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In ATM networks, transmission resources are shared by heterogeneous traffic 
streams (e.g. voice, data, video etc.) which require different bandwidth, holding 
times and call arrival rates. In order to guarantee the required QOS for each 
service, a traffic access control is needed. This paper presents an ATM traffic 
engineering method to calculate the call congestion probability associated to each 
connection type. The method includes a connection acceptance control algorithm 
based on the knowledge of the current demand of bandwidth resources, the new 
connection anticipated traffic characteristics and the overall cell loss ratio 
requirements. The practicality of the proposed analytical model is demonstrated by 
means of study cases applying the method for engineering ATM access networks. 

1. INTRODUCTION 

Services supported in B-ISDN can be expected to 
produce a wide range of traffic flow character
istics. Broadband Access Nodes have to operate 
in a network environment carrying heterogeneous 
mix of traffic ranging from narrowband to 
broadband and from continuous to variable 
(bursty) bit rate. Consequently, design and 
dimensioning of them represents a significant 
challenge for traffic engineering. 

As well as development of B-ISDN applicable 
traffic reference models [14], significant 
progress has still to be done in the design of 
performance traffic controls required to ensure 
connection quality of service (QOS). These 
control functions, currently under discussion 
in CCITT for standardization, are admission 
control and policing functions. 

This paper presents an Admission Control 
Function (ACF) based on simple call character
ization parameters: mean and variance of the 
load state distribution of each connection 
(instead of the mean and/or peak [3,4,5]). 
These parameters, used in an analytical model 
specifically developed for them, allow ATM link 
resources dimensioning for a wide range of 
offered traffic characteristics. 

A Multi-Variable-Slot (MVS) formula to obtain 
the call congestion probability for each 
connection type, was derived from the model. 
These different connection types being 
generated from the B-ISDN user teleservices 
connected to an ATM access network. The formula 
also provides the global Grade of Service (GOS 
or call blocking probability) for all 
connection types carried on an ATM link. So, 
the number of B-ISDN users that can be 
concentrated on access nodes can be obtained as 
a function of different GOS requirements. 

The paper is structured as follows. In section 
2, the considered Admission Control Function is 
described and the MVS formula is presented. A 
method for engineering ATM access nodes, based 
on this MVS, is described in section 3 and 
applied to some study cases to demonstrate its 
applicability. Finally section 4 gives main 
conclusions. 

2. THEORETICAL APPROACH FOR CONGESTION AND 
LOAD CALCULATIONS 

2.1 The connection acceptance control algorithm 

The considered ACF is based on a proposal 
described in [10] in which the decision to 
accept a new connection relies on the first two 
moments of the load state distribution of each 
connection. According to [12], a load state (or 
bit rate sample) of a connection is defined as 
the number of cells counted during a fixed 
length observation interval 6 t (say a frame). 
So, the j-th load state is described by the 
random variable Rj , denoting the bit rate 
measured in the j-tn frame of duration 6t. 

The 
~T 

mean and variance of 
N. ~t (with N»>l) 

N 

m6T = L Rj/N 
j=l 

N 

Rj in a time window 
are then defined as: 

(1) 

v6T ~ (Rj2/N) - m2
6T 

j=l 
(2) 

According to the above definitions, the two
moment based ACF should use worst case values 
for m6T and v6 T during the connection holding 
time h (boT«<h). bot and boT could be imposed by 
the network at call setup. There, actual values 
depend on the considered services. Therefore, 
the ACF could be based on the following values 
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mi and vi for each connection i: 
mi MAX {~T' all 6T of connection i} 
vi MAX {v6T , al16T of connection i} 

If connections are not correlated to each 
other, the considered ACF will accept a new 
connection whenever the following condition is 
satisfied [10,12]: 

M+1 Vf0+1 
~ mi + K' ~ vi S X 
i=l i=l 

(3) 

being M the number of connections already setup 
and K a factor related to the imposed QOS 
criteria. 

The choice of appropriate values for K and X is 
very important as this might influence (i) the 
function capability to guarantee the imposed 
QOS requirements for the accepted connections 
and (ii) the achievable multiplexing gain on 
a ATM link. 

For bandwidth resource dimensioning purposes, 
cell delay and delay jitter (caused at network 
queues) are considered to be less critical than 
Cell Loss Ratio (CLR) [9]. Therefore, CLR will 
be used as the QOS criterion. 

It is generally accepted that queues in the ATM 
networks do not contribute substantially to the 
achievable multiplexing gain. This is justified 
by the observation that the network queues are 
too short to buffer long bursts of cells 
belonging to the multiplexed connections [12]. 
This is confirmed independently by [13] and 
many others cited therein. 

Bearing this in mind, X representing a kind of 
permissible compound load state, can be defined 
as the Maximum Bit rate Capacity (MBC) of the 
ATM link (e.g. 150 or 600 Mbitjs) multiplied by 
an engineerable average link load L. For a 
discrete time single server FIFO queue, this 
load L depends on the CLR, the queue size and 
the considered type and mix of sources offered 
to this queueing system. So, 

X = MBC . L (4) 
The choice of L will also largely determine the 
achievable multiplexing gain on the ATM link. 

The value K largely depends on the shape of the 
compound load state distributions and on the 
imposed CLR requirement. When a sufficient 
number of connections with identical load state 
distributions are multiplexed together, the 
resulting distribution of superimposed traffic 
streams will approach a normal distribution. In 
this case, K is related to the probability 1r 

that a compound load state exceeds X. Table 1 
shows some values of this quantile as a 
function of 1r. 

TABLE 1.- 1r quantiles for Normal Distribution 

K 4.75 5.20 5.61 6.00 6.39 6.71 7.03 

1r 10-6 10-7 10-8 10-9 10-,10 10-11 10-12 

The assumption of a Normal distribution might 
not be always valid. Therefore, other types of 
distributions can be suggested such as the 
Gamma distribution or the Chi-square distribu
tion. Accordingly K values different from Table 
1 have to be considered. 

Another solution might consist of enveloping 
the connection load state distributions by e.g. 
a Gaussian. For variable bitrate video codecs, 
this seems to be a reasonable approach [10]. 

From the above considerations, it follows that 
the suggested ACF requires that the load state 
parameter values of each connection are defined 
on the same 6t and 6T basis. Moreover, it is 
also mandatory to classify the services carried 
by the ATM connections into a distinct number 
(Z) of service classes, each one using a 
different K value in algorithm (3). In doing 
so, it is implicitly assumed that no 
multiplexing gain is allowed between 
connections carrying services that belong to 
different classes. Consequently, the derivation 
of the call blocking probabilities can be 
achieved on a per service class basis. 

2.2. The Multi-Variable-Slot formula 

This section describes a method to evaluate the 
blocking probability for connections carrying 
services belonging to a single service class. 

Since in our approach, (i) the buffers are 
neglected and (ii) all connections are 
characterized by load state parameters defined 
over specified time frame lengths 6t and 6T, 
the cell multiplexing process on an ATM link 
can be approximately represented as a G-server 
loss system with exponentially distributed 
interarrival and service times in which the 
connections~ characterized. by mi and vi' 
are compet~ng for the ATM l~nk resources (e.g. 
only G ATM cell positions or slots are 
available on the link in each time frame t). 
Connections with vi" 0 are referred to as 
Multi-Variable-Slot (MVS) connections. 

Analytic solutions derived from state equations 
are available in the literature for Multi-Slot 
connections, characterized only by mi [1,4,5,8 
and others cited therein]. These formulae are 
in these papers referred to as the Multi-Slot 
(MS) or the Generalized Multi-dimensional 
Erlang Loss (GMEL) formula and, are nowadays 
often applied to assess the call blocking 
probabilities in ATM networks [11,13]. 

However, when MVS connections are considered, 
the existing MS formula has to be extended to 
incorporate the effect of the second charac
terization parameter of each connection, namely 
Vi. This can be done in the following way: 

If Aj represents the offered traffic by 
connection j (Aj equals to the product of the 
average arrival rate rj and holding time h j ) 



then, the call blocking probability Bk of each 
connection k, demanding a mean bit rate mk with 
variance vk ' can be calculated by means of the 
state probabilities P(i1 , i 2 , ••• ,in ) expressing 
the probability to find i1 connections with m1 
and v 1 ' i2 connections with m2 and v2 and 
so on, all simultaneously active on the link. 
These state probabilities are given by: 

i1 i2 in 
(A1/i11) " (A2/i21) ••• (An/inl) 

so that Bk =~ . . "" L P(il' ••• ,in) 
condition 1 

(8) 

n represents the number of connections with 
different load state distribution parameter 
values. 

The total call blocking probability (CB) for 
all connections belonging to the considered 
service class is then defined as 

n n 

CB = L (rk"Bk ) /L r k (9) 
k=l k=l 

r k : average arrival rate of connection k. 

The conditions 1 and 2 define the allowed 
combination of indices, bounding the summations 
and satisfying the ACF algorithm (3). These 
c- nditions are completely different from the 
ones considered in the MS formula since they 
are now a function of X, K, mi and vi. 

Condition states that summations should be 
taken over all indices i 1 , ••• ,in , starting from 
zero and bounded by the following constraint: 

m ( i l' ••• , in) + K" V v ( i l' ••• , in) S X 
(10) 

m(i1 ,···,in ) + mk + K"\jV(i1 ,···,in ) + vk > X 

Condition 2 determines j1 to jn allowable 
values, satisfying the relation: 

m(j1,···,jn) + K"VV(jl'oo·,jn) S X (11) 

where, 
m(x1 ,···,xn ) m1 "x1 + m2 "x2 + ••• + mn"Xn (12) 

and 
V(X1 '···,Xn ) V1 "X1 + m3"x3 + ••• + Vn"Xn (13) 

This MVS formula was embedded in a PC computer 
tool, written in Turbo Pascal and its results 
have been compared with simulation results. A 
good agreement was found (see Table 2). Several 
connections with the same mean arrival rate and 
mean holding time are multiplexed on a 150 
Mbit/s link. They carry three distinct services 
belonging to a single service class. The K 
value for this service class has been chosen · as 
5.6 while the X value in equation (3) amounts 
120 Mbit/s. The connections carrying the three 
services are characterized as follows: 
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mi V5 Con. type 1: 1 Mbit/s 
Con. type 2: 2 Mbit/s 1 Mbit/s 
Con. type 3: 5 Mbit/s 4 Mbit/s 

TABLE 2.- MVS Formula and Simulation Comparison 

Connection Offered 
type Bi(theor) Bi(simul) Link Load 

1 1.09E-1 1.09E-1 

~ 2 2.32E-1 2.31E-1 0.8 Erl. 
3 6.87E-1 6.87E-1 

1 3.39E-2 3.34E-2 

~ 2 7.39E-2 7.33E-2 0.4 Erl. 
3 2.95E-1 2.94E-1 

3. ACCESS NODE DIMENSIONING IN ATM NETWORKS 

This section presents a method to dimension the 
number of broadband users that could be 
concentrated on an ATM link. This concentration 
takes place, usually, in nodes of the Broadband 
Access Network. The method uses the MVS formula 
described in previous section. 

Due to the heterogeneous traffic offered by the 
B-ISDN users, several user categories, defined 
by an appropriate teleservice call mix and by 
the characterization parameters mi and viper 
teleservice, have first to be selected. 

To establish these user categories, significant 
broadband teleservices considered in [14] are 
grouped in three ' different service types. Each 
one grouping teleservices with equal or similar 
traffic characteristics. As an example, 

Service type 1: Telephony and telefax. 
Service type 2: Videophony, Motion Videotex, 

Color Fax and Data Transfer. 
Service type 3: Video Retrieval. 

If mixes of already defined user categories 
must be concentrated, a new category would be 
established as a weighted combination of those 
in the mix. After that, the MVS formula would 
be used to obtain the call congestion. 

To show an application case, wi.th a certain 
grade of generalization, Table 3 shows a user 
category characterized by three service types 
with a service call mix of 40%/30%/30% expres
sed as a percentage of the total number F of 
Busy Hour Call Attempts (BHCA) per user. 

TABLE 3.- Description of an user category 

Service Mean Std. H.T. 
Type Bit Rate Dev. BHCA (sec. ) 

1 ml (Mbit/s) °1 0.40 F hl 
2 m2 °2 0.30 F h2 
3 m3 °3 0.30 F h3 
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Factor F in Table 3 depends on users number at 
considered category and, on the BHCAs per user. 
Consequently, the total traffic ~ (in Mbit/s) 
offered to a concentrator link from all the 
users will be: 

a - F . [O.4·h1 ·m1 + 0 . 3 · h2 ·m2 + 0.3·h3 ·m3 ) 

The admissible average link load to guarantee a 
given call blocking probability is given from 
the MVS formula. This load is then used to 
derive the factor F and so, to obtain the 
number of users to be concentrated on the link. 

A set of user categories (see Table 4) were 
defined, and so, for different average link 
loads, the call blocking probabilities were 
obtained. Results are displayed in a set of 
d i mensioning curves (Fig. 1). The curves 
correspond to 150 and 600 Mbit/s concentration 
links and for K=S.6 and L=O.S in expressions 
(4),(10) and (11). They depict total Call 
Blocking Probability (CB) as a function of the 
average link load created when N users of the 
considered category are concentrated on an ATM 
access link. 
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0.018 Il~ER 
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0.0 16 SERVICE B: 70%/25%/ 5% 
~ MIX 
~ 
:J 

0 .0 14 iD « 
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0 0.01 2 a: 
c.. 
Cl 

0.010 z 
~ 
u 
0 0.008 CD 
....I 
....I 

0 .006 « u 

0 .004 

0.002 

0 .0 
10 12 14 16 18 20 22 24 26 28 30 

0.018 LINK CAPACITY = 600 Mbitls 

0.016 
USER 

A: 40%/30%/30%1 

SERVICE B: 70%/25%/5% 
~ 0.014 MIX C: 50%/ 50%10% ~ 
:J 0 : 70%/30%10% iD 0.01 2 · « 
CD 
0 a: 0.010 c.. 
Cl 
Z 
~ 0.008 · u g 
CD 0.006 · 
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FIGURE 1. - Total Call Blocking Probability 
as a function of the admissible average link 
load and the te1eservice call mix. 

3.1. Dimensioning Rule 

A guideline for dimensioning ATM concentrators 
(e.g. Access Nodes) is given here. The steps 
listed below are oriented to obtain the number 

·of B-ISDN users, of a certain category, that 
can be concentrated on an ATM link. 

1) Choose the closest user category to the user 
type under study; this user category being 
one of those established to build the 
dimensioning curves (Table 4). 

2) For this user category and for the given 
maximum bandwidth capacity (MBC), one 
dimensioning curve is chosen (see Fi g.1). 

3) Derive from this curve, the admissible 
average link load (abscise axis: "a" Mbit/s) 
for a CB less than or equal to the 
specified one. 

4) Calculate the average load "b" generated per 
user: b = ~ r i . hi . mi 

i 
being ri' hi and mi , the call rate,. holding 
time and mean bit rate of each serv~ce type 
i, respectively. 

5) Finally, derive from "a" and "b" the number 
of users N that can be concentrated on the 
link: N = a/b 

3.2. Application case 

Among the several application studies performed 
for different configurations of the Broadband 
Access Network, one of them was selected to 
show the practicality of the dimensioning rule 
and, the impact of high bit rate services on 
the allowed number of users connected to an 
access node. 

The selected user categories and their 
corresponding traffic characterization used in 
this application case are shown in Table 4. 

TABLE 4.- Considered User Categories 

User Serv- Mean Stand. 
Cate- ice Bit Rate Dev. H.T. 
gory Type (mi Mbps) (oi) BHCA (Sec) 

1 0.064 - 0.40 · F SO 
A 2 2 2.9 0.30 · F 70 

3 10 4.3 0.30·F lS00 

1 0.064 - 0.70·F SO 
B 2 2 2.9 0.2S·F 70 

3 10 4.3 O.OS·F 1800 

1 0.064 - 0.50 ' F 80 
C 2 2 2.9 0.50·F 70 

1 0.064 - 0.70'F 80 
D 2 2 2.9 0.30 · F 70 

Dimensioning curves corresponding to these user 
categories are those contained in Figure 1. 

For a, 
- Specified call congestion S 0.001 



Maximum link bandwidth capacity = 150 or 
600 Mbit/s, and 

- User reference load description: 
Service Mean Std. H.T. 

~ Bit Rate Dev. BHCA ~ 
1 64 kbit/s 2.2 100 
2 2 Mbit/s 2.8 0.8 90 
3 10 Mbit/s 4.1 0.2 1800 

the described rule was applied as follows: 

1) the closest user category, among those in 
the Table 4, is category B, 
2,3) the average admissible link load obtained 
from Fig. 1 (a) is: 

for alSO Mbit/s link: a = 12 Mbit/s, 
for a 600 Mbit/s link: a 212 Mbit/s, 

4) the average load per user is calculated from 
its reference load: b=1.044 Mbit/s, 
5) the number of users that can be con
centrated is: 

n 12/1. 044 
n = 212/1.044 

12 users for 150 Mbit/s 
203 users for 600 Mbit/s 

To check the impact of a service 
high bit rate, service type 3 (m 
and 0 = 4 • 1 ) was removed. Then, 
user category was D, and so: 

type with a 
= 10 Mbit/s 
the closest 

b = 0.044 Mbit/s and, 
- for 150 Mbit/s link: 

a 22 Mbit/s 
- for 600 Mbit/s link: 

a = 232 Mbit/s 
n = 500 users n = 5270 users 

As shown, the higher mi and Vi value 
connections have a significant effect on the 
bandwidth resource dimensioning, as well as on 
the concentration ratio of the access nodes. 

3.3. Gain on a ATM link 

In order to compare the two moment allocation 
scheme with a peak allocation scheme, the 
following user category was used: 

Service Mean Std. H.T. 
~ Bit Rate Dev. BHCA ~ 

1 64 kbit/s 2.2 100 
2 2 Mbit/s 0 0.8 90 

To quantify that comparison the following gains 
were evaluated: 
Dimensioning gain (DG) defined as the ratio of 
the number of users that could be concentrated 
on a ATM link when using the two moments 
approach, to the number of users that could be 
concentrated when using peak allocation. 
Statistical gain (SG) defined as the ratio of 
the admissible number of active users using the 
two moments approach, to the admissible number 
of active users using peak allocation. 

In the first case (DG), the number of users to 
be concentrated was obtained by means of the 
MVS formula and so the traffic per user and the 
specified call blocking probability are 
considered. To fit the peak allocation scheme 
to the MVS formula the mean bit rate is taken 
as the peak of the variable bit rate (VBR) 
source (service type 2) and 0 as zero. 
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In the second case (SG), using the two moments 
approach equations (3) and (4), the admissible 
number of active users (Nt ) can be extracted 
out of: 

2.064 ° Nt + 5.6 ° 0 0 ~s 0.8 ° 150 

For peak allocation scheme the admissible 
active users are given by Np= 150 / (0.064+pk), 
being pk the peak bit rate of service type 2. 
So, the statistical gain will be: SG = Nt/Np ' 

Evolution of both gains for different 0 and pk 
values is illustrated in Figure 2. On a first 
look, it can be seen how dimensioning and 
statistical gains increase as the peak bit rate 
value of the VBR source increases. This would 
indicate a more efficient use of the bandwidth 
resources for the two moments allocation 
scheme. However, for higher standard deviation 
VBR sources (i.e. curves for 0=6) there is no 
such a significant profit. In this case, gain 
values are close to one; therefore, both 
schemes get to similar results. 

Moreover, when we consider a certain lineal 
relationship between 0 and pk of the VBR source 
(i.e., pk = m + Koo), and for an established 
value of K factor, the couple of values 0 and 
pk, accomplishing the lineal relation, produce 
similar gain values. However, dimensioning and 
statistical gains increase with K. Next table 
shows a numerical example corresponding to the 
defined user category: 

Dimen. Gain State Gain 
K 2 1.1 1.0 
K 4 2.0 to 3.0 (* ) 1.8 
K 6 3.0 to 6.0 (* ) 2.5 

(*) These values are only approximations. It is 
due to the low number of users they correspond 
to. In these cases the Erlang model hypothesis 
(in which the MVS formula is based) are not 
exactly accomplished. 
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FIGURE 2.- Dimensioning Gain and 
Statistical Gain 

4. CONCLUSIONS 

21 .0 

An admission control algorithm, generally 
applicable to a wide range of broadband 
services and its associated call congestion 
formula, have been presented to allow the 
dimensioning of broadband access nodes. 

The call congestion formula, called MVS 
formula, outcomes from the generalized Erlang 
loss formula which has been extended to cover 
the impact of variable bit rate traffic sources 
and the proposed admission control function. 

By means of a suitable teleservices grouping in 
two or three relevant service types (in an user 
category), characterized by the load state 
parameters mi and vi' dimensioning curves 
expressing the relation between the total call 
congestion probability and the admissible 
average load on ATM links were obtained 
applying this MVS formula. 

Some practical and easy dimensioning rules, for 
engineering purposes, were proposed to 
calculate the allowed number of users, 
belonging to a certain user category, to be 
connected to broadband access nodes. 

An example, mixing VBR sources, was worked out 
to demonstrate the practicality of the proposed 
dimensioning method and to show the decisive 
impact of high bit rate connections on the 
concentration ratio in a broadband access 
network. Besides, the example was extended to 
show how the MVS formula can be used to measure 
the dimensioning gain when using the two 
moments allocation scheme instead of the peak 
allocation. Moreover, dimensioning and 
statistical gains as a function of different 
variable bit rate characteristics have been 
compared to each other. 

In view of the traffic uncertainty that exists 
in B-ISDN, the main conclusion is that access 
node architectures should be made as flexible 
as possible regarding to concentration ratio 

and control processing power. The presented 
dimensioning methodology in conjunction with a 
reliable forecast of new teleservices are the 
main tools supporting the traffic engineer in 
the design and optimization of the B-ISDN 
access networks. 
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