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The evolution of public communication networks and its effect on 
teletraffic are described. The introduction of ISDN presents traffic 
experts with a series of new problems, particularly with regard to 
appropriate traffic and network models. The further development of 
ISDN towards intelligent ISDN and broadband ISDN requires a great 
expansion in the scope of traffic theory studies. 

1. INTRODLCTION 

The public communication networks on which this paper concentrates are current-
1 y undergoing tanpestLDus developments in the countries of the European 
Community. These developments are determined by three factors: 

- new technologies, in the form of both basic and communication technologies, 
- an increasing-need for telecommunications of diverse types, 
- as well as increasing liberalization of the markets and intensified compe-

tition in the telecommunications industry. 

Teletraffic engineering is not unaffected by these developments: 

- new technologies for transmission and switching give rise to new theoretical 
questions relating to traffic engineering, 

- the need for new and diverse services leads to the QJestion of suitable 
traffic models for these services, 

- the establishment of new networks and the appearance of new network 
operators leads to the question of cost-effective network structures for the 
various applications. 

In this paper, an attempt will be made to derive questions to ask the traffic 
experts on the basis of network evolution and future trends. 

2. PREVIOUS DEVELlPM::NTS 

The networks for speech, text and data communications have reached a high 
performance standard worldwide Ill. Fig. 1 shows the development of terminals 
linked to networks around the world: 

- The telephone service continues to dominate the scene with its approximately 
710 million stations. The average growth rate has, however, dropped to about 
4% p.a., due to two facts: 

In the industrialized countries, saturation phenomena are becoming 
apparent because a high telephone density has already been reached. In 
the Federal Republic of Germany, for instance, there is one main station 
for almost every second inhabitant. 
The developing countries are suffering increasingly from financability 
problems, which hinder the growth of networks. 
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This contrasts with the growth of non-voice services., 'r'k1ich are increasing 
at a mean rate of 20% p.a. This is because business activities and decisions 
depend in increasing measure on rapid data and text caTIrrunications and also 
because of the increasing convergence of data processing and telecommunica
tions. Part of the data traffic is handled by the telephone network, but 
this suffers from a series of limitations with respect to transmission 
speed, bit error rate and call set-up time. Leased line data networks as 
well as packet and cicuit-switched data networks have therefore been set up 
to cope with higher demands. 
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Fig. 1: Growth of voice and nonvoice services, worldwide 

The traffic engineering principles have been worked out over a period of many 
years for the field of telephony, and these are sufficient for the cost
effective network dimensioning of telephone networks. In the case of cicuit
switched data networks, the same procedures can be used to a great extent, but 
the traffic behavior of the subscribers is both much more complex and more 
difficult to describe (e.g. dialog/batch communication, hook-ups for terminals/ 
hosts, different speed classes etc.). In packet switching networks, additional 
problems of traffic theory arise due to a different network technology, e.g. 
problems of of packet throughput and delay times. Not all these problems have 
yet been satisfactorily solved, so that dimensioning such networks is diffi
cult. 

The various networks for special applications set up in the past are increa
singly difficult to handle due to the growing number of services and network 
interworking problems. For this reason, a real need exists for a universal 
service-integrated network. 

3. THE 01 G1T1ZEO TELEA-tONE t£TWORK AND 1Sc(-") 

The most important network development step in telecommunications technology is 
the digitization of the telephone network which has been made possible by the 
extremely rapid development of micro-electronics. 
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Cost· benefits are decisive for these developments: 

the space requirement for digital switching ~s only about 20% that for 
analog switching technology, 
the price of a digital telephone network has dropped to almost half that of 
an analog telphone network. 

As far as the traffic theoretician's activities are concerned, the digitization 
of transmission has not led to new problems in traffic theory but requested 
cmsiderable effort in network planning. The introduction of digital tirre 
multiplex switching networks to switching technology has triggered extensive 
investigations into optimal switching network structures. However, after the 
proportion of switching costs rue to the switching networks dropped to below 
10% of the total costs, theoretical interest in optimizing these networks 
declined greatly. Today, traffic experts are concentrating their interest on 
processor performance and optimization of control structures with the aim of 
improving the dynamic efficiency of the switching facilities. Additionally, the 
introduction of common channel signalling systems needs sore effort in traffic 
engineering. 

When subscriber access lines are also digitized, the digital telephone network 
provides the preconditions for integrating all telecommunication networks in a 
single network. ISDN allows communication of speech, text, data and image with 
considerably enhanced performance features compared with previous networks, and 
also provides for continued utilization of capital investments (e.g. the copper 
sLbscriber access line) in the digital telephone network. 

Extensive standardizing activities had to be pursued by CCITT to ensure the 
introduction of ISDN on a basis of global standardization. Fig. 2 shows the 
plans of most EC countries ' and some non-European countries for introdJcing 
ISDN. In many of these countries, commercial ISDN operation will already be 
possible this year (1988). 
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Fig. 2: . Introduction of ISDN in various countries 

6.2iA.1.3 



ITe 12 Torino, June 1988 

introduction of ISDN in the European Community" in December 1986. This 
recommendation aims to realize three objectives in particular: 

- the coordinated introduction of standardized ISDN services and service 
features 

- the early linkup of national ISDN networks at international level 
- as, well as the elimination of options at the user-network interface with the 

aim of achieving stardardized terminals. 

Technical details will be worked out in a work group for analysis ard prognosis 
(GAP) by the erd of 1989. A Europe-wide uniform ISDN is thus guaranteed by the 
time that a single European market is set up for the EC in 1992. 

In introducing ISDN, traffic experts are faced with a large number of new 
problems: 

- Traffic models must be worked out for new services .(e.g. Erlang values, 
holding times etc.). 

- Di fferent services must be taken into accOJnt in a traffic model for ISDN 
subscribers. It should be noted here that ISDN will initially be introduced 
in the business sector and will play a role in the household sector only if 
major cost reductions have been achieved. 

- Resource allocation strategies have to be elaborated for the various 
services. 

- Network models must be worked out and evaluated for various introduction 
strategies. 

- Service quality parameters must be defined. 

The activities of the traffic theorists are by no means advanced far enough to 
provide a secure theoretical basis for the introduction of ISDN. In addition, a 
series of assumptions must be made for IS[}.J traffic behavior whose justifi
cation will only became evident with time when ISDN acceptance can be monitor
ed. This is because the main unpredictable factors in introducing ISDN today 
are no longer in the technical field but relate to the question of how ISDN can 
be marketed and to what degree it will have a successful user response. 

4. THE FURTHER EVOLUTION OF I9JN 

The technology for the 64 kbit/s ISDN is in existence today and all the compo
nents required for this network are also available. The further evolution of 
ISDN will be based on technological advances already discernable today: 

- Advances in low cost technologies for optical communications will permit the 
use of glass fibers in the subscriber loop. 

- Advances in microelectronics will permit high bit rates to be switched even 
with the use of packet switching principles. 

- Advances in software technology will allow intelligent servers to be used in 
the network. 

These technological potentialities will be used to develop ISDN further in two 
respects: 

- ISDN will become an intelligent network which offers intelligent services 
and performance features, e.g. Virtual Private Networks or Alternate Billing 
Services. 

- The 64 kbit 
ISI}.J will 
conmunication 
request. 

ISDN will be enhanced with broadband channels and so broadband 
emerge, which offers new broadband services (e.g. video 
with good image quality) and flexible bit rate assignment on 
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Fig. 3 ShONS the nelwork architecture of an intelligent ISDN /2/. 

EWSD Siemens ISDN Switch EWSD 
FN.VFN (Vendor) Feature Node 
NT Network Termination 
SCP Service Control Point 
SMS Service Management System 

SSP Service Switching Point 
STP Signal Transfer Point 

Signalling 
Transport 

Fig. 3: structure of intelligent network 

The "intelligence" of the network is concentrated in the service c9ntrol po~nt 
(SCP) , which is essentially a database. The SCP is administered VIa a serVIce 
management system (SMS) and interworks with the service switching points (SSP) 
via signalling system Nb. 7. The ISDN user communicates with the SsP via the D 
channel. Services such as service 800 in the USA or service 130 in the FRG, 
which require access to central databases, can be easily implemented with the 
aid of the SCP. Also new services can be introduced, for instance on a trial 
basis, by being initially implemented only in the SCP and then shifted to the 
SSP in the event of greater loads. Enhanced services, such as voice mail, are 
offered with the aid of feature nodes (which are made available by the network 
operator) or vendor feature nodes (which are owned by third parties). A connec
tion between an ISDN subscriber and such a feature node is shown in Fig. 3. 

The traffic problems arising in intelligent networks have hitherto been ana
lysed to only a very limited extent. It is, however, to be expected that, in 
particular with frequent utilization of intelligent services major performance 
problems will arise in the service control point during accessing of central 
databases. 

Today, the further development of ISDN to broadband ISDN is being discussed 
around the world on three levels /3/: 

- Services and applications for broadband ISDN are largely seen in three 
sectors: 

· Data communication with high bit rates, e.g. for the intermeshing of LANs 
· Video communication with good image quality, e.g. for video conferences 

and video telephony 
• Distribution of TV and HDTV via glass fiber networks. 

The requirement for broadband services is, however, difficult to estimate. 

standards for BB-ISON are being intensively worked out in the standardiza
tion committees. The target network for these services will be according to 
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draft recommendation 1.121 from CCITT study Group XVIII a fast packet 
switched ArM-network (ATM stands for Asynchronous Transfer Mode). 

- System solutions for broadband ISDN are being worked out in the development 
laboratories and tested in field trials. 

An outstanding role in the development of the future broadband network is 
played by the ECls RACE program. After a definition phase for the IBC (Inte
grated Broadband Communication) the main phase of this program has now begun. 
It consists of three parts and is planned to run for five years: 

- Part I deals with the development of the IBC and its implementation stra
tegies • 

- Part 11 comprises the main thrust of the program, namely the IBC technolo-
gies. 

- Part III deals with functional integration at the pre-standardization stage. 

Hitherto, contracts for 370 million Ecus have been awarded for the next three 
years, and the total program is planned to cost 1.1 billion Ecus. RACE will 
certainly bring the European telecom industry a good way forward towards broad
band ISDN, but this will require tremendous efforts with respect to coordina
tion and cooperation by all those concerned. 

5. NETWORK CONCEPTS FOR BROADBAND ISDN 

Since broadband ISDN will emerge from the 64 kbit/s ISDN and will also offer 
all the services of the 64 kbit/s ISDN, the considerations relating to the 
network concept must include not only the target solution but also introduction 
strategies and evolutionary paths. Roughly speaking, two solutions in particu
lar have been discussed for the BB-ISDN network concept. Their extreme forms 
are shown in Fig. 4: 

- For interim solutions, a broadband ISCN can be designed in which only the 
subscriQer line is really integrated and the transmission channels needed fOl 
the various services are transmitted on the access line in a synchronous time 
multiplex system (Fig. 4 a). The local network operates according to the 
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Fig. 4: Network concepts of the broadband ISDN 

6.2iA.1.6 



ITe 12 Torino, June 1988 

"synchronous transfer mode" (STM) and is op timi zed for continl.X)us bit 
streams. The trunk network contains subnetworks for the various services and 
speed classes. The subnetworks can be adapted to the requirements of the 
various · services. Although this solution permits a rapid introdJction of 
brOadband linkups, its flexibility is very limited (the subnetworks depend on 
the bit rate) so that pure STM networks are today being discussed only for 
use in precursor retworks and introductory steps. 

- In a long-term view, a new network can be desigred which can handle all types 
of information in the sense of a unified, bit rate independent network with 
fully integrated information transfer at all network levels. Procedures, 
based on block transfer, can, because of their great flexibility, handle 
virtually all information of the various services with the same switching and 
transmission equiprrent (Fig. 4 b). Such procedures are discussed by CCITT 
under the heading of "Asynchrorous Transfer Modes" (ATM). These discussions 
concentrate on statistical multiplexing of small fixed length blocks in 
periodic time slots (asynchronous time division, ATD). The ATM concept with 
fixed length blocks ("cells") seems to be the strongest candidate for 
standardization of the target network. Together with it, new user-network and 
network node interfaces will be introduced • 

. -
Apart from these two extremes, hybrid solutions, which can facilitate matters 
particularly in the introductory phase, are also being discussed. This is 
because in the pure ATM-oriented target network problems arise in interworking 
with existing networks, and the evolution from the STM-oriented 64 kbit/s ISDN 
cannot be easily represented. 

6. TRAFFIC ENGINEERING ASPECTS FOR BROADBAND ISDN 

The most challenging traffic engineering QJestion in the field of broadband 
ISDN is how to handle the vast variety of different services with different 
traffic parameters. This situation is aggravated by the fact that, up to now, a 
traffic model for broadband subscribers has not been agreed upon and that 
little is known about the characteristics of. future services. 

Some problems emerging with services calling for a variety of bitrates are 
discussed here by means of a very simple example. Fig. 5 shows for instance the 
number of traffic sources (with equal bit rate) to be connected to a multiplex 
system with a multiplex bit rate of 140 Mbitls as a function of the sources bit 
rate: 

- Simple synchronous multiplexing gives the lowest number of traffic sources 
but has no problem with loss or congestion. 

- The number of traffic sources can be increased considerably (according to 
the Engset-Formula) if the - multiplexer also acts as a concentrator for 
sources with a given offered traffic load and tolerable loss. However, this 
is only true if the source bit rate is quite far off the multiplex bit rate. 

- Matters become more complex if, in addition to the Erlang value of a virtual 
ATM connection, the burstiness of this connection is to be taken into 
account to connect more sources to the multiplex system. If, for instance 
burstiness is 2, then a virtual connection is used only half of the time to 
transmit information. It is then possible to achieve a significant gain in 
additional channels by using statistical multiplexing (cf. Fig. 5). However, 
this is only valid for source bit rates far off the multiplex bit rates; for 
source bit rates higher than 25 Mbit/s, statistical multiplexing will not 
bring any gain. 

Several assumptions have to be made to allow statistical multiplexing in an ATM 
network: 
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- the traffic sources have to be statistically independent of each other, 
- a distribution function for burst lengths has to be given, 
- a delay time distribution function for the transmitted information has to be 

accepted, 
- a certain block loss probability due to buffer overflow has to be tolerated. 
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Fig. 5: Number of traffic sources to be connected 
to a 140 Mbit/s multiplex system 

This means that, for statistical multiplexing and switching in ATM networks, 
more traffic parameters have to be kmwn am taken into account than in an STM 
scenario. This is in contradiction to the goal of a service independent network 
open to all future developments. The contradiction can only be solved if two 
conditions are full filled: 

- channel utilization for the multiplex channels should not be high so that 
deviations in the assumed traffic characteristics have no severe consequen
ces. This also means that bit rate saving is not a prime goal in an ATM 
network, 

- the multiplex bit rate should at least be one order of magnitude higher than 
the highest user bit rate if statistical multiplexing is employed. 

The traffic engineering problems become much more complex if mixes of different 
channel bit rates are considered. In an STM scenario, channels differing vastly 
in bit rate are handled by specific subnetworks. Channels which are close 
together, such as H2 and H4 channels, can be handled by multi-channel switching 
in a common network 14/. 

At the 
only in 
scenario, 
line bit 
34 Mbit/~ 

first glance, the various mixes of user bit rates seem to be a problem 
STM networks. However, this may not hold true if, in a pure ATM 

user rates are offered which are not too far off the total trunk or 
rate. If, for instance, a 140 Mbit/s trunk is to be utilized for 

connections as well as for 64 kbit/s connections, it may be necessary 
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to reserve bit rates for the high-speed connections to avoid high loss 
probability. Then, however, the same traffic problems may arise as in 
multi-channel circuit switching, possibly even more severe, because of the 
multitude of different user bit rates. 

Great efforts must be undertaken by the experts to provide answers to the 
traffic questions linked to ATM technology prior to the introduction of broad
band ISDN. But the aim of a universal communication network for all applica
tions certainly justi fies all such efforts. 
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