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Preface .

One. of the main issues in-the reguiation of telecommunica-

tions is the determination of .a-pricing policy which veflects the

social and-economic priorities of the government. So, the central

theme of this Report is how pricing policy related 'to the various
objectives of the government. For reaching these goals, the Report

is d1v1dod in two parts. In the first’ part, the po]1cy oanct1vos

in the te]ecommun1cat1ons 1ndUStry are forma11zed in a tableau wwth

a view to sho”1ng the1r h1erarchy and their 1nterre1at1onsh1ps, al-
so the various m@ans of regulation which the government possesses are
matched with theae policy objectives. In particU]ar, thﬂ‘centra1

‘role played by the tariffs structure is qtressnd, and in particular

the four functions it pertorms. Finally: these means are rev1ewed in
the context of the NPPS model with a view to- 1mp1ement1ng empirically
thesa‘po11cy ObJeCL]VES. ~In the second -part,. the varlous.extens1on>

of the cross- subéidy'tests are reported as we]1‘as the results of so-

me s1mu]at1ons pprformed w1th the NPPS model. . In this sense, ‘the pre-
sent Repoxt is the continuation of the work% reported in the prev1ous

~ reports of the NPPS PrOJect

K

Although the present Report is the responsabilify of 1e Lax .

- boratoire d'économétrie de 1'Université Laval, Part IT of the Report
" _represents the results of a combined effort by the following three.

groups with the names of the specialists involved
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Mr. M.‘Estabrooks
~. Mr. G. G. Henter
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Résumé

_ tifs;principaux’re]iéé a la premiére partie sont premiérement de cher-

de faire une évaluation de ces différents moyens par rapport & leur

Le présént Papportaésf divisé en deux parties.'_Les~objec».

a

cher & relier les différents objectifs de politiques gouvernemen-
tales quant & 1'industrie des té]ecommun1cat1ons avec les d1fferents :

moyens de réglementation que le gouvernement posséde, deuxiémement

incorporation dans le mod&le NPPS. Tout:au'ldng de cette partie,
1'emphase est mise sur le rdle important jbué par les tarifs afin de
chercher & atteindre ces objeCtifs gouvernementaux. Finalement, un
historique du projet NPPS est fait afin de situer ces. préoccupéfiono
de politiques dans le contexte des modi fications’ gradue11es apportees A
au modale NPPS. ‘ ’

La deuxiéme partie du rapport décrit Tes extensions qui .ont
ete apportées au modele NPPS afin d'accroTtrej]e champ d'application

-

‘des tests d'interfinancement par rapport a: a) la dimension temporelle
" des services; b) T"introduction des 8lasticités-prix croisées parmi les
services; c) 1a:régionalisation des tests pour éva]uer 1'interfinance- .
~ment entre exploitants. Les résultats de quelques simulations fajtes =
a 1'aide du modéle NPPS et ayant trait aux sujets mentionnés précédem-.

" SN TSN SEE S N BN N O MG 2NG UE) MaN BN BN G D BN Em

~ ment sont &galement présentés. Finalement, une bréve révue de la Titte-

rature concernant les différentes méthodes d' amort1ssement et une autre -
ayant trait a d1ffewentes régles de partage des colts sont respect1vement
fa1teq dans deux append1ces '
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 The Report is d1v1ded in two parts The main objectives
of the first part are first to relate the. various policy ob3ect1ve§
ass1on@d by the government to the 1ndustry of communications. to the '
VaT1OUS means it possesses, and second to make an assesment of the
various means already introduced in the NPPS model. Throughout all

of this part, the crucial role played by the tariffs for reachlng

the pol1cy obgect1ves is stressed. F1na]1y, the NPPS. Progect is
reviewed with a view to relating these policy cons1derat1ons 1n the
context of the gradual modifications made in the NPPS model.

AThé.oecond part of this Réport describes the'exténsions_

‘that have been made to the NPPS model with a view to 5ncheasing the

applicability of the cross-subsidy tests with respect to; a) the tem-
poral aspect of the services; b) the introduction_of'some price cross-

elasticity among the services; c) the régiona]ization'of'the tests for’

eva]uat1ng the inter-carriers cross- subs1d1zat1on The results of some
simulations done with the NPPS model and in relation with the previous

‘subjects. are also presented. - Finally, in two append1ces,_a brief
review of'the recent developments is presented concerning the various -

depreciation methods and certain cost separation rules.



CPART I -

FROM POLICY OBJECTIVES TO REGULATORY PROCESS IN TELECOMMUNICATIONS
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_Intrbddction

Any society throu h its repreqenuat1vps assigns to- 1ts mem-

bers a set of objectives, sometimes called pr1or1t1es, objectives de11- '
ned most of the time in qualitative terms. Once these priorities-are

enumerated, the second task is to assign some desired values, or tar-
gets, to each of them and to establish an. hicrarthy among'thém> The
prob1ems re1abed to the. construct1on oF a social’ we]fare (or ut1111y)

function are wel1-known. Even if it is not ‘the purpose of this Report
“to review d]] of them, at some p1aces in it some d1ff1cu1t1es perta1n1ng
" to this construction will be mentioned.,

i In our free entreprise system, the achievement of the pro-
posed objectives is mostly vested in the individual economic agents.
(consumers and producers). However, since at least the beginning of

- the 1930's, the governments, through their expenditures (think of the

keynesian.revo1ution) on one hand, through their regulatory means on
the other, rave gradually increaseditheir importance in the social and
ecohomic domains in such a way that today one can-say‘that.ﬁhey have
enough pqwef to contribute to the realization of the stated‘objectivesT

The industry of telecommunications is a member of a set of
industries referred to as public utilities. It is now genera1]y '

.agreed that a public utility entreprise is any -entreprise which is
subject to governmental regulation, including price regulation, bar-

riers to entry, etc..., of a type designed primarily to protect the

consumers in fhe long run. It is also agreed that this public inte-
rest aspect of the regulation is so because of some special features
of the public utility entreprises, namely the necessity of them and -
their particular technical and economic characteristics. In’effect;
it is evident that a well-being.of the transportation system, pf the
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e1eéﬁric_poWer and of the telephone system (tnree “classic" industries -
referred.to as puint utilities) are of 1ife-and-death impertance to

every society. In other words, these industries can-be seen as. ins-

truments for reaching some of the pr1or1t1es already established by . ... |
the governments. ’ .

The telecommun1cat1ons industry. is ma1n1y regulated by tvo

“means: f1rst by . 1mpos1nq an upper bound..on the rate of return the.

carr1ers can earn, second by sett1ng up some barr]ers to entry for
the new carriers. -The first means permits: the. determination, for .
a carrier as a whole, of a total revenue requ1rement_wh1ch will be

. the starting point for the construction of a tariff structure. The

second means reflects the presumption of the government that if full
competition was allowed, the impact on the society would eventually

become negative.

The big chal]enge for governments is how to ut111ze their
1nstruments (tariffs structure, barriers to entry, quality of services,
etc...) in-such a way that the desired values of the stated objectivee‘
be approached as near as possible or to put"it in more technical terms,
that the social welfare function be as high as possib]e; given of cour-

se the existing constraints on the availability of resources.

It is in this context that the NPPS model as well as the
HERMES model have been developed: for thie NPPS model, the objective
was to prov1de instruments in the hands of the. Department of Communi-
cations for eva]uat1ng the impacts of the mod1f1cat1ons of some control
variables on the f1nanc1a1 statements of the carriers; in the case of
the HERMES model, the objection was to determine an optimal way of ex-
panding the physical: dnd the: switching networks once the demands for
the various services have been 1ncreased

The objectives of‘the first part of this.Report now'become.
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clear: It haq a]reddy been estab11shed that every soc1ety must. determ1~
ne an h1erarchy of obqect1ves, some of them being very abstract in
their nature, some being more easily measurable (think of the social
indiéators),and finally some being more operational.‘ However, it is
evident -that: the 1étter can contribute.to thb“achieVemént of the for-
nar, and so-on. For example, the 1ndustry of telecommunications can

“be viewed as an 1nstrument for reach1ng governmenta] goals Tike the

decentrd]1zat1on of the population in the territory or for reducing
the-mortality in the far northe“n regions. But, for trying to reach
these ob]ect1ves, one must’ asgwgn some goals to the industry of tele-
communication, like “acce551b1]1ty and var1ab111ty of the services",
Tike "quality and reliability of communications®, like "efficient

and .economical system of te]ecommunieations“,4etc..,‘ And_once égaih,
these goals or objectives can be. reached only by starting from‘mqré
concrete or operational instruments in the hands of the government
(it has to be recalled that the telecommunication industry is a re-

"gulated one). In the context of this hierarchy of objectives, the .
main~objectives of this part of the Report can now be stated '

a) fo formalize the various ob3ect1ves wh1ch are stated.
~mostly in the “Proposa]s for Communications Policy for °
Canada", March;1973, Department of Commun1cat1ons,
Ottawas ’ : . | ‘

B) to review the various means that the government posses- _
ses for regu]at1ng this 1ndustry, and expec1a11y the cru-.
‘c1a1 ro]e p]ayed by the tariffs;

c) to ré]ate, as é]ose]y as possib]e,'the-vériOUS objectiVes

’ assigned to this industry and the various means a]ready
ménpioned; stressing the compromise that most of the ti-
me must be made among the objectivés; o ' |



d)f”to7makeian~assesmént of the .various means already intro-
- duced in the NPPS model and the needed modifications for
introducing more explicitly the tariffs in the model;

- e). to try to_detefmine-some new..policy options (or impli-
cations) and to study their_pdssib]e'imp]ementation in
the NPPS model. - ' ' ‘

However, before we go to_theAdiscussion of these items, a brief re-:
viéw of the characteristics of this industry will be made as well

as a review of some theories of regQ]ation and of the various defi-
nitions of the services supplied by it., The discussion of the last
three items will be made in relation to their policy implications. -
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2.1

From Palicy to NPPS

;

Economics and technics of telecommunications industry -

The industry of telecommunications, being a member of the
class of_pub]ic,utilitﬁes, is a regulated industry. It will be shown
later that one of the important means of regulation among others. are
the tariffs. But:before we go to these considerations, it is appro-

._priate to review thb'charactefiqtics of this industry, in order to

apprec1are how comp]ex it is, and more 1mportant]y to review the di f-
ficulties of app1y1ng the marginal cost. pr1c1ng pr1nc1p1e to the in-
dustry. Also, this sub- ~section .represents’ an introduction to the

other sections of this Report as most of the dwscuss1on will be con-
ductedin relation to these characteristics.

Among the main economic and technical characteristics of »
the industry'of te]ecommunicatidns; the following seven'characterisf
tics seem important A brief comment will be made on each of them -
in relation to the prob]ems they raise.

IL' This industry supplies many serviées, switched and non-
switched ones, the customers of which have very different income, cu1~
ture, interest, etc... In other words, the characteristics of the ‘
demand can vary a great deal among the various customers of these ser-

© vices. - More techn1ca11y, the price elasticity of demand is very d1f—

ferent from one market to another. Of courSe, this raises the question
of trying to cross-subsidize the market with a larger pr1ce e]ast1c1ty
by the one hav1ng a sma]] price e]ast1c1ty

The different prfce e]asticitieé among the market is only
one of ‘the facet on the demand side. The second facet is the diffe-
rences among thé‘elastic}ties of substitution. This means that sin-
ce the industry of telecommunications Supp]ies many~services, -the
ex1stence or the non-existence of some subst1tutes varies enormous]y

among these markets For: examp]e, the.prnvate network can be seen as



a substitute to the toll service (for the firms or the qovernments,
of courée) 1h1: raises the question of sub51d121ng the customers |
of the product where there exist close substitutes by the customers
of products'having no substitute. It can be expected that this pro-~
blem will become more crucial in the future as the 1ntroduct1on of
new services through competition will acce]erate

This is.dnly one of sevérai'possib1e kinds Of‘substitutioh
- in the 1ndustny But there exists at least two other kinds‘and con-.
sideration of wh.ch can be fruitful for the determination of an opt1-'
mal tariff structure: these arc.the.”t1me” substitute and the "pro- |
duct" substitute. '

For.example; if one considers the "temporal unit" of obser-
vation as a»wéek, it.is evident that the displacement of the de- |
mand from the peak hours to the off—peék ones (for example the demand
during the week-ends) is "more easy" for the private customer than for
the entreprises.  From the product substitution viewpoint, one: can think
about the industry of telecommunications as one among others which try
to satisfy the "need" for'COMmunication?'thé~other.two-being~franspore
tation'and mail. Among them,'the'trade'off between transportation and

-

communication will become more-and more important in the future, as
thc‘energy cost will go up. And, it is evident that in the development.
of a policy for the telecommunications industry, and consequently for
the tariffs strateqy, that this facet of the problam must be taken in- '
to account. In particular, the deve]opmentfof:an economic and efficient
~ system of te]ecommun1cat10ns can be an instrument for reach1ng the go-
vernmental” obJectlve of energy conservat1on

In fact whét is behind the aboVe discussion is the definition
of the‘services'ofAteleCQmmunications and the po1icyAstrategy‘that these
definitions imply: A discussion of these subjects will ‘be made.in the
sub-section 2.3." ) o




- ~2. 'The;£é1écommuﬁicationé services are for most of them not -
stockabla for 1069 périods of time. In COhéequence,_there exists
someiveny important variations in the demand during a typical period

of time, i.e. there will exist some peak and some off—peak periods.

It is evident that it is the .demand at the peak period'Which creates

the pressure for investment in capital in the network. This raises of
coufse the problem of financing the user of the peak period by those

" of the off-peak periods. Also, and taken the various time elastici-
‘ties into account, one can ask the following question: what will be the

impact'dh the rate base of a reduction of . the peak period of a certain

- pércéntage; aven 1fvthe total demand remains unchanged? This question

is important'taken the pressure the telecommunications industry creates
on the capital market. ' ' '

3.. The telecommunications industry is often'reférréd to as
a natural monopoly. By definition,.a firm supplying only one service -
is referred to as a natural monopoly if it has decreasing average cost

~in the Tong run. And it is_we]7~known that a tariff based on the mar-
ginal cost of supplying this service will not recover the fixed costs

in providing the service. But since this industry is regulated by the
constraint that it must be self-financed, it. follows that some services .
have to'be priced higher than their marginal costs. It can be noted

that some authors (see, in particular, Waverman, L. "The Regulation of

. Intercity Telecommunications" in Phillips, A., ed., Promoting Competition

in Requlated Markets, The Brookings Institution, Washington, D.C. 1975)

'haVe questioned the presence of economies of scale particularly concer-
" ‘ning both the switching costs as well as the costs at the local level.
~In relation to the idea of this paragraph, several comments can be

made:

a) the monopoiy_aspeét of the industry can be questioned
- on the grounds that there exists some substitutes to
the telecommunications services (see point 1Vabove);



b) The esttence of a sole sup011er may be econom1ca11y

d)

"Just1f1ed even if some- carrier produces at 1ncreas1ng
.average cost. 1In effect, the real quest1on is the fol-

lowing: can a given quantity'of service~be'pr0v1ded_ _
more. cheaply by a set of producers than by a sole one?
In other words and assuming: that the goVernment elimi-

- nates for a moment every barr1er to entry, is- it evident
ffthat there will be incentive, i.e. pos1t|ve econom1c

profit, for some producers to go into the industry?

Technically, the question refers to the existence of

tariffs which would permit the sustainability df‘the

monopolist. Under some reasonable assumptions, it can

be shown that no viable competitidn can exist in this
kind- of industry (i.e:. assuming decreasing average cost).
Of course, this prob]em is strongly related, but no 1den~
tical, to the cross- subs1d1zat10n one. Some of these
various questions in relation to the instrument of regu-
Tation will be. “taken again- in the sub-section 2.5

The definition. of the natura1 monopo]y concept is stra1ght~
forward in the case of the monopolist offering one service.
But, the carriers in th1s industry, in.fact Tike most of
the entreprises, supply many services. And it is now appa-
rent in the Titerature that the definition of .a natural .

-monopoly is not so-easy, the: reason being ﬁhat if outputs
“do not expand proport1onate1y we do not know how to defi-
"*'ne an index of aggregate output by which to divide total ‘

cost, nor do we have any way of apportwon}ng ‘the joint -
and common costs so as to calculate an average cost, item

by item. (See Baumol's article in the'A{E.g,,‘Decemper 1977).

t

The definition of a natural monbpd]y even for a firm sup-

.p1y1ng many products is an easy task .relative to test1ng ‘
for the presence of economies of sca]e In effect, it seems
.(See Baumol, idem) that “bgcause a claim of natural mono- -

po1y asserts that production by a single firm is chéaper
than it would be in the hands of any,and‘every possible -
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~combination of smaller firms, one. must know the behav1our
of the cost curve throughout its 1ength in the interval
between the origin and -the particu1ar output ]eve1 consi-
dered" (pages 815 and 816) And one can 1mag1ne very ea-
‘s11y that this is a rather difficult task

| e) -The breviou3'comments streséed the costiiig aspect as 'an
 element of definition_for'tﬁe products in the industry -
‘of telecommunications. -.But one-may also question about
the quantity supplied of the various serVices In other
words, it can-be that the promot1on of the output, even
under the conditions of economies of scale, can 1ead to
some results which are non-optimal, socially speak1ng
It can be noted that this problem of restr1ct1ng the de-
mand, in some way or another,'ié:among the various goals
‘behind the tariffs (see sub-section 2.5). | o

'4.'-The Lechno1ogy of this industry 1is characterized by a

re1a11ve1y h1gh importance of the capital. 1In consequence, the common and

joint costs necessitate a separation rule in vieW-of being'assigna~

ble to some specific services or. to particular units of a service.

1he existence of an ”opt1ma‘" sharing rule and the know1edge.of its
implications are important for .relating the cost of each service with
its tariff and.conSequent]y'for evaluating the presence or the absen-
ce of cross-subsidization among ‘the services, among the customers and
among the cariiers I't seems that one of the main interests of the A
game theoretic approach recent]y deve]oped in the 11terature, and in
particular the Shap]ey value; is precisely to suggest, once. one’ accepts
some minor axioms, a preCtse cost separation formula. Moreover, the
reader will find in the Appendix B of this Report a br1ef survey of the
literature concerning the prob]em of the cost separation. .F1na11y,

it can be noted that in the NPPS model no such thing is needed -in view
of computing the supplementary cost of a service. V |
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5. The capital input in this industry, and in fact in the
other public uti1ities*entreprises, is subject to some important in- -
divisibilities.. In relation to thé margina1 cost pricing approach
this intfoducas at Teast two problems5 first, the marginal cost can-
not. be uniquely defined, second,it is most probable that there will.

.a1ways be excess capac1ty in .the network, even during the peak periods.

From the 1nterf1nanc1ng po1nt of view, this raises the question of. wh1ch
user W111 pay for th1s excess capac1ty

6. Mdst of the.time, the ;nvestment projects of the carriers
are made some periods in advance (see the preceding po1nt 5), i.e.

investing now for qat1sfy1ng the forecasted demand with an hor1zon of.

- three to four years ahead. Moreover, any new project necessitates ma-

ny years of gestation and the rate of introduction of the new tech-
nologies is also planned for many years. The introduction of the dimen-
sion of the evolution of the demand as well as the replacement of the .
existing facilities has as a consequence thaﬁ the industry of telecom-
munications-is always in a disequilibrium situation and cOnsequently
that the decisions based on a short term marginal cost pricing are

not the same as those based on a long term marginal cost one. It

“then follows that the proper time perspective is crucial for a poli-

cy based 1in part-on the tariffs. Also, as it will be shown later on,
the rate of depreciation is an important means in the hand~bf the sta-
te fordregu1ating‘the rate of replacement of the existing faci}fties.

7. Many of the carriers in the industry are vert1ca11y in-
tegrated and ouN totally or.partially, some subsidiaries. In other

‘words, many - ‘of the carriers supply sehv1ces from point-to-point traf-

fic.. What it does mean is the fact that the carriers pcséess all the
equipments from station to station‘ Con equent1y} if competition were

.allowed, it will be- 1mag1nab1e that" var1ous parts of the network can.

be- owned by a part1cu1ar entreprise, -and some other parts by another
firm. The vert1cal integration situation ra1ses a 1ot of very d1ff1—
cu]t po]1cy quesi1onq 11ke the fo110w1ng
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should the munu1actur ing. suba1d1ar1es be f1nanc1a]1y Jepa—

rated from the carriers? Or, in other words, is there

“Qony poss1b111ty of f1nanc1ng the compet1t1ve serv1ces by

b)

c)

d)

)

the nonopo11<t1c ones?

what is the pkoper rate-of return to allow for the manufac-
‘turers? - ’

1s the 1nLroduct1on of cost-reducing 1nnovat1on made as

: ast as zt IS econom1ca11y Just1f1ed?

what are the. probablp impacts of a110w1ng compet1t1on in

- the interconnect market?

what kinds of technical specification for the equipment
are needed. in view of reach1ng a certain degree of quali- -

ty of serv1ce?

which objectives should the government like to reach by
a]10w1ng compet1t1on in th1s industry?
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2.2  Brief review of some theories of requlation

RN

2.2:1 Introduction

ot - .
- .

N

Pfévious1y, it was said that theApub1ic utilities enfrepri—'
ses, and in-particular the carriers in: the ‘industry of telecommunica-
tions.were'regu]ated by various means, including price regulation. Of
course, one can try to suggést.some'réasons'with a view to~exp]ainiﬁg~

“the governmental intervention into the markets. . This. subject can by
1tse1f‘be the matter of a complete report.. Here, our objectives are
more Timited. - - ‘

From the- po1nt of view. of regulation, the centra1 tasLs are .
‘the fo]10w1ng three ' : : .

a) to determine who will .receive the benefits or the burden of
regulation; ' o

b) what forms regulation will take;
c) to evaluate the effects of regulation upon the alloca-

tion of resources and upon the various governmental
. objectives.

- ‘ -y A R e
¥ _ . i o , B - ;

~ In the present sub-section, point a) will be brief]y'discus~ 
- sed, keoping pofnts b) and c) fér the sub-section 2.5. Esséntfa?]y,
what we intend to do is to rev1ew cr1t1ca11y the fo110w1ng two oppo-
site Lheor1es of economic regu]at1on

a) the "public interest" theory: this theory holds that
regulation is supplied in response to the demand from the public for

the correction of inefficient or Tnequitab1e'market:practiges.-

- s eN =
. . .

- -')




- SR B Sm S5 NS SN SN EN Em

2.2.2

»theory."

14 .

b) the "capfuré"”theoryf this theoryfﬁblds that fégu]ation
is supplied in response to the demands from interest groups struggling

among themselves to maximize the incomes of their members. I can imme-
diatly-say that the critical review of these theories will be based '

essentia]]yioh‘thé’Posner's article “Theofies of Economic Regulatjon"

which has appeared in The Be]l-dourna1 of Economics, autumn 1974,

. In the sub- sect1on ? 4 -where the various obJect1ves in the
1ndustry of - Le1ecommun cations. are d1scussed I will try to. c]ass1fy
these objectives under one or the other of these theories. Here again,

the reader should not expect too much'because to the knowledge of this
,wr1ter, this is the first time that someone has tried to attack this '

preblem.1n this context... But the reader will also eas11y recognized
that the utilization of the various means of regulation w1]1 be very
different if the governmental objectives pertaining to the industry of
comnunications weretinterpretéd in terms of one theory'of regutation
or the other one. Also, avdiscussioh about vertical integration and
about an eventual introduction of competition‘in this industry may

be done in relation with these theories. '

The "public interest" theory

There.are ét Teast three versions or formu1ations,of this

a) The or1g1na1 theory. Two hypotheses seem to be beh1nd
thL economic thought concern1ng economic policy in the period start1ng
from the year 1887 and up to 1958. ‘ '

1. The first assumption was that economic markets are extre-
mely fragile and apt to operate 1neff1c1ent]y (or inequi-
tably) if left alone. ' SR

'_f12: 'The other hypothes1s was that government regu]dt1on is
 virtually costless. ' ; :
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;In_other-words,.it/Was assumed that behind-each scheme of
regu]ation,,it is possible to discern a market imperfection, like the
ex1stence of such phenomena as increasing returns to scale or the pre—'
sence of externalities, the existence of which supplied a complete jus~
t1f1cat1on for some yegu]at1on assumed to operate effect1ve1y and with-
out cost.

.This formuTation is inacceptable for atleast three reasons:

"1. . Most of the émpirical viorks havé'shown that regulation
is not positively correlated with the presérice of ex-
ternal economies or diseconomies, or with monopolistic

| markets structure. ) ' |

2. The conception of government as a costless and defendably =
effective instrument for altering market - behav1our has
also gone over the boards. - ‘

3."F1na11y, theoretical as well as empirical works have _
demonstrated that particular s chemes of government re-
gulation.cannot be explained on the ground that they -
increase the wealth or, by any widely accepted standard
of equity or fairness. (See, for example, Coase R.H.
“The Federal Communications Commission". Journal of
Law and Economics ; Vo].Z,ﬂnn.ZVOct. 1959; pp.1-40).

b) A reformulation. The first reformulation of the "public
interest" theory of regulation holds that regulatory agenqies are crea-
ted for bona fine public purposes, but are then mismanaged, with the

result that those“purpOSgs-are not_ﬁ]wéys achievedg,

- This reformu]at1on seems 1nacceptab1e for dt ]east two clas-
ses of reasons:
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1. First, it fails to recognize the facts that the social~
]y7unde§irab1e.resu1ts‘of regulation are frequently de-
_ sired by groups influential fn the. inactment of the le-
~gislation setting up the regulatory scheme. For examp1é;
it>$eems that AT and T pressed. for state regulation for
ending competition among telephone companiés.-

20 Second, .no sound Lheory or ev1donce have yet been propo— o

‘sed. to explain why the agenc1es shou]d be expected to
be less efficient thab other organ1zat1ons

c) A further.reformu1ation. This reformu]at?on now incor-
porates two new factors which were previously ignored: ‘

1. The first factor is the non-operational.character of
- many of the tasks that‘havefbeen-assigned to the regu-
lTatory agencies: of course, this does not eXp]ain‘why
" Tegislatures assign such tasks to agencies.

2. The second factor is the cost of effective legislative
' supervision of the agencies'. performance. '

Once one introduces these two factors in the "public inte-
- rest" theory of régu]atioh,'one,can consider more plausfb}é the idea
~ that regulation is an honest but'fréquent1y'an unsuccessful attempt :
to promote the public interest. T

2.2.3 The capture theory: the economic theory of requlation

Like the "public interest" theory which has many formutations,
so is the case. for the capture theory. However, in the: fo11ow1ng, so1e-
1y the economic version will be reviewed.. Essent1a11y, th1s theory is
based on the. two. following STmp]O but 1mportant facts:
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. The first is that since the coercive power of government

can be used to give valuable benefits to particular indi-

viduals or groups, the economic regu]at1on can be viewed

as- a produbt whose allocation is governed by laws of sup-

* " ply and demand. This hypothesis has as a consequence to
direct attention to the factorsAbearing on the value of.
;‘regu?ation to those who- va]ue it the most on one nand
“to ‘focus attention to the factors bearing on “the cost of
:obta1n1ng regulation, on- the other hand o

The second is that the theory of cartels (or cooperative
game) may help to locate the supply and demand curves.

However there are'af,least two reasonsfwhy the pattern Qf;
regulation and the pattern of private cartelization are different.

First, the demand for regulation is greater among indus-
tries for which private carte11zat1on is an unfeas1b1e
or very costly alternative.

Second, favorable regulation requires,ﬁin addition to
the cooperative action of the firms, the intervention-
of the political process. And this political dimension-

of regulaticn requires two modifications of the theory

of cartels when -applied to requlation.

‘a) The deqree of part1c1pat1on in-a coalition seek1ng

protective: regu]at1on 1s greater, the dgreater is -
the asymmetry ameng the positions.of.the 1ndu$tny '
members . '

b) 'TﬁefdetenminantsiofVPO]itical fnfluence-muSt°be wor-

ked into the supply side of the market in regulation.




Ay B SN GO ON G S5 A3 SN Ay Sn O AN G S S 89 S Se

18

‘ fFor'cbhciuding this reViéonf'thisvtheohy;7two~remarks:"
- will be made: ' - '

1. The economic theory of regulation is still not very
well defined in the sense that it is at best a Tist
of -criteria, most of them coming from the theory of
1carte1ization, relevant'to.predicting_Wether_or not
wan_industry’w111‘Obtain‘fé&brab1e legistation.

_2..nThis thébry, when puéhed7to its 1bgica1;extreme, ex-
cludes the possibility that a society might establish
institutions. that enable genuine.public interest consi-
derations to-influence the formatfon of policy.
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Xﬁfiousfdefinitibnsfdf a good and their policy implications

"It "has been noted'previous1y that the industry of telecom-
nmnications is itself an instrument in the hands of the gqvérnments-
for_réaching:somefobjettiyes. It then follows that this industry,
by the various services it supplies, can be studied both from an ef-
ficiency point of view as well as frbm an_equity one. For example,:
the government must take all the*meané to ensuré’that" the services
supp]1ed by the carr1ers in this 1ndustry be. such that’ they are pro-
vided at. ‘the Jowest pogs1b1e costs, the costs including of course a
certain rate of return to the shareholders. This is the efficiency
point of view. On the other hand, the government would Tike, for ex-
ample, to reallocate the resources in the economy in such a way that

" this reallocation be more socially acceptable, for example guarantee

a certain minimal revenue to all the citizens. This is the eQu?ty _
point of view. Taking into account this dual perspective is important
first because the government can manipulate the tariff‘structure for

. reaching some objectives, second because the latter contains a Mmixtu-

re of both efficiency as well as equity aspects .(see sub-section 2.6).
Moreover, these two points of view can be antagonistic:  in other words,
sonetimes  one has. to make a compromise between the efficiency point of

view and the equity one. Of course, the resulting compromise depends

on-a lot of factors, but I think, it depends crucially on_how'one Tooks

" at ihe nature of the outputs or services supplied by the industry. 1I.-

now would like to expand on this point; in the next sub- settion I wi]T
try to match the various obJect1ves with the various services prov1ded
by the telecomnunications industry.

In the economic literature, thréé congépts of goodsfhave
been discussed: the concepts of private good,, .of a public good and fi-
nally of the merit one. Loosely speak1ng, a §r1vate good is a good
where its Lonsumpt1on or utilization by an "economic agent eycludes-1ts .

'consumpt1on (or ut111zat1on) by another,one Such i3 the case 1n “the
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network when "a?]_the lines are busy". By a (pure)fpublic_goodg\

one means such a-good that its consumption by an individual does
not preé]ude its consumption by another agent. Such is the case
with a television program the fact that I am watch1ng a movie

- does. not prec]ude my neighbour to look the same movie. So is al-

so the case with the military expenses. One can note, however, -
that some goods have a dimension of a public good but only under

' qome'Timits of its utilization; these goods are referred to as
f pub]1c goods subaect to congestion". Such is the case with most

01 the transmission fac111t1es network in the industry of tele-
communications, highways in the transportation industhy Finally,
there is the so- ca]]ed merit geoods which by definition are those

- commodities or services which by their nature are private but the

merits (or acqu1s1t1on) of which are judged. as powerful means by
the'society for reaching some redistributive objectives. Such is _
the case of the school system. In the following it wi]i:be'ShOWn'A~
that each of these classes of .goods introduces different pricing‘:
p011c1e< and consequently have completely different policy imp1i-
cat1ons '

.In'order to streSS'thé idea that. a bricing policy is strong-
1y dependent on:the nature of the product, suppose for instance: that
our economy ‘contains solely private goods. In such economy, the fol-

1bwing results, pertaining to. the context, are worth to mention:

a) every firm will sell 1td product at the marg1na1 cost in
' order to maximize its profit; ' '

b)) at the equi]ibrium, the tariffs will be such that an oﬁ—
timum allocation of resources will result. In other words,
~ if'all economic agents act in such a way as taking these
"signals" as given, then it will not be'bossib]e in this eco-
nonty to reallocate the various . goods 1in. such a way that
,nobody wx]] be pena]1zed (]eqs sat1sfactory) '
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The opt1ma1 dec1s1on of “the agents w1]1 be obta1ned
1n a. decentra11zcd manner, i.e. without hav1ng any
knowledge of the ch1s1ons of the other agents.  Of

course, the ‘price system is the instrument of decen-

5tra11zat1on

Except to what has been said in b), no formal equity
‘criteria:is taken into account. In_cohsequente, the

resulting allocation can be judged inacceptable once

one introduces some equity considerations in the ana-
© lysis. ‘

Now assume the:introduétion~of-a pﬁb]ic good in such an

economy, good which ié-supp]ied under the conditions of increasing

return to scale. In this new "economy"; the above results are modi-
fied as follows: R

a)-

.~ . . how.satisfy the next three criteria:

b)

From an efficiency viewpoint, a tariff structure must

1. it must €nable the total costs of the firm to be -

recovered;
2. 1t must be so. designed that no customer willing to
pay.at least the marg1na1 cost to serv1ng him is
'_turned away,

3. there shod]d.be no sa]es,below_margina1 cost, and.’

in fact, some produbts must be sold at a price
“higher that their marginal cost in order to pay for
- the fixed cost; ' |

Ideally, the cost of the public good must be payed by
those users.or-consumers of that good. But, as by

their very nature this kind of goods can be consumed si-

multaneously by many persons, there is some incentive
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for Somébpdy to become a "free rider", i.e. paying -

“nothing for this good but still consuming it. In:

other words, the price system alone is insufficient

- for allocating optimally the resources; a coercive
“-agent has to be introduced in this economy. . |

An 1mmed1ate conaequence of the previous po1nt is
that no decentra11/at1on in this economy is- st111
possible: some knowledge of the actions of the

'other p1ayers becomes necessary. for allocating op-

timally the resources. The presence of. 1arge eco-
nomic externalities emphasizes this point.

Finally, assume that a merit goodiiSwintroduced in our

private economy. In relation to such an economy, the following

a)

b)

c)

problems arise:

As by its nature a merit good 1ncorporates some re-

~ distributive aspect, it then follows that in our eco-

nomy equity criteria must be defined. from which .

a social welfare function can be derived. But the pro-
b]ems behind each of these steps are enormous.

As by def1n1t16ﬁ a merit good is g1veﬂ free or part]y
free to certain groups in the society, a second ques—
tion is by which means such an 1ndustry will be fi-

>nanced be self-financed with its consequent Cross-
"~ subsidy prob]emh or by some forms of taxation? However,

in both cases one has to know the impact of the finan-
cing on the allocation of resources. -

A consequence of the"previous two points is the fact

that an authority must exist in this kind of ecdnomy_
for coordinating the allocation ‘of resources. It then
follows that a price éystem glggg is unable Lo permit
to reach an optimum, o
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Concerning the. services supp]iéd_by the ihdustry of
telecommunications, it is almost evident that they have certain

features of each of these goods. For example, if one splits
© .the various services in the following three components: access
" to thé network, utilization of the facilities content of the

service, one can say-that it has correspondingly a public good persé'
poct1ve, a pr1vate good one and f1na11y a merit. good one. And
concnquent1y, one can 1mdg1ne that there is no cost (or a fixed

_one) for haV1ng access to the network, that the utilization of
'the network be priced at its marginal cost and that the content

of the television programs be subsidized by some means or another.
0f course, there is a complementary aspect behind these components,
but even there, dependent on which component the society would like to

promote, a different tariff structure should result.
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-the canadian te]ecommun1catlons 1ndu>try as a means or instrument among
_others, for reach1ng some more general, and broadly def1ned objectives.

Cin Canada represenL specific obJectmves in their own right. So the-
; following question .can be.asked. what are the means the canadian go-

Policy objectives in the3industfy of te]ecommunicatiohs:-

The. Government's objectives ‘regarding canadian telecommuni-

.catibns have been idénfified in the Green Paper on communications po-

licy for Canada. These obJect1ve> can-.be summar1zed by quot1ng from .
the last paragraph on page 35 of the Green- Paper

“"Economic, efficient and adequate communications,
making the best use of all available modes, are
essential to the sovere1gnty, social well- being,
cultural development, economic property and safety
of all Canadians". o ,

It %s‘evideht from this quotation~that the dovérnment sees

But, having an econ0m1ca11y eff1c1ent and adequate communications system .

vernment possesses for the achievement of these more specific objecti-

ves for the telecommunications industry? This question Qi]T be taken
up again in the next sub-section. - For the time-being, this hierarchy-
of objectives Wi]]”be formalized and some ré]ations will be established
among these obJect1ves ‘and the two. afore ment1oned theor]es of regu1a—

tion on one hand, and among these ob3ect1ves and the var1ous def1n1-r

"~ tions of a good, on the other hand. As the reasons for establishing

these relations have been motivated in the prev10us sub- sect1on<, no
further commpnt will be made here.

. The hlerarchy of the stated obJect1ves and their re]atwonsh1ps
_are’ - formalized on the attached chart. (this chart is a revised version

of the one which appeared in the Report of March 31, 1977), where an
arrow between two goals means that the initial objective contr1butes "

. to the achievement of the final one. .It can be noted flrst that some

goa1s'interact, second that there are many arrows going into the block.
"efficient and economical system" and ”definitjbn of collective objecti-
ves". This formal presentation reflects the above quotation about the




‘

nece§s1ty of an eff]cment sysLem of- te]ecomnun1cat1ons for reach1ng
the stated obJect1ves ’

This chart can be studied from a great number of po1nts

of view, and in part1cu:ar from the following ones:

a) levels of aggregation of the objectives: it can be

a1d thdi most of the stated objectives are aggregation (or sunmary)

-‘of many components . For example, how does one define the env1ronment
- esthetics, or the nat1ona1 sovere1gnty, ete. ? It can be said that-
~ the first row of the tableau refers to some more genera] or abatract

level of objectives, and, in this context, the industry of telecommu-
nications is seen as an instrument;‘among many others, for reaching.
these objectives. The last two rows of the tab]eau refer to less

_aggregated Tevels of obgect1ves, and it is obv1ous that they are nore

immediately pecu]1ar to the industry of te]ecommun1cat1ons

b) nature of the objectives: more preciée]y are the'objec—

tives stated in qualitative terms or in quantitative ones, or can they

- be translated into quantitative ones? Of course, this question’is

strongly dependent on the level of aggregation mentionned in the previous
paragraph. It can immediately be said that most of the objectives

are stated in qualitative terms, but many of them can be translated into
quantitative ones. For example, the objective "accessibility to the
sorv1ces" can be restated in quant1tat1ve terms by looking at the number

.of persons hav1ng a telephone set. This is the case for ”qua11ty and.

reliability of communications"; its quantitative equivalent be1ng the

‘probability of losing a call on a f1na] route, or the number of calls

which never reach their destination. This is also the case for the
‘canadian control of ownership"; it is possible to specify the number
of sharos that must be possessed by c1t1zens

It is to be noted that the quantitétfve equianent.OF some’
objectives are not so easy to.obtain. For example, 'think about the "con~

trol of'techno]ogjtai impacts™. The inmediate question wi]]'bee“on-what":
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on“the"tariffs,'dnithe debreciation'éxpenses, on the level of em-
ployment 1in.the economy, etc...? -In other words, the determination

a quantitafive equivalent cannot be done without the help of an
operational model, like the input- output table, like the NPPS model, -

like the HERMES ‘model, etc. This was one of the motivating fac-

tors for building the NPPS and HERMES models.

) operat1ona11ty VEersus the non- onerat1ona]1ty of the

robjectives in the hierarchical context of the obJect1ve<, it is

1mmed1ate ‘that an 0b3ect1ve which is both very d1saggregated and’
which is stated in quant1tat1ve terms (or for which there exists

an immediate quantitative equivalent) s an objective or instrument
which is more opefationa] than the one which does not have these cha-
racteristics. It will be shown in the next sub-section that it is

_possible to defwne a list of instruments wh1ch are more operational
~ than most of the instruments which appear in the 1ast two rows of

this f1gur

d) hardware versus content of the telecommunications:

- roughly speaking the last thrée "columns" or the right hand side of

the tableau pertains‘mOPe immediatly to the content of the telecommu-
n1cat1ons services, and the left hand side to the econom1c and techni-
cal cha:acter1st1cs of uelecommun1cat1ons networks. But, it is ev1-
dent that some 1ﬂterre1at1onsh1ps must ex1st at a certain level: in
other words, the state of the technology can impose certain cons-

traints on the ‘possible content or, in equivalent terms, on the va-

r1DLy of the serv1cps supp11ed It can be noted that the cbntroTlof_

content is an 1n5Lrument of regu]atlon for reach1ng some obJect1ves

like "exchange 'or regional, natural and cultural informations" as . -
well as "reflection on canadian identity and diversity", both being

- seen as instruments for reachingvtheimore general objectives of the
"identification of social problems!.and "definition of collective ob-

jectives".

‘e) equity versus efficiency: it is.evident} taking for
granted the aggregate character of most of the objectives, that each

of:‘them incorporates a»mixture of both equity and efficiency,aspects.ﬁ
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flict: for example, the fact that:one_wou1d'}ike to have an economical -
system of telecommunications may be somewhat incompatible with both the
objectives that the rates be reasonable for all interested parties and -

-that}fhere;must exist some control of the technd]ogical impact of_innoQ-'

But ‘more importantly, there is the fact that some objectives can be .in con-
vations (which can postpone some cost-reducing innovation). In the same |
sense, the government can impose, on equity grounds, that all citizens |
have -access to the.tPTeCOmmunicatiohs services, but this objective may-

conflict with the objective that the tariffs be just and reasonab1e for

“all 1nterests "It will be shown in the next sub-section that even at

the most operational levels, 1like the tariffs, some trade-offs must be
made between equ1ty and efficiency.

f) depending on the interests served: it can be seen =

that some of the objectives'are more easily associable with the
interests of the individual customers and/or entreprises, and some
are stated more. immediately for the benefits of all the citizens =
living in society (the so-called societal objectives).

~ Now, 1ookiﬁg at the objectives-in canadian te]ecom—;
munications in this ‘perspective, is it possibie to conclude that-
these-objective§ reflect the "public interest" theory or the “cap-
ture" theory; can these two theories explain the intervetion of the
government. in the market, and especially in the té]ecommunicationé
market? Recall that the "public interest" theory assumes'that'fhefe
is governmental intervention for proteéting the public, in their role

~as customers, such protection is required for preventing the monopo-

list to‘chargé unreasonable rates. Recall also that the "capture"
theory justifies this intervention in view of improving the ecocnomic

-welfare of some groups in the society; and in particular the carriers.
First, note that the telecommunications industry is most often viewed

as a natural monopoly, thus using-the "public 1nterest" argument, one
is justified in regulating this industry. This is the view of Bonbright,
the most representative defender of this theory. But one. can see some
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objectives~as more peculiar to the protection of the carriers while
others for the protectidn3of the society as a whole, i.e. of the go-
vernment itself. For example, some objectiveé Tike the "standardiza-
tion of teehn1ca1 equipments™, the "quality and reTiabi1ity'of commu-
nications"’ and "canadian control ot ownership" can be seen as obJect1ves
for reducing competition in the -industry, and consequently as an economic
benefit. to the Cafriers‘ . For the society as a whole, the object1Ves

Tike the~"nationa1'sbvéreighty“s "exchange of regioha] and'cu1tUPaT
.1nformat10ns“ and “encouragement of east-west links" can be seen as
obJect1ves ref]ect1ng societal obJect1ves Concerning these two ideas,
one can say that in the te]ecommun1cat10ns industry, the ""capture theory"
is not supported by evidence, if it has ever been, as competition is in-
~creasing1y'introduced in thio‘industry (at Teast in U.S.A. ). Also, »
it 15 evident that the soc1eta1 objectives carry w1th ‘them an element o
of cross- subs.dxzat1on, so it may be more fruitful in the future to

Took at regulation as a (1nv1s1b1e) means of taxation. . In genera],
_taxation.is an instrument used by the government in the bUrsue of

equity objectives. To the extent that cross-subsidization is also
an.instrument-for obtaining equity in the regulatory context, it can

also be regarded as a form of taxation (Posner's article: Taxation by

Regu]ation,'Be]] Journal, spring 1971, develops this idea).

g) nature of the services supplied: it was previous1y
ment1oned that the -contract with the carriers for telecommunications

services includes an access to a network, a possible utilization of

it, and f1na]]j the content of the services. It s fnteresting to see
that we can associate some ob3ect1ves w1th each of these functions.

For examp]e, with the access to a network, one can associate the ob-.
jectives of the "interconnections and mode interactiohs assistance",
the "standardization of technical equipments" and the "accessibility
and variety of services"; with the possible utilization of the facili-
ties, one can associate the objectives of "imposition of good confi-
dentiality rules" and the "quality and reliability of commuhiéations";
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finally, with the content of the sérvices; one Qah associate -the objec-
tives of "exchange of regional and cultural informations", and "reflec-

tion on canadian identity and diversity".
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Mééﬁs’ﬁf”feéu]éﬁion and their:relation to the policy objectives -

In the previous sub-section the various objectives which are
behind the canadian communications policy were discussed as well as

. the various berspectfvés of studying them}_ In particular,-the aggre-

gate character of many objectives, the difficulties of quantifying.
and ponderat1ng them were stressed. Finally, it was a]so noted that

“the" 1ndusthy ‘of telecommunications 1% by itself an 1nstrum9nt for rea-~

chlng some more general goals.

" The industry of telecommunications is a regulated one, the
means of regulation being diverse and nUMerous. Among them,_Oné can
mention_the'determfnation of the tariffs, the various barriers to en-
try and the depreciation methods (or the parameters:defining each of
them) . -One_important question can be;askéd: “hour these various means
relate to the various objectives set odt’in the previous sub-section?
In view of answering this question one can stért from the last row of
the previous figure, i.e. from the most concrete ob3ect1ves, and see
how they can be reached by using the dforementioned means of contro]
(and some others). In fact, one can construct a “fourth row to this fi-
gure with some arrows going to some objectives, and evaluate the direct

~and indirect impacts on these objectives of the modifications of the -

value of the means.  It will then be possible to see the complementaries

.among some of these goals for reaching a particular objective and also

the antogonistic problems which are behind some means of regulation.
These various points are the subject of the present sub-section where,
in.pakticu]ar, the multiple objectiveé which are behind the tariffs will
be stressed. The discussion w111 be based on the figure which appears
in the next page. o '

The first means that the government -possesses is the.power,to
impose on the carriers the obligation to serve all the demands .at rea-
sonable cost. In the process of regulation, this obligation can be seen
as an exchange with the carriers, the other side of that exchange being
that the carriers will be the sole supplier of the services in a particu- -
Tar region, and be allowed to earn a certain rate of return on théir.j '
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_investments. Of course, this means of regulation can be more appro-

priately defined in terms of various barriers to entry and in terms
of the process (or variables) which permits-to earn this rate of re-
turn.  But, more importantly, is the fact that this means carriers

Cwith it an ideajofvmeritﬁgood aspect and consequently an .idea of Cross-

subsidization; In effect, by imposing that all the demands be satis-
fied means that the government sees the telecommunications services
as so important for reaching some other objectives .1ike the attain-

- ment of some collective ones that nobody can be prevented to the sup-
ply of these services solely for costing reasons. And, even if this

means incorporates some costing consideration, it seems that the pri-
cihg princip]é is moré closely related to the “va]ue of service" ap-
proach {or what the traffic can bear) then to the "cost of service"
approach. Finally, it is expected that this means.of regulation will
be less important in the future as the technical innovations in sever-
al other markets will perm1t the cyeat1on of new services wh1ch w111
compeie with the ones supplied by the monopo]1sts

The second ‘means of regulation is the imposition of some mi--
nimal standard of quality in the provision of the services, means which

~ has a direct impact on the technical specification of the equipments.

and on the objective of "quality and-he]iabi]ity of communications”.
For example, among the specifications-is that the probability of loss

-in a final route cannot exceed 3% of the calls. It is-clear that this

means of regulation must be related in some way or another to the ob-

Jective of "standardization of technical equipments" and to the "in-

troduction of technological innovations". It is also clear that all
df'these-objeCtives and means introduce some pressure on the rate base
of the carriers, so they must be related to the capital attraction
function of the.tariffs (see below). An interesting’pO]iQy question
can be asked: what are'the financial consequences of these technical
rules? Or, in other words, is it possible to determine some:trade-offs
between the quality of service and, say, the rate base in such terms o
that a deCrease of 1% in the quality of service can reduce the rate
base by x%?. The NPPS model described below has precisely for obJec—
i1ve to give some quant1tat1ve answers to this kind of quest1ons
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The third means of regu]at1on can be app11ed to some extent

-on1y to the supply of some services: - it concerns the control of ‘the

contents, for example of the television programs, and their minimal
canadian content' This last objective can be seen‘as a means” for rea-

. ching more genera] obJect1ves like the creat1on of canadian 1ndustr1es

in the domain of advertising and in the movies sector. And, as ins-
trument for reaching the objectives like "ref]ectwons of canadian iden-

3L1ty”.and “exchange of regional and cultural 1nformdt1ons“.

The last three classes of means oftnegu1atibn; and probably ,
the most important ones, are respectively the tariff fevels and ta-
riff strueture, the various barriers to entry, and the. var1ous depre—_»

. ciation nelhods We will examine in sequence each of them.

The process of tariff regulation for the te]eeOmmunicattons
industry can be divided into two steps: :the'first one consists of the
determination of a total revenue requirement for the carrier, the se-
cond one be1ng the determ1nat1on of a part1cu]ar tariff structure
of course behind the first step is the c]ass1f1cat1on of the expenses
between those which can be expensed and those which can be cap1ta11zed
The reader is referred to the Reports on the Cost Inquiry for a discus-
sion on this subject. Herevour intent is to reflect on the various

functions or objectiVes served by the tariffs and to relate them to the
objectives-set out before. Among the.objectjves served by the tariffs, -
we shall concentrate on the following four:

_ a) a capital attraction function, i.e. the tariffs must be
suff1c1ent1y high for generating sufficient revenues for the carriers
so that they obtain a "fair" rate of return on their rate bases and to

allow innovations. It should be noted that this industry must com-

pete with many others for satisfying their financing needs. Also, -the
allowed rate of return is strongly related to the”embedded_cost of ca-
pital, contradicting‘withtthe rational utilization of thevnetwork which
must be besed on the prospective incremental cost (see Kahn,:A.E., Bet-

.ween Theory and Practice; Reflections of a Neophyte Pub]1c Ut1]lty Re-

gu]dtor Pub]1c Utilities Fornightly, Jjan. , 1975). A]so, it can be

noted that this function is also dependent of the structure o finan~




35

cing of the carriers, the different methods of depreciation and finally -
the “income distribution function (customer versus shareholder). For
example, it can be envisaged that the regulating agency imposes a rela-
tively highﬂdebt¥capité1 ratio in such a way that this gives some ad-

- vantages to the”customérs as the interests paid on the bonds are deduc- -

ted- as. an operating expensés, In the other hand, it can also impose a

'certain;depféciation.method which is such that it increases the burden

of financing on the customers. This objective can also be in conflict
with the desire of the goVernmeht to make a proper developments of te-
lecommunications: by allowing a certain rate of return, this can. inci-
tate the-carriersito eliminate existing facilities for introducing new
ones and/or to expand the existing ones. On the other hand, this-ob-
jective can help for increasing the quality and the variety of the
services. So even at this level of disaggregaﬁion, the tariffs ]evé]s_
reflect some objectives of the government. “ "
’ ' - ' - e )

- b)  a demand-control fﬂnction,'i.e. the tariffs must be such

that the customer makes a rational use of the telecommunications services.

This function is an essential means for preventing -the customer for

making an abuse use of the system and also for shﬁfting the peak demaﬁd
to the off-peak ones. Of course, the success of the controlling of the
demand, and consequently -its pressure on the rate base, 1is strongly de-
pendant of the elasticity of the demand for the various sérvices.- More-

“over, this objective can be in contradiction with the capital attraction

one as the monopolist may try to incite the customer to use the various
services. Finally, it can be noted that this objective can be discussed
in relation with the various pricing schemes, Tike the two-part tariff,.
the first part representing a fixed cost for having access to the network,
the second paft costing the utilization of it. ’

c) an efficiéncy-incentive function, i.e. thatfthe cost of sup-
plying the services be as low as possible, or, in other words, that the
regulating process does not. create any distortion in the allocation of
resources, 1ike over-investment in capital.” This objective can be in
conflict with. the various barriers to entry which exist,'and'a1so:with
the objective ”contfo] of technological impacts". Of course, this func»i
tion can be in accordance with thé capita]-attraction'fUhction as it has
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a direct impact on the rate base. But from the carrier pdint of view,
it can be a "non-interesting” objective as it is remunerated by a cer-
tain rate of return on this ?afe base, so it has interest that the
rate base be as 1drge as . poss1b1e Of course, one must d1st1ngu1sh
between -technological innovations which are 1nterest1ng from a techn;—
cal v1ewpoxnt but are economically unprof1tab1e

d) an income red1str1bui1on funci1on, i.e. essent1al1y Lhe
re1at10nsh1p between the customers of the services. and the share-

‘holders of the carriers, and a]so among the. customers. It is immediate
“that this function is related to the defermxnatlon oF the tariff levels

and consequéntly with the problems therein; i.e. the structure of cor-
porate financing, the capital attraction - function and the depreciation
methods. Also, this function 1s_pertaln1ng to the tariff structure and
its consequent problems of cross-subsidization. Note also thatithe ta- .

-riffs seen in tinis Lontext can owve some worth to. che Posner's argument

about Laxatlon by regu1at1on

The second most important classes of means of regulation are
the various barriers to entry. In this context, one can distinguish the

following four:

a) the non-possibility of supplying existing services by-aho~
ther carrier: this means of regulation is the counterpart of the first
means of regulation prev1ous]y menL1oned In. th(s context a fundamenta]
problem is the following: does there exist a tari ff structure which,

‘given the possfbi]ity of the introduction of competitor in this market,

no firm will find profitable to go into the market? More techhica]]y,
this question relates to the sustainability of natural monopoly? . In other
words, even if the QOVernment allows competition, it is possible to ima-.
gine a structure (i.e. a tariff structure) where 1o cOmpetitiOn will take
place. The existence of barriers to entry. in the existing market can

also be in contrad1ct1on with the efficiency- 1ncont1ves function of the
tariff. ‘ '
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industry; in fact, the depreciation expenses is the most important an- . ‘ |
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b) the hon- 5ds§ibf1ifylbf pvaidiﬁg new. services (cab]e, pay
television, etc). Th1s -point-is closely related to the regu]at1on
probiem caused by the introduction of technological 1nnovat1ons_and
conSequent]y~thé control of the technological impacts of these in-
novations, to:the ObjectiVes‘of "accessibility and variety of‘séfvices"

and of "interconnections . and mode interactions assistance".  And more-

over this means of regu]at1on is 1nt1mate]y related to the four func-
tions of the tariffs. In consequence, tak1ng the ]arge number of
externa11L1es th1s means creates, one” must then pay: attention to the

various ronsenuenCﬂs that the suppress1on of these barriers can in-

troduce

c) the vertical integration between the supplier of the hard-
ware and the carriers. Among the po]iéy‘questions one can mention the
fo]Towing two (see Kahn vol. 2, pp.291): 1) should the manufacturer' _
be financially separated from the carrier? 2) what aﬁe the proper rate
of return to allow for the manufacturer? This barrier to entry.must al-

$0 be related to the eff1c1ency incentive objective of the tariffs and

also the rate of 1nLroduc1ng cost - reduc1ng 1nnovat1on> _

- d) Ithe interconnect market or the non-competition at the ter-

‘minal level. This point is closely related with the previous one. Of

course, this point must be related to the "technical specificatﬁons of
the equipments" and consequent]y to the "qua]ity'and reliability of com-
munications". ' s |
ana11y, the Tast means of-regu]ation<ﬁs_the depreciation mé—
thods with their corresponding parameters. This means is also very im-’
portant, taken the relative importance of the capital structure in this

nual expenses. It is evident that this means of regulation is related

to the capital-attraction and income redistribution of the tariffs.
Moreover it is also crucial to every. facet concerninn'tho innovations in
this industry. And, consequently, it carr1es with it an idea of inter-

i

tempora] Cross- subs1d17at1on
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The NPPS modé]

2.6.1 Introduction

In various places in the preceding pages, it was"mentioned.
that the problems in the te]ecOmmunications industry- can‘be evaluated

" from both a descriptive perspective as we11 as a normat1ve one. For

examp]e, it is one thing to-Test. if there exists cross qubs1d1zat1on

in the canadian network and it is another Lh1ng to try to eva1uate Lhe

impacts on some stated goals of modification of, say, the tariff struc—_
ture. It is evident that arguments éresented so ‘far are bond primariiy
to normative groﬁnds, and second that the policy implications inherent
to the industry of telecommunications in-Canada are described mainly

in qualitative terms. But it is:clear that at some stage of the ana-

lysis some quantitative answer must be given, and these kinds of answer;A

cannot be obtained without the construction of some operational model
capable of simulating and optimizing the objectives. Such a model must
be sufficiently disaggregated in order to. approximate as closely as
possible the activities of the carriers because it is at this level that
the means of regulation mainly apply. It is in this spirit that the
NPPS model was constructed:  essentially it is an operationa] simulation
mode]:which;is capable first of testing for the existénce.of cross-subsi-
dies and if so, to evaluate their quantitative magnitudes, and second of
supp]ying quantitative results, mostly in financial terms, to questioné’
relating to certain po11cy:instruments available to the regulator. As
will be shown below, the treatment of this second class of problems ne-
cessitates some extensions in the NPPS model as it is presently cons-
tituted. - . ‘ '

Now, what are the pricing implications of th1s perspective?
It seemsevident that.if the government wishes to.pursue objectives
of providing universal access to the services and at'the same time to
promote some qoc1eta1 obJect1ves, then the tar]ff sttucture must be
such that there will be some Cross- -subsidies on one hand, and also ta-
r1ff structure will be emp]oyed to T1m1t the utilization of some faL1~
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2.6.2

lities of a fétioné1 usage, on the other hand: In this context, one
can recognize the concepts of public, merit. and of pr1vate goods w1th
their correspond1ng tariff strateq1es ‘

 We will proceed as follows. In the next sub-section, the
historic of the project will be briefly reviewed in ordék to: show the
temporé}.evo]ution of the objectives. -In the sub-secfion 2.6.3 a
brief daccription of the model will be ‘made in order that the present :
SECL]OH be 501f~ronta1n9d (The 1nterested reader is referred to
previous reports-in view of hav1ng a better underqtand1ng of the com-
plexities of the model). In the sub- section 2.6.4, the,mostv1mportant
of this section, the various means of regulation already discussed in
section 2.5 will be evaluated in relation to what has beenﬂdone so far .
in the NPPS model, then it will be- shown hou‘extensions to the model
can be made for the purpose of 1ncorporat1ng these regu]atory instru-
ments or means .in the model. Finally, in the sub-section.2.6.5, some po»
licy quéstiohs will be posed as well as their posswbie implementation
in the NPPS”modeT It will be noted that in the section 4.4 of the se-

-cond part of th1s Report some policy questions are posed and answers or so-

Tutions previously obtained from the model w111 be exp1a1ned

The historic of theaNPPS\Project

Since the beginning of the NPPS'Droject, initially called the
IRA Project, in july 1973, one can: d15t1nguush three per1ods with their
corte%pond1nq obgoct1ves ‘

a) - the first year (July 1973 - March 1975). The objectives
of this period were mainly to evaluate the impact .on the financial state-
ments of the carriers of some various settlement schemes. It wa$ du-
ring this phése that it was decided to conétruct the Model by blocks,
(see the next sub-section) each one being.able to work alone or'in an in-
tegrated manner with the others. It should be noted that this approach
has proved useful as the Accounting Block has’been developed and used in-
dependént]y of the other blocks for several'app]ications since that time.

¥
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of'a Policy Simulation Block. Since-that time, development of this
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The second main obJective was the 1ncorporat10n in Lhe mode]

block has been delayed due to the difficulties encountered in quanti-
fying-poﬁicy objectives.. Howevery the motivation and idea behind this’
remain, i.e. to try to answer some po]iéy:questions relevant to the
canadian context of tFe industry of telecommunications. More techni-
cally, what the part1c1pants had in mind was the determ1nat1on of some

'tradc -0ffs between some f1nanc1a] policy and technical var1ab1es The
interested reader can look to the "Final Report of the Second Phase of

the IRA Progect“ for examples of the kinds of po]1cy questions we have

in mind. - It should be noted that these ‘policy questions are mnow the cen~
tral theme of the present Report. Also, it seems that in order to give
interesting answers to some pricy queétions,.somé feed-back Toops.

have to be introduced in the model. These problems will be discussed

more fu]]y below.

It is worthwh11e mentioning that one of the main techn.ca]
ach1evements dur1ng thls phase was the computat1on of some margxna] costs
of service (whichever def1ned) without having:to introduce (or make any
hypoth931s about) any cost separation procedure

~b) The second period (March 1975 - March 1976). The studies
conducted during this period consisted mainly of measuring, evaluating and-

~empirically testing the crdss—subsidization probJem in the industry of com-

muftications. withithiS'gbal in mind, some cross-subsidy tests were developed
and implemented in the NPPS model. AM1 of CPOSS;SUbSidy tests were derived
from a game theoretic approach.(in fact, this approach has many analogies
with the economic theory of cartels a]feady mentioned in the sub-section 2.2,
once one reinterprets this theory in the context of a firm supplying many
products). Essentially, these tests‘consisted of a so-called stand-alone cost
test and a so-called inc}emental cost test. Behind the game theoretic ap-

pfoach; the core and the Shapley value are tw0'very important concepts. The
core can be defined as the set of allocations which. cannot be blocked by'

any coalition (of‘services,-bf consumers) where it is said that a coalition can
‘block-an allocation when it can reallocate the goods,'the costs or'the tariffs

1
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among ‘its merbers in such a way that at least one is better off in the B
new.situation. Only the tariffs which are in the core are the sﬁbsidy«
Tree tarfffs. The Shapley value of a cooperétive.game‘is defined as a
weighted average"of incremental costs of say a service, where the weights
refer to the probability of order.of occurrence of that service. In féct,
it is supposed that all orders of afriva] 4in a coalition are equally likely
(or that users with the same demands are to be charged equally). The"

importance of the ShapTey value (or the Ta1r a11ocat10n formu]a) in the

context of the industry under study are twofo]d first, due to the 1m-
portance of fung1b]e costs, the Shapley. va]ue can be seen as a way of at-
locating these costs among the services; second, as this 1ndustry is cha-
racterized by econoﬁies‘of scale, 1:é; by decreasing long term average
cost, bricing at marginal cost would introduce sbme deficits to the va-
rious Carriers. In consequence, there must be some departure from mar- -

g1nd1 cost pricing; the Shapley value permits tariffing in such a way that

- the total revenue will be precisely -equal: to the total cost i.e. the reve-
nue requirement is satisfied. One question can.be asked: is the Shapley

value always in the core of the price game? It -happens the answer is no.
However, it is in the core for the gamés havihg the property of being con-
vex, i.e. having the property that the incremental cost of a coalition does
not increase when the coalition grows. It is a mathematical way of dis-
cribing the phenomenon of econom1es of sca]e In fact, the principles we:
incorporated in the Operating Block ensure that our- "game is convex and
consequent]y that the Shapley value is in the core of the qame As a re-

" sult, one can attempt to synthesize a tar1ff structure accordlng to the

Shapley value and consequently obtain a subsidy-free tariff structure. The
probiem is however not so easy as it seems Since one has to take the reac-
tion of the demand into account. 1In other words, cne has to know the e1a5u
ticities and the cross- e]ast1c1t1es of the various demands.. ‘

~ Regarding the implementation of the various'cross—subsﬁdy tests
in the NPPS model, this objective has been reached by essentially in-

~Credsing the interrelationship between the Operating and the Costing Blocks.
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- The second -objective of the preéent phééevwas to fdrma1ize
the fact that the tariffs are the most important instruments avail-
able to the. government for reaching its various objectives, (thé se~' ‘
cond most important instrument being various barriers to entry). Tarifi-
cation is however a very complex prob]em - It has been shown'in the
previous sub-sections of this Reporu that. the complexities of the pro-
blem arrive from many sources. In part1cu1ar the obJect1ves offer
conflict and are very ill-defined (be1ng mostly in qualitative terms)

~some institutional arrangements must be taken into account; the various

nature of the services supplied by this industry must be cohsideked;
finally, the fact that the tariffs serve at least four functions.

Generally speaking, the NPPS model is cost oriented. 'For. 

- this reason, it can determine relatively well if there .exists some

cross-subsidy in the canadian network, since it compares a posteriori

'the revenues generated by the demands versus the costs of the var1ous

services. But, if we are interested in modifying the tariff structure

‘(for example to reflect the Shapley value), the model necessitates some

extensions. This~is‘the subject of the present phase of the project.

_' c) The present phase (March 76 - March 77): the objectives
of this pﬁase are essentially to. generalize the cross-subsidy test for
taking the non-zero cross-elasticities into account. Secbnd to intro-
duce a time dimension in the model with a view to compuL1ng some pros-

- pective incremental cost, and finally to req1ona11ze the tests for eva]u—

at1ng poss1b1e inter-carrier cross- SUbS]d}zat1on These extensions are
described.Jn_the second Part of this Report. However, the central theme
of these objectives is the fact that if the government wishes to modify
the tariff structure on aéhieve_a particular objective can the model be
designed to a plausible answer? ‘In other words;‘we are now going from_

‘a positive perspective (measurement of the existing cross—subsidy) to a

normative perspective (modification of a particular tariff structure for

~achieving certain objectives). As it was previously said, the model in

its present state is not very well equiped for considering these pers-

pectives.
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Historically, one can say that 1n the context of regulated
“inidustries the determination of the rates of the various services.
was based on two principles: the "value of service" (or what the

. traffic can bear) and- the "cost of the service". The first one,.

long time. privi]eged,‘waf essentially related to the elasticities of

the demands for the various services and equally to the cross- e1a5L1~

cities among the demands for them. In other words, th1s tar1ff1nq

© was demand oriented. However, the NPPS Model ref]ects the. "cost of

service" principfe; In other words, it is supply or1ented,_one of
the reasons being that. the cost of each service is the basis for the

tariff for that service. What we are now trying to do in the NPPS

context is to simultaneously take both sides of the prbb]em into ac~

“count, without hav1nq either very much knowledge of the various cross-

e]ast1c1t1es or demand uunct10ns As far as we know, this has never
been done previously. There is no doubt in our mind that if. the pro-
blem is to be resolved, it will be done by simulation. '

The functioning of the model

_ ' This sub-section presents a éummary of the NPPS model. Apart
form the ]ogica1 structure of the model, the emphasis is put on the .
various inputs needed in_eaeh block and the outguts which result from
each b1ock'once some algorithms are supplied. It is evident that the
needed inputs can most frequently be seen as some instrument variables
which the government can manipulate. Also, as it will become clear
1ater, some of the outputs of a part1cu1ar block are inputs for another
blocks. . As no comment will be made about the various algorithms needed
for running the model, the reader is referred to the published reports
for obtaining this knowledge. '

The general structuring of the model, the various blocks and
their interrelations are indicated by the flowchart, figufe‘1.' It can
be noted that these blocks refer respectively to the various. operations
of the carriers, to the costing of the services they provide, to the
different settlement schemes for splitting the revenues. and/or the cbsts
of their interregional activities, and finally to their'methOds of ac~
counting. ' " - ' ‘
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- A MATIONAL TELECOMVUNICATIONS PLANNING

AND POLICY SIMULATION MODE

CONCEPTUAL STRUCTURE
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A) The Operating Block (see figure 2) takes the sfhuct@re
~ and the operations of.the canadian network intovaccount dnd~thé '
- types of traffic it carries. Its-main.purposés,or outputs-are to
~transform the traffic patterns at peak demands into usage on the
particular links contained in the physical network and to compute the
presettlement gross operating“rcvenues The usages of the fac111t1es
provide an input to the Costing Block and the preseLt]emont gross

operating revenues, a component input for the revenue division pro-

cess dealt with in the Sharing Block. The data bases_(pr inputs) for
- this block are as follows: ’ ‘

a) Traffic data base

i) For the non-switched traffic, point to point
circuit requirements for a base period are given. Television and
private Tines are the only non-switched services considered so far.

, , ii) For switched traffic, point to"poiht‘offered
traffic profiles are provided in-Erlangs or C.C.S. for typical days.
A1though ‘the profiles can be modulated along 24 hours, oftentimes on-
ly the Toad for the peak hour is retained with factors of proportion-
ality to convert the loads for other slices of the day. This type of
iraff1c can be split’ into U.S. traffic, adgacent prov1nce traffic, and
non- aogacent pFOV1nce traffic. ‘

b) Switching network'(S!N.)_datatbase

- ~ The S.N. is given with its configuratibn,-its-hierL
archical structure and the rules of éverf]owihg, its quality of ser-
vice parameters (probability of loss on the ultimate trunk), the number
of circuits on each link, the-location of the switching mach1nes, and
an ownership tag for each facility. ‘

'10) Transmission network (T.N.) data base
The T.N. is given w1th its conf1gurat1on, fhe link ca-
pacities" (acLua] and:. u]t1maie) the ownersh1p tags.
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.d) Tariffs_déta base

For our interests here, the rates are those of the
Trans Canada Telecommunication Systen.

B) The Costing Block, (see figure 3) performs the functions

(or outputs) of assoc1at1ng costs, wh1chever defined, to the physical .
far111t1es of the network, and to allocaté costs to various services and -
"streams of me ssages, using d1fferent pr1nc1ples (for example, under the

present ut1llzat10n of the network or assuming its full ut1114at10n)

The cost by stream and service is fed into Lhe Sharing Block.

The Costing Rlock calculate the plant assets hy categories

of plant and by carrier in terms of both the gross investment and net

investment, i.e. gross investment minus accumulated depreciation. This ...

output is fed into the Accounting Block.

The incurved cost of each facility is the summation of the
following components: depreciation, cost of capital, operating costs

- and finally the non-income tax. The incurred costs have been ca1cu1atéd.

both on a gross asset basis and net asset one, for each carrier and for

the following accounting types' of p]ant switching, transm1ss1on, gene~"

ral equipment, building and land.. The general logic for-ca1cu1at1ng '
these costs is shown by the Costing Flowchart, (figure 3). We will now
review the important steps appearing in this diagram..

As cén be seen in the figure 3, the starting point for calcul-

ating the incurred costs is the assets valuation of the assets, some at
their reproduction costs and some at their historical ones. The Asset
Valuation module provides, beginning~of—a~(partfcu]ar)~year~va1hes?for
the aforementioned types of plant. The values for general equipment,
building and land are taken directTy.frdm’the financial statements of the
carriers. However, such is not the case for switching andztrahsmission
equﬁpmeﬁts. For these elements, thé»assets valuation operation is per-

formed by using some assets valuation functions: -these functions are

step ones in order to capture -the economies of scale "in the industry of .
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' COSTING BLOCK FLOWCHART
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telecommunications. Since ‘in the NPPS model we are primarily concerned

with the TCTS transmission network which consists essentfa]1y,of°microf

wavevrepeaters,-muTtip]exing‘equipment and towers, these assets only.

“will be eva1uated.f0r that network. For that purpose, all repéaters

in the TCTS system have been classified, according to their function,
into three categories: - regular repeaters, branching or junction re-

Apeaters, term1na] repeaters. For each of them, a cost function was es- '
a3115hea, the costs vary1ng w1th ihe 1nsta1]ed Capac1ty (1n RF channe]s);‘

In view of ta1cd1a{ihg~the first component of the incurred
costs, i.e. the-depreciation, once the reproduction cosfsffunctions :
are-aVai]ab]e, the following steps must be performed. First, the growth
rate of gross additions to the plants is required both in the Aging and
IndeXing-Mddu1e and also in the Deferred Tax Module (the result of

“which being an input:for the computation of the cost of capital). It i

is obtained as follows:

GA(y) = GA(0) x RY,

where GA(y) is the gross addition in year y; GA(O) is the gross addi-

tion in the initial base year and RY is the compounded growth for y
years. R is obtained by first transforming this equation in logarithm,
second, -by making a regression. - - I

Up to now, the Asset Valuation Module which provides repro-
duction asoetlva1ues, applies current cost functions and current tech-
nology to asset< evaluated in the Operat1ng Block. However these re-
production asset values must be transformed into h1stor1ca1 asset va]ueq
which are the ones which appear in company's books and also which are
needed for regulatory purposes. In-order to do this, we have to calcu-
1ate the dol]ars\surviv{ﬁg from the vintages, which we call the'aging
procedure, and to construct price indices relative to such_vintages,
which we ca]]vthe indexing procedure.  In conSequence, thé‘Aging'Moduie
app]ies’various methods of depreciation, survival characteristics and
growth rates. In the Aging and Indexing Module, the indexing factors'are
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a) pricing which reflects dollar inflation over time;

o b) changes in technology which reflects differing real
- costs for the same capacity due to varying states of technology.

Two methods of'dnbreciation are programmed in Depreciation
Module. . The first is- the Average Serv1ce Life (SL), wh1ch depreciates
on a Ctralqht 1ine basis the whole of the v1nfaqe group. “The second
is Lqua] Life Groups (FLG) which deprec1ates the simaller equal life
groups within the v1ntage group. . However, for simulation purposes, it
is possible to mod1fy various parameters 11Le thc surv1va1 curve, the
average 1ife of the equipments, the maximum 1ife, the 1nf1at1on rate,
the growth rate and finally Lhe reproduction va]ue

The cost of capital is the setond component .for evaluating .
the incurred costs.’ It is ca]cu]ated by using the following equation:

Cost of cap1La1 (—-——7 [RORE X (1 - DCR)] + (1 X DCR)

wherevt'= tax rate, RORE = rate of return on eduity:A_DCR‘= debt/capi-
talization; i = average interest rate on debt. L |

l1na1]y, the last component is the operating costs wh1ch in-
clude among others the following elements:

Maintenance: repairs to plant, station equipment, trans;
’ mission power, buildings and grounds, etc.

Marketing and commercial: advertising, sale expenses, sala-
ries and'wages, directory expenses;: .

'

H

Traffic: mainly operators wages in therhanq11ng of messages;

. Provision for. pensions and other employees benefits;

1

Accounting: salaries and wages of Accounting and Statistical
Departments;
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- Engineering: principally expenses incurred in conneétion.
with planning for plant additions and
changes and for equipment design for custo- -
mer requirements and special projects; ‘

t

- Other expenses: general office salaries and expenses, ope-
rating rental. and miscellaneous expenses.

Up to now, these operating costs are estimated by app]ying"
particular ratios to the asset costs. ' o

C) The Sharing Block

The Sharing Block contains a set of sharing schemes bet-

ween carriers which aim at remunerating the owhers for usages of their
system by service streams passing through more than one system. In con-
sequence, the output of this block will be, once-a particular scheme is
used, the determination of the postsettlement operating revenues by car- .

rier. This provides an input for the Accounting Block.

The basic inputs consist of the?pre«settlement gross operating
revenues by stream of traffic; the Tacility usages and the facility costs.
The output is the post-settlement revenues which are:fed into the Account-
ing Block. | -

In Canada, revenue settlements occur in five cases:
1) Trans Canada Telecommunication System (TCTS) settlement.
It applies to traffic originated and/or terminated in

Canada -and involving three or more.carriers;

2) Adjacent members settlements;

(¥3)
~

Canada-United States-sett1ementA(TCTS Versus ATT and CN-CP
" versus Western Union); o S
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4) Teleglobe - CTO (Commonwealth Telecommunication Organi-
zation) settlement; '

5) Teleglobe - Domestic carriers (TCTS and CN-CP) settle-
ments. ' ‘

For our exper1menta1 mod°1 on1y'threé*séttTement-schemes
are reta1ned '

1) The "Full Division Plan of Sett]emehtV (TCTS): it starts
“ by pooling all common system revenues; then each member receives from
the ‘pool an amount equal to the expenses itrassigned to. the provision
of the revenue generating”services; The balance of the poo] revenues
is shared according to the member's contribution in the provision of
the service, this contribution being medsured in terms- of its share of
the assigned plént value, Most separations-during the cost assignment
are made from relative use measures, and even the excess capacities
are allocated. ‘ o
, 2) The 01d Commonwealth Scheme: it distributes the_pooTed
revenues in the same proportion as the“inCufred,expenses (Operating ex-
penses, depreciation and cost of capital) ‘
' 3) The New Commonwealth Scheme: it equally divides the re-
venues -of each stféam between the terminal partners as well as ‘the costs
Nodes and . ]fnks unit costs-are

computed 1nc]ud1nq capital and operating costs, then route unit costs

associated with the particu]dr stream.

are derived and stream costs are obtained by multiplying those route
unit costs by the respective stream usages and summihg for all routes of
a stream. The carriers are terminal partners for certain streams and
transit partners-for others so that a k1nd of Pqu1]1br1um is reached
between the partners in shar1ng the revenues°
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D). Accounting Block

‘ The financial statements for each carrier, and possibly:
for all the carriers if desired, are the major outputs of the accounté::
ing.b]dck,and also of the NPPS model. These financial statements ba-.
sically consist of thé following: ‘ |

a). the Ba]ance Sheef wh1ch cons1ts oa two main parts

assets and 1lab Tities. 1he format spec1f1ca]1y show>, in great de-.-
tails, the changes. that take place dur1nq the. current year -and, in con-
sequence, the situation of the carr1ers ‘at the beginning of the year,
the changes dur1ng the year and f1na11y the s1tuau1on at the end of
the year of each carrier are printed.
‘_ . N |
b) ‘the Income Statement which ilTustrates ihe'operating

© revenues, operating expenses, other expenses, income taxes, debt ser-
vice charges, extraordinary jtems and f1na1]y net income available for '

dividends aﬂd retained earnings.

c) the Sources and Uses of Funds Statement which shows

how various funds are collected and from what sources. It also shows
how these funds have been deployed, such as in gross construction ex-
pendifurps investments, misce]]anebus and increase in working capital.
It should be noted that Lhe sources and uses of funds a]gebra1ca11y
equa] ‘the changes 1in the Balance Sheet.

Moreover some financia] ratios are also automatically com-
puted. Among them, one can ment1on the debt/capital ratio, the com-
mon dividend pay-out ratio, and the ratio of return for equ1ty compo-
nents. ‘ ‘

[N

Essentially these financial statements and ratios are ob-
tained by utilizing a simultaneous equation system approach, system
which contains as relations the main accounting definitions.
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~Finally a goal programming mode]-is.incorporated7in~the
Accounting Block. This model permits to méaSUPéjthe impacts on

- some -key variables orice some constraints (for -example, an upper

bound on the rate’of return) are imposed by a regulatory agency.

| From. the foregoing, the reader'has surely noticed that
the model has been shaped to utilize and maintain 1nformat1on,

_both exogenous and endogeneous, at a fine 1eve1 of d1saggregat1on

Also, by virtue of the "building bloeck" concept and the structur-
ing.-cf the mode] in four main blocks, a veryvgfeat flexibility in
simuiation capability has been provided. As indicated by the dot-
ted Tine in the f]owchart (figure 1), simu1ation_spenarios may be
constructed through acceséing and changing some control variables
or parameters in any one, .in more than one or in all of the four
main blocks. It follows that the various scenarios and their im-
pact can be- eva1uated by runnlng the model end-to-end or for inter-
d1ate output from any one of the b1ocks

Means of regulation and their implementation in the NPPS model:

©an assesment

~In the sub¥section 2.5, seven -means of regu]at{on were re-
viewed as well as their importance for helping in reaching the:policy
objectives of the telecommunications industry. Ir the preseht sub-
section an operatiénal means, i.e. the NPPS model, was described in
view of implementing empirically the»stated’objectives.y‘Then, it can
be of interest to look more closely to what extent ﬁhe various means
are already incorporated in the NPPS model, and if not, to see the

needed modifications in view of taking them ihtoAaccount~in the model.

First consider the obligation to satisfy the demand at.rea-
sonable costs. This means is already included in the NPPS model,
mostly in the Operating Block and the Costing.one, the reasons being

.that 1n the former block one of the ma1n 1nputs are the origin- desti-.

nation calls at peak hours, and it is prec1se]y one of the main func-

tions in the latter block to compute the cost associated with the var1ou;
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services, Of couxse, there does not exnst any object1ve measure: of
the reddonab111fy of the costs

The minimal quality of the services as well as the techni-
cal specifications of the equipments are also included as 1nputs in

the Operating Block.

The MGdﬂ\ of "control or the Coptents” does n01 appoar in

- the NPPS mod91 and it does not seem to ex1st any way of formalizing
this means of reguldt1on (except may be throughout many qdanijtat1ve

equivalents).

Concerning the depreciation methods, it can be said that for
the time.being two'methods,_with‘their parameters., are a]ready in-
cluded in the model and also these methods are now interre]ated'with
an Aging and Indexing A]gor1thm Of coUrse, some simu]ationS‘may'be

~done by playing on the various parameters which defune the methods

Find11y consider the last two. means of regulation, tar1ffs
and barriers to entry. Formally speak1ng, both of them are not already
included in the NPPS model, but each one creates completely different
problems. Take for example, the tariffs: it is evident that in somé_

way or anotheb-one must incbrporate in the model the reaction of the
demand once the tariffs -are modified, otherwise work1ng with the reve--
nues, as it is done present]y, is. 1nsuff1c1ent But one we are 100k1ng
for modifying the existing tariffs structure, one must take the price-
elasticities and cross-elasticities into account. The way of intro-
ducing"them in the model are discussed in various p]aces.ih the Report.

Now, 1ook:ét‘ibe barriers to entry: here, ‘the question is

in the domain of trying to evaluate the possible consequences: on some
variables if there were no barriers. In other words, this kind of means

of rogu]atlon has to be Tooked at in a simulation coritext. For example,

one would 1ike to know the investment ‘cost on each link in the transmis-

sion network, then the allocation model in- the Operatwng,B]ock has to be
modified in such a way that the algorithm will have to choose, at each.
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node, -which téchnd]ogy is the cheapest. Of course, all the barriers

- to entry cannot be treated in this fashion, principally because level

2.6.5

5 is not yet incorporated in the-model, and some of these barriers are
mostly relevant to this level.

Policy implementation in the NPPS model

The:NPPS‘modeTgTs;aAsimuJatienwdeéf*énd_ftJhasgbe shown that

it already incorporates some of the most important means of regulation.

So, two.classes of question ‘remain to be answered. First, to what ex-

“tent the NPPS model can supply some quantitative answers to policy ques-

tions 1ike the tarifying of the excess capacities and its consequent in-
ter-temporal cross-subsidy, the measurement of the cross-subsidy among
the services, the determination of an "optimal" tariff structures, etc...

- Second to what extent the NPPS model can -be used for"re1ating'thesé :

instruments with the goals or objectives set out prev1ous1y? We will
comnent on .each ciass of quest1ons ' '

As-f{ was mentioned at several p]aées‘in this Report, the NPPS
model. is a disaggregate model trying to be as close as possible on the
varidué activities of carriers. Also, generally speaking, the NPPS fmo- .
del is cost. oriented. For both reasons; the model is relatively well

equiped for eva]uab1ng the importance of excess capacities 1n the net~

works and for medsur1ng the presence or the absence of cross- subs1dy
among services and among carriers. But, for the time being, the model
cannot determine such thing as-an optimal tariff structure, the main
reason being that the demand side of the telecommunications services
must be taken into account. The reader is referred to the second part 1
of the Report in view of appreciate the needed'extensionsAthat.haVe to
be made in the model. . o ‘ ’

The second class of questions-is a very comp1ex one at the
technical level. By its construction, the NPPS model is shaped by

blocks where in some opt1m1zat1on is allowed. But now what we have in

nind s the superposition. on the model -as a whole of a g]oba1 obgert1ve
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function which can take the various objectives into account. If this
kind of approach were possible, one would have an immediate evaluation-
of the modifications of the values of the various means of regulation
on theAindex which sdmmarizes‘the objectives. It is the intent. of
Laval to study;this‘technical problems during the next phase. o



PART I1

IMPLEMENTATION OF THE PO"!,.'IC.Y OBJECTIVES IN THE NPPS MODEL
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Introduction

The purport of this second part -of the report is twofold:
first, to‘put some  emphasis on the usefu]néss and the flexibility of
the NPPS model in relating several app]ications‘of the model executed
during the present phase of the contract;‘second; to'givé a deeper in-

" “sight in some possible extensions of the NPPS model in view to render

it a more compliant and more reliable tool-when dealing with.the com-
plex situations arising in the industry of telecommunications.

A1l the subjects discussed in this part of the report are

- Tinked together by the ultimate quest of a satisfying answer to the

ihtertempdra1 Cross- subsidization‘problem, This objective, which di-
rectly aims at an adequate and fair tariff structure, would be reach-

able if the excess capacities, present in large amounts: in both networks, -

can be precisely def1ned? appropriately treated and fairly apportioned

“amongst the services. - A good treatment of the excess capacities is a

necessary step to obtain"a satisfying eva]ﬁation-of the long-run incre-
menta1 costs; so, any allocation of these capacities in excess signi-
fies the 1ntroduct1on into the.model of the temporal dimension, 1i.e. we
need a redefinition of the services inside a model incorporating many
periods. This multi-period framework directly refers to two-tthQS‘
the consideration of an expansion model with which demands become va-
riable parameters . and the genera]wsatwon of the cost- a]]ocatwon formu]a
which will take this temporal dimension into account in Vtew to get a
fairer distribution of the cost betweeh~servibes'and generations. The
transition from a Stdtic to a mu]ti—périod model makes more pressing
the task of introducing»the various elasticities of demand.. With the
passage of time, we ‘have to consider the changes of theAdemahds~resu1f

© ting from a modificatioh of the rate structure; moreOVGr,’iF we want

to look at tariffs as an instrumental variable for the regu]at1on au1ho~f
rities, we must envisage the existence of a demand hlock which will |
give the necessary information on the changing demands. S0, all the’
d1scussed topics are closely related and they tend t09cther to obtain

a bettur detetm1natxon of the tariff structure L '
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_ As previously said, the first section .of the éecond part‘is
concerned with the app11cat1ons of the hPPS model realized during the
past year. The first two sub- sections describe simulations transla-
ting a.s1m11ar purpose: in-a first phase, the model was run in.view to

allocate the whole excess capacity according to different schemes; in

a seéond step, it was considered that only the pure excess capacity
has to be apportioned, i.e. only the'excegs'Capacity not due to a po=
tentially growing demand. Despite thé‘fact.that’theSé”two kinds™ of
runs*dﬁstr{bute:different1y the'burden'bf"excess capacities, they both
lead to the conclusion that the amount of excess capac1ty to be shared
is quite large relative to the used capacity.

lho next sub-section app11es the ana1ys1s of goa1 program-
ming to the NPPS mode1, part1cular1y to the accounting block. Many
simulations were carried out with the 1976 data of.Bé11 Canada, exploi-
ting the advantage permitted by the goal programming method to.reach.

several ‘goals simultaneously by weighing them according to some orde-

ring of priorities. The introduction of this mu1t1p1e -objective ap-
proach in the NPPS model is comp1eted and needs no further 1mp1ementa~

tion before utilization. = A last -sub-section sums up three simulations

made by Sorés this year: -the first concerns the testing for the pre-
sence of intercarrier cross=subsidization with the respective pre-settle-
ment or post-settiement revenues_arrangements; the second run ié the consi-
dering of the entry of Quebec Telephone in-the TCTS club and to the
consequences of this admittance upon its revenues acéording to diffe-

rent sharing schumes, the last simulation dea]s with the potential

division of Bell Canada into two 1ndependent carriers. The applica-

tions of the NPPS model show its great adaptability.to tackle diffe-
rent problems arising in the regulation of the industry of telecommu-

v

nications.

‘ The~se¢ond section of part II of the Report analyses three
main possible .extensions im the NPPS model. 'The’first'Smesection
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studies the generalization of :the standard crossesubsidy.teSts in
taking into consideration the presence of cross~e1asficities.
After discussing the imporianée of these non-zero cross-elastici-
ties for the regulation issues particularly, we summarize the ten-
tative work done to introduce them and the resulting difficulties.
The principal conclusion of this approach, is that one faces two

~alternatives: ither we introduce the. cross- e]ast1c1t1es d1rect]y
“into the crcss~subsidy tests, wh1chwones~m1ght-become qu1te'comp]ex,

or'we consider tho'graft{ﬁg on the NPPS mode1 of a demand block.
No matuer which alternative is choosen, one has to cons1der the
price~demand re]at1onsh1pqﬁ

‘The following sub-section deals with the introduction of
an expansion model in the operating block in order to have a mu1t1~
period framework and to render possible the treatment of prospective
incremental costs. »The‘1ast sub-section proposes a genera1ization

“of the cost-allocation formula along a temporal dimension. This ap-

proach distinguiéhes services offered in distinct periods of time
and take into consideration the ordering of arrival of the many ser-
vices. Such a point of view seems to.bring the cost-allocation for-
mula much closer to the way decisions are taken concerning the serv1ccs‘
of telecommunications; moreover, the procedure looks operational. ‘The -
last topic of this sub-section presents a simplification of the cost- -
allocation formula showing more explicitely the way 1ncrementa1 costs
appoar in tn1s full- a]]ocat1oq cost scheme Ther is a simpTification'
of the formu1a from the fact that the rank1ng of the services according
to their size makes possible the partial avoidance of the combinatorial
calculations.
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4.1

Applications of the NPPS model

Various treatments of the excess capacities -

The presence of excess capacities is quite foreséeab1e

~in an industry like te]écommunioatiohs-exhibiting_fast growing -

demands and enormous fixed costs.  The existeénce of the capaci- -
ties in excess can bewexDiainedmﬁrom¢seyenaﬁwpoints§0$~View: ’
simple eérror of planification,. redundance to reach a survival

"~ objective, decreasing. demand a]ong a cyc1e or trend, indivisibi--

Tity of optimal facilities assoc1ated with relatively small de~
mands, growth reserve accunulated to protect against any’ brutal:
positive demand variation, grdwth'reserve;bui1t to take advan-.
tage of economies of scale when théventerprisé faces-a sustained
growing demand, etc. The excedents of~caoa¢ity raise many‘ih~
teresting problems like who must bear the costs involved by these

AexCESScapac1L1es, what are the planning ruTes adopted by managers
to install these extra capacities, what are. their extents in the

actual network of telecommunications:’

ThekNPPQVmodel can be a he]pfuT tool to answer some.of
the ouest1ons related.to the concept of excess capacities and in
fact, last year simulations shed 1ight on some of these- issues. ]
In the following paragraphs, we would like to. sum up the 1nforma»
tion brought up by the model re1ai1ng to 1ts various treatments
of the capau1t1es in excess. ‘

The f1r t po1nt to come up .was the huge size of the
Capac1ty installed in excess of the used capacity. This f’nd1ng
was the result of a f1rst series. of s1mu]at1ons with the NPPS mo-
det trying to 1mp1ement the cross—subsmd1zat1on-tests These

‘tests were performed o groups-of services where cross-subsidy

was suspected i.e.

- pub]1c messages versus pr1vate lines,
- short distance versus ]ong d1stangL tol] Lraff1c,
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- peak traffic versus off-peak traffic,
- regiona1 versus adjacent versus non-adjacent and U.S.
, traffic. ' ' .

A1T these simulations gave the same conclusion: the incremental-cost
test Was'a1ways satisfied, with a ratio of revenues over incremental
costs -so large that it could hardly be;beiieved that the croésfsubsidy
tests were passed only beCause-approximaiions or defects in the model.
For éxamp1e§ even with a beﬁter»costing for'tranémissioh féci]ities
and with an approximation for the multiplexing plan, the intrementa]
costs of private lines were $10.1 millions compared'with generated re-
venues of $41}6"mi11ions,‘whi1e the corfesponding cost of éxcéss capa-
city was $98.7 millions.

Given the’importance of the common costs and other non direc-
tly allocable costs, and since total co§fs must eventually be recovered,
it seemed warranted to devise methods to take account of excess capaci-
ties when comnut1ng fhe'1ncrementa1 costs. We then proposed to use an

exhaust1ve incremental cost which was the sum of‘the usual incremen-
tal cost and a new term repreSDnt1ng a certa1n port1on of the excess
capacity 1mputed to a. part1cu1ar service. The idea behind this approach
was to apportion the whole excess capacity between the services since
one_admitted that the cost of the extra capacity must be supported by
the present customers. Two scenarios were envisaged: to share all the
unused capaCIty among services, first accord1nq to the fair formula ap~'
proach  (the Shap1ey value), spcond proport1onaue1y to ut111zat1on.

Simulations were run to imp1émént these two full-allocations
when considering only the scenario of public messages versus private
Tines. The results were similar for both cases: the full allocated
costs of private Tines were gréater_than"theacorresponding,generated
revenues. Moreover, the exhaustive incremental cost-of private Tines,

‘evaluated according to the Shapley.value, exceeded the estimated:revé—

nues;. this situation stems probably from the fact that the Shapley va-
tue, in Jeparafwng evenly the costs among all part1c1pat1ng services,.
disfavors the private lines (and. favorq pub11c mes<ages) relatively

to an allocation ru1c based -on usage. e




64

This- double treatment of the_éxéess_capacity_was‘not consi-
dered quite sétiéfyﬁng since it puts the burden of théfentire excess
capacity only on the shoulders of the present consumers. Moreover,
this allocation was determined by the present relative utilization of
the network, and this may be completely different from the future u--
Sages{ In telecommunications network, prqtection;facilities and_in7

~ .divisibilities leading to economies of scale are frequently associa-

ted with fast growing demands; in Suph'a dynamic ‘perspective; a

portion ofxthé:exteés’capacity may. be séeh\aSta'growth‘reserve which
will benefit future as wé11 as present generatibhs} It is therefore
justified to impute a part of the uhused‘CapacitiES to actual serviQ
ces; however, this. does not imply or necessitate that the entire éxtra
capacity be charged only to present generation. |

One way to reach a fairer distribution of the burden may
be to devide the excess capacity in two parts: a growth reserve
which tends to meet an expanding demand as .accurately as possible,

-and what- is called pure excess capacity which is the surpius capa-

city over the sum of the used capacity and the drowth reserve. The
philosophy of this distinction lies on the hypothesis that only the
growth reserve must be imputed to the customers and then a]]oQated.
between the actual services; the pure excess capacity nas to be bor-
ne by the carrier. This methodo]ogy représenfs an’imhrovement sin-
ce the charge imposed on present cbnsumers~corresponds only to their:
probab]e.growing demand.
_ The iﬁpTementation‘of the apportionment of the growth re-
serve necessitates the recourse to an expansion modgl and wil} be

the subject of the next section.

t
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Variations of the demands (expansion model)

‘ The concept of a growth reserve implies the use of mov1ng
horizon (we will take three years) and the choxce of growth rates

~ for the demands translating the prospective usage of the equipment.

The procedure consists to run the model successively for three
years, increasing the demand for ever/ service accord1ng to a growth

rate pa1t1cu1ar to each SePV1CG and determlned exogenous]y " Even it

the purpose of such a s1muiat10n is yeL the allocation of some part

of the excess -capacity, we range it under the title of var1at10n of

demands since this approach may necessitate some. expansion features

in the model; in fact, after each year of growing demand some links

could be saturated and block any future growth, though ample.excess
capacities may yet exist on most of the other Tinks. . No.actual ex-
pansion scheme exists in the model right now, but all the links that
became_saturatéd during the process were handled by hand, pushing»thé
limiting constraint so as to permit the expansion of the growing demand.

Two kinds of simulations were executed with the NPPS model
in view to share the growth reserve among public messages and pri-
vate lines: we alllocated this spare'capacity either according to
utilization, or according to the fair allocation formula, taking a 12% ;._};
uniform annual growth rate for public messages andAa similar growth |
rate of 18% for priVate Tines. 1In each kind of simulation we allocate

_the growth reserve either on present.usage, or on future usage, but the.

destination does not make great difference. The results of the two si-
mulations were quite similar, either when the sharing of the.grOWth re-
serve was based on usage or on the Shapley value: the revenues of the
private lines were greater:'than the fully allocated costs, in both cases,

~no matter what was the choosen planning horizon. The private Tines ful-

1y allocated costs varied from $25.5 to $28.2 millions when based on
usage, and from $31.7 to $35.1 millions when using the Shapley value,
compared to generated revenues estimated»at $41.6 million. We can note

“the bias displayed by the Shapley value against_the privéte Tines.

¢
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These tests based on prospective expanding demands over
a thréé~yearjpéri0d*1ndicaté that the exhaustive incremental cost
of pfiyate Tines is nearly proportional to the potential volume of
service, given the growth rate of the demand. This result implies

it is quite unlikely that the portion of the excess capacity im-

puted to a service might enlarge the exhaustive incremental cost.
so much as to.exceed the generated revenues (even a doubling of the

.planning horizon qnd‘a”relaﬁively largér growth rate wou]d~h0t‘do

that). We may infer from this that thé'growth reserve.is a small
portion of the unused capacities, and that the largest part.of ex-
cess capacity is pure excess, even though some links can become sa-
turated in the expansion of the demands over a three~year growth
reserve. ’ o ‘

A fuller treatment of the excess capacities, with a pros-

pective causal responsability principle in view, would require, for

example, a redefinition of the services in a temporal framework, the
possibility of creating new services and demands, the utilization
of growth rates sensitive to different kinds of links, the conside-
ration of technological diffusion. .
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~Goal Programming

The madel -

Dans le working paper no. 1 de’septembre 1977, nous avions

appliqué la programmation par objectifs & un modéle de 11 variables,
4 ratios et 25 équations_dont 9 identités. Plusieurs variables endo- .

.génes devaient alors &tre. fixfes, a.priovi, a leur valeur historique.

Nous avons maintenant désagrégé le modéle pour le rendre plus
pertinent. Nous obtenons ainsi 36 variables, 9 ratios et 14 identités.
Lorsque nous utilisons toutes les contraintes du modéle, & savoir une’
borne inférieure et supérieure pour. chaque variable et ratio, on ob-

tient 104 équations.

Nous utilisions pour le modéle agrégé, un programme APL de
programmation linéaive. En transformant la formu]aﬁion du- probléme,
nous obtenicns les mémes résultats qu'avec la programmation paf obhjec-
tifs. Les résultats des simulations-&taient d'ailleurs donnés dans
e working paper no. 1. Etant donné les dimensions que prend. mainte-

nant le probléme, nous avons d@ chercher un véritable programme de

programmation. par objectifs. Puisqu'il n'en:existait aucun dans les
programmes commerciaux couranment utilisés, nous avons utilisé celui
présenté dans "Goal Progfamming_for Decisipn Analysis“(])
1'avons légérement modifié. Nous le présentons en annexe avec un dia-

, et nous’

gramme logique de son fonctionnement.

(1) Lee, Sang M., Goal Programming for Detision Analysis, Auerbach,
.Philadelphie, 1972, 387 pages. '
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4.3.2 The software

Les 36 variables. considérées sont les suivantes:

NETING-  NIA  TRANGV REPL DPRTVE  LAND
OPRY EQ DELCTI  DEPN  OPXP GETV
DIVI . RE DELDCR ~ DEPDIF . QTHINC  GTP
NEWDER PR - DELCL CURDTX  IDC uee
DELEQ L ~ DELINV PRDTX AD  OTHEXP.
DELPR ~ GCE  DELDCH DPRTVC RET CCA

Les 9 ratios dont on tient compte sont: DCR, PCR, DPR, ROREC,
RORC, ITCAT, ITCBT, RORBI, RORBE. Notons enfin que les.différents
coefficients- tels que T, 10, IN, etc... sont fixes et &égaux & leur
valeur historique.

" Le lecteur trouvera dans T'appendix C le Texique des symboles

utilisés dans le bloc comptable.
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2)

8)

9)

10)

1)

12)

.13)

114)

_NETING + DIVI - NEWDEB - DELEQ - 0.955 DELPR + GCE + TRANGV + DELCTI

~DELDCR - DELCL + DELINV + DELDCH + REPL - DEPN -DEPDIF = CURDTX

-PRDTX - DPRTVC - DPRTVE = 9699.055

SNETINC + .50364 OPRV - .02203 NEWDEB + .01977REPL - 50364 DEPN .
-.50364 DEPDIF - .50364 OPXP + .85109 OTHINC + IDC = 83057.13

69
 EQUATIONS SIMULTANEES. S |
|
|
|
|
|
|
|

NETINC - .045 DELPR - NIA = 27326.63
-DELEQ + EQ = 1,435,305

DIVI - NIA +.RE + TRANGYV = 594,095

~DELPR + PR = 343,211

" -NEWDEB + L + REPL = 2,100,392

AD - DEPN - DEPDIF. - DPRTVC - DPRTVE + RET = 1,732,457 - -
~.012926CE + DEPN + .02991 RET + .02991 LAND + .02991 GETV = 372,947.69
-6CE + RET + GTP = 6,433,396

IDC - .00895 GCE = 6672.80

~GCE + DPRTVC + IDC + UCC + OTHEXP =-3,921;368

.10043 UCC - CCA = 6.77

.49636 DEPN + .49636 DEPDIF + CURDTX - .49636 DPRTVC + .49636 DPRTVE
-.49636 IDC - .49636 OTHEXP - .49636 CCA = 0 = o
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DIVI - L NIA - dF

B

DIVI - UGNIA + d

NIA -

Nl

Lg (EQ

_ , (DeR)
= 447455205 - 2,100,392
= 44745521, - 343,211
| | - (PCR)
-Up(EQ + RE + L) + (1~ Us)PR + d” = 447455205 - 343,211
= 0
| (DPR)
= 0 '
NETINC + .04375NEHDEB - 3Ly (EQ + RE + PR+L) - .03926REPL ~d" =
22372761, - 164,992.78 |
‘ (RORC)
NETINC + .04375NEWDEB - 3Ug(EQ + RE + PR + L) - :03926REPL + d”=
2237276V - 164,922.78
¢ RE) - d* = 1,015,474.5L, -
| - ~ (ROREC)
+ RE) + d7 = 1,015,474.5U,

NETING - (Lg

NETINC - (UB

~Ug (EQ + RE + PR) +.(1 = Up)L + ¢

g (EQ + RE 4 L) + (1 = Lp)PR - d*

1

CONTRAINTES SUR LES RATIOS

1)(.04375NEWDER - .03926REPL) - dY

1)(.04375NEWDEB - .03926REPL) + d

-

~Ly(EQ + RE + PR) + (1 - L)L - d* = 44745520 - 2,100,392

164,922.78(Lg - 1)
 (ITCAT)

164,922.78(Ug ~ 1)
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 NETINC +

F

NETING +

.1.

~NETINC

~NETINC

~NETINC

-NETINC

!

]

ol LB

.49636(0PRV - DEPN - OPXP) + .04375(1 - T - U, )NEHDEB
.03926(L

- OTHINC = 164922.78 - 1769303.5L

- OTHINC = 164,922.78 - 1,769,903.5U

71

+T-1)

+ T = T)REPL + .14891 OTHINC - d" :]64,92278(LB

B
' (ITCBT)

.49636(0PRV ~ DEPN ~ OPXP). + .04375(1 - T - UB)NEWDEB _
.03926(UB + T - 1)REPL + .148910THINC%-d“'=_164,922.78(UB + T - 1)

.04375NEWDEB + .03926REPL - 3L, (CURDTX + PRDTX + AD - GTP)

sl

B (RORBI)

.04375NEWDEB + .03926REPL - $Up(CURDTX + PROTX + AD - GTP)

B

.04375NEWDEB - .13355L,6CE + .03926REPL + OTHINC + IDC

B

1L, (CURDTX + PROTX + AD - GTP) +d” = 164,922.78 - 1670316L,

gl
" (RORBE)
(04375NEWDEB - .13355U,GCE + .03926REPL + OTHINC + IDC |
3U5 (CURDTX- + PROTX + AD - 6TP) - d* = 16,4922.78 - 1,670,316l

o -

borne inférieure

3

UB borne supérieure
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EQUATION
EQUATION

EQUATION

EQUATION

EQUATION
EQUATION
EQUATION

EQUATION

EQUATION

. EQUATION

EQUATTON
EQUATTION
EQUATTON
EQUATION
EQUATTION
EQUATTON

EQUATTON

EQUATION 1

| EQUATION

EQUATION

EQUATION

EQUATION °

EQUATION

EQUATION

_EQUATION

'EQUATION

‘Identification des membres de droite des &quations comptables

1l: -PRO = RHO + OTHADJ -~ ADJP + ADJR + ADJA + NSV - DELOCA

2:

3:

4

10:
11:
12:
13:
14:

15:

16:

17:

24
23:

26

72

=
4

(1-T) IO + LO
PRO » RO
EQC

REO + OTHADJ
PRO

LO

ADO + ADJR + NSV

DEPRAT - [.GIPO + 3 (- PUCC ~ LANDO ~ GETVO + ADJP)]

GTPO + ADJT .

iC - rUCO

Uucco - ADJU

~ (6.77 représente une erreur d'approximation)

L. (CONST 15) - LO

os}

Uﬁ (CONST 15) ~ LO

1

LB (CONST 15) PRO

UB (CONST 15) - PRO

* Ly (EQO + REO)

ol

-+ U, (EQO + REO)

2»"LB {CONST 15) - 10 - LO

1o Al

C A

B hB (CONST 15) - 10 * LO

(L, =.1) » 10 = 10 -

B

(u, - 1) <« I0 * LO

B




EQUATTON

EQUATION

EQUATION
EQUATION
EQUATION

EQUATION

27:
28:
29:
30:

31:

(LB +T-1) « I0 « L0

U, + T~ 1) «~ 10 < LO

B

1, .[-3(erro - ADO) +

4+

UB [-%(GTPO - ADO)
L, [ 3 (PUCO - GTPO +

U, [ 3(puco - GIPO +

Ly

U

CONST 15

DEFTXO + ADJU + ADJB] + IO » LO
DEFTXO + ADJU + ADJB] + I0 = LO
ADO) + DEFTAXO] + IO + LO

ADO) + DEFTAX0] + IO ° LO

borne inférieure

3]

= borne supérieure

= EQO + REO + LO + PRO

)
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Pour chacune des simulations on utilisera les 14 dquations

“simultanées mais le choix des contraintes sera différent. On devra
“imposer des contra 1nLes sur chacune des variables pour ev1ter des ré-

sultats aberrants tels que des revenus d'opération nuls. Ces contrawntes

n‘ont pas été présentées car elles sont simplement de la forme -

Les contraintes sur un ratio en particulier ne seront uti-
Tisées que lorsque ce méme ratio sera dans la fonction objectif.

Dans .un premier temps, nous avons testé le modéle en fixant
les bornes inférieures &gales aux bornes supérieures et €gales aux va-
Teurs historiques. Les résultats furent trés concluants car toutes les
valeurs historiques furent retrouvées avec une marge d'erreur ne dépas-
sant pas 0.01%. \ | | |

A_titré~d'exemp1e5 nous présentons dans ce rapport deux simu-
lations dont les résultats sont donnés aux.tableaux 1 et 2. La premié-
re. qwmulat1on yisait un DCR = 0:45, tout en respectant les bornes décri-
tes au tableau 1. Le deux1em° exemple simule une augmentat1on des dé-
penses de bons(ruct1on (GCE) de 10%, financées au tiers par un accrois-
sement de 1a dette. On veut encore une fois un DCR = 0.45 mais on dé-
sire auss1 garder les revenus d'opération (OPRY) et DPR a 1éur valeur
h1otor1que. Malgré ces contraintes, on obt1ent toujours une so]ut1on
réalisable et ‘tous les objectifs sont atteints.
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" Tableau .l

Résultats des simulations

S BN SN S SN S SY SN A0 S5 SN S0 BN BN S8 SN SN S8 6n

NOM DE LA | VALEUR.  STMULATION #1 - | SIMULATION #2

VARIABLE HISTORIQUE fBORNE SOLUTION BORNE BORNE- SCLUTION BORNE

. INFERIEURE .o SUPERIEURE | INFERIEURE SUPERIEURE |
NETINC 238,633 || . 100,000 | 218,866 | . 500,000 || 100,000 | = 371,211 500,000
_ OPRV 1,903,924 || 1,000,000 | 1,592,945 | 3,000,000 || 1,000,000 | 1,903,915 | 3,000,000
DIVE 143,969 || - - 300,000 - © 235,997 | 300,000
NEWDEB 255,180 - - 500,000 330,000 | 330,000 500,000

FLEQ 41,082 - 100, 000 100,000 || - 538,518 800,000
DELPR | 33,782 ~ 100,000 100,000 - ' o| 100,000
NIA 209,786 50,000 187,039 500,000 50,000 343,884 500,000
BQ 1,476,387 || 1,435,000 | 1,535,301 | 1,600,000 || 1,435,000 | 1,973,816 | 2,300,000
RE 659,912 300,000 | 781,134 |. 1,000,000 300,000 | 601,981 | 1,000,000
PR 376,997 343,000 | 443,211 | 600,000 || 343,000 | 343,211 | 600,000
L 2,266,172 || 2,100,000 | 2,099,997 | 2,700,000 || 2,100,000 | 2,230,387 | 2,700,000
'GCE 900, 692 500,000 | 500,000 | 1,500,000 || 990,000 | 990,000 [ 1,500,000
TRARCV 0 - 0 100,000 o 100,000 100,000 -
DELCTT 0 - ol 100,000 - 100,000 100,b00
DELDCR - 1,141 - 0 100,000 - 0 100,000
DELCL 77,922 25,000 25,000 200,000 25,000 25,000{ 200,000
DELINV 523 - 0 100,000 - 100,000 100,000
DELDCH 1,348 - 39,498 100,000 - 80,724 | 100,000
REPL 89,400 - 391 200,000 - 200,000 200,000
DEPN 381,878°|| 200,000 | 380,336 500,000 || . 200,000 | 379,693 500,000
DEPDIF 0 - 0 100,000 - ol 100,000
GURDTX 87,638 50,000 | 200,000 200,000 50,000 | 152,599 | 200,000
PROTX 0 - 0 100,000 - 0 100,000
DPRTVC 5,247 - 98,024 100,000 - 0| 100,000
DPRTVE 5,247 - o| 100,000 - 0| 100,000
OPXP 990,245 900,000 | 900,000 | 2,000,000 900,000 | - 900,000 | 2,000,000
OTHING 50,493 - 150,000 150,000 - 150,000 | 150,000
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Tableau .1 (suite)

. ‘
- N S8 a9 8 A e
|

NOM DE TA | | , o |
VARIABLE | HISTORIQUE BORNE SOLUTION BORNE BORNE SOLUTION BORNE
' . INFERIEURE SUPERYEURE | INFERIEURE | - SUPERTEURE
D¢ 14,734 | - © 14,335 100,000 - 15,533 |- 100,000
AD 1,999,212 | 1,500,000 | 1,710,808 | 3,000,000 | 1,500,000 | 1,612,144 | -3,000,000
RET 125,168 - 500, 000 500,000 - 500,000 | 500,000
. LAND 152,110 - 0 500,000 - 0 500,000
GETV 83,787 - 0 200,000 - 0 200,000
GTP 7,208,470 | 6,000,000 | 6,433,393 | 9,000,000 | 6,000,000 | 6,923,388 { 9,000,000
uee 4,733,779 | 3,000,000 | 4,106,549 | 6,000,000 | 3,000,000 | 4,695,826 ~ 6,000,000
OTHEXP 68,300 - 200,000 260,000 | - 200,000-| 200,000
ccA 475,407 | 200,000 | 436,384 863,000 200,000 | - 471,595 800,000
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Tableau 2

Valeurs prises ppar les ratios

VALEUR

RATIO SIMULATION | SIMULATION
HISTORIQUE #1 f#2
DCR 0.47186 0.45000 0.45000 -
PCR 0.07783 | 0.08425 0.07132
DPR 0.68627 0.00000 0.68627
ROREC | 0.10068 0.08605 0.14930
RORC 0.08887 | 0.08223 0.11278
ITCAT | 2.38282 2.32721 3.16440
ITCBT { 3.45963 .2.90723 4.60485
RORBI | 0.08329 0.05799 0.09030 .
RORBE | 0.08416 0.05678 0.09161
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'SCHEMA GENERAL .

Formation des
matrices
(START)

[

Yf;

e

Calcul de la contribution
de chaque variable (RVLX) e
(A)
|
//// \\ non . -
RVLX £ O i Changement dans Touv 1ea \
pour chaque 20T L% le niveau de ;§>——< niveaux onkt \
variable =~ " | priorité - TN\ Eté atteints 4

-/ . _ » 7
A//I s : ’ R ///;ui

Choix de la variable

3 entrer dans la base

-(B)
Al

Qf B

Choix de la variable )
i sortir de la base 4
(c)
_ . Impression des
Changement de base T .} résultats
(D) : : (FINISH)

¥
|

Calicul de la nou-
velle solution

(£ .
X

Calcul de la nouvelle
matrice de taux de
substitution "C"

)

i

€O - . o

&
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Iupression
des
résultats

. i
. . .
. . , i

PROGRAMME PRINCIPAL

PARTIE ."A"

KROWS
NSTZE
J L = #pRT

T

—
s
ronn

VALY = (VALX)®
Ll=0
I

K3 =L - L1

Al

gy
LY
!
-~

A

SR S

-
"
-l

v

SUNME = S + P

A

VALY(I,K) + C(X

)

oul
e

Y

RVLX(K,J) = SUMP =.VALX(X,J)

non.
I>N >Jo—fP=

IS I
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PARTIE "B"

R L]
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<g—-- RVLX(K,J ) < o>

noun // ‘ oul
o < CRVLX (K3, 0) 3 2MAR e B

-~

N A e

Ll = L1 + 1 f——fs Ap

K2 = )

ZHAX = RVLX{K3,J)
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PRDT(T) = PROT(T) ~ (ZMIN + C(I,K2)
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PARTIES "D" ET "E"

Y._-,\_.

F(KL) = X(K2)

_ ‘_\%

VALY (K2,K) = VALX(X,K2)-

e
i
K
;
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SOUS-ROUTINE START

On définit d'abord les variables suivantes

NROWS = nombre de.rangées
NVAR = nombre de variables.
NFLDS = nombre d'écarts positifs + nombre d'&carts dans les deux sens
NPRT = nombre de priorités
NSIZE = NROWS + NVAR + NFLDS
On forme ensuite B | ]
- 2 matrices nulles:  RVLX = (NPRT + 1) "
VALY = MLzt
NROWS
NPRT + 1

- La matrice des taux de substitution: C

[ b ] =
1 b~ | Xyqeecseeens X
1 A . n Tm
1 -1 . : :
NROWS i L Coh
) . : —] [ [ - LIS
I R ‘
. 1 | 1 L %m . Xmlw
_ NROWS NFLDS NVAR
. NSTZE |

C est formé: - d'une matrice identité (NROWS x NROWS) _
' - d'une matrice (NROWS x NFLDS) ol la valeur -1 & la ligne i

4
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correspond a un écart positif ou dans les. 2 sens, pour
]a”contrainteli ,

- d'une matrice NROWS x NVAR ol sont representées les con-
traintes des équations

~ La matrice de Ta fonction objectif: VALX

o , -
S A GEENCI 7

WPRT + 1 3 : o
SRR IO L S R
| 11 110101 (F): L .
[ o _ -

NROWS ©  NFLDS © NVAR
NSIZE ' o

La valeur 1 dans le sous-vecteur F correspond a une égalité ou & un o
gcart positif. ‘
La matrice E est composé des priorités & atteindre par des valeurs in- -
férieures. La dernizre jigne de E correspond & la premiére priorité.

iéme
Te J

Si le coefficient ést & la .colonne dJ, ligne est dans la fone-

-

“tion objectif. Les priorités a atteindre par des valeurs positives
~sont dans Ta matrice G. Les autres sous-matrices-sont nulles.

- Le vecteur des termes 1ndépeddants: RHS(1 x NROWS)
- Deux vecteurs X = [1,2,3,...,NSIZE]

[1,2,3,...,NROKS]

-
1




SOUS-ROUTINE FINISH.

' Que'ie programme soit exécuté en entier ou ndn, toutes les
donndes -sont: imprimées telles que perforées sur les cartes, et ce
dans Te but de repérer plus facilement une erreur dans 1'entrée des
données. Puis le vecteur des termes indépendants et la matrice de Ta
'foncfion'objoctif sdnt imprimés. = Le programme or1q1aa1 de Lee pre~
voyait aussi 1'impression de-la matrice des taux de’ subst!iut1on, mais
étant donné son ordre de grandeur.dans.notre prob1eme (100 x 150)
nous n'avons pas jugé bon de 1la donne? 11 sera toujours poqq1b]e,
pour des cas spécifiques, de faire sortir cette mair1ce

Le programme mentionne par la suite le nombre d° contralntea,
de var1ab]es (réelles et d'écart), de pr,or1tes, de priorités supplé-

mentaires et enfin le nombre d'itérations nécessaires a la résolution du

probléme.

Nous entrons maintenant vraiment dans la sous- routwne "finish"

t

qui 1mp\1me la base optimale

- 1a matrice finale de la fonction objectif (ZJ - CJ)
- une gyaluationde la fonction objectif

- une analyse des écarts pour chaque contrafnte

- la valeur des variables et des ratios V

- la non-réalisation de chacun dés objectifs.

ALors'de 1'impression de la base et de la matrice (ZJ - CJ), les

36 premiéres variables (colonnes) correspondent aux 36 variables du ‘pro-
bleme; Tes n suivantes aux variables d'écart positives et Tes.autres aux
variables d'écart négatives. ‘
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VARTABLE ANALYS?S

4;3.3 Result of simulations

 NYMERN_DE___ 1 _NOW LA __ BORNE_ AL AOQNE
— YARTAELE VAQIASL INFERIEURE PTI® " BUPERIE
1 NETINC 1GCCOQe 265465 s SN2NND .
o 2 OrPRYV 1903924, 2C0243N%e 279943160
2 DIvi Oa ACY0A0. 3IN0NN0s
4 MEWDEB 330000 L 3300910 590D CG e
5_ DELED Ca Oa_ AQLOUN,
- & DELPR [P 102090, TANIGAD e
7 NIA S000Ce 233639 500000
2] £ 1435090 1435305, 23NN
] RE 306000 . A277T38, 100000,
10 [=X=3 242030 442210 a HA0I0C,
11 L 210TCCC 2270390, 2735056 a
12 GCT S3AC0Ce 10925183 2500000,
13 T TRANGY Go 100000, 190300
- 14 NDELCTT Loa TR F AR AREID T ANANED .
18 DELDCR Qo I0NQ00e 100000,
e . DFLCL 25000, 200030 200030,
1= NnELINY Qe Oa 100000,
18 DELDCH [ 100000a 100030
L 1s. FEPL Co 200000, 2090300,
20 DENN 200000, 30863944 S0N0800s
21 DEPDIF . D EEDLDIAN RLD DY
22 CURDTX SEQGC . SLQB0G . 29070,
rA PODTX Go ek ok oA A AN 0,0 1060000
24 NeRTVC Ga IBRDHC, . 1906000
2% DORTVE Ce 103080 I00CC0.
z2é aPXP I0000Gs . 231490 200090 0. .
27 OTHRINC o De 189030,
22 InC Ca 184351, 12930CCs
29 AD 15C0CH0._ 24293al. 3NAN000,
a0 oET O Qs DG IARIEVEY
ERS LAND LAY Ta ANNYC,
72 GLTY s Do 2019050,
%3 GYP {00000Ce - T75259)%a - GONHUND,
24 uce 292006C e ABQTE2H. [SERIEAE IR I
35 DTHEXP (43S 2CC0N0 2000D0
2E ClA. ' 290000« 473175580 BONGNG,
- R - et e et e tm 1
'S . e
Ralecy 2CR ’ OPR ROREC RORC
:oéﬁiﬂﬂ Ja08727 - 128403 0012200 0-09698
S enTing 0.07783 0. 8627 B.i0068

dea088687

YALEUR

URE T HISTORIAUE

228633,
1907924,
‘143969,

8G4a00,

5247,

o

DD D

S
o

Be

Fa

B
£ NN e
N WO DI
LS ® R F e R AN RS EN
R RS BN R

i

ITCAT

2654784
2038232

T T=5,00000
0-,06320

RORBY " povas

0&084‘6

A:]

~

S

~0.00000 V. msto*tque
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YARIABLE ANALYSIS
NUMERD DE ____ NOM DE LA AORN VALEUR 80R”N VALSUR
LA VARIABLE vnRIAuLE TTTTINE nisuQﬂ Dﬂx!MALE s En CUOc ATSTOR 1QUE -
1 ETINC 100000 3345080 500000, 230633,
e 2 ‘oPRY 1000000 . 2059213, 3CCNN00. qusoza.
3 DIVi O Do aAN0N0N e 143675
'S NEWDTH . 0o 199608, 'rnoon, 255160,
) NELF O i Do #rn000. _&oonod _410A7D,
- 5 DEILPR - Co - Do T 1600 . T 33780,
7 NTA : 500C0, 307262 fﬂocno. 209786,
& €0 . 1835000 2235297, 1A76L3I87s
9 FE : 20000, 854800, C 65G512.,
10 PR . 3432730 243210. €10 376GG7. - T )
11 L 2100000, 2099997a 2700000 22€/1720
12 GCFE 500000, 1273151 © 1500000, S0NESZ.
13 TRANGY Da 45556, 100060 s Do
- 14 oELCTT ] (¢ 100D00 s 10Nt Vo
15 DELDCR Oe . Do 10000, 1141,
156 DELCL . 25000, 25000, 200000 5 77922«
~ 3 17 - . DELINV 0, 1050006 . 1C0ON0, 522
18 DELDCH '~ L O 16CON0. 106000 T 1348, T - -
19 REPL 0 220000, 260000, BI400. ‘
29 DEPN W 200000, 364962, ELO0C0. 281878a -
) 21 DEPDIF e . .. Ca 1CDI0N0, T Ce g
22 CURDTX 58900, 85853, 2009007 278628,
23 PRANTX 0o O 1000006 . ) De ,
24 DPRTVC . Qe . . 0o : 1ccopnu 5247n
. 23 _ OPRTVE Oo 0. CICanan, 5247
25 ooxp T 900000 900000,’“'”2ccca70° TS9N 2465 T
- 27 DTHINC i 0. 0o 150000, 50483,
28 ipc Os» , 18068, 1C0000, 14734,
29 AD 1500009, 1597408, 3NCONN0, 1090?1?o
30 RET . D 50¢00C, SCNON0T, 12B&18,
31 L AND Go 522000 §00000¢ 152110,
32 GZTV 0 S 200000, 2080900, 83787
. 33, G.TP T 6000000, . . T206541a  9CONDNC 7208470
34 uce 3000000, 5176444, 5AGONNGC, TR TIBTTQ TTTITITTIITITITTI I e e e e T T
35 0 THEXP C " Qe - 0 200000 6 68360,
36 CCA 200000C, 519863, 800000, 475407
B o e . ’
DCR PCR ’ -~ DPR ROREC . RORC ITCAT ITCST RCRBI _ RORAE .
0:41971 ‘0206859 0s0C 0612000 T 0,1000D 3.01000 T 4,89038 T T UQel11h827° n.1117 Y. historigue
C.471388 -C.C7783 Q. 68627, 0010068 0,08887 2.28282 3.45963 D.08al16 . .

&
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4.4 'Summary. of Sorés' work

In this'sectibn, we want to present a short‘summary'of
- three s§mu1ations made by Sorés during this phase"of the"projéct,
showing the usefulness and the versatility of the NPPS model in
the way it can tackle different problems that goVernmentaT autho-
: ritieS have to face concerning the industry of te]eébmmunications.
These three runs executed with the aid of NPPS are -the testing for

interregional cross-subsidization, some plausible consequences of
the admittance of Quebec Telephone into the TCTS club, and the treat-
ment of an eventual division of Bell-Canada into.two distinct companies,

one for Ontario and one for Quebec.

I

I

]

i

!

]

1

|

l Two kinds of interregional cross-subsidy tests were imple-
mented, both of them were incremental-cost tests. The first scenario

- 3 was designed to check whether the interregional rate structure was sub-

I' sidy—free; to do that, it compared the incremental cost on the whole
network of interregional traffic originating in one carrier's terri-

II tory with pre-settlement revenues co11ected by the considered carrier.
If this test is passed, this would imply that the total TCTS member

' costs incurred for interregional traffic stemming from one company is
at- Teast covered by the revenues gained by this company. The second

' scenario proposed to examine whether post-settlement revenues obtaiined
by a-carrier cover the costs incurred for all the TCTS interregional

ll traffic using the considered carrier's facilities. The failure of this
second test would signify that the sharing’schemeAuti1ized in the pro-

i

i

i

i

I

cess discriminates against the given carrier.

These two ihterregiona1 crosé—subsidy test were carried on .
only for the Eastern companies, NBT and MIT, since we previously knew
from NPPS that post-settlement revenues exceed fully allocated costs
corresponding to TCTS adjacent and non~adjacent‘traffig for all but
these two carriers; this means that all other carriers already satis-
fy the second test,for these fully allocated costs are larger than
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the needed incremental costs. On one hand, pre-settlement revenues for
‘NBT and MTT were greater than the ‘incremental costs to TCTS carriers

of 1nterregionai'tfaffic originating in these two companies by a. factor.
of 17; on the other hand, HBT and MTT post-settlement revenues far ex- .
ceeded the incremental costs of the whole interregional traffic using

their facilities for all the three sharing schemes used (New Commonwealth,
- 01d Comimonwealth, TCTS). These results imply that the two interregional
incremental-cost tests are easily satisfied, particularly by Eastern

carriers, and that model qualifications such that multiplexing, servi-
vability and excess capacities can hardly invalidate this conclusion.

The simulation of the admittance of Quebec Telephone in the
TCTS club may be treated in the NPPS model assuming that Quebec Tele-
'phohs be]dngéxto TCTS and by using different sharing Schemes in order
to estimate its post-settlement revenues. Of course, the representa~
tion of Quebec Telephone in the NPPS mode];is inccmp1éte'sincé this
carrfer has so far never been explicitely taken fnto,cpnsideration;
For example, two switching points with relatiye]y few inhabitants are
missing and some transmission facilities such as a RF Tink are also -
absent; qeverthe]ess,-the simuTation is worthwhile though the resuits
'must be qualified accordingly.

_ The costing block of NPPS gives an amount of total assets
for Quebec Telephone of $15.6 millions with corresponding incurred
costs of $4 millions a year. The estimated peak-hour C.C.S. traffic
originatihg'in Quebec Telephone amounts to around 500 for adjacent
traffic, a value which is more than ten times greater than thaf for:-'
non-adjacent traffic, while the regional traffic is itself not signi-
ficant; so, most of the traffic stemming from Quebec Telephone's
territory.is-towards adjacent companies, a situation quite different
from Bell's position which is highly developed for regional traffic. .
Using this estimated traffic, it can be seen that the usage of the
switching network is very low and, moreover, may be quite asymetric
which can have a sensible effect on fully allocated costs. Quebec

R
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Telephone transmission facilities are used only in proportion varying
between 6% and 29%; morecover, the description of the transmission net-

vork included in NPPS seems incomplete since there are Tlarge discre-
pancies between the number of circuits getting to. and coming from some

nodes.

On the revenue side, NPPS 1nd1cated thaL total: revenues col-

;!ocfgd by. Quebec Telephene amount to $1 m1111on, with near]v nine tenths

generated by adjacent traffic. MWhen these revenues are compared to ful-
1y allocated costs of about $4 millions, this gives a ratio of collected
revenues / total incurved costs of 0.25 for Quebec Telephone; the cor-

responding ratio for Bell Canada is 2.18 ($360 m1111ons/§165 m1111ons)

The difference between these two ratios is too large to be t1ed onTy
to some limitations of the model, and must be viewed as .a consequence

of the presence of economies of scale and indivisibilities.

The sharing block of the NPPS model, and its up-grading. for
getting‘resths at-a selected origin—destination Tevel, permitted the
calculation fo Quebec Telephone post-settlement revenues under the
three main sharing schemes (New Commonwea]th;.O]d Commonwealth, TCTS),
assuming Quebec Telephone belongs to TCTS. The striking result of this
simulation is the unlikelihood of the implementation of a New Common-
wealth sharing scheme with a unique TCTS tarrif structure. This con-
clusion stems from the fact that Quebec Telephone's traffic and most
of other cafriers"traffic originating or téfminating in Québec Tele-
phone do not recover their Costé;'the reasonh lies in the7underut?1i~
zation of the facilities of Quebec Telephone, which renders their
usage very expensive when evaluated at fully allocated costs. The
situation is quite different under the other two schemes (TCTS and O]d
Commonwea]th); j.e. Quebec Telephone can recoup its costs, since the
high cost of underutilization is then apportionned among all origin-
destination .pairs; these two rules are therefore less costly for and

more faborable to Quebec Telephone than the fivrst scheme. These remarks .
-must be qualified by the fact that fully allocated costs are probably
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too high since we miss regional traffic nodes for Quebec Telephone; ne-
vertheless, the margin between revenues and costs under the New Common-
wealth scheme is. Targe.enough to render unlikely the reversal of the

conclusion.’

 The third application made with the aid of the NPPS model
was the eventual division of Bell Canada intq two . distinct conmpanies,
Bell-Ontario and Bell-Quebec. The costing block separated Bell Canada

~facitities (noun , links, switching machines) betweeh B8el11-Ontario and

Bel1-Quebec in the proportions of about 2/3 and 1/3 respect1ve1y, the
corresponding split ratios for Lota] assets and total costs -are closer
to 3/4 and 1/4 vespectively. So, if Bell Canada;we1e.d1v1dtd, Be]]—
Ontario would be at least iwo times greater than Bell-Quebec. o

The treatment of the breaking up of Bell Canada by the sha-
'ring block is more complex since the traffic between Quebec and Ontario
becomes adjacent traffic. The ratios of pre- -settlement revenues /incur-
red costs are 1.95.and 3.27 respectively for Bell-Ontario and Bell-Quebec,
while the same ratio for Bell Canada is 1.97. When we take account of
the shariﬁg schemes, post-settlement revenues are greater for Bell-Ontario
and smaller for Bel]—Qerec than their respective pre-settlement revenues,
no matter which sharing scheme (New.or 01d Commonwealth, TCTS) is used.
The New Commonwealth sharing scheme would discriminate against Bell-On~
tario, while both TCTS and 01d Commonwealth sharing schemes viould unfavor
Be11~Quebec. This pohclusion may be explained by the great magnitude
of interregional revenues relative to costs for Bell-Quebec ( the reve-
nues/costs ratio‘is 3.27). Since most of these collected revenues are.
generated by traffic with Bell-Ontario and since the greater part of
the facilities for this traffic is inside Bell-Ontario's territory,
any sharing scheme based either on incurred costs or on total assets
will discriminate against Bell-Quebec. | '

In the preceding paragraphs, we have seen that the NPPS model,
dug pdrtxcular1y to its disaggregate structure, can be app11ed Lo cur-
rent regulatory prob]ems to give valuable: 1nformat1ons ‘
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- Extension i the NPPS model

Generalization of the cross-subsidy tests

Review:

The industry of telecommunications is noticeable for
its Tony-term decreasing average costs, the joiﬁtness‘of its
multi-service supply and the existence of a lot of indivisibi-
lities. These economies of scaie and those common costs make
really hard the task of pricing in a fair way the services.
offered by this industry. - In such a case, regulation pojicies
are a straightforward recourse frequent]y‘used<by‘goyerhments for
giving the public the benefits of minimal cost.produétion while
impeding monopoly abuses like undué profits or excessive rates .
of return. Nonetheless, regulation is far from being.an ab- '
solute panacea. In the economics of regulation, cross§subsi~
dization, in which a certain price‘structure unduly favors the -
consumers of cne service at the expense of the consumers of -
another service, may be possible since there is some restriction
for the entry into the industry or because the existence of so-
me degree of vertical integration. Cross-subsidy thus reflects
market . imperfections. o

Many définitions, hence many tests, have been prdpo—
sed with the purpose of trying to precise and td‘quantify'crossn
subsidization. Two-tests have mainly retained our attention
when we want to evaluate the extent of cross-subsidization between
the services if the tariff structure is already given. - The gene-
ralized incremental-cost test (GICT) says that the firm'sipf1CE
vector (g], sens pm) for the n services is subsidy-free if and
only if: -

‘(]) _ R(S) = €(N) ~ C(N-S), for all subsets S of N.

¢
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""THis_means that the revenues from providing the group § of ser-
vices must-at least equal the added costs necessary to offer this

group of serVicesm The generalized stand-alone test (GSAT); on
the other hand, asserts that the tariff structure is;subsidy-
free.if and only if: '

(2) R(S) < ¢(S), for all subsets S of N.

This test requires that the stand-alone costs of fu]fii]ing“only

this set of services be not more than covered by_the'portion'of
the total revenues of the company generated by the provision of

this coalition of services.

In the precedent phaée of the NPPS'project,vwe have
Tooked at cross~subsidy tests in the framework of the theory of
n-person cooperative games so as to get an easier recognizable
structure for the "game" of cross-subsidization. This approach
has permitted us to note that the core of this game was precise-
1y the set of revenues passing GSAT, or equivalently, passing
GICT (since these two tests were identical under the underlying
bypothesis-of fixedvdemands). Moreover the reference to the gahe ‘
theory has allowed the application of some results Of that theory

‘to the cross-subsidization problem. It is well khown from the

theory of n-person cooperative games that any game fulfilling the

subadditivity coﬁdition has a non-empty set of imputations. This .

fmplies that, as long as we assume the existence of economies of
joint production, there is at least one vector of revenues pas-

sing SAT. This implication is interesting because the hypothesis
necessary is not really severe since it'corresponds to the notion

of a natural monopoly.

Another result stemming from this cost-sharing .game is

~the following theorem (see G. Faulhaber, Am. Ec. Rev., vol. 65,

no. 5, p. 966-977): if we assume that
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a) cross-elasticities are zero, i.e. qu/apj.; 0
tor all 1 = j,. ‘ ' "
b) B priéeﬁ are not perverse, i.e. GW(S)/api > 0 for

all i e S;

then the core of the cost-sharing game is identical to the set
of .subsidy-free prices. The theorem signifies that if the

revenues are in the core of the game, i.e. pass GICT, and if
conditions a and b are satisfied, then no customer coalition

could obta1n Jower - pr1ces by splitting off from the grand coa11~ ‘
tion and the tariff structure presents no subsidy between ser-
vices. Hence, the game theoretic approach dpp11ed to the treatment
of Cross- subsidization Ties critically, so far, on two assumptions:
the nullity of all the elasticities and-the anti-perversity of the
prices. The cross—éubsidy tests (GICT, GSAT) are limited in the
same way by these two hypotheses. -Another.constraint.éomeS‘from_
the fact that the approach focused on revenues as the payoff vaw

. riables though the prices would be more relevant as parameters in-
the determination of a tariff structure. It seemed then appropriate

te criticize these two assumptions and to concentrate more on prices

- as key. variables in view to come closer to a politic of tariff de-
~termination. ’ :

The hypothesis of anti-perversity of prices ddes not
seem limitative for our purpose. If a service is béing'subsi4
dized, andAthen failed (say) the incremental-cost ‘test, hence
the other services would be better off without it since the re-
maining revenues should exceed the remaining costs. Neverthe]ess,
the consumers of the remaining services are only better off if
they face lower prices. To obtain this, excess revenues must
be returned to consumers by the-way of lower prices, and in
that manner we have to impose a new hypbthesis, called anti-

perversity: if profits are defined by w(S) = R(S) - C(S), then 1 in S

implies

sn(S) > 0.

(SP].‘,
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The reasonableness of this assumption lies on the following
fact. Considering a profit function which is concave and ne-
gative if all prices are zero; if we assume there were a price

p*% at vhich 6w(S)/6p* < 0, then we can find a price p%* < p*

yielding the same profits to the fifm, but‘withlaw(s}/ p** > 0.
Hence both the firm (more production and more revenues with iden-
tical profits) and the consumers (lower prices) would be better
off. One would have to be perverse to operate at p* rather than
at p**. e note that this anti-perversity assumption is equiva-
lent to the restriction of choog1nq pareto-optimal prices and

is not at all reéstrictive for our work.

Nhat happens 1f self-elasticitie$ are no Tonger 7ero?
In the analys1s so far, the demands were not modified relative
to changes in the coalition structure; tests then resumed. to
comparisons between costs and revenues for thé different coa-
TILTOns, all the calculations being based on the initial vec-
iors of prices and demands. Cross-subsidy tests were therefore
actual price tests. This result seems a priori no more va11d

if we introduce functions of demand which vary with their own

prices, i.e. q. = q.(p;), i.= Ty eeeym Even if revenues are

i i "
in the core given the initial price.and quantity vectors, the

secession of a coalition T from the grand coalition implies a

modification in the supply structure; this may induce prices
and quantities to vary in order to meet the additional zero-

_profit constraints appéaring with the formulation of new opposing

supplies. Is it possib1e that the new structure generates lower
prices for consumers of T though satisfying the general zero-profit
constraint? The theorem quoted at the end of the last paragraph ans-
wers négatively this question. ' | o

In fact, the whole analysis of the preceding paragfabhs,
and then all the cross-subsidy tests, is yet valid When self-elas-
ticities are non-zero provided two assumptions are met. These
two assumptions are conditions a and b in the above-mentioned
theorem. Thus, if cross-elasticities are zero and if prices are
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not-perverse, SAT, ICT, GSAT and GICT are adequate tests when
demands vary only with their own prices; moreover, all the cal-
culations may be -accomplished with only considering the initial
price and quantity vectors. '

What about the assumption of zero cross-elasticities?

Non zero cross-elasticities modffy the type of demand functions

. we are refering to; these demands must now be expressed as fol-

Tovis::

4 = 43001 Py s Ppla 1= Tu e,
The variation of the price of a commodity influences not only
the quantity demanded of thi; commodity, but also the quantity
demanded of every other commodity whose cross-elasticity rela-
tive to the first commodity is not zero. The presence of cross-

elasticities drastically entangles the situation: the cross-subsidy
tests are no more valid and the core of the cost sharing game ‘is
madified. Before giving a closer Took at the problems we have to -
face when considering non-zero cross-elasticities, we would Tike

to stress attention on.the very importance of,thése‘e1asticitieS-

5.1.2

in the treatment of cross-subsidization.

~Importance of the non-zero cross-elasticities

A1l the cross-subsidy tests (incremental-cost test;
stand-alone test, scenario one test) that were previous1y de-
fined in terms of a game theoretic approach are in fact concei-
ved under the rigid hypothesis of.perfect1y inelastic demands.
This was a Va]id point of view when the only objective was the
reckaning of the cross-subsidization, given a certain tariff
structure; the quoted cross-subsidy tests are then appropriate

" to measure the extent of a posteriori cross-subsidization. .

-{
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- The stery is quite different, however, if we are coming at a

rate~-making policy, i.e. if we require the possibility to mo-
dify the rate structure in view of reaching cértain governmental
goals. Hence, to imp1ement a politic.of determining the tariffs
in order to vealize some predetérmined objectives, we have to
focus on the tariffs themselves and also. to try to evaluate the
effects of these modifications on the inifiaT demands. The nee-
ded information on the reactions to tafiff‘chéhées‘are'precisely
this one yielded by the cross-elasticities (including the self-
e]astitities). o

The introduction of cross-elasticities.in the NPPS model
modifies, in a certain sense, the perspective of the model.. In
other terms, up to.now the NPPS model was cost oriented, i.e. it
was constructed in order to compute the "cost" of e?éry service.
Now, we are trying to take the value of the service into account

or, in other words, we are considering "what the traffic can bear". =

This new dimension of the NPPS model is worthwhile since it pro-.
vides a much more active tool to the regulatory body;'enjoyings'

in this case a greater flexibility on ihe road to the fulfillment
of its policy objectives.

" The cross-elasticities, being some kind of reaction
coefficients to a variation in the prices, are intimately re-
Tated to other economic variables and may have influence on some
of them. In particular, cross-elasticities have some impacts on: -

a) the vealized rate of return;
b) the utilization of the various equipments;

c) the quality of services;

d) the technological innovation and.consequehtiy
the introduction of new services;
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e) the relationship between the competitivé and the
monopolistic services;

f) the various barriers to entry.

So, cross-elasticities are plenty of pertinent information when
an.-agency of regulation wants to realize some chosen objectives
having economic flavor. '

- The introduction of the cross-elasticities in the NPPS
model may be worthwhile yet in another direction. We know, in
some informalimanner,'that the private-customérs‘are sensible to
the peak and off-peak tariffs, while they are much Tess influenced,
if they are at all, by the alternative use of private lines: versus
toll messages. The converse seems p1aus1b1e for the private enter-
prise: greater sensitivity to the rates or pr1vate versus public
lines, while a much weaker response to time differentiated tariffs.
If we can know more precisely these respective coefficients of
reaction and can introduce them in some way inte the NPPS model,
then the simulations could pretend to be more reliable and clo-
ser to the reality and, moreover, it 'may be possible to evaluate
the different implications of a tariff policy onto customers exhi-
biting distinct elasticities.

When we wanted Lo study a part1cu1ar service, we had
to confront the revenues it generates with the additional costs
necessary to its provision. It was a simple compar1son between
added revenues and added costs. In presence of cross-eﬁasticities,
this procedure is no more adequate. The revenues -which accrued
from the service in question do not represent any more the in-
cremental revenues due to that service, since revenues from
other services may rise (if the service considered is a net com-

plement) or diminjsh (if it is a net substitute). The signs of

the coefficients of the cross-elasticities have then a crucial
rbTe, as we shall see in the following section, and we must then
modify the cross-subsidy tests to take account of the presence of
the cr050~e1ast10111os



= Sm 3 GL S5 SN SN G SO SN AN S5 62 S5 S5 N AL S5 &=

5.1.

3

100

The final remark concerns the economy as a whole. The
industry of telecommunications is one among a large number of
industries competing for the provision of services which can be

viewed as substitutes for the telecommunications services. "Among .

them, one cam mention the mail industry and the transport sector.

~ This signifies that any modification in the tariff structure of

the telecommunications industry may have 1mpact§ onto the market

~ shares of several close industries. In Fact, it would be valuable

to know not only the cross-elasticities between the services of
telecommunications, but also the cross~-elasticities between ser-
vices offered by related industries. There is no doubt that it.
will be»impossib1é to consider this féature'in-the present NPPS

model .

Difficulties of the generalization

A11 the cross-subsidy tests so far implemented in the
NPPS project were in fact con&éived under the hypothesis'of per-
fectly inelastic demands. Given the importance of the cross-elas-
ticities and the desire to render the NPPS model more flexible

-and more reliable, it was natural hence to wish to iniroduce the

concepts of elasticities and cross-elasticities. The purpose was
twofold: first, to have, with the NPPS model, a more_reaTistic
description of the industry of telecommunications and second, to

- put the emphasis on prices and tariffs rather than revenues. The

objective of taking the various elasticities into account ratsed

more serious difficulties.than we had imagined at the beginning;
~in _the following paragraphs, we shall try to Fecép the evolution

of the work done and to have a closer look at the experience
gained during the process.

The main result obtained in the case of perfectly ine-
lastic demands asserts that the core of the cost-sharing game is
identical to the set of subsidy-free prices if the cross-elastici-

‘ties are zero and if the prices are not perverse. This means that,
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under these conditions, the generd]ized.incrementalmcost test.
(or equivalently the generalized stand-alone test) is the'per~
tinent test for evaluating cross-subsidization between services.
Moreover, this result is still valid when self-elasticities

are non—zérd'provided that the two preceding conditions are.

yet satisfied. Thus, if the cross-elasticities are zero and

if the prices are not perverse, then SAT, ICT, GSAT, and GICT-

~are adequate tests when demands vary only with their own prices,
and the calculations may be performed with only considering the

initial price and quantity vectors.

The picture, however, is quite modified when we want
to introduce the varijous cross-elasticities. The variation of-
the price of‘afcommodity, influences not only the quantity de-
manded of this commoditys but also the quantity demanded of other
commodity whose cross-elasticity with respect to-the first com—
modity is not zero. The presence.of cross-elasticities drasti-
cally complicates the situation since the cross-subsidy tests, as
previocusly formu]ated, are no more va]id;'thﬁs signifies that
these tests are no longer equivé1ent and that the core of the game.
is modified. A new task now confront.us: . we have to construct V
another game and another core, i.e. redefine what we mean by sub-

- sidy-free prices, if we wish to consider demand functions sensi- .-
‘tive to the prices of many (perhaps all) commodities. '

With more sophisticated‘demand functions which imply

the presence of cross-elasticities, we must look at a more com-

plex game whose value is no more a cost function, but a profit
function, constrained to be non-negative, and whose payoff; are
no more the reVehues, but the prices. We shall then refer to this
game as the profit-sharing game since profits have to be shared
between players by choosing a price vector. The core of this new

game can be described as follows. - The-pricé vector p = (p1, cees pn)"

belongs to the core of the profit-sharing game if and only if:

o




102
a) w(N,p) = 0
B) there does not exist a subset SeN, S = {i,, .;}, is};
and prices p* = {p¥ , ..., p*; } such that
Ry S

I:" (S,p*) = 0 for any fna31ole ch01ce of p*, k¢S,
I1: p§ < p s J e S. :

The vector p* in this definition is in fact the minimax solution
to the non-cooperative game S versus N - S, i.e. players of S

Took for the minimal prices that will keep their coalition solvent
(n(s,p¥)

v

0) no matter what prices. w1114be'charged to the servi-
ces in N.~ S, provided N - S remains solvent too. If p* < p, whe-
re p is in fact the solution to the cooperative game N, then the

coalition S would be better off by refusing to cooperate. On the

other hand, if a price vector lies in the core of the profit-sha-

‘ring game, then there is 110 economic incentive for any customer

group to quit the grand coalition N and this price structure will
be subsidy-free.

The only clear result obtained from this approacﬁ is
that the core:of the profit-sharing game is smaller or larger than
the core of the‘cost¥sharing game (with fixed demands) depending
on whether the service is a substitute or a complement for the
other services. Thus, not only the magnitudes of 1he cross-elas-

»'f1c1t1es are of matter but their signs also, wh1ch ones can en]arge

or diminish the set of subsidy-free prices.

With the aid of a numerical example concerning two ser-
vices, we had illustrated the point Lhat the order of sirlngency
of the three tests, SOT, SAT, and ST is completely determined
by the sign of the cross-elasticities. If the two services are
gross substitutes (positive cross-elasticities), then SOT is more
stringent than ST which is more stringent than SAT; this means , for
example, that prices which- are subsidy-free with teSpeCt to SAT
are not necessarily so relative to ST. On the other hand, if thc
two services are complements (negative cross-elasticities), then



B Be O8N S8 S8 SN B0 Bu Of AY AN S0 N BS 08 S S8 S8 o

103

SAT 'is move stringent than ST which is more stringent than SOT.

We can represent the two possible cases'when-considering
only two services. Figure 1 and figure 2 represent the sets of
subsidy-free prices relative to SAT, ST and SOT when the two ser-
vices are gross -substitutes or gross comp]ements_respective1y§

Figure 1 l S Figure 2

If for example, these two services are gross substitutes (posi-

‘tive~cross«e1asfic1ties), then the set of subsidy-free prices
" according to the stable test (ST) is smaller than (and in fact

inc]uded in) the subsidy-free set associated with the stand- .
alone test(SAT). Remembering that SAT is the core of the cost-
sharing game (with fixed demands) and ST is the core of the
profit—sharing_game (with demands varying according to their
cross-elasticities), the order of’stringency obtained for these _
two tests has the following important consequence: when, for saké

of simplicity, we omit.to consider cross-elasticities and suppose they

are all zero, then it is quite possible that every cross-subsidy -
test (equivalent to GSAT) is well passed without implying that

no cross-subsidization exists. This deceptive conclusion results
from the. fact that there may be a whole bunch of prices which are
subsidf~fﬁee with fixed demands (i.e. according to SAT) but which
would be tarnished with cross~subsf§ization if we had-taken the
presence of cross~elasticities into consideration. Thus, cross-
subsidy tests with fixed demands are too easy to be'satisfied
when:We can presume the existence of crossQe]asticitiééibetween
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two substitute services. The converse is true if the two services
~are complements: SAT is too much stringent if we can pretend that

cross-elasticities are not zero. Since in the industry of tele-
connmn1rat1ons it seems that there is no services which are com~

lpTemean, then only the first case is pertinent, i.e. SAT is too

'1003e as a test.

Thus, when considering only two services,,the relation-
ship between the cost-sharing game (SAT) and the profit- shar1ng
game (ST) is quite precise relative to the1r order of 1nc1us1on,
however, no easy relationship seems attainable between these two

games with respect to their absolute size, i.e. it is very dubious
that we can develop a tractable criterion, based on the magnitudes ..

and the signs of the cross-elasticities, which can determine the

‘pricesAto be added or subtracted to the core of the cost-sharing

gane for getting the new set of subsidy-free prices and take the
influenice of the cross~elasticities into consideration. '

For the next step, we worked.out-Severai examples dea-

Ting with three services to look for a better generalization. Although

the calculations are . more laborious, the whole procedure is quite
similar to the'th~sefvice case. To compute the different sets
of ‘subsidy-free prices, we have again»to’find sotutions of-qUadra«
tics but now with many more crossed terms, and we need to resolve
s1mu1taneous equatuons, with more va11ab1es in each equdt1on and
with a greater number of. cquat1ons Neverthe]ess, no direct and
pa]atab]e result is reachable, even about the stringency of the
several tests. We cannot obtain a single order of stringency

for the tests considered since many combinations of servicés and
of relations between services ( concerning substitutability and
complementarity) -are now possible. In genera1;'the¥previOUS\
correspondence between thé order of ﬁnc]usion of the subsidy-free
sets and the signs of the cross-elasticities can only be checked
when looking at two services at a time, i.e. only when concentra-

£ing in each plane defined by a pairwise selection.of the services.
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The computation of the several examples concerning two
or'three services brought to surface an-entirely different kind .
of difficulty stemming from the very.definitibn of subsidy~free
priceSZ'.Acéording to the formulation of the tests when taking
the cross-elasticities into account, we said that the price of a
service was subsidy~-free if it were not greater than the price
we get if this service were the only service offered. Two ap- _
proaches were used to compute the 1imit prices: on.one hand, we
pﬁt thé_prices of all other services sc high as to choke off
completely their demands; on the other hand, we create as many
subsidiaries as there are servifes to provide, each firm facing
a one-dimensional demand functfon. These two-alternatives permit
us to calculate the Timit prices by isolating cach service at a
time, but the procedure of treating every service independently
of the others gives rise to a serious shortcoming. Indeed, it
seems natural to take linear cost functions as a‘possib1e-good.
approximation over a certain range of output; this was in fact
the apprdach adopted in the several examp1és we worked out.

- This proxi, however, has a Severe economic defect since each
subsidiary firm may be economically unsound (i.e. facing nega-

tive profits) when we put attention-on the real market situation
of the industry represented by a multidimensional price-demand
refationship. This result is aAdirect consequence of the assump-
tion of decreasing average costs: the splitting of a unique firm
enjoying economies of joint production in many subsidiary enter-
prises may generally imply reduced demands in the real market and

“hence greater average costs.

~ A11 the examples we have manipulated with three sefvices
lead in fact to the conclusion ihat the‘subsTdiarie§ we ﬁmagined
for computing the limit prices are economically unséund, i.e. their
profits are negative. This is in a complete harmony with the theo—
‘retical results obtained by I.M. Sandberg (Two theorems on a jus-
tificétion cf the multiservice regulated company, 8ell J. of Econ.,
sprihg’1975; p. 346»356). Since the approximatibn of the cost_‘
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functions over a certain range by linear functions seems quite

natural, this outcome strésses the need to reexamine the defi-

nﬁtion of subsidy-free prices conveyed by the previous tests: aS

a mattet of fact, without any additional hypothesis on the rele-
vant functions, it seems too much severe to impose a subsidy:freé.,
price structure to a reguiated multiservice enterprise when the
comparison subsidiaries are themselves economically shaky. Thus,.
when the calculations Tead to the absence of subsfdy«ffee prices,
as was the case in the examples workédfout, this does not neces~
sarily reflect a certain kind of inherent unfairness in theAQpeQ
ration of a multiservice regulated firm, but it may just be a
direct consequence of the rigid procedure we:chose to compute

the subsidy-free prices. One way to get out of the dilemma po-
sed by this approach mdy be as follows: we continue‘tb work with
SOT and ST as adequate tests, i.e. we follow the same proceduré

~as before for computing the different limit prices, but we rede-

fine what we mean by subsidy-free prices. If each price of the
regulated firm is inferior to its 1imit price, then we say that
prices are subsidy~free§ if soﬁ@ prices of the régu]ated"firm ‘
are greater than their respective Timit prices and if one or nore
subsidiary fivm is economically unsound with respect to the real
market, then we consider the tests as inéonclusive; finally, if
some prices are greater than their respective'1imit prices and if
eachisubsidiary faces nonnegative profits, then we Say'that the
prices indicate cross-subsidization. »

§tfateqy‘for>the future

This brief review of the main points of the work done
up to now on the introduction. of the cross-elasticities in the.
treatment of the cross-subsidization issue has stressed the
very importance of the cross-elasticities. ‘Anyaomiséion of these
coefficients of réaction.may invalidate the usual cross~subsidy
tests 1f we want to use these tests as a tool to determine a sub-
sidy~free tariff strﬂctdré. On the contrary, if the éross~subsidy
tests are viewed as means to evaluate the extent.of“crbss¥SUbsidi~
zation when we consider the rate structure as given, then the
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usual tests are quite appropriate:since the impacts of the cross-
elasticities are alveady incorporated in the revenues employed in
computing the tests. ' ' '

. These two alternative interpretations of cross-subsidy
tests have compelled attention on a new way to look at the problem
of taking account of the various cross-elasticities. The first

approach is the one we have adopted so far, i.e. trying to take

account divectly of the cross~é1a§ticities in order to modify the
cross-subsidy tests. Ambng‘the main difficq1ties of this view -
are that we require a certain knowledge of the demand*funptions,.
we need a refinement of the concept of subsidy-free prices and
more investigation would be necessary to find out an adequate'
cross-subsidy test, perhaps like ST or SOT, whith_one would be

reliable and operational.

The second approach considers the cross-subsidy tests
developed up to now as quite meaningful criteria for evaluating
cross-subsidization on an a posteriori basisc Once the rate struc-
ture is established, all the previous tests, GICT and GSAT in par-
ticular. are very pertihent instruments to verify the presence or
the absence of cross-subsidization, even when cross-elasticities
are non zero since we look at the rate structure and at demands
when all the mechanisms of markets have already p]ayed their role:
The crucial focus of study now. becomes the construction of a demand
block which can be grafted to the NPPS model and inside of which
the cross-elasticities will enter into action to make the'differeht
demands sensible to the variations in the_rate structure. The
dynamics of this second approach is as follows: we start with a
given tariff strucpure*and we test if there is Some Cross-subsi-
dization; if we find cross-subsidy that is judged undue, so we.
modify the initial tariffs in consequence; we let the demand
block works so as tovtake'account, via the inciuded cross-elas-
ticities, of this variation of the rates and we test again the
resu]ting revenues to see 1f some improper cross-=subsidization
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persists; we repeat the process until a satisfying rate struc-
ture is obtained. ' ’

“. Finally, the only point we want to mention before clos -
-siﬁg this section is that whatever alternative we choose to attacking-

the problem, the khow?édge of the price-demand relationships will
always be required if ﬁe want to have flexibility and adequaﬁy’in
the NPPS model to determine aw"propér?qiari%f“étructure. .Either
we introduce the cross»e1asticities‘directWy in the cross»subsidy
tests, a way we have indicated the difficulties; or we 1ét_the
cross-subsidy tests unchanged and pefmit the same work to be done
by ‘a certdin kind of demand block. So, any further analysis of
the issue of introducing the value of & service in the NPPS model

has to encompass a closer study of demand relations.

Model incorporating some coefficients of reaction

Another avenue for introducing the cross-elasticities
may be by the use of coefficients of reaction for the demands,
making some parametrization on them.

We would like to present in this sub-section a formal
way of considering these coefficients, model on which it might
be usefull to bring more thought.

. The model is an optimization one: it consists: of
minimizing the variations of the revenues which - will cover the

annualized investment cost variation. Formally, the model is the

following:

S

Min § gi(]f“i) dpj

subject to

H
o

? 9;(T-n;) dp. - cav 2

A >

Ax ~AV
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Bx + [”i(gi/pi)] dp = g + rg

N

dp < dp s dp
dp = 0

where ﬁi is the price elasticity, and rg refers to some autono-
mous growth of the demand.
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Expansion model in the OperatinQ‘B]ock.

Compenies' practices

- The planning horizon for new systems {like Telenet) is ra-

ther Tong; 5 to 10 years, but for voutine growth it is shorter, 3 to

5 years. Usually the ptanning of faci]ity installation 1s combined .

»W]Lh old uacw]wty rep]acnmcnt and it is 11kely that the planning is-

made for separate parts of the neiworn and co- ordlnatad at the vice-
preszdcnt level. e are not ab]e to model the full d1vers1by of ca-
pital deployment procedures (sece for instance . "Project Portfolio Ap-
proach" in Multiple Criteria Decisjon Making by'James_L. Cochrane and

Milan Zeleny, p. 439. "Capital Rationing in the Face of Multiple Or~ 
ganizational Objectives" by J.D. Forsyth, Queen's University and D.d..
Laughhunn, Duke University"). Rather, the expansion in the Operating
“Block is viewed as a global approximatibn for a short_horizon.

The network expansion literature

The Titerature on network construction ‘s aiready a huge
one. The jouwrnal "Networks" has just issued a bibliography (vol. 7.

“no 2, 1977) that we are exploring for new titles. As soon as multi-

period setting is envisaged, the computing effort becomes arduous and
the researches are more and more involved in trying To‘d&compose Tar-
ge-scale problems (see, for instance, for a genera1 overview: . D. M

HimmaIblau, editor, Decomposition of Larqe scale problems, North-Hol-

land and American Elsevier, 1973). Some interesting lines of thought =
merit to be explored and evaluated for our own problems. Let mention:
H.P.F. Nguyen and R.R. Vemuganti: Topological Properties of Multi-

commodity Dynamic Networds, 1975, Working paper. T.E. Morton: For-
ward Algorithms and Planning Horizons for Dynamic and Linear Program-
ming, 1975, Carnegie-Mellon University, Management Sciences Research

B_(}E_O_r_t: no 358.
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The mu1t1CQmmodity'feature of the telecommunication expansion
problem is a nightmareieven for linear costs.” On the other hand, some
results for a growing demand of one product, with a discrete time struc- ‘
ture, a- F1xed p}annwnq horizon and:concave cost fungt1on9 can be found
in: A.S. Manne and' A.F. Veinott, jr., in Investment for: Capac11y Ex-

pansion, Size, lLocation and Time Phasing, A.S. Manne, Fditor, G. Allen
and Unwin Ltd, London, 1957. We suggest -that these results could be
used for the pending links in the network. ‘

- For a-one period model, it is really encouraging fb read the
article signed by a researcher of the Bell Telephone Laboratories, spe-
cifically: CIJ. McCallum Jr., A Generalized Upper Bounding Approach

“to a Communications Network Planning Problem, Metworks, 7 1-23, 1977.
His results show that our urge to develop the software along these 1li-

nes in order to increase the size capacity of the model was well jus-
tified. The reader of this article will note the similarity with the
allocation expansion model in the NPPS mode1~ex¢ept,for'the column ge-
nerator which does not exist in McCallum's paper but_for-post»optimf—
zation purpose.

.3 The Operating Block Status from the expansion point-of view

‘Up to now, the NPPS modeT, to the exception of the Accoun-
ting b1ock, is a one period model. More precisely, it generally gi-
ves requ]ts for one current year but we used it also for.some tests

on prospective use of equipment, applying some growth rates to the

requirements and pushing "manually" the capacity limits when needed.
But, if we are ready 1o accept similar cost coefficients for an ex-
cess capacity and for expansion on a particular link, the actual soft-
ware could be used for expansion with a minor effort.

An operational definition of the prospective incremental cost

As it has been said in 5.2.2 several avenues are exp]ored
but -to bogrn wmhS an edr1wer proposal not yet reta1nnd is.again
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~outlined as a comparative simple scheme. The definition of the pros-

pective incremental cost is made in a framework of a fixed time hori-
zon, discrete time structure and perfect forecasts; if the forecasts
are shaky; the model can be re~vun with different forecast values but

for the moment, no stochastic programming featqres are .explored.
The'aséumptions and daté are as be]Qwé:
a) On tﬁe demand side:
.~ for the switched traffic, instead of a unique traffic

matrix giving the peak demand.in C.C.S. or Erlangs for all relevant
pair of demand points, we need a sequence of matrices Stoa St], Stzﬂ

. w.. (St for switched traffic);

-~ for the non-switched traffic, instead of a unique cir-
cuit requirement matrix for one year for all relevant pairs of demand
points, we need also a sequence of matrices NSRO, NSR], NSRZ, “es (NSRA

for non-switched traffic);

- the subscripts are for the decision periods (one year
Tong)s.

- the sequences can be given entirely from the outside

“or - better for space and computation saving - they can be built as

functions of time, like y = a + bt -where a is the initial demand and -
b is the arithmetic rate of growth ory = a(l + r)t, where r is the
geometric rate of growth. A particular combination of a and b, or a .

~and r, can be chosen for each pair of demand points; -

t

- for indivisible block of demand, like T.V., we can use
the same type of functions since t takes only integer values;
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- the proposed families of functipns are for simplicity
sake, but any nondecreasing function could do it. At that stage; it
is not clear if the nondecreasing characteristic is an empirical ob-
servation and/or a computational convenience for getting a solutions

- at each period the values of the demands can-be com- .
bined for the switched traffic first, and after dimensioning, the re-
sulting circuit requirements between each pair of adjacent nodes of
the switching network can be added to the non-switched requivemente;

- the incremental demand becomes, in the prospective

view, a full sequence of requirements for a given subset of demand

‘pairs, given a certain time horizon; but we could imagine an incre-

‘mental demand for a sub-sequence only.  In the cross-subsidy tests,

that incremental demand is added (or subtracted) to the total de-
mand in order to compute the corresponding incremental cost;

b} On the‘suppTy side:

= for the switching capacity, we must assign to each swit-
ching node a sequence of cost functions and the initial switching capa-

city. Some cost functions describing the cost of new technology can be

available only from a given period in the sequence. There will be'no
choice between the new and the old technology; the new one will super-

~sede the old one if the unit cost, at full capacity, of the former is

lower than the corresponding cost of the Tatter;A

- for the transmission capacity, -we must assign to each
transmission 1ink a sequence of our standard cost functions; but, in
that case, we will allow at most two technologies for each 1ink and a
Tink will then be duplicated using fictitious node and 1ink assuming
that no technology dominates the other in terms of costs. There will
be no interconnection cost between technologieé; |
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- as for the switching machines, some -technologies can
be available only after a given time;

-~ the cost functions could be indexed to show the effect

~of inflation;

- if a iechno]ogy is reproducible on the s ame Tink, the
u1L1maLe 1ink capacity for any period could be twice or three times
the standard dltimate capac1ty ‘Since 1ater on we propose a way of clim-
bing steps in the allocation-expansion models; |

- the initial capacity must be known for each transmis-
sion Tlink;

- the mu1b1p1ox1ng costs, wh1ch are approx1matply linear,
can be 1ntegrated in the cost funct1ons,

- it is not clear at that stage how the annual costs re-
Jated to capacities (maintenance, for instance) will be introduced: at

. each period, or as an equivalent present value imputed at the vintage

period of the facilities and based on some average useful life;

- the number of links can vary- as time goes on when new
Tinks are envisaged, but the network must be kept connected;

- each cost value in the cost functions must be tranfor-
med to a present value using the proper discounting coefficient; the
reference time will be the beginning of period one;

- whenéver we want to keep the possibility of climbing a
Tixed cost step in a cost function, an approximating piecewise linedr
function will be substituted to the step function as shown in figufes
1 and 2; | ‘
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- it can -be shown (see: IJIRI, Management'Goa1s and Ac-
counting for Control, North-Holland, 1965, 0. 13-22) that the piecewise

vepresentation can be incorporated in a standard linear programming, the
cost to be paid being one more constraint per linear piece plus one up-

‘per bound constraint.

From these assumptions and data the computing-of pfospective
incremental cost of a set of services could be run as follows,.if we

stick to a one period wodel:
1. Fix the number of years ofithe planning horizpn-T.
2. -For tﬁe switching network (S.N.):
Z.i Given the sedﬁences of'tfaffic matricés,.dimension?"
ning parameters (loss probabilities, diverse ratios) and network con-

figuration, find the circuits requirements on the links.

2.2 ~From the sequence of circuits requirement incident

-f
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to switching nodes, find the sequence of sizes for the switching machines.
2.3 Using the sequence of cost functions, the initial ca-.
pacities and the initial values, find the sequence of additions and their
values.
2.4 Convert in a scquen(e of annua] costs . (deprecwatwon,
plus-cost of capital, p1us diverse operating costs 11nkaa to value oF
facilities Tike maintenance and taxes).

3. For the transmission network (T.N.):

3.1 Add the sequence of cTrcditS requirements for. the S.N.

to the sequence of circuits requirements for the non-switched traffic.

3.2 Run the one period allocation- expana1on mode1 along

~the 11n°s of "Note technique, 28 avril 1975, Claude Autin, Guy St-Cyr,

|la

Laboratoire d économétrie, Sujet: Expansion sur plusieurs périodes™
and therefore find the sequence of new capital spending. '

- 3.3 Convert the initial and new facility va1ueC in se-
quence of annual costs.

- It must be clear that the strategy adopted for implementing
such a procedure is heavily depéndent\dn the exfsting cbmputfng‘capa~
City. If we choose to work with a multi-period model, decomposition
techniques will have to be developed. ' T

Cost allocation formula (Shap]ey value)

0

Review

It is well-know that one of the main technical characteris-

tics of the industry of telecommunication is the relative importance

of common (or fungible) costs. Consequently, to determine the cost



17

of a service, one needs a procedure for allocating these costs among
all the services supplied by a carrier. Several methods exist. to se-

parate common costs, Loehman and Whinston (The Bell Journal of.Econom

mics and Business Science, Vol. 2, no 2, Autumn 71) have-deduced, from

a set of axioms, a meaningful formula of social incremental cost.  From -

these axioms and assuming that n users with fixed positive demands a-

gree to use a coilective facility, they have shown that individual char-
- ges for use of the facility must be rélated to the following formula:

Fi) = ) (n~q);:(9”7)3 (@) - C(6~1)7
GeN:
16 -

where G are subsets of size g of the wholé group of users n, and C(G)

is the.minimum cost of fulfilling the demand DG for the sub-group G. -

If the potential users accept the fairness of the axioms behind this
formula they must:then also accept the cost allocation formula F(i)..

In the case of three services, the cost allocation formula

is written as follows:

F(1) = 46(1) + 21, 2) - C(2)3 + 2ecl, 3) = ¢(3)3
" ¢ 3081, 2, 3) - C(2, 3)] -

and similarly for the other two services. Here C(1) is the social “in-

cremental cost due to the first service, if it is the only service con-

sidered; [C(1, 2) - C(2)] the social incremental cost once the Tirst

service comes right after the second service but before the third; etc...

Among the main properties of this formula, one can mentjon:

'a) total costs Qf the service are Covered by the charge :
scheine;. ‘ ' '
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b) although price per unit according to this formula is not
uniform, users with the same quantities demanded will pdy

the same charge;

c) ‘the charge is a function only of the incremental costs

due to one user;

d) if incremental costs are all multiplied by & constant,
then the charge will also be multiplied by the same cons- .

tant.

The computation of the cost allocation formula is not. an easy
thing when the number of services becomes important, due at Teast to

‘the combinatorial character of the problem.- In consequence if it were

possible to find a way of simplifying this formula, this should be ve-
vy welcomed. In sub-section 5.3.3 such a procedure will be discussed:
of course, more reflexions will be needed to implement this simp?ifica~

tion in the telecomnunications industry context.

- Another Timitation of the present formulation of the Shapley
value is its static character, i.e. time is completely ignorad when al-
Tocating the common costs. We ali know that the passage of time can
modify the very nature of a service and so can influence the concept
of cost associated with the provision of a service. In the next subF

section we shall introduce the temporal dimension in the Shapley value.

In the sub-~section 5.1.1, the game theoretic approach to the
subsidization problem was summarized and, in particular, the usefulness
of the core concept has been stressed in order to deduce a subsidy-free
price structure. There is’a Tink betweén.this.approach-andrthe‘coStl

allocation formula which is worth to mention:  If the resulting values -

of this formula were in the core of the "cost sharing qgame", this would

imply that a price structure based on this formu]a‘would be subsidy-free.

Unfortunately such .a result is not true in general and even more, the
core of the "cost sharing game" can be empty i.e. there canm exist no



price structure which is subsidy-free. In the next pafagraphs we will
discuss the concept of a "convex game", a game which has fhé'property
that its core always exists and moreover, that the cost allocation for-
muTa.(aiso called the Shapley value) is.a]ways in it. Thé adequacy of
this concept to the domain of telecommunications will also be mentioned.

As it Was previously mentioned, two of the problems with the
game theoretic approach are that -the core of_the»priéefgame'can be emp-
ty on one hand, and that the cost allocation formula needs not be in.
the core of the game on the other hand. However,-if is shown by Shapley
(Cores of Convex Games, International Journal of . Game Theory,'Vo].~1,

no 1,- 1971, pp. 11-26) that for the case of convex game, the core is not
~empty (in fact, it is quite large) and that the cost allocation formula
" {the Shapley -value) is an element of the core. Intuitively, a convex
game .characterizes the property that the incentives for joining a coali-
tion increase as the size of the coalition grows. Mdfe formally, a con~ .
vex game is a game which possesses the following property

C(Su {i}) ~ C(S) = C(T v {i}) ~ C(T)

for all i ¢ Nand all ST e N ~-{i}. In other words, the supplemen-
tary cost of the service i does not increase if the number of elements
in a subset increases. This concept is analogous to the increasing
returns to scale associated with cornivex production function in econo--
mics. Of course one has to verify if this hypothesis is~vérified for
our problem. )

Essehtia]?y, it must be verified thal the objective function
in the allocation model, seen as a function of the right-hand side of
the contraints, is a convex function. Inh fact, it can be shown that
as far as there is some increase in the demands which does not necessi-
tale any,expansion of the capacity of the network (and a fortiori-once
it is needed) the aforementioned function is a convex one; this will be .
true if the ultimate capacity concept is retained.  Finally, as the sup-
piemehtény cost of a séﬁVice (however defined) s the difference between
the value of two convex objective functioné,_it will also be convex kno-
wing that the difference between two convex functions. is a]so.con?ex.
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We can then conciude that being giVen the approach taken in the NBPS
model for .determining the supplementary cost of a service, the. core of
the game is never empty dnu also that the cost ailocation formula . 15
always in. it. Or, 1n oLher words, if tariffs are based on ih1s for-
mula, .they will be necessar11y subsidy~free. Beyond this result, one
can ask whether using the convéx.game approach -is possible with the
view to formulate new qub51dy tests more stringent than the ones so
far used in the WPPS model?

The fempora] aspect of the Shapley value

The fairness of the cost-allocation formula comes from the
dssumptions that all subgroups of a coalition of users of a comnon fa-
cility can occur, and that each ordering of arrival of consumers within
a subgroup is equally likely. Another facet of the attractiveness of
this separation scheme was that the individua1vcharges'it imp1ieq cover
the sum of the total costs. So, the 1nd1v1dua1 costs of the use of a

common fac111uy are given by F(1)

One cnaracter1st1c of this formu]a 1s Aits static aspect; when
applied to the servnces of te]ecommun1cat1ons 1nduery, the preceding
cost- -allocation scheme treats each service without -any reference to-a
temporaY*dimensioh. We know, however, that time is a crucial variable
in the very def1n1t1on of the te1ecommun1cat1ons services, and its per-
tinence to the concepts of excess capacity and in the characterization
of the prospective incremental costs is evident. In ‘the fo110wing pa-~
ragraphs, we shall present a pre]iminary analysis of the introduction
of time 1in con51der1ng the services of telecommunications and in the
way this ney qenera]wzatlon can affect the cost- d11ocat1on scheme

Suppose, for example, that we consider two services and two
periods of time. The easiest. way to introduce the temporal dimension
in the"definition of the services is to mark each service with a time

AT R Tt e s e S A e -



;of a serv1ce 1n a tempora] context
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'1E{ndex; hence we distfnguiﬁh'the'present stote“from<the‘futurefstate'
o of a serv1ce as two different serv1ces (of. course, the future can be

heard. here as meaning a lapse of time of three. years from now) AWe-

“~obviously cou]d Teok at many per1ods of t1me and decompose each ser—.

v1ce in as many rew serv1ces as there are: time intervals, but it seems_
more advantageous here to concentrate on on]y two. per1ods of t1me in’
order to.make the illustration of ‘the procedure more str1k1ng Thus,
we. have the fo]low1ng set of serv1ces R

J - {P-l, -l, Pz, F } = {1’_2! 3’4}’

where P] “and F] represent the f1rst serv1ce 1n 1ts present and future

_state respectively, and similarly for P2 andF2 w1th respect to the se-

cond service. The re]abe]ing:of the four services in the same order

 with the numbers 1, 2, 3 and 4 is only to fac111tate the notat1on when ‘
‘ speak1ng of the possible coa11t1ons )

The nmost 1mportant feature brought by the 1ntroduct1on of;
the time dimension. seems that, contrary to the previous stat1c ap-:'

_proach not all coalitions are now possible and the orders .of arr1—e"

val in a perm1ss1b1e coalition have not all the Same-probab1]1ty of .
occurebce; These major modifications. are obchred by'a certain'veil,.
of arbitrariness, for they depend very much on the way ve conceive
the definition of a service in -a tempora] settlng ‘We shall 111us—h

‘trate the methodo]ogy and the. new kind of cost- a]]ocat1on schemes.

that result with the ‘aid of two simple examples. - It is worth,men—f

‘tionning that no general cost-separation formula can be obtained

- Since the probabilistic coeff1c1ents assoc1ated with each 1ncremen-5
tal cost are comp]ete]y dependent on the way we eliminate certa1n -_
~ coalitions and certain orders of arrival inside each wou]d be". coa—.

Tition. A]though the process is the same for all s1tuat1ons, the -
propert1es of the ‘resulting formulas’ rest heav1]y on the def1n1t1on
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A The procedure can be qross]y character1zed 1n four phases
The first step is the definition of the services with re.erence to
the time d1mens1on As said prev1ous]y, this s1gn1f1es that we- ‘add a
temporal index ‘to each service; thus, we mu]t1p1y the number of ser-

' vyices by the number of time periods.considered. Though ‘this is the

unique explicit operation associated with this phase the way we con-
ceive the role of -time 1n the definition of the serv1ces 1s a very

, cruc1a1 stage since it can determ1ne the subsequent steps of the pro—
- cess. . The second phase is the identification of the perm1ss1b1e coa~-

Titions. Th1s step is fundamentally dependent on the way we. have
characterized the.many services. The third phase is the enumeration
of all the possije orders of arrival in-each permissible coalition;

~ this step also depends heavily on the definition of the services

The last phase, and the more laborious one relative to the necessary
calculations, is the determination of the coefficiénts associated

with each 1ncrementa1 cost in the final cost allocation formu]a Let
us pass to the two examp]es to i1lustrate what we mean by . aTT th1s

With the first example we do not mind about the very con-

tent of a service but we are only interested in the constraints im-

posed by the passage of time on the possible formation:of subgroups

For example, we only permit coalitions of different services in ‘the

same period of time and of the same serv1ce in d1fferent 1nterva1s
of time.. We will not try to Just1fy this view of the coa11t1ons
format1on, for we admit its complete arbitrariness; the’ purpose of'

. this exampTe is to find a symetric situation close enough to the
-Shapley value in order to serve as a first step towards a more rea-

listic definition of the services -of telecommunications. "The possi-
ble pairwise coalitions are thus represented by the’ ‘shaded areas in

.the first tabTeau the permissible coalitions are thus 12 13, 24, 34

and the forbidden ones are-14, 23 (note that the order is irrelevant .

in a coalition). The structure of the twin coa11t1ons be1ng symetr1c,
.any-order of arrival in these coaT1t1ons 1n equaTTy l1ke1y
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Tableau 1 -

Having at fiand now the allowed twin coalitions, we must scru-

- tinize the orders of arrival in each possib]e-biggef.coa]ition.' The

set of all permissible coalitions for the_examp]e'conSideféd'ié

P =11, 2,3, 4, 12, 13, 24, 34, 123, 124, 134, 234, 1234}.
For:example, consider the coalition 123. The set of all the order§;of
arrival are: S Lo

1(23), 1(32), 2(13), 2(31),73(12), 3(21)
(12)3, (21)3, (13)2, (31)2, (23)1, (32)1.

The nbtatfon 1(23) means that coalition 123 was formed by 1 joining
first, and fo]]owed by the subcoa11t1on 23 in which 2 ‘joins first.

Since coalition 23 is forbiden, we have to write off four orders of

" formation and we are Teft with the eight orders:

| 2,(13’)', 20310, 3012), 3(21). ,(1-2)'3,'(21)3, a2 '('3_1)'2.'

‘The case of coa11t1on 1234 is a b1t more- comp]ex vIntro?‘

duce . the fo]]ow1ng notation: 1(234) means that coalition 1234 was
- formed by 1 joining first followed by coa11t1on 234; 234 was formed' “
by 2 joining first followed by coalition 34 inwhich.'3 was. the first
5<member Similarly, (12) (34) means that coa11t1on 12 joins f1rst
'uf0110wed by, coalition 34 and in each one 1 and 3 were reSpect1ve1y

the first member. The complete 11st1ng of all the orders of: arrival

_in coalition 1234 contains 120 members.- Without writing a11zthese j
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.‘orders, Tet us just assert that 80 ones are 1eft after d1scard1ng :

the forb1dden coa11t1ons

 The enumeration of é]] the possible orders of arrivaf in .

‘each permissible coalition is the necessary step to calculate the

probability that service i follows R-i in coalition R. In turn,"»

"these'probabilities are usedito compute the coefficients associated

with the incremental costs in the des1red cost-allocation. formula.

‘We will not exp11c1t the manipulations 1nv01ved in the computat1on

of this formula for they are fastidious and mechanical; let .us ins-
téad_quote the'resu1£ing individual charges. and éompare'fhem with
the fami]iar~cost—a110cation scheme based on the Shapley value.

The four individual charges are: ' S

1/8 [C(]é) - C(2)7 + 1/8'tC(13) - C(é)J

F(1) = 1/4 C(1) +
* + 1/8 [C(124) - C(24)1 + 1/8 [0(134) - ¢(34)1
+ 174 1C(1234) - C(234) | SR
F(2) = 1/4 ¢(2) + 1/8 [C(12) - c(2)3_+'1/8'[0(24)'--C(4)j -
' '+ 1/8 £€(123) - ¢(13)3 + 1/8 £C(234) - €(34)]
+ 1/4 £C(1234) - €(134)1 SRR
F(3) = 1/4 C(3) + 1/8 £C(13) - ¢(1)1 + 1/8-[C(34) - ¢(4)3
| C+1/8 [€(123) = €(12)1.+ 1/8 [C(234) - C(24)]
+ 174 [C(1234) - €(124)]
-4 C(4) + 1/8 [C(24) - c(2)3 + 1/8v[C(34);— ¢(3)3

F(4) ‘
E +1/8 1(124) - ¢(12)] + 1/8 [C(134) - €(13)]
+ 1/4 [0(1234).~ C(123)J. S

Just for way of compar1son, let us c1te the 1nd1v1dua1 charge for. ser-.
‘vice 1 tnat would result from the familiar Shap]ey va]ue

“151(1)'= 1/4-c(1) + 1/12 EC(TZ) - c(2)] +1/12 [C(13) - C(3
~ CU 4112 [C(14) - ¢(8)1+ 112 [c(123).- C(23)J ~

o+ 1712 0C(124) - c(24)1 + 1/12 [C(134) - c(34)39

4 1/4 [c(1234) - C(234) | |
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The two straightforward differenCes“betweenfthe‘Shapiey‘Va1ue:and.the

-modified cost-allocation formula are that some'incrementa1[coSts<vani—
‘shed in, the process. and hence the coefficients have been modified. S1n—

ce the 1ntroduct1on of time in the def1n1t1on of the services renders .

.some coalitions unrea11zab1e, this implies the disappearance of the cor-

responding incremental COst in the final individual charges.  As a con-
sequence, this forces a readJustment of ‘the coeff1c1ents for the sumn
of all the coefficients inside an 1nd1v1dua1 charge must add to one.

So, ve observe a great similarity betWeen;the traditional Shap]ey va-
lue and treatment of th1s example. -This likeness lies on the symetric
aspect of the considered example; the coeff1c1ents of every C(1) and

of C(N) are the same in both cases, and in each 1nd1v1dua1 charge the
rest of the cost is split even]y between a11 the perm1ss1b1e 1ncremen—
tal costs ’ '

_ Let us cons1der now a second examp]e c]oser to the serv1ces
of te]ecommun1cat1ons, and which has not .the symetr1c property - The’

~first service will be public messages, and the second service will be .
- private lines; so, 1 and 2 represent present and. future pub]1e mes- -

sages'respectively, and 3 and 4 represent present and future. private
Tines.  We assume that the network is pr1nc1pa]1y built for. present pu-

- blic messages, which implies a- preponderant ro]e for service 1. .The
. set of- perm1ss1b1e twin coalitions is represented by. tab]eau 2 Ser-

- vices 2, 3 and 4 may join service 1 in a pairwise coa]1t1on, butpthey
have to follow 1 in the coalition. . Likewise, service 4 Can‘jotn service'

3, but has to fol]ow it. ATl the other pairs of services are proh1b1ted
either because the leading position of present pub11c messages or be-
cause the order1ng of services imposed by the passage of t1me

T l2]3]a
V VAN
v ////// o
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| As previously, the next step is the analysis of.thé~drdefs'0f 'V
membership in each bigger group. The complete list of - the permissible -
coalitions is for this .example:’ -

P=0, 23 4, 12, 13, 14;’34,A123, 124, 134, 234,-1234};

_Because the preponderant role of serv1ce 1. and the very restr1cted num-

ber of possible twin coalitions, the number of arrivals in a coalition
is drast1ca11/ diminished. For example, coalition 123 can have 0n1y

 two orders of arrival: (12)3 and (13)2; similarly, the orders of member—.  |

ship jh'124 are (12)4 and (14)2 wh11e coalition 134 is formed w1th the

. arrivals 1(34) and (13)4.  On the other hand, -the- c0a11t1on 234 is un-
_rea11zab1e since 2 cannot be the first member. Finally, for the g]obaT

coalition 1234 the. poss1b111t1es of format1on are reduced to. the f011OW1ng
seven ones: 1(234), 1(382), (12) (34), (123)4 (T32)4, (134)2 and ‘
(734)2. With the same mechénics;as for the preceding.examp]e we

- can utilize the information given by these orderings:bf~f0rmation

and calculate the coefficients fpr»each'incrementai cost. -The final

"individual charges are then:

F(1) = ¢(1)
F(2) = 3/7.0(2) + 3/7 [C(12) - C(1)] + 1/14 [c(123) - c(13)7
‘ +1/14 [C(124) - C(14)1 - 3/7 [c(234) - C(34)]
+ 3/7 [c(1234) - C(134)] - :
E(3) = 1/2' [C(]3) ST+ 172 [0(123) ] ‘c’(m)j |
g ’F(4)‘= 1/14 [C(14) - 0(1)1 ¥ 4/7 te(3a) - c(3)]

¢

1/14 [C(124) ~ C(12)]

3/7 £c(134) - ¢(13)1

4/7 1c(238) - ¢(2) - C(DT
4/7 1€(1234) - c(123)1

e,+'

o+
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This allocation of total costs between thefdiffereht services fs-very

“distinct from that proposed by the ShapTey value. . The coefficientS“
associated with the incremental costs.can take many different values
_which reflect the great asymetry of the structure of the twin coa11-.

tions, and which seem5~muchscloser to the spirit of decision makers

when they manage the.sebaration of'common.costs;lconsidering that the net-

work is already in place and was built particularly for providing spe-
cific services. What seems much more astonishing is the negative'sign

' -attached to some of these coefficients; it is difficult at first g]ahce"

to give a'meaningful interpretation of this observation. However; it
is interesting to note that the preponderant position of service. 1 is

~ translated by the equa11ty between the 1nd1V1dua] charge of service

one-and its stand-a]one cost

The ‘approach propounded in th1s sect1on to genera11ze the
cost-a]]ocat1on scheme of a temporal sett1ng appears really prom1s-

~1ing while more thought must be devoted to s1mp11fy the computat1ona1

. procedure and to find out a satisfying 1nterpretat1on to the result-

_1ng individual charges. Finally, it is worthwile to-mention that -

';.the approach proposed may be judge as unfair since userslwith iden- ..

5.3.3

_Simp]ification of the Shapley formula

;subset of services, defined in a proper way, is equa] to the cost of

tical demands do not necessarily support: 1dent1ca1 charges _ these'
depend on the weight the users have in the d1fferent coa11t1ons

“However, we can say that.the procedure 1s_not so- unrighteous because =
it takes account of the bargaining power of each service and does N RS
_not treat them independently of their importance or their ordering.- . -

: -Suppose the following situatioh‘ assume that the cost of any

the "largest" service in that subset. For examp1e, it is ev1dent that

if one considers switched and non-switched services in a same coa-
»]1t1on the cost of this coalition will be equal- to the cost of provi-
~ding the switched services. = Another poSS1b111ty is the fo]]ow1ng AT

in a same coa11t1on one -considers peak and off-peak demands between cer- -

"ta1n 0-D pairs, the cost of this coalition will. be equa1 to the cost of .
~prov1d1ng the services at peak demands ‘ BTN
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In such cases, it has been shown by Littlechild and Owen (A
Simple Expression for the Shapley Value in a Spec1a1 Case, 'anagement ‘

Science, Vol. 20, No 3, Nov. 73, pp. 370-372) that the cost. a110cat1on

formuia (the Shap1ey value can be s1mp11f1ed to the f0110w1ng express.on

'.-F(i) = 'z~’(ck -c, 4) / r,
. _ k:T;_,k., _k=] k

~;fbr ie N s J = 1, ..., m. Here, we have n services, denoted by i = 1, |

s M, wh1ch are partitioned in m classes or types. Nj is the set of -

- services of. type j, and ”3 is the number of: services in. c1ass N Each -
- class NJ is def1ned S0 that every service 1ncTuded in this type 1s cha-

racterized by a cost cJ, without. Toss of genera11ty, we ordered these '

types such that

~ Finally, e = T oNas and I n.=n

3 =k 4 - =1 34

In fact, cons1der1ng services, we put together ‘those serv1ces

f -which 1mp1y the same cost, and we rank these types of services according .-

to ‘an increasing sequence of cost. The above-mentioned. cost- a]]ocat1on
formula results when the cost of prov1d1ng any-coalition of serV1ces is

equal only to the cost of the more expensive service in it. SuchAa si-
“tuation may be interesting in the industry of telecommunications since -

when we consider the provision of a coalition of switched and non-swit-
ched services. or of peak and off-peak demands, it is well plausible:
the‘manager-figures that the cost of fquiI]ing such a coaiitioh'is»com— -

pletely detérmined by the'most expensive service,in the coa]ition.

A poss1b1e 1nterpretat1on of the: ru]e 1mp11ed by th1s mod1—A_A

. fied Shap]ey value is the fo11ow1ng

a) D1v1de the cost of supp1y1ng for the cheapest type of ser- ~
vwces equally among the total number of serv1ce, o " -

wo
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b) Div1de the 1ncrementa1 cost of supp1y1ng for the second _
cheapest type of services equa11y among the number of all serv1ces but

"those contained in the cheapest type. Continue thus the procedure un-
" ti1 the incremental cost of the more expensive type is equally appor-
- tioned among the number of serv1ces included in th1s 1attest type of
 services.

Apart from the fact that'this°interpretatfon‘of4the modifiedv

Shapley value presents some interest, particularly in the way we can

aggregate-therkindSﬁof»servicesvwe conSidered;.this‘new formo1ation of .
the cost-allocation scheme is even more. important for its computatio-

I _nal simplification.  In fact, 1nstead of comput1ng the 1ncrementa1 costs‘

for every poss1b1e coalition of serv1ces, we. only have to ca1cu1ate the

i.d1fferences of costs for each consecutive pair of costs in the increa-
sing sequence previously mentioned. Although this modified Shapley va- B
" lue will give the same separation of costs. as the. initial cost alloca- -

tion scheme, it has the. advantage of putting emphas1s on the structure

of the 1ncrementa1 costs and on the services as viewed primarily from
! cost ‘causation perspective. It is worth not1ng that such an appTli- -

cation relies heavily on the def1n1t1on of the sérvices and on the par-

‘ticular way we aggregate them, another character1st1c of this new ver«"
sion of the cost-separation. scheme reserves - a short mention for it
‘Fcompels attention on the notion of avo1dab1e costs. Since serv1ces :
are ranked according to their increasing costs, the. passage from one -
_type of services to another type g1ves us some: 1nformat1on on-the costs
~ that would be avoided if the last; more expens1ve type of serv1ce is
- discontinued. So, this way of 100k1ng at the Shapley va1ue 1nd1cates
" that the a11ocat1on ‘of common costs proposed by this’ scheme 1s 1n fact .

grounded on some concept of avo1dab1e costs
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APPENDIX A : Méthodes de dépréciation

“fois tendance 3

Introduction

En observant 1'évolution de la structure 1ndustr1e11e moderne,
-on constate que le capital phySIque et par, conséquent les charges f1xes,
‘représentent. une part grandissante dans Tes colts d' exp101tat1on. L,1n-
~dustrie des t&lécommunications ne fait pas: except1on 1a'rég1e.‘ Bien
au contraire, en 1976, les frais d' amort1ssement _représentaient prés de
30% des dépenses d' exp]o1tat1on de Bell Canada Ma]gre cela,. on a par-”*

-~

estimer ] amort1ssement sans se-soucier des fondements

~économ1ques SQus- Jacents a ce concept

Nous analyserons les prob1emes posés par 1' amort1ssement de
méme que les différentes méthodes servant a 1° est1mer. Nons_ferons un

‘rapide survol de son application dans le modale NPPS et nous examinerons
~Tes ‘problémes posés par les impOts report&s qui découlent de la diffe- -

ce entre l‘ambrtiscement comptable et'T‘aT]ocation du colt en CapitaT

Enfin, nous regarderons les mod1f1cat1ons qu1 pourra1ent Btre apporteeslf

au calcul de 1! amort1ssement

Considérations générales-:

‘Le probléme de 1'amortissement provient du fait que 1'entre—"

prise achéte & un moment donné des équipements qui lui rendent . des ser-

vices pendant plusieurs années. "L'amortissement comptable a pour ob-
jet de répartir le colt ou la valeur d'un élément d'actif -immobilisé
corporel (ou d'un groupe de biéns), moins sa valeur de récupération,
sur sa durée d'une fagon systématique et rationnelle. L'amortissement -

- vise 3 répartir le.colit d'un bien et non & 1'évaluer. L'amortissement

annuel est la perte du‘coﬁt:tota1'attribué*§ un exertice~enipafticu-

- Her". (cf.[91)




‘La premigre difficulté tient & 1'évaluation de la vie utile
de 1'équipement. Celle-ci peut &tre &courtée par 1'insuffisance ou la

- désuétude car i1 est parfois difficile de prévoir 1'expansion de 1! en-

treprise & moyen terme de méme que 1° 1nnovat1on techno]og1que.<

‘La seconde difficu]té.a_trait au rythme d‘amovtissemenf.pen—

dant la vie de 1'équipement. Une.formulafion;généra1e de 1'amortisse- -
" ment au temps t serait: ’ " o B

a, =V

g% Ve m Ve Tl
ol 3 ==am9rtissément éu temps t :
; §£ =‘vé1eﬁr‘de T'installation au femﬁs»t
i, = féux d'intérét.gq temps t

t .

La prem1ere part1e (Vt 1 -V ) represente la depréc1at1on de -
1hinstallation. pendant 1'année alors que (i Vt 1) représente 1! 1nteret__'
perdu sur la valeur de 1' equ1pement Ce manque a gagner est genera]efﬂ
ment absent du calcul comptable de 1' amort1ssement On le retrouve
dans le ca1cu1 &conomique. ’ |

‘Mais cette methode genera]e suppose: qu ‘on connaTt 3 todt mo- "
ment la valeur de rachdt des 1nsta11at1ons d'od la nécessiteé d' un-mar-
ché secondaive bien deve]oppe. Si un tel march& ex1ste pour’ certa1ns
produits (1'automobile par exemple), i1 n'en va pas ainsi pour la ma- -
jorité des facteurs 3 amortir. Alors on devra estimer leurs valeurs

tout au long de leur vie utile.

M&thodes -d'amortissement

- Au lieu d'estimer rigoureusement, & chaque année, la valeur -

- des instéTlatiens, on fixe habituellement un rythme.dﬁamortissement_

i
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Cd'en

qui sera ééﬁifqué'ju§§u’é'ce.que.1“équipemeht soit femp1acé..>0r.11'ex¥

isté plusigurs méthodes d'amortissement.  Nous exposerons ici cé11equui"
§6nt 1e plus couramment uwtilisces. o R ST

- Méthaode dé‘T'émOfﬁTS§éﬁéﬁt lingaire (straight 1inexmethod)‘

L'a ”‘rt1s§émeﬂﬁ anﬁueT ast caTcu1e en divisant le- cout du ‘bien

o é’éméﬁtiﬁ moiRs §a valeur de récupdration par sa vie utile estimée.

§6ient v Gut du bien
5= 1a valeur de récupération
N o= 1& ‘ié-utf1e~e§timée-
IR A
§, & ===
t N

‘C‘tﬁé méthode donhe un amortissement constant 3 chaque  année.

PR

SUF aucune justification gconomique. . Ainsi;ﬁe]]e’peut:conduire a des

| pésultats erronés. Malgré cela, elle est sans aucun doute la méthode

1a plus utilisée.

MEthode de 1'amortissement & ta _m"j;_stant3(déc1iné balance method) -

On ealeule 1\émOYti§Sémént en mu]tip?iant‘la valeur comptable

des 1ﬂsta11at1ons par un taux constant d'amortissement. La valeur cbmp—

table est € a]e au cout du bien mo1ﬁs 1! amortwssement accumu1e Ce taux

g amortissement y/N est genera1ement compris entre 1/N et 2/N. - On.ob-
_:t1ent done L : ‘ o




§
1

N
0.
w

2.4

De plus 1'amortissement accumul& est égal a Vd(1 - St.>
: S o o : N/

Lorsque Te taux d'amortissement est &gal & deux fois. celui
utilisé dans la méthode linéaire, c'est-a-dire que.y = 2, on. appelle ;:;a

~ en anglais cette méthode: "dogb]e declining ba]ance_methpdﬂ'(DDB).

Que]que soit 1a va]eur de vs- 1 amort1ssement est- degress1f
car. pendant les. prem1eres années, il est p1us &levé qu'd Ta fin de’ 1a

Av1e utile de 1'installation. Enfin, notons ‘que 1a va]eur de récupéra- :
‘tion sera fonct1on de la valeur de y et N. B

- Méthode d' amortissement proportionnel & 1 ordre numér1gye renversé des

années-(sum of the years' d191ts method) (SYD) -

On calcule T'amortissement annuel en multip]iaht_1e_¢oﬁt’de ,

'5_.1'instai]ation moinsvsa valeur de rachat: par. une frattion variable dans

e temps La fract1on a comme denomlnateur constant la S omme des chif-

fres représentant 1es d1fferentes années- de-Ta vie utile. de 1! 1nsta11a-_
‘tion soit

I_+ 2 + 3% ,;. + N+ N(N+1)/2_

;_.Le numérateur, qui change 3 tous Tes ans, est &gal au nombre d'année

de 1a vie utile restant au début de 1'année courante soit (N -t+1).

- On a dOHC, comme amortissement annue'l,

2(v - S)(N-t+1)
T N(WT)

- S)[E(2N-t+1)]

. ' ' . ) ) - ) -
L amort1ss§menﬁ accumu]é.est égg] a “RTY

Méthode d'amortissement généra1isée

v Récemment Buck et H111 ont généra11sé ces d1fférentes metho—.
des d* amort1ssement (cf° [2]) "_; R ,5=' AU
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Soit a(t) = V(t-1) - V(t)

On a alors 2 contraintes & respecter

- Torsque la Nidme période est'afféinte, 1a‘méthode"d'amoktis—

- oll V(t) représente 1la valeur de 1'insta11ation au témbs't.

sement d01t faire arriver la valeur des equ1pements V(N) égale a S, de-

: term1ne 1 avance

- Ta charge sur les N périodes doit &tre &gale & v, -'s.

Soit - a(t+1) = ca(t) + 8

a, B sont des constantes et a(1) est fixé & 1'avance.

A]drs-]‘amortissément pour la période t est ddnné‘par

| 1€(tx

)

a(1) +'(tf;1)s e '1_'

atj—]a('l) + B(1-at—.]‘)/(-1—a)‘ » :c;a' :t ]('..

On peut vérifier que 1es methodes precedentes sont des cas

par les valeurs suivantes:

- méthode d'amortissement a(1) T

: o |

 1inéaife | y O& =5 o

SYD : ) ._[_‘,’LQ);S_ | ] "

T N+

DB -2v(0) . 1-2/N

N

~ L'avantage d'une telle méthode est de berméttre plus deff]exié
bilité dans 1'évaluation de 1'amortissement et de pouvoir arriver & une:

‘particuliers de cette méthode générale en remp]agant 1es constantes_T

o) -s

N

-20V(0) - 81

NCNTY

0
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méthodé:optimale;

De fagon générale, quelque soit 1azméthode utilisée, e]]e_dé—‘
vrait représenter la perte d'utilité que nous procure~1‘insta11ation
Or comme, avec le temps, les frais d' entretien augmentent et le rende- .
Ment diminue, 1'amortissement devrait 8tre plus &levé au début, ce qu1 ‘
- €limine 1a méthode d' amortissement 11nea1re - Mais nqus_rev1endrons plus
“tard sur Te, cho1x de-1a methode appropr1ee :

-Amortfssement d?un ensemb]e d‘instal]ations

Lorsqu on veut amortlr un -ensemble d 1nsta11at1ons, plusieurs

prob]emes supp1ementa1res se posent IT est évident qu on ne peut amor-

‘tir séparément chacun des- équipements. » On- do1t donc les grouper d'une
fagon ou d'une autre. Cependant, ils n'ont pas tous ete 1nsta11es en L
" méme temps de méme qu 'i1s n'ont pas tous la meme v1e utile.. '

Deux paramétres déterminent 1es‘caraétériSt1ques de 'service

~d'une installation: Ta vie moyenne de survie et son schéma -de disper-

sion autour de. cette moyenne. Des courbes'de survie ont &té estimées
dont les plus connues sont celles publiées par le Iowa State Co]]ege
Engeneer1ng Exper1ments Stat1on

Indépendamment de ces d1fferentes courbes est1mees on peut |
en p1us, distinguer deux groupes d'équipements particuliers par rap- u
port a la dispersion de Teur schéma de retrait. ~Certains, installés

" & une date dpnnée, peuvent &tre. retirés- graduellement et indépendam-
‘ment les uns des autres. C'est Te cas des véhicules, cables, matériel
- de bureau, etc... I1 s'agit alorS'd'équipements-indépehdantS'(mass-

properties). L'autre groupe‘est‘constitué“des équipements intégrés
(integrated properties). Ceux-ci, formés d'unités complexes, sont de

‘nature ‘telle qu'ils devront &tre retirés simultanément. Le retrait de

la majorité des composantes n'est donc pas indépendant du retrait.de

,l'installétion'prise'CQmme un tout. Certaines composantes'poUrrdqt
~&videmment &tre remplacées indépendamment de 1'ensemble. ‘

TEvaARIaI



ralement deux méthodes: "the Average Service Life (ASL) method et the

“ASL- est constant et €gal & 1/L (ol L = Vie utile moyenne). ' De: Plus ce =
- ,taux est indépendant de la dispersion des- retra1ts d'equ1pements autour _“;;4

Y 1

A7

Lorsqu?i1‘s'agft‘d'amortir'ces installations, on utilise géné--

Equal Life Grdup (ELG) method".  La:méthode: ASL amortit 1'ensemble des
installations sur la base-de leur vie moyenne alors que la méthode ELG
sépare les installations selon leur vie utile et 1es,am0rtie,sébarément‘

a T'intérieur de chaque groupe. Le taux d'amortissement dans la méthode-‘;Aj

de 1a vie moyenne. ‘Dans le cas de la mé&thode ELG Te taux d° amor-
tissement est plus &levé que le taux ASL -dans les prem1eres années

et moins élevé a la fin. L'Scart sera d'autant p]us grand que le
- schéma de d1spers1on ‘sera étendu. ‘ '

On peut“conc]ure que la méthode ELG sera avantageuse .dans
le cas d'une entreprise en croissance car le taUx'd'amortissement

f de cette méthode est fonction du taux de cro1ssance de 1 entrepr1se

ce qui n'est pas 1e cas pour 1 autre methode U o ' f_ B

Dans 1e modale NPPS, ces. deux methodes ont eté cons1derées
Posons: L = Age moyen ' S T T
- T = Age maximum A T ]
- X =-Age . : _
% des installations restantes (1nsta11ees X annges aupa-

~ SRV(x) =
S ravant et calculées & partir des courbes de SUPVTE)
U TAR(x) = % des 1nsta11at1ons dedommagees ' |
GTP = valeur au livre des 1nsta11at1ons au temps présent
GTPR = valeur de remp1acement des 1nsta]1at1ons -au temps présent'
NSV = taux de valeur de rachat T ‘ '
GA = valeur au. livre des 1nsta11at1ons 1n1t1a1es
Y =100 - X/L ' / T
R = taux de'croissance des-instaT]ations} o

’[QD.QDtTSNt a1ors GA GTP / Z[ < SRV(Y)]

x=0 L
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La méthode:ELG nous donne‘un amortissement -accumulé ADELG

U . USSR U )

A-8
T
< ISRV(Y) ~RTX . X
X = X=0 '
B T-X
%-[SRV(Y) -« R'™"]
X=0 .

T B
¥ C(SRV(Y) + SRV(Y-1))/23]
= x LT ‘

E(x) = % ou Y = 100 - X/L

SRV(V)

La'méthOde ASL nous donne unuamortissement accumulé ADASL

ADASL = (1 - E(x)/L) - 6TP - ( 1. - NSV) -

| : | L . |
ADELG = Y {CTAR(Y) - (1 = SRV(Y))1 < [1 - NSV1 - RI-X .« GA}
SRR E L _ A

et un taux d'amortissement DEPRAT

L arly1)T . T
z'{ETAR(Y) - TAR(Y-1)1 - R

. GA}
" DEPRAT = —~=2 .
T {C(SRV(Y) + SRV(Y 1))/2] . RT . GA}
- Xx=0 '

Dans le cas des propriétéé intégrées, on a considéré que la méthode~ELG,

Bien que ces équations ne représentent pas la version finale
telle qu'elle apparait dans le modéle, elles sont données ici pOur re- .

- présenter 1'approche qui fut pr1se dans 1! app11cat1on des deux méthodes

d' amort1ssement

:Amortissement comptable et allocation du colt en capital

oy

Nous avons Jusqu" présent par]é de 1 amort1s ement combtabTe
des immobilisations. Or pour les f1ns de 1"impot, 1 amort1ssement do1t
étre C&]CU1L tout autrement ‘ ' '
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Selon- la loi de 1'impdt, les biens amortissables sont répartis'

- en différentes catégories auxquelles se rattache un taux d'amortiSsemeht;
Ce taux constant est appliqué sur le solde non amorti des immobi]isations.

L'allocation du colt en-capital ainsi obtenu différe de 1! amort1ssement '
- comptable et 1uj est genera]ement supérieur. I1 s ‘ensuit que. le revenu

jmposable et par conséquent les impdts dus pendant 1 annee seront infé-
rieurs-3.ce qu'ils auraient &té en yt1lnsant lAamQrt1ssement comptab]ef

'.La différence entre les impOts calculés selon les deux méthodes
constitue les impdts reportés. ‘ '

* Or, contrairement aux autres, les entreprises réglemen- -
tées sont laissées libres dans 1'allocation de ces impdts reportés.
Ils peuvent soit les comptabilisér immédiatement dans leur profit

- (méthode-du "flow through"), soit les accumuler dans une réserve
_ pour impdts repqrtés'(méthode de "normalisation").

L'effet de la premiére méthode peut se. réf]éter par une -

, ‘baisse des tarifs & court terme car les impats reportes sont. comp-
. tabilisés directement dans les prof1ts Cependant, . p]us long ter-
~me, il y a un risque de voir les tarifs augmenter si les impdts re-

portés deviennent négatifs. La- norma]isation réduit les tarifs d'un

‘montant €gal & la ré&duction de . la base tar1fa1re._ Cependant, cette
~réduct1on est def1n1t1ve '

A11qcation~des impdts reportés

Nbus gtablirons mafntenant a'l'aide du modé]e:développé par.
Lenhart, laquelle des deux politiques présentées plus haut est préfée-
rable pour le consommateur et pour 1*investisseur. (cf. [51)

‘D&finissons immédiatement toutes nos variables..
cash-flow

rapport dette/cap1ta1 .
bj ' amortissement comptab]e pour 1‘année J o

o .
..
nouoon
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D, = allocation du coGt en capital pour T*année J

i = taux d'intérat sur la dette
k = 1nvest1ssement initial _
‘N = réserves pour fin d' 1mpots reportés (norma11sat1on)
PWr(a) = valeur présente d' une suite a1s s cos estime pour\un'"
taux d'intérét r ‘ ’
R = revenus '
RR = revenus requis

r = taux d'intérét -
~ ¢ = taux de rendement

T = 1mpots
Tj'= taux d'imposition

X = base tarifaire

.« Y base tarifaire (sous "normalisation")

Etéb]issons ma1ntenant 1e modale. L‘ambrtisSement sur toute: la

f}duree de Ta vie ut11e do1t ggaler Ta valeur de 1' 1nsta11at1on

(va]eur de. rachat nu]le)
IDy; = ngDtj =k. . - (?)

Les revenus requis (net des autres depenses) do1vent ega]er les
couts suivants ’

RR. = pX: + T: + D

J J 3 by (?)

Comme les paiements d'intéret et 1'amortissement est déductible
- d'impot, on aura _ - T
D i) (3

= Ty(RRy = Dy

En'réso]vantAsimuitanément'(z) et (3), on obtient

N ';\ .
...RR = T—_——-]—-;*[(D - To-'l(S)-X.+ D

b TP _(4).'



- Si-on a normalisation, la réserve pour impdts reportés sera

: jiT
N, =
k=

“L'&quation (2) devient

Ry = #¥5 = T3 ¥ Doy * TolPej = Dpy)
) .= X, = N.oo . T 5 ‘
qa YJ X S e

J - J
. En résolvant simultanément (2b) et (3) on obtient

.
T

T

Examinons maintenant 1' 1ntefet du consommateur. Nous
' posons comme hypothése qu'il cherche & minimiser la valeur pré-
sente de ses déboursés donc des revenus requis par 1'entreprise.

“J
- De (4) et (4b) on obtient
1

-TO

B
o .

N N O

(2b)

T (e - T ey (@)

Yy Ny o - o
T = =T (p - 10)V + To(Dp = Dg)- ()

Posons ARR; = RRFT NJ R 2j  “; <  (7)'

L(p - ToiGXNj.f’TO(Dbj - Dtj)] -  ., (8):

-.Donc Pwr(ARR) Bl C(p —.Téié).PWr(‘N) -+AT(’)'PNY‘(Db - Dt),] : B (9)

A-11
ST o SR S
T =T:—T; [(pie- ig)X + 'Db - Dt] | | (5)
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.Comme PW (Db -D ) > 0 pour tout r >0, 1a préfarence du consomma-

- Alors on aura k]

A-12

'"Or‘§ommé
L T, - o
: Pwr-,'(‘N) = == PH (D - D,) (10)
- Alors on obtient
- PHL(8RR) = 3— T 1 - '(1/")(9. - Toi6)] P?’,«(Db.‘pp) ()

teur dependra de r1 =p = T is. IT préférera la normalisation Torsque
son propre taux d'intérét sera p]us petit que r] qui const1tue le
colt du. capital net de 1 entreprise. :

$i:nous estimons p = .12

Té = .50 : - o

: A . (données- approximatives pour Bell Canada).
i=.08 o o

8= .50

0.10.

-

L 1nvest1sseur pour sa part, cherchera 3 maximiser le taux

‘de rendement moins Tles depenses d intérét so1t

(o= 18)X Tors du f1owthroUgh
(p - i8)Y lors d'une normalisation.

" Or comme Xj > YJ pour tout Js 1'investisseur préférera 1e flowthrough
s'il ne tient pas compte du rxsque attaché & cette méthode. On ne

‘ peut cependant rien conc]ure au sujet du comportement de- 1a firme avec
un tel modale. Notons enfin que les mémes conc]us1ons s app11quent a ’

une entrepr1se en croissance.

AppHcati on au rilodéle NPPS

A A A]ors que. précedemment nous &tions portés a favor1ser un -
amort1ssement au livre accélere ces dern1ers déve]oppements nous font

réf]éch1r
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Si nous posons que 1e taux d' actua]1sat1on du consomma-
teur est p]us petit que le colt du capital net de 1! entrepr1se
(ce qui est fort probable), alors on devra max1m1ser

P, (dy = D) = PHg (D) = PH (D).

Etant donné la méthode d'amortissement_fiscaTé; on devra

allouer 3 la compagnie le maximum d'amortissement permis en'vertu_

de 1a loi de 1'impdt. Cependant, on devrait tenter de minimiser
1'amortissement au livre tout en respectant les principes comptab1es'
Alors qu'on favorisait la méthode ELG, on devra1t 1c1, dans ak 1nteret
du consommateur, emp]oyer 1a méthode ASL

Certainé; simulations, provoquant un changement important

'dans.1e:rapport dette équité, pourraient Justifier un changement de

la méthode d'amortissement. I1 en serait de méme pour un changement
exogene du taux d' 1nteret ou | du taux ‘de rendement permis. '

A1ors le péssage'automatique d'une méthode & l'autfe, pour-

. rait étre incorporé dans le modéle si- nous fixions a priori le taux
o d! actua11sat1on du consommateur; toutes les autres variables- pouvant

8tre (ou étant deja) calculées par le modéle.
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" APPENDIX B

Various treatments of the common costs

La présente 'section a pour but de faire une certaine
revue de la littérature sur-la séparation des colts- communs et .

“de. son application au domaine des télécommunications. I1 va

s'en dire que beaucoup de travail reste & faire d'abord pour ap-
profondir notre connaissance du probléme, et pouril'incorporation

~de certaines procédures dans le cadre du modale NPPS. Le proble-
‘me de 1'allocation des colts communs pour des ﬁrcduits-est»trés
- complexe et quelques‘auteurs ont essayé de le résoudre par-diffé-

(])-oht pro-

rentes méthodes. En particulier, Kaplan et Thompson

posé une solution via des modales de programmation7mathématique, _

modéles qui seront brigvement exposés dans la présente section.

" Considérons une firme qui"fabrique n prbduits.en utili--

- sant m ressources et supposons que tous les colts sont communs et

fixes, ¢ est-a-d1re qu'on ne peut les attr1buer a une ressource en -
part1cu11er Soit le vecteur x = (x], Xps «ovs X ) ol xJ repro»'

sente les variables de décision pour le produit J! Alors cette fir-
“me cherchera 1a meilleure décision en ce qui concerne la production.

(la meilleure allocation des colts des ressources pour chaque produit)

pour max1m1ser ses profits. Elle devra

max px
sujet &: Ax <b
xz0 C , _
ol - a1j est le montant de 1la ressource i QUi entre dans 1a

. " fabrication du produit j; A, une matrice m x n,
- b est le montant disponible pour la ressource 1 au-
‘ cours d'une période; b, un vecteur mx 1. O
- pj est le prof1t associé au- produ1t Js P, un vecteur 1x n.

(1) Kaplan,R. et Thompson G "Overhead Allocation Qfd Mathematical
o Programming. ModeTs" The Accounting Review, avril 1971,
- pp. 352-364. e : ' L
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Notons. que Kap1an et Thompson ont fa1t 1! hypothese -que
ce mode]e de programmation Tin€aire se situe dans un marché de .

' concurrence parfaite; ce. qui implique que-les prix sont donnés.

Si par contre, on suppose-que la firme a des colts attribuables-a-

- -certaines ressources, alors le probléme de décision pour la pro-

duction afin de maximiser les profits se traduira comme suit:

- max (p - BA)

X
sujet &: Ax s b-
x>0

ol B, est le colit moyen par unité attribué a la res-
source i. ‘ .

D'autre part, plusieurs auteurs fnte%prétént les colts
communs comme des codts Joints. A cet éffet;.i1s ont suggéré plu- .
sieurs mod2les ou méthodes pour 1'allocation des cotts joints de
produits. Regardons Ta signification de ces colts joints pour d1f-

 férents auteurs et les modéles deve]oppes dans ce domaine.

‘Une situation de colt joint a-]ieu,]orsqu?un_input sert

-a& fabriquer deux ou plusieurs produits -qui peuvent &tre issus d'un

processus ‘de production soit en proportions fixes puven-proportions
variables. Sous,]'hypothése de proportions. fixes, trois auteurs ont

.-montré que pour maximiser les profits, i1 n'est pas nécessaire dfal#

louer les colts de 1'input aux -produits joints. Dans les pages qui
vont suivre, ces différents modales seront &laboreés d 1'aide de T'ex-
emple suivant: soit une compagnie qui produit avec b UnitéS‘d’input
(k) dans le département I 021 unités"de xi»et'aé unités de-x2 - Toute

1a product1on ou une partie de X peut étre vendue au point de sépa- -

f'rat1on.§ s] dollars par unité ou bien elle peut entrer dans le dépar-
_tement II pour &tre transformée, puis vendue par la su1te Le pro-
~duit X, Ou une partie de X, peut aussi &tre vendu au point de sépara- R
tion & Sy dollars par un1te ou bien, il peut entrer dans Te departe— -

ment]III pour. 8tre transformé et vendu.parA1a,su1te.‘ Graphiquement,
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cela peut Btre réprésenté comme ceci:

~.Z§ °
(s,.u
1 ,”mffl;YIz E/
 département II y] : _
bk B a1k =X Yty
‘département-1>_ : *azk - x, =
' L (¢c,.y,) : e .
2°72 N : o
' . S (s+.u )‘département ITI yZ‘
point de » 1°72 T
~ séparation _
‘ : \V4
u,

Figufe 1: 2 pfoduits joint$

SO

1) Le modale de Manes et Sm1t

Sous les hypoth&ses que les excés d'output d'un prbduit
joint peuvent atre sans colt et que toute la production doit &tre
vendué seulement aprds le point de séparation, Manes et Smith ont
montré qu'il est alors possible-de faire une allocation sous- cer-

- taines conditions pour connaftre les fonctiOns de demande  des pro-

duits joints. Par cohééquent,-cette a]]oéatibn-imp1ique pour'lés

- produits joints, une investigation des.poésibi]ités-de\combinaison.‘_'
" Alors Manes et Smith, &tablissent le problaéme du colt joint pour
- deux fonctions de demande ind&pendantes étxconnues,fde.deux‘produifs
_ ‘¥;] et x, comme’ suit: ' Lo o

(1) Manes, R.P. et Sm1th V.L., "Economic Joint Cost Theory‘and.
Account1ng Pract1ce" The Accounting Review, janvier
1965, pp. 31-35. B ' : AT
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. modéle I: vmax Profit = R](x1) + R2(x2).».CoGt (31 + 52)»'(1) '

sujet & la contrainte: X ='aX2

ol « est Ta constante de proportionnalité en-
_ﬁre X et Xoe .
Nous pouvons réécrire la fonction objectif'en termes d'uhe'variable\>
comme ceci:

max Profit: .R](qxé) + Rz(xz) - Colt (axz~+ x2) ) : (2) B

et en considérant les conditions du 2e ordre, nous obtenons:

dR, dR, o
1 2 _dc _, N ®)

P _ . _ -
dx, — dx, dx, 2%,

On résout cette €quation et on obtient 1'optimum recherché, i.e., le.
prix optimal des produits joints. Comme i1 n'est pas'possible de dé-
gager-le colt marginal du revenu marginal individuel, alors une allo-

cation significative de colits pour 1es‘produits_peut &tre faite. Ce-
pendant, si nous admettons la possibilité d'&carter un des'produfts-~
jointss»un'résu1tat 1égérement différent sera obtenu. Naturellement,
dans ce cas nous déduirons que le produ?t écarté n'a pas de ¢ont. Une
meilleure solution est suggérée par le mbdé1e<suivant-1oksque nous ‘&~
cartons un des pfoduits joints: ‘ B »

| modéle II: max-Profit‘z R](yl) + R2(y2) - C(xj,.x2)_
sujet &: 1) Xq ='ax2 ' .

~-2) Xp =¥y =up 2 0.

oﬁ~;y] et Yo quantités de pkoduits joihtS’vendus-

‘_x] et X, quantités de proddits joints -fabri-
Cuyetu, s quantités invendues qui n'ont pas de

~colits.
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Par substitution des variables x; et x,, nous obtenons
1a fonction de revenu net suivante qui sera la fonction a maxi-
miser: ’ ' ' ' "

¢ = Ry(y;) + Ryly,) - C(y’]>‘+' Ups Yz +Uy)
- A[u.l tY, - (u21+ yz)]

Apres certaines transformations, on revient au modéle précédent et
‘on peut trouver le prix optimal de chaque produit joint. _Donc-Td
répartition des unités dfun-broduit-ne-peut pas rapporter de projet
maximum & moins que ce produit soit rendu au point. ol 1'&lasticits
de la demande est unitaire, c'est-a-dire ou'le revenu marginé1~= 0
(Cm = Rm). Dans un tel cas, i1 n'y a pas de coits d‘ihput qui se-
.ront chargés & -ce produit mais tous ces.colts sefont transférés sur
Te deuxidme produit joint. Dans le modale de Manes et Smith, on
pourrait par]er de sous-produits et de prodet principal.

L'apprcche trad1t1onne11e de Ta comptab111te des couts d'un
Sous- produ1t a été de ne pas allouer de coﬁts d'input aux sous-produits
et d'indiquer le revenu net du sous-produit comme une réduction dans-.
les colits de vente du produit principal ou encore comme un revenu sup-
plémentaire. Alors on peut conétater que Te modé]eUII_exposé par Manes
et Smith rejoint 1'approche traditionnelle de la comptabilité des colts.
2) Le modé1e‘de’densen(])-

L'analyse de Jensen est. bésépisur la déterminatioﬁ‘d‘un modéle
pour la prise d'une décision de production - prix d- court terme et cela
pour deux produnts joints complémentaires fabr1ques dans des proport1ons
fixées(x], x2) Par conséquent, les résultats de cette analyse peuvent -
s'étendre aux cas de proportions variables.

'(1) JenSen, D L., "The Role of Cost in Pricing Joint Products a Case
‘ of Producf1on in Fixed Proportions", The Account1ng Review,
. Juu]let 1974 pp. 465- 476 ' :
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Le modale que Jensen présente, dwffere de celui de Manes
et Smith de plusieurs fagons ‘

1- La foncfion'de colit est donnée dans une forme explicite
qui est consistante avec les caractéristiques:-de la
-comptabilité des coOts d'une production jointe.

2- L'exigence qu'une portion d'un des4produitsvjoints'soit.‘
| &liminge est relachée f.e. que 1'excés de~production
d'un produit joint n'est pas 81iminé et par le fait mé-
me, il implique des colts. P

3- Le.probléme est formulé explicitement comme une décision
| de prix plutdt: qu'une décision de production i.e. prix
optimal au lieu de production opt1ma1e

Notons aussi que Tes po1itiques de prix optimal et de prbduétion 6hti-
male sont équiva]gntes dans ce sens que 1'un implique 1'autre et vice-
- versa. " -

Cohséquemment Jensén.cherche Tla politique de prix optimal pour

maximiser les profits. Dans ce mod&le, dJensen fait 1'hypothése qqfau ‘
point de dissociation on Qend une partie de la productionAsur un marché
de concurrence parfaite (les prix sont connus) tandis qu'aprés ]eApro—

cessus de séparation, le reste de la proddctfon'est vendu sur un marché

de concurrence imparfaite {les prix sont a détefminer) Le problame est =

d'obtenir les prix P et Pos. les quant1tes de production Jo1nte au point = -
de dissociation (u et u ) et la quantité totale d'input qui maximisent .

Tes profits de deux produ1ts joints fabriqués dans des proportions fixes
ol chaque produit peut &tre poussé au-dela du point de dissociation. .
On veut ‘ ' ‘

max Hf plplf‘Pznz - 0y - 0, + SqUq + S,U, f‘bk
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:-sujet a: 1). D] + u]'z djk'
o 2) 02 tuy = azbk
3) Pys Pps Ups Ups K > 0
oﬁ.;D]‘et 02 sont les .fonctions de demande des 2 produits
Uy et uy = quantités vendues ou éliminées au po1nt de - -
: dissociation . ;
s]'et Sp = prix des quant1tes vendues au po1nt de dis~
_ sociation en concurrence parfa1te
C et ¢y = prix des quantités vendues apres‘1e point.

de dissociation (aprés avoir passé dans Tes
départements II et III) en concurrence. im-
parfaite.

1T y a une condition né&cessaire pour solutionner ce pfobTéme:: le pro-
fit (m) doit &tre une fonction concave des prix, deS'quantités et des
~capacités. En maximisant le profit, Jensen a obtenu deux. types de 50-

1ut10ns optimales c'est-a-dire deux sortes de pr1x opt1ma1

Solution I:

- Solution II:

‘Dans les deux cas, Jensen trouve un prix optimal. Par con-
 séquent, i1 conclut que 1'on peut accorder un colit joint aux produits

Lorsque Ta po11t1que de product1on - prix, re-

-quiert la vente d'une part1e ‘de 1a product1on

. au. point de dissociation et le reste, aprées le .
‘processus de séparation '

Lorsque. Ta politique de production - prix op-

timal exige que toute la production des deux
produits soit vendue,aprés_1a séparation.

fabriqués dans des proportions fixes quand 1°,<1egprofit es£~maXimj—
s€ par la vente de la production entiére aprés.le procéssus de sépa-

ration et 20 -duand ta maximisation du profit requiert la vente d'une .

partie de la production au point de séparation et le reste, aprés ce

 po1nt Dans le ler cas, la demande basée sur 1' a]]ocat1on doit etre
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‘ dérivée:d'uné bo]itique de prix optimal tandis que dans le 2e caé;

1a  demande basée sur 1'allocation assigne la totaTité des colts
Jownts 3 1'autre produit qui est vendu apras 1e processus de sépa- .
ration. :

De plus, a partir de ce modé]e, on pourrait incorporer

-des contra1ntes supplémentaires telles que le colt de 1' equ1pement
fentrant.dans la fabrication, les 1nventa1res, o est ce que R. Hart]ey
-a fait. ‘ ’ ‘

(1)

3) Le modele de CoTberg(Z)

Dans ceimodé]e, Colberg fait,1a méme hypothése que Manes

_et Smith, notamment 1'excés de production d'un produit joint est

sans colt mais par contre, il ne requiert pas que toute la produc-
tion soit vendue seulement apres Te processus. de séparation.. Il es-
saie Tui aussi de maximiser ses prof1ts et de trouver le prix opt1-

mal pour chaque produ1t Joint.

En résumé, Ta capacité de 1'input qui"entfe dans la fabri- 
cation des deux produits 301nts dans des proportions fixes est la-

"meéme. Ce qui est’ different, ce sont les coQts marginaux entrant

dans la détermination de chaque modale. Mais chaque cout marginal
inclut le colt joint mérgin&]‘de’séparat1on. Ce dernier démontre que

' T'imp1ahfation d'une politiqqe optima]e_né,requ1ert pas une a]]ocat1on :

de- tel colit sous aucun des modéles considérés. Autrement dit, pour
maximiser les profits, iT n'est pas nécessaire d'al]ouér les colts de

'.'1 input aux produits Jo1nts si ceux=ci sont fabr1ques dans des pro-

portions f1xes

(1) Hart]ey, Ronald. V., , "Decision. Making Nhen»do1ﬁt Products Are In-
' vo]ved" The Account1ng Review, octobre 1971, pp. 746-755.

(2) CoTberg, Marshall R. “Monopo]y Prices Under Joint Cost F1xed

. Proport1ons", Journal of Political. Economy, 1941 p. 103-110.
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Regardons maintenant comment 1'allocation des colts
joints peut se faire dans le doma1ne des te]ecommun.cat1ons ou .
les entreprises sont réglementées. I1 y a plusieurs bases d'al-
location qui peuvent &tre suggérées pour Tes colts joints dans-

- ce domaine. W.R. Scott 1 a relaté les trois méthodes suivantes:

1) Méthode basée sur la valeur des;vehteS"re1ativés;

Dans cette méthode, 1'allocation est basée-sur’]é
capacité de payer. Alors ]es produits Jo1nts de haute va1eur re- ..
goivent des coiits gievés d a]]ocat1on Cette approche tend a forcer
le prof1t comptab]e a se rapprocher du prof1t marg1na1

2) Méthode basée sur des mesures de capacités physiques.
Cette méthode est basée sur 1e Dr1nc1pe d emp]o1 ac-

tue] c'est-a-dire sur une unité de mesure (par exemple: message -
minute - mille pour un réseau de te1gcommun1cat1on). Elle est dans

‘un sens, opposée a la premigre car une haute et une basse valeur de -

service employant le réseau pour un méme message - minute - mille

recevraient la méme allocation. En effet, les colits d'opportunité
de services variés sont trés d1ffﬂrents, aussi le profit marg1na1

s'éloigne du profit comptable. ‘

Une autre difficulté dans 1'application des mesures re-
latives & 1'industrie des télécommunications serait que 1'allocation
devrait &tre affectée par une structure de taux. Si un service-eSt':
marqué par un bas taux par période, a}ors le cofit-marginal du client
employant ce service est nul. | | '

(1) Scott, W.R., Certain Account1ng Aspects of Te]ecommun1cat1on
egu]at1on study 6, pp. 33z- 338.° .




- sur une unité de base (exemple: wunité d'encombrement par appel)
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Cette méthode est exp]1quee par Char]es Ph11]1ps(])
atn a1de de 1'exemple d'une ‘compagnie de téléphone. 1I1 se pose
1a question suivante: comment séparer les colts entre les servi-

ces té]ephon1ques & 1'intérieur de 1'&tat (local) et ceux entre
Tes états” (1nterurbaxn) Soit une entreprise fournissant des ser-.

‘ vices de communications entre les états.et'a 1'intérieur de 1'état.-
.Les méthodes de séparation des couts ‘entre les différents serv1ces

sont construites autour du principe d'emploi actuel. ce pr1nc1pe o

signifie que 19 _tous Tes colts d' equ1pements employés un1quement

pour- un service so1ent assignés directement a ce service et que 2
tous Tes couts d'équipements employés conJo1ntement pour deux ou

' p]us1eurs services soient alloués parmi .les services sur une base -
.d'emploi actuel 1aque11e considérera 1'occupation et le temps rela-

tif dans T1a mesure de 1'emploi.
Les mesures.du temps de 1'emploi sont déterminges

dans une étude d'encombrement sur 24 heures plutdt que seulement

sur le vo1ume,de3'heures d'affaires.. Alors, le circuit de téléphone -
est séparé sur Ta base des minutes d'emploi (minutes de:temps~pour
une. CﬁnveréatiOn) Cependant les taxes, les dépenses généra]fsées,
etc,.., sont separées sur la méme base que les colits courants ou
la’ va1eur aux livres des couts des equ1pements re]at1fs

Pour le reg]ement des colts, tous les revenus collectés
*sur les opérations entre états sont mis en commun’ chaque mois; les
depenses et Tes taxes allouées 2 ces mames operat1ons pour chaque
compagnie sont enlevées de ces revenus. Les revenus nets résultant
de cette opération, représentent le montant des profits. Ce montant '

sera distribué selon 1a base d'investissement net que chaque compagnie
~a apporté au total des investissements nets du service entre états

o

(1) Ph1111ps, Charles F. The Econom1cs of Requ1at1on, ed Irwin, 1969,

. PP 153—162
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‘(i.e. 1a part denéoﬁtribution"dé chacun). Si par exempl€, un

département ou une compagn1e fournit 35% du total des 1nvest1s-
sements nets, il1(elle) recevra 35% des prof1ts cbtenus

3) Approche par la programmation

‘Certains auteurs disent que si Tles propOrtions des

,'produits jointsssont variables, alors’la décision concernant la
‘production mixte ‘est basée sur les couts d' opportun1te . Mais
Vfcependant Sh1111ng]aw(]) montre que ce n'est pas garanti que les

colits d' opportun1te de chaque produ1t Jjoint s'additionnent et

- soient €gaux aux colts joints totaux. Alors dans ce cas, 1es couts_

d'opportunité n'aideraient pas beaucoup dans 1'allocation des
colts joints pour déterminer le profit relatif. Cependant, une a
nouvelle approche pour 1'allocation des cdﬁts joints, laquelle ap- .

- parait indépendante des proport1ons fixes ou var1ab]es, a été sug-
 gérée par We1]( . Selon cet auteur, pour maximiser les profits

d'une firme i1 suffit‘de~connaTtre.}es:fonctions de cdﬂts-et'de

.demande de 1a firme et I'applicatibn'de cette méthode devient trés

facile. En effet, connaissant les. fonct1ons de demande pour deux »1
produ1ts Jo1nts, on peut ‘ ‘

-max I = P]Q]-+ P2Q2 - 10C:
sujet a: 1) Q] <C-:

2) Q2 < C

| ou C est 1a quantité d' 1nput achetee au cout de $10 00
1! un1te ' :

(1) Sh1]11ng1aw G., Cost Accbunt1ng': Analysis and»Contro]"(ReV1sed
Ed1t1on, Homewood, I11.: R.D. Irwin, Inc 1967)
p. 247. 0 o -

(2) Weil, Roman;'"A11ocat1on Joint Cost", The Amer1can Economic Rev1ew,
décembre 1968 pp. 1342- 45 ~
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Mais, pour une firme réglementée, la spécification de ces fonctions
~devient un probléme difficile. Par contre, lerner et Moag, ont

trouvé un moyen de pallier & ce probléme en passant par Tes méthodes
de programmat1on I1s suggérent un modale qui minimise le pr1x
chargé, etant donne un niveau de product1on demande

W.R. Scott applique ]a-métﬁode;de Wei].pour.]faflocatidﬁ

des’ colits jpints sur un exemple pris dans le domaine des té&lécommu-
" -nications. Soit les trois services suivants: -

Service 1: Mesuré en unité de milles par mois. Par exem-’
- pley, Te nombre d' appare1]s te]Ephon1ques do-
mestiques en service.

Service 2: Les appels longue d1stance mesures en m1111ers -

d'appels par mois.

Service 3: Transmission. spéciale dés données offerte durant

. Tes heures de pointes du service 2, mes urée en
milliers de message- m1nutes ‘

Les trois services sont produits par des machines communes'
qui peuvent produire k unités de service 1 ou s unités de capac1tes

max1mum pour le service 2. I1 définit auss1

. un coeff1c1ent qui relate Tes capac1tes maximum au nombre

" total d'unités du serv1ce 2 demande dans le mo1s
Ly = Coﬂt d'amortissement et colt d’ 0perat1on par mach1ne par
" mois. (Qout joint par machine). Ils sont constants.
:i.; Temps moyén.que le seryicéiz.qccupe suf le syStéme;_,
?'=.Mi11%érs‘de»minutes d;héila période.
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Py = ai - b]q] | Ce sont les courbes de demande
by = 2y - bzdz . de chaque produit (service). :

. i aisbi>oeti=],2, 3..
P3 == a3 - b3y o >

11 bose comme hprthése:

111 n'y a pds d'interaction entre ces fohbtioné de
. demande. ‘ ‘ N

2-- Pi et P2 sont les prix maximUm que 1'organisme‘dé

réglementation impose{ Seul P3 n'est pas imposé.

Etant donné les courbes de demande, chacun de~ces.prix:

" maximum spécifie une quantité minimum de Q.l et Q2 respectivement.

Soit py et g Tes prix et Ta quantité du service 1,..., etc., et

m le nombre de machines dans Te réseau, d'oll les colts joints to- -

taux seront ym. Alors notre probléme peut s'exprimer comme suit:

.pzqz + p3Q3 - ym o ) .> (1)

max I ;.p]q] +
éﬁjet a:‘ Gy < mVS. - %f—q] - | o (2)
g - (k-v) @)
93 20Q; >0 R ~(4j .
.~.'q22Q2?0 ' S (5)
‘qgetm =0 . . . f  ~ (8)

L'inégalité (2) représente Tes possibilités dévprodu§- 
tion entre 1 et 2 et 1"inégalité (3) donne le nombre maximum de

‘minutes pour le service 3. Notons que le service 3 emp]oi'le‘-A
- systéme quand le service 2 ne 1'emploie pas. Si on veut maximi-

ser les profits d'une firme non réglementée, i1 faut enlever ]éé:
contraintes (4) et (5). Cependant, le but de Scott n'est pas seu-

lement de maximiser les profits mais aussi de faire 1'allocation .
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‘des colts joints. A cet effet, aprés avoir résolu 1° equat1on (1)
sujette a ses contraintes, on peut trouver le revenu marg1na1 de o

chaque service au niveau optimum de product1on D'ol
Rm, = —— = i = 9 Maintenant, en faisant 1'hypothése que le

revenu'marginal est &gal au colt mérgina] pour chaque service, on.

peut trouver 1 a110cat1on de 1'équipement joint de chaque serV1ce
- Cm, o

Soit pour 1e service i: Rm, = 1 = X,

i~y (coUt Jo1nt par mach1ne)

‘machines pour le service i.- Si on veut troluver le revenu net pour

chaque service, on doit prendre le revenu de ce service (qi X pi)
et Tui enlever le colt joint d'allocation de ce-service qui est Cmi.

Une autre fagon de déterminer le revenu net de‘chaque_service est
~de prendre le nombre de machines affectées -au service i (Xf) multi-

plié par la quantité"prodﬂite de ce service (qi)a

- Cette méthode donne une bonne allocation des colits joints

car 1'allocation est bas€e sur les colts d‘bpportunité"et elle

-est objective.

Un autre probléme qu1 serait bond" exposer et qui se rap-
-proche de 1'allocation des colts joints-est celui de 1' a]locat1on

des colits des services réciproques. Le prob?éme d' a11ocat1on des

colits des services réciproques est trds simple. I1 suffit de trou-
" 'ver une réponse au prob]eme suivant: quel est le colt apprbprié_

= .

qui peut &tre attribué & chacun des départements pour les services
recus et encourus? Supposons le cas suivant: dans Uné_entreprise,
il y a deux départements de production P1 et P2,‘et deux.départef
ments de services S] et 52 Le département S] accorde 40% de ses
services a P], 40% a Py et le reste a 52

partement 52, i1 accorde Tui aussi 40% de ses services a P], 50%"a

‘-PZ et 10% a ]. Etant donné que les colts alloués d1rectement a S],

52’ Pys P, sont $9,000., $6,000., $20,000., $16,000., respect1vement
quelle est 1'allocation appropr1ee du colits des serv1ces entre ]es

vdepartements

"En ce. qu1 concerne 1e dé-
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qui ont &té proposées mais D. Ashton ! nous en exp11que trois.

et celui de M1nch et Petri
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Pour résoudre.ce probléme, il 'y a pTusieurs'sOTutions

I1 s'agit du modele de Willjams et Gr1ff1ths( ), celui de Manes(B)'

(4). Ces modeles ont &té solutionnés
a T'a1de de 1 approche matricielle. Ashton nous les présente
avec leur solution matricielle et par la suite, il refa1t les cal-~

culs en app11quant les- pr1nc1pes comptabTes

_SoitATa=mafrice B

0 - 0.1\ qui représente 1'alloca-
0.2 0‘} tion entre les .départe-
ments de services. =

Soit le vecteur S (S] 'SZ)T: qui représente 1'al-.

H

(9,000 6,000)T location dTreqte des
coiits ‘des départe- -
'menté de services.

"~ le vecteur P (P] APZ)T -~ qui représente 1'al--

(20,000 A16,000)T_ Tocation directe des
colts des departe—
- ments de production.

la matrice A 0.4 0.4} qui représente 1'allocation

0.4 0.5/ des services aux départemehtS'

de production.

(1) Ashton, Daniel, “Solutions:to-the-Reciprocal Service fost Allo-
- cation Problem", Centre for Industrial Economic and N
.Business Research, University of Warwick, decembre 1973..

(2) W1111ams et Griffiths, "Matrix Theory and Cost ATTocat1on", The
. Accounting Rev1ew, July 1964, PP- 671-678. : : _

"(3) ‘Manes, R.P., "Comment on Matrix Theory and. Cost ATTocat1on", The

Account1ng Review, July 1965, pp. £40- 643

(4) Minch et Petri, "Matrix Models of Reciprocal Service Cost A110ca~
. tlon", The Account1ng Rev1ew, July 1972, pp.. 576 580. -
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1) Le modele de Williams et Griffiths

Dans ce modéle,AIes auteurs incTuentAies crédifs bour

Tes services accomp]is apras que les charges‘pour lTes services

regus ont éte 1nc1uses Pour résoudre ]e prob]eme, il faut
trouver les vecteurs S et P “tel que S = (I - B)” 1 S et

3 1 1 1 . . “
P = A(I - B)” ] S. Alors S = S] = [9796) et P =“P] = {27,102\.
. ) .. ) N . ‘. - N ) .

2/ VP80 \Paf  \e3,e0s

D'ol le coGt:total‘deé départements des services est $17,754

(9796 + 7958) tandis que le colt total pour 1'allocation directe
- des départements des services éga]e\$15 000. (9 000. + 6,000.). Ici,

le modegle ne fait pas une bonne allocation des colts entre les dé-.
partements des serv1ces '

2) Le modale de Manes
'IT incorpore simultanément les'charges pour'1e trava11 

fait par les autres departements de services et i1 crédite le
trava11lfa1t pour les autres. Par consequent, 11 cherche les vec-
' . .

- teurs S et P satisfaisant a:

5"

S+ BS' Sa-ns N _," oM

-
]

\ 1 - o
=P+ AL S B (@)

ol la matrice diagonale Z, représente lasomﬁedes_pourcentage§des_
‘départements de production Z =_KO.8 0 ). ~Dans ce modéle,

: \o 0.9 .
1

)
32, 2
a]]ocat1on des colts entre les departements des serV1ces, compara-

s = (s, =(8,077\ et P =[P\ = (27,115 5 i1y a une meilleure

6,923 P 23,885/

t1vement au 1er modéle.
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- "3) Le modele de Minch et Petri

-Pour Minch et Petri, les crédits pouklles services accom-»’v
plis-sont considérés dans le colt d'allocation réciproque. Soit
~ le vecteur x = (x] xz)T'qui refléte les crédits pour les services

' 1 N ' t [ TR

-accomplis. - Alors x = ‘X3}=S -Bx etdeplus, S =x +Bx,

X
\ %2 o |
P =P s AMS odM=(1/0.8 0 ). Donc, s =(s;\= [8045) et
| 0 1/0.9 T
_ s, | \6955
.8 ] o
po=(p) = 27,114) :
Pl 23,88,

- Ashton conclut que théoriquement, Te deuxiéme modéle, ce-

"Jui de Manes, est 1e meilleur mais par contre, le troisizme donne

les mémes résultats que le deuxiéme. De plus, en appliquant Teé'mé~

- thode: comptables, Ashton arrive aux mémes resu]tats que ceux obtenus

par 1'approche matricielle
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. APPENDIX C

‘Lexiquefdes Symbo]es’utjlisés dans le bloc comptable

Account receivable -

" - AD = Accumulated deprec1at10n end of years .
ADO - - “  , beginning of years

ADJA - Adgustments to calculate DPRTVE
ADJB .- Regulatory adjustments to rate base (RORBE)
ADJD - AdJustments to deferred taxes (CURDTX)

ADJO .°- " " other expense B _ ,
_ADJPr - ~m " gross telephone property (GTP)
ADJR - " " accumu]ated'depreciation_(AD) o
ADBU - . M " undepreciated capital cost (UCC)
ADVGV - Advances by government ‘ o

- - ALPHA - F1owthrough coeff1c1ent of deferred taxes
BETA - Ratiolof'taxab1e othergfncome/other income (exc1.;IDC)

CAM - Commercial and Markefing expenses
CCA - Capital-cost allowance
CCARAT - - " " " rate o
cCL _~"Debt issue expenses as percentage of gross proceeds of

issue
- CE - Issue expense»rate, COommon shares .
CL - Current liabilities o
o - ", beginning of year
CNRF - Charges to construction not reqyiring funds
CP - - Issue expense rate, preferred shares |
cTI - = Cash and temporary investments o
CTIO - v w "o beg1nn1ng of year
- Current deferred taxes o . .
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DCD
DCDO
DCH

"DCHO
.- DCO

DCOO
DCR
DELCL
DELCTI
DELDCH

DELDCR
* DELDTX

DELEQ
DELINV
DELOCA
DELODCR
DELPR -

" DELWK

~DEPDIF
~ DEPN

. DEPRAT

DFTAX :
DFTAXO

"DIVI

DPNONC
DPR
DPRTVC
DPRTVE
DSC

vEQ.“

EQO

¢

-8

C-2

Deferred charges - debt

o - , beginning of year
. " total,

on "

" , beginning of year
v " - other '

] n b . - u U w

Debt/capitalization ratio

Change 1n current 11ab111t1es .
" % cash and temporary 1nvestmenus (CTI)
" deferred charges

" oo credits
ll_ 11 o 1® taxes
v equity
oo investments

" " other current assets
Mmoo " .deferred credits
" " preferred stock
" " working capital
Depreciat%on difference
"

- expense
" - rate

Deferred taxes

" " 5 beginning of year -
Dividends on common shares
Depreciation on other non-cash charges
Dividends payout ratio
Depreciation - tools and veh1c]es - cap1ta1vzed
" "o - expensed
Debt services charges ‘

Common stock
" " , beginning of year
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GAMMA. -
GCE - -
GEDRAT -
GETV -
GETVO = -
GTP -
GTPAC
- GTPACO -
GTPO -
IC -
10C -
IN -
INCTAX -
Ty -
IO -
10 -
T -
ITC -
ITCAT =~ -
ITCBT -
L )
LAND -
LANDO - -
LO -
LOCAL -
Lt -
MAINT = -

Ratio- of p]ang under construct1on (PUC)/GCE (end of year)

Gross construction expenditure :
Depreciation rate .on general equ.pment (too] & veh1c1es)
General equipment tool & vehicles
e B o, beginning of year
Gross telephone property |

w - ] plant at cost _
’ © m w n_peginning of year
" u property, beginnjng df year -

Interest on construction (PUC)

" during construction

" _rate on new debt
Income taxes accrued
Investments

" beg}nnzng of year

OTd (embedded) interest rate
Income taxes
Interest time coverage

S " ~" incl. taxes -
woow " excl. taxes
Debt " _
Lahd' . | R

s begfnning of year
Debt, - oo
Local revenue

Long term debt;

Maintenance expense.
Miscellaneous operating revenue
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NETINC

NEWDEB
NIA
NOI.
NOTES

NSV

OCA
0CAO
ODCR
0DCRO

- OMEGA
“OPRY

OPXP
OTHADJ -
OTHCA

OTHEXP

. OTHINC

OTHOPXP .
OTHTX

" “PCR

PDIVI

- PLAMPS

PR

PRO -

PRDTX
PUC
PUCO

RE
REO

]

¢

H

¥

C-4

Net Income

New debt _

Net income available to common shareholders
Non taxable other income |
Short term notes

Net salvage value

Other current assets
" " ", beginning of year
" deferred credits ' |
" " ", beginning of year

Ratio of~regu1atory working capital to operating‘expenset

Operating revenue (gross) ..

" - expenses other than depreciation
Adjustmehts"to retained earning (RE)
Other current assets -

" expenses

" income - total
opérating expense
" taxes

.Preferred capital ratio

Dividends on preferred stock
Plant -acquired - Plant sold
Preferred Stock
L beginning of year-
Prior year's-deferred taxes
Plant under construction
W " beginning of year

Retained earning _
L " ., beginning of year
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- REPL -

RET

RHO -
RHON
RORBE
RORBI
RORC’

'ROREC

SIE
SPLIT

T
TOOL

TOTASS
TOTLIA

TOTOTHINC

TRAF
. TRANGV

uce

ucco
UNCOLL

Zeta

[ R N R S |

¢

¢
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Repayment of 1ong term debt and note
Retirements
Dividend -rate on old preferred'share

new e R o
Rate of return - asset based excl. (IDC + PUC)
u «  cu _. u " inc] .( weoow " )
M " - total cap1ta1
woom "oo. equ1ty cap1ta1

Share issue expenses

Proportion of depreciation on too]s and - veh1c1es which--is
expensed

Taxe rate

Tool revenue
Total assets

" Tiabilities

" other income :
Traffic expense '
Transfers to government

Undepreciated capital cost

uo “ e M n

_ s beginning of year
Uncollectible accounts ' :

Rat1o of common stock d1v1dends to transfer to government
owners _
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