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This paper presents an integrated and comprehensive methodology for the techno
economic evaluation and comparison of alternative introduction and evolution strat
egies of Broadband Integrated (B-ISDN) networks . The application of the methodology 
is supported by a computer tool which allows to analyze the effects of selecting 
different technical and topological solutions to cope with a set of predefined broad
band demand requirements. The paper is illustrated with an application example, which 
shows the applicability of the method and the tool to the access network segment. 

1. OBJECTIVES 

Broadband networks incorporate new aspects in 
all facets of Network Planning. From the 
service definition [2),[3) to the design of the 
network, all steps of the planning process have 
to cope with the particularities of broadband 
environments. 

The methodology and the tool presented in this 
paper have a prime objective: To provide to the 
Broadband Network Planners an integrated view 
of the process of evolution of existing 
networks (telephone, data, N-ISDN) towards B
ISON, taking into account the arising issues 
specifically associated with these new 
networks. This represents an extension of the 
previous methodologies applied to existing 
technologies [4),[9). 

The definition of the services demand considers 
the statistical distribution of bit rates, and 
the problem of mixing different kinds of 
services like interactive with distributive in 
the same transport media. The modelling of 
systems takes into consideration the 
characteristics of new equipment such as 
Digital Cross-Connects, Add-Drop Multiplexers 
and ATM Switching Systems. The network model 
covers the access to other networks than B
ISON through the corresponding gateways, or the 
possibility to provide specific services on 
satellite links. 

An application example illustrates how the 
procedures shown in this paper are applicable 
to the design of access network topologies in 
an ATM environment. The effect of variations of 
demand and system data on the network solution 
is studied with the help of the tool and the 
results commented. 

This example, as any other that could have been 
selected show how both methodology and tool can 
help planners (system manufacturers, network 
operators, service providers) to find answers 
to important arising questions about the 
introduction of broadband systems i n existing 
networks. 

2 • METHODOLOGY 

The methodology presented here relies on an 
integrated model representing the main factors 
involved in the techno-economic evaluation of 
broadband network alternatives (3), [7). The 
model covers the following three aspects which 
are further discussed in the following 
paragraphs. 
a) Demand: Mixes of services offered to a 
broadband network by different types of 
subscribers, and flows of traffic both in the 
user-network interface and in the interfaces 
between network nodes. Service characterization 
incorporates the statistical distribution of 
bit rates, issue of a major importance in ATM 
networks. 
b) Network: Functional description of the 
network elements, to cope with the defined 
demand requirements, at all network segments 
(access, transit, interworking segments). 
c) Equipment: Description of broadband communi
cation systems, based on their technology, 
equipment modularities/ capacities, and func
tionality within the network. The cost model
ling of all equipment is estimated in order to 
get the total cost of a whole network solution. 

2.1. Demand Modelling 

The broadband services demand that the network 
has to support is modeled following three main 
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steps, examples of these parameters can be 
found in the application example. 
a) Services characterization: The services 
(teleservices/ applications) for which the 
network is to be designed are identified and 
can be classified on the basis of their 
quality/ bandwidth/connection requirements [8]. 
The most relevant parameters characterizing a 
group of services are the connection type, 
bandwidth requirements and burstiness type. 
b) Traffic Characterization: The demand 
requirements of broadband subscribers are 
estimated and classified according to the 
amount of resources they request to the 
network, what is represented by their traffic 
requirements [5]. Traffic demand per service 
class and subscriber is characterized by the 
call attempts rate in the busy hour (BHCA), 
mean holding time and, associated to them, the 
traffic volume is expressed in Erlangs and 
Erlangs weighted with the service mean bit rate 
(E*Mb/s) • 
c) Subscribers Characterization: The number and 
demand profile of different subscriber classes 
are estimated in the area under study. 
Subscribers are classified according to their 
traffic requirements in the User/Network 
Interface [7] grouping users with homogenous 
demand needs. 

2.2. Network Modelling 

Three main network segments are identified in 
the model used to represent the network, Access 
Network, Transit Network and Interworking 
Segment (connecting exchanges that belong to 
different networks. In broadband networks, this 
segment contains the connections through 
gateways to existing telephone or data 
networks, and to N-ISDN). 

For each 
segments, 
decomposed 

of the above described 
the model considers the 

into basic functional 

network 
network 
network 

elements. At the simplest level, these can be 
seen as nodes and links, but the most 
interesting one, represents the node with four 
modules comprising inputs, outputs, connection 
(switching) and common equipment. These 
functional entities are further mapped onto the 
equipment physically implementing the functions 
associated to each network element [9]. 

Figure 2.2.1 represents the basic functional 
network elements considered by the model, 
grouped by network segment (except interworking 
elements). The figure shows the different paths 
followed by interactive and distributive 
traffic flows, which , are supposed to be 
integrated only in the subscriber access link 
(between CPN and Traffic Combination node in 
the figure). In each exchange the switching is 
made on circuit basis for distributive services 
and either on call or on circuit basis for 
interactive services. 

ACCESS NETWORK TRANSIT NETWORK 

LOCAL 
EXCHANGE 

TRANSIT 
EXCHANGE 

I = Interactive D = Distributive C = Combiner 
Concentration 
Call Switch 

DIS. Distribution CONC 
CIRC = Circuit Switch CALL 

Figure 2.2.1 Sample Functional Network Model 

Possible equipment implementation of the 
functional network elements considered in the 
model are shown in table 2.2.1. 

NETWORK EQUIPMENT IMPLEMENTATION 
FUNCTION 

Access Link 2 Mb/s link on Copper Pair 
150 Mb/s link on Optical Fibre 

Transit Link 600 Mb/s link on Optical Fibre 
1.2 Gb/s link on Optical Fibre 

Traffic Optical Splitter/Combiner 
Combination Wavelength Division Mux. 

Distribution Distributor (Electronic,Opt.) 

Concentration Concentrator (Plesiochronous, 
/Multiplexing STM, ATM) 

Multiplexer (ATM ,STM) 
Add-Drop Multiplexer 

Call 150 Mb/s Switch (ATM, STM) 
Switching 600 Mb/s Switch (ATM, STM) 

Virtual Path Digital Cross-Connect 
switching (STM, ATM) 

Table 2.2.1 Mapping of Network Functions onto 
Equipment Types 

2.3. Equipment Modelling 

The techno-economic evaluation of a network 
solution designed for a given demand relies on 
the knowledge of the equipment able to 
implement the network in real cases. The 
equipment available in a specific time frame 
depends on the technology evolution. This is 
particularly relevant when making strategic 



planning studies of the evolution from existing 
networks towards B-ISDN [2]. The equipment 
characterization considered by the model has a 
twofold approach: 
a) Technical: Systems are described by their 
technology, the function (s) they are able to 
perform, and their capacities and modularities. 
b) Economic: Cost functions of the systems, 
based on their structures, capacities and 
modularities. 

Typically, system costs are composed of a fixed 
part plus a marginal cost per capacity unit up 
to the maximum capacity given by the equipment 
modularity. Table 2.3.1 illustrates the 
particularities of the cost functions of some 
equipment types. 

EQUIPMENT TYPE COST FUNCTION FEATURES 

Cables f (capacity, cable length) 

Transmission f (capacity, route length #) 
Systems # Affects the number of 

repeaters/regenerators 

Switching f (nb. of ports, call 
Systems processing and traffic 

switching capability) 

Table 2.3.1 Specific features of cost 
functions of some equipment types 

3. COMPUTER TOOL 

The methodology presented in the previous 
section is supported by the computer tool COBRA 
(COmparison of BRoadband network Alternatives). 
The tool performs the dimensioning and costing 
of different network alternatives. A brief 
overview of the structure and implementation 
aspects of the tool is contained in the 
following paragraphs. A maximum degree of 
flexibility has been incorporated to allow 
planners to evaluate different network 
solutions varying the input data, and to 
analyze the impact of these variations in the 
obtained results. The users demand, network 
topology and nodes functionality can easily be 
modified by the user of the tool in order to 
compare alternative network solutions. 

3.1. General Structure 

The tool ~s organ~zed ~nto modules that perform 
all functions necessary to obtain the solution. 
This separation of functions simplifies its 
ma~ntenance, allow~ng to update the modules 
affected by new issues in broadband network 
modelling. 
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First, in the dimensioning process, the 
equipment volume needs are calculated for all 
parts of the network: subscriber loop, access 
network, transit trunk groups and exchanges. 
Further to the dimensioning, the network 
solution is economically evaluated, as a 
function of the costs of the equipment volumes 
derived in the previous step. 

A complete flow diagram for the modules, inputs 
and outputs of the tool is presented in figure 
3.1.1. 

Equipment 
Cotolog 

Nework 
Costing 

Figure 3.1.1 Flow diagram of the computer tool 

3.2. Inputs/Outputs 

The input data of the tool comprise all infor
mation necessary to define the problem to be 
solved. This information can be divided into: 
* User and Services Demand: 
- Service characterization (bit rate 

characteristics, communication configuration) 
- User classification (groups of users with 

same telecommunication needs) 
- Service demand per user class (service 

penetration, Busy Hour Call Attempts (BHCA) 
and Holding Times) 

* Subscribers Population Distribution: 
- Population of broadband users in the studied 

area (by user class) 
* Network Functional Description 
- Access Network Topology (Connection of users , 

Number of stages) 
- Funct~onal~ty of the exchanges (Local, 

Transit, Long Distance) 
- Special functions in the network (Gateways to 

other networks, Service Prov~ders (SP) for 
retrieval services, TV Head Ends) 

* Routing Schemes: 
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- Logic links between exchanges 
- Traffic routing in the area (Fixed Routing) 
- Traffic affinities (for zones and gateways) 
* Equipment Catalog: 
- Technical description of systems (capacities, 

modularities) 
- Functionality of the systems 
- Costs functions 

Using these inputs a set of intermediate 
results are derived: 
* Traffic Profiles per User Class 
* Total Traffic Volumes per Zone 
* Traffic Matrixes between Zones, per Service 

Class 

These intermediate results combined with input 
data drive to the final dimensioning and 
costing of the network, whose results are 
contained in the following files: 
* Equipment Volumes per Network Segment 
* Network Costs 

3.3. Calculation Methods 

Five modules in the tool perform a series of 
calculations leading to the final results. 
Their basic contents are explained below. 
- User Traffic Calculation: The information of 
service characterization, user classification 
and user demand is handled to derive the 
traffic profiles per user class, comprising 
service grouping and traffic demand in Erlangs. 
- Traffic Volumes Calculation: From the traffic 
profiles and the subscribers population 
distribution in the area, the total traffic 
volumes per zone are obtained. 
- Traffic Distribution: The traffic in each 
zone is distributed between all zones according 
to the routing schemes and the network 
functional description given as input data. The 
allocation of functions to the nodes (transit 
traffic handling, gateways to other networks, 
etc.) has a great influence in the distribution 
of the traffic flows. The result is a traffic 
matrix per service between zones in the area. 
- Network Dimensioning: This module comprises a 
set of sub-modules that perform the 
dimensioning of the different network segments. 
The modules use most of the previous results 
and inputs, as well as an equipment catalog 
comprising their modularities and 
functionality. For each network segment, the 
needed equipment and all relevant parameters 
for costing purposes are derived. A special 
module was implemented to undertake the link 
dimensioning in the different interfaces of the 
network. This module is based on the methods 
described in [1], [6] and [10] and obtains the 
number of required links of a certain capacity 
for a given GOS (cell loss and call blocking). 
Network Costing: This module uses the results 
of the network dimensioning and the cost values 
included in the equipment catalog, and obtains 
the global cost of the selected network 
configuration and its cost breakdown. 

4. APPLICATION EXAMPLE 

The methodology and the tool presented in this 
paper can be applied to make studies at 
different network levels. One network segment 
or the whole network solution can be analyzed. 
For this paper, the Access Network segment has 
been selected to show some of the possibilities 
of the tool. 

4.1. Selection of Access Network Topologies in 
an ATM Environment 

This application presents some results for the 
comparison of different Access Network 
alternatives in a Metropolitan area. The study 
focuses on the Access Segment of a broadband 
Network defined by the following parameters: 

a) Services characterization: Table 4.1.1 
illustrates the selected characterization of 
services according to the relevant parameters. 
For each service class defined by services with 
same bandwidth requirements a remarkable 
example is shown. 

SERV. CON. BIT RATE EXAMPLE 
CLASS TYPE Peak 

1 I 64 
2 I 2 -
3 I 10 -
4 D 2 -
5 D 34 -

I: Interactive 
D: Distribution 

Mean 

64 
2 
2 
2 

10 

Kb/s Telephony 
Mb/s Colour Facsimile 
Mb/s Videotelephony 
Mb/s High Quality Sound 
Mb/s Std. Quality TV 

CBR:Continuous Bit Rate 
VBR:Variable Bit Rate 

Table 4.1.1 Selected Service Characterization 

b) Traffic characterization: A reference 
traffic demand (Dref) per user class given by 
table 4.1.2 has been selected for the study. 

SER- RESIDENTIAL BUSINESS 
VICE 
CLAS BHCA HT# E*Mbs BHCA HT# E*Mbs 

1 2.07 70 0.0026 52.2 60 0.056 
2 0.0 - 0 11.2 30 0.186 
3 1.01 900 0.505 7.7 500 2.138 
4 0.4 2700 0.6 0.5 3600 1 
5 0.5 3600 5 0.2 1800 1 

Table 4.1. 2 Reference traffic demand per 
subscriber class. (# In Seconds) 
c) Subscribers characterization: The studied 
area comprises two user classes: Residential 
and Business, and a population of 10000 
broadband subscribers with a distribution of 
7500 Residential and 2500 Business. 



d) Network Modelling: A reference configuration 
for the Access Network consisting of one 
concentration stage. It is assumed that the 
User-Network-Interface (UNI) is composed by 
four 150 Mb/s links, one for interactive 
services and three reserved for distribution 
services. Links are separated at a Combiner 
into independent interactive and distributive 
traffic flows. Links with interactive services 
are connected to concentrators and traffic is 
multiplexed over the output links. Distribution 
services are provided using Distributors, 
located together to the Concentrators, these 
Distributors receiving the TV and Hi-Fi 
channels from the Local Exchange and delivering 
them to the end users links. The following 
figure represents this model. 

o 

C:COl'1'tiler 

Figure 4.1.1 
Access Network 

TV 
DistrbJtor 

Local 
Exchange 

I : ht«active Services 
o : DistrbJtive Services 

Network Configuration for the 

Starting from the reference situation pre
viously described, the dimensioning of the 
Access Network is performed, comprising number 
and modularity of the concentrators and traffic 
requirements to the Local Exchange. Moreover, a 
sensitivity analysis is made to study the in
fluence of the different parameters involved in 
the problem on the Access Network Dimensioning. 

specifically, the variation of the number of 
150 Mb/s links and traffic requirements to the 
Local Exchange are studied in front of 
variations in the following parameters: 
- Number of inlets of the concentrators: Three 

different types of concentrators were 
selected, with 100, 250 and 500 inlets, each 
inlet available for one 150 Mb/s link from an 
end user. This allows to study the influence 
of different grades of concentration in the 
final solution. 

- Variations in the proportion of user classes 
maintaining the total number of 10000 sub
scribers. This study is useful since it cov
ers different possible areas, with either a 
small (rural or residential) or big (urban or 
metropolitan) proportion of business users. 
Variations in the demand. They were obtained 
multiplying the reference values of call 
attempts (BHCA) of each user class by 
constant factors. 
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4.2. Analysis of Results 

In the following figures, the most interesting 
results are presented. Figure 4.2.1 presents 
the variation of the number of links offered to 
the Local Exchange in front of the proportion 
of business users, for 100 inlets concentrators 
and variations in the users demand. 

x 1,9.-------~--------------------~ 

~t ___ 1,7 

~~ 1,5 
I- § 1,3 
~ ~ 1 1 o ' 
~~ 0,9 
0':::'--" 

~ 0,7 
0,5 
0,3 
0,1

0 

(1) Demand 
(3) Demand 

20 

0.5*Dref 
2*Dref 

40 60 80 100 
% BUSINESS USERS 

(2) Demand Dref 
(4) Demand 3*Dref 

Figure 4.2.1 Number of ports in the Local 
Exchange vs percentage of Business Users. 

It can be observed that the number of ports in 
the exchange grows slower than the increase in 
the demand. When the demand is doubled, the 
number of ports grows about a 60%. It is also 
interesting to notice that the increase of 
links in the exchange with the proportion of 
business users is more intense as the demand 
increases since the proportion of services with 
high bandwidth requirements and thus the volume 
of traffic increases as well. Another 
conclusion is that the concentration ratio that 
can be achieved is very high (4 output links 
for 100 inlet concentrator) which shows that 
statistical multiplexing in ATM can provide a 
very good gain. This high concentration will 
lead to exchanges with lower number of ports 
but with higher needs of processing capacities 
than in present situations. 

These effects show that both the demand and the 
proportion of business users are parameters 
that have a very high influence in the 
dimensioning of the access network. The 
conclusion is that in order to achieve 
confident results for the traffic requirements 
and planning aspects of the access network 
segment, the forecasting of subscribers and 
demand is a point of major importance. 

Figure 4.2.2 presents the variations of the 
number of ports in the exchange in front of the 
variation of the demand. "Demand" here is 
expressed as the total number of BHCAs in 
relationship to the reference demand, Dref. 
Results are presented for three concentrator 
modularities of 100, 250 and 500 inlets. 
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Figure 4.2.2 Number of ports in the Local 
Exchange vs variations in the demand (total nb. 
of BHCA) 

The demand (number of BHCAs) varies 
three times the reference demand, 

from 0 to 
Dref. 

The number of ports grows almost linearly with 
the increase of the demand, but with a ratio 
less than one as stated in the previous 
results. 
The effect of the reduction of the number of 
ports when the number of inlets of the 
concentrators increases is shown in the figure. 
As explained before, this is due to a greater 
concentration ratio as the number of 
multiplexed links grows. This concentration 
gain is anyway reduced as the demand increases 
since the concentration links load gets closer 
to the maximum value allowed. 

As far as the traffic requirements to the Local 
Exchange is concerned, table 4.2.1 summar izes 
the results for the reference demand and 
different user class mixes. The amount of call 
attempts (number of BHCAs) and the mean traffic 
volume (Mean Erlang*Mb/s) offered to the Local 
Exchange are presented. 

% BUSINESS USERS BHCA Mean E*Mb/S 

0 % 30800 5076 
25 % 200850 9760 
50 % 370900 14444 
75 % 540950 19128 

100 % 711000 23812 

Table 4.2.1 Traffic requirements to the Local 
Exchange for different mixes of users. 

We can observe again that the control 
requirements (given by the BHCAs) in the 
exchange depend strongly on the proportion of 
business users, corroborating the conclusions 
previously stated. 

5. CONCLUSIONS 

The method and the tool presented in this paper 
have been designed with the aim of being 
comprehensive and flexible to help systems 
manufacturers, network operators and service 
providers in evaluating introduction strategies 
of broadband services and systems in public 
communication networks. 
Innovative aspects of the method are a flexible 
way of incorporating new service demand as 
video services or high bit rate business com
munications; new equipment as Digital Cross
Connect or Satellites in the network; and to 
consider traffic interworking with other public 
or private networks. 

Different technological and topological solu
tions can be compared, allowing also to perform 
sensitivity analyses of the obtained results to 
variations of the most uncertain input data, as 
a support for successful system and network 
design in a technological environment charac
terized by the coexistence of a huge set of 
alternative options. 
Further steps of development and new 
applications of the tool are the addition of 
new network configurations, sensitivity studies 
to cost variations and application to other 
network segments. 
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