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Traffic Data - The Need, Nature and Use 
J.J. Q'5haughnessy 
Bell Canada, Montreal, Canada 

ABSTRACT 

This paper on traffic data: 

1) Explores the nature of the traffic function in an 
Operating Telephone Company and demonstrates its 
dependency on traffic data. 

2) 

3) 

Reports on two studies carried out in Bell Canada 
dealing with: 
a) The sensitivity of capital expenditures to the 

accuracy of traffic data and . forecasts. 
b) The use of time series and cross-sectional 

analyses to produce more accurate switching 
centre and administrative area forecasts of 
traffic usage. 

Emphasizes the need - with the availability of more 
and better traffic data - to re-evaluate current 
service criteria and to develop new or revised 
traffic theoretical approaches. 

THE NEED FOR TRAFFIC DATA IN AN OPERATING TELEPHONE CO. 

Essentiallj the role of the traffic function in a Tele
phone Company or Administration is to manage the flow 
of communications over the local and long distance 
networks. 

Managing these networks typically involves managing: 

Switching Services - Central Office Equipment and 
Trunking Management 

Business Services - Customer Network Management 
Operator Services - People and Equipment Management 

In each case, the management of these services requires: 

. 1) The setting of objective service levels. 
2) The quantitative provisioning of equipment to meet 

the objective service level. 
3) The administration of the equipment to optimize 

service levels and equipment utilization. 

4) The measurement of achieved service levels against 
the preset objectives. 

In every case, from the setting of objectives, to the 
provisioning and administration of equipment, to the 
measurement of achieved service levels, the traffic 
operation depends on traffic data - large volumes of 
data, accurately collected and quickly summarized. 

It may well be suggested that more than the traffic 
operation depends on traffic data. All Telephone 
Companies or Administrations are capital intensive 
organizations requiring huge investments. It has been 
conservatively estimated that in North America some 
60% of all Telephone Company capital investment is 
affected by traffic usage and therefore affected by the 
quality of the traffic data job. 

Bell Canada, except perhaps for the size of its geograph
ical area, is not untypical of many large Telephone 
Companies. We operat'e in central Canada serving 8 
million telephones in an area some 2,000 miles wide 
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and 1,200 miles long - an area approximately equal 
to one-third of the continental USA, our little neighbour 
to the South! 

EXHIBIT 1 - MAP OF CANADA 

Our total capital investment is about $8,500 million 
(Canadian) and increasing by about 10% or $900 million 
per year. 

Table 1 gives some indication of the size of our trunk
ing network and the dollars invested: 

BELL CANADA 

TOLL TRUNKS 
LOCAL TRUNKS 

WORKING 
GROUPS 

10,600 
11 ,300 

WORKING 
TRUNKS 

131,600 
226,300 

INVESTMENT 
(MILLION C$) 

475 
335 

Table 2 gives an indication of the number of switching 
centres in our Company and of our investment in 
switching machines: 

BELL CANADA 

LOCAL MACHINES 
TOLL MACHINES 

TABLE 2 

SWITCHING 
MACHINES 

1,071 
79 

INVESTMENT 
(MILLION C$) 

l300 
330 

In total, a huge investment, typical of many companies 
and significantly influenced by traffic data. 

There are questions about traffic data that should be 
asked, questions that while sometimes asked by senior 
management in Telephone Companies are perhaps not asked 
frequently enough: 

1) How good is the traffic data job in the Telephone 
Company? 

2) How sensitive are expenditures in the Telephone 
Company to traffic data inaccuracies? 

3) What research or development work is underway in 
the Telephone Company or elsewhere to improve the 
traffic data job? 
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We don't pretend to have the answers to these questions 
even for Bell Canada, but the purpose of this paper is 
to relate some of the activities underway in our Company 
to improve the traffic data job and to encourage other 
administrations to undertake similar investigations and 
report on results. 

TRAFFIC DATA STUDIES IN BELL CANADA 

General 

By way of lead in to describing these studies, the 
following is a brief description of our existing data 
procedures. 

First of all, to ensure the quality, quantity and time
liness of our data collection job,almost all of our 
switching centres (local and toll) and trunk groups 
are connected to automatic traffic usage recording 
equipment (TURS) 

With this data, we maintain: 

1) Load service relationships 
2) Annual review of equipment utilization and capacity 

determination 
3) Line load balance systems which permit tracking of 

performance and establishment of loading plans 
4) Trunk performance measurements indicating loading 

achievements against service standards 

These TURS are now being associated with a computerized 
data collection system (ATEMIS) and with computerized 
programs for downstream processing - a system similar 
to EADAS utilized by AT&T. 

More and better traffic data permit the traffic engineer 
and administrator greater insight into the network. One 
key area is the subscriber load. This is particularly 
significant in a flat rate calling environment, such 
as Bell Canada. The key period is the three month 
interval, called the busy season, having the highest 
load in CCS/MS (Hundred Call Seconds per Main Station). 

Historical CCS/MS values are trended to create a CCS/MS 
forecast. This is used with a forecast of main stations 
to establish the size and cost of future extensions. 

The least squares C7) method has been in active use 
for sometime to determine CCS/MS trends. Recent efforts 
to utilize monthly data and the Box-Jenkins technique 
(:5,14::1 have shown some application, but the level 
of knowledge required to learn the technique and to 
understand the iterative process of model building 
combined with the relative fragility of the model due 
to input errors has made the general introduction of 
the procedure as a forecasting tool impractical. Recent
ly we have embarked on some new work to establish: 

1) The sensitivity of capital dollars in switching 
provisioning to CCS/MS change 

2) Other statistical means to improve forecasting 
accuracy 

CCS/MS Capital Sensitivity Study 

In the first of these two traffic data studies, we 
explored the sensitivity of capital investment to 
variations in CCS/MS forecasting accuracy. 

The need to improve forecasting performance can be 
given meanin~ and greater impact, if the approximate 
dollar costs associated with forecasting errors can 
be estimated. 

A study of the penalty costs of an error in CCS/MS 
forecasting is possible by examining the consequences 
of the ,underforecast or overforecast situation. An 
underforecast (overforecast) occurs when the forecast 
is lower (higher) than the actual and hence the office 
is underprovisioned (overprovisioned). 
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The costs of overforecasts can be estimated in dollar 
terms, since overprovisioning of equipment results from 
overforecasting and the surplus equipment from that point 
in time incurs unnecessary capital expenditures plus 
depreciation and maintenance costs. Hence, a relation
ship can be established to determine capital losses and 
expense as a function of percent overforecast error. 

The costs of underforecasts, however, are not so easily 
determined. Resultant outcomes (rush jobs, overtime, 
quality of service deterioration, customer complaints ..• )
all real life results of underprovisioning - are factors 
which are not readily quantifiable. 

To quantify the unquantifiable, the Management Sciences 
Group in Bell Canada who undertook this study, introduced 
the use of "Util ity Ana lys is" C 4,9.:t to trans 1 ate into 
dollar terms the cost of underprovisioning. Once both 
overforecast and underforecast costs are determined, the 
costs of an 'x'% error in office CCS/MS forecast accuracy 
can be quantified. 

The methodology used in and the results of this study are 
outlined in the following paragraphs. 

, 'Examination 'of the Costs of Over or Under Provisioning -
Example Office "A" . 

Through an example switching office, the method used in 
examining the costs of over or under provisioning 23 
actual Bell Canada switching offices can be outlined. 
Table 3 gives information for Office "A". 

% ERROR 
IN CCS/MS 
FORECAST 

(NOTE 1) 

0 
+1 
+3 
+5 

+10 

-1 
-3 
-5 

-10 

NOTES 

NOTE 1 -

NOTE 2 -
NOTE 3 -

NOTE 4 -

NOTE 5 -

TABLE 3 

EXAMPLE OFFICE "A" 

1976 $ COST OF 
FORECAST PROVIS'IONING 

OF FOR INDICATED 
CCS/MS CCS/MS 
(NOTE 2) (NOTE 3) 

2.70 749,600 
2.73 767,200 
2.78 843,500 
2.84 973,600 
2.97 1,311 ,000 
2.67 726,000 
2.62 662,000 
2.57 566,900 
2.43 267,900 

INITIAL $ % $ 
SAVED(+) SAVED(+) 

OR OR 
LOST (-) LOST (-) 

' (NOTE 4) (NOTE 5) 

0 0 
-19,500 -2.60 

-103,300 -13.80 
-257,400 -34.30 
-673,600 -89.90 
+ 23,600 + 3.10 
+ 87,600 +11. 70 
+182,700 +24.40 
+481,700 +64.30 

A plus percent error indicates an overforecast 
error 
The actual CCS/MS measured was 2.70 
For each indicated CCS/MS, total equipment 
quantities per office were calculated and 
then casted us i ng COEES ( 1 ::J . 
For the overforecast error, dollars lost include 
depreciation and maintenance. 
These are the % dollars saved or lost due to 
the error in forecasting in relation to the 
actual cost of providing the proper amount of 
equipment for the actually obtained CCS/MS 
of 2.70. 

The following information can be derived by examini'ng the 
results in Table 3 for this example office. 

The provisioning cost for Office "A" with an actual CCS/MS 
of 2.70 is $749,600. Any deviation from the actual ' 
involves a different initial outflow in dollar terms. 
Hence, if this office had been prov;sioned for aCeS/MS 
of 2.73 (1% overforecast), an initial surplus of $19,500 
would have been used and, thus, a $19,500 loss. Similar 
information can be obtained for the 3%,5% and 10% over-
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forecast error. 

The interpretation of the underforecast costs differs, 
however. A 1% underforecast error indicates that the 
office was provisioned for a CCS/MS of 2.67 (and the 
actual came in at 2.70) with an initial dollar outflow 
of $726,000 whereas the cost of provisioning with a 
CCS/MS actual of 2.70 would have been $749,600. 

Hence, the initial capital expenditure for a 1% under
forecast error is less by $23,600 (dollars saved at that 
point in time). This might imply to some the attractive
ness of underforecasting in times of budget constraints. 
However, a closer looK is required to determine the 
eventual costs to the office for its lack of usage 
facilities. In the long run, they may be larger than the 
overforecast costs. 

However, Table 3 does not give the total dollars lost due 
to underforecasting errors and therefore does not provide 
the manager with full knowledge concerning the relation
ship of forecasting errors to costs, since the under
forecast costs do not include such unmeasurables as 
quality of service deterioration or rush jobs. 

Such information can only be obtained from a "Utility 
Analysis". This technique uses as inputs a linear order
ing of the acceptability of certain outcomes (both over 
and underforecasts) to the manager for the particular 
office . 

Intensive interaction with line managers gave the follow
ing inputs to the Utility Function particular to Office 
"A". 

RANK 
1 
2 
3 
4 
5 
6 
7 
8 

TABLE 4 

PREFERENCE RANKING 

% ERROR * 
0 

+1 
-1 
+3 
+5 
-3 

+10 
-5 

* 10% underforecast was ignored since past performance 
indicated that such an error was most unlikely for 
this office. 

Table 4 gives the manager's preference ranking for Office 
"A". A 0% error is his most preferred outcome; a 5% 
~nderforecast error is his least. 

Further discussions and comparison of over to under
forecasting costs resulted in the subjective allocation 
by the manager of a Utility Value for each % error 
shown in Table 5. 

% ERROR UTILITY VALUE * 
0 

+ 1 .92 

-1 .91 

+ 3 .75 
+ 5 .50 
-3 .40 

+ 10 0 

-5 0 

* The greater the acceptability of the outcome, the 
higher the Utility Value . 
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The Utility Values, once obtained, were plotted and 
the relationship of utility to forecast error was 
calculated. (Exhibit 2) 

EXHIBIT 2 

Utility ot Error 
Utility Index 

't Underforec •• t Error '7. Overfou.cut Error 

The estimated equation for the underforecast errors 
is a power function 

U(x) = .0976 X (2x + 10)1.07741 

where x = % underforecast error 

U(x) = the utility of that error 

whereas that for the overforecast errors is linear. 
This was expected since overforecast errors involve 
only capital dollars, whereas, underforecast costs 
include such intangibles as quality of service 
deterioration. 

(1) 

U(y) = 1.021 - .0987 X y (2) 
where y = % overforecast error 

n(y) = the utility of that error 

The two utility equations are then equated to obtain 
1.021 - .0987 X Y = .0976 X(2x+10)1.07741 (3) 

This equated relation gives the essence of the ijtility 
Analysis . Any two outcomes given the same utility by 
a manager means that, for him, both outcomes are equally 
preferred and, hence, involve the same costs (whether 
in real or translated dollars). 

Manipulation of equation (3) gives the result: 
ln (2x + 10) = 2.16 + .9282 X In(1.021 - .0987 X y) (4) 

where x = % underforecast error 
y = % overforecast error 

ln = natural logarithm 

To introduce dollars into the equation, an examination 
of % overforecast costs to % overforecast errors is 
done. Exhibit 3 gives the plot of such an examination. 
Inputs are obtained from Table 3. 

EXHIBIT 3 

%,OVERFORECAST COSTS AS A FUNCTI ON OF % OVERFORECAST ERRORS 

'l. Overforeeast Cost 

100 

80 

60 

40 

20 

0 1 3 5 10 
.,. Overtor ecast Error 
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The estimated equation determining % overforecast';cost 
to error was found to be for Office "A". 

z = -5.3 + 7.69 X Y (5) 

where Z = % overforecast cost 

y = % overforecast ~rror 

Incorporating this relationship into the general utility 
equation (4), obtaining y in terms of Z is necessary. 
Thus, 

Z = -5.3 + 7.69 X Y becomes 

Z + 5.3 (6) 
y=~ 

Replacing y in (4) by (6) results in 
1 n (2x + 10) = 2. 16 + .9282 X 1 n ( .953 - .013 X Z) (7) 

where x = % underforecast error 
Z = % overforecast cost 

We may estimate costs of underforecasts directly in 
dollar terms by: 

In(2x + 10) =2.16 +.9282 X In(.953 -1.73 X10-6. X D)(8) 
where x = % underforecast cost 

D = additional cost based on a correct 
measure of $749,600 (for an actual 
of 2.70) 

Mathematically, D = Z X 749,600 
100 

Equation (8) provides the tool with which a translation 
of % underforecast costs into dollar equivalents is 
possible. 

To obtain the costs of a 1% underforecast error, the 
necessary replacement into equation (8) is that x =--1. 
Solving yields that a 1% underforecast error involves an 
additional cost of $20,900 to the manager, whereas 
Table 3 gives a 1% overforecast error for Office "A" 
to be $19,400. 

In a likewise fashion, other % underforecast costs can 
be derived for Office "A". 

TABLE 6 

COST OF AN x% FORECAST ERROR 

FORECASTED 
CCSLMS % ERROR $ COST % COST 
2.70 0 0 0 

2.73 +1 19,400 2.6 
2.78 +3 103,300 13.8 

2.84 +5 257,400 34.3 

2.97 +10 673,600 89.9 

2.67 -1 20,900 2.8 

2.62 -3 299,700 40.0 
2.57 -5 673,600 89.9 

Thus, the costs of a variation of 'x'% (whether an 
over or underforecast error) in Office "A"s CCS/MS 
forecast accuracy can be determined. 

Work completed by the Management Sciences Group in 
Bell Canada at the time of this writing indicates that 
based on a detailed examination of 23 actual offices, 
a 1% overestimate of CCS/MS costs conservatively $1,500 
per 1000 main stations or about $4 million for the 
total Company based on the number of offices in Bell 
Canada that are traffic usage (call carrying) limited. 

By means of the "Utility Analysis" just described. the 
cost of underestimating CCS/MS is still being determined 
at the time of this writing. It will, however, be 
available by November 1976 and reported at the 8th 
LT.C. 

241·4 

Improved Methods For CCSLMS Forecasting 

In the second of these "Traffic Data" studies undertaken 
by the Be 11 Canada Management Sc i ence.s Group, other 
methods of projecting future CCS/MS data were examined 
and tested to see if they would produce significantly 
better results than those already in use in Bell Canada. 

It should be noted that the level of accuracy of fore
casts by Bell Canada was already amongst the highest in 
the various Telephone Companies in North America. 

In Bell Canada, forecasts of average busy season (ABS) 
CCS/MS are made by an analysis of a historical plot of 
CCS/MS versus time. The main analytical tool used to 
date has been the fitting of a trend line to historical 
yearly data by the least squares method (TRENDS Program)* 
Projections are then made by extrapolation of the trend 
and are modified by judgment to obtain the CCS/MS 
forecasts. The modified forecast is referred to here 
as the "Traffi c Vi ew". 

* The TRENDS program is a time shared computer program 
developed by AT&T. 

In our study, an attempt was made to develop an improved 
forecast by introducing usage-related variables (i.e., 
factors which appear to have an effect on CCS/MS) into 
the regression equation. Some of the variables suggest
ed by line managers and subsequently evaluated were 
residence/business mix, class of service mix, percent 
women in the labour force, previous year's ABS CCS/MS, 
weather, size of the office. 

From these and other socio-economic variables for 
which data were available, the most significant were 
chosen: 

1) For a time series analysis to predict changes in 
CCS/MS for a particular office from one year to the 
next. 

2) For a cross-sectional analysis to provide forecasts 
for offices with inadequate past data by using 
comparable offices with sufficient data. 

In summary, these studies showed that: 

1) For offices with good past data that: 
a) For SxS (Step by Step) offices, changes in 

CCS/MS can be simply and accurately predicted 
by use of a simple regression model (TRENDS 
Program) using only past ABS CCS/MS data. 

b) However, for X-Bar offices, a multiple regression 
analysis using some of the factors outlined in 
Appendix 1 produces the most accurate result. 

2) For offices with poor past data, a relatively good 

• 
• 

• 
forecast can be produced for both SxS and XBar • 
offices by using a relatively simple cross-sectional 
analysis. 

The details of these studies are as follows: 
A. Time Series Models 

Using ABS CCS/MS, a simple regression model (a method 
which assumes that changes in the dependent variable can 
be explained totally by only one variable - in this case, 
time), and using historical monthly data, a multiple 
regression model (a method of explaining variations in 
the dependent variable by variations in more than one 
independent variable) were attempted in an effort to 
develop an improved forecast. 

Table 7 shows the final equations for a sample cross-bar 
office and a sample step-by-step office. Table 8 gives 
the forecasting performance for all 15 sample offices. 

TABLE 7 

Forecasting Equations for a XBar (11) and a SxS Office(5) 

Office 11: CCS/MSt = 

.697 CCS/MS
t
_12 +.0012 PBXTt - .000918 RESTt 
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OFFICE 5: CCS/MSt = .795 CCS/MSt _12 + .348 

CCS/MSt _12 is CCS/MS lagged 12 months. 

PBXTtis total number of PBX telephones in the office. 

RESTtis total number of Residence te1ephonesin the office 

A look at Table 7 shows that for this particular cross
bar office, changes in CCS/MS can be best explained by 
CCS/MSlagged twelve months, total PBX telephones and total 
residence telephones; whereas, most of the variation 
in the step-by-step office can be accounted for by CCS/MS 
1 a~~ed twelve months. ' 

TABLE 8 

FORECASTING PERFORMANCE OF TIME SERIES MODELS 

MUL TIPLE 
TRENDS VIEW REGRESSION TRAFFIC VIEI~ 

1975 % % % 
SxS OFFICES ACTUAL FCST ERROR FCST ERROR FCST ERROR 
Office 5 1.80 1.82 1.1 1.80 0.0 1.80 0.0 
Office 17 1.04 1.01 -2.9 1. 01 -2.9 1.25 20.2 
Office 19 1.69 1. 73 2.4 1. 73 2.4 1. 75 3.6 
Office 20 1.22 1.26 3.3 1.19 -2.5 1.26 3.3 
Office 26 1.38 1.35 -2.2 1.35 -2.2 1.38 0.0 

ROOT MEAN .0329 .0293 .0993 SQUARE ERROR (RMSE) 

XBAR OFFICES 
Office 1 4.82 4.85 0.6 4.70 -2.5 4.75 -1.5 
Office 3 2.95 3.02 2.4 2.83 -4.1 3.00 1.7 
Office 4 3.15 3.23 2.54 3.05 -3.2 3.10-1.6 

Office 5 4.29 4.64 8.2 4.48 4.4 4.50 4.9 
Office 6 3.35 3.50 4.5 3.32 -0.9 3.45 3.0 
Office 7 2.83 2.72 -3.9 2.70 -4.6 2.75 -2.8 
Office 9 2.56 2.40 -6.3 2.53 -1.2 2.51 -2.0 
Office 11 2.33 2.54 9. 0 2.31 -0.9 2.55 9.4 
Office 15 3.17 3.22 1.6 3.10 -2.2 3.23 1.9 
Office 25 2.21 2.08 -5.9 2.11 -4.5 2.14 -3.2 
RMSE .1607 .1044 .1139 

TOTAL OFFICES Rr~SE .1326 .0869 .1093 

B. Cross-Sectional Models 

The cross-sectional multiple regression model provides an 
examination of the relationship between a dependent 
CCS/MS variable and a set of independent variables for 
a group of offices (i.e., a cross-section or sample of 
similar, selected Company offices) at a particular point 
in time. In essence, the future trend of CCS/MS change 
in a group of offices with good data is used to forecast 
future CCS/MS for the problem office that has inconsis
tent or insufficient past data. 

It is suggested that the cross-sectional model be used 
for estimating the behaviour only for those offices with 
little past data or inconsistent data. For those offices 
with good data, the time series technique will produce 
more accurate results. 

To extract the maximum relevant information and to 
guarantee accuracy from such an analysis, it is necessary 
that the inputted cross-section of offices be homogeneous. 
To guarantee homogeneity, sample offices (with consistent 
data) were stratified by equipment type and separate 
analyses done for both cross-bar and step-by-step 
offices. 

The point in time chosen for the analysis was 1971. This 
was the result of feedback from questionnaires sent to 
switching centre personnel pertaining to possible usage 

ITea 

related variables. Most respondents hypothesized that 
socio-economic variables (e.g. , percent women in labour 
force, economic conditions, population data, etc.) were 
necessary to explain the changes in CCS/MS. Thus, it 
was necessary to choose the latest census year for which 
this information was available. However, results indi
cated that socio-economic variables were not statistical
ly significant. To test the regression coefficients' 
sensitivity from 1972 forecasts and to provide more 
relevance Company-wide, a 1975 forecast was also done. 

Appendix 2 lists those variables used in estimating the 
cross-section regression models for both 1972 and 1975. 

Table 9 displays the results obtained for the same years. 

TABLE 9 

FORECASTING EOUATIONS FOR THE CROSS-SECTIONAL ANALYSES 

1972 CROSS-SECTIONAL RESULTS 

Cross-Bar Offices: 
CCS/MS72 = .. 971 CCS/MS71+ .0000032 TOT TELS71 

Step by Step Offices: 
CCS/MS72 = . 989 CCS/MS 71 

1975 CROSS-SECTIONAL RESULTS 

Cross-Bar Offices: 
CCS/MS75 = .979 CCS/MS74 

Step by Step Offices: 
CCS/MS75 = .920 CCS/MS74 + .098 

It was found there was relatively little change in the 
absolute value of coeffic i ents from 1972 to 1975. How
ever, the total telephones variable in the 1975 forecast 
became statistically insignificant and therefore was 
dropped . 

Appendices 3 & 4 give the forecasting performance of 
the 1975 models . It is interesting to note that the 
forecasting cross-sectional analysis fared as well for 
SxS offices and better for XBar offices than the Traffic 
View forecasts. The Significance of the results is that 
the cross-sectional forecasts were derived using on one 
good year of data and the company trend whereas the 
Traffic View forecasts were based on several good years 
of past data for the offices shown . 

C. Administrative Forecasts 

In another study to explore ways of increasing forecast
ing accuracy, an examination was made of the utility 
of making forecasts by Company Administrative Groupings 
(each grouping containing dozens of offices) for compar
ison with the weighted summation of individual office 
forecasts. 

In summary, the results obtained by using an Administra
tive Forecast developed according to the method to be 
described were significantly better than results obtained 
by the summation of individual office forecasts as was 
previously done (See Table 11). 

Within Bell Canada there exist three administrative 
levels, the District, Area and Region in growing order 
of size. Traditionally CCS/MS forecasts have been made 
atthe switching office level. The administrative level 
forecasts have been obtained by the weighted sum of the 
local forecasts, i.e., the switching office forecasts. 

Since forecasting of CCS/MS is done by a large number of 
people with varying judgment, it is desirable to test 
whether a consistent bias has been built into the 
procedures used. Such information may be obtained from 
the creation and examination of Area or Regional CCS/MS 
aggregated actua1s, projected yearly and reconciled to 
the weighted sum of the local forecasts. (Any variation 

241·5 



greater than 5% would be assumed to be suspect and a 
closer look at local forecasts would be indicated). 

Note that it is past weighted Area or Regional actuals 
that are projected and compared with the summation of 
individual office forecasts for future years. 

An examination of existing data and weighting schemes 
presently being used suggested that switching office 
size should be reflected in the Area and Regional 
aggregates. Thus, a total aggregate CCS at the Area 
and Regio.nal levels was co.nstructed, based o.n switching 
o.ffices with actual CCS/MS. 

The to.tal sum of actual CCS/MS fo.r the Area o.r the Regio.n 
can be defined to be the sum of the pro.ducts of each 
o.ffice CCS/MS and the number o.f main statio.ns in the 
office divided by the to.tal main stations in those 
o.ffices. 

The historical data o.f these weighted averages were 
mo.delled. Because o.f the unavailability of exogeno.us 
data by Area. the Area aggregate was trended using 
least squares. A compariso.n of errors of this metho.d 
(To.p-Down) to' the Bo.ttom-Up vi ew (based o.n the weighted 
sum o.f the local fo.recasts) is shown in Table 10. 

TABLE 10 

A CQt·1PARISON OF "BOTTOM-UP" AND "TOP-Dm/t·I" FORECASTING 

AREA % ERROR - 1975 

Bo.tto.m-Up 
Top-Down 

ONTARIO REGION QUEBEC REGION 
AREA 1 AREA 2 AREA 3 AREA 4 AREA 5 

2.2 
2.2 

.42 
-.35 

2.28 
2.28 

4.13 
2.65 

-3.7 
2.2 

These results indicate, in the case of Area 4 as an 
example, that the pro.jection o.f the Area CCS/MS for 1975 
using preceding years data wo.uld have pro.duced an 
estimate with an error of 2.65% by the proposed method 
as compared to an actual error of 4.13% by the method 
presently used. 

For Regional projections, because Regional boundaries 
co.incide with political bo.undaries, vario.us exogeno.us 
and endogeno.us variables such as Po.pulatio.n, Prices & 
Salaries, Employment and Market Variables were available 
from the Canadian Statistical Review. 

As a result, the following relationships were o.btained 
fo.r Regional forecasts: 
QUEBEC REGION - QR Aggregate CCS/MS = f (CCS/t·1S trend and 

the change in Quebec Average weekly wage) 
ONTARIO REGION - OR Aggregate CCS/MS = f (CCS/MS trend and 

the change in women IS labour partici
pation rate) 

The fo.recasting perfo.rmance of each is shown in Table 11. 

TABLE 11 

A COMPARIS~ OF "BOTTOM-UP" AND "TOP-DOWN" FORECASTING 

% ERROR - 1975 

METHOD 

Bo.tto.m-Up 
Top-Down 

QUEBEC REGION 

4.67 
1.29 

ONTARIO REGION 

1.44 
.07 

These results indicate, in the case of Quebec Region as 
an example, that using the equatio.n sho.wn, the projectio.n 
of past Regional average CCS/MS to determine the 1975 
Regio.nal CCS/MS wo.u1d have pro.duced an estimate that was 
1.29% in error. Whereas the weighted summatio.n of 
individual o.ffice projections for the year 1975 produced 
a Regional estimated CCS/MS that was 4.67% in error. 

These results appear to indicate that the use of the 
relationships shown should produce improved Regional 
forecasts. Ho.wever, it is recommended that the relation
ships be tested in each subsequent year and re-evaluated. 
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TRAFFIC DATA AND THE NEED FOR TRAFFIC THEORY WORK 

What this paper has attempted to show is that traffic 
data is the base element in the traffic function. Its 
inadequate co.l1ection or its improper projectio.n results 
in truly significant capital wastage o.r service 
deterioratio.n. 

Briefly o.ut1ined were some activities underway in Bell 
Canada to improve the traffic data jo.b through better 
data collectio.n and through better statistical 
pro.jectio.ns. 

It is our belief that this area of traffic data is o.ne 
o.f great o.pportunity fo.r traffic theoreticians. From 
the viewpo.int of the administrato.r, there are areas 
where we feel that additio.nal research is required to' 
expand our kno.w1edge and to' improve telecommunication 
management: 

1) Re-evaluation o.f dial-to.ne speed criteria wo.uld 
seem appro.priate. Currently, all service objectives 
are based o.n the busy ho.urs. I-/i th changi ng so.ci ety, 
wo.rking females, more use o.f telepho.nes by children 
and the general mobility of the populus,investigatio.n 
is required into the use o.f a wider variety o.f hours 
o.f the day for dial tone speed criteria. 

Wo.u1d provisioning o.f equipment to' some combinatio.n of 
busy ho.ur plus side hours result in a more consistent 
grade of service and greater economy in equipment 
provisio.ning? 
2) Subscribers behaviour patterns need to be investi

gated. This applies to subscribers by geographic 
area as well as by class o.f service within the 
switching exchange. The traffic conditio.ns within 
small groups o.f subscribers in defined urban areas, 
like a suburban developme~o.r a high-rise apartment, 
and in rural areas have no.t been adequately inves
tigated . These patterns have impact fo.r small 
exchanges, remote serving devices and line 
concentrators. 

Do. present theories and traffic capacity tables adequate
ly reflect the inherently greater volatility of smaller 
areas served and mo.re geographically homogeneo.us customer 
groups? 

3) Similarly, insufficient data on types of subscribers I 

traffic like Co.in-box, Flat-rate, Business Custo.mers, 
Centrex, WATS have prevented a full investigation o.f 
holding times, calling rates and distributio.n. This 
kno.w1edge is of great significance to the traffic 
engineer and administrator as the subscriber mix 
beco.mes mo.re complex and switching sizes increase. 

With large v0.1umes of data no.w beco.ming available by 
class o.f serivce, will traffic theories and capacity 
tables apply equally well to' these subsets o.f the 
swi tchi ng unit? 

4) With the advent of switching machines with data 
collecting ability, co.mputerized data collectio.n 
systems and downstream pro.grams to. utilize the data, 
the cost of data storage and pro.cessing must be 
co.nsidered. Obviously, data co.llection for o.nly a 
'single hour of daily data would minimize storage 
needs and pro.cessing Co.sts. However, the determin
ation of the hour to' be selected (peak ho.ur, seco.nd 
peak hour, etc.) and the number of days to be pro
cessed requires study to ensure equality with current 
service and load criteria. 

Can a data collection model be devised and capacity 
tables develo.ped fo.r a single ho.ur system which would 
minimize data collection processing costs and still 
reflect the equivalent service criteria of existing 
systems? 

5) Networks with different busy hours for different 
parts of the network are becoming apparent. Engi~ 
neering of networks for more than one busy hour is 
likely to have appreciable savings in trunk 
expenditures and may become even more necessary 
with satellite systems and possible changes in the 
hierarchial structure of the network. 
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Work to examine the traffic capacities in network APPENDIX #3 clusters having various busy hours and inter-related • finals would be useful in optimizing costs and service • 

6) To our knowledge, it is still not possible to RESULTS OF FORECASTING FOR X-BAR OFFICES 
measure or to predict the actual blocking in a BY 

• large toll network. An answer to this problem CROSS-SECTIONAL ANALYSIS would indeed have great significance to telephone 
administrators. 

In summary, with better traffic data now available, CROSS-SECn ONAL 
ACTUAL ANALYSIS TRAFFIC VIEW there is a need for new theoretical investigations OFFICE CCS/MS FORECAST % ERROR FORECAST % ERROR of our service criteria. New service criteria in 

turn would generate the need for new or refined 1 2.97 3.09 4.0 3.10 4.4 
traffic theory activity - a good me1ding of the needs 2 1.54 1.54 0 1.55 .6 and interests of traffic administrators and traffic 
theoreticians. 3 3.12 3.20 2.6 3.20 2.6 

4 2.91 3.15 8.2 3.10 6.5 
APPENDIX #1 5 3.02 2.97 -1.7 3.00 - .7 

ATTEMPTED INDEPENDENT VARIABLES 6 3.01 3.10 3.0 3.05 1.3 
7 2.72 2.79 2.6 2.75 1.1 

FOR TIME SERIES ANALYSIS 8 4.62 4.73 2.4 4.65 .6 
NAME 9 1. 73 1.87 8.1 1.90 9.8 

1. CCS/MS Lagged 12 mos. 10 3.12 3.22 3.2 3.20 2.6 
2. Main Stations 11 4.52 4.51 - .2 4.52 0 • 3. Individual Flat Rate Business Te1s 12 3.23 3.22 - .3 3.20 - .9 
4. Individual Residence Te1s 13 3.08 3.12 1.3 3.05 -1.0 
5. PBX Te1s 14 3.16 3.30 4.4 3.22 1.9 
6. Total Res.idence Te1 s 15 2.79 2.78 - .4 2.70 -3.2 
7. Total Business Te1s 16 2.42 2.57 6.2 2.55 5.4 
8. Total Telephones 17 2.46 2.47 .4 2.60 5.7 
9. Percent Individual Flat Rate Business Te1s 18 2.69 2.97 10.4 3.00 11. 5 
10. Percent Individual Residence Te1s 19 1.63 1. 51 -7.4 1.50 -8.0 
11. Percent PBX Te1s 20 2.51 2.68 6.8 2.70 7.6 • 12. Percent Residence Te1s 21 3.23 3.29 1.9 3.30 2.2 

22 5.24 5.11 -2.5 5.13 -2.1 
APPENDIX #2 23 3.22 3.18 -1.2 3.40 5.6 

ATTEMPTED INDEPENDENT VARIABLES 24 2.25 2.13 -5.3 2.13 -5.3 
25 5.45 5.40 

FOR CROSS-SECTIONAL ANALYSIS 
- .9 5.32 -2.4 

RMS ERROR 
NAt~E 

.117 .123 

1. A.B.S. CCS/MS Lagged one year 
2. A:B.S. MS • 3. A.B.S. Individual Flat Rate Business Tels 
4. A.B.S. Individual Residence Tels 
5. A.B.S. PBX Tels 
6. A.B.S. Total Residence Tels 
7. A.B.S. Total Business Tels 
8. A.B.S. Total Telephones 

9. A.B.S. Total Telephones (incl. EAS Te1s.) 
10. A.B.S. Number of EAS Te1s 
11. Equipment Type 
12. Total Population 
13. Percent Teen Population 
14. Percent Full-Time Labor Force 
15. Percent Full-Time Female Labor Force 
16. Percent Individual Flat Rate Business Tels 
17. Percent Individual Residence Te1s 

• 18. Percent PBX Tels 
19. Percent Residence Te1s 
20. Percent EAS Te1s 

• 
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APPENDIX #4 

RESULTS OF FORECASTING FOR SxS OFFICES 
BY 

CROSS-SECTIONAL ANALYSIS 

CROSS-SECTIONAL 
ACTUAL ANALYSIS TRAFFIC VIEW 

OFFICE CCS/MS FORECAST % ERROR FORECAST % ERROR 
1 1.02 1.02 0 1.02 
2 .96 1.05 9.4 1.05 
3 .88 .89 1.1 .90 
4 1.03 1.07 3.9 1.07 
5 1.15 1.18 2.6 1.13 
6 .98 1.03 5.1 1.03 
7 1.21 1.20 - .8 1.17 
8 1. 31 1.37 4.6 1.37 
9 1.34 1.36 1.5 1.34 

10 1.25 1.23 -1.6 1.24 
11 1.28 1.26 -1.6 1.28 
12 1.54 1.56 1.3 1.56 
13 1.47 1.50 2.0 1.47 
14 1.46 1.48 1.4 1.45 
15 1.17 1.15 -1.7 1.14 
16 1.33 1.32 - .8 1.28 
17 1.24 1.33 7.3 1.33 
18 1.16 1.17 .9 1.15 
19 1. 76 1.80 2.3 1.81 
20 1.65 1.65 0 1.65 
21 1. 15 1.20 4.3 1.15 
22 2.50 2.45 -2.0 2.43 
23 1.87 1. 78 -4.8 1.80 
24 2.19 2.15 -1.8 2.15 
25 1.89 1.95 3.2 1.92 

RMS ERROR .044 
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