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MATHEMATICAL TOOLS FOR ANALYSIS OF ATM SYSTEMS + 

Efstathios D. Sykas, Konstantinos M. Vlakos, and Emmanuel N. Protonotarios * 

·The purpose of this paper is to present a method of modeling and analyzing ATM networks. That is, to study the 
performance characteristics of different A TM systems where the input is an aggregate cell arrival stream resulting from 
the superposition of different ATM traffic sources with different traffic characteristics. A TM traffic sources may range 
from constant bit rate sources (CBR) to variable bit rate sources (VBR). Flexible statistical multiplexing schemes must be 
adopted in order for the ATM networks to handle more efficiently the traffic sources and to increase as much as possible 
the bandwidth utilization. In particular, we investigate two ATM traffic modelling approaches: the on-off model and the 
Marlcov Modulated Poisson Process (MMPP) model. The performance analysis gives as output analytical formulas for the 
cell loss probability in an A TM multiplexer queue. The multiplexer queue may represent a single A TM switching node in 
which the aggregate cell arrival stream arrives. 

L INTRODUCTION 

Modem telecommunication networlcs will provide an integrated 
access that will support a wide variety of services with different 
characteristics: interactive and distributive services, broad band 
and narrowband services (e.g. real time voice and video), bursty 
and continuous traffic (e.g. voice and bursty data services), 
connection-oriented and connection-less services. All these 
different services have different quality of service requirements 
(e.g. voice is sensitive to delay and delay jitter while a certain 
percentage of errors is tolerable, on the other hand, non real 
time data have no strict limits on delay but require a high 
degree of integrity). The basic goal of these future networks is 
to provide· for all the above described varying stringent 
requirements and to accommodate possible volatile changes in 
service mixes. The transfer mode of these future networks, as 
was suggested by the CCITT Study Group XVIll on ISDN 
Broadband Aspects, is the Asynchronous Transfer Mode 
(ATM). ATM can be defined as a packet-oriented switching 
and multiplexing technique, which offers to the users 
satisfactory quality of service and high bandwidth utilization. 
Through statistical multiplexing several individual sources may 
share a high transmission rate link of capacity less than the sum 
of their peak arrival rates. Through the statistical bandwidth 
assignment a significant multiplexing gain can be achieved 
especially for bursty traffic sources such as video telephony, 
video retrieval and document retrieval. This way of operation is 
particularly attractive compared to the Synchronous Transfer 
Mode (STM), since in STM a physical allocation of network 
resources (peak rate) to any connection is assumed for its 
duration. However, ATM requires effective congestion control 
strategies in order to guarantee a minimum Quality of Service 
in all connections. A TM mainly provides labelled multiplexing 
of ATM-PDUs (i.e ATM cells) using the corresponding Virtual 
Olannel Identifier (VCI) and Virtual Path Identifier (VPI) 
subfields of the A TM PO. The A TM cell is the basic unit of the 
information transfer within the ATM networlc. It consists of a 
five octet header field and a 48-octet information field. The 
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header field which mainly contains routing information (Va, 
VPI) is transmitted first, followed by the information field. 

The purpose of this paper is to present a method of modeling 
and analyzing A TM networks. That is, to study the performance 
characteristics of different A TM systems where the input 
process is an aggregate cell arrival stream resulting from the 
superposition of different ATM traffic sources with different 
traffic characteristics. This input process is very complex. The 
simplest case, the superposition of many independent A TM 
traffic sources, each one with a cell arrival process considered 
as renewal process, is not itself renewal process unless all the 
component processes are simple Poisson processes. Using the 
results of the proposed analysis, it is possible to calculate cell 
loss in A TM systems. Furthermore the proposed analysis may 
be used for the development of an ATM connection admission 
control rule. For this purpose an A TM system is modelled as a 
single multiplexer queue, where the input process results from . 
the superposition of several single A TM sources. The cell 
streams of the individual sources are multiplexed onto a high 
speed output link. This output link ends to an A TM switching 
node. 

In this paper as a first approach we assume that the cell arrival 
of a single A TM source is a renewal process with an arbitrary 
inter-arrival time distribution. Using the asymptotic method of 
superposition ([5]) and exploiting the cumulant properties we 
may find moments for an "equivalent" process. In particular we 
apply this technique for various on-off traffic sources. The 
"equivalent" process consists of the superposition of several 
identical on-off sources. In this case we model the multiplexer 
queue as an mG/D/l queue. In this first approach we model a 
number of N different traffic sources with different traffic 
characteristics to a number of M identical sources. 

As a second approach we approximate the complex process of 
the superposition of many different A TM sources by a 
nonrenewal process, the Marlcov Modulated Poisson Process 
(MMPP). The MMPP is a doubly stochastic Poisson process 
where the rate of the process is determined by the state of a 
continuous time Markov chain. Assuming that the superposition 
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process is approximated by an MMPP then we model 
multiplexer queue as a MMPP/D/l queue. In the case of the 
finite MMPP model analytical fonnulas which predict the cell 
loss probability in the multiplexer queue are presented. 

The fundamental advantage of A TM systems stems from their 
high flexibility in exercising resource allocation as well as the 
gains from the exploitation of statistical multiplexing. The 
acceptance of a call is possible after the application of the 
resource allocation mechanism by the network. at different 
levels [9]. Three levels of traffic analysis are assumed in A TM 
network.: call, connection and cell level (see Fig. 1). 

cell evel 

connectIon .stabllshment 

Fig. 1 

At the cell level the network. provides functions of sharing 
buffer storage as well as switching and multiplexing. An 
admission control function at this level (cell level) is assumed 
so that a certain quality of service for all the already established 
connections is guaranteed. The admission control function 
prevents congestion in the network. by regulating the number of 
the traffic sources. Details of an such admission control scheme 
are presented within this paper. 

n. THE A TM SOURCE MODEL DESCRIPTION 

Different models for the characterization of the A TM sources 
have been identified so far [3, 6, 7]. These traffic models have 
to be flexible enough to account for a large variety of services 
ranging from constant to variable bit rate. One of these traffic 
models is the on-off source model which is an elementary one. 
According to the on-off model, a source alternates between 
states of activity and passive states; cells are emitted only 
during the active states. In [7] a more complicated model, 
which describes the behaviour of the A TM traffic source using 
three states is introduced. Although, the three state model 
describes the behaviour of the ATM sources (especially 
services as video and video conference) more adequately than 
the on-off model it is hardly used since analytical solution is 
almost impossible due to the involved, from the three states, 
complexity [7]. On the other hand the on-off model is widely 
known [3, 7, 8] and it is frequently used for A TM traffic 
modelling [3]. The on-off model has been successfully used for 
the description of the voice traffic [8]. Moreover from [6] it is 
derived that a video source can be modeled as a number of 
independent identical on-off sources. Taking into account the 
above, it seems that the on-off model is rather versatile. Thus, 
we choose to use it as the basic model for the characterization 
of A TM traffic sources. 
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Thus, the cell stream from a !'ingle A TM source is modeled as 
follows: one period where the generation of the cells occurs and 
a silence period with no cell generation. We assume that the 
period of the time where the cell generation occurs is 
exponentially distributed with mean a-I ms. During this period 
we have cell arrivals every T ms. After the generation of the 
cells an exponentially distributed silence period with mean b-1 

follows, see Fig. 2. This corresponds to a geometrically 
distributed number of packets per active period, with mean 
value l/aT, followed by an exponentially distributed silence 
period, with mean value b. The cell generation from a single on
off ATM traffic source is a renewal process with inter-arrival 
time distribution given by [2]. 

F(t)=[(1-aT)+aT(I-e-b(t-T»]u(t-T) (2.1) 

where the u(t) is the unit step function. 

From the inter-arrival time distribution we calculate the first 
three moments (tl' t2' t3) of the inter-arrival time for every 
traffic source. 
In A TM network.s there is a trend to describe traffic sources 
with the three following parameters, in order to define more 
precisely the behaviour of the particular source and to give the 
possibility to the network. management to manipulate these 
sources flexibly: 

p: the peak arrival rate of the cells when the source is at the on
state (peak rate) 

loo: the average duration of the on-state (peak duration) 

a: the fraction of time during which a source is at the on-state 

We may describe the traffic source model, as it is depicted in 
Fig. 2, with the parameters (p, a, ton ) instead of the parameters 
T, a-I, b-1• The following mapping holds: 

p=l/f 
ton=a-1 (2.2) 
a=(a-1/(a-1+b-1» 

m. APPROXIMATING mE SUPERPOSITION OF 
MANYINDnnDUALATMSOURCES~THSEVERAL 
IDENTICAL ON-OFF SOURCES 

The superposition of many individual A TM sources, such as 
described before, is not a renewal process, although the 
individual sources are renewal. To proceed we have to 
approximate the aggregate A TM stream by a renewal process. 
The behaviour of such a renewal process approximating the 
aggregate A TM stream can be characterized by the moments of 
the inter-arrival times [5]. Two different procedures for 
approximating the superposition of independent renewal 
processes by a renewal process can be identified: the stationary
interval method and the asymptotic method [5]. In this section 
we use the asymptotic method so as to approximate the 



superposition of many independent renewal processes because 
it is easier to use and provides more accurate results [5]. 

Let Sn denote the position of the n-th event in the real time line, 
N(t) the counting process representing the number of the events 
in the interval [0, t], and Xn denote the interval between the nth 
and (n-l)st event. Let Bj=Biz), be the jth cumul~t function of 
the variable Z, namely the coefficient of the tI in the power 
series of log Eetz . The cumulants have the particular property 
that Bizl+ ... +ZrJ=nBiz ), where the zl,z2' ... Zn are time 
independent. Selecting the n (the number of the events) we are 
able according to the following relation to calculate the Bj: 

Bj=Bj(Sn)/n (3.1) 

In the stationary-interval method it is supposed that n= 1 and in 
the asymptotic method that n=oo. 

In order to handle the superposition of many independent A TM 
on-off traffic sources more conveniently, we use the counting 
process of {N(t)} instead of the (Sn>. This can be achieved 
using the cumulants of the N(t) instead of the (Sn)' In that sense 
the relation (3.1) is translated as follows (t goes to infinity): 

lim Bj(Nit»/t~ (3.2) 

where 'Xi are parameters with one-to-one correspondence with 
the moments tj. The correspondence between the parameters Yj 
and the moments ~ as it is proved by Smith in [5] is the 
following: 

Yl=l/tl 

Y2=t(3(t2 -t12) 

13=tl-5(_t3tl+3~2_~t12+t14) 

(3.3) 

In (3.3), from the moments of the A TM on-off source we 
calculate the parameters 'Xi' The parameters Yj have the basic and 
desirable property that are cumulants. In that sense if we have 
many independent A TM on-off traffic sources, we calculate the 
parameters ~ of the superposition by adding the parameters Yj 
of the component A TM on-off sources. Using (3.3) we may 
calculate the cumulant parameters 'Xi which characterize every 
A TM on-off traffic source. Doing the mapping between the 
parameters T, a-I, b-l and the p, a, lon ' as it is presented in 
(2.2), we obtain these cumulant parameters as a function of the 
(p, a, lon) traffic source parameters: 

Yl=ap 

Y2=ap(I-a)2(2Plon-1) (3.4) 

13=ap(I-a)3[ 1-3a+6pton(2a-l)-6p2lon 2(2a-l)] 

Let us assume, that we have N different A TM on-off traffic 
sources with characteristics (Pi' ~, tonV' i=1,2, ... ,N. Using the 
basic property of the cumulant parameters we are able to 
calculate the cumulant parameters of the aggregate A TM traffic 
stream as follows: 

Yl * = l:N <ld'i 

Y2*= l:N <ld'i(1-~)2(2piloni-l) (3.5) 

13 *= l:N <ld'i(1-~)3[1-3~+6pi1oni(2~-1)-6pi2loni2(2~-1)] 

The aggregate traffic stream of N different A TM on-off traffic 
sources can be modeled as the traffic stream resulting from the 
superposition of M identical A TM on-off sources. The traffic 
characteristics (p, A, Ton) of the M identical on-off sources are 
calculated by solving the system equation (3.5) with known 
(r 1 =11 * /M, r 2=12* /M, r 3=13 * /M) and unknown parameters the 
(p' A, Ton)' 

IV. APPROXIMATING THE SUPERPOSITION OF 
MANY INDIVIDUAL A TM SOURCES WIm A 
MARKOV MODULATED POISSON PROCESS. 
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In this section we approximate the aggregate arrival stream 
resulting from the superposition of many independent A TM 
sources by a simpler correlated nonrenewal stream, which is 
modulated in a Marlcovian manner. The approximating stream 
is chosen so that several of its statistical characteristics 
identically match those of the original superposition. The 
Markov Modulated Poisson Process (MMPP), is a doubly 
stochastic Poisson process where the process rate is detennined 
by the state of a continuous time Markov chain. In the 
following an efficient technique for matching the characteristics 
of the ATM source superposition to the. MMPP model is 
presented. In our analysis we consider a two state MMPP where 
the mean sojourn times in states 1 and 2 are rl-l and r2-2, 
respectively. When the Marlcov chain is in state j G=1,2) the 
arrival process is Poisson with rate A.j. We choose four 
parameters of the MMPP (rI' r2' A.l' A:z) so that the following 
characteristics of the superposition are matched: 

1. The mean arrival rate = Yl 

2. The variance-to-mean ratio of number of arrivals in (O,t) = bt 

3. The long tenn variance-to-mean ratio of the number of 
arrivals = boo 

4. The long tenn third cumulant of the number of arrivals = 13 

According to the cumulant defmition (t goes to infinity): 

(4.1) 

The above parameters for the single on-off A TM source may be 
calculated as follows: 
Yl= lim E[N(t»)/t = l/tl = ap (4.2) 

br var[N(t)]/E[N(t)] = {M2(t)-(Ml(t»2}1M1(t) (4.3) 

boo=lim {var[N(t)]/E[N(t)] }={lim [var[N(t»)/t] }/{lim [Ml (t)/t])= 
= Y2/Yl = [l-(1-aT)2]/[(aT+bt)2] (4.4) 

13=lim E{ [N(t)-E[N(t)]]3 }/t = 
= ap(1-a)3[l-3a+6Plon(2a-l)-6p2lon2(2a-1)] (4.5) 

where the ~(t) represents the rh central moment of the number 
of arrivals in [O,t] 

Let ~(s)=L[~(t)] be the Laplace transfonn of ~(t), namely, 

~(t)=E[NY(t)] (4.6) 

It is proven in [4] that : 

Ml(s)= 'J.Js2 M2(s)= 'J.Js2{[1+f(s»)/[I-f(s)]} (4.7) 

where f(s) is the Laplace transfonn of the inter-arrival time 
distribution function F(t) (see (2.1» characterizing the cell 
generation from a single ATM on-off traffic source. Obviously, 

Ml(t)= t/(T+aTtb) and 

lim var[N(t)]/t = [b(l-(1-aT»2)/(aT +bt)3 (4.8) 

In order to calculate the M2(t) we have to use techniques 
suitable for numerical inversion of a Laplace transfonn at a 
specific time point t. 

Let us assume, that we have N different A TM traffic sources 
with different traffic characteristics (Ti' <lj-l, b(1,i=I,2, ... ,N). 

The four parameters of the superposition process namely, the 
mean arrival rate, the variance to the mean ratio of the number 
of the arrivals, the long tenn variance to mean ratio and the long 
tenn third cumulant of the number of arrivals of the 
superposition) are: 
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11·= l:N 11i 

bt·= l:N [M2i(t)-(Mli(t»2]/l:N Mli(t) 

boo·= Urn {[l:N var[Ni(t)]I[l:N Mli(t)]} = 
= {l:N [Urn var[Ni(t)]/t] }/[l:N lim Mli(t)/t] 

1/= l:N 1i 

(4.9) 

(4.10) 

(4.11) 

(4.12) 

Now using the relations (4.4) and (4.8) we may express the 
parameter boo· in (4.11) as a function of the traffic source 
parameters: 

boo·= (l:N [bi(I-(I-aiTi»2/(CljTi+biTi)3]}/{l:N [b/(CljTi+biTi)]} 
(4.13) 

Having calculated the parameters 11·, bt, boo·, 13·' of the 
superposition of many A TM sources, we use the methodologl 
as it presented in [2] and we match the parameters 11·, bt, boo , 
"f3., to the parameters of the two state MMPP (Al'~' rI' rV' 

V. ANALYTICAL FORMULAS FOR THE ATM CELL 
LOSS PROBABILITY 

In this chapter two different algorithms for the A TM cell loss 
probability are presented. The first one is applicable in case 
where we use identical A TM on-off sources in order to 
characterize the superposition process and the second one in 
case where the superposition process is considered to be 
modulated as an MMPP process. 

A. CEU WSS FORMULA USING THE ON-OFF MODEL 

Assuming that Pout is the transfer rate of the output link, then 
the maximum number of sources which is acceptable to be in 
the on-state without any cell losses, is : 

n=(pouJp) (5.1) 
In that case the number of cells, which the output link is able to 
serve, is: 

npa (5.2) 

As the number of the on-state sources becomes larger than n, 
then the output link is not able to carry the requested bandwidth 
and losses of cells occur. If i sources are in the on-state then we 
may approximate the rate of lost cells by: 

ip - Pout (5.3) 

The probability for a particular number of sources to be at the 
on-state is binomially distributed with parameters Nand a. The 
probability to have i sources at the on-state is equal to: 

Pr [ i sources at the on-state]=bin (N,i,a) (5.4) 

Using the above fonnulas we calculate the total rate of the 
A TM lost cells which are due to the lack of available 
bandwidth: 

Total rate of ATM lost cells = l:N [(ip-pouJbin(N,i,a)] (5.5) 

Now dividing the rate of the ATM lost cells in (5.5) with the 
maximum number of the generated cells Npa, we take as a 
result the ATM cell loss probability. 

B. CEU WSS FORMULA USING OF THE MMPP MODEL 
In this section the basic principles of our analysis are given. A 
detailed analysis of the a finite capacity MMPP/G/l/N is 
presented [1]. In our case of ATM networks with constant cell 
service time, we have just to set the cell service time constant, 
thus MMPP/D/l model. Therefore H(t)= B(t-J.1), where H(t) is 
the distribution function of the service time and J.1 is the 
constant cell service time of the output multiplexed queue. 

Let us now consider a continuous time Markov Process with 
state space {I ,2,3}, for which the states 1 and 2 are transient 

and the state 3 is absorbing. The infinitesimal generator Q of 
this Markov chain is given by 

Q __ [T T.O] 

O· 0 
(5.6) 

where T is a 2x2 matrix with Tij <O,T i,j >0 for i;~j and such that 
T-l exists. The vector T·o is non negative and Te+T*=o, 
e=(I,I)T . Let {a,a3} be a vector of initial probabilities with 
ae+~=1. In the sequel we assume that a3=O. We also consider 
the 2x2 matrix Q·=T+TDAO, where TD is a 2x2 matrix, the 
columns of which are T·o and AO = diag(al,a3)' TIle matrix Q. 
is the infinitesimal generator of the phase-type renewal process, 
obtained by restarting the Markov process Q instantaneously 
after each absorption by perfonning a multinomial trial with 
probability (a) and outcome 1,2. Our two state MMPP process 
described in section 4 is characterized by the four parameters 
Al'~' rI' r2' Let the matrices R and L be given by: 

R = [-rl rl ] L = [ Al 0 ] (5.7) 
r2 -r2 0 ~ 

According to [2] we define also the following: 

T= R - L and T·oAO:: L (5.8) 

so that Q.= T+TDAo= R and R(z)= R+(z-I)L. 

The matrix Q. which describes the Markov chain, is obtained 
by resetting the original chain instantaneously using the same 
initial probabilities, whenever an absorption into the state 3 
occurs. The stationary probability vector 1t of Q. can be easily 
obtained by solving the equations 

1tQ.= 0 and 1te= 1 (5.9) 

It can be easily derived that 

1t= (1I(rl+rV)(r2' rl)' e= (1, I)T (5.10) 

Using the results of [2] we can calculate the vector Yn with 
elements the steady state probability that there are n costumers 
in the system of the queue and the system is at the jth phase 
(Yn= ( y(n,I), y(n,2) ). Obviously, 

Pb1ock= 1 - l:N-l Yne 

where N is the buffer size. 

VI. NUMERICAL RESULTS 

(5.11) 

Although it is very difficult to predict the traffic characteristics 
of the future A TM sources, we select two services as 
representative ones which may cover the range between 
narrowband and broadband services. The narrower corresponds 
to a videophone service and the broadband is considered as a 
file transfer service. The traffic parameters for the narrowband 
(type A) and the broadband (type B) sources according to the 
A TM tenninology are assume to be the following: 

- sources of type A (narrowband services) 
P=2Mbit/s 
1On=25 ms 
a=O.5 

- sources of type B (broadband services) 
P=lOMbit/s 
ton=5 ms 
a=O.2 

The transfer rate of the output link is 135 Mbit/s, the cell length 
is 48 bytes (384 bits) and the buffer size of the multiplexer 
queue is 64 cells. The service time for every cell that enters to 
the system of the queue is constant and equal to: 



J.L= (384/135.0E-6) = 2.844E-6 seconds 

The A TM cell loss as computed by the on-off source model and 
the fmite capacity MMPP model is compared with the 
simulation results in Figs. 3 - 7. In Figs. 3 - 6 the A TM cell loss 
for various traffic loads and different combinations in the 
number of the multiplexed ATM traffic sources is presented. 
The finite capacity MMPP model and the on-off source model 
are compared. 
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From these figures we remark that as the traffic load increases 
the performance of the on-off source model is improved. The 
above statement is also valid in case where only sources of one 
type (narrowband or broadband services) exist as shown in Fig. 
7, where only sources of type A (narrowband service) are 
considered. The behaviour of the finite capacity MMPP model 
is accurate and very close to the simulation results for heavy 
traffic load conditions. For low and medium traffic load 
conditions, we cannot obtain numerical results from the finite 
capacity MMPP model (see Figs. 3 and 4). This is due to the 
many involved complex computations and the relatively small 
digit precision (15 digits) of the HP9OOO/850 computer machine 
which was used in our case. Our belief is that using a computer 
with more than 20 digit precision we will be able to obtain 
results and that these results will be the same accurate as the 
results for heavy traffic load are. The performance of the on-off 
source model may be not so accurate as the performance of the 
MMPP model is, but the on-off method has the advantage that 
is simpler in comparison with the MMPP method and provides 
results for any traffic load conditions. These results 
approximate well the behaviour of the A TM queue. 
Furthermore, the on-off model always overestimates the actual 
A TM cell loss as computed by simulation. 

VII. DEFINITION AND IMPLEMENTATION OF AN 
ADMISSION CONTROL FUNCTION 

In A TM networks, if a tolerable value of A TM cell loss is 
permitted, then a larger number of ATM on-off sources than 
these in case of peak rate assignment can be accommodated. 
This means, that for every A TM source which enters to the 
network. a smaller bandwidth than its peak demand is assigned. 
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This bandwidth, which may be called "effective" or "virtual", 
varies between the average and the peak bandwidth demand of 
the source and is mainly characterized from the burstiness of 
the source. Using our analysis where a number of N different 
on-off traffic sources is modelled as a number of M identical 
on-off traffic sources, the "effective" bandwidth assigned in 
every multiplexed source may be determined. Namely, for a 
predefined cell loss and a number of network resources, we 
calculate (as a function of the cell loss rate, the transfer rate of 
the output link and the traffic characteristics of the sources) the 
bandwidth which can be accommodated from the network. Now 
dividing the calculated bandwidth with the number of the 
multiplexed sources we estimate the "effective" bandwidth 
which is allocated in every multiplexed source. 

The algorithm which describes the operation of the admission 
control function and may be based to the two different 
superposition methods (on-off, MMPP) is presented in the 
following. 

A. ON-OFF MODEL 

In case of the on-off model, from the traffic source parameters 
(p, (l, ton) of the new connection request, we calculate the 
parameters 11' 12' 13 which characterize this new request (see 
(3.5». Using the cumulant property of the parameters ~ we 
es.timate the paramete~ It of the ne~ ag~regate ~ll stream 
WIth the new connection mc1uded (11 = 11 +11' 12 = 12 +12' 
13'·= 13· +13)· Sol~!ng the syst~~ equation ~~.5~ will? known 
parameters (11= 11 IN), (12= 12 IN), (13= 13 IN), (N = N+ I), 
we are able to find out the desirable unknown parameters (p, A, 
Ton) characterizing the new aggregate cell stream with the new 
connection included. Now, setting the parameters (p, A, Ton' 
N), in relation (5.5) we calculate the ATM cell loss probability 
of the new aggregate cell stream. If this A TM cell loss 
probability is lower than a predefined threshold then the new 
connection is accepted, otherwise the new connection is 
rejected. 

The correctness of our proposed admission control scheme is 
validated in the results of the Section VII. In this section it is 
shown that the results based on the on-off model approximate 
very well the simulation results not only in case where only 
sources from one type exist, but also for the entire range of 
combinations in the number of the multiplexed sources (see 
Figs. 3 - 7). Furthermore it is seems that the analytical results 
overestimate the simulation results. This is due to the finite 
capacity buffer of the simulation. From the above discussion we 
conclude that the proposed admission control scheme operates 
correctly since it overestimates the A TM cell loss. Thus, since it 
uses simple mathematical calculations, it is well-suited for 
practical congestion control in A TM networks. 

B. MMPP MODEL 

The definition of an Admission Control Function in case of the 
MMPP model, is more complicated since the parameter bt and 
b_ are not cumulant. The parameter b_ may expressed as a 
function of the (11' 'YV' b_= 'Y2fYl (see (4.4». The parameters 
(11'·,13'·) of the new aggrega~ cell,~tre~ art? easily calculated 
as in the previous method, while b_ = (12 /'yl ). The parameter 
b;· can be estimated only if every time we keep the sums, 
[M2i(t)-(M8t»2] and the M1i(t)= lIt of the superposition 
process. If in these sums we add the [M2(t)-(M 1 (t»2] and the 
M1(t)=Ylt of the new connection request, then according to the 
relation (4.10), we obtain as result the parameter bt'· of the new 
a~fregate cell stream. Having calculate the parameters (11'·, 
bt ,b_'·, 'Y3'·), we estimate the parameters (rI' r2' AI' AV of the 
MMPP process using the analysis in Section 4. After that, the 
cell loss probability can be obtained, following the analysis of 
section 5. The new connection is accepted only, if L'le cell loss 
probability is tolerable form the network. 

VIn. CONCLUSIONS 

Different methodologies have been developed for 
characterizing the superposition of many A TM traffic sources. 
Analytical formulas for the A TM cell loss probability in the 
multiplexer queue are obtained. In case of the A TM cell loss the 
first method, which is the simpler, approximates the 
superposition process by several identical on-off sources. In the 
seCond more complex one, the superposition process is 
approximated by a non renewal stream, which is modulated as 
an Markov Modulated Poisson Process (MMPP). The 
advantages and the disadvantages of each method are examined 
in detai1. In general the second one performs very well, but has 
the disadvantage that for low traffic load conditions we cannot 
to obtain results. This is due to the numerous computations. The 
first one has a satisfactory performance, especially, under heavy 
traffic load. 

Finally we demonstrate how the obtained cell loss probability 
from the two methods may be applied to call admission in ATM 
networks. In order to achieve this, we define an Connection 
Acceptance Criterion and we explain in detail its operation. 
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