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ABSTRACT 

The organizations which administer public services of tell 
find themselves faced with alternate decisions in which a 
judgment on the services themselves in their various as
pects is implicit. Since the formulation of this judgment 
depends on subjective factors and, therefore, opinions, 
often each evaluation of merit is circumvented, imposing 
only certain limits of unacceptable service not to be ex
ceeded. Within these conventional limits every level of 
services is acceptable. The scope of this paper is to SUI'

mount where possible these simp1ifications, certainly not 
slight, only ' assuming that in certain cases public opinion 
can be expressed in quantitative terms. 

The problem of optimization of services is then dealt with 
by considering the single primary factors in question, that 
is the appropriations available and the levels of quality of 
service which they can provide. FoD.owing completely ge
neral considerations there emerges the existences of a 
limit ratio which marks the point beyond which the com
munity is no longer willing to make appropriations if these 
do not correspond to an adequate increase in the quality of 
the services. These limits become a constant for each 
service. Once this is known it is possible to calculate 
the quota of appropriations and the quality of service most 
acceptable to the community. 

The method can also be extended to any parameter having 
an influence on the quality of a service taken separately. 
It is then taken ~to consideration, in particular, the in
fluence of the 10s s value on public opinion regarding tele
phone service. When this influence is expressed in the 
form of an explicit function it is possible to proceed to 
the optimization of the loss values of a network. A cal
culation example is applied to a pattern of a local tele
phone network having a fairly simple structure. With 
the use of ~ computer, an optimu .•• redistribution of the 
loss values is obtained with only a few steps. This grants 
the ~etwork a better global quality and, further, and ap
preciable lowering of the costs. The method appears to 
be susceptible to further developments in the various 
branches of the technics of public utility services. In the 
area of telephone service its application seems interest
ing, beyond that of dimensioning the networks, also, for 
example, in the problems of alloting appropriations over 
the activity of installation and maintenance and also in the 
problems of comparison between the different switching 
systems operating alternately in a network. 
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1. INTRODUCTION 

Everyone judges the quality of a service, comparing the 
type of service which is placed at their disposal with that 
desired. Systematic recourse to a collective judgment 
of quality would be extremely useful for any organization 
which administers public services, when faced with ~
ternate choices of installation or operation in which a 
judgment on the quality of the services themselves in their 
diverse aspects is implicit. In practice" however, since 
the formulation of judgments depends on subjective fac
tors and, therefore, opinion, recourse is usually made, 
instead, to considerable simplification, considering the 
common judgment only by means of objective parameters 
which concur t6 form it. 

For example, with respect to the dimensioning of a tele
phone network, public opinion about the loss value is not 
so much taken into account as the actual loss value itself. 
Moreover, a limit not to be exceeded is fixed on param
eters of this type so that he service not be lowered ex
cessively in any case. 

Within these conventional limits each service is accept
able and all the levels of service are equivalent. The ob
jective of optimization consists then of finding the organ
ization of service which, within the limits indicated, costs 
the least possible. 

With respect to the dimensioning of a telephone network, 
this concept results in subdividing the prefixed global loss 
value in the most economic way. In this paper a method 
is outlined which tends to free itself from any simplifying 
hypothesis and to go back to the primary factors involved. 

To this end it is necessary above all to clear the field of 
parameters characteristic of diverse' services and refer 
instead directly to public opinion. It is, in fact, true that 
the formulation of a judgment of quality is a personal mat;. 
ter; it is, however, just as true that at the level of entire 
communities (for example members of an economic cate
gory or residents of a city or entire nation) a notable af
finity of judgments, due to common habits, is revealed. 
That is, there seems to exist, at least in certain cases, 
a collective judgment valid roughly speaking for all the 
members of the community. Where this is true and the 
collective judgment of quality can be made quantitative, 
regarding the problems of optimization of services, there 
remain just two fundamental factors to face each other: 
,on one side the quality of services as expressed by public 
opinion and on the other the appropriations necessary to 
obtain it (see note). 

The appropriations can, however, be distributed in differ
ent ways either among the different services or within the 
sphere of activity of a single service. Depending strictly 

Note - When dealing with public utility services, ,it does 
not seem appropriate to take into consideration as deter
minant economic elements the "earnings", nor any other 
element which derives from the item "incomes", but only 
the "costs", that is, the appropriations • 



on this distribution, the public's judgment varies with re
gard to the service or the entire group of services consid
ered .. 

In order to give the problem the maximum generality. each 
service is considered in correlation with all the others. 
The fundamental constraint then consists of the total ap
propriation which the community makes available for the 
services as a whole. The general problem consists, then 
of finding the optimum distribution of the total appropria
tion, that is, the one which produces a good total judg
ment on the part of the community (the method proposed 
will, on the other hand, be valid not only if applied to the 
generality of the services, but also to any service taken 
separately or, also, to just one of the parameters having 
an influence on the quality of a service). 

2. EVALUATION OF THE QUALITY 

In order to express in a numeric form the common opin
ion with respect to public utility services, let us refer 
to what happens in school. In school a judgment about 
a student - who in the teacher's opinion is "superior", 
"good" or "sufficient" - is expressed, for example, by 
a variable scale from "10" (highest grade) to "0" (low
est grade). Substantially, we are dealing with an "evalu
ation" made by a teacher, whom we suppose to be "aver
age", with respect to the quality of the student, each 
time an occasion for judgment presents itself. Grades 
given by several teachers regarding the same student 
can be suitably mediate in order to express his quality 
in a single inclusive evaluation. 

By the same mental proces s one can imagine the correl
ation between the public's "judgment" with respect to the 
quality of a service and a "number" which expresses quan
titatively this judgment. 

It is presumed that there exists a "common yardstick" 
of judgment from which the "personal yardstick" of each 
member of the community shifts, if that be the case, only 
slightly. On this basis, the judgment which a single sub
scriber forms when faced with different condi tions of ser
vice in space and time, and therefore w ith different val
ues of the quality, can, in the first place, be taken into 
consideration. Secondly, it is possible to find, by aver
aging, the resulting evaluation for the entire communit y 
which uses a certain service, more or less adequate for 
the v arious situations presented. 

As for the extreme values of the poll, it seems to be in
different whether the indicated values (" 1 0" and "0") are 
applied or others , since the scale can alway s be chang ed. 
It seems opportune, turning ag a in to the expres sions of 
probability and of habitual yield in technical applications, 
that the extreme values be "1" for the highest grade and 
"0" for the lowest. 

As for the total judgment of the qu a lity, it seems, accord
ing to what has already been said, that it is der i ved from 
numerous single evaluations, more or l ess i rn portant,or 
in other words, i. t is the result of a " "Jeig ht e d me an". It 

must be remem b e r e d in this case that, even if the e xi s 
tence of different valu e s a r e admis s ible for d iverse si
tuations, it is nonetheless inadm issible that also for only 
one of the s e the service be of an unacc eptable qu ality . 
That is to say that when only one of the values wh i ch con

cur to determine the total value is at "0", this too must 
result null. It i s deduced that the average must be of the 
"geometr i c weighted" type. 

For analogous reasons the average inclus i ve quality for 
several servi ces must also be of the geometric weighted 
type. This conclusion is expressed for "n" services 
with the formula : 

or, more concisely: 

where 

Q is the value of the global quality 
qi is the value of the quality relative to the 

i th service (or to thei th evaluation) 

(1) 

W i is the "weight" which the community attrib
utes to the i th service (or the i th eval-
uation) 

~' W~ ,,'C,t! w' is the corresponding "relative weight" 
\."l 11 

3. OPTIMIZATION OF THE QUALITY 

Given a certain service i, the achievement of any degree 
of quality qi is determined primarily by the value ci of 
the appropriations necessary in order to produce that qual
ity. The relation which ties the quality qi to the cost Ci 
is bound by the present state of the technology and the ef
ficiency of the administration concerned. 

The comprehensive cost for "n" services can be expres
sed with the formula: 

h 

C = 2 c' 
i.: 4 4. 

(2) 

The value of C also represents the comprehensive avail
able resources of the community for the body of services 
and must then be considered as a pre- established datum. 

Looking again at the considerations already set forth, the 
problem of offering an optimum body of services consists 
of looking for the maximum of the expression (1) under 
the constraint (Z) taking into account the relationships 
which tie, for each service, the appropriation c i to the 
quality qi. The problem can be affronted by means of the 
method of Lagrange multip.iers, which are particularly 
useful when there are few constraints and their expres
sion is simple. The costs ci are the independent vari
ables. The expression (1) is the function to be maximiz
ed, or better, taken into account its structure and the con
venience of the successive calculation, its logarithm: 

(3) 

The application of the method of Lagrange multipliers con
sists of considering the new function: 

F· (C! I Cz I •• , , C h )= 9,o~ q - AC 

(in whi ch the negative sign was used only in considering 
successive developments). 

It is demonstrated that the maximum point of function 
log Q = F (c l' cz' .•. c n ) coincides with the maximum 
point of function F*, once the value of A (constant) is 
chos en in such a way as to satisfy the constraint fixed 
in espression (Z). The partial derivative of function F 
with respect to any independent variable ci assumes the 
form: 

In the maximum point of function F.IJt all partial derivatives 
annul themselves; it can then be written: 

o 

from which : 

(4) 

• 

• 

• 
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and finally, in the limits within which the values of A and 
wi <l;re constant : 

cl, lo~ 9 ~ _ u.. . 
CLc.i, - 1"(t-

(5) 

The expression (5) must be considered fundamental since, 
for each service taken separately (as long as the value of 
k i is known) the search for the just appropr iation and for 
the corresponding level of qu al it y is fre e d from any other 
more general consideration. In graphic form, supposed 
that the curve for a certain service which ties the quality 
log qi to the cost ci be known, the optimum point is 
where the tangent assumes the gradient k i • 

The express ion (5) also has a precise substantial content 
This means in fact that, with regard to a particular ser
vice, the community is willing to make appropriations 
only to the point where a certain unitary expenditure cor
responds to a congruous augmentation in the quality of 
the service. The incremental rapport between rise in 
quali ty and rise in expenditure is thus fixed and expresses, 
as is seen by express ion (4), the relative importance as
signed by the community to the service in question. 

In other words, it doesn't seem justifiable to employ as 
fixed for a service, either the quality or the appropria
tions (for example, annual) made to maintain it. It suf
fices to consider as an example what would happen if, 
given a service of relatively high quality, a technical or 
administrative advancement allowed the same quality of 
performance at half the price (see Fig. 1). The new point 

0.5 0.6 c. 
log 0.95 

log 0.88 

log 0.80 

F ig. 1 Relationship between quality and cost of a service 

of equilibrium between appropriations and quality could be 
determined by the fact that beyond a certain value, a rise 
in appropriations doesn't correspond to a sufficient rise 
in quality. Actually, it should be taken into account that 
a variation in the appropriations for a service influence 
the comprehensive appropriation and, therefore, the val
ue of k; as, however, this influence can only be slight, 
i t seems permis sible to conclude that the only amount 
which remains practically unchanged is k, that is, the 
gradient at the equilibrium point. 

Except for som e reserv ations (which will be mentioned 
later on) the above conclusions are valid, for their gener
ality, not only in regard to the quality of a service but 
also in regard to a single parameter among those which 
contribute to a judgment on the quality itself. For exam
ple, if telephone service is considered, a value of k can 
be found whi ch is valid for any of the parameters (loss val.
ue, characteristics of transmission, etc.) which are con
sidered when evaluating the comprehensive quality of the 
telephone service. 

In the following chapters considerations on the quality of 
telephone service in relationship to the loss value will be 
developed. 

4. QUALITY IN FUNCTION TO THE LOSS VALUE 

Le t us place under examination the relationships between 
los s value in telephone service and the opinion whi ch the 
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public for m s about it . When the loss v alu e is null, public 
opinion corresponds t o t h e highe st grade (that is " 1 "). It 
seems l egitimate to conside r that the ju dgment t hu-s ex
pressed be maintained unchanged also for lo s s values. of 
small percentage. An explanation of the phenomenon could 
go back to the £ act that a normal subs cr iber, faced with 
a sporadic congestion might think that he had d i aled inco~ 
r e ctly. On the contrary, it suffice s that the l o s s value 
reach relatively high values, even though far from 1, for 
the public to form a decisively unfavorable opini on, that 
is, to rapidly get closer to "0". 

It seems further legitimate to hold that pu blic opini on in 
relation to diverse types of communication can be repre
sented by diverse functions, that is by m ore or less induL
gent evaluations. Keeping this in m ind, a generalizedfo~ 
mulation of public opinion about telephone service in func
tion to the loss value B can be supplied by the expression : 

(6) 

Some possible trends of the function for diverse values of 
parameter!: p and g are represented in Fig. 2. 

0.5 

---L-________ ~=-~ ______________ ~-------
o 0.1 0.2 B 

Fig. 2 Relationship between quality and loss value 

As regards the communications of a network of limited 
extension, it can be considered that the public naturally 
evaluates severely, that is, with a flex point correspond
ing to a low loss value. Instead, for communications at a 
very long distance it can be presumed that the flex point 
be placed in correspondence to a higher loss value, there
fore, there would exist a complete independence between 
the evaluations given to different networks (local or toll). 

Referring to Fig. 2, the middle curve, corresponding to 
the values g = 1 and p = 30, and indicated with a heavy line, 
will be adopted from here on as an example, for the de
termination of the quality of the communications in a net
work of limited extension. In other words, given a cer
tain relation in which the los s value is B, the quality of 
the communications in that relation will be determined by 
the formula: 

(7) 

Given then that a local telephone network served by a ce~ 
tain number of central offices, and taken the expression 
(7) as representative of the quality, it seems legitimate 
to consider that the comprehensive quality of the service 
can be determined by the formula: 

At' 
Q = n ~ .. -A- (8) 

r 

In this formula Ar represents the traffic on any relation 
r and A the total traffi c in the network. Ar represents 
clearly the "weight" of the quality of relation r in the 



formation of the comprehensive quality. 

In formula (8) it was taken into account that, in the sphere 
of a local network even if served by many central offices, 
the subscribers don't usually seem able to recognize the 
division in subsets corresponding to the different central 
offices, nor the diversity among the loss values which 
meet according to the central office from which the call 
leaves and the central off i ce to which it is directed. More
over, it is supposed that each customer make his calls 
from telephones found in different points in the network 
and that these calls be directed to customers located at 
random in the same network. This seems to justify the 
adoption of a single criterion of evaluation and of a com
prehensive judgment in which the weight of the quality of 
each relation is formed exclusively by the traffic it car
ries. 

5. OPTIMIZATION OF A TELEPHONE NETWORK 

On the basis of formula (8) it is possible to recognize the 
relationships between the necessary appropriations in a 
network for the increase in the elements of the different 
sections and the increase in the comprehensive quality 
from which it derives. For each section there exists, in 
fact, a precise correspondence between the amount appro
priated, the increase in the number of circuits and the de
crease in the loss value. The loss value is consequently 
lowered on all the relations which concern the section con
sidered, and the quality of these relations increases. These 
increases reflect, with the weight of the respective traf.
fics, on the total quality of the network. It is then pos -
sible to begin the proces s of optimization of the entire 
network, by looking for the most opportune distribution 
of the appropriations, that is, the loss value most suit
able for each section. For :iimpli city , s sake, a network 
without overflow will be considered. 

Above all the expression (5) should be called to m ind which 
can now rewritten as follows : 

J., \o~ Q ';: K 
d,c. 

(9) 

where the quality Q is expressed by formula (8) and C 
is the comprehensive appropriation, made up of the total 
of the appropriations cs' made in order to assure a suf
ficient number of elements on the single sections of the 
network. It seems reasonable to affirm that when the net
work is already optimized, the community is certainly 
not willing to make any appropriation for the entire net
work and, therefore, neither for each section since the 
global quality would not be sufficiently improved~ That 
is to say: 

() ~oo. 0.. 
\ A 
()G~ 

';: k 

or, remembering the dependence of the variables 

(10) 

where Bs is the loss value on section s. Bringing to 
mind formula (8) gives 

::: 1 
A 

It should be noted that the summation is, in practice, ex..: 

tended only to the relations which concern the section s, 
since for the remaining relations the derivative is null. 
It should be considered then that, if the independent vari
able is B s ' then for the relations concerning section s 
we have Br = Bs + constant. From which we get 

~ lo % 4 ~ = cl \to % 41-
~B5 (LBr 
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and then 

from which, 
ing that: 

cl l0'i qr 
JBr • 

bringing to mind formula (7) and remember-

2 

gives 

(11) 

On the other hand, for the second factor of expression 
(10) it can be said 

Th . . f ~ en, recognizing that the actor dcs represents the re-
ciprocal of the cost '0 s of a circuit" in the bundle s, it 
can be concluded 

(12) 

Finally, from formula (10) and taking into account formu-
las (11) and (12), for each section of the network it can be 
written: 

--~ (L:. 1 A.,. )_1 dB, = K 
A V' 15.B sii'lL -1-&.. t!> dNs ,. rl -15 B,. 

that is, after all 

dBs AKg-s 
d Ns = - [. _...,..........;A....:...!.~---;--;:.-

'1' 15B\i.nry 1-B .. 

(13) 

l' -15B" 
Formula (13) is fundamental since it allows each section 
of the network to be dimensioned separately from the 
others. 

It must, however, be noted that in the formula the loss 
values on all the relations that comprehend the section 
concerned are taken into consideration. Since the loss 
values of these relations are usually made up of, other 
than the loss value of the section con'sidered (which is 
taken as variable) also the loss values of the other sec
tions (which are taken as fixed), the resolving process 
cannot proceed in just one step, but must be conducted 
by successive iterations progressively convergent. 

For the dim3nsionment of the elements of a section, the 
expression ~ (incremental loss) is normally seldom 

dN s 
used. More common is, instead, the expression of the 
marginal occupancy Hs for which, if Y s i s the traffi c 
carried by the bundle, it can be written : 

H = dYs =:. d (As-A3BS) = -A dBs 
So d Ns c\Ns !o dNs 

for which (13) is transformed to 

H == 
!) [ 

~ 15B2.si\'l~ -\-B.-
.. -15 B., 

(14) 

6. CALCU LATION EXAMPLE 

Let us take, for example, a network of the type repre
sented in Fig. 3 made up of four central offices, of which 
three are suburban (A, B, C) of identical structure but 

• 

• 
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• 

• 

• 

of capacities of 1, 2 and 5 thousand numbers, respective
ly, and a barycentric (X) of 20 thousand numbers. Let 
the traffic in the 16 types of relations possible betwee n 
the central offices be that indicated in Table 1. Let the 
specific costs of the elements which influence the loss 
value of the relations be those indicated in Table 2; the 

A 

Fig. 3 Pattern of a telephone network 

monetary unit be chosen in such a way as to make O. 100 
the specific cost of an elementary selector of the group 
selector stage (2nd GS). Let the present loss values be, 
respectively, 5 0/00 on the selection elements and 100/00 on 
the junction lines between central offices. Let there be 
full availability. 

A B C X 

A 20 1 4 15 
B 1 45 8 26 
C 4 8 120 68 
X 15 26 68 691 

Table 1 Traffics (in erlang) 

On the basis of these data the number of circuits for each 
section and, therefore, the cost by section and the total 
cost C of the present network can be determined with the 
Erlang formula. On the other hand, the loss value on 
each relation can be determined, and then, from formula 
(7), the quality for each relation and~ from formula (8), 

Second Group Stages (2nd GS) 
Subscriber Stages (SS) 
A - X Line Junctions 
B - X Line Junctions 
C - X Line Junctions 
X - A Line Junctions 
X - B Line Junctions 
X - C Line Junctions 

Table 2 Costs 

0.100 
0.208 
0.617 
0.488 
0.392 
0.617 
0.488 
0.392 

the global quality Q of the present network. The re
sults are given in Table 3. An evident indication of the 
global quality was also obtained by going back, by means 
of formula (7), to a conventional mean los s value B~. 

So that these results can be optimized, it is, however, 
still necessary to know the value of K to be applied, 
that is, to have the indication of the quality gradient 
which finds the community still willing to make an ap-
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propriation. Obviously the value of K will not, in prac
tice, be found on the basis of those extremely general corP 
siderations with which the concept of incremental quality 
was introduced. It will suffice, instead, to hypothesize 
in a first approximation that this be the one on the basis 
of which it was deemed suitable to use present loss val
ues and not, for example, double or half loss values. 

Loss Number of 
Section 

( 0/00) elements per Cost 
bundle 

SS/A 5.00 54.6 11 
SS/B 5.00 54.6 23 
SS/C 5.00 54.6 57 
SS/X 5.00 54.6 227 
2nd GS/X 5.00 433.8 87 
A-X 10.00 29.6 18 
B-X 10.00 46.8 23 
C-X 10.00 95.7 38 
X-A 10.00 29.6 18 
X-B 10.00 46.8 23 
X-C 10.00 95.7 38 

Total cost = 563 

Relation Loss 
( 0/00) Quality log Quality 

A .,A 5.00 1.000 -0.0000 
A-B 25.00 0.862 -0. 1488 
A-C 25.00 0.862 -0. 1488 
A-X 20.00 0.927 -0.0763 
B-A 25.00 0.862 -0. 1488 
B-B 5.00 1.000 -0.0000 
B-C 25.00 0.862 -0. 1488 
B-X 20.00 0.927 -0.0763 
C-A 25.00 0.862 -0. 1488 
C-B 25.00 0.862 -0. 1488 
C - C 5.00 1.000 -0.0000 
C-X 20.00 0.927 -0.0763 
X-A 15.00 0.975 -0.0251 
X-B 15.00 0.975 -0.0251 
X-C 15.00 0.975 -0.0251 
X-X 10.00 0.997 -0.0027 

log Global Quality = -0.0150 
Medium Loss B* = 13.440/00 

Table 3 Present situation 

It is possible, then, to reveal the function which deter
mines the total quality of the network considered (or bet
ter, its logarithm) on the basis of the .appropriation made, 
subordinately to the present constraints and thus express
ed : 
a) loss value equal over all the selector stages 
b) loss value equal over all the junction bundles 
c) loss value over the junction bundles double with respect 

to that of the selector stages. 

With these constraints diverse network situations with loss 
values all equaling higher or lower than those of the ex
ample examined can be considered. For each situation 
new cost values and new corresponding values of the glob
al quality can be determined with tables similar to 3. 

All these points taken together can be represented in a 
graph (see the lower curve in Fig. 4). The value of the 
tangent (K) in the point corresponding to the starting 
situation can be determined. In the example taken 
K = 0.00031. 



On this basis it is possible to begin the actual calculation 
of optimization, starting from the present situation and 
using formula (14). A possible procedure is based on 
"total step", that is to say, considering separately each 
section and dimensioning it in the hypothesis that all the 
other sections show the loss value of the starting situa
tion. In this way a new situation is arrived at, from 
which the proces s begins again from the start. At the 
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Fig. 4 - Determination of the value of K (lower curve) 
- Optimization of the network (upper curve) 

end of each iteration, new loss, cost and quality data are 
revealed. This was the method of calculation used in the 
example under examination except when, in order to as
sure the convergence of the process, an under-relaxation 
factor was introduced. 

At each step this consists of calculating the number of 
elements for each section not on the basis of the margin
al occupancy Hs corresponding to the present situation, 
but of a fictitious H* not too distant from that H

S
- 1 of 

the preceding situation. In the example under examina
tion it is placed: 

The trend of the loss value in the successive iterations 
is represented in Fig. 5. The process is definitely sta-

B '.4. 

o 2 3 4 5 6 7 B 9 10 11 12 13 14 15 29 30 ~tep 

Fig. 5 Loss value trend 

bilized after 30 iterations and leads to the results indi
cated in Table 4. An effective indication of the trend of 
the global quality can be obtained by going back from its 
value, by means of formula (7) to a conventional mean 
loss value B". 

From a comparative examination of Table 4 with respect 
to 3, it can be seen that the optimization of the dimension
ing has involved a decrease in the mean loss value from 
13.44%0 to 12.400/00 as a reduction of the costs of 0.9 % 
(corresponding indicative1y to the absolute cost of 50 
group selector s). 

Different results would have been obtained by optimizing 
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the same network applying different values of K. Fig.4 
shows these new results on the upper curve. It can be 
noted among other things that the optimization of the 
method leads, the appropriations being equal, to a lowel'- • 
ing in the mean loss value from 13.44%0 to 10.61 %0 0; 
the quality of service being equal, a savings of 1. 3 % in 
the appropriations (corresponding indicatively to the ab-
solute cost of 72 group selectors). 

Loss 
Number of 

elements per Cost Section (%0) 
bundle 

SS/A 4.99 54.6 11 

SS/B 6.97 53.5 22 

SS/C 8.59 52.9 55 

SS/X 9.31 52.6 219 
2nd GS/X 1. 21 447.8 90 

A-X 8.73 29.9 18 

B-X 6.33 48.2 24 

C-X 4.42 99.6 39 

X-A 11.43 29.3 18 

X-B 7.99 47'.5 23 

X-C 5.24 98.8 39 

Total cost = 558 
log Global Quality = -o. 0099 
Medium Loss B* = 12.40%0 

Table 4 Final situation 

In each case we find, with the optimization, a compre
hensive differentiation of the los s values of the different 
sections. As was expected, the loss value tends tolower 
itself for the sections: 
-where the specific cost is low; 
-where the traffic is subject to greater degradations be-

cause of numerous and costly sections in series and, in 
lesser measure;: 

-where the traffic is heavy. 

7 • FURTHER CONSIDERATION 

In the example given, a network having a determinate 
structure, determinate cost values and determinate di
mensions (number of subscribers and traffic) was taken 
into consideration. For the optimization calculation the 
coefficient K, found on the basis of the present situation 
of that network, was adopted. 

It cannot be said, however, that, if a different network 
had been taken into consideration, the same value for K 
would have been found. This phenomenon could be made 
to go back at a first glance to a lacking optimization (of 
structure, of distribution of losses, etc.) generalized 
for all the present networks. Actually, this fact seems 
to influence only slightly the values of K. They depend, 
instead, primarily on the dimensions of the network con
sidered. In fact, when a network of doubled dimensions, 
for example, is placed in consideration and it is remebel'
ed that formula (9) is derived from (4), the value of K 
is inversely proportional to the weight given to the qual
ity of service for that network. Within the limits in which 
the hypothesis made is valid, where the weight is identi
fiable with the traffic handled, then for a network of dou
ble dimensions and double traffic, the value of K reduces 
itself to half {it must be noted, however, that, in order 
for that to be exactly true, the same standard of struc
ture and costs must be maintained, which is not always 
the case; finally, that doesn't necessarily mean that, in 
the comparison between two notably different networks, 
the traffic handled make- up the only weight to be taken 
into consideratiori. 

• 

• 



• 

• 

• 

The .same phenomenon of the lowering of the value of K 
with the increase in the dimensions of the network con
sidered also presents itself under another aspect: in fact, 
the same network is destined to present, extending itself 
in time, always lower values for K. The variation of 
K can no longer here be referred to a variation of the 
weight of the network under examination (if not in the 
measure with which networks enlarge at different rates 
.vith respect to the others) in formula (4) the weight w 
represents, in fact, a "relative weight". It is evident, 
instead, that when the object to be managed doubles itself; 
all other conditions being equal; this puts into the balance 
a double availability of appropriations. The primary rea
son for the reduction of K consists, the n in the varia
tion of the scale of costs which is verified in time. There
fore, the relative measure of the new dimensions of the 
network with respect to the preceding ones being "m", 
formula (9) becomes: 

= K 

that is 

* K where K = in. still means that for a double network the 
value of K is cut in half. 

Re ferring to the example considered (upper curve in Fig. 
4) it should finally be noted that the method proposed is 
not satisfactory for the tracing of the curve correspond
ing to values of K over a certain limit. It has, in fact, 
been noted that, little by little as the value of the global 
quality lowers (using relatively high values for K), a phe
nomenon takes place for which the optimization of the net
work consists of lowering notably the quality of service 
in less favored relations. For example, with K=0.00102 
we get: while the mean loss value barely passes from 
12.40%0 to 18.59 %0 the loss value for the less favored 
section (A-X) passes from 23.69%0 to 56.03%0. Thephe
nomenon could go back to the fact that the curve represen
tative of the quality presents a flex point; more than one 
point satisfies then the same value of K. 

It remains, however, certain that for each case the com
pany which administers the service must guarantee for 
any of the relations a minimum quality, leaving out com
prehensive economic considerations. This is the same 
as establishing that, above a certain loss value (to be de
fined each time) the quality of a relation must be evaluat
ed as "0" in the optimization calculations, in place of the 
value expressed by formula (6). 

8. PERSPECTIVES AND CONCLUSIONS 

As a further continuation of the work it is fitting to exam
ine closely, among other things, the following topics: 
a} Networks with overflow bundles: it will be necessary 
to extend the method also to the cases with deviating paths, 
which represent the norm for toll networks and for the 
large local networks served by many central offices. The 
expression of global quality can remain valid, as can all 
the considerations made on the economic theme in general. 
On the contrary, the function of the correlation between 
the marginal occupancy of a section and the other charac
teristics of the network will be developed. 
b} Relationship between quality and loss value: it is not 
sufficient to establish a series of relationships between 
the values of Q and of B in the different types of re
lations; it will be, in fact, necessary to also take into 

account that the annoyance caused to the service is dif
ferent according to the way and moment in which the lost 
calls show up (definition of B). 
c} Installation and maintenance costs: the adoption of 
primary factors (quality and cost) could allow the placing 
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on the same level of areas of activity heretofore difficult 
to compare. It would be possible to compar e , for exam
ple, either installation costs (relative to the dimension
ing and reliability) or maintenance relative to the pre
vention, observation and elimination of breakdowns}. 
Within the limited theme of lost calls, a comparison in 
numeric terms could be made, for example, between the 
suitability of overdimensioning the bundles, or of antici
pating or eliminating the interruptions. 
d} Different switching systems: once in a while a diffi
culty in judging presents itself in the technical compari
son between different alternating switching systems for 
the same network. This is often due to the recognition 
of the signs of inferior quality in a certain system when 
compared to another, counterbalanced by a lower cost. 
The adoption of a method of quantitative comparison be
tween quality and costs seems to permit a rational solu
tion to the problem, considering the optimum point of 
each system in relationship to the pre-established value 
of K, and comparing then the two optimum points in re
lationship to the same value of K (see Fig. 6). 

c 

log Q 

Fig. 6 Comparison between different systems 

In conclusion, it seems that the method set forth presents 
notable characteristics of generality and merits being 
developed in numerous sectors. In particular, its ap
lication to the dimensioning of telephone networks seems 
interesting, where it can lead to appreciable economic 

advantages. 
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