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SUMMARY 

Prospects for ISDN are being reviewed, at least with regard to choices of services and their 
introduction timing. A three-element ·circular· ISDN introduction problem (to be described) 
is hindering the implementation of ISDN and its related services. One element of the three is 
a lack of teletraffic recommendations for offering application-level services. The teletraffic 
fraternity now has an opportunity to move from its traditional role analyzing current systems ' to 
a new role, activelv encouraging ISDN services' development, by providing supporting 
forecasting and network design technology in advance of implementation. 

INTRODUCTION 

The present rate of change of telecommunications technology, equally rapid for both the physical 
network and the services offered via the network, contrasts with the more predictable (and some say, more 
orderly) pace of past years. While previously teletraffic technology tended to keep up with these advances, 
it's now necessary that the schedule for teletraffic progress anticipate network developments; this is a new 
approach and a new professional responsibility. The move from analog SPC systems to digital systems 
was supported by concurrent teletraffic work. But then, even before digitalization implementation had 
progressed very far, ISDN appeared, potentially rich in services never before offered to subscribers in any 
form; and now ISDN is being eclipsed by progress (including even implementations) toward the so-called 
intelligent networks. 

International Teletraffic Congresses have displayed progress in the teletraffic field in parallel with 
progress in equipment, networks and service offerings. At the 1985 ITC in Kyoto, ISDN investigations were 
largely theoretical, a necessary situation since there were no major installations at that time and still much 
work ahead on standards setting. ISDN trials in progress were reported during the specialized seminar in 
Brussels (1986), together with much more definitive information on standards and the beginnings of traffic 
measurements. From the strength and diversity of papers presented at the Como seminar (1987) it could 
be seen that progress was being made in ISDN and it was being supported actively and enthusiastically by 
the teletraffic community. But is this progress sufficient to meet the needs of the communications and 
services providers and their subscribers? Is sufficient attention being given to the services element of 
ISDN, that is, the application layer, in addition to the transport layer? Will intelligent network installations 
have unexpected problems (like those encountered by initial common-control networks' overloads)? Are 
communications and services providers and teletraffic technologists too complacent? 

To answer the last question: 
We in the telephone business have experienced 110 years of achievement as an industry. 
Everything connects to everything else and works well with good user friendliness ..... 
Let the computer industry with all its sophistication make that statement! 

This quotation refers to the telephone business and is certainly true for that sector, but only for that sector. 
As the author continues, 

ISDN is a challenge since it is an evolutionary architecture at a very rapid deployment rate 
embodying world standards with continuity, portability, and cost and price improvement. 2 

Could the very diversity of services, those of ISDN and those of intelligent networks, bring the telephone 
business the same lack-of-standards confusion that has marked the data processing sector? (Application 
level services and intelligent network services appear to be excellent candidates for the communications 
sector's very own confusion sources.) 

1. After September 1988,33 Rue Emeriau, 75015 Paris, France. 

2. Environmental Aspects oflSDN,R. K. Snelling, IEEE Communications Magazine, December 1987, Vol. 25, No. 12. 
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ISDN SERVICES 

It might seem to some that adding the word services after ISDN is redundant. Rather than being 
redundant, it's meant for differentiation and for emphasis, since ISDN is frequently considered only as a 
digital transport mechanism, granted an excellent and potentially economical one. The expanded 
usefulness of communications for subscribers, the real (business) opportunity ahead for the traditional 
communications suppliers and the challenge for the teletraffic community are in application layer services 
supported by the ISDN transport mechanism. So for the purpose of this discussion, such areas as packet 
switching are considered as part of the transport mechanism provided by ISDN and not as services. 

There are two primary ISDN-services problems being addressed here, as noted in the title of this 
paper: 

• Prospects -- even though the services themselves are not likely to be defined in the 
near future, the supporting teletraffic work, system design and then network and 
services implementation must still continue. Unlike previous major telecommunications 
advances (for example, the introduction of customer toll and international dialing) ISDN 
services have little or no historical precedent upon which to base estimates of traffic 
characteristics and load levels. Defining standards for unspecified services is certainly 
difficult; but they are needed before network operators, service providers, equipment 
manufacturers and users are willing to invest in them. How can these standards be 
proposed and agreed upon without justification based upon traffic characteristics and 
loads together with traffic handling disciplines? So while new services offer 
extraordinary potential for the users and for a massive new business sector (for both 
the network operators and services providers), the prospects for ISDN services appear 
somewhat clouded. 

• Requirements -- the technology is now generally available for offering ISDN services 
to both business and residential subscribers. Trials, pilot projects and even working 
installations (at present, usually private networks) prove this point. The exception to 
currently available technology may be in the teletraffic area, where services forecasting 
and characterization are prerequisites for: standards, themselves prerequisites for 
proper growth of these offerings. Also required are the means for guaranteeing 
individual grades-of-service to each of the disparate ISDN services; this is a vital issue 
to users who will demand high performance standards. Other requirements are 
political (who will provide the networks and the services, transmission resale rulings, 
etc.) and commercial (tariffs, estimated revenues for individual services, introduction 
schedules, capital sourcing, etc.). And since one of the promises of ISDN is to offer 
small businesses and individuals extensive and advanced services that would 
previously have only been available to users accessing large corporate networks, an 
important measure of ISDN's success will be services' availability via the public 
switched ISDN network, the successor (by evolution) to the current telephone network .. 

The teletraffic field will affect the introduction of ISDN services in a way that it has not affected earlier 
advances in communications. Previously teletraffic work proceeded together with developments and 
designs or followed them analytically. Now the prospects for the development of this new industry can be 
either assisted and advanced or delayed by the teletraffic progress; meanwhile the technical requirements 
for services introduction have largely been met, except for some areas of needed teletraffic work. 

Progress is being made by CCITT, CEPT, SPAG and other international groups representing 
administrations, service offerers, manufacturers and users, as evidenced by the existing X400 
recommendation for messaging of text and other forms of data, and by work in progress on FT AM (file 
transfer, access and management, for computer-to-computer transfers) and ODA (office document 
architecture, for text and graphics communication at word-processor level). Has the teletraffic contribution 
to these areas been as strong as it could be or should be? 

THE NEW TELETRAFFIC ROLE 

The teletraffic fraternity has an opportunity -- an obligation -- to move from its traditional role analyzing 
existing systems to the new role of encouraging ISDN services development by providing supporting 
forecasting and network design technology in advance of implementation. This contribution would 
facilitate and speed current progress toward definitive application level standards. eliminating that 
important element in the ISDN introduction de/ay. 
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To properly plan, and, in fact to encourage, the evolution and expansion of public and private 
networks for the growth of ISDN services, it is necessary to forecast 

.• which services will be introduced, 
• what traffic levels each service will attain, and 

. • what individual traffic characteristics each will have. 
Predicting the successes of newly introduced or yet-to-be introduced services is a difficult task; estimating 
their characteristics in a real environment is even more daunting. The composite results of these exercises 
will govern the development direction of networks: the accuracy of these predictions will determine the 
ease or difficulty with which networks evolve; the flexibility of network designs (their robustness) will affect 
the scenario and success of ISDN services offerings. 

Thus far most attention by the telecommunications community - administrations or other network 
providers, service offerers and suppliers of both equipment and new services - has been directed toward 
the structure on which ISDN communication and services will be transported. Via hypothesized scenarios 
various traffic groupings and their characteristics have been studied. These have been applied to largely 
transport-oriented models, of necessity because initial design standards were needed urgently3 and 
because information has not been available upon which to base applications-related considerations. That 
work having been done, investigations on the applications layer must now proceed. . 

Although there have not been major advances in predicting applications development, it is becoming 
increasingly inconvenient to defer decisions on related standards as this is delaying provision of facilities 
for the new services themselves. The problem appears to result from a traditional chicken-and-egg 
situation, but now with three elements: 

• potential users are waiting for services to be offered and are unwilling to invest in 
terminal equipment capable of utilizing ISDN facilities until the services are available; 

• administrations are waiting for standards and services definitions to assure that they 
invest in the proper equipment and they are waiting for assured traffic-load 
development to guarantee revenue before investing in equipment supporting these 
services (exception: French PIT); and 

• manufacturers are waiting for that elusive market window before investing in the 
development and production of terminal and related equipment; also with some 
terminal equipment having commercial lifetimes of less than two years, manufacturers 
aim at meeting their visible market. 

Meanwhile, all three groups await decisions (economic, entrepreneurial, political) on whether services 
will be implemented at network nodes, exterior to the network, or at the users' premises; on whether these 
services will be provided by administrations, by an external offerer or offerers, or by a hybrid arrangement; 
and everyone wonders about tariffs. 

The problem areas just outlined are compounded by delays resulting from uncertainties of broad band 
ISDN in two important aspects, namely, two currently competing realizations and increasing questioning of 
broad band ISDN's commercial economics as adequate traffic loads seem less likely, due to rapid 
advances in compression techniques and the worldwide progress of CATV installations4

. 

The traffic fraternity can help to resolve these problems and assist in making decisions on 
implementation directions; it could thus speed the offering of application-level services, that big S in ISDN. 
The fraternity now has the potential to affect ISDN's development and implementation directions, as well as 
its very introduction timing and growth rate. New and unaccustomed emphasis is needed on economics 
(costs, revenue generation!, market and services development) in addition to the more classical areas; this 
is an extremely important point. There is now more than an opportunity; it's a professional responsibility. 
The following sections will explore several of these areas for new teletraffic investigation. 

3. The urgency question: there is a growing feeling that progress toward standards is being delayed due to the standards setting 
bodies over studying of the field and their desire for perfect standards. What is needed quickly is basically good standards, 
acknowledging the improbability that all eventualities can be forecasted and provided for. There should be agreements on good, 
engineering standards, rather than perfect ones. The PC world, now dominated by an IBM standard is a good example; this 
de facto standard, with all of its defects, has permitted a huge and successful industry to grow. Another example of a standard in 
being , but a not particularly good one, is the audio cassette, originally designed as a voice-only dictating device , it became a 
standard that allowed an entire industry segment to develop. ISDN services need this type of engineering approach . 

4 . With current opinion discounting the growth of video-telephone, one form of high-definition TV. not compatible with present 
standards, is the new candidate for the bulk traffic load to support broadband ISDN's economic base. 
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PRIMARY ISSUES 

Prospects for ISDN services are indeed impressive, so much so that there is growing impatience with 
the introduction schedule. Therefore attention should now be directed toward the requirements for ISDN 
services and the areas in which teletraffic support can enhance and speed services introduction. From all 
of the topics noted thus far, several can be identified as being of primary importance for the growth of ISDN 
services and also as areas of teletraffic responsibility: . 

• application layer standards for ISDN services, 
• forecasting methods for new (completely new) services, 
• methods (traffic handling disciplines) for maintaining individual grades-of-service for ISDN 

individual services, as well as overall network performance, 
• "future safe" node and network design (for as yet undefined ISDN services), and 
• inclusion of new parameters into the network design process: cost, tariffs, revenue 

generation, telecommunications policy decisions, demography, etc. 
These topics are listed more in order of urgency for attention than by a measure their importance; there 
really is little difference in their relative importance for the success of ISDN. 

The first area, application layer standards for ISDN services, has already been discussed, covering its 
impact on ISDN prospects, particularly its introduction schedule. Substantial teletraffic support is required 
for progress toward these standards, including demonstrating, probably by sensitivity studies, that the 
good "engineering" solutions (noted earlier) will be satisfactory. 

Forecasting methods for completely new services (the second area above) and the inclusion of tariffs 
and revenues and demographic parameters in the network design process together with "future safe" 
design (the last two topics) are probably the most technically difficult areas and will require substantial 
innovation for success. While neither is really a new investigation area, until the current era of new services 
they did not play so vital a role in telecommunications. They will be discussed in the next two sections. 

FORECASTING FOR NEW SERVICESs 

Forecasting traffic characteristics and load levels for completely new services is probably the main 
teletraffic challenge of the ISDN era. Before this time forecasting and planning were concerned with 
telephone and telex services, each with sufficient historical data to characterize these services. Classical 
and formal forecasting and planning techniques were developed and applied to stable variables and 
structures, resulting in proven successes in predicting demand and in assisting in equipment and network 
designs. The assumption of consistency is central in these statistical methods and extremely important in 
classical forecasting: structural changes in data cannot occur if model-fitting results are to be correctly 
extrapolated beyond existing data. 

With the introduction of ISDN services we can expect structural shifts, changes in approaches and 
attitudes, major policy interventions, etc. The situation has been complicated due to:6 

• lack of historical data for new telecommunications services (traffic characteristics, load 
levels and growth patterns, subscriber responses to grades-of-service and possible 
grade-of-service variations); 

• disruption in "natural" growth processes by government policies (regulations on 
communications and services suppliers, transmission ownership and resale, taxation, 
etc.) and telecommunications administrations' interventions (via choices of services, 
tariffs; policies toward services suppliers, private networks, etc.); 

• accelerating pace of technological innovation, creating a multitude of competing 
services (some competing because of strong similarities, like telex, teletex and 
facsimile, plus videotex services); and 

• a basically very volatile overall picture, with the need to consider not only sustained 
growth but the possibility of failures for some of the competing services or their rapid 
replacement by newer services (a completely new element in traffic forecasting). 

5. This section has been prepared with the generous assistance of Michel Gruszecki of Alcatel Bell Telephone, Antwerp, Belgium, 
including excerpts from his published and personal papers. The author is most appreciative for this help, but advises that all 
responsibility (and blame) for this paper rests with the author. 

6. Paraphrased from Facing the Uncertainties of Telecommunication Networks and SeNices for Horizon 2000, by M. Gruszecki, R. 
N . Andries, P. Van Esbroeck, IEEE TENECOM, Seoul, 1987. 
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This confluence of problems leads to a strong conclusion? 
We feel therefore that it is important that the classical forecasting and planning methods 
applied to new telecom services be used directly only in cases and in time frames for 
which the constancy of data and planned structures can be assumed. Beyond this 
assumption, innovation is essential and other models and methods should be 
considered. We know that formal, mathematical models in forecasting and planning tend 
to reassure. Mathematics has become more and more sophisticated, but we should 
never forget that its use does not in itself solve the problem (even if it allows the problem 
to be posed more rigorously), and that the choice of hypotheses and model may entirely 
predetermine the results. 

Classical forecasting methodologies can be categorized as purely judgmental or intuitive, or 
explanatory (such as causal or regression), or time series (extrapolative), or combinations of these. These 
methods are well known within the traffic community and many excellent papers have been presented at 
ITC congresses and seminars, including somewhat less known techniques from outside the traditional 
areas of ITC interest. 8 An interesting alternative for long-term forecasting and decision planning is known 
as "La Prospective". Its approach is radically different from that followed by classical quantitative 
forecasting in that it considers an environment marked by rapid change, multiple decisions and conflicting 
tendencies, and therefore a future that cannot be accurately predicted because it is not as yet determined. 
The presumption is that the future contains multiple alternatives and uncertainty and it will be formulated 
through the actions of various involved players. (If there is a single player capable of controlling the future, 
as in pre-deregulation times, . th~ prediction task is much easier.) According to "La Prospective", to 
estimate the probable outcome of actions of dominant players, it is necessary to understand their 
bargaining power, the elasticity of relationships, resistance of established trends, regulatory factors and the 
strength of the constraints involved. This approach uses the scenario technique, cross-impact analyses 
and consistency checking on inputs derived from expert opinions or judgmental panels.9 

The primary reason for describing this technique is not an endorsement, but instead to indicate that 
forecasting methods quite different from those now applied to teletraffic situations are being developed in 
areas removed from traffic and communications, usually motivated by environments which have been 
foreign to teletraffic experience until the current move toward ISDN and network provided and accessed 
services. However, as M. Gruszecki et al report: 10 

Hogarth and Makridakis 11 performed an evaluation of the judgment methods 
comparing initial forecasts in various branches of economy, business and finance with 
their outcomes. The conclusions of this evaluation are pessimistic. Long and medium 
range forecasts and planning based on judgment alone are notoriously inaccurate, they 
very often miss the turning points and compare badly even with results of simple 
quantitative models and methods. The judgment methods apparently lack the necessary 
discipline and structured approach and are vulnerable to subjective bias. These 
conclusions however, require a certain graduation: group judgment, e.g. Delphi panel, 
usually out performs single person judgments; few exceptions have been observed. 

To our knowledge such an evaluation has not been done for the telecom demand, as 
judgment methods were seldom used for telephone demand forecasting. In the absence 
of this evaluation, the judgment and intuitive methods should be used with the greatest 
care for new telecom services. 

What then are the alternatives for the services forecasting problem? There seem to be two primary 
ones at present: 

• increased effort on non-classical forecasting methods, particularly surveying those that 
have been developed well outside the teletraffic arena, and 

• design methods that will have a basic flexibility and robustness to "withstand" the new 
services with their traffic characteristics and load levels, their spectacular growth and 

7. Private communication from M. Gruszecki. 

8. A Traffic Model for Design Choices of ISDN System Architectures, M. Bonatti and A. Roveri, ITC Seminar, Brussels, 1986. 
Demand Forecasting for New Telecommunication Services, J.·P. Oartois and M. Gruszecki, ITC Seminar, Como, 1987. 

9. Journal of Forecasting: From Forecasting to 'La Prospective": A New Way of Looking at Futures, M. Godet, Vol 1, 1982, pp 293; A 
New Method of Scenario Analysis for Strategic Planning, J. Brauers and M. Weber, Vol 7, 1988, pp. 31. 

10. See footnote #6. 

11. Forecasting and Planning: An Evaluation, Management Science, Vol 27, No 2, 1981. 
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then replacement by subsequent services; and design methods that consider the new 
regulatory environments, tariffs, relations between services, revenue generation, capital 
availability constraints, etc. 

For the first alternative, the current status of new services forecasting and future approaches were 
summarized during a panel discussion at the ITG seminar in Como: judgmental methods as they are 
currently used in telecommunications forecasting and planning are just not good enough due to subjective 
biases, wishful thinking, commercial drives, etc.; the approach should be to combine judgmental and 
formal approaches; studies are needed on the assessment of uncertainties and their consequences in 
planning new services; since demand projection and planning cannot be disassociated from administration 
policy and strategy issues and from administrations' decisions to stimulate demand for particular new 
services, closer cooperation between the teletraffic investigations and the administrations is necessary for 
the issue just noted and also for early collection and analysis of data as services are introduced. 

MULTI-PARAMETER "FUTURE-SAFE" DESIGN FOR ISDN NETWORKS 12 

Acknowledging that forecasting methods in this new environment will probably never approach the 
accuracy levels that are now routinely expected for the telephone network and single-service data 
networks, attention should be, and is being, directed toward new network design methods, and, of course, 
the computer-based aids for their application. 

As with telephone traffic forecasting, the basic stability of the demand growth process, combined with 
criteria for service quality and resource allocation has led to the design of efficient national and 
international networks: the environment was stable, defined and relatively simple. In contrast, the ISDN 
services environment is evolving, relatively undefined and markedly more complicated. Further, the 
addition of new services to the communications network has accompanied the so-called "information 
explosion'" as has availability of vastly increased capital for telecommunications and data processing 
equipmentJ especially on the part of the users and services providers (two-thirds of the same 
chicken-and-egg problem noted earlier). It is the very number of new services, their lack of definition at 
present and the substantial investment associated with them that has increased the importance of the 
planning function and also has required that top level strategic planning proceed in parallel with the 
"classical" network planning function as a means for reducing the number of configurations and variations 
that need to be studied. So the judgmental contribution to network planning has had to be introduced, as 
it was seen earlier for forecasting; and the previously stated caveats concerning judgmental inputs apply 
equally strongly here. 

A progression of increasing complication can be seen: initially switching nodes and transmission links 
were designed and then "dimensioned" independently; the next step brought them together in an overall 
network design with network-level service criteria and cost minimization (but usually without a given 
investment maximum stated and always without revenue generation maximization 13 to affect allocation of 
resources). Now the design of networks offering a multiplicity of services and accommodating users' 
multiple bandwidth requirements (on a dial-up basis from telex services to broadband) can no longer be 
accomplished by classical methods used for telephone networks: complications due to multiple services, 
their characteristics, different demands and different performance grades; unknown traffic characteristics 
and load levels; "interference" in "natural" growth patterns due to governmental, administration, competitive 
and technological influences; sharply accelerated rate of increase and rate of change of users' 
requirements and therefore of service offerings, leading to markedly increased capital investments; and 
finally, while it's acknowledged that telephony has become a "utility" in terms of its basic role in business 
and non-business life, te/ematics (in all its broad definitions of information communication and processing) 
is rapidly approaching "utility" status. The result of all of these uncertainties and external influences is that 
network planning methods must produce designs insensitive to the specifics of future directions, possibly 
at a cost above some minimum and that extra cost can be considered as an "insurance premium" paid to 
guarantee the lifetime of capital investments. 

Using advances achieved by the network planning team at Alcatel Standard Electrica's research 
center in Madrid as an example of an extended approach to network planning, their philosophy is 

12. For this section, use has been made of published and unpublished papers by Oscar Gonzalez Soto, A1catel Standard Electrica 
SA, Madrid, Spain, to whom the author's thanks are extended. 

13. Developing countries, applying for loans from international funds, have been required to justify their capital requests by 
demonstrating that revenue production would be sufficient to cover debt servicing . 
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summarized as: 14 

• Strategic planning is basically applied with the definition of typical reference cases 
representing a given country and later sensitivity analysis of uncertain parameters to 
obtain the impact of each factor and degree of robustness in the results. 

• Long-term implementation planning and fundamental technical plans are applied with 
a full run through of the activities for all the network areas in a given country once the 
preselection of alternative strategic planning is completed. 

Their structured planning procedures are best described by a series of six diagrams 14 detailing the 
planning levels, processes, inputs, inter-process data flow and outputs. It's not at all possible to describe 
here how encompassing this structured planning procedure is without an exhaustive listing of its inputs, 
processes and inter-process links. But briefly, top-level activities comprise five processes: an analysis of 
initial context (accepting country data), multiservice demand forecasting (with initial demand and 
forecasting tools as inputs, while strategies are developed within the program), traffic characterization 
(using any existing measurements and traffic tools), network alternatives (considering existing 
configurations, national strategies and CCITI standards, and utilizing traffic and planning tools) and finally 
network evaluation (relying on initial investment plans and outputs from the preceding processes). 

To demonstrate the depth of this entire process and also show how much nontraditional traffic and 
communications data is being considered, these are the sub processes of the first activity just noted, 
analysis of initial context: geographical and socio-political context, population characterization, economic 
characterization, and existir;tg telecom infrastructure. These four subprocesses produce country, 
popUlation, economic and telecom models which are inputs to the top-level network plan evolution 
process. The top-level service forecasting process is composed of three subprocesses: population and 
economy forecasting, ISDN users survey and services forecasting; it receives inputs from other processes, 
plus information on service standards, investment strategies and technology evolution and its output is a 
per user services demand record that contributes to the traffic demand characterization process. 

Several subprocesses are of particular interest to the present paper. They are described here so that 
the partitioning of the procedure can been seen, which means that as new techniques for these 
subprocesses or their subsubprocesses are developed they can been tried ("plugged in") and then 
introduced into the overall process: 

• multiservice demand forecasting - predicts demand growth for each service and 
groupings of services for different user types 15, integrates existing and new services, 
allows adjustments according to each service's history, and performs sensitivity studies 
on uncertain parameters; 

• traffic demand characterization -- evaluates demand for each service and for service 
mixes based on previous projections and characterizations, then uses new models and 
measurements for full characterizations, and together with the network alternative 
process evaluates the impact of alternatives; and 

• network alternatives - designs, compares and optimizes network structures at various 
levels of detail, determines the most attractive alternatives for study, uses an external 
tool to evaluate the cost consequences of integration level alternatives. 

A final aspect of network design, complication resulting from the multiplicity of differing services, is the 
area of network management, composed ot the basic overload control mechanism (maintenance of 
network operating efficiency at all times) and the control of grades-ot-service on a per ISDN service basis. 
Clearly there is much new work to be done on this topic. 

CONCLUSION 

The teletraffic community's work will play an increasingly important role in the development and 
introduction of ISDN services, particularly in standards, forecasting, characterization, operating disciplines 
and network design. In every one of these areas non-classical techniques will need to be added to the 
present ones. That process has started, will continue -- and teletraffic will continue to be a valuable and 
fascinating field. 

14. Planning ISDN: A Structured View and Key Results, O. Gonzalez Soto, ITe Seminar, Como, 1987. 

15. The distinctive characteristic of ISDN demand that different sets of services are required by different user types has been 
modeled in Demand Forecasting for ISDN Services, by Jose Manuel Moral from A1catel Standard Electrica, at 12th International 
Conference on Computer Communicatio"n, Tel Aviv, 1988. 
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