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ABSTRACT 

Intercity traffic in Bell Canada is carried on 
an intertoll switched network with analog and 
digital toll switching machines subtending local 
switching networks in each major propulation 
center. The network is provisio ned from a fo re
cast of intertoll trunks i n terconnecting switch
ing machines between major community of interest 
locations according to a fixed hierarchi al r out
ing plan. 

A growth rate must be established f or offered 
traffic to each interconnecting trunk group for 
input to the overall intertoll forecast process. 
Formerly this growth rate was derived from his
torical CCS usage of first route offer ed traffic. 
Year over year comparisons became difficult with 
rehoming and detolling due to changes in network 
architecture. 

This paper describes a more accurate process 
termed the Growth Rate Forecasting System (GRFS) 
that has been introduced in the company to 
derive trunk group growth rates from historical 
point to point calling data independent of net
work architecture change. 

INTRODUCTION 

The Bell Canada intertoll network services 9 
million phones in an area 3400 km in width by 
2000 km in depth situated in the central portion 
of the country inter f acing with networks in the 
remainder of Canada , the United States of 
America and other countries throughout the world. 
The network comprises 100 toll switching centers 
of varying types from step-by-step and cross-bar 
through to stored program control analog and 
digital switching machines. These are inter
connected with final trunk groups in a fixed 
hierarchial arrangement from lower class 4 
switching centers to primary class 3, sectional 
class 2 and finally the regional class 1 switch
ing center in Montreal. The Montreal regional 
center is connected with other regional centers 
in Canada and the USA with overseas calling pro
vided via Teleglobe Canada. Approximately 1000 
high usage trunks carry intercity Traffic bet
ween toll switching machines where a high comm
unity of interest exists. Overflow in peak 
periods from these groups is carried on final 
groups according to a fixed hierarchial arrange
ment in ascending order from class 4 to class 1 
machines. Individual phones gain access to this 
inter toll network via class 5 switching machines 
and toll connecting trunks in local networks 
connected to toll switching machines throughout 
the territory served. 
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Fig . 1 A representative portion of the intertoll 
network with subtending local networks 

Provisioning on the inter toll network originates 
with the forecast of intertoll trunks on the 
final and high usage (HU) trunk groups. These 
trunk quantities manifest themselves as termin
ations on toll switching machines along with 
local network toll connecting trunks. Local 
network forecasting is handled on the basis of 
CCS/main station. (1,2) In tertoll network fore
casting is done on the basis of forecasting 
traffic usage first offered to each individual 
trunk group in the current year and then growi ng 
each amount by its own individual growth rate. 
This Traffic is then combined on trunk groups 
year by year according to the hierarchial routing 
rules and network architectural structure planned 
for each period of the forecast. The CCS of 
traffic usage so allocated to each trunk group in 
the forecast manifests itself in terms of traffic 
trunks required year by year for that group 
according to criteria set for maximum call 
blocking and well known principles of traffic 
engineering. 

This paper deals with the most critical part of 
the above inter toll forecasting process which is 
to establish a growth rate for each parcel of 
traffic offered to individual trunk groups on 
the intertoll network. 
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THE PROBLEM 

Each end of fice in the local network attached to 
a toll switc hing machine origi na tes a pattern o f 
intertoll call ing to the world dependent on its 
community of interest factors. (3) An allocation 
of toll calling to high usage trunk groups eman
ating from the toll switching machine thus is 
dependent on both the number of end offices 
homed on the toll mach~ne and the patter n of 
their calling. If the network architecture did 
not change from year to year, that is, if the 
number of end offices and their homing remained 
constant o n a fixed number of toll machines, 
forecasting a growth rate for inter toll trunks 
would be a ver y simple process. The offered 
traffic to each c ould be establighed directly 
from historical tr ends using various algorithms 
for future projectio n. 
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Fig. 2 

i INTERTOLL TRAFFIC i 
Intertoll calling allocation to high 
usage and final trunk groups from speci
fied end offices in a fixed configur
ation. 

In the static toll networ k configuration above, 
traditional CCS usage, peg count and overflow 
readings are taken during the peak period to 
determine network cluster busy hour offered tra
ffic to each HU trunk group (and first route 
offered to the final) in the current basing per
iod. Assuming the network archit e cture homing 
arrangements remain unchanged, the growth rate 
forecast for each trunk group for input to the 
inter toll trunk forecasting process can be ob
tained simply by applying various forecasting 
techniques to historical trend data of first 
route offered CCS to that particular trunk group, 
ego HAMiLTON I to TORONTO 3. 

Unfortunately, toll switching machines do not 
have unlimited capacity. When additional end 
office loading increases to the point where se
cond and third toll machines are required in one 
location, end offices are rehomed to growth . 
machines. Class 4 toll machines may be rehomed 
to new class 3 growth machines. The result is 
a complete change in th7 fir~t route offere~ 
traffic to interconnectIng hIgh u s age and fInal 
groups. This change in architecture, if exten
sive, destroys the relationship of current trunk 
usage values to historical trends preventing an 
accurate forecast of growth rates for this trunk 
group based on usage readings only. If minor. 
changes in homing occur on a lower classmachlne, 
it may be possible to accommodate it by manual 
adjustment to usage readings. When several 
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changes occur simultaneously it is virtually 
impossible to establish a rel a tionship which 
will produce an accurate c o m' r ison. 

E F 

H 

G 

Fig. 3 Network architecture change from that 
shown in fig. 2 disrupting calling pat
tern trends on Hamilton I to Toronto 3 
trunk group 

In Bell Canada, network architecture changes 
were minor until recent years when rapid toll 
growth caused initial cross-bar machines to ex
haust and be replaced by stored program machines. 
This was followed by the installation of new 
technology digital machines. Although the inter
toll for ecasting process involved a point to 
point disposition of call analysis to be correl
ated with usage measurements during a specific 
period each year, it was still difficult to 
trend and forecast usage results from year to 
year. 

THE SOLt " " ) :.1 

To overcome discontinuities in usage trends 
brought about by rehoming, detolling, addition 
of new toll machines, etc., it was realized that 
historical data more basic to the origin and 
destination of traffic and independent of the 
network structure was required. If this data 
could be gathered between community of interest 
calling centers and forecasted then a transfor
mation might be made to determine how this would 
result in growth of first route offered traffic 
from usage measurements on the current network 
structure. 

All intertoll traffic calling is recovered on 
Automatic Message Accounting (AMA) systems as
sociated with each toll switching machine. An 
originating subscriber's end office number, the 
start and finish times of the call, the called 
number, type of call, time and date are recorded. 
This appeared to be an excellent source of toll 
center to toll center calling data from the end 
offices homed on them. Also, since the data was 
voluminous and varied greatly from low to high 
community of interest centers a variable sampl
ing technique was required to originate a statis
tically sound representative value of CCS usage 
palling in this fashion. A program was written 
to derive this information daily from 8 AM to 
l~ PM, comput~ monthly average business day (ABD) 
values, and store them in a data base repre
senting a matrix of ABD CCS usage between called 
and calling toll switching centers for each 
month of the year. This was computed and stored 
from six consecutive historical years of AMA 
data previous to the first year of the forecast. 
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Fig . 4 Historical monthly ABD point-to-point 
calling CCS offered to the ' London -
North Bay trunk group 

The process above is fairly straightforward pro
viding end office switching machines for the 
local network in the base year preceding the 
forecast remained homed on one particular toll 
center throughout the six year period (or portion 
therof for new offices installed in that time 
frame). Unfortunately this is not the case as 
rehoming to new toll machines must take place to 
accommodate growth. This problem was solved by 
assuming end offices were homed throughout the 
six years on the toll center they were homed in 
the base year. This then gave a calling growth 
trend from the base year into the past which is 
exactly the historical data required to for~cast 
from the network configuration of the base year 
into the future! 

Each toll switching machine on the inter toll net
work must have routing instructions in its data 
base for forwarding all calls received such that 
each call will be allocated to its proper high 
usage (or final) trunk group as first choice to 
reach the called switching machine. A central
ized data base was set up to administer routing 
updates input to each machine . For the base 
year preceding the forecast, it was possible to 
access this data base and obtain both end-office 
Itoll center associ a tion data and the first 
choice route for traffic offered from end office 
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to e nd ff i c e ove r t he n e twork be tween toll 
centers. Ag ain , the s a me p rinciple was applied 
a nd the tru n k g ro up conf i gu r a tion existing in the 
bas e year f o r fi rst rou te and overflow traf fic ' 
wa s ass umed to be t ha t wh i ch existed for t h e 
p r e vious six yea r s . 

Ha vi ng histo r ical tr end s o f CCS calling usage 
fr om poin t t o po i n t data and their allocation to 
trunk g roups on a first rou te offered basis in 
the base y e ar it wa s now possi b le to associate 
these with actual o f f e r ed t ra ffi c in the base 
y ear developed from me asur e d value s of usage, 
peg count and overflow. Fu r t hermore, a growth 
rate foreca s t of CCS calling data could be 
deemed t h e growth rate forecast of first route 
offered traffic derived from these measured us
age values. The only problem remaining was to 
develop programs, utilizing established tech
niques, to forecast the CCS calling data and the 
overall Objectives would be attained. 

The foregoing may be expressed as follows for 
each pair of calling and called switching 
centers: 

also 

assuming 

that is 

we have 

h 

d 

h 

h 

N 

E d 
1 n 

N 

h n 
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n 

n-l 

n-l 

n-l 

d n 

d n-l 

k df 

dt dt 

d 
n 

N 

CCS calling on day n 
from 8 AM - 11 PM 

number of days/month 
f or data collection 
from At-m system 

q - average day call i ng 
t CCS for month t 

(0 < t < 72) 

f t - a v e rag e first route 
offer e d tr a ffic 
derived from measured 
usage on the inter
connecting trunk 
g roup(s) du r ing busy 
hour 

h 

k - proportionality con
stant assumed for 
point to point mess
age vs first route 
offered traffic 

CCS calling in busy n hour during day n 

Thus a growth rate forecast of qt will yield the 

rate of growth forecast for f t which is input to 

the inter toll trunk forecast system. 

The above calling data qt stored in the Growth 

Rate Forecast System (GRFS) data base may be ex

pressed as matrices M t for all monthly CCS his-xy 
torical calling data between toll switching 
centers x and y in a network configuration de-
fined for the base year. ' 

FORECASTING A GROWTH RATE 

Having established a history file of' calling data 
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for eac h trunk group which could be plotted from 
the da ta base as shown in Fig. 4, it now re
ma i ned to devise a mechanized f o recasting module 
whic h would screen this data, make any trans
fo rmations required, handle extreme values, pre
p a re required transformations, apply various 
fo recasting modules, select the appropriate model 
and compute fu t ure forecasted values. An al
gorithm of GRFS termed "FORMANAL " was used for 
this purpose. 

THE FORMAMAL ALGORITHM 

STEP 

STAGE I 

PRELI MIN AR Y 

DATA ANALYSIS 

STAGE 11 

MODEL-BUILDING 

AND SELECTION 

} 

STAGE III 

FORE CASTIN G 

Fig. 5 The FORMANAL algorithm for forecasting 
trunk group growth rates from six year 
history files 

-In stage 1 of FORMANAL several operations are 
carried out on the histor y data to prepare it 
for stage 11 model building and selection. The 
first of these is screening where the complete
ness of history data is checked to de termine the 
extent of analysis that can be performed ie -
missing information, percentage of zero values, 
etc. 

A check is made next to test for data seasonality 
by employing a 12-term centred mov ing average 
which produces values appropriate for all months 
of history except the first 6 and last 6: 
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1 

24 

Mt - moving average value 
of calling data corre
sponding to qt actual 

Raw s easonal indices are c omputed by comparing 
actual history to the moving average. Two t ypes 
are e mp loyed as follows : 

Rt (ra tio) = qt 

M
t 

t = 7 •••••••• N-6 

The test for seasonality is based on a one way 
analysis-of-variance of the raw indices compar
ing the between months variation to the within 
months variation. The resulting ratio is ter med 
the "F value" and is employed in the "Stable Sea
sonality Test". (4) The computed F value is com
pared against a critical valu e o f 1.5. Values 
greater than 1.5 indicate t h e presence of monthly 
seasonality. The F test is perfo rmed on both 
ratio and additive indices. If both indic ate 
the presence of seasonality then a d justed sea
sonality factors are computed to de seasonalize 
the history data in order to derive the data 
trend and determi ne whether or not a transfor
mation is required. 

and 

Rk(ratio) 

n
k c, E Rk . / 

j=l J n 
k 

Ak (additive) A 
n 

k 1 ........ 12 

Rkj , Akj - raw i ndices for kth 
month in jth year 

c" c
2 

- adjustment factors ~ 

R
k

, Ak - adjusted seasonal 
indices 

n k - number of years con
taining the kth month 

The ratio or additive approach is then selected 
based on the best fit to the actuals (minimum 
sum of squared errors). Once chosen, the ad
justed indices are used to determine deseason
alized qt(D) calling data values as follows; 

qt(ratio) or qt(D) = qt - Ak(additive) 

Rk 

The q(D) deseasonalized calling value history 
data are checked next with least square fits of 
linear and exponential trend curves to determine 
if a log transformation is required to convert 
exponential growth patterns to a linear format 
before inputting calling data to various models 
for forecasting . 

Assuming qt(D) = a + bt + et 

the residual sum of squares, RSS o 
"2 Let is found •. 

Similarly for ln qt(D) A + Bt + Et 

Rk and Ak require adjustment to total cor

rectly, ie. - 12 for ratio and 0 for additive 
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RSS~ 

Transforming back to original terms yield s a 
residual sum of squares from the estimated expon
ential curve: 

IF RSSo>RSS
L

, a log transformation is selected , 

otherwise original qt calling data is used. 

The treatment of extreme (outlier) qt values is 

the last step taken in the preparation of his
tory data for mOdelling. This is carried out on 
deseasonalized and, it required, transformed qt 

values. A 13 term Henderson curve(4) is used 
for this purpose. It is similar to a moving 
average approach except specific weighting is 
required. Residual Et'S are calculated as 
follows: 

Et = qt (0) - Ht t - 1. .•• N 

H - Henderson curve value 
t for month t 

The standard deviation, . s, is estimated by 

s = ~1: (Et - Et )2/N" 

If IE~ ~ 1:5s, no adjustment is made 

If 1.5s < JEtl ~ 2.5s an adjustment is made 

to reduce Et in accordance with the follow

in9: 

* Et - reduced 
Et 

* > 2.5s then Et is made equal to 

The above approach is an adaptation of the "Gra
duated Treatment of Extremes" (4) . 

Having determined if seasonality is present, 
whether a log transformation is required and 
having tagged and adjusted outlier values in 
history calling data, the application of various 
forecasting models to this data can take place. 

Three basic models are used; regression with 
dummy monthly seasonal variables(5) auto re
gression(6) and exponential smoothing. Trans
formation, where required, and extreme value 
treatment on outlying values of qt apply on his-

tory data for all three. Only the last, expon
ential smoothing, works against deseasonalized 
history data. 

The three models may be written as follows: 

(a) regression 

(b) auto regression 

(c) exponential smoothing 

2 
qt = aqt_l + a(1-a)qt_2 + a(l-a) qt-3 + •• 
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T - independent variable, 
months 

0t - monthly dummy variables 

qt - actual value of calling . 
CCS 

0iBj~k - regression coefficients 

a - smoothing constant 
(0 < a .( 1 -) -

et - error component in 
month t 

Each model is run to fi r st determine the best 
fit values to history data and second t o fo r e 
cast future values of qt. 

Model selection is based first on the minimial 
standard error between actual (q ) and fitted 

" t 
(qt) historical values of calling data: 

SE = ~ SSE 

v - P 

SE - standard error 

v - number of fitted 

values; qt 

SSE - sum of v squared errors 
" 2 (et) corresponding to 

" 2 
(qt - qt) 

p - number . of estimated 
parameters (depending 
on model selected) 

Two other measures are also used to indicate the 
relative goodness of fit for each model: 

Average absolute % error = 100 '1::\ 
" et - fitting error 

qt - corresponding actual 

Fit index 100 [1 SSE 

SSY -~ - vqt 

SSY - sum of squared actuals 

v - number of fitted values 

q -t average qt value 

A TYPICAL APPLICATION 

Along with the production of fitted values to 
historical data and a future forecast of fitted 
values of CCS calling, the GRFS system also per
forms a monitoring function by running a forecast 
of qt values for the current base year (from 5 

previous years of historical data) which may be 
compared with actual qt values in the base year 

to determine the validity of the forecast in this 
period as a measure of its trustworthiness in the 
future. 

A typical plot illustrating the GRFS system out
put is shown below with fitted (X), base year 
monitoring forecast (M) and future forecast (F) 
values of qt: 
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Fig. 6 Historical, fitted and forecast calling 
CCS offered to the London-North Bay high 
usage trunk group , 

Growth rate forecasts of CCS calling first route 
offered to this trunk group from the base year 
1978 forward are as follows: 

1978 - 79 
1979 - 80 
1980 - 81 
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8.44 % 
8.42% 
7.85 % 

Di agnos ti cs associated with this forecast are 
. summa rized be low: . 

Regress i o n 
Auto regression 
Exp . Smooth i ng 

Std. 
Err o r 

15 6 .70 
1 73.48 
181.17 

Ra w Data Screen Code 
Transforma t i on I ndex 
Seasonali t y S ta tistic 
Con t amina t i on I nde x 

Avge. 
Abs. % 
Error 

8.70 
9.23 
9.06 

5 
1. 02 
1. 99 
0.02 

Fit 
Index 

86.62 
74.86 
80.32 

Exa mi na tion of t he above indicates that regress
i o n (with dummy seasonal variables) provides the 
best o ve r all fit according to the Standard Error, 
Averag e Absolute % Error and the Fit Index. The 
Raw Data Screen Code (range 1-5) indicates no 
missing history data and the Contamination Index 
being less then 0.2 indicates that the data had 
relatively few e x treme values. The Seasonality 
Statistic (F value) indicates seasonality is 
present in the data as it exceeds the critical 
1.5 value. Also, a log transformation was em
p loyed as the RSSo/RSS

L 
Transformation Index is 

> 1. 

The forecast of calling CCS in the base year 
(months 60 to 72 from 5 year history data)_ shown 
by M values on the plot may be compared with 
actual values of qt in this period. Acomparison 

of the forecast vs actual CCS growth in this 
monitoring time frame gives the following values: 

% ~rowth Rate for 
1977-78 base year 
monitoring period 

GRFS SYSTEM TRIAL 

Actual 

12.96 

Forecast 

13.94 

The GRFS system was run experimentally in 1977 as 
described in the foregoing. During 1978 the re
gression with dummy seasonal variables was re
vised to include monthly wage levels in the re
gion containing the called and calling toll 
centers in order to bring in the effect of an 
economic variable on the forecast. Sample re
sults of the forecast from this revised model 
for the monitoring period 1977-78 are summarized 
below. 

Trunk Group 

London 1 - Oshawa 
Brockville - Toronto 3 
Belleville - Peterborough 
Brampton - Kitchener 
Brantford - Hamilton 1 
Brantford - London 1 
Beaverton - Oshawa 
Cornwall - Ottawa 1 
Fort Erie - London 2 
Fort Erie - Niagara Falls 
Guelph - London · 1 
Kitchener - London 2 

% Growth Rate 
1977 · to 1978 

CCS First Route 
Offered Traff i c 

Actual Forecast 

16.5 15.4 
12.8 14.3 
10.9 11.1 
11.1 11. 3 
10.3 10.8 
10.6 10.6 
12.0 13.3 
8.3 8.6 

11.1 11. 7 
9.9 8.2 

12.2 13.5 
10.6 9.8 

Results of the trial to date look promising. 
Forecast figures produced in the monitoring per
iod are very close to those actually incurred. 
More time is required, however, to evaluate cur
rent forecasts against future actual values. 
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Another application of GRFS to be consider e d i s 
the use of the head-end point- to- point CCS c all 
ing data forecast algorithm as an input to a 
dy namic rout i ng(7) forecasting system in place 
of inputting to a fixed hierarchial s c heme as 
desCribed in this paper. In d y namic rout ing , 
traffic is routed from t he originating office to 
the terminating office over one of many tandem 
routes that are available d e p ending on the rout
ing algorithm applied, ego - least busy in the 
time frame of the call, least cost, etc. As the 
routing varies with each call, a system such a s 
GRFS, which derives its growth rates independent 
of call routing, is a natural for this purpose 
providing each switching machine has a method 
such as AMA for recording each call. 

CONCLUSION 

The GRFS system is a practical tool to establish 
growth rates for first route offered traffic to 
intertoll trunk groups. This information is 
required for input to most intertoll trunk f ore
casting systems such as Be ll Canada's Trunk 
Planning and Forecasting System program whic h 
f ormerly derived these growth rates from trunk 
g roup usage measurement s . 

Practical experience has s hown improved fore
casting on the intertoll network using the 
Growth Rate For ecasting System techniques. This 
has resulted in manpower and dollar savings with 
better service to the customer as the intertoll 
forecast determines the quantity of facil i ties, 
switching capacity and extent of future change 
to be provided in the downstream provisioning 
activities. Any error in growth rate ha s a 
direct bearing on this process. 
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