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ABSTRACI' 

When dealing with uncertainties in traffic 
forecasting or facilities failures, the solutions 
consisting in provisioning stand-by elements 
generally do not allow to determine fixed 
correlations between costs and expected benefits. 

The aim of the paper is to give elerrents for 
the decision, putting the grade of service 
achievable in several conditions in relation to 
the probability the events will occur and to the 
costs of the needed interventions. 

With special attention to the long distance 
network, the proposed rrethodology allows an easy 
extension of the optimization concepts to the 
short term planning, by evaluating the costs we 
have to face when sizing the network for marginal 
traffic increases. 

1. INTRODUCI'IOO 

The target of the researches in the field of 
network optimization was, in the past years, 
mainly the most econanic way of routing traffic 
fran one node to another. 

The results were then: 
- optimizing algori thrns, able to match rniniIm..Im 

cost and fixed grade of service constraints 
concerning final trunk-groups; 

- new concepts (1) and computer tools (2) on 
grade of service goals, suitable to face the 
problem involved by the growth and the 
digitalization of the network. 

A few years experience showed that the mere 
econanic optimization did not give the solution 
to the problem: too many uncertainties are 
present in a system as carplex as long distance 
network is (trunks failures, forecast errors, 
facilities supplying or installation delays, 
traffic overloads). 

Further studies have been carried out aiming 
at redudancy or stand-by trunks optimization: in 
any case the expected grade of service should 
fall into the interval bounded by the upper 
planned level and the lower degraded one (3). 

Yet the way of growth of the long distance 
network looks like the worst ener£'!Y of a correct 
traffic routing: the caning into operation of 
every new trunk is the result of a carplex 
action. Several canponents of differeI1t kinds are 
involved, belonging to different regional 
operation centres, supplied by different 
factories, and even, in sare contries, operated 
by different companies. 
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During the tirre needed to bring the network 
up to the planned size, final trunk groups in 
hierarchical networks are loaded by more traffic 
than we might have forecast. 

The carm:m opinion, shared by a large number 
of planners, is that only the dynamic managerrent 
of a non hierarchical network would enable the 
operating companies to route the traffic 
according to the best trade-off between costs and 
quality of service. 

Yet in many countries, whose size in 
longitude does not involve more than one hour, 
hierarchical routing patterns are going to remain 
carpeti ti ve for about the next ten years, waiting 
for: 
- full switching modernization 
- new district areas structure 
- traffic growth. 

The above statement, beyond the trivial 
consideration that SPC switching machines are 
needed, is based on first evaluations applied to 
the evolution of the Italian network structure: 
non hierarchical routing proved to be more 
econanical (about 8% less expensive) if no 
traffic link between any two districts is less 
than 10 Erl large. That will bring other elerrents 
to change the structure by rrerging more present 
district areas (5); the planned rrerging will be 
insufficient nevertheless, if traffic growth does 
not help. 

Same further steps in the optimization of a 
hierarchical network are then an attractive 
target in order to improve both the grade of 
service and the control of traffic evolution(6). 

In our paper the correlation between improved 
grade .of service goals and cost increases is 
studied in order to give elements for the 
decision to the company managers. 

The approach consists in characterizing 
traffic values with their probability 
distribution: the carposition of several matrices 
with equiprobable values allows us to build up a 
series of interventions on the network. The 
correlation is then found between the costs of 
the interventions and the probability that 
traffic demand will occur. 

This simple and global approach needs a 
suitable tool to optirnize the marginal increases, 
taking into account existing network or planned 
increases for more probable values. 

In the following sections the tool is 
described and the global correlation for various 
levels of uncertainty is shown. 
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2. THE OPTIMIZATION 'lOOL 

Generally speaking, an optimization algorithm 
is designed for the nost econanic sizing of a 
ne~rk in a given tine and referred to the grade 
of service goals. 

When we have to plan a new ne~rk the goal 
is reached. But when we deal with increases of an 
existing ne~rk, characterized by its peculiar 
redudancies or typical design criteria, the mere 
optimization algorithm fails. 

In fact, when one considers the basic 
equation in Pratt's algorithm (7): 

where 
H is the marginal occupancy and 
~ the marginal capacity (fig. 1) 
it is easy to see that low values in the final 
trunks of the forrrer network, force traffic 

. routing via direct trunks. On the contrary, law 
marginal capacities rrean unloaded trunks thus 
calling for nore traffic routed via final trunk 
groups. 

Thus in the short term planning the result 
will be a pendulum effect in sizing the final 
trunk groups. 

In other words the equilibrium condition 
reached in the optimization is unstable: in order 

~ to force the stabili ty of the solution an 
eurhistic rrethodology is here proposed (fig. 2). 

The iterative process is initialized by 
fixing an arbitrarily wide variation field for 
every marginal capaci ty ~ . of the final trunk 
groups. 1 

If the resulting size R of the i-th final 
trunk group is less than the existing one E, we 
have to force marginal capaci ty ~. to the centre 
point of the above interval; the1interval itself 
has to be furtherly narrowed by raising the lower 
value ~ up to the marginal capacity reSUlting 
when loa~ing the existing trunk group with new 
traffic . 

On the contrary if R > E, we have to: 
- keep the forrrer variation field if $>~M 
- narrow the interval by putting ~=~ (resulting 

fran E trunks loaded with new trarfic) . 
Before proceeding t o the following iterations 

the actual ~ . is computed for R trunks and real 
traffic, and lthe new variation field is 
determined. 

By this way a fast convergence can be 
reached, taking into account the existing trunks. 

In order to exploit existing capacit~es, 
another concept has been introduced into the 
short term planning procedure: in the first 
sizing the cost of the marginal trunk in a high 
usage trunk group is kept equal to that of the 
existing ones. The resulting oversize N' of the 
group will be reduced by th~ t8llowing 
iterations, as the optimum s i ze is foune ny 
minimizing the total cost function (fig. 3): 

Ct(A,i)=C N +C i+C2 (A-Y(N +i)) + C3Y (N +i) 
where e e nee 

Ct(A,i) is the total cost 
C is the cost per existing trunk (O<n<N ) 
Ce is the cost per new trunk (i>O) - e 
~ and C3 are the costs per er lang rret with 

in the branches 2 and 3 
A is the offered traffic fram I to J 
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Fig. 1 Basic alternate routing 
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Y (N) is the traffic routed by a group of N 
trunks 

Decreasing i fran (N I - N) to 1 the 
condition (d et! di~ = 0 g~ves usethe value of i 
that, minimizing c.-, will exploit existing 
capacities at the be~t (fig. 4). 

3) THE MANAGFl-1ENT OF FOREX::ASTING UNCERl'AINI'IES 

The problem of uncertainty managerent may be 
faced in two steps: 
- as no managerent can be conceived on the 

unknown events , firstly we have to examine the 
nature and the variation field of uncertain 
elerents; 

- the second step consists in the development of 
a flexible structure, able to deal with the 
largest amount of probable values in the above 
elerents. 

When we focus our attention on the planning 
of a large and interconnected network, as the 
long distance one is, the uncertain elerents 
mainly are: 
- traffic forecasts referring to links deeply 

influenced by seasonal peak ' effects or by 
hardly predictable growth-rate; 

- facility provisioning time: important 
facilities, requiring external works, such as 
new radio or cable links and buildings for 
transmission or switching plants, may occur 
later than in the scheduled year. 

The final effect of the resulting delays in 
trunks availability, or of the mismatching 
between digital and analogue facilities, is the 
over load of the network actually operating. 

In order to give useful elerents for the 
decision on the entity of the interventions, the 
uncertainty range of the traffic forecast must be 
bounded within detennined edges. 

In the proposed aproach, the traffic matrix 
should not be carnpiled in a deterministic way, 
but, on the contrary, each value should be 
accompanied by its probability distribution. This 
approach, of course, has a real Ireaning and 
offers a useful aid only when the forecast is the 
result of a large spread of values. 

According to the above Irethod, a series of 
matrices, each characterized by the cumulative 
probability that traffic demand will not be 
larger, may be available. 

By Ireans of the eurhistic Irethod shown above 
we can plan, beyond the network related to the 
maximum probability matrix, the increases 
suitable to satisfy the marginal demand. Beside 
that the grade of service achievable when higher 
traffic demand occurs can be evaluated. 

The investnents needed in the focused cases, 
each related to an assigned probability of the 
demand and to a degraded, but known and 
determined, grade of service, are the elerents 
for the final decision on the carnposition of the 
program. 

A similar approach can be used when dealing 
with the degradation of the network availability 
due to the probable lack of sane irrportant 
facility: the optimization may be forced to route 
the traffic via the existing facilities beyond 
the econanic limit. We can thus grant, even in 
degraded conditions, the achievement of an 
assigned grade of service. 

The irrprovements introduced in the short tenn 
planning procedure give us the opportunity for 
prolonging the utilization of the hierarchical 
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network. To this purpose the shown arrangement on 
costs per existing trunks is very useful. 
The constrained optimization will determine an 
extr~ cost related to the improvement in grade of 
servlce we want have, even in case of lacking 
facilities. 

In both cases a global correlation (fig.5) is 
found between grade of service, prababili ty of 
the demand, technical resources needed and 
invest.m:!nts. According to the desired (or minirm.nn 
allowed) goal is then easy to determine the 
financial resources involved by the alternative 
decisions. 

I 

P 

Fig. 5 Correlation between Probability (p) 

of the Demand · (D), technical Resources (R) 

Grade of Service (GOS) and Investments (I) 
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