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1. INTRODUCTION -

The objectives of this traffic requiremeﬂﬁéijrecasting»study
are stated: . source-sink traffic matrices were to;be‘produced and  the

correspondiﬁg'channel requirements were to be deduced from them.

A major actiVityeformihq bart of‘the psp Domestic LbﬁQ'DistanCe
Commun1cat1on hetwork Study 1nv01ves Forecast1nq traffic requ1rements in the
1980 - 1990 time- Frame Th1s foreca;t1ng has two. ob1ect1ves

a) .Forecast 1nter prov1nc1a1 traff1c consisting of te1ephono, data
v1deo,Aaud1o, etc.

b) Forecast the corresponding channel requiremenisefer>these.
o o Theﬁe 0b3ect1ves may be described more spec1f1ca11y by n0t1ng that
v Canad1an te]ecommun1cat10ns networks can be represented 1n the s1mp11f1ed
form of F1gure 1.1 Th1s report deals w1th inter- prov1nc1a1 11nks, maJor
.1ntra prov1nc1a1 11nks are mentioned 1n Section 9. »
This forecast1ng study was concerned with produc1ng source s1nk traff1c
mat11ces, as in F1qure ? wh1ch give the traff1c of various: types between a11
pairs of provinces for forecast years. These traff1q forecasts were'then to-

: c ~ s - e, 2
be converted into forecasts of the corresponding channel ‘requirements.”

1. It is noteworthy that Nova Scotia and Prince Edward Island are aggregated
as the "Maritimes", which is hereafter considered as a province.

2, In fact, traffié matrices were only prodﬁced for teiephohe trafflc,Afor
other servwces ‘channel requirements were eqtlmated dlrectly in the most
approprlate form.» : :
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2. " SIMPLE TELEPHONE TRAFFIC FORECASTING .

ﬁsihg the limited amount of data availablefohflpng distance-
telephone caliing rates, lower and upper forecastsiéf'teieﬁhone
traffic from Ontario and Québec were produced usihg‘stﬁplé 1inear,and
exponentialie%t%apolation.:sThis-forecasting gave partial sburce—sink

traffic matrices.

A Timited aWOUnt of Statistics Canada data is avat]ab1e on Tong

distance éa111ng by prdVince' typical data.for Ontario and_duebec combined

as shown in F1gures 3 and 4,

The good 1east squares fits ‘shown for both 11near and . semi - -log p]ots

i

Vmof the data 111ustrate a basic prob]em 1nherent in forecast1nq w1th this data

_We cannot definite1y say that growth rates are either 1ineah or exponential.

Rather than trying to resolve this_difficuity, fohetasting was under-

taken based on both”11near and.exponent1a1.forecasting."Sﬁnce growth of

demand is not expected t0 grow more s]ow1y than 11near1y nor more qu1ck]y

‘ than exponent1a11y, such forecasts give lower and upper 11m1ts respectively.

In fact, since traff1c growth rates are s11ght1y more hearly exponent1a1 than

" Tinear, the most 11ke1y future values are expected to be somewhat closer to

the exponentia]]y'dehived forecasts than to those 1ineahTy‘derived.

‘Wh11e provincial traffic growth rates are of some interest, we are

hea11y concerned with the,traffic over 1hter—proy1nc1a1 links. Data giving the

©3. These limits are based upon the expected value forecasts shown in Figures

3 and 4; confidence bounds as shown. there could also.be determlned for : >
“each of these lower and upper limits. . »
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traffic between all pa1rs of provinces was not, however, ava11ab1e

Fortunate1y some data, available from various sources, made it
possib1e-to d1v1de Ontar1o and Quebec s-traff1c into the components d1rected
to each province. S1mp1e extrapolat1on (either Tlinear 6r exbonentie1) enab]ed
partial source- s1nk traff1c matr1ces, as shaded in F1gure 5, to be. produced

for the forecast years.



3. GRAVITY MODELLING

Gravity modelling was undertaken to fill in thetiemaindervof
the partial-traffic matrices. .Urbén proviﬁcial popﬁleﬁien forecasﬁs
were'ﬁsed with subjectively’detexﬁined distences be;@eeh prbvinciel
"centres of gravity" in this gravity modelling; whieﬁipreducéd_full'

telephone traffic matrices.

“Since the.ayai1ab1e.data only enabled partial traffﬁcjmetricesetO»be
produced, an indirect approach was needed for forecasting traffic between pairs
of provihces other than”those shaded in Figure 5. Gravity mbde111ng was under—
_¥:‘ ‘ "taken1to extend our 11m1ted data, S0 that who1e matr1ces cover1ng a11 inter-

prov1n01a1 Tinks cou]d be filled in.
The grav1ty mode] hypothes1zes that the traffic T between two p01nt
‘>popu]at1ons P1 and P2 s1tuated a distance R apart is
,VT=|<.91P2'._V_.‘.--‘ I o
R o R - o

where k and n are appropriate fitted constants
- This can‘be're?written as

P1Py

In [;_1;J4‘=4 In (k) - n In (R) | . (@)
To use this model we required data on traffic, populations’ and distances

-

between Lhese

Traff1c data was available, q1v1ng traff1c volumes between Ontario

L 21
’

and Quebec and the other provinces, as shaded in Fiqure 5.
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Urban prov1nC|a1 populat1ons were used here rather‘than total popula

't1ons tquat1on~(1) 1nd1cates that tota] 1onq d1stance traft1c N shou1d he
',proportlona1 to popu]at1on this is conf1rmed by Figure 6 foh urban prov1nc1a1

popu1at1ons‘(wh1ch g1ve a sTope nearer un1ty than total prov1nc1a1 popu1at1ons)}

Urban prov1nc1a1 forecasts, such -as those of. F1gure 7 made by the Systems

'aResearch Group, are read11y ava11ab1e

D1stances'betWeen proVJnc1a1 "point populations" were next needed.

o Snbjective1y'determinedfprovincia1 "centres of gravity" were chosen, as -shown.

in Figure 8, and distances between these Were measured. (Since Canada is an

'essent1a11y 11near countrv, these d1stances are add1t1ve ) -

N1th ‘data on traff1c, popu]at1ons and d1stances ava11ab1e,»1t was

possibie to undertake grav1ty mode]]1ng Figure 9 shows th1s to be qu1te

*teasonhb]e using’ 1966 data QF1gure 10 shows that s1m11ar mode111ng ean be

app11ed to the Nork1ng Group on Inter- Reg1ona1 Te]ecommun1cat1ons 1973 data

on vo1ce c1rcu1t requ1rements )

Assum1ng that 1nter proV1nc1a1 1inks other than those shaded in

. F1gure 5 wou]d have p1otted va]ues of (T/P ) aga1nst R 1y1ng on a graV1ty

mode1 11ne (f1tted to data for “shaded" 1nter prov1nc1a1 11nks) enab1ed the
rest of the source s1nk traff1c matrix to be f111ed 1n th1s 1s 111ustrated by

F1gune 11. The use-of this assumption enab]ed,traff1c forecasts for_the.

. des1red years of 1980 1985 and 1990 to be produced'

It must be emphas1zed that th1s 1nd1rect forecast1ng approach based -

on grav1ty mode111ng, was necess1tated by the - 11m1ted ava11ab111ty of su1tab1e

: data on 1nter prov1nc1a1 traff1c

4. oystems Research: Group, Canada Population Pro;ectlons to the Year 2000, .
S.R.G., Toronto,‘l970 ‘
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4,  FORECASTING TELEPHONE CIRCUIT REQUIREMENTS

.Teiephone traffic matrices Werevconvefted-into matricéslof
public switched voice circuit requifemehts using c?fteiations.between
1973 traffic forecasts and the corréspoﬁdingﬁ£§73'pubiic'ewitched;

' voice circuit;requirements as determined by the.IntéréRegiQnai WOrking:
Group. Assuming these corretations_to hold enabledxﬁatrices-of future

. telephone circuit requirements to be produced.

;1s apparent

It was next necessary to convert the te1ephone forecasts into vo1ce

c1rcu1t requ1rements S1nce suitable traffic engineering data was not

_ava1Tab1e, and s1nce the traffic forecasts which were produced actua11y-
’ _Heferred on]y to commerc1a1 inter- prov1nc1a1 traffic rather than 1o|tota1

. ntor prov1nc1a1 traff1c, an 1nd1rect approach again had to be used

Forecasts of 1973 commerc1a1 traff1c vo1umes were- produced and these

. were corre]ated, as shown in- Figure 12, with numbers of pub11c sw1tched voice

Assum1ng that such correspondence wou1d hold through t1me, 1t was:"

t:poss1b1e to. convert the whole traffic matrices (as F1gure'11) into matr1cesA

'Hdg1v1nq pub11c sw1tched vo1ce circuit requ1rements for each inter- prov1nc1a1

R Tink for the forecast years of 1980, 1985 and 1990. F1gure:13‘shows.th1s forfi
51980;-the-1ower and_upper Timits were obtained using 1inear and-exponent1a1"

‘forecastﬁng respectively with gravity modelling. As.a1ready noted in Section -

derived forecasts.

uf.c1rcu1ts as forecast by the Inter Reg1ona1 Working Group A good correspondence;

.2, future requirements'are expected to lie somewhat closer to the exponentially




It is'intereStjng to compare the 1980 forecasts of pubiic switched'
vofce‘circuit requﬁrements giVen in.Figure-13 wﬁth~those produced by the

Inter Reg1ona1 dork1ng Group. As shown-in Figure 14 a reesonab1e

) correspondence is apparent between these two sets of forecasts

Nh1]e exponent1a1 forecast1ng is s11qht1y preferred over linear for

- forecasting up t0‘198Q3 rapid exponential growth rates can produce un-

rea1fstica11y high results for later years. It is therefore'recommended that

.an average of 11near and exponential forecasts be used. Since algebraic

averag1ng gives v1rtua11y no we1ght to 11near forecasts, geometric averaging"

is recommended.

‘ 5. While the: algebralc average of A and B is defined as (A+B)/2,-the

: geometrlc average is defined as

o antllog 1og(A) +'log(B)J = (A.B)%'
v ' 2




5. REQUIREMENTS FOR DATA TRAFFIC

t

- Daﬁéitraffic volumes for the 1980~1985 timelframe will
probably not be:significant with' respect to voice\ﬁraffic volumes. -
‘Circuit requirements for data are expected to be oply 6f'tﬁe order of:

3%~4% of those already forecast for voice traffic.

Data traffiéivoiumes are now very low, although theif7growth rates
are considérab]y-hiéﬁer than for te]ephone; -

Current fbrécasfs are that data volumes of_]ong héﬁTftrafFic in the
1980-1985 time-Frame Will still be relatively insignificant in comparison with
the volumes of (priméfiiy‘digita])«vbice. Forecasts in tﬁé_rénge of 2%-6% of
mot51 te1ephone sygtéh “traffic volumes being data have beén;méde in various

countries. . Voice Circuit requirements for data are thus expected to be

~relatively small, of the order of 3%-4% of those already queéast for telephone |

- voice traffic.

Further. studies are, however, underway to examine new developments in

the data field wh1¢h.mﬁghf increase presently envisaged daté fraffic_vo1umes

by an order of magn{tude or mbre; such developments would obyidus]y make data

traffic significant with respect to voice traffic.

AN



6. REQUIREMENTS FOR VIDEO TRAFFIC

The very limited data available enabled oﬁlyiﬁhé vety_simp1é 
prediction to.be made of "a dozen i‘half—a~dozen"-ﬁidéo channels o

- . L
required across Canada in 1980.

Video traff%c-for the 1980-1990 -time-frame has not yéfxbeen.forecést'

except in terms of video channel requirementé for 1980.. Sevéfé] prediétioné .

~of such requirements haﬁe been produced; Figure 15 111ustrété§:£hosé giVen by
My. A.G;N. Tfmmersw: THis’Figure may be summarized by theisimDie prediction
that “a dézen + hé1faa¢dozen" video channels will be-requ%féﬁféérdss Canada in
1980, L | | b

: ;_; | Thjs very éfmple prediction{is.a11 that can be.madé Wffh fhe véry

| Timited amount of aéﬁa ﬁow available. Further data cb]1ecti§n studieé“afe

required to update this preliminary prediction to give moké_définite forecasts.

A
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7. REQUIREMENTS FOR AUDIO TRAFFIC

Only very preliminary estimates of the'cirgﬁit,requiremeﬁtSZfof :

audio traffic are available. -

Mr. A.G.W. Timmers -also provided a simple indication:of CBC audio
requirements for AMﬁand>FM channels, as illustrated in Figuré‘TG; other

requirements are not yet even vaguely defined.
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8. TOTAL TELECOMMUNICATIONS REQUIREMENTS-.

Total telecommunications: circuit requirements' for each inter- = ~"
-provincial link may be estimated by a simple summation of the foredaSt |

regquirements for each service.

'The requ1rements g1ven above for voice, data, v1de0 and aud10 serv1ces__' - |
can now be tota11ed for each inter- prov1nc1a1 11nk, this prOV1des forenasts of

 t0ta1 te1ecommun1cat10ns requirements (for 1980 at Teast).
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9. - FURTHER WORK °

Further work is required to forecast intra-provincial telephoné
traffic and'requirements, to study audio and vidéo requirements in

detail, to_reiate forecasts to costs, and to update all these forecasts.,

Further work “is envisaged in four general areas:

a) .Prov1de te1ephone traffic and circuit requ1rements forecasts
for the major intra-provincial links shown in Figure 1 (by
dashed 11nes), as tabulated on the d1aqona1 1n”F1gure 2.

. b) Undertake-further studies to provide detailed forecasts of audio
.. and v1deo te1ecommun1cat1ons requirements. :

c) - Relate traff1c and requ1rements forecasts to the costs of
~~ telecommunications usage, and thereby "close the 1oop" of
costs - demand - requ1rements + costs. -

'd)' Update a11 of these forecasts, part1cu1ar1y as more extens1ve
.and 1ater data becomes available. -
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FIGURE 2

TRAFFIC MATRIX
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FLGURE 5

NUMBERS OF LONG DISTANCE TELEPHONE CALLS MADE IN A GIVEN YEAR
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FIGURE 10
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FIGURE 14
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- ' , FIGURE 16

AUDIO GHANNEL REQUIREMENTS PREDICTED FOR 1980
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