) 1 - P(h) b(h) -1 &) 

= - --. op = -- 
1 a(h) +P(h)  b(h) ' + p(h) b(h) poo = 1 -pol ; pol = ; P M O = O  ; P M ~ = ~ - P M O  

( 3 )  
By computing the distribution and the density of the interarrival where a(h)= 
process, a high level of accuracy is obtained in both cases which 

note that wrh) and aih) are independent of the burst length. have been presented; in the second one, the result obtained is the 
Within the active state, the arrival process of cells is modelled by discrete-time case of the density shown in [7]. But, to fully utilize 
a Bernoulli process: at each time instant, there is a cell arrival the accuracy of these descriptions, the use of queueing theory and 

related approximations is needed to get the solution of complex 
with M(h)=C/p(h)' As be mathematical problems. For example, a possible approach is with probability dh) = - 

based on the use of the characteristic function, as in [13]. shown below, the average number of empty cells between two 
successive cell generations for traffic class h is (dh)-1) ;  in the 
Talkspurt-Silence model, where the distance between cells within We consider N(h) connections of class h multiplexed in a buffer 
a talkspurt is deterministic, [M(h) - 11 is actually the number of of size Q (cells), served by a single link with capacity C cells per 

B(h) (h) -1 B 
(1) b 1 

and P ( h ) = I  It is important to 1 
B(h) ' B(h) (b(h) - 1) 

1 
M(h) ' 

3. Cell loss rate computation in the multiple source case 

second. Each connection is supposed to be described by the IBP 
bursty source model introduced in Section 2, and each source is 

number n of active connections, the steady-state value of the 
of c141) cell loss rate can be 

empty cells between two successive cell generations ([xi 

interarrival time between two successive cells in this description 
has a geometric distribution with a minimum of one cell; the G'instantaneous,, (in the 
interarrival times (in cells) are considered to be independent and computed as: 

represents the smalIest integer greater than Or to ')' " 9  the considered to be independent of the others. Considering fixed the 

identically distributed, i.e., belonging to the class of renewal n I. \ 

processes. 5 max(i+j-Q,O)fj("(n) 
Another, more detailed, model can be obtained by using the 3- 
state Markov chain depicted in Fig. 2. State 0 represents the non- 
burst state, state 1 is the generating cell burst state, while state 2 
is the non-generating cell burst state. 

class h generating a cell with n connections of the same class in 
~ 2 2  the active state, that is poocG< Q--.3 p21 f jh) (n)  0 j < O  ( 5 )  

€20 

Figure 2 Three-state source model 
The transition probabilities can be obtained by simple 

K p  (4) 

where f .  (h) (n) is the probability of having j connections of traffic 

(h) Q j=o 
nT rloss (n, Q) = C 

i=O 

J 

{ ( y ) ( r ( h ) r [ i  - r ( h ) r - j  0 5 j 

and 

(6 )  

' The quantities nih)in (4) represent the steady state probability of 
having i cells inside the buffer and they are computed by using 

(2' the transition matrix A(h), whose elements a.. (n, Q) represent 
A further model, matching the behaviour of the Talkspurt-Silence the probability of transition from the state where i cells are 
model, can be defined by using a Markov chain with (M(h)+l) queued in the k-th slot to the state where j cells are queued in the 
states, as already done in [13]. Time is assumed slotted and the (k+l)-th slot, given n active connections. Thus, we obtain 
cell arrival process in each slot is governed by a 'modulating 
Markov chain', where transitions between states of the chain take 
place only at slot boundaries. In Fig. 3, the corresponding 

two consecutive arrivals. 

mathematical steps; specifically we will have: nT=  C jfj (h) (n) 
1 M(h) j = O  

PO0 = 1 - PO1 ; PO1 = B(h) (h) - 
(b 

1) ' p20 = B(h)(M(h)- 

M(h) - 1 
p21 = B(h) (M(h) - 1) ' p22 = M(h) - 2 (h) 

B(h) - M(h) 

1J 

0 j < i - 1  

(7) (h) 

$ fib)( n) j = Q - 1 
s=Q-i 

i#O 

Markov chain is shown, supposing (M(h)-l) empty cells between f,-i,l(n) i l j < Q - 1  

'01 

00 cQop:l PMO 

Figure 3 M-state source model 
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a$)(n,Q) = 

I number of classes, and a scheduler serves each buffer according 

fo (h) ( n ) + f l  (h) (n) j = O  

fj!i(n) O < j < Q - l  

to a portion dh), that we call “virtual capacity”, of the total 
capacity C of the outgoing link. Obviously , we must have that 

H 

i=l 
fih)(n) j = Q - 1  ZV(h) = c (14) 

,s=Q 

vn  , n=O, ..., N(h), instead of the joint stationary distribution of 
the number of cells in the buffer and the number of active calls, is 
suggested by the large difference in the time scales between the 
cell and the active connections dynamics. In more detail, due to 
the previous assumption, the steady state values (4) can be 
supposed to be a good approximation of the real cell loss rate 
between two consecutive instants where the number n of active 
connections changes. This kind of approximation, although in a 
different context, is introduced in [19], where its validity is also a(h)(n,Q(h))= 
carefully analyzed. The possible application of the analytical 
method used in [19] to the present case is currently a matter of 
investigation. Our aim in this paper is to evaluate the 
approximation of the cell loss rate, as given by (13), on some 
specific examples by simulation. 

4. Cell loss rate computation in the multiple source and 
multble class case 

‘J 

The results obtained for a single traffic class in the previous 
So, the steady state probability distribution dh), h=1, ..., H can Section can be easily extended to a multiple class situation if a 

to manage the call admission of the calls of the different classes. each class h can be evaluated by (13) by using the new dh). 
From the point of view of the multiplexer, this means applying This approach can be utilized to develop a Call Admission 
the scheme shown in Fig. 4, where a different buffer of length Control scheme for an ATM node as done in [15-181, where the 
Q(h) is assigned to each traffic class h=l,  ..., H, with H the virtual capacities d h ) ,  h=l, ..., H, are computed periodically by 

complete partitioning control policy [24] is supposed to be used be using (lo) and (11), whereas the loss rate for 
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effective, although limited to the case of complete partitioning. It 1 ~ 4 3  B 
P I can be observed from the results reported that the validity of the 

I@W 
U" approximation depends on several factors. 

1 oOE4.5 
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Figure 5 Cell loss rate vs nr of sources, h=l, C=7Mbit/s, Qf1)=5O 
Anyway, a first glance allows to say that the level of 
approximation appears to be better by increasing the number of 
accepted connections (Fig. 5, Fig. 7); concerning the results 
obtained by using the input of the 'data' class, they show a very 
good approximation in any case considered (Fig. 6, Fig. 9, Fig. 
12). Satisfactory results are also obtained in the cases of the 
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Figure 12 Cell loss rate vs buffer length, h=2,  C=52MbitLs, d2)=17 

6.Conclusions 
Three different Markov chain based models suited to  describe 
bursty traffic sources have been presented and one of them has 
been investigated and used to  compute the cell loss rate in an 
ATM multiplexer. The multiplexer is loaded with a traffic mix of 
mul t ip le  h o m o g e n e o u s  sources, considered stat is t ical ly  
independent. First, the  case o f  one traffic class has  been 
presented, then the case of  multiple traffic sources of different 
traffic c lasses  has been evaluated.  The accuracy of t h e  
approximation has  been compared with simulation results and 
verified by using several types of  traffic classes. A direct 
comparison with other source models in the literature is  also 
possible, due to  the utilization of the same data already used in 
previous works [6] .  
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