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The forecast of the trends of the demand, of the technologies and 
the technics and of other environmental factors is affected by an 
increasing uncertainty. In deciding the future system developments 
the risk must be considered with a greater care than in the past. 
The strategical system planning methodology developed for the POTS 
systems is extended in order to cope with the uncertainty, 
characterizing the evolution towards NB and BB-ISDN. 

1. INTRODUCTION 

An increasing turbo1ence is rocking the relative stability of the context in 
which traditionally the evolution of the telecommunication business is planned. 
The technical alternatives, among which to decide, must satisfy needs that are 
difficult to forecast both in terms of growth and in terms of traffic 
characterization. 
A mu1tiservice environment implies new challenges to the demand forecasting 
[1] . 

Furthermore, the environment (in particular the technological trends) offers 
new opportunities but complicates also the decisions. 

This paper, extending previous contribution to strategical system planning [2], 
describes an approach to the planning process in conditions of uncertainty. 

2 . ALTERNATIVES 

The strategical system planning contributes to the decisions among technical 
(e.g. architectural) or planning (e.g. phasing-in moda1ities) alternatives 
able to assure the maximum success of a switching system over a planning 
period. The penetration in the investiment sequences, chosen as optimal by the 
network and service providers in order to meet the demand, is adopted as the 
measure of the success. 
The kind of choices, considered in this paper, are: 

design choices (par. 6.1) among 

alternative overall system architectures (alternative partitions 
in subsystems) 

alternative subsystems architectures 

planning choices (par. 6.2) among 

application alternatives 
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phasing-in alternatives 

transitions alterantives 

3. SCENARIOS 

When the future regards objects (systems or services) never provided before and 
can be affected by events never occurred in the past, the alternatives are 
evaluated on the basis of their success in fitting a set of selected plausible 
trends of the decision context ("scenarios"). A well known forecasting 
technique (Scenario Analysis) provides the plausible decision contest along 
with their probability of occurrence. A scenario contains hypothesis on the 
following issues: 

the needs to which the products must satisfy (demand) 

the environment in which the choice is made. 

The same factors can belong to different classes in different decision-making 
situations. For example, when the decision refers to the architecture of a 
switching system for NB-ISDN the products offered by the planners are the 
switches, and the scenarios must contain different architectures as well as 
different architectural evolutions and 

the needs are modelled in terms of number of subscribers having access 
to specific sets of teleservices, and traffic variables [3] 

the main environment factors are: 
existing systems 

--> trends in technical standardization 
--> service providers strategies 
--> network providers strategies 
--> strategies of the other system providers 
--> technology providers strategies 
--> design solutions available because of progresses 

in other fields. 

Among the rema~n~ng social, economic and political factors, the financial 
hypothesis and the constraints on the available budget and on the production 
capacities. The demand component and the environmental factors marked with an 
arrow ( --> ) characterize the situation as submitted to strong turbolence. 

A method for selecting scenarios can be based on the methodology presented in 
[4] . 

4. DECISION-MAKING PROCESS 

According to previous works [5,6] the decision problems can be clssified in 
three different classes. 

a-Deterministic situation: All the 
implications of the decisions taken 
combinatorial optimization methods for 

environmental variables and the 
are known. This category includes the 
single objective functions and the 
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approaches for the solutions of multiple objective problems such 
mu1tiobjective mathematical programming, mu1tiattribute utility theory 
outtranking relations. 

as 
and 

b-Risky situation: Only a probabi1istic knowledge of the variables is 
available. In the typical approach the expected utility function is optimized 
and the spread of the utility distribution is evaluated using sensitivity 
analysis. 
The following criteria can be adopted: 

"risk discounting": a factor proportional to the standard deviation 
of the utility is introduced in the objective function; 

"certainty equivalents": risk-indifference curves (standard deviation 
vs. expected profit) are plotted; 

"utility level": the probability of utility value below some 
specified level is minimized. 

c-Uncertainty situation: No statistical information is available allowing the 
assignment of probabilities to future states of nature or to the possible 
outcomes of decision. Decisions of the non repeatitive kind, depending on 
future external events of a non repeatable type belong to this category. 
Generally speaking, the uncertainty arises from external sources, from limited 
knowledge about the internal working of the system and about the effect of 
decisions on the process and from a non complete information about the state - of 
the system. 

Two conflicting solution approaches have been defined: 

objectivist approach: "In ~ situation of uncertainty, where sampling 
is no longer possible, this approach refuses to apply probabilities 
based on simple supposition about the different scenarios" [7]. 
Criteria such as Minimax or Maxmin criterion are used in this case. 

Subjectivist approach: a subjective estimation of the probability of 
each scenario is given and alternatives are compared on the basis of 
their expected utility.In this case an uncertainty problem can be 
converted into a risk problem. 

The last approach has been chosen as the basis of the strategic planning study 
dealing with the evolution of LINEA UT digital exchanges towards NB and 
BB-ISDN. 

5. CHOICE OF AN ALTERNATIVE 

An alternative A is evaluated through D (evaluating solution), obtained as the 
optimal solution of the associated network planning problem (see[2]). The 
solution D is produced in our approach by two different models : 

1. Matroidal Linear Programming [8] or 

2. Stochastic Dynamic Programming [9]. 

Referring to the set of J scenarios {Sj}, D is composed of a first decision do 
and, for each scenario Sj , of {d

Ji 
}(i-l, .. I(Sj », the sequence of decisions 

(plan). 
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Figure 1: Structure of the solution. 

6. APPLICATIONS 

6.1 . System Development. 

During the system development phase a choice among various subsystems 
alternatives, regarding modularity, modules capacities and functional 
partitioning, must be made. The total volume of the investiments that an 
alternative requires to satisfy the market over a planning period, is adopted 
as criterion. 

An algorithm presented in a companion paper [8] produces for each scenario the 
optimal solution (see fig. 1). Figure 2 plots the pair ( Cj, Pj): CJ is the 
cost of the optimal solution related to scenario Sj and Pj is the occurence 
probability of Sj. For .sake of simplicty, a simple case has been assumed as 
reference. 
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In figure 3 the plot of figure 2 is compared with a plot obtained evaluating 
the costs of each scenario when the decisions computed as optimal for an 
«average» scenario are adopted . 
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Figure 3: Comparison between deterministic and stochastic approach 

The «translation amount» (set of translation arraws in figure 3) can be 
adopted as a measure of gain obtained using a stochastic approach instead of a 
deterministic one ( a simpler figure can be the «average traslation»; the 
standard deviation of the translation can help in case on comparison with very 
near averages). Figure 4 selects the plots of the "true" alternatives (i.e. 
the alternatives without uniform gains) . 
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In this case the decision depend on the aversion to the risk ( R). In figure 
5 the value of criterion F-M+R*V are plotted. (where M and V are the 
mean and the variance of the costs). 
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Figure 5: Risk aversion map 

For a fixed R the optimal alternative corresponds to the lowest value of F. 
The choice of R depends on the aversion to the risk of the decisor. 

6.2. System Introduction (Phasing-in Modality) 

In the operational phase the optimal system introduction strategies into 
existing network are chosen. An introduction strategy is modelled as the time 
sequence of the quotas of lines or nodes served by a set of introduction 
modalities (e.g.overlay,replacement,etc). 

The introduction strategy is obtained solving a discrete time, discrete state, 
dynamic stochastic problem with global budget and production constrains. The 
exepected gain includes installation costs, operating and maintanece expenses 
and services incomes [8]. 

The stochastic dynamic programming model can be regarded as a stochastic 
extension of the deterministic dynamic programming. The "stochastic 
disturbances" imposes an optimal selection of the decisions according to 
expected value of specified objective function. As an example the optimal 
introduction strategy of ISDN modules in the developping POTS network, is 
obtained as following: 
- the initial state of the switching network 
- the overall demand trend (POTS+ISDN) in each node 
- the initial ISDN demand distribution 
- the transition probabilities from the ISDN demand level to another 
- the technico-economical system scenario 
- the annual revenue for POTS and ISDN lin~ 
and the constraints : 

2.3iiA.3.6 



ITe 12 Torino, June 1988 

- maximum budget 
- introduction rules 
the model optimizes the expected gain and:, finds the optimal evolution of the 
network (defined by the quota of nodes e"quipped as ISDN). Figure 6 gives each 
year the probability P(q) that a quota of q nodes are ISDN equipped. 
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Figure 6: Dynamic map of quota (q) of ISDN nodes 
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