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1. 	.INTRODUCTION • 

ettel.LS=1; 	 —tCPCn riC. • '. 

k° 

Thé objectives of this traffic requiremèntsIorecasting study 

are stated..'source-sink traffic matrices were to:be *produced  and the 

corresponding channel requireMents were to be deduced from them. 

-------- 

• A major activity forming part of the DSP Domestic Long Distance 

Communication  Network Study involves forecasting traffic i'sequirements  in the 

1980 - 1990 time-fraMe. This forecasting has two objectiVes:: 

.a) Forecast inter-provincial traffic consisting df-telephone, data, 
• video,_.abdio, etc. 	. 

b) ForecaSt . the corresponding channel requirements for these. 

• • 
These  objectives ma  y be described more specifically , bY noting that 

. 	 Canadian telecommunications networks can be represented in the simplified 

• •• 
form of Figure 1.

1 
 'This report deals .with interTprovincial . lidks; major 

intra7provincial linkS.are mentioned in Section .9. • - , 

This forecasting study waS concerned with producing sourcesink traffic 

matrices, as  in Fi.gurè.2, which give the traffic of varioustypes betWeen all 

Pairs of provinces for forecast years.. .Thesé traffie forecasts were 'then to -

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 à province. 

2. In fact, traffic': matrices were only -produced for telephone traffic; for 
• other services -channel requirements wère estimated directly in the most 
appropriate fCrim... . 

1 

2 
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traffic between all pairs of provinces was not, however, aVailable. 

fortunately some data, 'available from various . sOurces, made it 

possible to divide Ontario and Quebec's traffic into the component§ directed 

to each province. Simple extrapolation (either linear  or  exponential) enabled 

partial source-sink traffic matrices, as shaded in Figure 5, to be.produced 

for the forecast years. 



(1)  

(2)  

4 

3. 	GRAVIFY MODELLING 

acertao-nensennnalinuna.eax,ret enerre.,1 , 	 scr.usx .n.wwascura.a.Ls:•mata..s.tetuerrazemvnwe.car.rasa awaz 711.1191,MAITLItfilllerelLTII&OTICJIII 

Gravity modelling was undertaken to fill in the remainder of 

the partial traffic matrices. Urban provincial population forecasts 

were'used With subjectively - determined distances bettifeéh provincial 

"centres of gravity" in this gravity modelling, whichproduced full 

telephone traffic matrices. • 

• 

'Since the available data only enabled partial trafficmatrices to-be 

produced, an indirect approach was needed for forecasting traffic between pairs 

of provinces other than - those shadèd in Figure 5. Gravity mOdelling was under- 

. itakenito extend our limited data, so that whole matrices cOvering all inter- . 	 . 

provincial links could-be filled in. 

The gravity . model hypothesizes that the traffic T between two point 

populations P 1  and P 2 'situated a distance R apart is 

T-k PP .1 2  
Rn 

where k and n are appropriate fitted constants 

- This can  • e re-written as 

T' 	=• ln (k) 	n ln (R) 

To use this model we required data on traffic, populations, and distances 

between these. 

Traffic data was available, giving traffic volumes between Ontario 

and Quebec and the other provinces, as shaded in Figure 5. 

ln 
2 P 1 P 2 



Urban provincial populations were used here rather than total popula-

tions. Equation (1) indicates that total long distance traffic N should be 

proportional to population; this is confirmed by Figure 6 for urban provincial 

populations (which give a slope nearer unity than total provincial populations). 

Urban provincial forecasts, such as those of Figure 7 made by the Systems 

Research GrouO are readily available. 

Distances between provincial "point populations" were next needed. 

Subjectively determined provincial "centres of gravity" were chosen, as shown 

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

essentially linear country, these distances are additive.) 

With data on traffic, populations and distances available, it was 

possible to undertake gravity modelling. Figure 9 shows this to be quite 

reaSonlabl using '1966 data. 	Figure 10 shows that sfluilar modelling can be 

applied to the Working Group on Inter-Regional Telecommunications' 1973 data 

on voice circuit requirements.) 

Assuming that inter-provincial links other than those shaded in 

Figure 5 would have plotted values of (T/P 1 P 2 ) against R lying on a gravity 

model line (fitted to data for "shaded" inter-provincial links) enabled the 

rest of the source-sink traffic matrix to be filled in; thi5 is illustrated by 

Figure 11. The use of this assumption enabled traffic forecasts for the 

desired years of 1980, 1985 and 1990 to be produced. 

• 	It must be emphasized that this indirect forecasting approach, based 

on gravity modelling, was necessitated by the limited availability of suitable 

data on inter-provincial traffic. 

4. - Systems Research:Group, Canada Population Projections 46 the. Year 2000, 
Toronto, 1970.  
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4. 	FORECASTING TELEPHONE CIRCUIT REQUIREMENTS 

Ielephone traffic matrices were-converted into matrices of 

public switched voice circuit requirements using correlàtions.between 

1973 traffic. forecasts and the corresponding  1973 public Switched- . 

. 	. 
voice circuit . requirements as determined by the Intér7Regiona1 Working'. 

Group. Assuming these correlations to hold enabled-.matrices-of future 

telephone circuit requirements to be produced. 

.1111gebtlfflIMMMn RI.M11.1ille 

It was next necessary to convert the telephone forecasts into voice 

circuit requirements. Since suitable traffic engineering data was not 

available, and since the traffic forecasts which were produced actually 

I . Ileferred only to commercial inter-provincial traffic rather t han  to total 

• . 
.inter-provipcial traffic, an indirect approadh again had to-be us.ed. 

'Forecasts of 1973 commercial traffic volumes were produced and . these 

were côrrelated, as shown in Figure 12, with numbers of public switched voice 

circuits as forecast by the Inter-Regional Working Group. A good correspondence 

is apparent. 	• ' 

Assuming that such correspondence would hold through time, it was 

possible to convert the whole traffic matrices (as Figure 11) into matrices 

giving public switched voice circuit requirements for each inter-provincial 

link for the forecast years of 1980, 1985 and 1990. Figure 13 shows this for 

1980; the lower and upper limits were obtained using linear and exponential 

forecalsting respectively with gravity modelling'. As already noted in Section 
- 	• 

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

derived forecasts. 



- 

• It is interesting to compare the 1980 forecasts of Public switched 

voice'circutt régufrementS gi .ven in .Figuré 13 with - those prodùced :by the 	• 

Inter-Regional WOrkifig Group. As shown,in Figure 14, a yeaSonable 	 • 

correspondence - is apparent between these two sets of forecasts. 

While exponential.forecastingls slightly preferred oyer linear for 

forecasting up to 1980,-  rapid exponential growth rates can prOduce un-

realistically high results for later years. It is therefore recommended that 

an average of linear and exponential forecasts be used. Sthçe algebraic 	- 

averaging gives Virtually no weight to li'near forecasts, "g'eoMetric averaging" 

is recommended. 5 	• • • 

While the'aigebraic average of A and B. is defined as -(A+B)/2,—bhe 
, vgdometric average is defined as 

[ 

 àntilog log(A) 1- log(B)  = (A.B)1/2 



e.  

5 	REQUIREMENTS FOR DATA TRAFFIC 

- Data traffic volumes for the 1980-1985 tiMeframe will 

pobably not be.significant with'respect to voice ,txaffic volumes. 

Circuit requirements for. data are expected to  • e onl•  f  the order of .  

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

. Data traffic‘volumes are now very low, although theirgrowth rates 

are considerably higher than for telephone: 	 . 

Current forècasts are that data volumes of long haùl:traffic in the • 

180-1985 time-frame Will still be relatively insignificant in .comparison with 

the volumes of  (primarily digital) voice. Forecasts in the. range of 2%-6% of 

totattelephone systeM traffic volumes being data have  beerr.made in variOus 

countries. . Voice circuit requirements for data aré thus expected to be 

relatively small, of the order of 3%-4% Of thèse already forécast for telephone . 

voice traffic. . 

Further studies:are, however, underway to examine fiew developments in 

the data field which Might increase presently envisaged  data  traffic volumes 

by an order of magnitude or More; such developments would obviously Make data 

traffic significant wfth respect to voice traffic. 
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REQUIREMENTS  [OR  VIDEO TRAFFIC 

nter.lcan-uku,—..... ..mr.rteaa...s=er ren=-arcrmars7r.srcnss.res. .----zralt 

The very limited data available enabled only the very .simplé 

prediction to be made of "a dozen ±. half-a-dozen" video channels 

• required acrbss:Canada in 1980. 

,Video traffic for the 1980-1990 time-frame has not yet been forecast • 

except in terms of video channel requirements for 1980 . , Several predictions 

of such.requirements have been produced; Figure 15 illustrates those given by 

Mr, A.G,W. Timers,. This Figue  may be summarized by the'siMple prediction . 

that "a dozen ± half-a 7dozen" video channels w111 be  •equiréCacrôss Canada in 

1980. 

This very simple prediction is all that can be-made With the very, 

limited amount of data now available. Further data collection studies are 

required to update thiS preliminary prediction.to  give  more  definite forecasts. 



1 0 

• 7. • REQUIREMENTS FOR AUDIO TRAFFIC • 

Onlyvery preliminary 'estimates of the  circuit requirementS . .for 

audio traffic are available . , 

7,11, 

Mr. A.G.W. Timmers also provided a simple indication of CBC audio 

requirements for AM and FM channels, as illustrated in Figure 16; other 

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

reeacebsc esExpec--,:scsaeem...= 

Total telecomminications'circnit requirements- for each inter- , 

provincial link may be estimated by a simple sumMation of the foredaSt 

requirements for each service: .  

The requirements  gin  bove for voice, data, video and audio services 

can now be totalled for each inter-provincial link; this provides forecasts of 

telecoMmunicatiohs requirements (for 1980 at least). 



9. • • FURTHER WORK ' 

VeleCWWMMMIM.MBUfflfflIgale4MfflinWedOelleaMeWnelffeMeRMCW.M1111MeMWZ=.3....7==......-.......,..?,MeMMMMIGeileue. 

Further work is required to forecast intrarprovincial telephone 

traffic and requirements, to study audio and vidéo  requirements in . 

detail, to relate forecasts to costs, and to update all theSe forecastS. 

Further work is enVisaged in four general areas: 

a) Provide telephone traffic and circuit requirements forecasts 
for the major intra-provincial links shown in Figure 1 (by 
dashed lines), as tabulated on the diagonal in Figure 2. 

b) Undertake further studies to provide detailed forecasts of audio 
and video telecommunications requirements. 

c) Mate traffic and requirements forecasts to the costs of 
telecommunications usage, and thereby "close the loop" of 
costs 	demand 	requirements 	costs. 	 - 

Update all of these forecasts, particularly as more extensive 
and later data becomes available. 
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A SIMPLIFIED REPRESENTATION OF THE CANADIAN TELECOMMUNICATIONS 
NETWORKS 
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.FIGURE 3 

N  LONG DISTANCE. TELEPFIONE.CALLS MADE BY ONTARIO AND•QUEBEC •  
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FIGURE 4 
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THREE RETURN CFIANNELS IF TERRESTRIAL MEANS USED 
can 	 eme m 	 Ma mc  rsee ams 	 estp 	 slees. cee te, eins  cc  eere em.  me  «an  elea eree M. ems 'sm,,  nee am. 

nts." w. ern 	 Msa es. me ma .  meo cm, ems mm Maa em ma me crat..ç.> 4cc, —  an. cc  mse cs.m. MS, ems ems mern tome m. see 

III. CABLE T.V. 

• • 	 • • SINGLE CHANNEL 
sesmameseams....mmasseemaamMamessameasmamesaammesammemmas mammeaseemememmemess. 

RETURN CHANNEL IF TERRESTRIAL MEANS USED 

eRai 

ovcars WHS.; 	 PM. 64.. ecnoe 

• IV. OTH.ER  



K.  

• 

AUDIO CHANNEL REQUIREMENTS PREDICTED FOR 1980 

SIMPLIFIED SCHEMATIC: 

Nfld. 

B.C. 	Alta. 	Sask. 	Man. 	Ont. 	P.Q. N.S. N.B. 

neunaa.mseeemsa te+ 	 It4Swegerml aawe, 

71041, 	4fflamaatenumwoormesammenes .: 

maft. 	
• .4 

tiaelaevosemene 

euceerenerraze*sm 

• 4 	 FIGURE 16 

I. C.B.C. 

ENGLISH AM CHANNEL 

FRENCH AM CHANNEL 
exesnacessauspo,-.....emm.,....miaar.ramaeraamlecetegsgeozemarsero.... ,.,, 

ENGLISH F'M ENGLISH FM CFIANNELS (STEREO) 

• FRENCH FIVI CFIANNELS (STEREO) • . 
4areonearwrseraenmmaccei.acweemiteaveail.am,seenec 

4 eselM.1.3 

NUMEROUS 10  kHz.  OMNIBUS CHANNELS 

celtenutscueenrenmeeu 

pivenocuwatenxe....,...zseseeaere.argormarerne....,inemv..--beramm+-mer.ceemas 

eer.c.eatams.neas-a.e,ral 

410«.1.1144111 

n••n 'mine am amp Moe 'ann. tab ea» goo épae tune in» «me ere, wars am. Ma onto 

¢nae 	 em-sma en, we. erea f-Ce L, 720. 	 teCe 16Z/7 erns man 	 arm Léaiirà • ape. 	 'imam =we 'aura woe mew rao ea» 
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cute 
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