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FOREWORD

This report contains a preliminary description of an Operations Research model
destined to simulate the financial consequences of various costing and account-
ing procediures and of various revenue sharing schemes concerning inter-regional

. telecommunications.

The report is not a comprehensive treatise on telecommunications engineering
or accounting. Nor does it pretend to be able to provide automatically
"optimal" solutions for the carriers and/or the regulatory agencies.

On the other hand it is to be viewed in a wider setting as a contribution towards

the formulation of policies aiming at having an even more efficient telecommunications

system, in keeping with the broad social, economic and political objectives of
Canada. ‘




ABSTRACT

The Interim Report contains a general description of the first version of the

IRA Model (Interregional Telecommunications Accounting) and the specification
of its key components. A good deal of emphasis is put on the data requirements,
which would have to be satisfied to make the model truly operational, and

also on the nature of its outputs. Having to do with a simulation model, this

Report deals at some length with simulation plans and the various options
available here.

It will be noted that the building of this model is, in a sense, a continuation

of the work done over the last three years, by the same tripartite team, resulting
in the HERMES series of models. It is hoped that at some future date a close
interfacing of these two groups of models will be accomplished.

The purposes of the model were stated in the Foreword which precedes this
Abstract.

Apart from the question of joint costs and of joint products and other indivisibilities,
the main intellectual challenge of the present Project is the handling of the highly
complex relations between average traffic on one hand, and peak traffic on the
other, bearing in mind that revenues are generated essentially with reference

to average traffic whereas costs are incurred fo a very |arge extent with reference
to peak traffnc




RESUME

Ce Rapport intérimaire décrit les grandes lignes de la premigre version du
modele |RA (Comptabilité des télécommunications interrégionales) ainsi que
les spécifications de ses parties-clefs. Les besoins en données nécessaires
pour rendre le mod@le vraiment opérationnel ainsi d'ailleurs que la nature
des résultdts qu'il peut fournir occupent une place considérable dans ce
Rapport. Traitant d'un modéle de simulation, le Rapport consacre aussi

beaucoup d'attention aux plans de simulation et aux diverses options qu'offre
cette dpproche. :

On notera que la mise en place de ce modéle représente, dans un certain
sens, la continuation du travail entrepris il y a trois ans environ par la méme
équipe. i'ripartite et qui a abouti & la série des modéles HERMES. Nous es-

pérons qu'un jour on réussira & faire marcher ces deux groupes de modgles
ensemble.

Le "Foreword" qui précéde ce Résumé contient une descrlphon succincte des
objectifs du modzle.

En plus de la question des colts et des produits conjoints et autres causes
d'indivisibilités, le défi scientifique principal du présent Projet est de
trouver une maniére satisfaisante de traiter les relations extrémement com-
plexes entre le trafic moyen d'une part et le trafic de pointe de |'autre.

On se souvnendra que les recettes sont surtout fonctions du trafic moyen tan-
dis que la part prépondérante des colts est essenflellement fonction du traffic
de pomfe '
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INTRODUCTION

This is a progress report on the building of a simulation model, IRA, dealing
with financial aspects of inter-regional telecommunications in Canada. It is
to be stressed that this is an interim report on the building of the first of what
might eventually become a succession of perfectible models, and thus certainly

“does not represent the final formulation of the thinking of the team members on

this subject.

One important purpose of this Interim Report is to identify and evaluate, although
the latter is a hazardous task at this stage of the Project, the various options
available concerning future work, if any,in this direction.

This is neither a demand for telecommunications mode!l nor a financing model
although it deals with, among others, these aspects of the problem and its
outputs might one day serve to prepare the policies of the regulatory agencies
which might in turn have implications in these areas.

It is also to be stressed that this whole project constitutes in a sense a new

departure. The present phase of the Project scheduled to end by March 31, 1974
represents no more than an exploratory effort. By that date such results as fhe
IRA model will be able to provide ought to be considered as at best "semi-
realistic" being based largely on real but seriously simplified data and in

places on artificial (though reasonable) data and involving certain simplified
procedures.

It is possible that the IRA Project will evolve into the construction of more
realistic and more directly useful models. If this is fo come about then it is
hoped that an inter-relationship with the HERMES series of models will be
made sufficiently close so that the simulation for an’inter-regional tele-
communications network would handle at the same time both the physical,
so to say, and the financial aspects of the problem. It is to be noted that
the integration of the models of these two series could be done in a number
of dlfferenf ways according to either possibilities or needs ‘

The model is essentially designed to produce fmancml stcn‘emenfs and certain
significant financial ratios in their generally accepted formc:fs under different
assumpnons concerning:

- Operclfing Acfivii‘ies,

- Unified Costing Procedures,

- »Rev'e_nue Sharing Schemes,

- Unified Accounting Procedures,



applicable to the handling of inter-regional telecommunications and this for
both the individual carriers and for the system as a whole.. -

Although the contracts binding the participants and various other documents
exchanged and in particular "Le Protocole d'entente" dated August 15, 1973,
(the English version called "Memorandum of Understanding" bears the date of
August 22, 1973) are referred to throughout this Report, implicitly more often
than explicitly, it is assumed that the reader has access to them. This Interim
Report in no way replaces these and other documents listed in Appendix A
whichindeed contain masses of information essential to the continuation of
the Project.

" The present Report represents the result of a combined effort by three participants

whose formal responsibilities were spelled out in the various official documents
and defailed sharing of the tasks handled by more or less informal exchanges.

The work on the IRA series of models was initiated by Mr. J.W. Halina, Director
General of the National Telecommunications Branch of the Department of
Communications. The tripartite team consisted of the following organizations
given here with the names of the specialists involved:

Corpordfe:dnd Financial Affairs Directorate of the NqﬁAonql Telecommunications
Branch:

Mr. J.A. Guérin
Mr. G. G. Henter
Miss M. R. Prentis
Mr. N. Rasheed

Sorés Inc., Montreal:

Mr. J. Cluchey
Mr. D. Geller
Mr. E. Manis

Mr. R. Riendeau
Laboratoire d'économétrie de |' Université Laval:

“Mr. C. Autin
Mr. G. LeBlanc
Mr. T. Matuszewski

On the methodological side it is to be noted that a good deal of expertise
acquired -in the construction of the HERMES series of models is transferable to
the construction of the IRA models. However, it cannot be stressed too
strongly that a high degree of continuity - so that constituted teams of experts

‘may be kept together - is a major element of success in projects of this nature.
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SOME PRINCIPAL CONSIDERATIONS

- This section deals with primarily if not exclusively objectives. Although the
section deals with some ' general considerations it was decnded to discuss
these wn‘h reference to specific objectives.

It appears useful to place the discussion of the objectives, and related matters,
at three different levels:

- The objectives of the Project,
- Th‘e' pBiecrives of the IRA Model,
~  The objectives of this Interim Report.

The Project is intended to forge an instrument that might be of some use to the
Department of Communications. Among the problems facing the Department
are those of capacity, related problems of rational capital deployment for

both exxshng facilities and capacity expansions, and rafional operahon of

the intei=regional telecommunication system. In addition there is also the
problem of "regional® factors to be taken into account, including the relation
between local and long distance services, the problem of rate fixing, the
problem of assuring adequate financing of truly needed capacity expansion and
the problem of cross-subsidization. This list does not pretend to be exhaustive.

To sum u.p“,'fhe long-term objectives of the Project cppear to be:

- The rationalization of capital deployment and of fhe capacity expansnon of
telecommunlcaﬂon facilities,

-  The rationalization of operating activities; this may involve, for instance,
the questions of the ownership structure and/or the corporate structure of
some or all the carriers; we note also that the existing hierarchy of switching
points and of the routing rules may be challenged in the interests of rational-
ichion, :

- The third group of long ~term objectives involves socml factors, or more
prec:sely, the factors of social justice and perhaps political factors; this
is to a large extent the question of equity vis-a-vis the carriers and vis-a-
vis the subscribers and the taxpayers; there is also, of course, the wider
question of the general public interest.

We note that this third group of objectives could, to a large extent be expressed
as a set of constraints on the solutions aiming at optimizing the first two sets of
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objectives.  Among other advantages this would facilitate the evaluation of
the vdrious trade-offs between technical optimization, on one hand, and
the factors listed in the third group of long-term ob|ec’nves, on the other

_ hand.

It will be noted that the investigation of the cross-subsidization question does .
not constitute an objective by itself, although it is certainly relevant to the
’rreatment of any, or all, of the three above groups of ob|echves

The objective of the IRA Model itself is to produce financial statements and
certain significant financial ratios, for each of the carriers as well as for the
system as a whole, emphasis being on the inter-regional revenues and costs.

The other elements of the financial statements will be treated as exogenous
inputs in the present phase of the Project. The question of cross-subsidization
will be handled by simulating long distance rate changes versus local service
charge changes; the latter being treated as lump exogenous inputs. The
elasticity of demand in response to rate changes will be assumed to be zero.

The problem of peak versus average traffic will be reflected upon and handled
operationally, if the Depar tment of Communications provides the required data,
by using several "time of day" traffic matrices. This, subject to some onerous
extensions, will at the same time take care of the problem of the time zones.

It will be recalled that among the major challenges of this Project is the fact
that revenues are almost entirely (except for the effect of the day/evening/night/
Sunddy rates) a function of the average traffic; whereas, the bulk of the costs

S area Func’non of the peak traffic.

It will also be noted that the block CHARGE of ’rhe HERMES 11 model could

turn out to-be useful here in simulating the effects of changing the hierarchy

of switching points and of routing rules, that is, of cerfqm atremp’rs to rationalize -

further ’rhe opera’rmg activities.
The o’bieches of this Interim Report are:

= 'To show how the model being constructed fits mto the broader objectives
of the Department of Communications, wo

- To describe the directions clong which would proceed the conceptualization
and the software development work between now and March 31, 1974,

- To present the first version of the options concerning the eventual continuation

of the Project beyond March 31, 1974.
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3.1

PRINCIPAL BLOCKS AND THEIR INTERRELATIONSHIPS

Generdal logic of the model

The model, herein described, is a simulation model for the evaluation of the
financial impact on the participating telecommunications carriers of different
accounting methods, of different methods of cost calculation, of different
sharing schemes and of different means of regulating inter-regional tele-

~ communications carriers. In the following, we describe the contents of the

four principal submodels or blocks, which are by name: operating activities
block, cosfing block, sharing block (1) and accounting block.

To enhdnce methodological unity of the mode| and to avoid the prollferahon

of concepts, it is proposed that "activity" be the basic concept used in both

planning and in costing procedures. Apart from activities in the proper sense
of the term, the uses of physical facilities would also be formally treated as -
activities.

Operaﬁ'hg (Operations) block

The set of operating activities is concerned with the production of inter-
reglondl telecommunication services by means of a reliable inter-regional
common system, owned and operated by a group of distinct telecommunication
carriers or by a single inter-regional authority.

Costing' block

This comprises the functional relationships of variables affecting the cost
components, by various configurations of services, geography, corporate
financial structure, size and time related parameters.- The emphasis is directed
towards the functional relationships of the cost components.

Shoring‘blldck

This comprises the rules, definitions and methods by which revenues and costs
are to be separated and/or allocated to the different services and/or corporate
activities.” This block comprises the rules and definitions which prescribe

how much of a total sum is to be allocated to a particular segment of the
operation and/or corporate activities, such as to a service.

Accounting block

This comprises the rules and definitions relating to revenues, expenses, assefs
and liabilities, the components making up these caregorles and the accounting
and reporting practices.

(1) In the final report, we propose to call this the Revenue Sharing Block.
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We wish to note the distinction between, on one hand, the logic of the day-to-
day operation of the inter-regional telecommunications system, and on the other

" hand, the internal logic of the model, in that the model is necessarily an

abstraction, and therefore a simplification, of reality.
The basic outline of the logic is represented by the "flow chart" in section 3. 6.

In terms of the general logic of the model, the point of departure is the Operations
block which relates to the network configuration and ownership structure, traffic
configuration, routing patterns and tariff structure. Based on these primary inputs,
without considering the application of any particular seh‘lement scheme the model
should first of all aim to compute:

a) The asset values for each of the partners and for the whole inter-regional
network (or the inter-regional authority);

b) The incurred capital and operating costs for each of the partners and for the
whole inter-regional network (or the mfer—reglonal aufhorlty)

c) The revenue generated by each partner and for the whole mfer-reglonal
network (or for the inter-regional authority).

The results of these computations are then used as intermediary inputs in the
application of the various settlement schemes, from which is derived the allocated
costs and allocated revenues. Once the clearing house has established who is

a debtor or a creditor to the common system, financial statements are prepared

for each of the carriers and/or for the inter-regional authority. At the accounting
level, simulation capability is required through the introduction of various
constraints, e.g. fixed debt ratio, financial scheme, rates of return, etc...

Operating block

As previously stated, the set of operating activities is concerned with the
production of inter-regional telecommunication services by means of a reliable
inter-regional common system, owned and operated by a group of distinct tele-
communication carriers or by a single inter-regional authority. The production
of telecommunication services consists of routing various types of communications,
having different units of measure, from one point to another, subject to grade of
service and reliability constraints. This set of activities constitute the front end
of the IRA model and the starting point from which mformahon is fed into the
costing, sharing and accounting blocks.

The main components of this set of activities are:

T. ._.;Ne:fwork Configuration and Ownership Structure
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2. ’_."l.'ra_fvfi'ic Configurafibn,
3. Routing Patterns, and

4.  Tariff Structure.

Network Configuration and Ownership Structure

The inter-regional telephone common system consists of a set of tandem and toll
switching offices through which calls are routed on their way to and from local
switching offices, and trunk transmission facilities joining the offices. To the
inter-regional switching network correspond the mfer—reglonal facilities network
which must be identified as well. S

The ownershlp of every element (node or link) of fhe mfer-reglonal network
must be identified by carriers as follows: ‘

1. TCTS Members (and connecting companies when applicable),

2. CN/CP,

3. COTC, and

4. TELESAT.

It is understood that the inter- -regional network wuli be defined so as fo reflect
not only domestic traffic but Canada-U.S. and Canada- Overseas traffic as well.
The operahons at these three levels are fully integrated info one common network
which we must identify in its totality. We cannot study the inter-regional

network without specifically taking into account its interrelations with the
Canada—U S. and Canada-Overseas traffic. '

Traffic*_Configuration

~ The main categories of services considered are:

. Pu_bl.ic Messages
2.  Private Line
"~ Switched

, - Non switched
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3. Program Transmission (Audio and Video)
- One way
- “Two way

Note that the unit of measure may not be the same for each of these services.
Factors of conversion might have to be applied in order to express all services

by a comrhon unit.

For edch of fhese services, as noted above, we distinguish three broad ccn‘egorles
of frafflc streams:

- Domeé'fic
- th'add-U. S., and
- Cunad_d-Overseas .

It is possible to have different traffic matrices for dlfferem‘ periods of the day
such as:

1. 6:00 am to 6:00 pm,

2. 6:00 pm to 8:00 pm,

3. 8:00.pm to 12:00 pm, and

4. 12:00 pm to 6:00 am.

where the traffic matrices for the off-peak periods (2,3,4) would be expressed

as coefficients of the peak period fraffic matrices. However, it is worth noting
that although the busy~hour occurs at about the same time each day, the average

busy-hour . loads fluctuate from day to day.

Roufihg Patterns

To every pair of points in the switching network there. corresponds a set of routes
each having a probability of usage. To every route in the switching network there
corresponds a set of facility chains, which obviously are defined with respect

to the facilities network. For the calculation of revenue by stream (and carriers)
no information on routing is required; whereas, for the calculation of cost per
stream (and carriers) the routing information is essential. Therefore, what we

need to identify for every pair of pomfs is the routing of traffic with respect
to facilities.
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Tariff Structure

The tariff sfructure will vary with the category of service, the distance, the period
of the day and the average holding time. Theoretically the model shall have

the capability of accomodating three categories of raté:

-  The Collection Rate,

- The Ac:counfing Rate, and

- T'Ihe Terminal Charges.

Cosrfng. block

The costing activities are concerned with the various methods of defining and
allocating the costs associated with the provision, operation and use of the
common system. The costing exercise has to be based on unified accounting
concepts and techniques. However, the costing activities are not to be
confused with the accounting activities. '

The dérivation of costs at the element level will be done in three main groups
as follows:

a) Pricing of assefs,
b) Capital costs, and
c) Operating costs.

Incurred costs (= capital + operating costs) are calculated for each carrier at
the element level. L '

Capifc.:ll :co§f must be understood as including:

- Co:nL of capital (= rate of return x net assets vdlﬁe), -dnd
- Pej‘a.réciation.

The méin- components of Operating costs are:

- Mdintenance: repairs to plant, station equipment, buildings and grounds,
transmission power, etc...,

- Marketing and commercial: advertising, sales expenses, salaries and wages,
directory expenses,
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- Traffic: principally operators wages incurred in the handling of messages,
- Provision for pensions and other employee benefits,
- Accouhfing: salaries and wages of Accounting cmd 'Stafistical Departments,

- Engmeermg principally expenses incurred in connection with planning
for plant additions and changes and for equipment design
for customer requirements and special projects,

-  Operating taxes: income taxes and other taxes, and

- Other expenses: general office salaries and expenses, operating rental and
" miscellaneous expenses.

Decreasing (or decreasing per segments) unit costs make the separation of costs |
particularly difficult and involve a sharp distinction between separation for the |
costing of the incremented services and for the costing of the total services. Also, o
the presence of important indivisibilities of the joint costs will involve some |
arbitrary imputations. This puts a question mark on the usefulness of the attempts

to measure the incremental effects of marginal changes, particularly if we want

to use the dual variable approach. Moreover, the existence of unused capacities

makes the unit cost concept less meaningful.

In the case of the allocation of costs, it is not so clear whether the costs should
be allocated on the basis of peak traffic or on the bcms oF average traffic. This
ambiguity resulfs from the fact that:

a) The network is dimensioned for the peak traffic;

b)  The major proportion of the network cost does not vary with the average
traffic and therefore, this cost is only a function of peak traffic which’
is responsible for the amount of facilities installed.

Let us consider the following example:

On the BC link, during the peak period, the AD traffic may represent 85% of

the total traffic, whereas over the whole year, the AD traffic on the average

only accounts for 50% of the total traffic. Since the network is dimensioned
for the peak traffic, the AD traffic is mostly responsible for the cost incurred
on the BC link. However, if costs are allocated on the basis of annual traffic,
the total cost of BC would be equally shared by the BC and AD owners. This
example shows that in a large part BC acts only as a "feeder". This is the
problem of ‘average costing versus marginal costing.
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Because of this problem, the model should have the capacity of working with
both i’ypes of traffic (i.e. average and peak) for the purpOSe of cost allocation.

For the current phase of the IRA Project, we will work with semi~realistic cost
functions (assets, capital and operating) which will be provided by the Department
of Communications specialists. However, during the hext phase, we intend to
build a costing block from which such cost functions shall be derived in a more
rigorous manner. Such a costing block shall be mfegrafed in the future into the

IRA Model..

The objective of this proposed costing block will be to determine the costs for
individual categories of services, both in terms of total output as of a certain

time and in terms of incremental output in a joint production environment;

where the service categories are further subdivided into geographical, operational,
jurisdictional, corporate and like entities. It will be important to identify the
input requ:remenfs representing components of cost vis-a-vis the output (fhe
servnces) in physical as well as in financial terms.

The determination of the input requirements in physical terms has a particular
significance. It is perceived that the physical input requirements will be
determined in terms of additional plant units required for given configurations
of incremental outputs (e.g. from a HERMES type Model) in a given joint
production environment. The plant units are perceived as "building blocks"
defined by dividing up the structures and facilities into fine units from which
any configuration of plant can be constructed by taking the required number

of them. The plant units will be made up from material and labour components,
i.e., material.and labour units which may be expressed in non-financial terms.
The non-financial expressions of labour and material units in relation to plant
units are expected to hold true over a considerable length of time. The expres-
sions and relationships would only change as a consequence of changes in
technology, which consequences could be estimated and thereby taken into
account in projection type analyses. L

The non-financial terms can subsequently be associated with financial terms
estimated over projection periods, e.g., when the cost of a particular construc-
tion aci'iviry is estimated, which is to take place a number of years in the
future.  In this context, the material units could be associated with projected
material prices, while the labour components expressed in terms of work units
and hours per work unit would be associated with projected labour costs. The
pricing of the labour component would give consideration to expected efficiency,
location, size of the undertaking and similar parameters. First cost of the con-
struction activity estimated along these lines could then be associated with the
capacity expansion and operating cost algorithms, and with the applicable
financial parameters related to corporate structure and opercmng environments
to yield fhe costs of service output. :
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It is envisaged that a suitable block performing functions as described above

will eventually be developed to perform the cost activities in a more sophisticated
fashion. For example, in the future calculation of capital and operating cost
could be based on "usage" via the calculation of element, route and stream unit
costs in d manner similar to what is described in sub-section 3.4 under "The

- Commonwealth Type of Settlement Plan". For the present, only relaiively

simple cost functions are confemplated - i.e., for deriving capital costs and
operating costs, and these cost functions will be provided as exogenous input.

Sharing block

Settlemehijs' occur at five different levels:

) T.C.T. S° settlement: apply to traffic originated and/or terminated in
Canada and involving i'hree or more carriers,

2) Ad|aceni' members settlements,
3) Canada United States settlements (T. C.T.S. and AT & T),
4) C_O.TC-CTO settlements (overseas traffic), and =
5) Negociated settlemen.fs:
a) .'A.C;OTC-Domestic carriers (TCTS & CN/CP), |
. b) CiN/CPr-Wesfern Unfon (Canada-United 'Si‘a‘fes)."

The four basic settlement schemes considered so far are described below.

1) The "Full Division Plan of Settlement" (T.C.T.S.).

“Under this plan, all common system revenues are pooled. Each member
receives from the pool an amount equal to the expenses it assigned to the
provision of the revenue generating services. The balance of the pooled
revenues is accounted to each partner on the basis of its proportionate
confribution in the provision of the service. The’ member's contribution
is normally measured in terms of its assigned plant investmeni. The

"amounts of "assigned expenses" and "assigned plant investmeni" are
derived by application of uniform accounting rules and procedures,
agreed to by partners. .

'It.is to be clearly understood that under any "Full Division Plan of
Settlement” all costs other than those arising from the facilities
included in the inter-regional network (i.e.. fermmahng costs) will
be treated as exogenous inputs. :




2)

3)
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However desirable is the Full Division Scheme, it gives rise to difficulties
in measuring "assigned expenses" which in fact comes close fo attempting
to measure the true cost and includes the cost of termination.

The Commonwealth Type of Settlement Plan

For each inter-regional flow, the originating partrier pays to the partner
of destination 50% (or such other percentage as may be mutually agreed)
of the accounting rate for that flow.

On the cost side, this Plan basically redistributes the sum of incurred costs
among the partners according to a method of allocation based on facility
utilization data. The usage is measured in ferms of the number of units of
traffic of each service for all streams originating in or destined for that
partner carried over each element of the inter-regional network. The three
inpufs‘for this "usage" are: :

The existing inter-regional switching and facnlmes network in physical
cmd financial terms,

- ‘A‘sef of inter-regional traffic matrices corresponding to the various services,

and
- The rbulting pattern.

Once the stream costs are calculated (discussed below) these costs are allocated
on a 50/50 split befween the terminal partners of the stream.

The cost of carrying one unit of traffic of each service on each element is what
we call the element (node or link) unit cost, the summation of the element unit
costs for all efements used on a fraffic route shall be the route unit cost.

A stream is defined as an annual flow of traffic characterized by a unique pair
of terminal points (origin-destination) which has a pre-determined routing
(comprising one or more routes) for a given accounting period. Obviously,
each element of the common-system usually carries more than one stream.
When a traffic stream utilizes only one route, the stream unit cost shall be
the route unit cost; when a traffic stream utilizes more than one route, the
stream unit cost shall be the weighted average of the route unit costs. Stream

“Cost equals the stream unit cost multiplied by the number of both way traffic

units.. The ele_menf unit cost and consequently the stream unit costs oughf to
include all costs including the overheads. It is clear that some arbitrary
decisions will have to be taken here, possibly tested later against alternatives
by 5|mulahon techniques.

The Old Commonwealih Settiement Scheme

All common-system revenues are pooled. Each partner then receives from
the pool an amount which is proportional to its allocated expenses. Of course,
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fhése_éxpenses, like in the three other schemes, are derived by application
of uniform accounting rules and allocation procedures.

The Mixed Settlement Schemes

In edch inter-regional relation, the originating partner pays to the partner
of destination 1/3 (or such other proportion as may be mutually agreed) of
the accounting rate and keeps 1/3 for himself. The total of these amounts
(2/3) represents the terminal part (or the regional part) of the inter-regional .
revenues. The remaining portion, that is 1/3, is pooled and redistributed
by one of the following criteria:

a) Among Transit Partners:
l) on the basis of the assets,
_ii)” on the basis of the incurred costs,
| iii) on the basis of the allocated costs,
IV) equally among all pariners.
b) ,./:\mong Transi.f and Terminal Partners:
g foe same as from ‘(i) to (iv).

The implementation of various settlement schemes will be based on different

assumptions concerning the composition of the inter-regional network; for

example:

- A unified common-system in which the carriers continue to own their
respective facilities in a manner similar to the C.T.O.,

- - Common-system to be run by a unique inter~regional governmental
_ authority which is leasing the inter- regional facilities (objective
 function: minimization of capital costs) or |s a clearing house (no

-objective function),

- A unified common-system expanded to include all domestic carriers
operated in a manner similar to the present T.C.T.S. system.

It is désirable for any settlement scheme to induce the members to make full
use of the common-system. It is of a rather fundamental importance that

the costing and revenue sharing schemes be conducive to rational behaviour
rather than pursue some kind of historical accounting justice. It is important
to note that settlement schemes ought to be judged also according to other
effects on behaviour.
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Accounting block

In contrastto the "costing" included in the cost and revenue sharing activities,
the accounting activities are concerned with the application of telecommunication
financial dccounting logic for the purpose of preparing the customary financial
statements, and for generating significant ratios and indicators. There will be
two main groups of sub-activities and corresponding simulations as follows:

1. The logic involved should provide for standard accounting manipulations
~ to produce the output of the model which will be applicable to each inter-
regional partner as well as to the infer-regional authority, being capable
of performing the following;

a) to produce statements (Income statement, Balance sheet, Sources
and Uses of funds statement) and significant ratios and indicators in
"top to bottom" fashion, i.e., on the basis of actual financial data
as it was incurred in the course of actual operation and resulted from
. sharing of costs and revenues; following the methodology which would
normally be applied by the accounting process at the end of a fiscal
year to generate the financial statements.

'b)- to handle certain "what if" situations (see Appendix E), that is to
. say, producing financial statements and indicators on the basis of
impressed financial constraint(s) such as pre-set debt ratio, rate of
‘return on equity, rate of return on total capital and interest times
‘coverage -~ using the standard accounting logic to produce the
" financing schemes, statements and ratios with the given constraint(s),
- otherwise using the actual incurred information derived from the
operating, costing and sharing activities. Under this category of
simulation, the model would produce revenue requirements and/or
additional revenues required (derived from tariff adjustments)
-in order to satisfy the imposed financial constraints and/or the re-
“sulting capital structures, the types and proportions of external
“financing and the like, depending on the nature and ob|ect|ve of
*the particular simulation run.

2. The logic should be capable of accomodating in the course of carrying out
simulations as set out above the application of different accounting methods,
in particular with respect to the following areas:

a) depreciation,

b) taxes (including treatment of deferred fcuxeé),

c) different methods of capitalizing versus ekpensing, and
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different methods of deriving the cost of money for income statement
purposes.

The logic of generation of financial statements will normally be

as follows:

1)_ * Depreciation,

2) : Operating Income,

3) Income statement (first part),

4) Cost of Debt Capital,

5) Net Income (completion of the Income s'tatémenf),

6) | Beferred taxes,

7) Bﬁlance shéef,

8) ‘Sources and Uses of Funds, and

9) . Various significant ratios and performance ind.it‘:ctors.-

Concerning depreciation, we should note that:

depreciation is calculated only on plant in service;

depreciation of facilities installed during a given year is calculated

~as if they were installed in the middle of the‘year;

.no deprecmhon is calculated for work- m-progress (or 'plant under

consfruchon as termed by the carriers).

Flowchart and explanatory notes

The following notes refer to the numbered boxes on the ‘inserted flowchart.

Box no.

Cost Functions

Three types of cost functions are given by facility at each element (node or link)

- Asset values as calculated using step functions,

-~  Capital cost as derlved by the appllccmon of proporhonal cost functions
to the asset values,




- 20 -

- Operdting costs as derived by the application of proportional cost functions
to the asset values and possibly taking into account traffic, :

Box no. 2: Simulation and Conirol Specifications

a) - Séft[emen’r Schemes

EIéVen are possible (Refer to Section 3.4)
b) Acc‘piuvnting Methods

Refér.to Section 3.5
c) C&rﬁposifion of Inter-Regional Network.

Thls speCIfles the partners and owners involved cmcl their roles in l‘he
,lnfer Regional Network. (Refer to section 3. 2)

.Under the assumption of a common system to be run by a unique inter-
regional authority which is leasing the inter-regional facilities,
auxiliary functions will be provided to allocate costs and revenues
under the specific leasing arrangements.

d) Content of Financial Statements

The possible financial statements are:"

a) ~ For the partners: . i) rélating to inter-regional activities only

ii) relating to inter-regional andregional activities.

b) FOF the Infer-—Reglenal Autherity, -if epphcuble

Box no. 3 Pecnk and/or Average Traffic Data

Based'on' test data provided according to Exhibit | (Test Data Format) below
or from direct linkage with HERMES (after March 31, 1974) the Operating
Activities are provided as input. This includes routing patterns, traffic and
network configuration. The relationship between peak and average traffic

- will also be provided tostudy the effects on costs. This. relaflonshlp could be

studied through examination of traffic during four periods of prototype day.
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EXHIBIT |

TEST DATA FORMAT

~ Input for OD Pairs for Each Service

2
Traffic

1 1 3
Orig. | Dest. | Qty. | Units | Split

- Physical Chains

Category Node Node 1Node | Etc.
of service .
Public A | C [1000]CCs % A C
Message -

Owner >

5Physicc:l o )

Parameters -

6

Cost -

Function 4

% A B C

Explaanio'n’s
1. Catégories of Service
a) . Public message

':b‘) Switched private line

¢) . ‘Non switched private line

: d) Program Transmissions (audio and video) one"way

. @)  Program Transmissions (audio and video) two way

2. Peak and/or average traffic

3. Percentage split of stream traffic among routes

4. Owner of nodes and owner(s) of links
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5. Physncol parameters of facilities a) af present and b) for addmonal traffic
type, size, number, age, life, depreciation rate.

6. Cdsi_' Functions: coding as to which cost functions to dpply

Box no. 4: Asset Values

Based-on the physical facilities the asset functions will calculate the asset values
of the facilities at each element. The asset cost function is a step function of

the capacity of the facility (similar fo HERMES). We distinguish two main categories

of facilities: transmission and switching.

- Boxes no. 5 & 6: Capital and Operating Costs

Calculations of capital and operating costs based on unified accounting, firstly
for all facilities by element, and then by element (sumiming over facilities).
Components of capital and operating costs will be computed as proportional
functions ‘of asset values (for March 31, 1974) and the logic will be left open
for sophistication of these procedures (for example, the calculation of a
component of operating cost based on average and/or peadk traffic). Refer

to Section 3.3.

Boxes no. 7 & 8: Revenue Input and Calculation

The revenues are a function of the average traffic, rafe for the given category
of service-and the distance. Revenues are collected by the originating partner.

Box no9 Applvicaﬁ_o‘ﬁ of TCTS and Old Commonwealth Type Settlement Schemes
Include';c. the following settlement schemes: |
- '-r‘CTs‘,
- Mlxed A(), A(ii), A(iv), -
-~ B( '), (ii), B(iv). (Refer to Section 3.4)

These schemes are distinct from those in Box no. 10 in fhaf no "usage" criterion
is applied in the allocation of revenues.

Box no. 1_0: Application of Commonwealth Type Settlement Schemes

Includes the following seftlement schemes:

- Commonwealth,

- Mixed A(iii), B(iii). (Refer to Section 3. 4)
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Hereln, allocated costs are a functlon of ' uscge" as is shown in the
schemahc below: '

—

Incurred cost/element

Summing incurred costs/element over all origin-
destination pairs using same element

Element cost

Element cost/sum of traffic:on orlgln—deshndhon
pairs usmg same element .

v

Element unif cost

Summing all element unit cosfs over all elements
| - of the route
4

Route unit cost

Sumrhing over all route unit costs taking into account
the weighting percentages e

v

Stream unit cost

- Multiplying by stream traffic

Stredm cost

Identify partners and split according to se‘tfle_menf
scheme

N

Allocated. cost/partner

Application of settlement scheme

Allocated revenue/partner

Box no. 1: Clearing House

According to the settlement scheme, there is a redistribution of revenue, through
transfer payments based on debits or credits between partners. Provision will be

made in the logic to allow for the application of different settlement schemes to
each cafegory of Settlement.
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Box no;'12.: .Accounfin‘g Acfivities

According fo the Unified Accounhng Rules the data sets no. 1, no. 2 and no. 3
will be processed to produce the three types of financial statements and significant
ratios. Exogenous input tothis block includes financial data for regional Operanons,
when applicable, and other exogenous accounhng information.

Boxes'n'o. 13 & 14: Solution of Accounting Equafions

Manudl input will be provided:to set targets for threé accounting variables or ratios
at a time. Given these fixed values the set of simultaneous accounting equations

are solved in order to determine the values of the remaining variables or ratios.

Based on these solutions new financial statements and ratios will be produced.
(see Appendlx E)

Box nb. -15: Regional Accounting Information

This lnpuf WI” be provided when the financial statemenfs W||| be for the consoli-
dation of inter- and intra-regional activities for the carriers. Basically, it will
contain all components in the financial statements snmllar to those for the inter-
regional ones. '

Box no. 16: Other Exogenous Accounting Information

This mpuiL will contain all components for the mter-reglonal fmancml statements
not calculuted prevnously in the program.
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. the Pr0|eci'.

INPUTS

The inputs into the model are, at least implicitly, identified in Section 3

PRINCIPAL BLOCKS AND THEIR INTER-RELATIONSHIPS. It is also to be

noted that,being a perfectible one,the list and the nature of the inputs into
the IRA model will change in time as some exogenous inpufs become
"endogenized" - and the reader is hereby begged to tolerate this barbarous,

‘but convenient expression. These changes cover of course the turning together

of the IRA model with parts or the whole of the HERMES and perhaps even

other models.

To make easier the task of the readers of this Interim Report, who will be, it
is hoped, the principal decision makers in the Department of Communications,
it was decided to treat this topic in two steps: first, the conceptual level or
to put it in more day-to~day words the "shopping list" of the data needed to
make the model work and then to consider their availability. It will be
recalled that the provision of data is almost exclusively o responsibility of

the Department of Communications. However, since it is understood that |
in the present phase of the Project the IRA model may well be set to work
with semi-realistic or even outright fictitious data, le Laboratoire d'é&cono-
méirie agreed to devote some effort fo the generation .of the two types of
data just mentioned. It is to be noted that some of the resulting suggestions
imply additional software development and computing effort which

have' not been provided for in the original plans For the present phase of

Dcta required

It is unders’rood that the Department of Commumcahons will prov1de a
simplified but realistic version of the inter-regional nefwork with indication
as to carrlers and types of facilities. :

1t w1|| be noted that for most purposes the model will requnre both the swn‘chlng
cmd the physmal networks. '

It has been agreed that the model will need a spemﬁcahon of the ownership 1
but not,in this phase, of the corporate structure of .the carriers. It has also
been agreed that for the time being all revenue and-cost data other than. those

- relating to inter-regional activities will be provided as exogenous inputs.

In addition it has been agreed that in this present phase, income from non-
telephony subsidiaries will enter as an exogenous mpuf directly into the
Accounting Block. : :

Seml—recllshc cost functions.will be provided by the Depurfmenf of Communications
concerning both the nodal equipment and the transmission equipment as well as
cost functions relating to the operating of the system. lf is understood that these
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will be relatively simple functions however, already in this phase, they will

be step functions or sums of step functions and monotonicly increasing functions
(it is total cost functions of course that are relevant here). These cost functions -
will be given by type of equipment, if possible with a further breakdown by
carrier, geographic location and vintage of the caplfclassehnvolved These cost
functions will be defined with reference to capacity units of circuits(or groups

of circuits) and not, at this stage, with reference to traffic units.

Origin-destination fraffic data by carrier and by type of service will be provided
by the Department of Communications with reference to the simplified network
referred to above. It will be noted, on the one hand, that the HERMES Ill model
required fraffic increase data between pairs of demand points whereas what is
required now is origin-destination data for all traffic. Switched traffic only

has to be defined on the switching network and then HERMES 11l or some other
procedure used to translate it in terms of the physical, i.e. facilities network.
The use of .procedures other than the CHARGE part of the HERMES 1l model to
make this translation will almost inevitably involve some.brutal simplifying
assumptions. : :

It will'be recalled that the relation between the peak traffic on the one hand
and the average traffic on the other lies at the very heart of the problem facing

“the builders of the IRA model. This relation is highly complex and no more than

a "best effort approach” to this problem can be envisaged for the next four months.
A procedure referred to elsewhere in this Report and proposed by le Laboratoire
d'économétrie aims at converting the capacity information on the facilities
network, ‘which is available into pedk traffic point~io- point information. This
still does not settle the origin-destination traffic information. In any case this -
represents only the first stage of the peak frqfflc/qverage traffic problem. Some
suggestions concerning approximation procedures have been made, though it is

too early to report on them here. They essentially involve more or less automatic

_ generation of say four "periods of the day" ongm-deshnahon traffic matrices.

This approach which at present is in an early exploratory stage has the additional
advantage or promising to be able to handle at the same time the problem of
different time zones. On the other hand its adoption may have considerable
repercussions on software development and on computer requuremenfs for simu- .
lation purposes. '

Avoill'ébiflify of data

Point-to point trunks for the inter-toll switching networks are available for the
end of year 1970 as a result of the work done by the working group of inter-
regional telecommunications. Given the homing arrangements, the over-
flow probabilities, and the routing rules we can identify approximately

what the routes are for every pair of points of the switching networks. For the -
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same perlod and from the same source, the inter-regional transmission facilities
network is also available. But there remains the problem of matching the switching
network with the facilities network, i.e. of identifying for every route of the
switching network the corresponding set of facility chains,” which obviously -

are defined in reference to the facilities network. The identification of the

routes for every pair of points can be done manually, but it is a very time

_consuming task.

Concerning the point to point traffic we have no access to data. The -
amount of offered public message traffic can be estimated, using the Poisson
and Erlang~b formulaeand converting backwards from trunks to traffic, given

- the blocking and overflow probabilities. By means of a. gravity model, we can

then proceed to allocate the total traffic offered to each link between all
relevant pairs of points. Again such work can be done manually but it is
highly time consuming. I

Assuming fhcn‘ we have an efficient algorithm by means of which we can derive

. point-to-point traffic, there nevertheless remains the problem of the relationship

between peak and average traffic. Since the network is dimensioned on the basis
of peak traffic, what we get in converting backwards fromtrunks to traffic is

‘peak traffic. Peak traffic is particularly relevant to the calculation of costs

whereas average traffic is needed for the calculation of revenues. For this
current phase, the relationship between peak and average traffic might simply
take the form of a pre~determined ratio. But it is agreed that in the near
future ’rhls relohonshlp will have to be assessed rlgorously

Traffic, routing and network are three inter-related components of the IRA
Model which cannot be varied independently of each other. If the IRA Model

is going to be an efficient model we need a computerized method by which these
three. components can be altered simultaneously, for example, as o result of

an increase in the number of point-to~point trunks in the switching network.

The development of such a method is scheduled for the second phase and it

shall become one of the most |mporfcmf blocks of the IRA model

For fhe hme being owing to the difficulties of derlvmg frcufflc and routing
information from a large network, we intend to begin worklng with a reduced
network (25 nodes) just for the sake of getting the model going. However by
March 31, 1974, the model shall have the capability of working with a more
elaborqted network (1) which shall be available by that time. At some future
stage of development of the IRA model we intend to contact the carriers in
order to'solicit their comments and advice. A request for data could at the
same time be formulated concerning the inter-regional traffic, routing and
network. We also know that the TCTS organization has o "traffic forecasting
model" and a "toll network model" whichcould be of a valuable aid to us.

(1) This is the network represented in Appendix C.
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OUTPUTS

Financial statements are major outputs of the IRA Model. These financial
statements basically consist of the following: '

- Balance Sheet,

- lncome Statement,

- So'oroes and Uses of Funds Statements, and
- Significanf Ratios.

These financial statements should be prepared for each individual carrier. Such
statements should olso be prepared for a consolidated inter-regional authority
and for the carriers' operations consolidating the results of both regional and
inter-regional activities. Depreciation and taxes being made components of
costs and subject to possible different accounting regulatory treatment, the
related calculations are shown in separate details in Appendix F.

For the inter-regional authority, the financial statements could as one alternative
be the summation of revenues, cosis, assets, and liabilities of the members which
would assist in the evaluation of results in the consolidated forms. However,

this would not be a realistic presenfohon for an operating oufhorn‘y as there
would apparently exist some differences in the revenues and in the costs between
the consolidated statements on a "summation" basis ond ‘on an actual activity

of inter-regional authority basis.

These diffe_rences will be mainly due fo:‘

- Owning or Ieasmg of telephone properfy by the mi'er-reglonal oufhorli‘y
The cost items such as depreciation repairs and maintenance will differ.

- Commission for termination may be paid as an extra cost for inter-regional

operdtlons Sharing of costs and revenues may be -on a different basis.

The formats of the above mentioned statements should conform to those which
were developed by the Depariment of Communications in collaboration with
the carriers in the initial phase of the Unified Accounting Project. The
intended formats of the financial statements are shown-in the attached

exibits (see Appendix F). The generation of these financial statements

is shown in the Working Paper No. 5 from the Deparrmenf of Communications.
Also, the significant ratios to be compufed are shown in Appendlx F. "
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‘Explandfi_oh of the Financial Statement Exhibits:

Balance sheet -

The Balance sheet consists of two main parts:

- Assets,

- Liabilities

The format specifically shows, in detdil, the changes that take place during
the current year. For these reasons, the assets and liabilities are analysed
in three sections: '

- Position at the beginning of the year,

- Changes during the year, and

- Position at the end of the year.

Income statement

The income statement illustrates  the operating revenues, operating expenses,
other expenses, income taxes, debt service charges, extraordinary items and -
finally net income available for dividends and retained earnings.

Sources and Uses of Funds

This statement shows how various funds are collected and from what sources. |t
also shows how these funds have been deployed,such asin, gross construction

* expenditures, investments, miscellaneous and increase of ‘working capital. It

should be noted that the sources and uses of funds algebiaically equal the changes
to the Balance Sheet. ‘
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SIMULATION'S.

It will be remembered that this is an interim report only. Its chief purpose is-
to prepare options for the Department of Communications decision makers. In-
- addition a good deal of work on simulation planning done so far is already
described in two Department of Communications working papers; cited in
Apperidix A, and is also contained inSection 7 of this report. The reader
will not fherefore expect to find in this section an exhaustive discussion and -

a complete plan of conceivable simulations which could be made. wnhm the
Framework of the IRA pr0|ecf '

The'confenf of this secfion falls naturally under two headings: The simulations -
which could be undertaken between now and March 31st, 1974, on the one hand,
and the simulations or rather types of simulations which could be envisaged for
eventual subsequenf phases of the project. X

In the period' between now and March 31st, 1974, simulations in the proper
sense of the term will take place only in the costing block and the sharmg block.
At present, at any rate, the accounting block is just a data processing, albeit

- complex, device and the operations block has only a phantom existence, the
operating activities being treated, at the moment, as exogenous inputs. There

- may, of course, be some simulations within the accounting block if they involve
nothing more elaborate than "manual”, so to say changes in some variable
values or in parameters. There will also be no mfernallzahon of snmulaflons

.~ in the presen’r phase of fhe project.

It will be noted that simulations intended for the proiecf will necessarily.
involve the use of an enlarged network (different carriers, different types of
services, dlfferenf modes of transmission and model equ:pmenfs) However, '
changes in fhe operafmg dctivities w:ll be done exogenously durmg the currenf
‘phcnse. ' :

It will also be noted that any simulations involving full division settlement
_schemes in the proper sense of the terms will also necessm:fe the use of dn
enlarged ne’rwork SRS :

In this’ presem‘ phase .of the project, emphases will be puf on the simulation of

the effects of different settlement schemes both on individual carriers and on the

_ interregional system as a whole. A summary of these simulations appears in

Section 7 of the present report. . To further complicate matters, the handling -

~ of some seftlement schemes involved necessitates the simultaneous specification

of different alternatives of certain costing procedures. This concerns in particular
items such as depreciation, the cost of capital, operating costs, efc. It will

be recalled that operating activities as well as costs and revenues assocmfed

with facilities other than those  used in inter-regional activities W|l| be
treafed in the present phase of the pr0|ecf as exogenous. inputs only. -
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Sorne of i‘he simulations intended already for the period between now and
March 31st, 1974, will be handled formally by solving systems of simultaneous -
equations, ds agreed earlier with the specialists of the Department of Commu--
nications and as described in Appendix E. In each case, a system consists of
seven equations in ten variables in the left hand-side, the other variables being
kept fixed. However, it will be noted that in the example developed in
Appendix E dividends are fixed and there are only nine variables dealt with.
These systems are obviously non-linear. The simulations consist of fixing two
variables in the leff-hand member of ‘any given system and solving for the

other varidbles.

It will be hoted that this incidentally eliminated the embarrassing non-
linearities. Eight proposed simulations can be made out 'in this way although
we cannot be certain a priori that the elements of the solu’rlons will have the
correct signs.

Also in Appendlx E, itis proposed to fix bounds on cerrmn ratios and variables
and proceeds on linear programming lines. The role of the objective function
would be to ophmlze a weighted sum of several slcxck variables which have
certain economic significance, as discussed further in Appendlx E.

This concludes the discussion of the simulations to be made between now and
March 31st, 1974.. The success of these simulation obviously depends in a
vital wdy on the provision of the appropriate data by ’rhe Deparfmenf of
Commumcahons

Concerning the simulations to be made in subsequent phases of the project,

it is to be stressed that the help of the HERMES series of models (or parts of

it) will most useful if not indispensable. Simulations concerning the effects

of alternative routing patterns would be obtained either with the help of
HERMES or by other means or, more likely, by a mixture of the two approaches.

Analogous considerations apply to the facilities network.

It is to be noted that if simulations of different traffic patterns are to be
undertaken, the HERMES model might facilitate exfrachon of information on
traffic.

Le Laboratoire d'économétrie has already developed a specml algorithms based
on the HERMES philosophy. lts purpose is to identify facility chains for a varying
number of pairs of demand points.

The internalization of simulations would involve the setting up of an extremely
complex mathematical model. This would make it virtually impossible to ascertain

in advance the convergence of any algorithm that may be developed for any but
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the most simple type of simulations. " If is thus inevitable that the models of

‘IRA series will remain, for any conceivable fufure, 'man-machine" teams

rather than fully automatic devices.

Concerning internalized simulations, it is by no means clear what is the
function to be optimized: The reader is referred to the Section 2 of the

_ present réport where the matters of "objectives of the project™ is discussed.

The obvious responses to this type of difficulties are post-ophm!zahon studies
as well as repeafed simulation runs. '

To take up for a momenf a more technical point, it is also to be noted that
simulation of the consequences of alterncmve routing patterns mdy give rise

to considerable difficulties concerning the transmission (but probably not
switching) where the pattern of the ownership of assets may be mcompatlble B
wn‘h certain rouhng schemes. :

Fmally, lt is hoped that befween how and March 315t 1974, it wnll be possnble.
to produce together a grill of possible simulations, |dem‘|Fymg the ones which
are internally inconsistent and ulso suggeshng the ones whlch seem fo merlr
parhcular dttention.
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SOFTWARE CONSIDERATIONS

For the present phase of the Project the progromminvg of the IRA model will be
done in FORTRAN. When data are made available from the carriers this will
probably be best handled by COBOL in the accounhng block PL1 is a future

-option ofice the model is fully operational.

Compu"rer Facilities

During initial programming syntactical debugging for the compilation of the
programm will probably be done on a computer ferminal. Once fest data is
received from the Department of Communications the logical debugging and
predetermined simulations will be done through batch processmg at the McGill
Compuflng Centre.

Feature of Programming Logic

Certain types of simulations do not require a complete rerunning of the entire
program.. ‘ Consider the example of changing the rate structure which does not
change’ the asset values or costs. Therefore, intermediate outputs, asset values

" and costs in this example, are stored peripherally in data sets (disc, drums,

tapes, cards) This means that the user has access to the model at various
stages of its operations and can within limits impose his will upon the results

or porome’rers inherited from the earlier stages. Simulations with different
farlff sfrucfures can then be made beginning with ’rhls sfored mtermedlm‘e input.

Flexlbllnfy and perfectibility have been and will continue to be among ’rhe
major consndercn‘lons behind the software work in this Pr0|ecf

The initial programming for the model will be highly flexible. This flexibility
is necessitated by the fact that the model will be evolving during the first
phase (an. operational model by March 31, 1974) and in subsequem‘ development
work bofh phases relating fo the followmg factors:

1) - -Modlflcahons will be made to operations perfdrmed'in the model, for
“example, capital and operating cost functions will initially be derived
by applying ratios to asset values but these will later be made more
realistic by taking into account factors such as frofflc and the relationship
of peak and average traffic. -

2) Slmula’rlon on accounting relationships will first be done externally by
changing original input and manual intervention for the Accounting
.Block. Following these activities and elabora’rlon of the logic for the
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Policy Simulation Block, the model will be required to handle
internalized or automatic simulation in order fo determine the changes
required in the calculations, such as changing the rate structure.

3. Future simulations will be based on experlmen’rm‘vion on ownership
structures, the composition of the inter-regional network, policy
decusuons, etc,

Initially, traffic and associated facility information will be provided through
the format specified in the traffic data for origin-destination pairs (see Exhibit
| - Test Data Format in Section 3.6). However, in the future, a link with
HERMES or other suitable source will facilitate direct exiraction of information
on traffic, routing, facilities at present and for expansion, and associated costs.
At this future stage, experimentation could be done on traffic configurations,
routing patterns and network, that is, in the, envisaged Operations block.

This flexubnhi‘y will entail an open-ended program:\ Whlch will be able to handle
changes from simple runs with minimal feedbacks to the final product with more
complex operations and numerous loops accomodating internal simulations. In
the initial development this flexibility will be at the cost of efficiency.
However, when the model is fully operational in meehng all snmulaflon needs
then a more efficient program can be written.

As poi nted out more than once elsewhere in this Report the internalization of
simulations and the degree to which this could and ought to be done gives
rise to some of the serious options arising at this stage.’

The deveIOpment of the POIlC)’ Simulation Block and its full mcorporahon
into the IRA series of models would involve the followmg steps:

Step 1: Through further cmalysis, fixing ideas on:
i) - what governmental policies are to be investigated

i) what financial or accounting parameters'may be selected as
‘ decision criteria best relating to fHe pbl'icies selected.

Thls analysis requires, among other thmgs, as input, the consideration
of what parameters are provided for in the logic of the first phase IRA
"Model (all the four blocks of the model as it is intended for the current
- phase, that is excluding only the Policy Simulation Block). If these
_parameters do not suffice to investigate specific selected policies,
this deficiency should be corrected if possible before the actual
~ programming of the model is far advanced.
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Further, a by-product of this analysis would be the selection of a set
of simulation runs useful in testing the program of the first phase IRA

" Model.

Step 2: General testing of the first phase IRA Model to provide an idea of the |
_sensitivity of the results to changes in input parameters (i.e. partial
sensitivity analysis).

‘ Step 3: Fitting of constanisin the set of simultaneous accounting equations to

- obtdin correspondence with the results as provided by the financial
. statements (Data Set No. 4) - based on research to date this does not
- -appear to pose much difficulty. : '

Step 4: Development of Policy Simulation Block logic providing for the design
- of endogenous simulations (including iterations where necessary) and -
programming of this block.

Step 5: Testing of the Policy Simulation Block on sample simulations.
Step 1-is the main interest of the Depariment of Communications and Le
Laboratoire d' économétrie while Sorgs assumes main. responsnblln‘y for steps 2

and 5, and partial responsibility for steps 3 and 4."

For the present phase of development (fo March 31, 1974) it will be necessary
to begin discussing step 1 in order to avoid situations wherein the four blocks

~ of the IRA Model as envisaged for the present phase reqU|re ma|or modlflcahons

to occommodcn‘e the Policy Simulation Block.

Step 2 wi|| be largely provided for by March 31, 1974 through testing of the
first phose programming. S

The remaining steps which pertain essentially to the progrommmg ‘and testing

of the Policy Simulation Block cannot be undertaken in this phase (except

step 3:which will largely be covered in simulations accomplished via the method
of simultaneous equations in the first phase to March 31, 1974) partly because the
problem has not been studied and partly because actual progrommmg on the first
phose has not yet begun. ~
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WORK PROGRAM AND ALLOCATION OF TASKS TO MARCH 31, 1974

In this section, reference is made to le "Protocole d'entente du 15 aolit

1973" whose english version, called "Memorandum of Understanding",

dated August 22, 1973. Although edited by le Laboratoire d'é&conométrie

this document was accepted by all the participants. The following statement

of work to be completed by March 31, 1974, flows from the proposals set forth

in that-document and the description of the present state of the project contained
in this Interim Report, together with the summary of simulation plans included

in Section 6 of this Report. The tasks to be performed are here allocated among
the participants responsible. ' :

On page 2 of the Memordandum of Understanding it is stated that: "In the current
phase of the IRA Project, the principal objective is to construct a model capable
of producing for each carrier involved in the inter-regiondl network, statement
of their expenses for the use of the common network for a.given financial period,
as well as @ financial statement covering their assets and operating income,
corresponding to different separation schemes of the revenues and of the expenses
related to.inter-regional telecommunications". As pointed out earlier in this
Report different financial statements are produced in the Accounting Block by
means of different inputs generated by the preceding blocks and/or data sets,

as shown in the Flowchart contained in this Interim Report.  In ordef that

these snmulcmons may be carried out, the following must be done:

By le vLabo'rcﬂoire d'économétrie

Completion of the algorithms upon which the software for the Accounting Block

is based. It is understood that the accounting statements to be produced,
schematic examples of which are shown in Appendix Fof this Report, will reflect.
the structure of the carriers' accounts as set forth in the Department of Commu-

- mca‘rlons publlcqhon "Financial Statements of the Telecommunications Carriers”.

By the Deparfmenf of Communications

Preparation of the input data necessary for simulation runs to be performed.
These data may be either real or fictitious. At this stage, they will take the
form of direct inputs in a-form which can be used by model. In some cases
exogenous data will be direct inputs into the Accounting Block.

By Sorés’ Inc.

Complehon of the software which will make the Accounhng Block fully operational
W|fh respect to these simulations. '
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With reference to Section 5 of this Interim Report it is to be observed that
further conceptualization is required in the development of financial statements
for the Inter-Regional Authority dependent on the form it takes. This would
entail the following: : ‘

By the Department of Communications

Fur,i'her'sfudy for outlining the principal logic.

By le Laboratoire d* économétrie

Prepcrahon of necessary clgonihms

By Sorés Inc.

Accom'moddfing requirements in the sofiware system..

Reference is further made to the Memorandum of Undersfandmg, wherein it is
stated on page 6 that "In the contemplated simulation runs, the domains of
variation of the different parameters will have to be such that the financial
survival of the system and of its various parts is assured and, more generally,
that they be acceptable from the economic, political and socwl viewpoints" .
Thus we shall have to identify these different acceptable domains of variation.

It is also to be noted that progress of work to the present, together with

the requirements that the model produce financial statements based on different’
cost and setilement schemes subject to constraints, calls for design of a block
which will generate endogenous simulations under decision rules. These
simulations will initially operate through the Costing Block and the Sharing
Block, selecting different options, with respect to derivation of costs and -
choice of settlement schemes. Subsequently it may work through the Operations:
Block via rates and tariffs, network expansion and routing.

The present phase of the model requires conceptualization of this "policy
simulation block", together with selection of the combination of options

which may be subject to simulation. At this stage, it is the responsibility of |e
Laboratoire d'économéirie to provide a best effort at conceptualization, with -
due regard to the magnitude of this task and the time available.

This Wi_l'l be accomplished by the participants as follows:

By the Department of Communications

Provisional delineation of guidelines which will then be translated, in so far
as possible; and with the help of le Laboratoire d'économéirie into the ratios
and other variables which establish rhe bounds of the cccepfcble domains of
varlchon
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By Sorg&s Inc.

Making sure that the software developed in this present phase be able to
accomplish the necessary truncations of simulation runs, modification of
parameter values and other tasks resulting from the above. It will be noted
that these operations may be a function of the result of the preceding simu-
lation runs. This, in fact, constitutes the first step towards the'internalization
of simulations", though be it understood strictly on a best effort basis.

By le Laboratoire d'économétrie

Preparation of necessary guidance to Sorgs Inc.

It was observed in Section 6 of the present Interim Report that simulation input
data could be prepared in the Sharing Block of the model on the basis of certain
assumptions to be made in the Operations Block with the Costing Block unchanged.

In order that this may be done, the following tasks must be performed:

By thé;Dépcrfmenf of Communications

Provision 6f‘dq‘rc relating to average traffic and rates, together with changes
in these variables. At the present stage, these data will not necessarily imply
changes in network and routing. C

By le Laboratoire d'économétrie

Preparation of algorithms whereby these data may be transformed into outputs
from the Costing and Sharing Blocks and inputs into the Accounting Block."

By Sorés Inc.
Preparation of the necessary software.

Further reference to page 2 of the Memorandum of Understanding establishes
the following as a further fask to be performed by March 31, 1974; "In the
current phase of the Project and keeping in mind the ultimate objective just
outlined, the IRA model ought to be capable to simulate the effects, at the
inter-regional level and separately for different carriers, of changes in
costing procedures and in revenue sharing schemes." ' This imposes the
following obligations, giving due regard to the developmental work completed
since August 22, 1973: :
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By Sorés Inc.

Preparation of software which will complete the model in skeleton form in .

the Costing Block, the Sharing Block and Accounting Block. In the current
phase, this soffware will be completed to the point whete the above exogenous
simulations in Costing and-Sharing Blocks can be carried out with manual
intervention.” However, it should be capable of expansion for use with additional
exogenous inputs from the Operations Block. Although in the present phase the
operating activities will be handled as exogenous mpufs, it is thought advisable
to provnde for the existence of an Operations Block in view of future refinements
and in particular the widening of the range of simulations. |t is to be noted that
"operations" .cover a wide range of phenomena: traffic, tariffs, routing patterns,
as well as revenues and costs associated with operations other than inter-regional
telecommunications ~ some of this information being at present included in inputs
boxes 15 and 16 (Flowchart), |t should also be able to be used with endogenous
inputs arising from the decision rules contained in the Policy Simulation Block
which Wl“ be incorporated at a later stage.

By le Laboratoire d' économétrie

“Any Fuﬁ'her'co_ncepfualizafion necessary, and preparation of algorithms.

By the Déparfmehf of Communications

Provision of any further detail needed on cost and revenue separation, seh‘lemenf
schemes, etc... :

In order to meet the requirement that the model shall be "operational but not
necessarily efficient" (page 3 of the Memorandum of Undersfandlng), the
Followmg will also be required:

By the Departmeni‘ of Communications

Data inputs into the Operations Block. Derivaiion of average traffic from available
cost and revenue data, design of a reduced network, and other procedures for the
production of the data, will be carried out in close co-opercmon with Sorgs Inc.
and le Laboratoire d' économétrie.

All the preceding is strongly dependent on a very intense and rapid development
of the data base which is a manifest responsibility of the Depariment of Communi-

cations, 1t is to be noted that this is not only a matter of data gathering but

also of the choice of proper units and classifications, formats, etc... |t is
understood that le Laboratoire d' économéirie will provide the necessary

conceptual support in this area. N
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It is hoped that the Department of Communications will be in a position to
rapidly develop its data base on Canadian telecommunications, especially
since it is known that much if not most of these data exist or could be fairly
easily obtained from current records regularly kept for other purposes.
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OPTIONS

Reference is here again made to page 2 of the Memorandum of Understanding,
which states: "We hope that, in some time in the future, the models of this
group in conjunction with other models will contribute to a more efficient
planning of capital deployment for inter-regional telecommunications purposes
and also possibly for the purpose of more efficient operating of inter-regional
telecommunications." Within this broad statement of future objectives, it is
noted that the following tasks may logically be expected to follow, not
necessarlly in the order shown. :

It is also to be noted that the sections of this Report are not self-contained.
What in fact might be termed options open to the Department of Communications
decision makers are also discussed elsewhere in the Report and in particular in
Section 2 - SOME PRINCIPAL CONSIDERATIONS, Section 6 SIMULATIONS
and Section 7 SOFTWARE CONSIDERATIONS. [t might even be argued that
some crucial questions involving broad decisions concerning the future of the
IRA series of models are treated in the other sections rather than here: this is
justified by the desire to discuss them in i‘helr proper setting rather than simply
to list the options available.

Given that the current phase calls for a model that is "to be constructed to be
perfectible" (Memorandum of Understanding, page 3), further work by Sords

Inc. would include improving the efficiency of the model's software. Eventually,
this last aspect of the model will have to be improved so as to bring down fo a
reasonable level the cost of a simulation run.

Incorpofctioh of the “policy simulation block" described in Section 8, if it is
to be mechanized to any significant extent, will call for the following work.

By le Laboratoire d'économétirie

Continuing work on conceptualization and simultaneous preparation of algorithms.

By the Départmenf of Communications

Specification of decision rules and selection of policy options; specifications ‘
of various cost and revenue sharing (settlement) configurations.

By Sorés Inc.

Preparation of necessary software, with continuing work on improving software
efficiency. Sords Inc. will consider on'a "best effort basis" the development
of capdcity to simulate on variables in the Operations Block. This would
include simulations on changes in rates and tariffs, and simulations giving rise
to joint uses with the HERMES [l model or some of its components.
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The participants would make the following contributions:

By the Department of Communications

Specifications of tariff configurations, including constraints, further assumptions
or inputs relative to the peak/average problem, projections of growth in demand.

By le Laboratoire d'économétrie

Preparation of algorithms to expand the operations of the "policy simulation block™
in view of the contemplated future internalization of some simulations. It would
be unwise to fry to mfernahze all types of simulations leaving no room for human
judgment.

By Sorés Inc.

Preparation of software, including the software necessary to link the CHARGE
module of HERMES 11l to the IRA model. It is understood that this work will be
of substaritial magnitude, particularly. given the objective of continuously
improving the efficiency of the software. Reference is made to page 1 of the
Memorandum of Understanding, in which it is stated: "at a certain stage the IRA
model will have to be integrated with the models of the HERMES series. In more
than one sense these two series of models are complementary to each other."

There is thus a clear option to continue along the various lines described in
this Report. with such models as might appear necessary in the near future, .
especially in so far as the planning and mternahonahzahon of simulations

are concerned \

Another clear alfernative is to cut short some of the work until the carriers provide
the appropriate data and even the algorithms and software which could be used
together with the IRA model. |t is hoped that the progress achieved with the
Department of Communications in developing the methodology in question might
prompt the carriers to cooperate more closely. The pr0|eci' thus referred to will
lead to a clear specification of the reqUIrements concerning data and other

" resources Ilkely to be found in carriers' hands and dlso a clear statement of the

Depcnrfmeni‘ of Communications' objectives.

One final option which must be considered is the possibility of halting work on

- this project. Thus, while we foresee a model which is "operational but not

necessarily efficient” by March 31, 1974, this model will be tested with
fictitious or partial data only. In order that this option' may be given due
consideration, le Laboratoire d'économétrie will provide, for guidance
purposes only, broad estimates of the orders of magnitude of resources which
will probably be required for completion of these various options. |t is
foreseen that these orders of magnitude could be expressed by reference to the
resources involved in the earlier projects to which the present proposals are
related, i.e., the HERMES series of models.
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This final, or rather harakiri option, does not mean that the Department of

Communications will necessarily renounce its efforts to examine the various

ways of preparing policy decisions. It may choose do so by means other than
formalized optimization and simulation models.
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APPENDIX A

LIST OF PAPERS CIRCULATED

Texts provided by the Department of Communications

. Working Paper no. 1, avril 1973, D.O.C.

Working Paper no. 2, 13 juillet 1973, D.O.C.

"Inter~-Relations between deferred taxes and depreciation”, 11 septembre.
1973, Government Telecommunications Agency.

Texie de J. A. Guérin, du 27 septembre 1973

Working Paperg no. 3, 4, 11 octobre 1973, D.O.C.
Lettre de G. Henter & T. Matuszewski, du 26 octobre 1973
worikingpaper no. 5, 31 octobre 1§73, D.O.C. !
Working Paper no. 3-A, ler novembre 1973, D.O.C.

"Equahons for Slmulcmon on the Accounting Module of the IRA Model",
D.O.C., Nov , 1973 :

~ Texts provided by le Laboratoire d'économétrie

Texfe. de C. Autin, 12 juillet 1973 (Notes pour la réunion du 13 juillet 1973)

Working paper of 17 juillet 1973, C. Autin, G. LeBlanc,
T. Matuszewski

Texfe de C. Autin, 31 juillet 1973 (Tableau compfcble)
Profocole d'entente, 14 aolt 1973, C. Autin, G LeBlanc, T. Matuszewskl

Memorandum of Understanding (English version of the preceding), August 22,
1973, C. Autin, G. leBlanc, T. Matuszewski

~ Texte de B. Paquet, 20 septembre 1973 (taxonomie de la structure de propriété)

"Complément au tableau comptable du professeur C. Autin", -C. Autin,
G. LeBlanc, 2 octobre 1973
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LIST OF PAPERS CIRCULATED (cont'd)

"Complémentary Notes to the text by Prof. C. Autin of July 31, 1973,
C. Autin, G. LeBlanc, October 2, 1973 :

Texte de C. Autin, 11 octobre 1973 (logique du modzle)

~ Notes of meetings

’

Nofés de la réunion du 11 mai 1973, (Laval), C. Autin

Notes de la réunion du 13 juillet 1973, (Laval), T. Matuszewski
Ndfe‘s de la réunion d-uv30 juillet 1973, (Of'fawa),lT. Matuszewski
Compte-rendu de la réunion du 11 septembre 1973, (Laval), C. Gilles
Nmég de la réunion du 18 septembre 1973, (Laval), C. Gilles

Nétes de la réunion du 28 septembre 1973, (Lavd__l).,. B. Paquet
C-or;pte-—réndu de la réunion du 5 octobre 1973, (L.ca.y.al), C. Gilles
Notes de la réunion du 12 octobre 1973 (Laval), T. Matuszewski.

Notes de la réunion du 18 octobre 1973 (Montreal), T. Matuszewski

‘"Comments on Professor Matuszewski's notes on Meeting Held in Quebec,

October 12, 1973", J. A. Guérin, 26 octobre 1973"

Notes de la réunion du ler novembre 1973 (Ottawa), Miss M.R. Prentis
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APPENDIX B
SOME NUMERICAL EXAMPLES

, ILLUSTRATED EXAMPLE OF DEFERRED TAXES
Suppose the following data is given:

1. Taxable Income -~ table "A" of Income Statement S . $146
2. Tax Rates = table "A" of Income Statement say 437
3. 1Income Tax as per Company Books - table "A" of B

Income Statement (or item 1 x item 2) 3 63
4. Net Income after tax (Income Statement) item 1 = item 3 ' 83
5. Taxable Income as per Inhcome Tax Act (tax return) 60
6. Tax Rates - table "A" of Income Statement . say 437
7. Tax provision. as per Income Tax Act (item 5 x item 6) 26
8. Difference between C.C.A. and Book Depreciation -

(Company records) " say 14
9. A Expenditure Net i.e. ' S 72

(item 1) ~ (item-5 plus item 8)
= 146 - (60+ 14)=72

" Then the deferred tax will be calculated as follows:

Alternative 1 of table 4

Taxable Income (table A Income Statement) R $146

Less Taxable.Income as per Income Tax Act - item 5 above 60
Deferred Taxable Income . 86
o Boee : R L
Delerred Laxeq (same as alternative z) : _ $ 37

Alternativc 2 of table 4

s Aot
e ————

Net Income (item 4 above) o ' $ 83
Plus tax provision in Company Books = item 3 above __63
Net Income before provision for Income taxes - 146
Less: : .

The net result of the following: : -

Net income before provision for Tucome Taxes $146

Less A Expenditure Net - item 9 above ¢ 72)

Less Difference between C.C.A. 'and Book Depreciation

‘- item 8 above (14 60
Deferred Takable Income ' : 86
Tax Rate ‘.1; : . 437
Deferred taxes (same as alternative 1) N $ 37



TABLE. 1 . - TELEPHONE: PROEATY AND DEPRECTATION
B Cost at sdditions Retirements- Other - ~ Net aldition Cost at Avge. Dépreciation ‘Annual
beginning of change to plant end of Cost rate Depreclation
year (gross) year
1 3 4 5=(2-314) 6=145 7=(14+6)-2 . 8 9=7x8
Switching X X X x X X x x X
Transmission b4 x x x x X x x x
Terminal Device x b X b b4 b x X x
Other ’ x x x % x S x x x x
Common X x X X X X X X x
SOURCES:
Col. 1 ~ Accounting - property records
Col. 2 - Hermes
Col. 3 ~ Accounting (or retirement algorithm)
Col. 4 -~ Accounting . .
Col. 8 - Depreciation algorithm (Company records) - ’ . ’

. TABLE 2 .

'NET CHANGE TO ACCUMULATED DEPRECIATION

Yet Change to '
Accun. Deprecilation

Annual - . © Retirement = Ccst of . Salvage
Depreciation Removing | Value
2 i 3 4

(From éolum 9

Table 1) (From Accounting'Records)

5=(1-2-344)

October 25, 1973




. - . . . t .

TABLE 3°
C. C. A, .
. Class 10 Class 9 Class 8  Class 17 Class
-Total . 307 25% 207 . : 8% 4
UCC - Beginning of the year x % x x x x x
Add: Net additions X X X x x x x
UCC Subject to allowances x x x x x T x x
’ Less: CCA for current year X X x x b b4 b
| . UCC - end of year X T p.d X X X X
Current year C.C.A. XXX -

l CAUTION - Note that net additions in the above are no the sam: as in Table 1 net additions because some expenses are capitalized
under book depreciation but expensed under CCA; also retirements are not deducted from undepreciated capital cost, and
interest during construction are expensed under CCA. N :

TABLE 4

Octobar 25,1973
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>