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-FOREWORD

* The two main objectives of this Repoft on the Second Phase of the IRA

Project are to report the results on the first test runs made with

the algorithms already developed and to establish a plan of simulations
which the model can now perform or will be able to perform in the future.
The various developments since the Interim Report of September 15, 1974
are also described in details. . The reader who is familiar with our pre-
vious reports on the Project. will notice that the emphasis has been
shifted among the various = aspects of the Project. In particular, we’
can now give more emphasis to policy questions aiming at obtaining an
efficient allocation of resources in the industry of telecommunications.
0f course, the other objectives of the Project are still present, i.e.,

it is possible to simulate the financial consequences of various costing

and accouting procedures and of various revenue sharing schemes concerning
inter-regional telecommunications. But these aspects now constitute only
a part of the various options that the model can evaluate.

It is worth reminding the reader that the present Report is not a com-
prehensive treatise on telecommunications engineering, accounting or, for
that matter, operational research. Nor does it presume to provide auto-
matically solutions which could pretend to be "optimal" for the carriers
and for the regulatory agencies. On the other hand, it is to be viewed,
in a wider setting, as a contribution towards the formulations of policies

aimed at developing-an even more efficient telecommunications system, in

keeping with the broad economic and political objectives in Canada.
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ABSTRACT

This Final Report on the Second Phase of the |RA Project consists of
an Introduction and of four chapters. A large part of it is devoted
to the test runs performed with the different blocks, or parts of thenm,
and with the model as a whole. The second main purpose of the preSent
Report is to propose some scenarios of simulations in view of posing
and evaluating some policy questions to which the model now addresses
itself in a more precise manner. Although the emphasis is now put on
policy questions it is worth remindina the reader that the logic of
the model is essentially the same as before, i.e. it contains four
blocks each one continuing to perform the tasks for which it was cons-
tructed. A fifth block is now being included, and described in Chapter
L, under the more general heading of Simulation.

The flrst chapter constltutes an Introduction. The second one contains
the developments at the conceptual as well as at the software levels,
since the Interim Report of September 15, 1974. Each section corres-
ponds to a given block. In the Operating Block, the main innovations
concern the treatment of survivability and of the estimation of the
usage of the transmission network- facilities by message streams. A

few examples of the .optimal allocation of circuits on this network are.
also given. In the Costing Block, the three main issues which are
discussed concern the introduction of new asset valuation functions

‘for the transmission facilities, the creation of a growth module, the

different operations performed on asset yaluations, (aging, indexing,
depreciation) all these in view of the various unit costing methods
envisaged. At the level of the Sharing Block for revenue computations
more detailed traffic profilesand holding time distributions are con-
sidered. Finally, the Accounting Block has now been totally mechanized,
the description of the mechanization is reported herein.

Chapter 3 presents the first test runs made with the different algorithms
already developed. In this Report, the term test run means either the
validation  of the algorithms used or sensitivity analysis. The
objective of validation is to prove that the algorithm performs the

task for which it was constructed, the time it takes to perform it,

and the dimensions of the problems that can be treated, etc... The
objective of the sensitivity analysis is to establish the range of si-
gnificant variations of the different parameters. Of course, these two
operations are crucial in order to obtain practical experience with

these algorithms, and an idea of the cost of specific simulations.

The last two chapters, Chapter 4 and 5, are at a more tentative leVe],
although some of the ideas expressed in both are rather precise. In
Chapter 4, we present our thinking on the formulation of a plan of si-
mulation. Of course, as we said previously, some aspects of this plan
are strongly dependent on how the algorithms will perform with problems
of relatively large size. |t is intended to proceed on a question-ans-
wer basis reflecting the man-machine characteristic of the model. In
other words, having formulated a broad question like the efficient
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allocation of resources in the industry of télecommuhicatibns, the pro- .

.blem of competition among carriers, the possible cross=subsidization

among services, etc.,, the policy maker becomes more and more precise in
his specification by interacting with the model until the algorithms
required to answer the question initially asked are identified. . 0f cour-
se, the kinds of algorithms used will inevitably impose certain ques-
tions at different parts of the process. The second part of this chapter
presents the results of some simulations performed with the multi-period
simul taneous equations system and with the goal programming approach.

Finally, in Chapter 5, some possible future developments including some
improvements of the data basis are presented, Some of them will require
relatively small effort while some others requiring more substantlal
resources and time.

Apart from those mentioned in the ABSTRACT of the previous reports,

the main intellectual challenges of the work reported on here have been
the simultaneous presence of technical, accounting and economic variables,
the determination of some trade-off among them, the management of the
model. of this size and the taking into account of the dynamic aspects

of the problem. '
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RESUME

Ce Rapport final de la deuxié&me phase du Projet IRA comprend une in-

troduction et quatre chapitres. Une grande partie du rapport est .
consacrée aux différents essais effectués 3 1'aide des différents
blocs, ou certaines de leurs parties, et avec le modé&le dans son en-
semble. De plus, plusieurs types de simulations sont proposés, 1'ob-
jectif étant de suggérer et d'évaluer certaines questions de politiques
des télécommunications. Meéme si une plus. grande emphase est mainte-
nant mise sur les questions de politiques, il est toutefois utile de
mentionner que la logique du modeéle est essentiellement la méme

qu auparavant, c'est-a-dire que le modéle contient encore les mémes
blocs qu'initialement, 1'objectif de chacun restant inchangé. Toute-
fous, le Chapltreh Slmulatlon, englobe maintenant le cinquiéme bloc
qui apparaissait dans la formulation initiale du modéle. '

L'lntroductlonCOnstltuele premler chapitre. Le‘sebond chapltre dé-‘
crit les développements, tant au niveau de la conceptuallsatlon qu'au
niveau.de la programmerie, réalisés depuis la publication du Rapport

Intérimaire du 15 septembre 1974. Chaque section correspond & un

bloc donné. Pour'le bloc '"Operating'', les innovations les plus im-
portantes ont trait & 1'introduction de la survivance et & 1'estima-
tion, par flux de messages, de 1'utilisation des installations du
réseau de transmission. De plus, quelques exemples de 1'allocation
optimale des circuits sur ce réseau sont aussi présentés. Pour le
bloc '"Costing', les trois sujets discutés concernent 1'introduction
de nouvelles fonctions d'évaluation des actifs pour les installations

.de transmission, la création d'un module ''croissance'' et enfin une
b

description des différentes opérations (dépréciation, indexation, etc)
effectuées sur les fonctions mentionnées précédemment, ceci en vue
d'appliquer les différentes méthodes de colit unitaire décrites dans

le Rapport Intérimaire du 15 septembre 1974. Au niveau du bloc -
"'Sharing'', le calcul des revenus est maintenant fait & 1'aide de pro-
fils * de trafic plus détaillés et & 1'aide de différentes distributions
pour la durée des appels. Finalement, le bloc 'Accounting' est com-
glétgment automatasé la description de cette automatisation est ici
onnée. .

‘Le Chapitre 3 présente les premiérs essais effectués avec les diffé-

rents algorithmes qui sont actuellement disponibles. Dans le présent
rapport, ces essais veulent en premier lieu montrer 1'efficacité des
différents algorithmes proposés et répondre & certaines questions
quant au temps-machine utilisé pour compléter chaque essai, la di-
mension maximale des problémes qui peuvent &tre traités, etc. En
deuxiéme lieu, certaines études de sensibilité sont effectuées afin
d'établir les champsde variation significatifs des différents para-
métres. Ce genre d'essais est évidemment crucial, entre autres

pour obtenir quelques expériences pratiques avec les algorithmes
d'une part, et afind 'avoir une idée du colit des simulations propo-
sées d'autre part.
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Les deux derniers chapitres, Chapitre 4 et 5 sont & un niveau plus
exploratoire bien que certaines idées avancées soient plutdt spécifi-
ques.  Dans le Chapitre 4 plusieurs considérations quant & la formu-
lation d'un plan de simulations sont mises de 1'avant. Toutefois,
comme il a été dit précédemment, certains aspects de ce plan dépen-
dent trés fortement de 1'efficacité, quant aux dimensions possibles -
des problémes traités, des algorithmes utilisés. La procédure suggé-
rée est de formuler les simulations sur la base question-réponse, re-
flétant la caractéristique homme-machine du modéle. En d'autres ter-
mes, une fois qu'une question générale, par exemple 1'allocation opti-
male des ressources dans 1'industrie des télécommunications, le pro-
bleme de la concurrence entre les transporteurs, 1'inter-financement
entre différents services est formulée, 1'agent, par'l'jnteraction avec
lemodéle, spécifie de plus en plus sa question jusqu'au point ol le
modéle identifie les algorithmes nécessaires pour répondre a la ques-
tion posée. Le genre d'algorithmes utilisés nécessite évidemment que
1'agent fasse un choix entre plusieurs possibilités, & différentes
étapes du processus. La deuxi@me partie de ce chapitre présente les
résultats de quelques simulations faites avec le systéme d'équations
simul tanées pour plusieurs périodes, et avec ]'approche par program-
mation par objectif. (goal programming).

Finalement dans le Chapitre 5 certaines possibilités de développement
futurs sont discutés, incluant 1'amélioration des données, certains
développements nécessitant relativement peu d'efforts alors que cer-
tains autres nécessiteront des ressources plus substantae]les, et
aussu beaucoup plus de temps.

A part ceux déja mentionnés dans les RESUME des rapport précédents,
les principaux défis intellectuels qui se sont posés lors des tra-
vaux dont traite le présent rapport, ont été la présence simultanée
de variables techniques, comptables et économlques, la détermination
de taux de substitution (trade~off) parmi ces variables, la manipula- .
tion de modéles de cette taille, et la prise en compte des aspects " |
dynamiques du probléme.
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{NTRODUCTION

This is the Final Report on the Second Phase of the building of
a simulation model dealing with many technical, accounting and =
financial aspects of telecommunications in Canada. A Supplemen-
tary Report, for the present Phase is also scheduled for March
31, 1975. The main purposes of the present Report are :

1. .To present the main developments since the lnterlm Report on
- September 15, 1974;

2.  To report the first test runs performed with the different
algorithms;

3. To propose a plan of simulation;
k. To suggest some future developments.

It.is to be noted that some considerations discussed. in the last

_two points are only at a tentative level: more will be said on them

in the Supplementary. Report, scheduled for March,31, 1975.  This ..
Supplementary Report will also include further 1mprovements regardlng
the first two points.

It is worth reminding the reader that the purpose of this simulation
model is to provide for the Department of Communications, at least

“in part, the necessary tools and methods for evaluating various policy

options and alternatives in the industry of telecommunications. Of
course, one way of evaluating them is by examining the quantitative
impacts of the scenarios under consideration through the utilization
of techniques of simulation. Accordingly, the model has been designed
for simulation purposes with a capability of dealing with alternatives
and for issues with respect both to the real operations of the telecom-

munications system and to the financial consequences for the carriers

and for the system.

The present Report represents the results of a combined effort by three

participants whose formal responsibilities were spelled out in the various

official documents and detailed sharing of the tasks handled by more or

less informal exchanges. The tripartite team consisted of the following.

organizations given here with the names of the specialists involved :

_ The National Telecommunications Branch, Communications, Canada:

Mr. J.A. Guérin
Mr. G.G. Henter
Mr. C. Lee

Mr. P. Rogers
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Sorés Inc. Montréal

Mr. J. Cluchey
Miss C. King
Mr. E. Manis

Laboratoire d'économétrie de 1'Université Laval':

Prof. C. Autin
Prof. G. LeBlanc
Prof. T. Matuszewski

Being members of Le Laboratoire d'économétrie, the following research
assistants have contributed to the Project :

Mr. F. Coété

Mr. J. Fortin

Mr. B. Paquet

Miss R. St-Jacques
Mr. G..St-Cyr

Finally, Dr. |. Young from York University, in the capacity of consultant

"to the Department of Communications, has contributed in the area of

multi-period accounting analysis in the simultaneous equation systems,
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DEVELOPMENTS SINCE THE INTERIM REPORT

Operating Block

In this block certain additional concepts have been developed since
the printing of the interim report and these concepts are outlined
in the following sections. We introduce at this point the
overall flowchart for the operating block which reflects the
organization of software in this version of the IRA model.

In this flowchart, on the left hand side we show the various basic
components of input required to run this block. These include the
initial states of the switching and transmission network, peak
traffic estimators, and hourly traffic profiles for estimation of
point-to-point traffic. We also provide as data the routing of
television programs exogenously for this phase (concepts have
been recently developed to handle this distribution problem simulta-
neously with the circuit allocation problem see section 2.1.2) and
finally the desired survivability constraint for public message
services, if any. The main flow of operations begins with the

.estimation of point-to-point traffic and the derivation of point-to--
point traffic matrices by hour of the typical day. The second

operation is the estimation of average total ccs loads on switching _
links and the breakdown of this total into the amounts due to various
message streams. This breakdown is used only for calculation of the
use of facility chains by message stream.

In parallel, the pre-emption of circuits for television and for
survivability (see section 2.1.2 and 2.1.3) takes place, giving a

-reduced ar residual network for which an optimal allocatlon of

circuits to facllutles is performed.

The flnal resu]t of this allocation, and the results of estimation of
use of the switching network are combined (see section 2.1.4) to
provude the estimate of use of facilities by message stream.

Estimation of Traffic

A) Estimation of point-to-point traffic

For the estimation of point-to-point traffic in the peak hour for
city A to city B there are at least two approaches available.

The first approach is based on the use of erlang and Poisson -
formulae, given the blocking and overflow probabilities and given
the number of existing point-to-point trunks for adjacent
switching nodes.

The second approach [s a statistical one, based on the estimation
of traffic between two points as a function of various parameters
such as population, distance between centres, measures of total
income per city, tariffs, and number of telephones (business
and residence). ~
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In this phase of IRA-I| we have adopted the second approach
since the results of regression analysis.give relatlvely
satisfactory estimates of traffic between points and since the
first method as well as being tedious, involves a larger

number of indeterminacies, some of which must be resolved

using rules of thumb which may be disputable. Furthermore

the estimation of traffic based on explaining variables such

as numbers of telephones is logically more satisfactory than
estimating traffic from the circuits in place,.for two reasons.
First since at any particular instant, more than enough cir-
cuits may be available as a planned provision for growth in
demand in recognition of a 3 to 4 year planning horizon in the.
telecommunications industry, this may result in an over-estimation
of traffic. Second and more importantly, the allocation of the
total flow of traffic in any given trunk groups among relevant
message streams is rather arbitrary (e.g. primary traffic = 60%
of total traffic on final group) under the first method.

Estimation of traffic for the average peak hour

Accordlngly, certain regressions have ‘been performed

(not yet in their final form) which give a satlsfactory estimation
of total traffic (measured in number of messages) in a ten day
period as follows: : ' '

T..= 1.99 x'10°/ p, 1-32p 1.35
ij i j
1.58

D..

1]

where P. Is the population of centre | (city or metropolitan area)
' Pj is the population of centre j (city or metropolitan area)

Dij is the distance from i to ]

aﬁd Tij,is the total number of messages in an average 10 day
period originating in centre | destined for centre j. (See
Annex F of the Interim Report on the Second Phase for explana-
tions).

Assuming that total traffic is divided evenly among the 10 days
and that peak hour traffic represents the proportion q of daily
total - traffic * we obtain the estimate for average number of
messages in the peak hour from centre i to centre J as

q . Tij
10

estimate of..1133 for q obtained in IRA-1. Source "Switching Systems!
American Telephone and Telegraph Co., N.Y. Reported in the Final
Report on the First Phase, 31 March 1974; p. 14.
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An example of the results of the application of this formula
is shown in Tableau 2.1.1A. ~

One should note that this model'underestimates the Montreal-
Toronto traffic because no variable has been introduced to
reflect the degree of business activity between.pairS»Qf points.

An attempt to enlarge the scope of these gravnty models is
ongoing.

Derivation of hourly traffic matrices

In order to take into consideration the non-coincidence of the
peak hour throughout the network, we require an estimate of the
average traffic in each hour of the day. 'Accordingly, it is
necessary to obtain information regarding the distribution of
telephone traffic throughout the day (a traffic profile). In
the Interim Report of the Second Phase, the section 2.2.1,
Profils de trafic offert, gives an analysis of. the various
forms taken by these traffic profiles under different circum-
stances. A procedure is outlined therein whereby it would be
possible to derive a typical traffic profile between time zones
depending on the number of hours time differential and on the
direction of traffic (east to west or west to'east).

In this phase of the project, we still have little information

in this area, but the following approach has been adopted. We
obtain a typical standard traffic profile for long distance

traffic within a single time zone derived from published statistics
dealing with business and residential traffic. A typical profile
is shown in tableau 2.1, :

The standard profile is obtained from. these data as the average

~of business and residence traffic standardized on the scale 0-1

where 1 is the height of traffic in the peak hour.

Assuming this profile to be valid for all traffic within time
zones (0 hours time differential between centres) we are able to
estimate absolute numbers of messages in any hour by the
multiplication of q T /10 with the profile level for that hour.

For traffic profiles between time zones, the situation is more -

. complex since for example the profiles of business traffic will

be truncated due to the fact that offices do not open at the
same hour in each time zone (hour here is measured relative to
a reference hour such as GMT or if desired, the hour of any time
zone: in this study PST-Pacific standard time has been adopted
as the reference hour). ' Accordingly, the principles described
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TABLEAU 2.1.1 B

Hourly Variation in Residential . :
and Business Calls
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in the forementioned section 2.2.1 of the Interim Report of

the Second Phase have been applied to the standard profile

for 0 hours time differential to obtain. standard profiles for
.5, 1.5, 2, 2.5, 3, 3.5, 4 and 4.5 hours time differential in-
each call|ng direction (east to .west and west to east) '

These principles provide the following result for the sample
case of a 2 hour time differential and a west-to-east ral]
direction.

The standard profile for a 2 hour time d|fferent|a] is assumed
to be the same as that for a 0 hour time differential for the
period midnight to 3 P.M.. At 3 P.M. reference time at point

of origin, local time in the place of destination will be

5 P.M. and hence for the period 3 P.M. to 5 P.M. at the origin,
fewer than normal business calls can be placed due to closing

of offices at the place of destination. For this two hour.
interval the level of the (2 hour time differential) profile is
assumed to drop to the average 5 P.M. to 7_P.M;'level on the
standard (0 hour time differential) profile. That is, afternoon
peaks are partially truncated due to closing of offices in:
destinating areas. Finally, the 2 hour time differential profule
is assumed to be equivalent to the zero hour time differential

" profile for the period 5 P.M. to midnight.

Similar derivations are applled for each of the p055|b]e time -
dlfferentlals

These methods give vresults " which are ‘roughly
comparable to certain statistics dealing with Canada-overseas
traffic (where the time zone problem also occurs) and hence is
satisfactory for this phase but should of course be replaced
by precise data when these become available.

Finally, we assume that the standard profile for a particular
time differential holds, no matter where the time differential
occurs. |In other words, the standard profile for Edmonton-
Winnipeg traffic (1 hour time differential) would be identical
to that for Winnipeg-Toronto traffic (1 hour time differential).
The absolute number of messages in each case is obtained by
multiplication of the profile level with the factor q Tij/10‘

Finally, in order to derive a matrix of point-to-point traffic
for any reference hour t we calculate the local time t' at the

place of origin and enter into the traffic matrix for time t,

the number of messages obtained from the relevant profile level
multiplied by q Tij/10; (The relevant profile is identified by
the direction of call and by the relative time differential
between origin and destination).



D)

2-8 - . SOreSs mo

Estimation of traffic in call seconds

Finally, in order to convert traffic measured in number of
messages into traffic measured in call seconds we multiply

by an average holding time, which may vary according to the
mileage band. The average holding time may vary, of course,
with many other factors including for example the type of -
message (DDD; Station to Station, Operator Handled;

Person to Person)- but since our traffic estimates are totals,
not broken down into type of message, we use the same average
holding time by mileage band, for-.all types of messages.

Data on average holding times hy mileage band were obtained

from Bell Canada's submission to the CTC in response to a

question from the Province of Quebec (P (Q) 1h décembre, 738-71).

These are shown ih Tableau 2.2.1C.

TABLEAU 2.1.1C

Average Holding Time per Call
by Mileage Band

Mi teage Band ‘ Average Holding
: Time (Minutes)

0-10 3.56°
11-14 2.86
15-20 3.32

- 23-30 3.62
31-40 3.86
41-50 4. 11
51-60 4033
61-80 h.67
81-100 4.90
101-130 5.10
131-160° 5.08
161-200 5.71
201-250 5.71
251-300 - 6.37
301-400 5.92
Lo1-500 6.34
501 and over 6.47

From this figure one can observe that average holding time is
apparently an increasing function of distance.

The multiplication of average holding times in ccs by peak
numbers of messages gives a peak traffic matrix in ccs which
is shown in Tableau 2.1.1D. ’
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TABLEAU 2.1.1D
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Exemple d'affectation optimale des circuits sur le réseau de trans-
mission

2.1.2.1 Enoncé du probléme

Cette section a pour objet d'expliciter & 1'aide d'exemples
fictifs la solution du probléme d'affectation, telle que décrite dans
la section 2.3 du Rapport Intérimaire de septembre 1974 et que nous

allons bridvement rappeler ici.

Pour bien situer le probléme-il faut d'abord distinguer le
réseau de commutétion»("Switching Network") du réseau:de transmission
("Transmission Network"). Voici un exemple de commutation et du ré-

seau da,transmission qui lui est associé:

"regional center"

¢ "sectional center'"
Réseau de

« 1t 3 ‘Il
. : rimary. center
commutation P y.

OBl

Réseau
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Cet exemple montre que les sommets (5) et (6) du réseau phy-

sique ne sont pas des centres d'ou originent des besoins mais seule-

ment des sommets de relais pour les divers biens physiques; Les .aré-
tes du réseau de commutation ont certaines exigences de frafic en noﬁ—
bre de civcuits 3 satisfaire ("circuit requirements") et les arétes du
réseau physique ont des capacités limitées en nombre de circuits; ce
sont ces nombres qui apparaissent respectivement le lbhg des aréteé sur
les deux réseaux. Le problé&me d'estimer les besoins en cibcﬂits sur

le vréseau de commutation a féit 1'objet d'un algorithme tel qu'expliqué
en section 2.2 du Rapport Intérimaire du 15 septembre 1974. Le pro-
bléme qui se pose ensuite est celui de‘déterminér»quelles chaines du
réseau physiQue seront utilisées pour satisfaire les besoins calculés
sur le réseau de commutation; quelles chafnes seront utilisées et com-
bien de circﬁits chacune portera de telle sorte que les capacités des
arétes du réseau physique ne soient pas dépassées, qué les exigencés du

réseau de commutation soient satisfaites et qu'un objectif fixé soit -

optimisé (soit par exemple de maximiser la somme des surcapacités (ca-

. pacités en réserve) sur les arétes sur réseau physique)? Tel est le

probléme d'affectation dans sa forme la plus simple.

Nous verrons plus loin comment tenir compte de nouvelles con-
traintes et/ou objectifs; mais nous y arriverons en compliquant pro-

gressivement 1l'exemple simple déja énoncé.

Si 1'on se donnait la peine d'énumérer toutes les chaines

1

possibles du réseau physique pouvant satisfaire les exigences d'une
aréte du réseau de commutation, nous aurions une matrice de la forme

suivante: .
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“(Toutes les colonnes n'ont pas été écrites car il y en aurait environ 75).

o) &3 @) = @ W o=

- ey s

- e

arétes sur le vé- .
seau de commutation | :
0.0 |o.A] ... [@. 4]
arétes supr ’ ' ' " :
.;e réseau physique .ﬂdfyl" Jﬂ; e Jxlal“‘ijk
<1,9% 11 .... 0 00 .... 1 < 25
<1,5> 00 1 00 1 <100
<2,3> 11 0 00 1 < 30
- <2,5> 00 1 00 0 < 60
<2,7> 00 1 00 0 < 50
» <3,4> 10 1 - 00 1 <200
<3,6> - o1 1 00 0 <100
<4,6> 01 0 11 0 <400
<5,6> 00 0 01 1 <150
<5,7> 00 . 0 oL 0 <100
<6, 73 ' 00 .... 1 10 ....1 | =300
[©.[E]] o1 o .0 0 v.e. 0 | =225
E@,A - 0uevene 0 11--—.-‘~-1_\' | 0.0u... 0 > 50
. | : > %
oA | “
[@, . N 2150
}:)=Z?£ E { : N 2 75
1.4 0veeeen & | 0veeen.u0 . M1 | 2250
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Les colonnes'repfésentent des chafnes; par~e¢>ﬁple la pre-
mlere colonne décrit une chaine possible pouvant satlsfalre les ex1~.
gences de [@ .] sur le réseau de commutation (v01la le sens du
1l en douz1eme_llgne); elle emprunterait les arétes <1,2> ., <2,3> , |
<3,4> sur le réseau physigue, on notera doﬁc le chiffre 1 sur les li-

gnes correspohdantes 1, 3 et 6 et zéro sur les autres lignes..

‘ - . : . ' . [
A chaque chafne 1 est associée une variable X, qui repré-

.sente le nombre de circuits portés par la chalne i pour satisfaire

aux besoins de 1l'aréte k du réseau de commutation.

Les lignes nous permettent de lire les contraintes du pro-
bléme. La premiére ligne, par exemple, contient des 1 pour les chaf-
nes qul utilisent l'aréte <1,2> du reseau physique. La premiére 1li-

gne' nous indique donc que les circuits affectes sur l'arete <l 2>

(c'est la somme des circuits pour toutes les chafnes qui utilisent

cette aréte) ne doivept pas dépasser 25 circuits. Les lignes 12 a
18 ont trait aux exigences du réseau de commutation' par exemple la
dlx—hu1tieme ligne 1nd1que que toutes les chaines qui desservent
l'aréte [. A] du reseau de commutation doivent porter, au total

au moins 250 circuits.

2.1.2.2 Maximiser la somme des surcapacités sous contraintes

Avec un réseau phyéique de 7 sommefs on arrive a plus de
70’chéines;;pérmi ces chalnes nous allons chefdher celles qui, tout
en satisféisant les contraintes ci-haut mentionnées, seront telleé’que
la somme des surcapacités (i.e. la somme des circuits non utilisés)
de chaque aréte soit maximisée. Comme on l'a déjd expliqué dans le
Rapport Intérimaire de septembre 1974 (section 2.3.3), il n'est pas
nécessaire d'énumérer 3 priori toutes les chalnes possibles avant de
choisir parmi ces dernidres celles.qui maximiseront la somme des sur-
capacités (cette remarque prend tout son sens lorsque le nombre de
sommets dépasse 20 ou 50 car alors le nombre de chaines possibles peut
aller jusqu'au.million). C'est donc l'algorithme tel qu'expliqué a la
section 2.3.3 du Rapport intérimaire dont nous nous sommes servis afin

de trouver les chafnes optimales (au sens de l'objectif déjd mentionné).
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On obtient la solution suivante:
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On s'apergoit que cette solution-optimalé-eSt~telle'que le
nombre de circuits dlSponlbleS en surcapacité est au total 385, se.

"repartlssant comme suit par aréte (sur le réseau physique):

<1,2>[<1,5>|<2,3> [<2,5>|<2,7>|<3,4>|<3,6> | <4 ,6> [<5,6>[<5,7>{<6,7>

surcapacité 25 25 0| 50 0 20 25 125 100 15 -0

Cette solution est optimale pour le critdre choisi (3 sa-
voir maximiser la somme des surcapacités). Mais il serait intéressant
d'ajouter d'autres contraintes (par exemple, de survivance) et de voir
.comment la solution optimale sera affectée; on remarque que dans la so-
lution déjd obtenue il n'y a que 1l'ardte B:),Zzﬂ pour laquelle. il y
a au moins deux chaines disjointes au sens des sommets,‘Satisfaisént_‘.

ainsi nos critéres de survivance. .

Le traitement des circuits non commutés ne pose aucune diffi-
culté spéeiale, 3 moins'qﬁe leur nombre soit excessif, car cela ne Fait
que rajouter des couples Origine-Destination sur le réseau de transmis-
sioﬁ'avec un ensemble de chaines possibles parmi lesquelles il faut »
aussi chercher la plus courte au sens des prix d'érdre (cf..Rapport In-
térimaire, sépt.A1974, page 2—29). Toutefoié, ﬁour les couples Ofigine—
Destination des Circuifs non. commutds identiques éux-cbuples adjacents |
du;réseau de commutation, il faut agréger la demaﬁde:dé circuits d celle

" de la demande commutée afin d'dviter d'avoir deux contraintes dont une
redondante, Dans'les calculs de colits d'utilisation, il faudra séparer

3 nouveau les deux types de demande.

2.1.2.3 M&me objectif, mais en rajoutant des contraintes de survivance

Mais si nous voulons &tre plus exigeants, nous pouvons imposer
que certaines arftes du réseau de commutations soient assurées d'&tre
.~desservies que par deux chaines disjointes au sens des sommets, portant
chacune une fraction arbltralre du trafic; c'est 1a une définition res-
treinte du concept de s survivance mais qui peut etre modifiée solon les

oxigences des utilisateurs du modéle. D'abord, il nous faut trouver des
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chaines disjointes au sens des sommets§ un algorithme perﬁettant 1ti-
dentification ‘du nombre maximal de chaines disjointes entre chaque
couple de sommets du réseau physique est exposé ailleurs dans ce rap-
port (section?,1.3); ici nous nous contenterons de.deux chaines dis~
jointes quelconques (mais 1l'algorithme permet de trouver les plus
courtes en térﬁes de distance ou en termes de poids associés aux aré-
tes).

Supposons, par exemple, que l'on impose a priori

a) pour ,ﬂ] » qQue 80 circuits passent par <u,6>, <6,7>, -

et que 20 circuits passent par <4,3>, <3,2>, <2,7>;

b) pour ,@] » qQue 20 circuits passent par <u4,3>,

et que 30 circuits passent par <4,6>, <6,3>.

Donc, sur le réseau de commutation les arétes ,Zﬁ] et
,@] seront diminuées de 100 et 50 circuits respéctivem'ent.

Et sur le réseau physique les arétes <u,3>, ‘<3,2'>V,_<2,7>?‘
<4,6>, <6,7>, <6,3> seront diminuées respectivement‘de (20+20), 20,
20, (80+30), 80, 30, respectivement. Apfés avoir enlevé ces circuits
nous fepassons 1l'algorithme d'optimisation (avec 1le méme critére, -
soit de maximiser la somme des surcapacités) et nous obtenons. la so-

lution suivante: -




Le lecteur pourra comparer ce dernier tableau et le précédent
avec ceux que nous avons obtenus sans les contraintes de- survivance. A
remarquer qﬁe ces contraintes de survivance, leur nombre, ainsi que leur -
importance (en nombre de circuits) sont arbitraires et déterminées par

l'utilisateun.
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@9@ @a@@,@@,&l@,.ﬂﬂ@,@@l,&] survivance
| B4 p. o
<1,2> 0 0 o oo o 0 o o} o Jo o o o
<1,5> 1 1 o ofo o 0 0 o0 0 00 0 0 0
<2,3> 0 0 0 110 o0 0 0o 1 0 0 1 0 O
<2,5> 0 0 1 ofo 1 0 o 0 0 o 0 0 o0
<2,7> 0 0 0 0 1 0 0 0 1 0 0 1 0 0
<3,k4> 0 . 0 0 1 0 0 1 0 0 0_ 0 1 1 0
<3,6> ' 0 0 0 0 0 0 0 1 0.}.0 0 0 0 1
“<h,6> 1 0 1 o}jo o 0 0 o0 1 1 0 o0 1
<5,6> 1 0 1 0olo o 0 0 0 0 0 0 0 O
<5,7> 0 1 o oo 1 0 0 0 0 0o 0 o0 ©
A»<6,7> ‘ 0- 0 0 0 0 0 0 1 0 1 1 0 0 0
# de circuits. ‘ ‘ o
‘portés: 25 50 25 5 §25 35 100 70 5 150 80 20 20 30
Remarquons que pour avoir la Solution finale il faut rajouter
3 cet ensemble de chaines celles qui nous ont servis 3 éssurer une cer-
taine survivance; nous les'avons placées a l'extréme droite du tableau.
Cette solution nous donne une surcapacité totale de 310 dircuité, se pé-
partissant comme suit:
aréte ‘]<i,2> <1,5>[<2,3> l<2,5> <2,7>|<3,u4>|<3,6>|<u,6>|<5,6> <5,7>]é6,7>
surcapacité l 25 , 25 , 0 I 0 l 0 ' 55 l 0 ] 90 l 100 ’ 15 l 0
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2.1.2.4 Maximiser la somme des surcapacités pondérées

Jusqu'ici notre objectif était de maximiser’
capacités; nous pouvons aisément faire un pas de plus
somme des surcapacités, pondérées selon des objectifs

l'utilisateur ou simplement pour tenir compte du fait

40 milles n'aﬁravpas le méme poids pour nos objectifs

la somme .des sur-
ef maximiser la
prédéterminés ﬁar
qufun circuit de

qu'un circuit de

150 milles. Par exemple 1'utilisateur peut juger que certaines ar@tes

du pééeau physique devraient &tre moins achalandées qu

- ce faire, i1 n'y a qu'd donner un poids plus grand 3 c

fonction objectif. Exemple: supposons que les surcapa

©<1,2> <1,5> <2,3> <2,5> <2,7> <3,4> <3,6> <4,6> <5,6>

- goivent respectivement les pondérations 1, 3, 1, 1, 2,

cet exemple cherche 3 décongestionner  (dans la mesure

~les arétes <1,5> <4,6> <6,7> davantage que les autres.

tenue est alors:

e d'autres; pour
es artes dans la
cités des arétes.
<5,7> <6,7> pe-

1, 1,8; 1, 2, 33
ol c'est possible)

- La solution ob-

0. EO.A|L. 5.4 |®. 3. A |E.A
<1,2> 11 0 0 0 0 0 0 0 0
<1,5> o.0| 1 0 0 o0 0 0 0 0
<2,3> 0 0 0 1 o o} o 0 0 0
<2,5> 11 0 0 0 1 o |o o 0
<2,7> 0- 0 0 0 1 0] .o 0 0 0
<3, 14> 1 0| o 1 fo o] 1 to of o
<3,6> 1 0 0 0 0 o0 0 101 0
1 <u,6> 0 1 0 0 0 o0 o {o o 1
<5,6> 11 0 0 0 o 0 0 1 0
<5,7> 0 0 1 o o 1 0 0 1 0
<6,7> 0 o0 0 0 0 0 0 10 1
# de.circuits A
portés: 20 5 | 50 30 [s0 10 | 150 s0 25) 250
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On pourra comparer ce tableau avec le premier de cette sec-
tion et on remarquera qu'effectivement le routage a été 1légérement

modifié pour dégager davantage les arétes <1,5> et <4,6>.

Cet objectif, 3 savoir: maximiser la somme des surcapacités
pondérées, est formellement équivalenf d un autre objectif déja men-
tionné dans le Rapport Intérimaire, d savoir minimiser, pour 1'ensem-
ble des arétes de transmission, la moyenne harmonique H des coflits par

mille de circuit.

Soit c; le cofit sur l'aréte i (cofit annuel'tqtai de 1'équi-

pement installé sur i par exemple),

s la somme des circuits affectés sur i,

m, la longueur de i,

u, la capacité de i,

Si la surcapacité,

- 1
l 1 . 1 ; 1

+ +
/xlml 02/x2m2 cn/xnmn

maig minimiser H est équivalent 3 maximiser

n_ v M (ug = Sgmywgmy o Symy
- = = = - = constante - a S
H Z c, Z c, Z c. z c, - - z
i i i i i i |
Y
My
avec ai il donc minimiser H revient 3 maximiser 2 aiSi.
. 3 . _ i .

2.1.2.5 Maximiser 1l'intervalle de temps 3 partir duquel le réseau
physique (avecsses capacités limité€es) pourra satisfaire
les besoins actuels et les accroissements prévus

Ces accroissements sur le réseau de commutation et pour les
lignes privées seront des projections que l'utilisateur pourra obte-
nir par des méthodes de son choix. Une fois ces projections faites on

P

veut envisager surtout trois possibilités: des fonctions d'accroisse-

ment llnealres, convexes, concaves. Ltant donné que les algorithmes

~

"3 notre disposition ne peuvent bien traiter que des fonctlons llnealres,

il nous faudra linéariser par segments. Exemples:
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accroissements
prévus

To b Té emps
linéarisation
par ségments

—— g

To 1i ﬁ% o) Ti T2

@ @

Prenons d'abord un cas simple, celul ol une seule aréte du.
réseau de commutation connait un accroissement iinéaire, soit par exem-
ple l'aréte [Cl) . du féseau de commutation -avec un accroissement
d'un circuit pas unité de temps. L'algorithme nous donne alors comme

solution que l'accroissement peut se poursuivre jusqu'd la cinquantie-

-me unité de temps, donc un accroissement possible de 50 circuits. On

remarquera sur le réseau physique que seulement 125 circuits peuvent
partir de(g)ou y arriver; comme il y avait déja 75 circuits requis (25
pour [, ]| et 50 pour [@) ,\]) il ne restait de la place que pour

50 circuits en réserve (50 = 125 - 75) et clest le maximum obtenu.

Nous pouvons compliquer un peu plus cet exemple et considé-

rer des accroissements sur toutes les arétes du réseau de commutation,

en prenant une fonction convexe avec linéarisation par segment. Sup-
posons que l'accroissement prévu soit de 0.5 circuit par unité de temps

10 de 1 circuit par unité de temps entre Tl'ef T2, et de

2 circuits par unité de temps entre T2 et TS' I1 nous faut prendre 3

A3) bornées comme suit:

entre T0 et T

variables (Al, A2,

0<A <T.-T,=1"infini
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Chaque membre-droit des contraintes de besoin de cifcuits deVient:

(besoin initial) + .5A

1

+ lAQ f 2A

3

Comme "les pentes vont en s'accroissant (0.5, 1, 2) et que l'on

veut maximiser

3

i=1

Y A, il est assuré que les variables A

“trevront 1'une aprés l'autre dans la solution.

l)

A

2

La solution est que chaque aréte du réseau de commutation

. peut augmenter ses besoins de 3.75 circuits, car dans la_sqlutioﬁ<

d'ol

.SAl

t A, + 20

3

= 3.75

circuits.

Ce probléme supposait les mémes pentes d'accroissement pour

et A3 en-

chacune des arétes du réseau de commutation, rien n'emp&che d'avoir des

pentes différentes.

_[@,

©. A

©
=1

.4

6.0

oy
B,

<l,2>.
<l,5>
<2,3>
<2,5>
<2,7>
<3,4>
<3,6>
<4?6>”

; <5;6>

<5,j>
<6,7>.

© OO H H O O 0o o © ~ o

O HF O 0O 0 © o © o +H O

©c © +H +H O O O +H © O ©

.o o o 0o o o B o ©o o o

O O 0O O 0 © ~ o o o

©c oo O H © o o © o
o 0o o0 H o' o © o o

H © 0o o M o o o o o ©
O B H O FF O O © o © o

H . ©O © HF 'O O O © © © o -

# de circuits
portés:

28.75

53.75

33.75

50

13.75

46,25 32.5

132.5 21,25

.253.75

o 0 S aE on B B
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2.1.2.6 Autre formulation de la maximisation de l'intervalle de temps
critique ’

Soit la fonction d'accroissement suivante:

t (temps)

ol y est mis pour le nombre de circuits dont on prévoit avoir besoin

sur une aréte du réseau de commutation.
On peut écrire cette fonction y = £(t)

Les algorithmes que nous utilisons ne traitant que les cas

ol les fonctions sont linéaires, nous allons approximer cette fonction

par 3 segments linéaires d'équations - . Y.A
g = =. <
y fl(t) m o+ Dbt pou? T St<T)
g = = <
1y Y f2(t) m, + b2t pour Tl <t < T2
~ : u
= = o
y fsgt) mg + byt pour T, st <T, »
vy
T T T T t

o 1 2 3
Le ‘systéme d'équations en (1) peut s'écrire de fagon plus com-

S < v'/ . = . -
pacte en remarqgant que Ti t Ti+l peut s'écrire t ATi + (1 A)Ti+l

3 3
avec 0 < A £ 1, ou encore t = AT, avec Z A. =1, A, 2 0 et seu~
. . i1 . 1 1
i=0 i=0
lement deux Ai contigus et non nuls. :
. 3 : \
Alors on a la formule y = ) A,f. ol £ = £(T,) et od
. . i T, T, i
-3 : 3. i=0 i i
t = E A.T,, A, 20 , Z A. = 1 avec seulement deux lambdas contigus
. 11 1 « 1 : :
i=0 i=0
étant nuls.

non nuls, les autres Ai
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Par‘exemple, pour T £t £ T, on peut ecrlre t = ATl +'(l—A)T2

2.

avec 0 £ A £ 1 et alors y = Af(Tl) + (l—k)f(TQ) = Z XifT avec seule
, o i=0 i

ment deux A, contigus non nuls,i.e. A, = 0, A; = A, A, ° > Ay ,

avec 0 < A < - ' :

Donc notre objectif consiste d trouver le couple de lambdas
_ _ ' 3 '
contigus non nuls tels qu'ils maximisent ) AT, avec des demandes
. i=0
ar exemple pour l'aréte j 1 A + A +
(p : ple pour r j) sous la forme o lle + AQfTQ ASfTs
ol u_ est le besoin initial en circuits que 1l'on avait estimé sur le

réseau de commutation pour l'aréte j.

S - - U VUGPSR T3 b PP

Remérquons finalement -que lorsque la fonction»eét convexe,
la contigufté des lambdas nous semble automatique, du fait que, si on
ne l'avait pas, on pourrait facilement montrer qu'il existe une meil-
leure solution. Cependant il faudrait aussi que les accroissements
par fonctions convexes "dominent" ceux par fonctions concaves pour con-
tinuer 3 assurer la contigufté. On peut'néanmoihgjen pratique, insérer
l‘ex1gence de contlguﬂte comme telle dans 1'algor1thme (comme on le

fait pour certains algorlthmes de programmatlon separable)
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9.1.2.7. Traitement simultané de la télévision et de la téléphonie dans les

moddles d'affectation de civcuits.

Rappelons que la télévision exige des blocs de circuits (1200
par exemple).  Nous voulons, d'autre part, éviter la_prbgrammation mathémaf
tique mixte. Ta question est done; pouvons-nous trouver une formulation
mathématique du probléme d'affectation des cirveuits Qui garantisse cette

indivisibilité bien qu'on-utilise la programmation linéaire habituelle?

Une forme souvent suffisante serait de formuler le probleme sous la forme

. aréte- chalne comme suit:

Soit D(j) 1'ensemble des indices des chafnes joignant le sommet

j & la source d'émission de la télévision,

_ soit Q l'ensemble des indices des sommets devant recevoir la té-
lévision,
soit K 1l'ensemble des indices des ar@tes susceptibles de porter

des circuits de télévision,

soit R 1l'ensemble des indices des ar&tes du réseau physique (K

est un sous-ensemble de R),
soit xij le nombre de circuits portés par la chafne i de D(J),

soit une variable de Kronecker 6ik qui prénd la valeur un si la

“chaine i de D(ﬁ).a k pour aréte et prend la valeur zé&ro dans l'autre cas,

soit d le nombre de circuits formant un bloc indivisible pour la
télévision, en supposant que la capacité des arétes susceptlbles de porter'

cette télévision, est supérieure a d,

on a:
(1) ¥ ¥ 8y X,. < d k € k
jeq iep(y) K 13
(2) X,.. =2 d j e Q
ieD(5) ] ‘



‘Bien que respectant 1'indivisibilité la plupart.dd_temps, cet-
te formulation nous voue 3 n'avoir que des chalnes disjointes au sens des

sommets.

Ainsi, si S est la source et A, B sont les 2 sommets devant re-
cevoir la télévision, le graphe de la figure 1 ne sera jamais choisi pour
acheminer les circuits bien qu'il puisse améliorer peut-&tre la solution

globale.

" figure 1

D'autre part la figure 2 nous montre un cas ol les contraintes sont res-

pectées sans qu'on obtienne 1'indivisibilité, ol chaque aréte porte la

moitié de 4.

- figure 2

Evidemment, dans le cas précédent, si au moins un cofit (au sens large) sur

. une aréte est différent des autres colits et si on minimise les colits, nous

n'aurons qu'une chalne donc 1l'indivisibilité,

Une autre fagon de formuler le probléme partirait de la femarque suivante:
- méme si plusieurs chalnes utilisent la héme<aréte, une fois que d cir-
cuits sont(affectés 3 cette ar8te, les autres qué 1'on affecterait_ﬁiéﬁi—
vement ne cofiteraient rien puisqu'en fait ils ne seraient jamais physique-
ment installés &tant donné que d circuits suffisent pour supporter la té-
lévision. Par exémple, dans la figure l.on aurait d circuits tout le long

des chafnes SCA et SCB mais un seul colit de d circuits sur 1l'aréte sC.
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On peut formuler le probldme de la fagon suivante:
soit les m@mes notations que précédemment et soit-vk la capacité de.1'aré-

te k, cherchons & maximiser ) a_ s + ) B (y. - y,) (ol a_ et B _sont des
r kk k T 'k
reR keK : -
pondérations fixées par 1l'utilisateur) sous les contraintes suivantes:
(3) - +y -y =d - ke
© jeQ 1ieD(3) : '

ol y; et yi sont des variables d'écart non négatives,

(1) jza ieg%j) Sy %yq * (4 - y))+s =v -~ reR
ol s, est la capacité en réserve de 1'aréte r.aprds affectation de la
téléphonie et de la télévision, et ol Q est 1'ensemble des indices des
paifes_origine-destination pour la téléﬁhonie;'éutrement dit, on uti- -
lise sur 1'ardte k pour la té&lévision que des circuits 3 concurrence
de d; dépassé d, les circuits fictifs sont gratuits; de>plus on doit

/
avoir

(5) Y x,.=xd jeQ

Cette formulation devrait pousser le choix des chaines de la télévi-
sion vers une utilisation conjointe des arétes, donc on peut supposer
qu'on devrait &tre proche d'un arbre extrémal et obtenir dans de nom-

bréux cas 1'indivisibilité de d circuits sur les arétes.
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Par exemple, pour le probléme suivant réduit 3 l‘acheminement
de la télévisibn seule, on obtient 1'indivisibilité: -

Soit une demande de d=1000 circuits (nombre purement fictif)

de tdlévision venant de(@ et allant vers(D,(® et(D, et soit u,= 3000

circuits, pout tout i, la capacité des arétes de transmission, arétes

pour lesquelles les cofits unitaires par circuit sont indiqués sur le

‘graphique. La solution quand le probléme est formulé comme ci-dessus,

est identique 3 une solution qu'un algorithme d'arbre extrémal minimal

obtiendrait. Le graphique indique la solution en pointillé.
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2.1.3 Method of identifying disjoint chains and use for survivability of

messages
a) Introduction
The problem'of survivability in IRA Il has been viewed in the con-

b)

text of disjoint chains. The survivability of a message stream is
assumed satisfactory if messages are routed physically on at least
two node-disjoint chains from origin to destination (the condition

of '"node-disjoint' applying for intermediate nodes only). . Other
definitions of survivability are of course possible (e.g. not more
than 7 C.S.P.'s in a switched route to guarantee quality of transmis-
sion) but these have not been examined in detail for this phase.

" The problem of finding disjoint chains in a network can be viewed at

two levels. Firstly,one can simply count the number of node-disjoint
chains (using minimum cut methods). Secondly one can count the

number of node-disjoint chains and enumerate these chains in detail. In
this phase of IRA |1, algorithms have been developed for both types

of problems but oniy the latter (enumeration of node disjoint chains)
has been incorporated into the software, and will be described

herein. The disjoint chain algorithm finds the maximal collection

of node-disjoint chains having minimal cost, the minimal éost criterion
being used the chose among disjoint chains in the case where the
maximal set of node disjoint chains is not unique (see the example

of page 2-3b in the Interin Report on the Second Phase).

The algorithm uses labelling methods and is based on an enlargéd
network where each node is converted into two nodes with a directed
link between them.

The following paragraphs are intended to describe this algorithm
in detail and reading of these paragraphs is not essentlal to
comprehension of the report.
Description of Algorithm
We define the following symbols.
: number of nodes in the graph (or subgraph) consndered
1l -the originating node
: the destination node
C(i,j,): cost factor for the link between i and | (cost factor can be
distances, cost of operation, annual costs or any other

relevant factor depending on the aims of the user)

C(i,}) = o if no link exists between i and j
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We create an 'enlarged' network as follows. Each node is exploded
into two nodes according to. the following numbering system:

i) Entry point of node is called i (i =1, 2, ..., N)

i) Exit polnt of node is called i *N (i =1,2, ..., N)
In the en]afged cost matrix CC we assume
cc(i, i*N) = 0, cc(i *+ N,i) = »

The following figure shows briefly how this systeh appears in the
graph ' ' ‘

\

In the enlarged problem the cost matrix CC(i,j) has the following
form . '

O -

MATRIX . OO

c




P
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Each node of the enlarged prob]em is labelled with three identifiers
P(1), T(i), PC(i) where P(i) is the name of the preceding node of
an arc arriving in node i; T(i) is the temporary minimum cost found

"to date for the chain from Il to i; PC(i) is the permanent mlnlmum

cost of the chain from Il to i.

The entire algorithm is based on manipulation of these vectors, each
of which has 2N entries. The steps of the algorithm are as follows

Step 0 (Initialization)

Specify ‘Il and JJ (origin and destination) Set up the matrix CC as.
shown above. '

Step 1
% [ll,...,ll,lﬂ (2N entries) .
{0,0,...,0,1,0,...,0] (2N entries andal in position II)

o fle

&

T2 cc(ll,+) (that is the row Il of the matrix CC)
SteE 2 » .
Let J = [j1, Jes- _“J be a vector of indices where ju is an. lndex
for which T (J )< « and PC (J ) =0 - :

~Let Min 2 min {T (J )} *

jn € J .

If MIN > » go to step 7) Let KK be the index for which MIN = T (KK)
Let PC (KK) = MIN, if KK = JJ, go to step 3); if not, let .
v = D" i2""ié] Where |n‘|s an index chosen so that CC(KK,iﬂ)<o,
and PCti ) - :

If the set V is empty go to step 7) Then.let
T (i) #-min {PC(KK) + CC(KK,i, ), T (i, )}

ST KK if the new T(| IS less tlian the”old T(iy)

'n P(i,) if not

Go to step 2

Step 3

Retrace using P, the shortest chain from ! to JJ and store in. vector

IND. Examine all preceding chains to insure that no arc has been

-used in the opposite direction previously. If an arc has been reused
'go to step 5. If not go to step 4.

%  Note: the symbol " = ' means replace the value of the. left member
by the value of the right member
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Step. 4
Place the newly found chain in the list. of chains. Go to step 6

Step 5 | .
Label the two chains which use a common arc in opposite directions and

disjoin these chains by attaching the first part of chain | to the

last part of chain 2 and the furst part of chain 2 to the last part -
of chain 1.

Step 6 .

Let IND = [I1, 11 *+ N, S,,,,Sx, JJ]

Let CC(Sy, S)% - CC (sk, Sp) when Sk preceeds Sy in IND
Let CC(Sk, Sj)%

Step 7

Write the chains obtained and etop or restart with a different pair
of points.

The following remarks can be made about the algorlthm and its
efficiency.

1) The matrix CC is not stored fully ‘in machine space since certain
parts (the northwest and southeast corners) are never used in the
calculations.

2) Computational efficiency can be improved if the'é]gorithm is used
on subgraphs which are decomposed from the orlglna] problem

An example of a case where decomposntlon does not alter the nature
of the problem is when a single link joins two sections of the

network.  In this case the points within each section can never
be connected by dlSJOlnt paths which use the single link between
sections.

Use of Algorithm in Software

The software developed for this problem is intended to be used as a
preempting device for the imposition of survivability constraints on

the transmission network. This algorithm will therefore be applied as
follows. '

1) Considering the entire transmission network and demand from CSP
to CSP, constrain the allocation of circuits to chains to use
particular disjoint chains by assigning preemptively a certain

fraction (say 10%) of the total demand to at least two disjoint
chains.
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Remove the capacity used in these chains from the various links

of the transmission network and allocate the residual demand

(say 80%) to the reduced transmission network. . This preemptive
application of survivability constraints will, of course, have some
effect on the value of the objective obtained when the allocation is
complete. The difference in the value of the objective function when
survivability is imposed or not imposed represents the cost of
imposing such a constraint. ‘

An example of this procedure appears in section 2.1.2.3..
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Estimation of use of the transmission network, facilities by
Message Streams

From the algorithm used to calculate the average hour by hour usage of
the switching network (see description in section 2.2.2: Usage of

the Switching Network, of the Interim Report on the Second Phase

15 September 1974) we are able to estimate for each link of the
switching network, the total number of call seconds used per hour.
Furthermore, for each link we are able to breakdown this total into
the subtotal number of call seconds used by each of the message streams
(0 - D pairs or demand pairs) which have access to the link in question
("access' is of course determined by the switching hierarchy and the

homing rules of the hierarchical network) ‘Thus, if we define for
each link a vector: Wi which has size N (where N'is the total number

of message streams) and which has entries wij as follows

1. If the link i does not carry traffic in the message stream J
(i.e. if no message in the stream | uses the link i)
then wij = 0

2. - If the link i does carry traffic in the message stream j then
wij = the amount of this traffic measured in call seconds.

Thus for each link i we have a vector VWi having positive or zero
entries which represents the extent to whlch link i carries traffic
in the various message streams.

The total traffic carried by the link i WIII be the sum of entries
in the vector ( § Wij)

jo=1

With the aid of. the techniques (usnng linear programming and network
algorithms) which are described in section 2.3: 'Reseau Physique' of

the Interim Report on the Second Phase 15 September 1974) we are now
able to derive, using various management criteria (objective functions),
the way in which the transmission network would be used to carry traffic
from one central switching point to the next. This algorithm will

give results of the following nature. For each link of the switching

~network, a single chain or collection of chains _of physical facilities

(not necessarily disjoint) over which the circuits requured in the
switching network are routed. Each of these chains is composed of a
list of physical facilities.

The problem to be solved then, in this context, is to convert our
information on the usage of links of the switching network to
information regarding the usage of the physical facilities by the
various message streams. Only if this information is available, will
it be possible to estimate costs on a usage basis (usage being defined

possib;y as peak or average usage of the facility by a particular message
stream).
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The solution proposed for this problem, and included in the software,
is based on the principle that if, for example, a particular link of
the switching network carries the fraction p of all traffic of a
particular message stream. (say A-B) then a chain supporting the link
and carrying the fraction q of all traffic of the link would carry the
fraction p.q. of the total traffic of stream A-B. For example,
consider a link identified as carrying 100ccs of which 30ccs are

due to the message stream A-B, and which has two supporting chains each

" of which carry 50% of the total 100ccs. In this case the estimated

traffic on each chain due to message stream A-B would be 30/100 X .5 =
15 ccs (giving 30 ccs in total for the two chains).

 This method can be expressed more precisely as follows.

Suppose the allocation of circuits to chains gives the alibcatlon vector
€= (X, X§, ..., X§), and that the relevant chains are identified as
the matrix C = {C, 1} where C - 0 if chain K does not use the element
L kg
% of the network

( elements & = 1,..., q; chains K= 1,..., m)and
ko = 1 if chain K does use the element & of the network.

Each of these chains, furthermore can be assocuated with one particular
link X' of the switching network.

The usage of an element of the transmission network is then a vector U

containing entries for each possible message stream j (j = 1, M) %
_ R
U,Q,-X ck.@kai
ko= »
~and where i is identified as the link of the switching network which

chain k supports.

To ciarify the procedures used in this estimation process we present
the tableau 2.1.4A.

This tableau shows a typical (small) example. of the layout of the algorithms
involved. From the algorithm calculating usage of the switching network
we obtain the information shown in item 1 namely the circuits required
on each link of the switching network (v,, V , V.) and for each link, a
breakdown of the total demand on that link due té various message
streams (0D pairs) giving the matrix Vij of item 2. In item 3, the
presentation of the circuit to facility allocation problem is shown

and an hypothetical solution is given in the row labelled "ALLOCATION''.
Finally using this allocation we apply the principles described above

to the element A of the facility network to obtain.an estimate of
responsibility for use as given in item 4.




TABLEAU 2.1.LA

LINEAR PROGRAMMING FORMULATION OF SAMPLE PROBLEM

SWITCHING NETWORK A TRANSMISSION NETWORK

SR

1) TOTAL USAGE

FROM SWITCHING NETWORK 2) USAGE BREAKDOWNS FROM SWITCHING NETWORK

11link|link |1link
O-D Pairs|l1-3 |1-2 |2-3

Vi = 90 circuits (link 1-3) O-A 100%|30% |40% Vii | Vai | var
V2 = 40 circuits (link 1-2) O-A 0 |70% | 0 |that is|Viz]| V22| Va2
Vi = 70 circuits (link 2-3) : A-A 0 0 [60% Viz | Vas| Va3
3) TRANSMISSION NETWORK
. Ci C2} C3] Cs|] C534C6} C7|Cs8] Co | Ci0o| Cn RHS 1 SLACK
ALLOCATION 301 401 O 0 20§ 30} 101 0 501107 10
A 1 1 1 < U1 = 90 S1 = 10
B 1 1 1 < U2z = 60 S2 = 10
C 1 1 1 < Us = 30 S3 =0
D 1 1 1 1 1 1 < Us = 70 Sa= 0
E 1 1 1 < Us = 100} s5= 10
F 1 1 < Us = 25 Se = 5
TG 1 1 L U7 = 20 S7= 0
: K 1 1 L Us = 50 Ss = 40
link 1- 1 1 1 1 1 > Vi = 90
1ink 1-2 1 1 1 2 V2 = 40
1ink 2-3 ' 1 1 1 2 Vs =70

4) CALCULATION

OF USAGE (AVERAGING OR PRORATING SYSTEM)

‘EXAMPLE .
ELEMENTA

€~z

o SOIOS

[ Ui Vi A va\ 1.00 1.00 (.3 73\
Uiz} = 30{ Viz] + 40 Viz ] +10 | Va2 ] = 30 0 + 40 0 +10 .7 =y 7
Uiz Vi3 AVAT V23 L0 0 o N0/ A\ O
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Costing Block

.Asset Valuation Functions

This section outlines some of the technical information which must

be specified before costing can take place and the techniques which
we have developed to compute the asset costs of physical facilities.
Some of this material represents an important advance in our know-
ledge of this area; those interested in the evolution of our approach
to the probiem-of asset may wish to read the corresponding parts of
the IRA-1 Final Report and the IRA-Il Interim Report in conjunction
with this section. ‘

We begin with a description of our conception of the technical
relationships in the physical facilities network. We are concerned
primarily with the TCTS long-haul, terrestial microwave network. -
We also include the CN/CP microwave network but the description that
follows is primarily oriented toward TCTS facilities.

The TCTS microwave system, which has been in operation for almost
20 years, operates on the 4 GHz band, that is, 3.7 to 4.2 GHz (this
has recently been extended to include the 3.5 to 3.7 GHz range).
The maximum capacity of this band is 16 full-duplex radio channels,
a maximum of 14 of which are for operational use and 2 of which are
used as standby, protection channels. With the development of high
power transceivers (using TWT's) it has been possibie to increase
the number of voice circuits per R.F. channel from 600 to 960 to
1200. Sometime in the near future this is expected to increase to
1500 voice circuits per channel. The CN/CP system operates on the
6 GHz band with 8 full-duplex radio channels, 2 of which are stand-
by, and with a maximum of 1800 voice circuits per channel.

The TCTS microwave system consists of a network of microwave repeaters
or towers. Using the resources of the Network Development group of
the National Telecommunications Branch we have been able to identify
the location of all the repeaters in the TCTS 4 GHz long-haul network
In particular, the program ROUTE has been useful:in locating,
identifying and mapping towers in both the TCTS and CN/CP systems.

We have also been able to identify the function or type of each
repeater principally as a result of the support and assistance of

the Domestic Long-Distance Communications Network Study group of

the CRC. In particular a report |ssued‘by this group®, has provided
asset cost functions for each type of repeater which appear to be

the most accurate available to date.

* Bowen, R.R., Baser, R.V., Walker, E.A., and Hutchinson, R.L.,
"A Simplified Model of the Canadian Terrestrial Trunk Communications
Network''; Communications Research Center, Dept. of Communications,
Ottawa, 1974.



N

i

L

2-37 : SOI‘éS ino.

We will now examine the nature of each type of repeater recognized
in our model of physical facilities and how their respective asset
cost functions have been constructed. " All repeaters in the TCTS
system have been classified, according to their function, into 3
categories. '

The first and simplest type is the regular repeater. At a regular
repeater the microwave signal is simply received, amplified and
retransmitted; no branching to several links or multiplexing .

takes place. These repeaters occur, on average, every 25 or 30
miles throughout the network and as a result are extremely numerous.
Rather than including each as a separate node in the network, we
calculate the number of regular repeaters on a given link in the
network by dividing the length of the link by an average hop between
repeaters. (1t should be noted that the actual length of a link is,
on average, 1.4 times the airline mileage).

The second type of repeater in the model is a branching or junction
repeater. At this type of repeater long-haul signals are received
and then retransmitted in several dlrectlons

The third type of repeater is a terminal repeater. At terminals

all signals are demodulated (or modulated for outgoing signals) and
demultiplexed to the voice band. This type of installation is
normally located in a large metropolitan node and is usually llnked
to a long-haul (toll) swtching office.

The CRC study referred to above determines the components that' are
‘required to construct an installation of each type, provides the

capital costs of the components and thereby constructs an asset

cost function for each type of repeater. The asset cost varies, of

- course, with the size or capacity of the installation. Tableaux 2.2.1 A
and 2.2.1 B (from the CRC study) showing the capital costs of .the components
of radio repeaters is attached. This data is .the basis of the cost
functions which have been formulated for each repeater type. A

chart summarizing the major steps in the cost function for each

repeater type, has also been attached (taken from the CRC study)..

This chart makes it possible to determine an asset cost for a given

type of repeater as a function of its capacity in RF channels. As

an example, we have constructed such a function in graphical form

for regular repeaters (see tableau 2.2.1€). It should be noted that it
is possible to modify the site cost and initial power cost components

of these functions to account for higher costs caused by difficult
terrain in certain parts of Canada. :

Another type of equipment included in the physical facilities network

is toll switching equipment. It is difficult to obtain the infor-
mation necessary to derive asset cost functions which are characteristic
of such equipment. Nevertheless, a formula to compute asset cost as a
function of switching capacity has been derived. Work is continuing

in this area to improve our knowledge and capablllty wnth respect to
SW|tch|ng costs.
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TABLEAU- 2.2.1. A

Capital Costs of Compdnents of Radio Repeaters

Item. Factory Installation] Installed
' Cost Mark-up Cost
Site, including land, buildings,| 75,000 -1.0%* 75,000
road, prime power, and tower
Antenna,horn _ 8,000 1.4 11,200
Antenna,paraboloid ' 6,000 1.4 - 8,400
Waveguide, circular/ft - 33 1.4 46
Waveguide, rectangular/ft ) 10 1.4 . 14
Mode Filter ] 1,500 1.4 2,100
R.F. Branching Egot. 2,000 1.4 2,800
Alarm and order wire eqpt. i
~-in regular repeaters - §,5006 1.87 — 17,750 o
-in terminais 13,500 1.87 _ 25,520 N
. . (o]
Preteciion Switching Eqpt./Site ‘
-initial cost 7,50¢C 1.87° . 14,025
-incremental cost/channel 1,500 1.87 _ 2,805
-increase 6 doubie protection 7,000 1.87 13,090
i Power System _ . :
~Initial in reg. repeater 50,000 1.0% : 6G.000
-initial in drop repeater 67 ,32C 1.0 67,320
iand in terminals .
~To introduce 6th channel 9,350 1.0% 9,350 ()
-To introduce 11th channel 9,350 1.0% 5,350 : C)
F.M. Hodem S 5,500 1.87 | 10,285 )
_ | , ‘ (DI
Transceiver - 14,000 1.87 . 26,180 ()]
1
0

T sl 3 N
. 2 MEVE-UD 1 i-._v 3t

Séurce: Bowen et Al.




TABLEAU 2.2.1. B

LLO.

Summary of Installed Capital Costs of Different Repeater Types, 1973 Dollars

Other

Initial Costs to Costs to Costs to

Repeater Site Power First-Channel Introduce . Introduce Introduce-
Type Cost Cost Costs- , 6thAChannel 11th Channel Other Channels
Regular 75,000 60,000 239,895 141,160 70,115 55,165

Drop + 75,000 67,320 295,465 196,730 70,115 55,165
Junction 75,000 67,320 151,940 101,170 36,460 - 28,985
Junction~Terminal 75,000 67,320 134,440 83,670 36,460 28,985
Terminal 75,000 67,320 163,990 102,370 51,420 39,270

Source: Bowen et Al.

6E-2
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TABLEAU 2.2.1. C

Régular Repeater

$ 1973
capital
cost .
(installed) #

1,192,933 |

1,027,490 |-
1,000,000

736,915 |

500,000 L

g
]—_-.

374,875 | r——J

Cost Function

|
o
___;J B

|
|
141,160 :

I
—
—

Working Channels
Protection Channels
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It should be noted that the costing procedure that we have adopted
is applied to the physical facilities on an element basis; each
element, that is, each tower or switching machine is costed. This
is in contrast to costing by links in which the asset costs of
equipment are imputed to various links of the network. This also
differs from techniques which employ cost functions on a per-mile
basis. '

Finally, the problems encountered in metropolitan nodes can be
briefly described. Most major metropolitan nodes consist of more
than one element, that is, a variety of types of physical equipment.
Normally this includes one or two toll switching machines, several
branching repeaters and several terminal repeaters. By reference _
to the DOC Microwave Facilities Catalogue and additional information

- provided in the CRC study mentioned above, we can identify most of

the physical facilities and the function of each installation in

any metropolitan nodes. Once this information has been obtained,
one can apply the appropriate cost function to each facility, sum
these and this obtain an asset cost for the metropolitan node.

Grthh Module

Throughout the Costing Block (C.B.) the growth rate of gross éddftions_

is required. It is needed in the Aging and Depreciation Modules for
the various calculations. |In addition, it is used in the Deferred
Tax Module which inputs in the Cost of Capital Module. These and
other relationships are shown in the Costing Flowchart below.

The annual growth rate is represented by R where R is calculated for
all Plant Types for each carrier. It is assumed that growth is
compounded from year to year. This exponential nature can be
modelled by equation (1) as follows: o
GA (x) = GA (o) * R* ....... (1)
where GA (x) is the gross addition in year x
GA (o) is the gross addition in year o .

i.e. initial base year GA

R . - is the growth rate = (1.00 + R) where .r is.annual rate
of change

e.g. 1.10.= (1.00 + .10)
and R* is the compounded growth for x years.

Given values of GA (x) for several consecutive years the problem is -
to solve for R.
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COSTING BLOCK FLOWCHART

ASSET
VALUATION
MODULE -

y

REPRODUCTION
ASSET VALUES

GROWTH GROWTH \\ MISCELLANEOUS
MODULE RATE INPUTS
- SURVIVOR CURVE

- INDEX FACTOR

- AVERAGE LIFE
- MAXIMUM LIFE
- SALVAGE RATE
y
AGING &
INDEX{NG
, MODULE
A
COST OF 05253550 HISTORICAL
CAP ITAL HOWULE GROSS
MODULE ASSET BASE

DEPRECIATIDN
MODYLE

GROSS ASSET BASED

.- NET ASSET BASED

ACCUMULATED ANNUAL NON- | NCOME
DEPREC IAT!ON DEPRECIAT 10N TAX.
RATE RATE

A

COST OF NET
CAPITAL RATE
‘RATE BASE

COST OF
CAPITAL

CAPITAL
COST

OPERATING
CoSTS

INCURRED COSTS
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The approach taken is to apply the logarithm (log) of equation (1)
which yields:

log GA (x) = log GA (o) + x LogR ...... (2)
This new equation’ repres ents a linear regression of log GA (x)

on x. Log GA (x) is the dependent variable and x the independent
one.

The log R can how be estimated by using the maximum likelihood
estimate of the regression coefficient in this equation, and then

. the antilogarithm of this estimate yields an estimate of R. The

intercept estimate of log GA (x) can be used to estimate the initial
base year gross addition, GA (o). :

Applying this.algorithm to actual Bell Canada Construction Expen—
ditures (1967 1971) yielded the fOIIOW|ng

Plant Category R

Switch by switch 1.0t | -
Gross Bar 1.126

Circuit _ 1.096 :

Radio 1.226 -

Electronic 0.956

Aging and Indexing Module

As- shown in the Costing Block Flowchart the Asset Valuation Module,
which provides reproduction asset values, applies current cost’
functions and current technology to assets calculated in the Operating
Block. - However, these reproduction asset values must be transformed
into historical asset values which are the ones which appear on
companys' books. 1t is these historical values, which reflect origi-
nal purchase prices which are one used in the calculation of gross:
assets at cost, are depreciated and which represent SUFVIVIUQ plant
values. :

The Aging Module which applies various depreciation methods, survival
characteristics and growth rates now also takes in account indexing which
transforms reproduction values into historical values, along with the
regular function of aging the asset i.e. distributing the historical
values. The indexing factors are:

1) pricing which reflects dollar inflation over time; and

2) changes in technology which reflects differing real costs for
‘the same capacity due to varying states of technology.
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The same methodology developed in the Interim Report, September 1974,
has been modlfled as follows.

The reproduction value of surviving plant installed x years ago
now represented by

T-X

GA * R X % SRV (100%X/L)%P%

where P is an annual index factor (e.g. 1.02) which is compounded
to the power X. At present P incorporates inflation only.

The old equation (1) (page 3—12 Iterim Report) is now revised to

T oT-X )oK
A = GTPRIM / S R " #SRV(100%X/L)*P" ...... (1)
_ X=0 :

~ where GTPRIM is the reproduction gross,telephoﬁe plant from the Asset

Valuation Module.
Once equation (1) solves for GA all remaining aging, depreciation and
other asset-based computations are done using historical values.

The output from the Aging Module is historical gross asset base (GTP).

Depreciation Module

The aging and depreciation modules have been programmed so that
conversational time-sharing can be done for users to test this
module with various simulation parameters. These are::

1. Survival Curve - 22 curves of varying skewness are .available
as shown in Survival Curve List

2. Depreciation Method - ASL or ELG

~3. Average life, L.

L, Maximum Life, T. However (100%T/L) must not exceed the largest
percentage of surviving plant for the selected survival curve.

S. Salvage rate

6. Inflation index

7. Growth rate

8. Reproduction value

In order to éimulate a change>in>depreciation‘mefhods such as Bell

Canada's conversion from ASL to ELG in 1971, the following would
have to be done.
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SURVIVAL CURVLE 115

SURV I VAL MAX IMUM PERCENTAGE
NUMBER ~ CURVE AVERAGE LIFE
1 LO 358
2 LO.5 350"
3 L1 291
4 L1.5 287
5 L2 262
6 L3 226
.7 L4 196
8 L5 174
9 5-.5 200
10 S0 200
11 $0.5 200
12 ST 198
13 S1.5 197
14 52 191
15 $3 180
16 Sh 161
17 S5 143
18 6 129
19 R1.5 200
20 R2.5 183.
21 R3 166
22 R4 149
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- Assume maximum life is T year %ld
year of conversion is XC years ago
Therefore from T to (XC + 1) vyears ago use depreciation method 1:
| XC to present use depreciation méthod 2.

Then the problem is to find accumulated depreciation for years T
to (XC + 1) for surviving plant, and to also find accumulated
depreciation for XCyears ago to present and current annual depre-
ciation rate based on depreciation methods.

Note that the depreciation method does not chénge value of surviving
plant i.e. GTP which is a function of survival curve. But annual
and accumulated depreciation will change. : '

- Computation of the Depreciation Reserve Ratios

Values of the accumulated depreciation by plant category for all
carriers under consideration in the IRA model have been computed
based on test run results on the theoretical depreciation reserve
ratios (to the historical cost of the gross telephone plants by
category at the end of year) through-the conversational time-
sharing Aging and Depreciation Algorithm (ADA).

The theoretical depreciation reserve ratios by category for

all the carriers were computed by using estimate for some
parameters and using the lowa survivor curve LOO which is guide
representative for mass property telephone plants.

The-estimates of such theoretical reserve ratios by category
of plants are:

Theoretical Adjusted
Building ' 18.57% 25.9%.
Switching . 19.51% - 27.2%
Transmission 120.88% ’ 29.1%
Outside Plant 19.03% .- 26.5%
Station Equipment 22.86% | 35.9%
General‘Equipment .25.23% 1 | 35.1%

46 SOTES ino.
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These theoretical ratios invariably differ from the historical
ratios, necessitating adjustments on them, which are shown in
the last column of the above table.

Calculation of Incurred Costs

‘The cost valuation module provides beginning of year values for
the five accounting types of plant. These are:

1. Switching (SW)

2. Transmission (T)

3. Genefal.equipment (G.E.)

. Buildings (Bldg.) 7
5.. Land (Land)

For each of these plant types a depreciation rate is provided and
similarly a depreciation reserve ratio, a growth rate, and a.
retirement rate is available. All these rates use a beginning

of year base. An end of year/beginning of year ratio is calculated

- as follows:

end of year = 1 % growth rate - retirement rate
beginning of year )

A mid year rate is also ca]culated as the average of beginning
and end of year rates.

The net rate base used for the cost of capital calculation is a
mid year base. The net rate base, NRB is expressed by

NRB = (1 - Acc. Dep) (1 + % W.C.)
Hence the NRB is calculated as shown here but scaled up by the
ratio of mid year/beginning of year since all rates are beglnnlng

of year based.

The cost of capital CC is calculated using the following equation:

1_ & RorE *

(1 - DCR) + i * DCR

—_
i
ct

where t = tax rate

rate of return on equity
debt/capitalization

average interest rate on debt

o
(]
. 0
I T ]
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"The incurred cost rate is now the sum of the following:

depreciation
¥+ cost of capital _
+ operating costs rate (excluding depreciation)
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%+ other tax rate . ~

This has been done for all 5 plant types and 8 te]ephbne carriers

" with the results shown in Incurred Cost Rate Table.

Incurred Cost Rate Table

Carrier Plant type
SW. Tr. G.E.  Bldg. Land
B.C. Tel. |.317  .337  .353 .307 .323
Alta. Tel.|.198  .214  .244 186 .169
Sask. Tel.|.259  .276  .296 247 .253
Man. Tel. |.189 .20 236 177 156
Bell Can. |.308  .328 .34k '.299 315
N.B. Tel. |.285  .263  .287 .23k 1233
MT. 6 T. |26 .26k .297  .235 234
NF1d. Tel. | .305  .325  .343 ;295 .306
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% _ ‘The monthly ratios of Trans Canada Assigned Expenses/Trans Canada
‘ Plant Investment are available for the 1971 TCTS revenue sharing.
i ' These have been computed to a per annum basis and yield the following:

Expense Rate Table

; Carrier Annual expense/plant investment Ratio
: under TC assignment A 1 to TCTS
: T : - (.233)
o B.C. Tel. . 250 1.2
| Alta. Tel. | .188 | .84
Sask. Tel. .150 .67
Man. Tel. .158 - 71
Bell Can. 258 : |16
N.B. Tel. . 210 .94
M.T. & T. . .213 .96
NFld. Tel. 116 52 |
TCTS .223 1.00 |

A comparitive analysis can be made between these carrier rates and
those of the Incurred Cost Rate Table. For the Incurred Cost the
overall composite rate would be a value based on the weightings or
distribution of the plant types. With this in mind the following

observation can be made:

1. The tncurred Cost Rates are generally higher than Expense Rates

2. The relative values of the Incurred Cost Rates vs Expense Rates
" shows

a) B.C. Tel: and Bell Canada lncurred Costs are among the highest
which concurs the Expense Rates;

b) Nfld. Tel. is relatively on opposite extremes of these tables;

c). Government-owned prairie carriers are in a reasonable rela-
tive position but within these Saskatchewan has the lowest
expense rate but highest incurred cost rate

. Possible éxplanations for these results are:

1. All depreciation rates are the same which is for Bell Canada.
~ Similarly, for net rate base calculations of all carriers. For
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example, differing growth rates will reflect more accurately
the real situation;

2. Operating cost ratesare realistic.since they are calculated for
each carrier based on 1971 Company Totals;

3. Cost of capital calculations for carriers' incurred cost rate may
vary for TCTS assigned expense rates. For example, rates of
return on capitalization components, interest rates and effective
tax rates; '

L. TCTS assignment for expenses may differ from IRA incurred cost
calculation, in whole or in part.
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2.3 Sharing Block
Relative to the work done in [RA-1 few concepts have changed -in this
block. The following section explains some detail the methods used for
the estimation of revenue in the present version of the
2.3.1 Calculation of Collected Revenue
In IRA-11 the calculation of collected revenues has been improved
through. the incorporation of 2h4-hour traffic profiles, for average
business day, Saturday and Sunday. The availability of these profiles
permits the application of tariffs according to the hour at the call-
originating point and the day of the: week. Furthermore, al though'
telephone traffic is not estimated statistically in three component parts
(namely Direct-Distance Dialing, Station to Station, Operator Handled
and Person to Person), it is nonetheless possible to apply certain
average breakdowns of total traffic into these categories accordcng
to the hour of the day and the day of the week.
Data used in this version of IRA was obtained from a Bell Canada
response to a question from the Province of Quebec at the recent
CTC hearlngs (P (Q) 14 December 73B 71 P5) This. data is presented
below. '
TABLEAU 2.3.1. A
ESTIMATED NUMBER OF INTERURBAIN
CALLS BY PERIOD AND BY
CALL CATEGORY
Direct Distance | Station to Station Person to Total Calls
Dialing Operator Handled Person

Weekdays (Millions) (Miltions) (Millions)| (Millions)

08h to 18h 197.1 (79%) 40.2 (16%) 11.6 (5%) 248.9

18h to 23h 66.8 (77%) 17.6 (20%) 2.0 (3%) 86.4

23h to 8h 13.4 (74%) b1 (23%) 0.5 (3%) 18.0

Sundays <

08h to 18h 24,0 (84%) k.1 (14%) 0.4 (2%) 28.5

18h to 23h 9.4 (79%) 2.3 (19%) 0.2 (2%) 1.9

23h to 08h 1.6 (76%) 0.5 (23%) 0.1 (1%) 2.1
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Combining the information with the traffic profiles, we are able
to estimate total revenue on a city to city basis as follows:

1) Revenue for the average business day (ABD) is

24

E: : wéighted -
average tariff o CC%/hour
hour = 1 CcCs

In this calculation we use offered traffic; we recognize that the calcu-
lation of revenue should be based on carried traffic and not on offered

traffic. This change will be made as soon as the final tunlng of the
software is complete.

Here the weighted tariff is obtained as follows. The average tariff
per CCS is obtained from the TCTS average tariff matrix (published

in the Final Report on the First Phase of the Project (IRA -1) March 31
1974 pages 19 and 20) for the relevant day and hour for each of the
three categories. A weighted average of these three tariffs is
obtained using the weightings of Tableau.2.3.1 A for the relevant day
‘and hour.

2) . The Siaturday and Sunday revenues are calculated in a similar
fashion using the relevant traffic profile. In this context we do
not introduce the Saturday and Sunday profiles and derive profiles
for time zone differences but rather use an hour by hour ratio.
”Sunday Traffic/ABD traffic' and "Saturday Trafflc/ABD trafflc“ which
IS used to estimate traffic on these days. :

3) Total revenue for a typical week is estimated as the sum of :
revenues for 7 days (5ABD + Saturday * Sunday). Annual revenue is
52.14 (weekly revenue).

It is recognized that these methods involve approximations and hence
it is one of the aims of section 3.3.1 to calculate the total estimated
revenues and attempt to compare these with published estimates.

ol B a8
N
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" Accounting Block

Simultaneous Equation System

In order to camplete the financial statements the following variables -
are solved simultaneously:

VARIABLE (X) DESCRIPTION
1. NETINC net income
2. NEWDEB new debt
3. NIA : : net income available to common shareholders
L, EQ equity, year-end (stock énIY)
5. DELEQ _ change in equity
- 6. RE | _  balance of retained earnings, year-end
7. PR | preferred stock,, year end
8. DELPR ' change in preferred;stock
9. L ‘ ‘ debt, year-end
10. DIVi common dividends

These variables and .others are displayed in the ltems of Financial
Statements below. Below are the 10 5|multaneous equatlons used to
solve for these variables:

1) Funds Statement (Sources = Uses)

NETINC - (RHO * PRO + RHON * DELPR/2) - DIVI
(1-ALPHA) + CURDTX + PRDTX + DCRO + DEPN + DPRTVE
+ NEWDEB - REPL + DELPR + DELEQ +

= GCE - DPRTVC + PLAMPS + DELINV
+ (DCO - DCOO - (DCRO - DCROO) + CP * DELPR
+ CE * DELEQ + CL * NEWDEB - NSV U
+ (CT10 + DELCTI + OCA - CL) - (CTIO + OCA - CLO)

- (1-(1-ALPHA) * T * DEPDIF

where the variablesvare described in the variable list below.
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2) Net Income Equation

NETINC = (1-T) * (OPRV - OPXP - DEPN + TOI)
+(1-T) ((DEBTO - REPL/2) * IO + NEWDEB * IN/2)
+ NOI + IDC '
+ ALPHA * CURDTX - (1 - (1 - ALPHA) *I)* DEPDIF

3) NIA = NETINC - ( RHO + PRO + PHON * DELPR/2)

b) . DIVl = DPR * NIA

5)  EQ = EQO * DELEQ

6) RE = REO * NIA - (CE + DELEQ + CP + DELPR + COL * NEWDEB)

= DIVI + OTHADJ

7) PR = PRO + DELPR

8) . L = L0+ NEWDEB - REPL
©9)  DCR (EQ * RE + PR+ L) = L = LO - DCR ( EQO * REO + PRO + LOO

10) PCR ( EQ + RE + PR + L) - PR = PRO - PCR (EQ0 + REO + PRC + LO)

These equations can be solved simultaneously based on the following
model: . : .
Ax = B

whefe A is a coefficient matrix as shown in the Coefficient Tableau
below. '
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COEFFICIENT TABLEAU

G657

NETINC DELPR PR DELEQ EQ " RE NEWDEB L NIA DIVI
1 ~RHON/2.0 1-CE | 1-CCL - -1 EQ1
+1 - cP ' |
] (1-T)% EQ2
IN/2
RHON/2.0
-1 1 EQ3
-DPR i EQL
-1 1 EQ5
cp CE 1 ceL -1 1 EQ6
-1 1 EQ7
-1 1 EQ8
D .
CR DCR DCR DCR-1 EQ9
PCR-1 PCR - PCR PCR EQIO0
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X is the vector of 10 variables described above and B is the right

hand side vector as follows:

B(1) =RHO*PRO~- (1-ALPHA) *CURDTX+PRDTX) ~DCRO-DEPN=-DPRTVE
+REPL+GCE-DPRTVC~- (-PLAMPS-DEL INV=-DCO+DC00

+(DCRO-DCROO) *+NSV) +(CTI+0CA-CL) - (CTI0+OCAO=CLO)
+0THADS _ -

B(2)=(1~T)* (OPRV~OPXP-DEPN+TOI) - (1~T) * ((LO-REPL/2)*10)
+NO | + | DC+ALPHA*CURDTX= (1- (1~ALPHA) *T*DEPDIF)

B(3)=~RHO*PRO |

B(4)=0

B(5) =EQO

"B(6) =REQ+OTHADJ

B(7)=PRO

B(8)=LO~REPL

B(9) =LO-DCR* (EQO+RE0+PRO+LO)
B(10)=4PRO~PCR* (EQO+REQ+PRO+LO)



r

VARIABLE LIST

NAME

AD
ADO
ALPHA

BETA
ceL
CE
cL
CLO
cP

CTil
CTi0

CURDTX

DCD
DCDO
DCH
DCHO
DCO
DCOO
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DESCRIPTION

accumulated depreciation, year-end. ,
accumulated depreciation, beginning of year

flow through coefficient of deferred taxes

% of taxable other income''total other income
issue expense rate debt ‘

issue expense rate, common shares

current liabilities, year-end

current liabilities, beginning of year

issue expense rate, preferred shares

cash & temporary investments, year-end

cash & temporary investments, beginning of year

current deferred taxes

deferred charges-debt, year-end

deferred charges-bebt, beginnihg of year
deferred charges - total, year-end
deferred charges'- total, beginning year
deferred charges - other, year-end

deferred charges - other, beginning year



DCR
DCRO
DCROO
DELEQ
DELCTI
DELINV
DELPR
DEPDIF

DFPN
DETAXO
DIVI
DPR
DPRTVC

DPRTVE

EQ'
EQO

GAMMA -

GCE

- GTP

GTPAC
GDPACO
GTPO
IC

IDC

IN

INV
INVO
10

IT

ATC
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debt/capitalization ratio

~deferred credit - other, year-end

“deferred credit - other, beginning ot yem

change in equity

change in CTI

change in investments
change in preferred stock

difference in depreciation due to change inAdepre-

~ ciation method

depriciation

deferred taxes, beginning of year
company dividends

divident, payout ratio

dep'n, tools & vehjcles, capitalized

dep'n, tools & vehicles, expenses

common equity (stock only), year-end

common equity (stock only), beginning of year

ratio of plant under construction (total plant)
gross construction expenditures

telephone plant at cost-acc. dep'n yearFend

gross telephone plant at cost, year-end

gross telephone plant at cost, beginning of year
telephone plant at cost-acc. dep'n beginning of yeaf
interest on construction (PUC)

interest during construction

new interest rate

investments, year-end

investments, beginning of year

‘old (embedded) interest rate

income taxes

interest times coverage




L
LO

NETINC

NEWDEB
NIA
NO |
NSV
0CA
0CAO
OPRY
OPXP
OTHADJ

OTHINC

- PCR

PLAMPS

PR

PRO
PRDTX
PvC
PVCO

RE
REO
REPL

RHON
RHO

ZETA
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debt, year-end

debt, beginning of year

net income

new debt

net income available to common shareholders
non taxable other income

net salvage value

other current assets, year-end

other current assets, beginning of vyear
operating revenue (gross: ;
operating expenses other than depreciation
other adjustment (net)

ohter income - Total

preferred. capital ratio
plant acquired - plant sold
preferred equity, year-end

preferred equity, beginning of year

- prior.deferred taxes

plant under construction, year end

plant under construction, beginning of year

retained earning, year-énd
retained earning, beginning of year

repayments of debt

new dividend rate on preferred shares

old dividend rate on preferred shares

ratio of common stock dividends to transfer
to government owners.




2.4.2 Mechanization of accounting block inputs

This block is now developed so that a minimum of data is required
exogenously. The remaining input is calculated endogenously in the

_ other blocks of the IRA model or is calculated automatically. This

mechanization is described herein.

Step 1

The Company Total financial statement items are inputted in the same

format as show in Appendix G, IRA 1, Final Report. These are complete
for all financial statements except in that substotals and totals are
not provided and a breakdown of revenues and assets are not provided.

Step 2

Based or accounting principles the following values are directly
supplied or calculated for completion of the company total financial’

" statement and the simultaneous equations when used.

i)»T'Jnterest rates
IN Exogenous
= (DSC-IN * NEW DEB/2)/ (LO- REPL/Z)
ii) Tax rate
T = 1T/ (OPRV-OPXP-DEPN + TOIl - DSC)

iii) Issue expenses rates

CE= CP= SIE/(DELPR + DELEQ) and CL = O.

i.e. SIE provided is distributed between new common equity and new -
preferred equity and this expense rate is assumed equal for both.

As for the debt issue rate it is included wnth the repayment of debt
and is not calculated seperately.

iv) Dividend payout ratios

RHON = RHO = PRDIVI/ (PRO + DELPR/2)
i.e;’preferred dividend is distributed between a midyear new pre-
fereed equity and old preferred equity and this ratio is assumed
equal for both.

DPR = DIVI/NIA -

Common dividend payout ratio is dividends net income avallable after
preferred dividends are distributed. :
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v) Split of other income

OTHINC = Total other income - 1DC
Taxable,TOl = BETA * OTHINC
Non-taxable, NOI = (1-BETA) * OTHINC
Where Beta fs eXegenous.

vi) Depreciation‘on‘tools and vehicles

Expensed, DPRTVE = ONCC + 1DC

Where ONCC (other non cash changes)

Z total non cash charges - depreciation
and IDC is supplied :

Capitalized, DPRTVC = CNRF - 1DC

Where CNRF (changes not requiring funds) is supplied directly.

vii) Net_salvage value

retlrements, RET = GCE - GTPAC + GTPACO and

NSV = AD - ADO - DEPN - DPRTVC - DPRTVE + RET

viii) Plants acqufred minus plant sold

Plaﬁps assumed =

iXx Miscellaneous

~ MISC = (DCH-DCHO) - DCRO - DCROO) + SIE-NSV ~OTHADJ) + PLAMPS.
Step 3
“The IR financial statements are generated using;

1) these samc- accountlng inputs based on Con“"ﬂ Totals as shown
in Step 2 . :

2) directly provided from costing and Sharing Blocks

3) based on proportionate distribution e.g. all beginning of year
IR liabilities are in same proportion of'Company Totals

These calculatlons are shown |n ltems of Inter- Reg|onal Financial

Statements below.




ITEMS OF INTER-REGIONAL FINANCIAL STATEMENTS

- INCOME STATEMENT

VARIABLE NAME

DESCRIPTION

SOURCE OF CALCULATION

NETINC =

OPRYV
~0PXP
-DEPN
+T01

+NO|I
- +|IDC

-DSC

" net income

OPRV operating revenue
operating expenses’ other ‘than DEPN

-depreciation

taxable other income
(other than 1DC)

non taxable other income
interest during const.

debt service charge

= (DEBTO-REPL/2)*10
-NEWDEB* IN/2

income taxes

S.E.

from Sharing Block
Costing Block (C.B.)

- C.B. _
BETA* OTHINC where OTHINC is
exogenous - -

- (1-BETA)*0THINC
exogenous

IN, new. interest raté’‘exogenous
DEBTO, from balance sheet -
REPL = Co.Total REPL*IR Assets
Co.Total Assets
10 calculated from Company Total
Total DSC as follows:

- DSCB=DSC - IN*NEWDEB/2

10 = DSCT/(DEBTO - REPL/2)
NEWDEB from Simultaneous
Equations (S.E.)

= t (OPRV - OPXP - DEPN + TOI- DSC)
+ NOI + IDC
+ FUNCTION
where FUNCTION = ALPHA*CURDTX
-(1-(i{-ALPHA) T)DEPD1F

N

"
(o) N
N




ASSETS BEGINNING OF YEAR

1) GTPACO

= SWO
+TRO
+STATO
+GENO

- +BLDGO
+LANDO
+PUCO

2) “ADO

3) GTPO

k) InvO

5) CAo
=CTi0

+0CAD

6) DCHoO
=DCDO
+DCO0

TOTAL ASSETS = 3)+4)+5)#6)

G.T.P. at cost

plant under construction

Accumulated Dep'n
GTP at cost - acc. dep'n
investments

current assets
cash and temp. inv..

~ other current assets

deferred cHarges
deferred charges - debt
" ' -~ other

C.B. sum = SUMX

sUMX (1.R.)*PUC(Co. Total)
SUMX(Co Total)

Sum of act. dep'n over all deprecia-
ble
plant types ‘

GTPACO - ADO

GTPACO (1.R.) * INVO (Co. Total)
GTPACO. (Co. Total)

GTPACO (1.R.)*CTI0 (Co. Total)
GTPACO (Co. Total)
GTPACO (1.R.)*0CA0 (Co. Total)
GTPACO  (Co. Total)

pCOO (!.R.)*DCO0(C.T.)/GTPACO(C.T.).

DCDO (1.R.)*DCDO (C.T.)/GTPACO(C.T.) -

€9-z



ASSETS END OF YEAR

.

2)

ZTPAC

=SW
+TR

“*stat

+GEN
+BLDG
+LAND
+PUC

AD

GTP

[NV
CA
= CTI
+0CA

DCH
= DCD

+ DCO |

from C.B.

e.g. SW=SWO+GA (SW)-RET (SW)
sum = SUMY

=SUMY (1.R.)*PUC(C.T.)/SUMY (C.T.)

=ADO + DEPN - RET + NSV
Summed over all depreciable
plant types

=GTPAC - AD

= GTPACO + GA - RET +

- (ADO + DEPN - RET + NSV)

GTPACO + GA + - ADO - DEPN - NSV
+DPRTVE + DPRTVC ’

GTPAC (1.R.) * INV (C.T.)/GTPAC (C.T.)

= CTIO + DELCTI .
where DELCTI =« 0 or
determined after S.E. -
= GTPACO (l.R.) * OCA (C.T.)/GTPACO (C.T.)

GTPACO (I
[

) * DCD (C.T.)/GTPACO (C.T.)
GTPACO ( C.T.)

.R.
.R.) *.DCO (C.T.)/GTPACO" (C.T.)

%2
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LIABILITIES

BEG. OF YEAR

1) TOTAL LIABILITIES = TOTAL ASSETS

2) All components of |.R. Total Liabilities are -in same proportion as company totals.

SC

TC

END OF YEAR

PR
EQ

" RE

PR+ E * RE

PR+ E+RE+L

preferred stock (including convertible)

common stock

retained earnings

Shareholders capital

debt - total
components divided in same
proportion as Co. Total
i.e. - advances from gov't.
- L.T.D.
- notes payable

Total Capitélization

PRO + DELPR

where PRO is initial PR
DELPR from S.E.

EQ0 * DELEQ :
where EQO. is initial EQ
DELEQ from S.E.

from R.E. Statement or
simultaneous Equation

LO + NEWDEB - REPL

where LO is initial debt
NEWDEB from S.E.
REPL (see D.S.C.)

o SOJOS

99-¢




LIABILITIES - END OF YEAR (CONT‘D)

- CL - current liabilities = CA * CLO where CA-year end
' CAO CLO-beg. of year
CA0-beg. of year
DFTAX o deferred taxes = DFTAXO + CURDTX + PRDTX
where DFTAXO is initial
CURBTX is current,
. calculated in C.B.
PRDTX is prior,
exogenous
Vv
N
DCRO : . deferred credits = other . - DCRO (C.T.) * Total Liab. (I1.R.)
‘ ~ ~ Total Liab. (C.T.)

°" S9JIOS




RETAINED EARNINGS

NETINC ‘ b net income S.E.
- PRDIVI ' .preferred dividends : see FUNDS statement
= NIA ‘ : ~ net income available
- Divi : common dividends ‘ ~ S.E. _
t ‘ .= 1) CsD ‘ _ split between 1) common share
' ' , ' ' dividends
+2) TGO

2) transfers to
govt. owners
in same ratio as Co. Total

- S.I.E. share issue expense | = CE*DELEQ + CP#DELPR (s.E.)
+ QTHADJ other adjustments ‘ | | egogenous

= DELRE » ' " current retained earning S.E.

+ REO | ' , 4 balance, beginning of year ' _'balance sheet

= RE e | SR | | balance, end of year : S.E.

Ul S0




FUNDS STATEMENT N
(2
(o]
1) SOURCES =
NETINC : " net income ' : . SIMULTANEOUS EQUATIONS (S.E.)
- (PRDIVI : Dividend = preferred N = RH@O*PRO + RH@N*DELPR/Z
+ DIVI) + common - . -
"~ ordinary DIVI S.E.
+ transfers .
. + CURDTX -Current deferred taxes deferred tax module
f + PRDTX prior deferred taxes exogenous
R "~ + DDCRO delta deferred credits - other » = DCRO - DCROO
+ DEPN depreciation (total . income statement dep'n’
+ ONCC other non cash charges :
| ( = DPRTVE : , = dep'n charged (tools & vehicles) = (1-PSI)* SIGMA*DEPN
| _ { ~ 1DC) , - int. during const. : = ICxGAMMA* (PUCO+PUC) /2
+ NEWDEB | new debt : ' S.E.
} . = REPL repayments - , = (Co. Total REPL)*IR Assets/(Co.Total
‘ ' : Assets)
+ DELPR . .delta preferred - S.E
+ DELEQ , delta Equity . ( common stock) S.E

o SITO0S



2) USES = -

‘GCE - o Gross Const. Expenditures . = . »';Sum of GA'
-CNRF - , . L B charges not requnrlng fundS‘lk,

{= iDC. . ) ‘ . i T , C*GAMMA*(PUC + PUC)/Z
- 4DPRTVC) - 2 Dep n: capxtalxzed (too]s & vehlcles) B PSI*SIGMAfDEPN

+PLAMPS o _ ;-' .plant acqu:red - plant sold .}, ;- .exogenous :

+DELINV " delta investment S e - o

delta deferred charges - other DCO-DCOO

delta deferred credits - other DCRO-DCRO{] .

+ S.1.E. (= CP*DELPR*CE*DELEQ
+CL*NEWDEB) '

NSV from change in Assets’

+MISC ,‘ o misce]lanequé

+DELWC - B . 'delta.wbrking,cépitél ig'%‘z¥1f», &i;;fgugiﬁ(CTl%OCA,:’CL)vlb(CTIO + OCAO - CLO) -




2.4.3
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solved values from simultaneous equations

All these varjous sources or calculations are shown in the Table
ltems of lnter Regional Financial Statements' below.

The generatlon of the benchmark financial statements

i)

ii)

i{i)

It is contemplated that the benchmark financial statements for
the Regional and Inter-regional sectors and for the company
totals wnll be generated and reported in the final report of the
Phase 2, IRA. Here the benchmark financial statements refer to

_the reported or historical financial statements.

In the case of company totals such benchmark statements are
readily available, and the missing input data is minimal. The
establishment of benchmark statements is necessary to evaluate
the impacts of introducing the various revenue shartng schemes
and of other simulations.

The procedure for generating the Regional benchmarks will be as

- follows: first, estimate the Regional OPRV by subtracting the

IR benchmark OPRV from the CO's total benchmark OPRV, where the
IR benchmark OPRV is assumed to equal the sum of the TCTS and

Adjacent Member OPRV of the company under consideration.

The Regional OPXP and GTP are similarly calculated as the resi-
duals after subtracting the IR benchmark values from the CO's
historical totals of such itmes. All the other items in the R
sector could be computed either by employing the proportionality

rule, or by applying CST and ACC block logic and algorithms.

The proportionality rule may be defined as just deriving a ratio
of a certain item in a certain total company financial statement
to a total value in that statement; then the ratio is applied
corresponding value of the similar R statement, yielding the value
of ‘the financial item for the R sector. The rule could be used
only if the total value for the R sector is known beforehand.

The “IR benchmarks can be generated by applying the subtraction pro-
cedure if the R counterparts are already calculated. Otherwise,
employ the similar procedures as described in (Il) above to the

IR sector. Of course there are a number of algorithms available
to complete the generation of such financial statements. The
elaboration of such algorithms here would be redundant.

In any event, we need to prepare only two sets of the benchmark
statements, one for the CO's totals and the other either for the
IR.or R sector. The third one could be computed as residual as
long as there is positive residual income available for the sector.




iv)
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The generation of the financial statements base on the sharing
block inputs.

The variations of OPRV of the IR sector due to the employment of
‘the various revenue sharing schemes will cause a chain of changes
in the values of other financial items of the IR sector and hence
of the company's (co) total revenue. ' '

_The procedures for regenerating the financial statements for such
variations will be similar as in the case of benchmarks genera-
tion. The recalculation of the C0's total financial statements
for such cases will be the sums of new IR values and the unchanged
R benchmarks. Of course the accounting block logic Is available
to generate the financial statements. ’
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Accounting block simultaneous equation system

, _
‘Eq. 1) GCE + CONST, | CONST.\ . A PR+ DIVI + A CTI + CONST]A
= NETINC * DEPR + A E(1-c) +APR (I - C,) *+ NEWDEBT
(1-c) + 1 - (1 -a).t . DEPDIF + (1 - a) A DEFTX
Eq. 2) NETINC = (I - t) OPRV - OPXP - DEPR - CONSTZ - CONST,, .
NEWDEBT + B . OTHERINC + (I -~ 8) OTHERINC + lc . y . GCE
+ 0 . A DEFTX - [I - (1 - a) . t:]. DEPDIF
Eq. 3) NIA = NETINC - CONST, - CONST., . A PR
Eq. 4) E = E,*+ AE
= - - . - +'
Eq. 5) R=R_+NIA-C_ AE=C . APR- DIV - CONST,
Eq. 6) PR = PR+ A PR
Eq. 7) L = L+ NEWDEBT - CONST,
‘ +
Eq. 8) DCR = Lo L
' : E +E+R +R+PR +PR+L +1L
o] o] (o] .0
Eq. 9) PCR = PR + PR,
"E +E+R +R+PR +PR+L +1L
o) o) o) o}
Eq.10) ITCE = NETINC + DSC
_ DSC
Eq.11) ITCI = NETINC *+ DSC + INCTX
- o ~ DSC

Eq.12) ~ ROREC = NIA

]/2 [Eo + E « Ro + R]
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NETINC «+ CONST2 + CONSTZ'A . NEWDEBT

1/2[:Eo + E &+ Ro + R + PRO f PR + Lo * L]

Eq. 13) RORC =

Eq. 14) DPR = . DIVI
- NTA
Eq. 15) RORBI = NETINC + DSC - OTHERINC(excl.INTCON) ™
1/2[GTP - GTPO + ACCDEPR - ACCDEPRd- DEFTX/2+
- Q . OPXP

NETINC -.DSC'-.OTHERINC(exc].fNTCON);lNTCON

Eq. 16) RORBE _
1/2[GTP .- GTPO + ACCDEPR . - ACCDEPR]- DEFTX/2+

Q . OPXP ~ PNC .

CONST,, = [~ ADCRO = ACL = NSALV'+ AOCA
T+ AT + ADCO - AMORT + CONST,,
- CONSTi]

CONST, = [Lo - 1/2 RL:j * i§j-_

1/2 % in -

CONST,A =

CONST, = OTHER ADJ NET
CONST, = RL

coN5T5 = PRo *Po

CONSTy, = 1/2 P

& = Flowthrough coefficientA

w
1

Ratio of INCTX on OTHERRINC to OTHERINC

~

Ratio of avg PUC to avg ACE
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ITCE

ITCI

n
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coefficient to be applied to OPXP in the RORBISRORBE

Interest Times coverage excluding INCTX

Interest Time coverage Including INCTX
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TEST RUNS

In this section the aim will be to provide a series of test runs with
the component parts of the model as constructed to date in order to:

1) Validate the computed results by comparison with published
statistics whenever possible.

2) Examine the sensitivity of the parts of the model to changes
in certain parameters (changes in single parameters while holding
all others constant).

'3) Through the two preceeding steps, obtain a benchmark run using

acceptable and reasonable input data and producing valid results.
The sections following are organized in sequence around the 4 pr|nC|pal
blocks of the model - namely the operating block, the costing block,
‘the sharing block and the accounting block. '

The Operating Block

Test runs performed within this block will represent component parts
of the block taken one at a time. The parts of the block to be examined
are: . ;

i) computations dealing with the estimation of peak and total
traffic.

ii) cemputation and algorithms dealing with the estimation of load
on switching hetwork Iink

|:|)exam|nat|on of the transmission network in terms of surVIvablllty
(understood in the limited sense used in this report)

iv) algorithms dealing with the allocation of switching circuit
requirements to supporting facility chalns in the transmission
network.

v) tests to examine the cost of survivability

Finally one section is devoted to the overall results of the block and
the formulation of a benchmark run. )

Traffic Parameters

The process for the estimation of traffic is described in section 2.1.1

of this report. In summary, in that section it is noted that we estimate:

1) point to point peak traffic (messages)
2) point to point traffic for each hour in a 24 hour day, and

3) estimation of point to point traffic in call-seconds



=
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The data used in these calculations is briéfly:

1) For each city or metropolitan area, its population and its
geographical location (longitude and latitude)

2) data on average holding time per message according to various
mileage bands

3) Standard East to West and West to East Traffic profiles for
different relative time differentials.

The derivation of these calling profiles is described in the section
2 1.1,

The first series of validation tests to be made ;nvolve the varlatlon
of the set of cities included in this subblock.

In order to estimate the differences in the amounts of traffic in a
network we propose to vary the set of cities in the data specification.
The criteria of comparison will be the total number of messages and
the total ccs on a company to company basis.

_ The tests are organlzed as follows.

1). Using standard profiles and standard average holding times
estimate numbers of messages and total call seconds on a company
to company basis for the data base of 24 cities (base used in
IRA 1) and thelr respective city populatlon

2) The same test using the 60 mode (city) switching network data
base proposed for use in IRA - |I. :

The results shown in the tables 3.1.1A and 3.1.1B are obtained through
the use of these estimation procedures.

For these two tables we observe that the 24 city sample includes a
total population of 5,148,410 persons and the 60 city sample covers a
population of 5,915,796 persons. In principle to cover the entire
country we should include cities and metropolitan areas in the sample -
until a population of 22,000,000 persons (Canada's total population)

_is approached. In practice, however, most of the additional population

is located in smaller centres of up to 30,000 persons and these centres
generate proportionately less inter-regional traffic than the .larger
centers (that is that two cities of 30,000 population each will generate
less total traffic than one city of 60,000 population). This claim’

can be verified with reference to the estimation model used. What

© this means is that, in so far as the major metropolitan centres are

included in the model we do not have to base on estimations on samples
covering the entire population of the country.
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The point to be made however, is that

1) the regression estimates were obtained by reference to a data
. base using city core to city core traffic

2) The traffic estimates are there obtained using this regression
equation on city core populations.

In the nhear future these traffic estimates will be redone, using the
same regression coefficients but metropolitan area populations sihce
we may assume that the traffic demand follows a pattern between metro-

‘politan areas which is similar to the pattern of demand between city

cores.’



TABLEAU 3.1.1 A

InterCompany peak traffic ( 24 city data base )

ALL COMPANIES  POPULATION

T0 ' B.C. TEL. AGT. SASK. TEL.  MANIT.TEL.  BELL CAMADA N.B. TEL. MT. & TEL. NFLD. TEL.
: 327.8 28.4 17.4 106.8 ~1 3.0 0.2 0.9 4845
B.c. TEL.. 466.9 40.4 24.8 152.2 - 4.2 0.3 1.3 690, 473,824
| 324.8 177.0 -65.1 282.3 7.4 ~ 1 0.5 2.2 859,
AGT. 462.8 262.] ~ 92,7 402.2 10.5 0.7 2.1 1224.2 841,471
29.2 1883 42.1 89.5 2.1 0.1 0.6 346.9 ,
SASK. TEL 41.6 261.1 60.0 127.5 3.0 0.2 0.9 4ol 3 265,918
17.6 66.1 41.4 172.8 3.3 0.2 0.9 302.3
MANIT. TEL - 25.1 94.2 59.0 246, 3 4.7 8.3 1.2 430.8 246,256
105.1 278.9 85.5 168.6 326.1 10.3 36.0 1010.5
BELL CANADA 149.7 397.3. 121.8 240.2 : 64.6 1h.7 1 51.3 1439 6 .2,99%,520
\ 3.1 7.7 2.1 3.4 346.2 1.3 3.8 367.
N.B. TEL. by 114 1.0 L a 493.3 1.9 5.5 524.0 89.039
; 14.9
.2 . . . . . .
MT. & TEL. 0 0.3 0 0.8 0 0.2 0 0.3 b 16.2 Al 1.9 ! 1.7 21.5 123,035
1.0 2.3 0.6 0.9 38.4 3.9 1.1 ) 48,
NFLD, TEL. 1.3 3.3 0.9 12 ’,,,/—”ghIG. s G 1.6 48 c 114,411
.. | u81. 866.6 335.1 297.7 1047.4 . 347.1 13.7 45.7
ALL CCMPANIES 685.3 12347 477.4 Lok 2 1492.3 94.5 19.6 65,0 5.148 510
Messages -
ccs
TABLEAU 3.1.1 B
InterCompany peak traffic ( 60 citv data base )
TC B.C. TEL. AGT SASK. TEL. MANIT.TEL.  BELL CAPADA N.B. TEL. MT. & TEL.  NFLD. TEL.  ALL COMPANIES  PDPULATION
343.7 33.0 19.5 117. : b.s 0.5 1.4 520,
B.C. TEL 489, 47.0 27.8 - 167.7 6.5 0.8° 2.0 741.5 487,998
) 341.1 215,5 76.4 321 1. 1.4 3.3 971,
AT, 486.0 306.9 108.8 458.2 16.7 2:0 b.7 1383.4 925,976
35.2 223.9 57.1 112.7 3.7 0.4 1 o8 432.8
SASK. TEL 48 7 319.0 81.3 160.5 - 5.3 0.6 1,2 616.6 339.315
19.8 77.8 56.1 207.4 5.5 0.6 ‘1 1.0 188. ‘
MANIT, TEL 28.3 110.8 79.9 295.5 ~__ 7.9 0.9 1 524.7 278,229
115.9 317 107.1 .|202.4 520.0 44.5 39.2 - 1346.
BELL CANADA 165.1 152.1 152 .6 88.3 " oln_g- 634 55.8 1918.2 3,315,016
4,8 12.4 3.7 5.7 560.0 - "] 30.8__ 6.4 623.
. N.B. TEL. 6.8 17.6 5.3 8.1 ~ 797.8 — 43.8 9.1 888 5 217,561
- 0.6 ; 1. 0. . . 49,9 32.2 1.7 . 87.
MT. & TEL. 6.9 2.2 071> 1.0 e 11 | 5. o5 |t 234,776
1.5 35 T o, »1:1//,,</”f .6 -— | 6.3 1.7 56.8.
NFLD. TEL. 2.1 5.0 1.2 _— 1.6 {7 595 i.— 3.0 2.3 80.7 116 921
517.9 980.1 §16.8 362.9_——" |ih11.2_—" | 583.9__— 79.9
ALL COMPANIES 737.9 —1196.4 593.% ;/516.'8 T oat0. | 8322 /(33 5,915,795
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Utilization of the Switching Network

The test runs made on this subblock of the program are intended to
fulfill the following goals. "

1. to examine the validity of the traffic data (hourly traffic
matrices) developped in the preceeding subblock in relation to
the size of the network specified;

2. to produce,assuming data is valid, sample profiles of usage of
switching links which show the message streams using each
switching link;

This second'goal is intended more specifically to show the rela-
tively high powers of the software developed for producing re-
sults which may be used in cost analysis.

In order to verify the validity of the results (goal 1), we must
calculate a number of indices related to switching networks, the

most important.of which is overall blocking probability. We can
expect  that the probability of blocking for a particular massage
stream should not exceed an average of x% since this is the true qua-
lity of service parameter

I f such is the case on any particular message stream, we must assume
that either traffic data, or circuitsin place data are incorrect, and
hence overall blocking probability is the principal tool for valida-
tion of the algorithms and data.

The types of results produced for costing analysis include, as men-.
tioned above, the total traffic profiles for any particular switching
link. On the same graph, for example, it will be possible to plot
total offered traffic to the link ( for 24 hours), total carried traf-
fic for the link ( for 24 hours), the component breakdown of total
carried traffic into its component message streams. It is also possi-
ble to plot the probability of loss (or overflow)on a separate graph
and compare these two results. Subsequently, an analysis of responsi-
bility for peak usage can be made; comparing the different users of
one link at the peak and the off peak period.

The benchmark data used for this run includes:

1. a series of 24 hourly traffic matrices derlved in the trafflc
subblock

2. a SpeC|f|cation of this initial state of a switching network.
These tests are based on a simplified 24 node version of the
Canadian network which is used for tests because it is more ma-
nageable from the software point of view. The initial state
specification includes a list of nodes and a list of point to
‘point trunk groups including the number of trunks in the group
and its type (H.U. group, Full group, Final group).

~The results.Of these initial runs, and the benchmark data will be
presented with analysis in an appendix to this report.
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3.1.3°

3.1.4
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Survivability

As explained in the section 2.1.3, an algorithm to enumerate the node
disjoint chains between any two points in a network has been developped.

- The test runs made on this algorithm alone (i.e. without integrating

with the other parts of the software) were principally to enumerate
the node disjoint chains in the western section of the base transmls-
sion network used. The purpose here is twofold: :

. to make validation and performance tests on the software;

2. to examine the general availability of 2 or more node disjoint
chains in the transmission network in order to show if imposing
survivability constraints on public message traffic is feasible -
or not; .

The results of validation tests on this algorithm show that the soft-
ware is operational but that intlarger problems ‘the computing t<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>