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APPENDIX E

THE SENSITIVITY OF THE DLDCNS RESULTS

TO THE ESTIMATED PARAMETERS

E.1 INTRODUCTION

This appendix deals with the sensitivity analyses that
were carried out as part of the study to determine if the results
would significantly change when the assumptions and estimated
parameters were varied. The effects of variation in the traffic
forecasts, method of costing (average versus marginal costing for
the satellites), variation in the discount rate, and variation in
tne criteria for network survivability were discussed in Chapers
4 and 5 of the Full Report (Volume 2). Here we discuss other
assumptions and estimated parameters whose variation might be
expected to change the results of this study but which, upon
further study and analysis, were found to have no significant
effect on the results reported in Volume 2. However it is not
obvious why their variation has no effect and hence explanation
is required. The purpose of this Appendix is to document the
variations we made and to explain why they do not change the
results.

E.2 DIVISION OF TRAFFIC BETWEEN THE CARRIERS

We assumed that the present situation with respect to
competition in the long-distance network will persist 1nto the
future without substantial change. As stated in Chapter 3 of the
main report (Volume 2), the networks of TCTS and CNCP were thus
assumed to develop separately with a division of traffic
essentially as at present. Telesat Canada was assumed to act as
a carrier's carrier; either TCTS or CNCP traffic or both could be
routed by satellite wherever it was cost-effective to do so. In
order to study such a scenario, it was necessary to make some
assumptions regarding tne portions of the total Ilong-distance
traffic which would be carried by the two primary carriers. 'The
result of this assumption was a division according to the

followirng table:
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llessage Traffic (including 8U4% TCTS 16% CNCP
private line, telex, and
data)

CBC TV circuits ' TCTS

All otner 1V CNCP

We needed to determine if a different division of traffic would
alter the results of the study.

First, consider the division of TV traffic between TCTS
and CNCP. Television traffic falls into that category of traffic
which, although it 1is designated as TCTS or CNCP traffic, is more

cost-effective to carry by satellite. This result holds
regardless of now the TV traffic 1is divided between 7TCTS and
CNCP. In fact, we found that if the cost of the satellite were

as much as three times 1ts assumed cost, it would still be more
cost-effective to route TV traffic on the satellite. Thus, the
results of the study are not dependent upon the division of 1TV
traffic between TCTS and CNCP.

Next consider the division of message traffic between TCTS
and CNCP. We found that variations as to how the message traffic
was divided had no real effect on how the national communications
network will evolve insofar as long-term transmission facilities
are concerned. We 1initially assumed a division of message
traffic that allocated 84% to TCTS and the remaining 16% to CNCP.
We then allocated both more and less message traffic to TCTS.
For example, when we allocated 90% of the message traffic to TCTS
and the remaining 10% to CNCP, the effect was to advance the date
at which some of the TCTS systems filled to their wultimate
capacity by one to perhaps two years. The reverse effect on CNCP
was observed, and there was no change 1in the satellite system
requirements before these saturation dates. For the carriers, it
is the type of change to which they would adapt their short term
plans as the change occurred, should it ever occur. Furthermore,
this is ratner insignificant when we take into consideration the
uncertainty in the traffic forecasts themselves, a topic that is
fully discussed in Chapter 4, Vol. 2 of this report. Any change
in the rate of growth of the traffic is at least as significant
as any change in the percentage of total traffic carried jointly
by TCTS and CNCP.
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.3 ALLOCATIOWN OF COSTS TO LOCAL AND LOJG-DISTANCE TRAFFIC
ON LEAISTING MICROWAVE SYSTLHS

Mucn of tne eguipment in the existing UCTS microwave radio
trunk systems is shared by local and long-distance traffic. The
egquipment tinat is snared (the towers, buildings, land, access
roads) nas a fixed cost that is independent of how much traffic
the system carries. We distributed these fixed costs according
to tne percentage of long~-distance traffic compared to the total
traffic on eacnh link in the network. We found that all the
existing systems will continue to be used because they are
cost-cffective and are necessary to provide a network that 1is
adeguately protected +to ensure a reliable service. However, wec
also found, that tne results of the study do not depend on how
tnese fixeu costs are divided between local and long-distance
traffic. 1The explanation is as follows.

Let us consider tihe case where all the fixed costs are
allocated to 1local traffic. The cost-effectiveness of the
existing systems for long-distance traffic is then determined
only on the basis of the incremental costs. But this is really
no different than how we obtained our initial results because,
although we 1included a fixed cost, we found that all existing
systems would continue to be used either for network protection
or because they are cost—-effective. Hence we effectively
determined wnere the traffic would be routed only on the basis of
thne incremental costs, wihicn are independent of how small the
proportion of tae fixed costs that are allocated to long-distance
traflic.

Now consider tane othier case wnere all the fixed costs are
allocated to tue long-distance traffic. From our analysis, we
found tnat altnough the electronic equipment may be updated or
even replaced, the existing microwave systems will continue to be
used because tney provide the most cost-effective alternative and

are necessary to provide an adequately protected network. Thus
our results are not dependent upon the distribution of fixed
costs, of tne existing microwave systems, between local and

long=distance traffic.

.4 SHUTTLE AND TUG YLCHNOLOGY

Although there 1is some uncertainty about the development
of the snuttle and tug, it 1is a major new development 1in
satellite "~ technology wnich may significantly reduce satellite
system costs in the next 10-1% years. This technology will not
be availavle for satellites that TELESAT launches immediately
following the present ANIK series, but may become available for
satellites launched after that, that is, after 1995 (see section
C.H.2 of Appendix C). The shuttle and tug technology could
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reduce the cost of satellites significantly. We analyzed what
would be the effect of a significant reduction in satellite
costs. We found that 1t does not imply an increase in satellite
capacity for long-distance communications traffic. As discussed
in Volume 2, by tine 1late 1980's the amount of voice traffic
througn the satellite system will already be limited by network
rellability in a minimum-cost network. A further increase in the
proportion of message traffic routed on the satellite would lower
tne level of network protection. Thus the effect that the lower
cost of satellites using shuttle and tug technology would have is
to remove any possible doubt as to the cost-effectiveness of
routing message traffic via satellite, as suggested by this
study. It would not increase the amount of message traffic
routed through the satellite. Hence the results of this study
are not dependent upon the possible introduction of shuttle and
tug tecnnology, except to reduce the overall cost of the network.

In tne network scanario in which the present institutional
arrangements continue Dbetween the carriers, no significant
amounts of voice traffic are expected through the satellite
system in the early 1980's (see section 5.1 and Chapter 4 of the
main report). However, in the late 1980's or early 1990's, when
the 1long-haul 4 GHz, 6 GHz and 8 GHz systems saturate, it is
expected tnat the satellite system would be used extensively for
voice traffic. Lower satelllite costs Dbrought about by
snuttle-tup tecnnology would make the satellite system an even
more attractive alternative to construction of one or more new
trans-Canada 12 GHz terrestrial digital radio systems.

E.b ALLOCATION OF RADIO SPECTRUM

The radio spectrum is an important resource for
communications. The main assumption that we made regarding the
future availability of spectrum is that a 500 Mz wide band in
tne 8 GHz range will be available for medium capacity digital
terrestrial radio transmission for TCTS. We found that this band
at ¢ Gilz along witn the presently allocated spectrum in the 4 GHz
range is adequate for long-distance transmission on terrestrial
systems well iInto the 1990's.

We 1investigated the implication of spectrum at 8 GHz not
veing available for long-distance digital transmission for TCTS.
‘I'he following are other alternatives, none of wnhich are as
economlcally or technologically attractive as using the 8 GHz for
long~distance digital terrestrial transmission.

i) Use of 4 GHz - the use of 4 GHz is not as attractive
for digital transmission as the 8 Gliz band. The 4
GHz band 1is already used for analogue transmission,
5o there would be additional costs and technological
transition problems assoclated with changing the
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existing analogue circuits over to digital circuits.
The 4 GHz band is also unattractive so long as only
one polarization can be used at 4 GHz because of
fading compared to use of dual polarization at 8 GHz.
Neither the need to restrict the use of a digital 4
GHz system to single polarization, nor the actual
testing of a dually polarized system at 8 GHz, has
been shown to the authors' knowledge. However,
because the necessary Fresnel zone clearance at 8 GHz
is only 70% of that at 4 GHz, and because the
infrastructure being used was designed for a
single-polarization analog 4 GHz system, it is
tentatively assumed that dual polarization is
possible at 8 GHz but not at 4 Gliz. The result is
that a 4 GHz system has effectively only 70% of the
spectrum available at 8 GHz. To arrive at the 70%
figure, we assume a 700 MHz wide band at 4 GHz and a
500 MHz wide band at 8 GHz. Using dual polarization,
there is effectively a 1000 MHz wide band available
at 8 GHz compared to only 700 MHz at 4 GHz. If from
this one subtracts the system capacity that would be
used by long-distance traffic presently routed
through the 4 GHz system, the capacity for _new
traffic on the 4 GlHz system is no more than half that
of the 8 GHz system.

Use of 12 GHz =~ It would be feasible for TCTS to
install a 12 GHz digital radio system across Canada
if the required spectrum were made available to TCTS.
However tne installation of a 12 GHz system would be
significantly more expensive than an 8 GHz system.
The reason 1s that whereas an 8 GHz digital radio
system is an 'add-on' to the existing TCTS 4 GHz
radio system 1in that 1t uses the same microwave
towers, a 12 GHz system would require a completely
new set of towers, land sites, and access roads.
This would require a large capital expenditure.
Furthermore, a 12 GHz digital network that was
adequately protected would require a second and
parallel 12 GHz system, or the network would need to
make heavy use of the satellite for message traffic,
the latter alternative being more cost-effective.
However, even using a single 12 GHz digital radio
system, together with heavy use of the satellite for
message traffic, is significantly more expensive than
installing a dual 8 GHz digital system and not using
the satellite at all for message traffic (use the
satellite only for TV and northern requirements). As
discussed in Vol. 2, using dual 8 GHz digital radio
systems together with the satellite for message
traffic is slightly more cost-effective than using
only the dual 8 GHz digital radio systems for message
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traffic. The capital cost of installing the first
radio channel on each of two 8 G(GHz digital systems
across the country 1s estimated to be a total of $31M
for tne two systems (using a distance of 3000 miles
at a cost of $5.2K per mile - multiplied by 2 to take
into account dual systems). The capital cost of
installing the first radio channel on a single 12 GHz
digital system 1s estimated to Dbe $109M (using a
distance of 3000 miles at a cost of $36.3K per mile),.
In order to have an adequately protected network, the
overall network using the 12 GHz system would further
incur the cost of a second 12 Gliz system or the
additional cost In the satellite system to facilitate
heavy use for message traffic. But even without this
additional <cost for network protection, the above
costs demonstrate that using even a single 12 GHz
system 1s far more expensive than using dual 8 Glz
systems that would provide an adequately protected
network, and that would provide adequate transmission
facilities well into the 1990's, as discussed 1in
Volume 2. There 1s one notable exception, and that
is within the Toronto-Montreal corridor, where 12 Gliz
digltal systems may be required sooner. liowever this
is a relatively short distance, does not involve the
satellite, and is independent of the remainder of the
network,

B.€ SENSITIVITY TO THE ESTIMATED COSTS OF TERRESTRIAL
AND SATELLITE SYSTEMS

Tne purpose of this section 1s to show how the results
presented 1in Volume 2 depend upon variations in the estimated
costs of terrestrial and satellite systems. As discussed 1in
Volume 2, tiie results show that 1t 1s significantly more cost
effective to route television traffic by satellite than by
terrestrial systems. We found that satellite costs could be
increased by a factor of three over the costs described in Volume
2 and tnat 1t would still be more cost effective to route
television via satellite. llence we may concentrate on the
sensitivity of routing messapge traffic on the satellite ¢to
variations in satellite and terrestrial system costs.

Any decrease in satellite costs or increase 1n terrestrlal
system c¢osts 1mplies that the satellite would attract even more
message traffic than in those scenarios described in  Volume 2
where message traffic is  routed tnrough the satellite on the
basis of marginal costing. However, as discussed in Volume 2,
the amount of message traffic carrled on the satellite in these
scenarlos 1s already limited by the necessity for network
protection. 'nus any decrease in satellite costs or increase in

s
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terrestrial system costs does not increase the amount of message
traffic routed via satellite beyond the amount discussed within
the scenarios discussed in Volume 2.

We next considered what happens when we 1increase the
satellite costs or decrease the terrestrial system costs. Both
these variations imply that the satellite becomes 1less cost
effective for message traffic. A decrease 1in the cost of
terrestrial systems could be due elther to 1improvements in
technology or due to allocating less of the metropolitan junction
plan costs to long distance traffic, and thereby allocating more
of tne metropolitan junction plan costs to 1local traffic. In
either case, the effect of any such change 1is to reduce the
advantage of routing message traffic 1n southern Canada via
satellite. Furtnermore, the effect 1s to reduce the present
value of tne saving made by using the larger satellite systems
for southern message traffic 1in the scenarios discussed in Volume
2. rYo 1llustrate, we compared the annual costs of the network
scenarios given in Tables 4,14 and 4.15 (Volume 2) with the
annual costs of the same scenarios but with the satellite system
cost increased by 10% and, at the same time, the terrestrial
system costs decreased by 10%. Tables E.1 and E.2 correspond to
Tables 4.14 and 4.1% respectively and show the effect of these
cinanges in costs when compared to Tables 4.14 and 4,15,
Comparing Tables E.l and E.2 with Tables 4.14 and 4.1% shows that
tiie cuange in satellite and terrestrial system costs reduces the
advantage (in cost savings) of routing southern message traffic
on the . satellite. There are however two important points that
must be emphasized here. The first point 1is that we must
remember tnis comparison assumes the terrestrial network uses an
8 GHz digital radio system which 1s an add-on system to the
existing microwave radio system. If a completely new
coast-to-coast structure is being considered for the terrestrial
network (such as for a 12 GHz digital radio system), then the
satellite is definitely cost effective for southern message

traffic. 1'he second point 1s that there 1s a 1link 1in the
Canadian network where tne satellite should be used for southern
message traffic regardless of vrelative cost to ensure an
adequately protected network. HNewfoundland should be connected

to eithner liontreal or Toronto by satelllite because there is
presently only a single terrestrial system connecting St. John's
to tie rest of Canada.

.7 DEPESADENCE OF VOICK CIRCUIT ROUTING ON THE COST OF
SOURCE~-ENCODING EQUIPMENT FOR VOICL SIGNALS
In Section 4 of Volume 2 it was shown that it is
cost-effective to use the satellite system rather than the 8 (lz

digital radio add-on system for traffic lncreases in the 1980's
between Vancouver, Calgary or bkdmonton in the west and Toronto or



Table E.1

Cost of Networks to Meet Requirements of 1985
Preferred Forecast with Satellite System Costs

Increased 10% and Terrestrial System Costs Decreased 10%
(Compare With Table 4.14)

Voice Traffic
Througn Satellite

Satellite System

Network Annual Costs
in 1985, Millions of

1973 Dollars

Satellite Terrestrial Total

System Network Network
50% Single Augmented RCA 28.2 36.8 65.0
50% Dual Augmented Anik 29.4 36.8 66.2
33 1/3% Single RCA-Type 26.8 38.6 65.4
33 1/3% Dual Anik 28.9 38.6 67.5
0% Single Augmented Anik 20. 4 k5.2 65.6




Table E.2

Cost of dJdetworks To Heet Requirements of 1990
Preferred Forecast With Satellite System Costs
Increased 10% and Terrestrial System Costs Decreased 10%
(Compare With Table 4.15)

Voice
Traffic Satellite System Network Annual Costs
Through in 1990, Million of
Satellite 1973 Dollars .
Satellite Terrestrial Total
System Network
50% Single Hybrid 37.2 56.9 94,1
50% bual RCA-Type 38.1 56.6 QL .7
33 1/3% Single 34.8 60.6 92.7
33 1/3% Dual Anik 32.1 63.2 95. 3
0% Single RCA-Type 28.1 69.4 97.5
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Montreal in the east. That analysis was based on the assumption
that SPEC source-encoding equipment or its equivalent would be
used on elther a satellite link or a terrestrial 1link, and on the
available information in 1974 that the installed cost of SPEC
egquipment would be about $200 per voice-circuit-end. However,
information whicn became available later 1ndicated that this cost
would 1likely be about $400 (1973 dollars) per volce-circuit-end,
and may be as great as $700 (see Section D.4.2, Vol. 4). Because
of +this 1large variance 1In the estimate of the cost of SPEC
equipment it 1s important that we determine the sensitivity of
the results to varlation in the cost of SPEC equipment.

before we address that problem directly, let us determine
under what conditions SPEC equipment would be used as part of
either a terrestrial or a satellite system, other costs remaining
unicnanged. This 1s 1mportant to establish, because the results
in Chapter 4 of the main report, Vol. 2, are valid for any SPEC
costs that are attractive in either a satellite or a terrestrial
system, since in tnat situation they are a common cost to either

system and so do not enter into a choice between potential
systemns.

Consider first a terrestrial system. Suppose that x 1is
the capital cost per volice-circuit-end of SPEC equipment, y is
the incremental capital cost per route-mile without the addition
of S8SPEC equipment, and N 1is the number of route-miles of the
proposed 1link. (Capital costs can be compared here, because we
are considering two possible additions to the electronic portion
of a system at a given time). Since capacity is doubled by the
use of SPEC or its equivalent, SPEC would be used whenever

bx < Ny E.1)
or
X <y N (E.2)
iy

Since the incremental capital cost of digital radio systems is
about $1.060 per volce-circuilt-mile, (see Table B.4.8), SPEC
should be used whenever

x < 1.6NN = 0.4N B
=g (E.3)

It 1is now necessary to consider a specific route to determine W,
50 let us consider the Edmonton-Toronto route, the shortest of
the above mentioned high-capacity end-to-end routes that may use
the satellite system. For this route W = 1720 miles 1if one
ignores the metropolitan Jjunctions. 1In that case SPEC would be
used whenever x, tne caplital cost per voice-circuit-end, 1s 1less
than $088 or approximately $700. Since this is the upper bound
on tne estimate of the capital cost of SPEC, an "early" cost with
low volume of sales, it can be assumed that. SPEC would be used on
tile avove-mentioned long-naul terrestrial links.

R—‘
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Let us now examine the use of SPEC in a satellite system.
Suppose that x 1s the cost of SPEC per voice-circuit-end, y 1s
the cost of the space portion of a satellite voice circuit
without the wuse of SPEC, and =z is the annual cost per voice
circuit of that portion of a ground station and backhaul system
which requires only half the capacity when SPEC is used. In such
a system SPEC is used whenever

4x <y + 22 (E.4)
or
x <y +z (E.5)
I 2

The annual incremental cost of a satellite system which does not
use SPEC, y, is about $800, twice the $400 costs shown in Chapter
4, Vol. 2. As shown in Vol. 4, Appendix D, z = $140, and so,
from (E.Y), SPEC  is used when its  annual cost per
voice-circuit-end is less than about $270, or capital cost less
than about $1,000. As 1indicated in Section D.4.2, it is very
likely that the cost of SPEC will be less than this value, and so
it will be extensively used in a satellite system towards the end
of that system's operational 1ife, as the system becomes
saturated without the use of SPEC.

Thus we have shown that 1t is cost-effective to use a
system such as SPEC¢ in either a satellite or a terrestrial system
over the complete range of its cost estimates, and so the results
presented in Chapter 4 of Volume 2 and in Volume 1 are valid for
any anticipated variation in SPEC cost.
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APPENDIX F

COST=MINIMIZING NETWORK SYNTHESIS TECHAIQUES

Ir1  INTRODUCTION

In tnis appendix the methodology used to optimize the
network 1n tne Domestic Long-Distance Communications Network
Study (DLDCNS) 1is described. Development of the optimization
metnodology was continuously improved throughout the study, and
is itself a significant by-product of the study. The purpose of
this appendix 1is to indicate how the various network synthesis
teciniques developed during the study were combined to form the
present technigue.

.2 AN OVERVIEW OF THE SYNTHESIS TECHNIQUL USED

In order to synthegsize a cost-effective Canadian
satellite/terrestrial network for the 1980's, the following steps
are necessary:

i) A description of what is meant by an optimum network
is specified. This description must be or lead to a
quantitative measure by which networks can be
compared.

ii) A description of tne existing network is determined.
Tnis description must:

a) describe tne network as it is in 1973.

b) be "expandable" as far as 1990, in that subsystems
tnat may be introduced into the network in the
1980's can become part of the model.

c) specify the capabilities and the relevant costs
of each system in the network,

d) bve complex enough to accurately model the
essential features of the network, and yet simple
enougn tnat different expansion options may be
easily cliosen and evaluated.

iii) A description of the most likely traffic loads on the
network, and the upper and lower bounds on that
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traffic estimate, must be made. This traffic
includes:

a) heavy-route long-haul voice, data, and leased-
line requirements in southern Canada, both
interprovincial and intraprovincial;

b) television distribution by the networks such as
CBC, CTV and Global TV, and by the cable TV
companies and education departments of the
provincial governments.

¢) tnin-route telephone and data service to
remote communities.

iv) A synthesls procedure for network expansion must be

developed. A necessary part of this procedure is an
algoritnm for routing traffic througn a constrained
network at minimum cost. As well, however, it 1is

necessary to develop strategles to determine what
network optlons to 1investigate and to consider the
large numpber of possible satellite systems 1n an
organized way.

tacn of these four areas of actlvity are discussed in
detall below.

F.3 THE MewASURE USKED TO COMPARE FEASIBLE NETWORKS

Tne baslc objective of the DLDCNS 1s (o determine the
expansion of the long-distance network which would bc of greatest
national benefit 1in the long term. This 1s interpreted to mean
expansion of tne network to meet predicted traffic requirements
in the 1980-1985 time-frame at minimum cost to the nation, with
some consideration of how the network mignt expand 1in the
post-1985 time-frame.

Essentially, the approachh used to compare alternate
network expansions is to:

i) ignore all costs that were incurred prior to 1930,
since these costs cannot be recovered by changlng the
network 1in the 1980's. (Salvage of large microwave
systems for sale elsewhere has never been done  to
date 1n Nortn America to the author's knowledge. DHD
nas sold mid-Canada system communication 1links to
TCTS, but they are used in place.)

ii) of tne costs after 1980, consider only amortization,

refurbisnment, maintenance, and operations costs, and
ignore corporation profit and income tax "costs"

ot
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Tne costs considered are only tnose real costs that may
change by a re-design of the network. Further, the costs are
only <costs to tiane nation as a whole. Items such as profit and
taxes are simply a redistribution of wealth within the country.
Transfer payments of tnis type are not normally included in
Federal government cost-effectiveness studies.

Having specified wnat costs are to be considcred, the next
step 1s to determine 1in general terms the metnod wused to
determine tne optimum system. The "optimum" system is that which
meets the traffic requirements, signal quality requirements, and
network protection requirements, at minimum cost. Tie cost that
is minimized is the present value (in 1980) of tne amortization,
refurvisnment, maintenance, and operations costs in the 1980-87
time-frame. Consideration was also given to making this system
compativle witn tne network in tne 1973-1980 time-frame and
post-1907 period. Tnis was done in the following way:

Step 1: Determine the annual costs of existing and new
radio, cable, wavegulde, and satellite systems
as a function of installed circuit capacity.
(This will be discussed in more detail Dbelow.)

Step 2: Determine the minimum cost network for each of
tne "spot" times 1980, 1985, and 1990. (This
was done wita the optimum routing algorithm and
tne demand-cost strategy, as cxplained Dbelow.)

Step 3: If tnese thrce "spot optimum" networks are not
compatible, in thnat major systems are in  an
earlier network and not in a later one, or if
tne satellites in the different networks are not
tiie same, tnen the "spot optimum" networks are
modified so0 that they are compatible and the
present value in 1980 of tneir costs is
minimized.

Foh PREDICTED BubD-T0-LHL CIRCUIT REQUIREMEALS ON THE
LONG=-11AUL JdLETWORK

Tne raw information on which network requircnents in the
1you's must Le based are voice and data requirements prior to
1973, population growtn and economic growtn forecasts for the
1973-199y  interval, predictions of the end-to-cnd circuit
requirements of tne common carriers for tne 1973 to 1980
intcrval, and stated reguirencnts of tie television networks in
the 19y80's. Interprovincial and intraprovincial public switched
voice, total voice circult end-to-end and television distribution
requirements nave been described in Appendix A.

S
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It 1s assumed tnat these requirements are exogenous
variables, 1i.e. they are independent of transmission costs. One
reason for making this assumption is that long-naul transmisslion
rates are determined by many factors, only one of wnich is
transmission costs.

.y MODLL OF ‘THE LONG-HAUL COMHUNICATION NETWORK

At present, the long-haul heavy-route communication
network in Canada consists of two 4 Gliz radio systems owned by
the memvers of TCTS, a 6 GHz radio system owned by CN/CP, and the
Ainik 4/6 GHz satellite system owned by Telesat Canada. In almost
all cacses tnese systems are operating far below their ultimate
capacity of 16,800 full-duplex voice circuits on the U GHz

systems and 10,800 voice circuits on the 6 GHz system. These
ultimate capacities may be further increased as ncw electronic
equipment becomes available. Some of these 1improvements are

described in Appendix B.

The terrestrial systems include hundreds of radio repeater
sites. Rather than include each of these locations as nodes 1in
the long-naul network modcl, only nodes wnich are one or more of:

i) major population centres and so a source of
significant long-haul telephone traffic,

ii) a regional distribution centre for CBC television
programs, or

iii) an important network branch point,

are included. The simplified network includes 20 nodes and 26
connecting 1lines, as shown in Figs. F.1l and F.2. The reason for

including tne nodes in the network are shown in Fig. F.1. Four
nodes in Quebec and the Maritimes are not traffic sources, but
are included because they are major branch points. Several of

the 1links of Fig. F.1l have several systems in parallel, as shown
in Fig. F.2.

The nodes shown in Fipure F.1 and F.2 are not single
repeater sites; some metropolitan nodes cover hundreds of square
miles and include as many as ten junction repeaters and switching
centres. These complex nodes have becn replaced by star nodes,
withh one Ubrancn of the star going to each other major node that
is directly connected to the node Dbeing represented. Separate
star representations are used to model the TCTS and the CN/CP
networks. 'The now rather artificial network is partly shown 1in
Fig, .3, Thls network model 1is developed to allow various
network expansion options to be 1investigated, rather than to
accurately represent tne network in the field node by node.



Source of Voice Traffic Only

Source of Television Traffic Only

Source of Television and Voice Traffic

FIGURE F.1

SIMPLIFIED NETWORK MODEL WITH 20 NODES AND 26 LINKS
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The ground stations of the satellite system are modelled
as extensions of the network shown in Figures F.1 to F.3.
Satellite ground terminals in southern Canada will carry one or
more of tne following kinds of traffic:

i) television transmit and receive,
ii) television receive only,
1ii) multiple-access voice, likely TDHMA,

iv) dedicated use of two satellite transponders between
two ground stations.

The cost of ground station equipment varies widely among that
required for the four types of traffic. For instance, television
receive-only 1is much less costly than television transmit and
receive. Because of this, a satellite ground station and the
terrestrial backhaul system to the terrestrial long-haul network
is modelled as shown 1in Figure F.4. Branches of the network
representing the ground station are labelled a to e, and nodes
are labelled A to F. Television receive-only traffic is carried
on branch a, television transmit-and-receive on branch b,
multiple-access volce on branch ¢, and dedicated-transponder
voice on branch d. All traffic to the satellite 1is carried on
branch e. Node F represents the node at the metropolitan
junction to which the ground terminal is connected.

The satellite 1s represented by a separate node 1in the
network. Nodes A, B, C, and D of each ground station (see Fig.
F.4) are connected to the satellite.

F.6 COMMUNICATION LINKS AND THEIR COSTS

The network model is such that all costs can be associated
with a link of tne network, and ownership of eacin 1link 1n the
network except the 1intersystem connections of Fig., F.3 can be

specifled. The long-distance links are assumed to be one of the
following:
i) analog microwave radio links existing in 1973,

ii) new analog microwave radio links,

i11) new digital radio 1links,

iv) new digital coaxial cable links,

V) new digital millinmetre waveguide 1links.

The numerical values of the annual costs of these systems, and
the technique used to determine tnose costs from available data
is described below. Capital costs of thesc systems, on which the
annual cost calculations are based, are given in Appendix B.



FIGURE F.4

NETWORK MODEL OF A SATELLITE EARTH STATION
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F.6.1 EXISTING TERRESTRIAL SYSTEIS

Let us first consider existing analog microwave radio
systems, owned by either TCTS or by CN/CP. Information 1is
availlable giving the 1location of each repeater site in these
systems, the frequencles used, and installed equipment at each
frequency band. In the TCTS systems 4 GHz is used for long-haul
traffic, and 2 Gliz, 6 GHz, 7 GHz and 8 Gllz are used for 1local
traffic. The first step 1in determining the annual cost of such a
system 1s to determine the capital cost of each repeater site 1f
it were built in 1973. The cost of the bullding, tower, roads,
etc. are divided ©bvetween long-haul and 1local systems in
proportion to the number of radio channels used by each. This
information can be used to determlne the equivalent new capital
cost of tne long-haul portion of the links shown in Figures F.1
to .3, as a function of installed capaclty on that 1link. It is
assumed tnat each 4 GHz radio channel can be loaded with 1,200
voice channels or a TV program with several audio channels, and
that each low 6 GHz radio cnannel can carry 1,300 voice channels
or a 'V program witn audio. In the near future these figures are
expected to be increased to 1500 and 2100 volce clrcuilts
respectively. This loadilng is possible with modern transcelvers
with IWI output amplifiers, in contrast with the 480 channel and
960 channel loading of older transceivers.

The capital cost of a U4 Gllz radio link as a function of
installed 1ink capacity 1s the step-function snown in PFig. F.5.
Larger costs are incurred when introducing the sixth and the
eleventn operating channel, The step-function cost curve 1is
approximated by the ramp, also snown in IFig., F.b5.

Tne next step 1s to convert this capital cost function to
an annual cost function, again 1n terms of 1nstalled link
capacity. If the amount of traffic carried on +the 1link as a
function of time over its complete lifetime were known, then the
average annual cost of a voice circuit over the system's lifetime
could be determined. However, that information is not known a
priori; for the time interval between when the system 1is
installed and the present time, this information is known by the
carriers (if they have 1in fact kept these records) but not by
DOC, and for the future the traffic carried on an 1individual
route as a functilion of time is a result of the study, rather than
an input. Thus a simpler method of determining annual costs must
be determined. Such a method, used in this study, is to assume
that amortization costs, refurbishment costs, and malntenance and
operations costs, wnhnich together form the system annual costs,
arc together a fixed percentage of the system capital costs. The
result 1s a system annual cost function in terms of installed
system capacity. This function for each 1link 1in the network,
togetner with a description of the network topology, and the

—
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end-to-eand traffic requirements of the network, forms the i1nput
data for tne optimal routing algorithm.

Let us now consider how to determine this annual cost
function in detaill, bearing in mind that we are only going ¢to
consider future costs of tne network. Consider first the initial
step in the <capital cost curve. This 1s the cost of the
building, roads, prime power, tower, antenna, etc. 'or an
exlsting system 1t 1s only necessary to consider [M&0O costs of
these items. &0 costs are assumed to be a fixed percentage, o ,
of the capital costs of the system. (No information is available
on different wvalues of a for roads, bulldings, antenna systems,
and electronic equipment: an overall value of 137% is assumed.)

Consider next the annual costs of electronic equipment
tnat 15 already installed. It is not necessary to pay complecte
amortization costs of this equipment, because its purchase was in
tne past, and past costs are not considered. However, it 1is
necessary to refurvisn tihis equipment at some future date bceause
of obuvolescence. These refurbishment costs are

Ci(1+3) - N,
A = — (F.1)
R t] -(1+1')—(N1+N23

where C is tae refurbishment capital cost

3 the interest rate or opportunity
cost of money,

N; 1s tne number of yecars before
refurbisnment 1s necessary,

and N, 1s tue lifetime of the new
electronic equipment.

ne  values chosen for N, and N, are averages over all exlsting
systems. It 1s tentatlvely assumed that N, 1s scven years, i, ic
fifteen ycars, and 1 1s 10%. Tne effect of inflation on A bl
not included in (F.1) since all costs are given in 1973 do1l¥ars
Using tnese values of the parameters in (f.1), A /C is 5.8%. If
tnis cost 1is added to the maintenance and operations cost, the
total cost of presently installed electronic equipment iz  18.8%
of its capital cost.

[
.

The last 1item Lo consider is the cost of new electronic
egulpment to inercasc thne capacity of the link. The annual cost
of tnils ecquipment 1is the full amortization cost plus tuae HM&O
costs, a total of

i

C 13 =
! ?\1 - (1+1) NZB (F.2)

 p—
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Again tne effects of inflation are not included. With i = .10
and N, = 19 years as in (F.1), these total annual costs are 26.19%

of capital costs.

Tne relationship betwcen the simplified cost curve and the
annual cost curve as functions of installed capacity are shown in

Fig. F.6.

F.0.2 HNEW TERRESTRIAL SYSYTEMS

Hew terrestrial systems are those for which the detailed
route has not Dbeen determined, noc microwave sites have been
installeu, no cavles laid for coaxial systems, etc. In that case
tne procedure is to determine a capital cost and then an annual
cost per mile, and multiply the cost per mile vy the airline
disvance vetween end terminals, times a factor of 1.2 to take
into account detours in the actual route.

Tne cost per mile of any new long~-naul system 1s assumed
Lo ve of tne form

C(m) = C + Cm, m<M
0 ! = (F.3)

> o , m>M

wiere m is tne number of installed full-duplex voice circuits,

and 1 is the maximum capacity of the system. The infinite cost
for m>n 1s a mathematical representation of tne finite capacity
of th¢ system. similarly, the annual cost per mile of a long

laul system as a funetion of 1ts installed capacity can be
written in tae form :

A(m) = A + Am, m<M
0 1 - (F.4)
- o ’m>M
where A ¢ ' i
0 = 0 a
- F.5
(1 -+ ) (F.5)
A1=C1 o i
(F.6)
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wiuere o is the ratio of maintenance and operations
cost per year to capital costs,

i is tne interest rate or opportunity
cost of money,

g is the lifetime in years of the
initial portions of tie system such
as the buildings, roads, cables,
antennas, etc.

Ny is the lifetime in years of the
electronics of the system, pernaps
determined oy obsolescence of the
equipment.

Different transmission media can be modelled by specifyilng
the valucs of the parameters Cy, C3, a, 1, N3 and Ny, for that
mediuim. fedia modelled in tnis way include TD 4 GHz radio, TH ©
Uz radio, 11 GHz digital radio, LD-4 digital coaxial cable, and
millimetre diglital waveguide systems. In each case 1t is assumed
that N3 1s 2YH years and Ny 1s 1b years. Estimates of the other
parameters are given in lable .1,

TABLE .1

Parameters of Heavy-Houte Transmission Media

tFledium Co C o M
4 Giiz Radio $17K $1.10 V.13 16,800
b GHz Radio $17K $1.10 0.13 10,800
11 Gllz bigital Radio 18K | $1.25 0.13 32,256
LD-4 Coaxial Cable $H1K $1.12 0.10 20,160
diillimetre Waveguide $TUK $0.23 0.10 240,000

Ine &0 costs are assumed to be 10% for cable and waveguide
systems, and 13% for radio systems. The latter are more exposed,
and use TWl amplifiers- rather than solid state amplifiers. Both
of tnese differences contribute to a higher M&O cost. Based on
the information in Table F,1l, and assuming that the cost of money
Is 1u#, tne annual costs of tne five media in Table F.1 are given
in Tavle F.2.
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TABLE F.2

Annual Costs per Mile of Heavy-~Route Transmission Media

Medium A(o) 1 A(M)
I Giliz Analog Kadio $4,100 16,800 $8,900
b GHz Analog Radio 4,100 10,800 7,200
11 GHz Digital Radio 4,300 32,256 14,800
Lb-4 Digital Cable $10. 8K 20,160 16,000
viillimetre Waveguide $1v5.5K 240,000 28,300

F.o0.3 SATELLITE GROUND STATIOW COSTS

i'ne network model of a satellite ground station was
described 1in Section F.5 and shown in Fig. F.4. Links a, b, c,
and d represent tne electronic equipment to transmit and receive
the traffic througn the satellite. Link e represents the
antenna, tne building, access road, prime power system, and
vackhiaul system. The capital cost and technical description of
thiese links has been specified in Appendices (C) and (D). The
conversion from capital costs to annual costs is described below.

'mere are two possible frequency bands that could be used
in a given ground station, the 4 GHz and 6 GHz band, or the 12
GHz and 14 GHz bvand. If 12 and 14 Gllz are used the ground
station can be located anywhere without interfering with the
terrestrial microwave system. In contrast, if 4 and 6 GHz are
used long terrestrial bakchaul 1links are required, but many of
these Dbackhaul links and ground stations have already been buillt
for tne Anik system.

Consider first a new ground station designed to operate in
either band. From Appendices (C) and (D) a capital cost function
C{(m), a function of the number of voice circuits or television
channels flowing tnrougn tne link, can be determined. '"'ne annual
cost functions for these links are
A(m) = C(m) Y a + !

1 - (1+i)"Ns

winere o 1is tne [4&0 rate, 1 1s the interest rate, and i5 is the
system lifetime for cost purposes. Again, inflation is not
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accounted for. The values chosen for these parameters are o =
0.13, the same as that for terrestrial radio systems, i = 10% as
before, and Ns = 7 years. Ns 1s set at 7 years because that is

the likely lifetime of the satellite, not because the system
would have to Dbe replaced after 7 years. With these values on
the parameters, A(m) = 0.33 C(m).

The alternative 1s to use an existing ground station and
backhaul system. In this case it may be necessary to improve the
existing site by improving the antenna, increasing the capacity
of tne backhaul link, adding new transmitters, etc. Let C:(m) be
the capital cost function of the existing equipment as a function
of m, tne number of circuits tnrough the 1link, and C2(m) be the
corresponding cost function of the new equipment. The annual
cost function of the 1link is then

iCz(m) (F.8)

1 - (1+3)7Ns

No amortization costs are assoclated with existing equipment from
the Anik system because these costs have already been 1incurred
and are not recoverable by removing the facilities. If we use
the same parameters as were used for a new ground station, (F.3)
be comes

A(m) = afCi(m) + Co(m)§ +

A(m) = 0.13 Ci:(m) + 0.33 C,(m) (F.9)

'If tne amortization time for new ground stations is
increased from 7 years to 14 years, the time-frame for two
satellite systems, then equations (1.7) and (I'.3) become

A(m) = 0.26 C(m) (F.10)
for an entirely new ground station, and
A(m) = 0.13 C,(m) + 0.26 C,(m) (F.11)

for an existing ground station.

F.o.4 SATELLITE SPACL SEGMENT COSTS

‘'ne space segment of the satellite includes the satellite
or satellites themselves, and the terrestrial faclilities to
control tne system, 1.e. any part of the system not directly
associated witn a ground station winich carries network traffic.

The satellite space segment is a well defined system with
a specified lifetime for the actual satellite. Thus the annual
cost 1s fixed, and not a function of traffic through the
satellite, because there is no opportunity to modify a satellite
wuring its lifetime.
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Consider first the cost of the satellites themselves, 1in
orbit. The present value of this portion of the system is

i} N .\ -Dj
Pg = Cp * Iy (Cg+ Cp v Cp) (1+1) (1+v)

S D
+ ¢y (1+1)Pxea (F.12)
wilere CD is tne portion of the satellite development costs
that the manufacturer charges to the system in
gquestion,

CS is the cost of producing another satellite of the
same type, and of transporting that satellite to the
launcn site,

CI is the incentive charge by tne manufacturer for a
satellite operating successfully in orbit,

CL is the cost of launching the satellite, including
cost of the launch vehicle, use of the lauanch
site, payment of launch personnel, etc.

. 1s the planned time interval between the time for

which the present value 1s calculated and the

time that the J satellite is launcaed.

i 1s the 1interest rate,

and Y is the cost of insuring the launch, as a fraction
of the cost of a satellite and its launch.

1ae annual cost of tnis portion of the system 13

Ag = P e (F.13)
1T - (1+1)
where L is the 1lifetime of thne system. If we set N = 2, two
satellites in orvit, D, =0, b, = 0.5, by = 1.0, 1 = 10%, Y =
15%, twice the expected failure rate of a Thor-Delta launch, and
L = 7 years, the annual cost of tne satellites in orbit 1is
AS = .21 CD + .65 CS + .46 (CI + CL) (F.14)

As well as the above, the space scgment costs include the
amortization and tne M&0U costs of the 'T.1.&C. station and the
satellite control centre. (In the Anik system the T.T.&C.
station 1s at Allan Park and the control centre is on River Road,
Vanier.) Tne T.1T.&C. station can be costed in much the same way
as a traffic-carrying ground station, in that only M&0 costs of
the exlsting portion of the new T.T7.&C. station are charged. In
contrast, new portions of tne existing station, or a completely
new station must be cnarged both amortization and #&0 costs. If
tnis amortization 1is over 14 years, the 1lifetime of two
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successive similar satellite systems, and an M&O rate of 13% 1s
used, the annual costs are

ATTC = 0.13 C0 + 0.26 CN (F.15)

where CQ 1s the cost of tne old portion of the T.T7T.&C. station
18

and CN the cost of the new portion.

Tne total annual cost of the space segment of the
satellite system, then, is
= +
A 0.21 CD + 0.65 CS + 0.46 (CI CL)

Ss
(F.16)

+ 0.13 Co + 0.26 CN + ACC

where Acgc 1s the annual cost of the control centre.

Fo7 o THE OPTIMAL ROUTING ALGORITHH

The optimal routing algorithm routes the traffic through
tne satellite/terrestrial network at minimum annual cost. The
input to tue algorithm is:

i) a complete description of the network topology as
outlined 1in Sectilon F.bH,

il1) an end-to-end traffic description, as discussed 1in
Section F.4,

i1i) the annual cost of each link 1in the network as a
function of traffic carried over that link, as
described in Section F.6.

Ine output of the algorithm is:

i) a description of how telephone traffic between each
pair of end points is routed through the network, and
how eacn television signal 1is distributed through the

network.

1i) a statement of the amount of traffic carried on each
link of the network,

iii) the annual cost of tne complete network.

Tne algorithm used to produce this output is a heuristic
one, ratner tnan one which 1is based on linear programming. It 1is
described 1in reference (2) and (3) and is an extension of the
algoritnm described 1in vreference (1), generalized to route
television as well as telephone trafflc at minimum cost. The
heurlistic approacn ratner tnan the standard L.P. approach was
taken because of the mucn larger amount of computer time used by

~E——
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the L.P. programs available. (In a test run with a network of
six nodes and eleven 1links the heuristic algorithin required only
apout 1% of the time required by tne L.P. program to optimize the
network.) The Canadian long-haul network model as described for
optimization in the computer has about 60 nodes and 120 1links,
including 17 traffic-generating nodes. The 1ncrease from the 20
nodes and 26 links shown in Fig., F.2 is due to inclusion of
satellite ground stations, metropolifan models, and dummy 1links
introduced to model several parallel systems, The heuristic
algorithm can optimize traffic flow through this network in about
one minute of Sigma 9 time. About 10 to 15 minutes of programmer
time 1is required to prepare the input data and to do the initial
interpretation of the output data.

F.3 THE DEMAND-COST STRATEGY

The optimal routing algorithm discussed above specifiles
now traffic should be routed through a network tnat has a
specified topology and link costs. However, determination of the
various satellite options and the associated satellite 1link costs
is a major part of the project. In contrast with terrestrial
systems, costs and characteristics of satellite systems change
significantly as new satellite optilons are considered, Use of
the demand-cost strategy allows for considerable network
optimization work to be done without detailed knowledge beilng
available on the satellite system, and prevents the necessity for
duplication of effort when considering a different satellite.

Rather than developing a cost function for the satellite
links, as was done in Sectlon F.6 for the terrestrial 1links - and
for the ground stations, 1let wus suppose that tne cost of
transmitting a voilce circuit through the satellite is x dollars,
with no constraint on the amount of traffic through the
satellite. Tne network can be optimlized with the optimal routing
algorithm for any specific value of x, and repeated for several
values of x. The required number of voice circuits through the
satellite in an optimized network can be thought of as a function
of x, the "offering price" of a satellite circuit. The graphlcal
representation of this function, plotted with x on the vertical
axis and the number of satellite voice circuits on the horizontal
axis, 1is referred to as the satellite demand curve. (The reason
for choosing the axes this way will be evident later.) It is
expected that such a curve will be similar to that shown in Fig.
F.7, and will have the following general characteristics:

i) it i1s a uniformly non-increasing curve, in that only
by reducing x can the traffic through the satellite
be increased.

ii1) A wvalue X exists such that if the annual cost per
volce cigéﬁit is greateir than XMAX there will be no

P
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traffic tnrough the satellite, the terrestrial
network being cheaper in all cases.

iii) The traffic through the satellite is limited to some
finite maximum value even if x is reduced to =zero,
since at this point it carries all the traffic and
the terrestrial network carries none.

iv) The curve is a series of discrete steps, as shown in
Fig. F.7. One reason for this is that as soon as a
television signal is routed through the satellite the
number of equivalent voice circuits is increased by a
large amount. The other reason is that as soon as x
vecomes small enough to attract a voice circult
between a pair of nodes, say betwecen Vancouver and
Halifax, 1t will eitner take as much of that traffic
as is allowed for network protection reasons, or
enougn that a link somewhere 1s no longer required,
wnichever is smaller.

There will be different demand curves, of course, for different
traffic requirements and different terrestrial and ground station

link costs.

As well as these demand curves, the actual cost of the
Space portion of the satellite system can be determined, as

described in Section F.6.4. There are a number of satellite
options, each optimum for a specific amount of satellite traffic,
ground station G/T, and modulation scheme. Thus for a gilven

ground segment of the satellite system one can specify the
minimum cost of tne space segment as a function of satellite
traffic, as shown in Fig. I’.8. VFor a given satellite the cost
curve is constant, and increases in discrete steps as a new more
complex satellite becomes necessary. ‘The dotted curves indicate
tne cost of tne larger systems below the capacity at which they
are optimum.

If the total annual costs shown in Fig. F.0 are divided by
tne numver of circuits through the satellite, the result 1s an
annual cost per satellite volice circuit curve, as shown 1in [ig.
.9, At cach value of traffic through the satellite Fig. F.9
indicates tne minimum possible annual cost of a voice circuit,
the cost througn a satellite that is optimum for that amount of

traffic.

2

Suppose we now overlay the curves in IMigures ['.d and [.9,
as snown in Fig. F.10. 1In this figure the demand curve 1is the
amount tnhat could be charged for a voice clrcuit at each value of
traffic, and the cost curve is the minimum amount that must be
charged. From the demand-cost-stratepgy viewpoint there are three
classes of points on the cost curve. These are:
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i) points at which the cost curve 1s below the demand
curve, such as point aj;

ii) points at which the cost is above the demand curve,
sucn as point by

iii) points at which the cost curve and the demand curve
are equal, sucn as point c.

Points a are feasible points, but at the satellite costs of point
a tne total network cost could be reduced by increasing the
amount of satellite traffic above that indicated by point a.
Points v are not feasible, since no satellite system can meet the
costs required by tne network. Points ¢ are optimum in that at
point ¢ the total network annual cost 1s minimized. There may be
several points c¢, in that the cost curve and the demand curve may
intersect several times. Of this set of locally optimum points,
the globally optimum one is that with least satellite voice
¢circuit annual cost. This 1is also the point with largest
satellite capacity, since the demand curve 1s a non-increasing
function.

Several network constraints and requirements must bDe
Specified before a demand curve and a cost curve can be
determined. 'These include the total traffic through the network,
tne types of system used in the terrestrial network, the amount

of network protection imposed, etec. The optimum network, subject
to tuese constraints, is specified once the optimum point ¢ has
Leen determined. Point ¢ on the demand curve can be used to

Specify tne terrestrial network and 1location of the satellite
ground stations. Point ¢ on the cost curve specifics the type of
Satellite to wve wused. Cost-demand curves for several networks
Subject to different constraints and requirements can be
Obtained, and tnese results used to determine the globally
Optimum network and to determine the cost of d1imposing certailn
constraints on the network.

F.y CHOICE OF SATELLITE SYSTEM PARAMETERS

Choice of several basic satellite system parameters such
as operating frequency (12 and 14 Gllz or 4 and 6 Gllz), and ground
station antenna diameter, can be determined by using the
denand-cost strategy. A satellite system demand-cost curve such
a3 tnat shown in Filg. I',10 15 for a specified set of terrestrial
link costs, including the costs of the ground station links. As
Eround-station antenna diameters are decreased, and/or the 12/14
Uiz pand is used instead of the 4/6 Gliz band, it 1s expected that
ground-station costs will decrease and satellite costs will
increase. For eacn frequency band and for various antenna
diameters the- optimum point ¢ of Fig. F.10 can be determined.
Associated witn eacn such point is a total network cost. The
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network witn the lowest of these costs 1s the one chosen. Once
this network is determined the optimum satellite frequency band
and satellite antenna diameters are known.

.10 OPTIMIZATION OVER THE 1980-1985 INTERVAL

The network model and links costs described in Sections 5
and ¢ are expected to be valid for the complete 1973 to 1990
interval. However, the optimization of the network, described in
Sections F¥F.7, F.8 and F.9, 1is for a specified traffic input.
Since the traffic througn the network 1is expected to increase
significantly during the interval of interest (see Section F.4,
and Appendix A), a network optimized for one point 1n time may
not be tne same as the network that is best for that point in
time when optimization over the complete 1973 to 1985 interval is
considered. For instance, the optimum satellite for 1980 may be
smaller than tihat required in the minimum-cost network for 1985.

For tne above reason 1t 1s necessary to take the
optimization procedure a step further as described under "Step 3"
in Section F.3. The technique wused is to select a number of

Satellite/terrestrial network development scenarios which, while
not optimum at all three of the "spot times" of the study,
represent orderly and feaslible evolutions. This process 1is not
mecnanized, it depends mainly on sound engineering judgement and
insignt. Once the evolutionary scenarios are selected the most
cost-effective one is selected on the basis of minimum
Present-value of annual costs over the time frame. It 1s the
result of tunls process which is presented in Chapter 4 as the
most cost-effective solution to the network development problem.
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