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The telecommunications world is presently characterized by 
intense activities aimed at the development and deployment 
of new systems, networks and services for which cost-ef
fectiveness is a fundamental requirement. This paper exam
ines the importance of contributions coming from traffic 
experts on these activities in order to really attain the 
required cost-effectiveness. 

1.- DESIGN OF NEW SYSTEMS 

The manufacturing companies are presently carrying out intense 
activities aimed at the development of new systems (id· est new 
generations of equipment) for all telecommunications fields: in
formation transport, routing, communication processing ,. informa
tion storage and processing, supervision, operation, maintenance. 
Each system (terminal, transmission, switching equipment and so 
on) has its own life cycle, in which different pha~es can be rec
ognized: design, development, production, deployment, operation, 
improvements, and finally replacement. 

The economic validity of a system is realized if throughout its 
life cycle the system reaches the objective of satisfying the 
needs of potential customers through an optimal balance between 
costs and performance. The expected result is that the system can 
enter and remain on the market, thus ensuring a return on invest
ments for the mariufacturing company with reasonable margins of 
profit. 

The area of competence of the traffic expert concerns the equip
ment whose functional performances depend on traffic. It is enough 
to consider a switching node or a signal transfer point or a ser
vice control point for recognizing that the most important and 
complex network functions are subject to this dependance. 

The traffic expert (in the area of his competence) may make his 
contribution with reference to the entire life cycle of a system. 
His usefulness shows itself chiefly: 

- during the design and development phase, in the definition of 
the basic assumptions, in the analysis of alternative solutions 
and in the identification of critical areas; 

- during the production and deployment phase, in the system char
acterization; 

- during the operation phase, in the verification of its function
ality. 

6.2iiA.2.1 



ITe 12 Torino, June 1988 

In effect, the achievement of adequate functional performances may 
be considered as the objective framing the role and the importance 
of the teletraffic expert. The performances of a system are a 
fundamental element in the def ini tion i tsel f of the cost-effec
tiveness of that system. A system cannot be successful :· on the 
market if its performance aspects have not been fully considered 
when'defining the design objectives, when evaluating the design 
alternatives and when characterizing the system with reference to 
the different utilization possibilities in the field. 

The term "traffic" brings to mind primarily the activity of dimen
sioning the system resources. But in the present systems the ob
jective of dimensioning cannot be simply expressed in terms of 
internal congestion probability. A more valid term is that of 
system 11 functional performance" under the action of the traffic. 
Besides the congestion probability, this term may also include for 
example the throughput, the group delay probability or the resis
tance to overloads. Therefore, the study aimed at reaching the 
performance objectives may imply among other things to execute 
load analyses concerning processors and messaging among processors 
or to single out and evaluate the most convenient architecture and 
procedures. It is evident on one hand the competence of the traf
f ic expert in this matter, and on the other hand the need for 
various other concomitant competences, besides that of the traffic 
expert. 

As a consequence the role of the traffic expert is essentially 
that of participating, in the area of his competence~ in the per
formance design of each system, in the performance analysis of the 
design alternatives, in the performance characterization and veri
fication of the product. The first activity has without doubt the 
most strategic relevance. In particular it is important that the 
traffic expert participate with full responsibility in the pro
jects from their initial phases, and not be only charged to verify 
the performance of products already in the development phase. The 
importance of this is particularly clear in the present evolution
ary phase of progressive shortening of the life cycle of the prod
ucts (Ref. 1). Reciprocally, in order to usefully participate in a 
project, the traffic expert should be able to formulate, even in 
presence of not fully defined situations, prompt and sufficiently 
reliable performance evaluations. It is a matter of an advanced 
culture, in which the performance verification on the field may 
also be regarded as a means for refining the expert's abilities in 
evaluating and forecasting, and not only as a means for verifying 
the validity of a ·product. 

As an example of a case where the traffic expert has had the pos
sibility of substantially contributing to the cost-effectiveness 
of a system, it is possible to consider a development activity 
concerning call set-up procedures in a modular system (Ref. 2). In 
this activity the traffic expert participated for example in the 
system choice concerning the hunting procedures in search of the 
exchange modules where, in a certain moment, there are idle cir
cui ts in the requested direction. There was the al ternati ve be
tween a sequential enquiry/response procedure between the origi
nating module and a possible destination module, and a broadcast 
enquiry procedure towards all the possible destination modules at 
the same time. The competence of the traffic expert allowed him to 
single out the first solution as the most convenient, both for the 
lower number of messages needed (and therefore a lower signalling 
and processing load) and for the lower delay in the call set-up 
procedure, partlcularly in overload conditions. 
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2.- DESIGN OF NEW NETWORKS 

By introducing new systems, a large part of . the operating bodies 
are at present rapidly renewing their networks. For a network, in 
general there is not a life cycle to be examined but a continuous 
proc~ss, along which it remains still possible - and essential -
to verify the economical validity of each project. This validity 
is realized if the network reaches the objective of satisfying the 
needs of potential customers through an optimal balance between 
the network costs and the performances of the services that can be 
provided. The expected result is that the services can enter and 
remain on the market, thus ensuring a return of investments ~or 
the operating body, with reasonable margins of profit. 

It- can be said that this is the traditional area where the activi
ty of the traffic expert was born, researching from the beginning 
the economical validity in dimensioning the network by means of an 
optimal balance between the costs for the acquisition of resources 
and the consequent benefits in service quality. 

Even without yet entering the subject of new services, it appears 
evident that the action of dimensioning a network implies by it
self a lot of skills and activities. The mostly operational acti
vity is essentially that of characterizing the traffic to be serv
ed, of forecasting its volume in the reference period, of defining 
the network quality objectives with reference to traffic, and 
finally of using the dimensioning tools for obtaining the request
ed quality in presence of the forecasted traffic volumes. 

Prior to these activities it is also necessary that other prelimi
nary activities have been carried out, for example the very impor
tant one of preparing the tools (algorithms, simulation models and 
so on) to be used in the dimensioning activity. Another series of 
preliminary activities of fundamental importance is that of plan
ning and designing the network. Among these activities is included 
for example that of defining the categories of the network nodes 
with reference to the different functional resources to be allo
cated, and afterwards that of defining, in the specific network 
under examination, the centers of the different categories. And 
even before, it is necessary to define the architectural elements 
of the network with reference to systems, protocols, assignment 
and routing rules, control and management methods. In this defini
tion, particular activities are referred to particular networks 
(for example packet networks) and to the relevant themes (for 
example flow control). 

It can be well observed that some of these preliminary activities, 
that can be considered on a higher level with respect to the very 
dimensioning, are presently broadening their significance, espe
cially after the introduction of dig i tal switching systems, of 
distributed control systems, of advanced management centers. In 
effect, several constraints tend to disappear: for example the 
distinctions among switching exchanges (terminal, tandem, transit, 
local or toll exchanges, central offices for mobile radio or for 
this or that service). The trend is towards unisystems, in which 
for a certain node, certain modular system elements are inserted 
or not, depending on the applications required. This implies a 
notably broader and more dynamic flexibility in allocating the 
resources and, as a consequence, the convenience of a wider net-
work design activity. other flexibility points arise in the area 
of routing (where constraints of level hierarchy are falling) and 
in the area of network management. 
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All the just mentioned high-level activities are fundamental for 
the validity of the networks under both points of view of costs 
and of quality performance, the latter not only with reference to 
conditions of normal operation but also to conditions in presence 
of overloads and/or of failures. The contribution of the -traffic 
expert in these activities is always valuable and, in several 
cases, indispensable. 

An example of a case where the traffic expert has had the possi
bility of making a contribution of great importance under the 
aspects of economy ' and of performance, is a study for a new struc
ture of the Italian national network (Ref. 3). The present struc
ture is characterized by several thousand switching areas in the 
national ' territory, by a hierarchy of the ·nodes based on five 
levels and by a hierarchical routing plan. The study showed that, 
with the present systems, the most economically convenient number 
of switching areas within the national territory is about 500. As 
far as the levels are concerned, it resulted that their most con
venient number is reduced tothree,with routing rules not strictly 
hierarchical but organized al~6 ih view of a higher service avail
ability in presence of unforeseen failures or overloads. 

It seems important to remember once again that also under the 
marketing aspect not only is cost important, but also performance. 
E.g. it is likely that several projects for the conversion from a 
fixed-routing hierarchical network architecture to a time-variable 
routing non-hierarchical architecture would be discarded if exam
ined under the aspect of costs only; indeed, in several cases such 
projects would result in little savings because of the already 
high trunk efficiency of the previous architectures. But the con
clusions may be quite different when performance is also consid
ered, particularly in presence of failures or overloads. Conse
quently, because of the aptitude of the traffic expert for the 
performance analysis and design, his contribution is particularly 
valuable in high-level planning and design activities. 

3.- DESIGN OF NEW SERVICES 

An extremely wide range of new services is presently made conceiv
able by the evolution of systems and networks under the push of 
the technological progress. 

The 64 kbit/s ISDN, together with common channel signalling, with 
integration between circuit and packet switching and with the 
possibility of user-to-user signalling, already offers large open
ings towards new service possibilities and towards the use of mul
ti-service terminals. Moreover, further and even wider possibili
ties are opening in connection with other progresses of technolog
ical origin: the introduction of optical fibers in the distribu
tion network; the possibility of conveniently switching broad-band 
signals; the possibility of carrying variable-band signals in the 
network; the possibility of accessing powerful data bases for 
real-time functions; the availability of mobile media of rapidly 
decreasing costs, and so on. 

In the design of new services the economical validity can go back 
again to the considerations already made concerning new network 
projects. Two categories of evaluations can be singled out here. 
The first category concerns new network resources that are common 
to a class of services. To this cathegory belong for example the 
evaluations on optical fibers in the distribution network, as the 
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indispensable means for providing any broad-band service. The 
second category concerns network resources that are specific for a 
certain service. In the first case the evaluation of costs and 
benefits will be referred to a set of services; in the second 
casei marginal costs and benefits will be referred to the addition 
of a' ,single service. 

However, in both cases it is very important to take into account 
the environment of extreme uncertainty in which every evaluation 
is framed. Engineering methods exist, for rationalizing problems 
of this kind, and in particular for allowing and weighing fore
casts made in conditions of uncertainty as to behaviour of the 
potential customer. Also for this activity, it has to be particu
larly . stressed the contribution that the traffic expert can give 
in recognizing categories of services with different performance 
needs and/or with traffic types differently influencing the per
formances of systems and networks. As a consequence the traffic 
expert can be called on, not only to forecast quantity of users 
and volumes of traffic, but chiefly to recognize the relevant 
parameters for characterizing different categories of services. 

An example in this sense may be a research of "reasoned" standard
ization of the teletraffic model, developing the basic concepts of 
the CCITT Recommendations of the series E.700 in view of the de
sign of an ISDN network (Ref. 4). Another topical example may be 
the research activity carried out within RACE (Research on Ad
vanced Communication in Europe) on the services that can be car
ried by a broad-band ISDN (B-ISDN). 

In both cases the characterization of traffic offered by single 
services leads to the identification of parameters that are par
ticularly important for characterizing service categories. These 
parameters do not concern the morphology of the signals only but 
also for example the foreseen encoding rules. It is evident for 
example that between voice with suppression of the silences and 
variable-band video, the distinction doesn't concern the frequency 
band only but also the burstiness: in the first case the bit rate 
may be only zero or 64 kbi t/s, while in the second case it may· 
vary in a continuous way in the range between about 0.1 and 10 
Mbi t/s. Moreover, another important element of distinction con
cerns the service needs. In this area it has been proven that, 
while certain service categories have stringent requirements 
concerning certain parameters (for example the signal delay for 
the voice services) other categories also have stringent require
ments but concerning different parameters (for example the block 
integrity for data) . 

It is therefore evident how a characterization of categories ori
ented in this way is fundamental for understanding what systems 
are suited for what services, and in what way these systems have 
to be designed in order to satisfy their needs, even in an envi
ronment of uncertainty. 

4.- DESIGN OF SYSTEMS AND NETWORKS IN VIEW OF NEW SERVICES 

As already shown, in the field of the new services the work of the 
traffic expert should be not only oriented to the forecast of 
future services (which remains uncertain anyway) but on the con
trary it assumes a particular relevance in participating in the 
design activity from the initial phase of formulation of the basic 
assumptions. But also in several other phases the teletraff ic 
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competence is of notable importance, and this is mainly motivated 
by the environment of uncertainty concerning the new services. 

In formulating the proj ect of a system or of' a network in condi
tions of uncertainty, the first caution to be taken is that the 
system or the network shall have a robust design making it effec
tive,~ if not in all cases, at least in the majority. This means 
chiefly that the system or the network shall have an intrinsically 
flexible design; and here, once again, the prospects of a conve
nient use of the traffic competences are particularly valid in the 
area of the performance evaluation of design alternatives. 

As examples it is possible to consider two system technologies 
that .appear very attractive today because of , their flexibility: 
the so called Asynchronous Transfer Mode (ATM) and the Intelligent 
Network (IN). 

The ATM technology is attractive because of its flexibility con
cerning information transfer. There is no signal that in principle 
cannot be allocated; in the system there is no transport area 
dedicated in principle to the traffic of a certain service. It is 
sufficient to maintain a generic spare capacity in the network, 
for compensating possible errors in defect of forecasts on the 
total traffic of all the services. Forecast errors in excess or in 
defect of the traffic of a single service have the only effect of 
influencing the spare capacity, making it larger or smaller. How
ever, considerable problems arise in the critical conditions of an 
insufficient spare capacity, both because the performances lower 
themselves in different ways for traffic flows of different char
acteristics and because of the different performance needs of the 
different services. The performance aspects concern mainly the 
throughput and the effects of losing packets or of delaying their 
delivery. It is evident what contribution may be given by compe
tent traffic experts during the design. It appears particularly 
important both in the performance evaluation under the numerous 
aspects that may appear under varying conditions for different 
services and in suggesting and evaluating adequate countermeasures 
concerning for example the pre-assignment of a band or the deter
mination of priorities. 

On its side, the technology of the intelligent network is attrac
tive because of its flexibility concerning communication process
ing. The presence of proper data bases in a network and the possi
bility of subordinating the call handling in the exchanges to 
indications contained in these data bases permit differentiated 
call handling on the "call by call" basis. This also makes possi
ble the introduction of a wide range of new services. The inherent 
flexibility of the system also allows the project team to place 
the functional blocks making up the services in different loca
tions, more or less centralized according to the degree of inter
est showed by the users. Moreover, there is evidence of the possi
bility of using network intelligence of this kind for providing 
new services not only for the users but also for the network oper
ating body. For example network intelligence permits to protect 
control processors from traffic peaks; in general it permits mea
sures for a differentiated traffic routing, both in normal condi
tions (multi-hour routing) and in emergency conditions (dynamic 
call management). Obviously all these areas particularly require 
the contribution of the traffic experts. 
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5.- CONCLUSIVE CONSIDERATIONS 

Different application fields and activities have been examined, 
conc~rning the design of new telecommunications systems, networks 
and ·$ervices. Particular attention has been given to the aspects 
of cost-effectiveness of the projects and to the areas where the 
contribution of traffic experts is useful for assuring the validi
ty of the projects themselves. In conclusion of the examination it 
can be stated that the use of the traffic competences is not ex
hausted in the activities (although important) of dimensioning. 
resources in already pre-fixed environments. Indeed, a strong and 
increasing convenience objectively exists for the presence of 
traffic··- competences in all the innovation activities that are 
increasingly characterizing the present world of telecommunica
tions: design of new systems, new networks and new services. 

The examination has clearly proven that the use of traffic compe
tences is important in all the phases of every project, from the 
initial phase of formulation of the basic assumptions to the de~ 
ployment of the products. It has also been pointed out that the 
activity required is different for several aspects with respect to 
a merely theoretical study. This is primarily motivated by the 
fact that a large part of the activity concerns performance analy
sis and design to be carried out in the immediate relationship 
with aspects of cost having precisely in view the marketing as
pects of the systems, networks and services .under design. Second~ 
ly, the environment of the activities is characterized on one hand 
by the lack of certainties on several elements that are at the 
basis of the judgement, and on the other hand by the need for 
prompt answers. An adequate ·culture is needed, based both on rich 
theoretical tools and on that practical experience that permits to 
eliminate what is not essential in order to reach a prompt and 
sufficiently approximated answer. 

A final consideration shall be made about the theoretical studies 
on traffic. It can be said that, under the aspect of the cost-ef
fectiveness, traffic studies become important for new developments 
and for their deployment, if - and only if - the studies are di
rectly or indirectly oriented to allow economically valid applica
tions. For example, it appears difficult to give application to a 
very detailed study on possible volumes and characteristics of 
future traffic flows, when their existence remains hypothetical. 
On the contrary, several theoretical studies prove to be extremely 
useful for practical effects. For example, adequate studies on the 
general traffic models, on the models of input processes, on the 
queuing theory or on simUlation methods are indispensable for pro
viding tools to be used in the design of cost-effective systems, 
networks and services. 
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