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Forecasting Telephone Traffic in the Bell System 
N.D. Blair . R'd N J USA American Telephone and Telegraph Company, Basking I ge, ew ersey, . 

ABSTRACT 

This paper describes the methods presently used by the 
Bell System for forecasting telephone traffic. S~ries 
of the forecasting techniques used for Central Off1ce 
switching systems, interoffice trunks, and operator forces 
are given. A wide variety of methods are used ranging 
from simple extrapolation to complex mathemati~al ~odels. 
Whatever method is used, it must be tempered W1th 1nformed 
judgement based upon an understanding of the fund~ental 
characteristics of the business and careful analys1s of 
all significant information . 

1. INTRODUCTION 

Demand for telephone service occurs at random without 
advance notification while the equipment required to meet 
this demand must be planned, ordered and installed months, 
and often years, before the service request occurs. Be
cause of the required lead time, the teletraffic engineer 
must develop forecasts anticipating expected traffic de
mands. These forecasts are also used to evaluate the 
market for new systems, to estimate revenues and expenses, 
to plan the development of networks, to determine when a 
relief job will be required and to provide an estimate of 
the future whenever. it is required for selecting a course 
of action. Because of the diversity of purposes, Bell 
System forecasts are made for many different items and for 
a variety of time periods. As a result, many forecasting 
techniques are employed, ranging from simple "eyeball" 
extrapolation to complex and sophisticated mathematical 
models. Often, several methods are used to provide a 
system of checks and balances and to test the sensitivity 
of the results to assumptions of the models. 

While it would be desirable to have an "automatic forecast
ing model" which would compute future telephone demand 
from a set of key factors, no one approach has been found · 
that would replace or substantially reduce our reliance 
upon sound judgement based upon a comprehensive analysis 
of trends and a careful evaluation of basic assumptions 
and growth factors. As will be evident, in the majority 
of cases the mathematical techniques used by the Bell 
System for forecasting demand are relatively uncomplicated. 
This apparent looseness is compensated for by robust system 
designs, regular update and review of the forecasts as well 
as an administrative process which reacts to service pro
blems as they occur. 

Bell System forecasts can broadly be categorized by scope 
and by time horizon. In terms of scope we define an 
Administrative and a Detailed forecast. The Administrative 
forecast is used for the broad planning of construction 
activities by Company and State and Area, and includes 
estimates of total telephone net gain from year to year, 
new telephone connections, telephones relocated or discon
nected because customers have moved, toll messages, rev
enues, etc. The Detailed forecast serves as a basis for 
engineering the physical facilities for central offices 
(switching centers within our exchanges), outside plant 
(aerial, underground cables and microwave channels) and 
the necessary growth data required to construct new build
ings or additions to existing ones. 

It should also be noted that the Bell System generally 
follows the "bottom-up" and "top-down" approach. Forecasts 
are made for individual wire centers or portions of a wire 
center by the local forecasters, and added together to 
arrive at an overall forecast. Forecasts are also made 
independently for the Company. State and Areas at staff 
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headquarters. If there is substantial difference between 
the summation of the individual forecasts and the indepen
dently prepared total view, both forecasts are reviewed in 
order to reconcile differences. 

The time horizons of forecasts are long, medium and short. 
For most equipment related decisions, these correspond to 
o to 20 year, 0 to 5 year and 0 to 1 year respectively. 
As a general rule, the longest interval forecast is used 
as a basis for planning. the intermediate interval is for 
construction budget commitment and the shortest interval 
for final adjustments. For operator force schedules the 
intervals are much abbreviated, with the short forecast 
covering only a few hours. It is important to recognize 
that all forecasts start at the same reference time, the 
present. The overlapping of time frames is deliberate, 
to insure that long range views are consistent with cur
rent activities. Of course, the shorter interval forecasts 
will be at a greater level of detail than the longer ones 
and may involve quite different techniques. 

The focus in this paper will be on detailed intermediate 
range forecasting, as practiced in the Bell System, for 
central office equipment, interoffice trunks and operator 
forces. As will be seen a wide variety of methods are 
used, each of which includes some measure of informed 
judgement - based upon understanding of the fundamental 
characteristics of the business and careful analysis of 
all significant information. 

2. FORECASTING TELEPHONE TRAFFIC FOR CENTRAL OFFICE 
SWITCHING SYSTEMS 

Switching system administrators use present load levels 
and their predictions of future loads on the various 
machine components to guide their assignment, balance and 
maintenance activities. Design engineers use similar 
forecasts to track capacity margins in those switching 
elements which are traffic sensitive and which can there
fore limit a machine's ability to provide service at 
objective levels. They use these forecasts to develop 
exhaust dates of presently installed equipment, to devise 
loading strategies for multi-entity wire centers, and to 
develop relief timing dates which will permit full utili
zation of presently installed equipment, while avoiding 
the administrative and service penalties associated with 
traffic overloads. 

Design engineers also use load predictions to estimate the 
service impact of deviations from optimum relief dates 
which might be desirable due to the constraints of manu
facturing capacity, installation manpower and the avail
ability of capital. These estimates permit the development 
of a plant extension program which best meets the needs of 
our customers and our business, taking into account the 
practical factors of the world we live in. 

Having established the dates when relief will be required, 
engineers use forecasts of the various components of 
traffic loads to size equipment additions which will meet 
future administrative and service requirements at minimum 
cost. 

The quantity and types of traffic estimates required for 
each switching entity are dependent upon the type of 
switching equipment involved. the equipment configuration 
employed, the rank of the office in the switching network 
hierarchy. and. to some extent, on the variety of service 
offerings available in the office and the special arrange
ments needed to provide special services. 
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Most switching entities have certain features in commo~, 
however, that call for similar types of traffic estimates. 
Since the function of a switching entity is to establish a 
communication path between one station and another, between 
a station and a trunk, or between two trunks, perhaps the 
most important estimate that must be made is that of the 
load expected to be offered to the talking channels. A 
second type of estimate common to most modern switching 
systems is the originating call load, ortlial tone demand. 
The third type of traffic estimate needed in most switching 
systems today is the call processing load, that is, the 
translation requirement and the loads on components in
volved in the establishment of connections through the 
system. 

PRINCIPAL TRAFFIC SENSITIVE EOUIPME!"T COMPONENTS 

LINES LINE 
LINKS 

DIAL TQNE 
EQUIPMENT 

• ORIGINATING 
REGISTERS 

.DIAL TONE 
MARKERS 

.lINE LINKS 

TALKING 
CHANNelS 

JUNCTORS 
TRUNK 
lINIS 

CATEGORIES OF PRINCIPAL COMPONENTS LIMITING 
NO. 5 CROSSBAR EQUIPMENT CAPACITY 

SWITCHING 
CAPA,ITY 

TALKING SWITCHING 
CHANNELS COMMON CONTROL 

.lINE LINK • COMPLETING 
FRAMES MARKERS 

.TRUNK LINK .OUTGOING 
FRAMES SENDERS 

.JUNCTORS .INCOMING 
REGISTERS 

.MESSAGE 
RECORDING 
EQUIPMENT 

TERMINATION 
CAPACITY 

LINE la TRUNK 
TERMINATIONS 

.LINE LINK FRAME 
TERMINATIQNS 

.TRUNK LINK FRAME 
TERMINATIONS 

.NUMBER GROUPS 

.RECORDING 
EQUIPMENT 
TERMINATIONS 

FIGURE 1 NO. 5 CROSSBAR 

Figure 1 illustrates the principal traffic sensitive equip
ment components in a local No. 5 Crossbar switching system. 
The components are categorized in four subgroups related 
to: 

1. Dial Tone Service 
2. Availability of Talking Channels 
3. Translations, recording and establishing 

connections 
4. Station and trunk terminations. 

Equipments in Category 4 are not 
and are provided on the basis of 
lines, main stations or trunks. 
1, 2 and 3 are sensitive to load 
forecasts of traffic usage. 

directly load sensitive 
forecasts of demand for 
Equipments in Categories 
and therefore require 

Since total load volumes usually exhibit a significant 
correlation with the total number of load generating 
sources being served~ it is the general practice in the 
Bell System to make separate forecasts of the number of 
main stations to be served by each end office and the 
load expected to be generated per main station. Usage 
forecasts are usually expressed in terms of CCS* per main 
station (CCS/MS) and are made for the busy season for each 
year of the forecast. Historic usage records, which serve 
as fundamental input to usage forecasts, are maintained on 
the same basis. For example, we measure and forecast No. 
5 Crossbar CCS/MS for each of the following: 
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Originating Registers 
Dial Tone Markers 

- · Completing Markers 

Talking Channels 
Outgoing Senders 
Incoming Registers 
Message Recording Equipment 
etc. 

This technique has the advantage of providing a "common 
denominator" for the capacities of all equipment compo
nents. Given the available CCS capacity of each compo
nent subgroup, one needs only to divide that figure by 
the forecast of CCS/MS to arrive at the component capacity 
in terms of main stations. Thus, we develop for each 
entity a main station capacity of registers, markers, 
talking channels and the like. The smallest of these main 
station capacity figures we call the limiting switching 
capacity. By comparing this limiting capacity to the 
forecast of main station demand we establish the exhaust 
date of presently installed equipment. Similarly when 
designing an addition for an office, the CCS capacity 
required for each machine component is determined by multi
plying the forecasted main station demand at the end of 
the design period by the forecast of CCS/MS for that point 
in time. 

The forecasts of switching equipment total traffic loads 
are therefore the composite results of the main station 
demand forecasts and the forecasts of traffic usage. We 
will consider these two types of forecasts separately, 
because the factors involved and the techniques employed 
differ significantly in many respects. 

2.1 MAIN STATION DEMAND FORECASTS 

Main station (and equivalent main ~tation) demand fore
casts are subdivided into broad categories: residential 
and business markets. Outside of the central business 
districts, residence demand is the predominant component 
of the main station forecast. 

The study of demand for residence main stations, past and 
future, centers around changes in total number of primary 
households an.d changes in the percent of households vi th 
service. Both, of course, are significantly affected by 
business conditions, consumer confidence and many other 
factors. 

The 'household forecast for a local area must take into 
account the existing population and its sex and age 
distribution, the present and proposed land use and 
changes in the economic environment over the forecast 
period. The economic outlook may affect the migration 
into or out of the local area and in percent of households 
with service. Household growth in the local area will also 
be a function of the fertility, mortality, and marriage 
rates of the population. 

Land use and/or zoning, while always an important factor 
when considering residential development in the short 
term, takes on added importance when forecasts for long 
periods are being developed. The amount of new residential 
construction in a given location is a major factor in 
determining the magnitude of new demand. Much of this 
housing is mass produced in subdivisions which present an 
unusually difficult problem to the forecaster because they 
are generally located in outlying areas which were, until 
recently, rural. In many sections of the country an influx 
of mobile and modular homes, of the type that permit com
pletion of a hundred or more units in a month, is causing 
difficulties. In order to be continually aware of these 
types of development, it is necessary to keep in touch 
with builders, realtors, mortgage companies, city and 
county planning agencies, and other agencies which are 
involved in planning or construction of new residential 
development. 

Second-line development is also an important factor in 
estimating main gain. Stimulating factors such as rising 
income levels, increasing numbers of teenagers and second
ary families in the household, strong community activism 
and company rate structures affect second-line demand. 
Also to be considered is the increasing number of families 
having vacation homes requiring either seasonal or year
round service. 

* One CCS is one hundred call seconds of usage per hour 
and is equivalent to 1/36 Erlang. 
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A' different set of problems emerge when the forecaster 
looks at the older inner or core city. Here one must 
analyze and project the quantity and timing of not only 
new construction but the prerequisite demolitions. Relo
cation of existing households is an important consideration 
in the urban renewal process. It is also necessary to 
determine whether or not telephone service is subsidized 
by welfare payments since changes in policy can affect the 
non-user market. 

The forecaster must also consider the business market. 
Outside of the central business district, the business 
market is a relatively small part of the total. Hence, 
depending on the area being considered, different ap
proaches are used. 

In residential areas, the business portion is small and 
bears a direct relationship to growth of its associated 
residential market. Hence, the size of the business 
market in these areas can usually be forecast by trending 
the business main per hundred household ratio. However, 
the building of limited access highways has the effect of 
spreading larger businesses along its routes. 

A type of development which adds to the difficulties of 
making accurate forecasts is the construction of new 
office buildings, or other large business structures, in 
older and dormant residential areas brought about by the 
decentalization of business. Any sizable amount of this 
activity can have a marked effect on a forecast. For 
example, in some of our cities, office buildings for 
insurance companies, governmental agencies and many others 
are being built at locations distant from the central 
business district and on sites formerly occupied by large 
residences. These residences probably had from one to six 
telephones, but the new office building can require several 
hundred. 

Forecasts of shopping centers and campus-research park 
developments have a particular urgency for two reasons. 
First, the development is' located in outlying areas. 
Telephone Facilities in the area may be inadequate or non
existent. Secondly, building techniques in ·these develop
ments are such that stores and other structures can be 
completed and occupied in a shorter length of time than 
the telephone company requires to provide outside plant 
and/or central office facilities to serve the development. 
Obviously, it is of the utmost importance that forecasts 
of these kind of developments be furnished at the earliest 
possible date. 

The main business district of a metropolitan area is 
usually a heterogeneous mixture of individual enterprises, 
corporate activities, industry and mercantile establish
ments. An analysis of past performance by itself can lead 
to many difficulties. Usually, an analysis is made of 
available office space, adding in new construction, less 
demolitions. To this, data relating the prestige of loca
tion, vacancy rate, and the number of telephones per square 
foot, developed from surveys of existing customers by in
dustry if possible, are used to develop the telephone 
demand due to construction. 

The normal growth of existing customers is evaluated 
separately using trends obtained from past performance 
data excluding growth due to new construction and conver
sions previously enumerated. 

2.2 TRAFFIC USAGE FORECASTS 

As previously mentioned, traffic usage forecasts for end 
ofrices are usually expressed in terms or CCS per main 
station. Before discussing procedures for developing 
these forecasts, it may be helpful to briefly review some 
fundamental concepts concerning trarric characteristics. 

Traffic loads in a given central office are caused by a 
collection of subscribers usually acting independently or 
each other. Consequently, as one might expect, typical 
traffic loads will exhibit a considerable variation from 
minute to minute, hour to hour, day to day, and year ~o 
year. 

A rundamental goal is to provide service equal to or better 
than some objective level. This can rrequently be accom
plis~ed by focusing attention on equipment needs and p~r
rormance during certain, selected periods in time because 
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traffic loads exhibit a fairly regular pat la .ast 
offices whether it be hourly, daily or seasonal. On the 
other hand the load-service response characteristics of 
certain types of dial equipment can introduce certain 
complications into traffic load forecasting. 

Traffic load intensity in a given central office will 
usually be found to vary throughout the hours of the 
day in a fairly consistent pattern. That is, on the 
average, certain hours of the day will be busier than 
others, and this pattern will persist over fairly long 
periods of time. For example, certain offices serving 
predominately business customers may have a busy hour in 
the mid-morning or mid-afternoon periods when business 
activity is at a peak, whereas a predominately residential 
office will more often exhibit an early evening busy hour, 
say 7:00 to 8:00 P.M. These two situations are illustrated 
in Figure 2. Hourly load variations are usually monitored 
by taking occasional, busy hour determination stUdies in 
which daily load measurements are taken during all signi
ficant hours of the day for a period of one or two weeks. 
The results of these studies are used to establish the 
busy hours which are then measured continuously or as long 
as necessary to develop the historic data to be used as 
the basis for predicting the future usage of a particular 
type of equipment in a given central office. In actual 
practice usage measurements may be taken in several hours 
since (l) different equipment components may have differ
ent busy hours and/or (2) the busy-hour load for a parti
cular equipment component may be nearly equalled (and per
haps sometimes exceeded) during other hours of the day. 

Originating Calls 

10.000 

8.000 

,6.000 · 

4.000 

2.000 

Time 

Typical Hourly Variations In Traffic Loads 
Figure 2 

Traffic loads also fluctuate in a fairly consistent manner 
rrom day to day. For example, in a given orrice it may be 
observed that Mondays are systematically higher than 
Wednesdays, and this phenomenon repeats itself fairly regu
larly week by week. Figure 3 illustrates a typical pattern. 
In most offices, traffic loads on Saturdays will be less 
than on weekdays, and Sunday loads will be lightest of all. 
Certain holidays of the year are similar ,to Sundays, where
as others, e.g., Christmas and Mother's Day, are peak loads 
for long distance traffic. These characteristics give rise 
to the concept of the Average Business Day (ABD) during 
which traffic loads and service results are usually mea
sured in local dial central offices. The ABD busy hour 
load is the average load for a time-consistent hour over 
a number of business days (weekdays excluding holidays). 
Most often this load is measured during the three months 
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when it is "the largest; hence the term Average Busy Season 
(ABS) load. 

Busy Hour CCS 
Per Main Station 

3.5 

3.0 

Days 

Typical Daily Variations In Traffic Loads 

Figure 3 

During a few days of the ' year, traffic loads may be experi
enced which are substantially higher than during the 
remainder of the year. The precise times when such extreme 
loading conditions will occur may not be predictable, but 
nonetheless, it may be observed that they do occur with 
regularity each year. Frequently, these loads will be 
related to adverse weather conditions, such as snow, sleet, 
rain, etc. In offices where business customers predominate, 
commercial activities such as heavy stock market trading 
may appear to be an influential factor. Traffic load fore
casting takes such regularly-recurring extremes into account 
in order to prevent service degradation beyond stated stand
ards. Perhaps once in several years an extreme peak day 
may be encountered due to a catastrophe, very unusual 
weather conditions, or some other reason. To provide equip
ment to handle traffic on such days with normal service 
would be prohibitively expensive. Hence, these days are 
excluded from the traffic data base. 

As in hourly and daily variations, traffic volumes also 
exhibit a fairly regular seasonal pattern. In local dial 
offices, average daily customer usage levels will gener
ally be higher during the winter months, somewhat like 
the pattern shown in Figure 4. Although most offices will 
exhibit seasonal fluctuations in usage somewhat like those 
illustrated, this effect may not be so apparent when look
ing at total load volumes. Seasonal variations in total 
usage may be damped or completely overridden by changes 
in the number of main stations being served in ~ given 
office. This effect is often seen in small entities 
which have high main station growth rates, or in the 
growth entities in multi-entity wire centers. 

Having discussed the variation of traffic over time, we 
now turn to another matter which impacts on usage fore
casting, namely load-service relationships. Briefly, the 
load-service relationship is a quantitative description 
of the manner in which service quality deteriorates as 
load is increased. The main point is that this service 
deterioration occurs much more rapidly for certain kinds 
of equipment than for others. 

For example, the grade of dial tone service in No. 5 
Crossbar offices is less stable than in Step-by-Step 
offices. In those situations where the load-service 
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relationship is a relatively stable one and the vari
ance in offered load is not too great, equipment pro
vision may be based solely on consideration of the 
grade of service rendered under average load condi
tions. Such equipment items are usually engineeered 
on an Average Busy Season basis. In the case of a 
more volatile load-service relationship, the grade 
of service rendered on the highest load days of the 
year is also of interest, and in many cases this will 
become the limiting consideration in equipment pro
vision. Here, the High Day or Ten High Day engineer
ing method is applied. 

Of course, this also has a bearing on the forecasting 
problem. In one case the task will be to predict the 
Average Busy Season-Busy Hour load level. In the more 
volatile service situation, the extreme values of the 
daily load distribution must be predicted. 

The usual starting point for forecasting Average Busy 
Season usage (CCS/MS) levels is to plot past traffic 
measurements on a graph, to apply judgement regarding 
the validity of the various plot points, and to deter
mine, if possible the causes for inconsistencies in 
past performance. The next step might be an "eyeball" 
extrapolation of the data points to a desired future 

' date, giving appropriate weight to historic factors 
and estimating the impact of expected future happenings • 

We have some mechanized tools the engineers often use to 
help in this process. One is a time-shared computer pro
gram which, given historic data as input, will generate 
a projection based on a linear or logarithmic least 
squares best fit trend line. 

While this forecasting method is one frequently used, 
it is not without serious shortcomings under certain 
sets of circumstances. 

Trending assumes that those factors which caused 
historical usage levels to change as they did will con
tinue to operate in the same manner in the future and 
no new factors will come into play in the future which 
will cause departures from the historical trend. Since 
it is frequently necessary to forecast usage levels four 
or five years into the future, this assumption of an 
undisturbed and uniform trend must apply for a total 
peri'od of nearly ten years. This requirement makes the 
trending method particularly vulnerable. Area tJansfers, 
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Business Day CCS 
Per Main Station 
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changes in class-of-service mix, busy hour shifts (~in~e 
by definition usage is then growing faster in the new 
busy hour than in the old one) and introduction of new 
services such as CENTREX or WATS all represent condi
tions which would invalidate this fundamental assumption. 

An examination of the distribution of historic Average 
Busy Season CCS/MS will often reveal a considerable 
amount of year-to-year variation for some switching 
entities, while others will be less volatile. A know
ledge of these entity characteristics, coupled with a 
comparison of service results during the measured usage 
hours will enable the engineer to pass judgement on the 
validity of some data points and in some cases to discard 
outliers as invalid measurements. Likewise the scatter 
of data points judged to be valid will provide a feel for 
the likely range of future load levels and the relative 
size of potential forecast errors for the various entities. 

High Day and Ten High Day usage levels, used to engineer 
equipment elements with volatile load-service characteris
tics, are more difficult to predict and are subject to 
greater forecasting error than are Average Busy Season 
usage levels. It is beyond the intended scope of this 
paper to discuss High Day or Ten High Day usage forecast
ing techniques in detail, but three commonly used methods 
are as follows: 

1. The average or median of High Day or average 
Ten High Day CCS/MS taken over the last five 
years or so may be used. The degree of varia
tion from this estimate which can reasonably 
be expected may be determined by examining 
the amount of scatter in usage levels experi
enced in past years. 

2. Ratios of High Day and/or average Ten High Day 
loads to Average Busy Season load may be com
puted and forecast instead of CCS/MS values. 
Average Busy S~ason (ABS) CCS/MS usage may 
also be trended as previously described. The 
resultant forecasts of load ratios and (ABS) 
CCS/MS are multiplied to obtain estimates of 
High Day or average Ten High Day usage. 

In this way long-term changes in usage are 
incorporated in the estimate of ABS CCS/MS. 
The estimated High Day/ABS ratio is trended 
to account for changes in volatility. Since 
this method separates these two effects for 
forecasting purposes it is often preferred 
to the procedure outlined under (1) above. 

3. A more recent approach assumes that daily 
loads are distributed in accordance with 
the Gamma probability distribution. By 
computing and trending average Ten High 
Day to ABS load ratios the shape parameters 
of the distribution function can be approxi
mated. Then using an order statistics approach, 
expected values and assurance levels may be 
obtained for High Day load ratios. As before, 
these ratios are then multiplied by forecast 
ABS CCS/MS. 

The reader will note that usage forecasting, as discussed 
so far, is highly dependent on historical data. Unfor
tunately, the usage forecaster rarely has at his disposal 
a complete and accurate set of historical data for any 
entity. Even the best usage measuring devices seem to 
have an annoying propensity to malfunction during critical 
hours. Errors creep into data processing routines or data 
are inadvertently lost. Installation or maintenance acti
vitity may tend to distort usage measurements. These fac
tors create voids in the data base, or, worse than that, 
present the forecaster with invalid data which may be 
difficult to recognize as faulty. 

The high cost of data acquisition and processing is another 
factor worthy of consideration, because it limits the num
ber of hours, days and months when data are collected. In 
fact our design service criteria are often dictated in part 
by the amount of empirical data we can economically gather. 
For example, most of our design criteria are based on 
Average Busy Season, Ten High Day, or High Day busy hour 
performance. It is well kno~. however, that periods 
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outside the busy hour and outside the busy season are 
occasionally congested and that the frequency and mag
nitude of such loads will vary among the central offices. 

Fortunately, new developments in the data acquisition 
field hold promise of providing us with insights into 
the nature of these scattered load distributions and 
may ultimately open the door to new design and fore
casting teChniques. At the same time they may enable 
us to reduce substantially the volume of data required 
in our data base. Extreme Value Engineering is the 
topic of another paper being presented at this confer
ence, so it will be only mentioned here. 

In the meantime we must continue to forecast us'age with 
conventional data bases and, because of the importance 
of these estimates to the future of our business, we 
must continually appraise our forecasting accuracy 
performance and strive to improve it. To aid in this 
appraisal process we use a mechanized procedure of 
tracking the Talking Channel CCS/MS forecasts for all 
local switching entities. Once each year we enter into 
a computer data base the actual measured CCS/MS for each 
entity for the busy season which ended during the preceed
ing 12 months. We also enter into the data base at the 
same. time the forecast of CCS/MS for each entity for 
each of the next five future busy seasons. With this 
data base system, as each year passes, we can compare 
the actual usage for each entity with predictions made 
one, two, three, four and five years ahead and thus 
appraise the accuracy of our forecasting job and iden
tify areas in need of attention. 

Since we spend our capital for additional switching 
capacity, the need for which is determined on the 
basis of separate forecasts of main station growth 
and CCS per main station, it is of interest to know 
the relative impact of forecast errors in these two 
categories. For example, total busy season, busy 
hour talking channel usage in the Bell System grew 
from 185 million CCS to 198 million CCS in the two 
year period between 1973 and 1975. The average 
annual growth rate was 3.5%, due almost entirely to 
an increase in total main stations served. CCS/MS 
for the System was stable for the period. This con
trasts sharply with forecasts of total usage growth 
for the immediate future. Usage growth expected for 
the next 3 years due to main station gain averages 
4% per year. This, coupled with a forecasted in
crease in CCS/MS produces an overall usage growth 
rate of 6.5%, almost double the rate of the past 
two years. 

This situation obviously calls for some reasonableness 
checks. The figures quoted above are derived from 
individual forecasts made for each of 10,000 entities 
in the System. One check that can be made is to com
pare an overall administrative forecast of main stations 
for an Area or State with the sum of the individual 
forecasts for the territory. If the two figures are 
fairly close we can feel fairly comfortable with the 
forecasts for the entities. If the figures differ by 
a substantial margin, there is cause for concern, and 
individual entity predictions are reviewed closely and 
adjusted where necessary to bring the sum more in line 
with the overall estimate which, because of its larger 
universe, is generally more reliable. 

Similarly, the CCS/MS estimates can be checked for 
reasonableness. -The individual entity usage fore
casts may be added to produce a total Area or State 
Busy Hour CCS prediction. This figure, divided by 
the forecast of Main Stations for the geographic 
area will yield a prediction of the weighted average 
CCS/MS for the area. This figure can be compared to 
historical actual results to determine whether the 
net result of all of the individual entity usage 
forecasts falls within a likely range, based on 
historic year-to-year changes. This approach is 
illustrated in Figure 5. 
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CCS/MS Forecasts - A Suggested 
Reasonableness Check 
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-.67 2.36 1.97 1.61 -3.49 .66 .00 

1.67 4.38 3.62 -1.94 -2.86 .66 
3.68 6.06 .00 -1.29 -2.85 
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His;. ill ill 3.23 
low 2.94 2.96 2.96 
Averfgl 3.06 . 3.07 3.08 

Figure 5 
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-.33 
-.33 

.33 

Recent history has shown that short term usage trends are 
quite difficult to predict. However, recent history has 
also shown that year-to-year changes in usage levels are 
generally quite small. This suggests that the reasonable
ness of a composite usage forecast for an Area or Company 
may be tested by comparing historic year-to-year variations 
with changes predicted for the next several years. 

The chart shows nine years of history for an Area. The 
figures indicate that 1968 was down .6% from 1967. 1969 
went up 2.36%. If we make the calculations for each year, 
we get the first row of figures shown below the chart, 
designated "1 YEAR PRIOR." During the past eight years, 
the maximum increase over the previous year was 2.36% 
and the maximum decrease was 3.49%. 

If we apply these figures to the 1975 actual, we can get 
an estimate of the likely range for 1976. We can also 
average the figures and get an average likely CCS/MS for 
1976 based on what has happened in the past eight years. 
These figures are shown near the bottom of the chart in 
the column headed 1976. They are plotted on the chart 
as a bar designated "likely range" for 1976. 

We can do the same thing for maximum changes for 2 year 
intervals to get a likely range for 1977. We can use 
3 year intervals for 1978's estimate. These calcula
tions have been made and the results are shown below 
the chart as are "likely range" plots for 1977 and 1978. 

We can also plot on the same chart the current forecast 
for future years as illustrated by the asterisks (*). 
These forecasts would appear to be on the high side and 
might suggest to a prudent manager the need for review 
of the individual entity forecasts which produce the 
composite forecasts shown on the chart. 

The discussion of central office usage forecasting to this 
point may lead the reader to conclude that in the Bell 
System little effort is made to employ available mathemati
cal modeling techniques to assist in the forecasting process. 
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Such is not the case. Extensive stUdies have been made, 
and work is continuing, aimed at the development of 
processes which will produce more accurate predictions 
of traffic loads in switching systems. The fact is that 
these efforts to date have not produced evidence that 
more sophisticated forecasting models would generate 
better forecasting accuracy than techniques presently 
employed. 

These stUdies have, however, made valuable contributions 
which may pay dividends in the future. For example, 
intuitively one knows that talking channel usage in an 
entity is influenced by weather conditions, economic 
factors, changes in the preparation of business tele
phones, changes in rate structure, new service offer
ings, and the like. What has been unknown is the 
relative impact of these factors on telephone usage 
and the potential for developing a composite factor 
for an entity which would be indicative of the direc
tion and magnitude of the resultant pressures on 
existing usage levels. Studies of some · twenty such 
variables have demonstrated that, given complete and 
accurate historical data, usage forecasts for an entity 
can be improved by applying quantified estimates of 
changes in selected variables to models developed from 
historical data. The problems are that the variables 
having most impact are not consistent among the entities 
and that voids in historical data make. this approach 
impractical in many entities. Nevertheless, with im
proved data acquisition techniques, we may some day 
improve our usage forecasting accuracy by the applica
tion of models which make use of predictions concerning 
related variables. 

Considerable recent effort has also been devoted to 
forecasting CCS/MS by class of service categories 
and applying these estimates to forecasts of main 
stations by class of service. The new generation of 
electronic switching systems brings with it a new 
capability to measure and record these discrete 
elements of customer usage much more economically 
than in the past. Studies so far indicate that 
similar customer categories tend to have similar 
usage characteristics which are more or less inde
pendent of the serving switching entity. This implies 
that data gathered from the newer entities may be 
tran.sferable to other entities. What remains to be 
done is to identify the customer groupings most appro
priate for separate analysis, to test empirically 
whether this "piece-part" forecasting approach will 
produce increased accuracy in the overall forecast, 
and, if so, whether the improvement is sufficient to 
warrant the additional data acquisition, processing, 
and analysis cost and the additional forecasting 
effort involved. 

3. FORECASTING OF TRUNK LOADS 

The trunk engineer, like the COE engineer must provide 
load forecasts to allow lead time for the construction 
and connection of trunk facilities, switching system 
terminations, and associated switching equipment. The 
trunk forecasting process is more mechanized than the 
COE process because of the larger volume of forecasts 
which must be made. There are over 340 thousand trunk 
groups in the Bell System network. Each one of these 
is individually forecast at least once a year. Addi
tional loads are forecast to determine whether new 
trunk groups should be started. Another significant 
multiplier is the need to project several loads for 
each trunk group " (up to 12 are presently considered 
for some Bell System applications) because of the 
interaction of trunk groups in alternate route net
works. Loads must be projected for each significant 
hour. These hours could include the trunk group busy 
hour, the associated network cluster busy hours, and 
the busy hour of the alternate route. However, 
despite the formalism which has developed in order 
to be able to use computer programs to handle this 
volume of forecasts, a considerable amount of informed 
judgement is still required in the selection of formulas 
or in the implementation of the result. 

Three fundamentally different approaches to forecasting 
are followed for the local, national and international 
sections of the Bell System network. These differences 
ar~se because of differences in number of forecasts 
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required, d·ata. availa.bility, and service development. Each 
of these approaches will be described in the following sec
tions. One must always remember that weather and economics 
have a major impact on telephone message traffic volumes and 
destination in any given year and that no one, as yet, has 
been very successful in forecasting either of these variables. 
So to imply that any specific method will provide a consis
tently accurate forecast is presumptuous. 

3.1 LOCAL NETWORK FORECASTING 

The Bell System's local networks consist generally of end 
offices and a single level of tandem switching. They in
clude the majority of all network trunks. All traffic 
can be reasonable traced to its originating and terminat
ing switching systems. Since local networks generally 
involve limited geographic regions, it is possible for 
the trunk engineer to obtain information about all of 
these end offices. Because of this, the basic forecasting 
method is closely related to the growth forecasts for 
the end office switching systems. The forecasting model 
used is of the form 

where 

L. 1. L 
o F. 1. 

Li is the projected traffic load in year i 

Lo is the present busy hour, busy season 
traffic load (referred to as the base 
load) 

and F. is a function reflecting the projected growth of 
load 1. in the end offices by the ith year. 

It can be noted that this model doesn't trend prior years' 
loads. Instead the reference point is a single base year 
which may have been unusually high or low. This appears 
naive. However, the networks with which we deal are very 
dynamic. We must contend not only with end office growth, 
but also with end office ·relief, replacement and consoli
dation. Additionally, changes in alternate routes and 
new network configurations affect the hours and study 
periods that are significant (past, present and future). 
Thus, tracking history requires consideration of many 
external factors and more effort than appears justified. 
Rather, the trending is contained in the "F" term. As 
explained previously, the end office growth is based 
upon trends in main station and load per main station 
data. What this forecasting model does is to allocate 
the projected end office load growth among the trunk 
groups. 

Before discussing the formulations of F, we must intro
duce the concept of distortion. A general goal of trunk 
traffic projection is to produce "reasonable" estimates 
of traffic values with a small amount of distortion. 
Distortion is defined as the difference between the sum 
of the individually forecasted trunk loads for an office 
and the total load forecast for the office. Originating 
distoration is the difference between the sum of the 
individually projected originating traffic items and 
the product of the total originating base load times 
the originating growth factor (Ai)' i.e., 

where 

Lij 

LOj 

Ai 

distortion = EL.j-EL jAi 
j 1. J 0 

load in year i on trunk group 

base load on trunk group j 

originating office growth factor 
for year i 

Terminating distortion is the same, except defined for 
the terminating traffic for the office. A distortionless 
forecast can be produced by the use of the Kruithof method 
[1] which has found application for long range (0-20 year) 
planning programs. To date, there is no body of evidence 
that indicates that an iterative procedure which removes 
all distortion is cost effective. The emphasis in trunk 
forecasting has been to use simple projection formulas 
which reduce originating distortion only. In general, 
..distortion at:.. 3%- or ~ss is considezoed acceptable ... 
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The preference for eliminating originating distortion 
is based on the assumption that originating call rates 
and loads more accurately reflect demand. 

Since, by definition, all trunk groups connect two 
switching systems, the F function must reflect the 
projected growth at both ends of the trunk group, 
even for one-way trunks. Several formulations for 
the F function are in general use and supported by 
the Bell System's trunking programs. Some of these 
will be described below. The fundamental factor 
utilized is the office factor Ai defined as, 

A = (main stations)i (CCS/MS)i 

i (main stations) (CCS/MS) 
o 0 

!h~re the main station and CCS/MS forecasts for year 
i are obtained from the COE forecast. If we define 

a similar term Z. for the office at the other end of 
the trunk group,1.an obvious functional relationship 
for F is the average of the two office growth factors, 
i.e., 

where 

L F . 
o 1. 

This formula obviously causes positive distortion for 
slow growing entities and negative distortion for fast 
growing entities because the growth rate of each entity 
is pulled toward the average growth rate of all entities 
in an area. Thus, even though the individual trunk group 
forecasts appear reasonable, the overall forecast may be 
biased. 

Another realization of the F function is AZ/T*, where 
T is an average end office growth factor for all offices 
in a network. This tends to reduce the overall bias. 
On a point-to-point basis it tends to predict low for 
trunk groups connecting non-growth points, high for 
medium growth point pairs and very high for fast growth 
points. 

A variation of this formula F = A Z~ was developed 
to care for the observed large differences in the growth 
rate of suburban areas and their core metropolitan area. 
Rec~gnition of more than one T area tended to reduce not 
only the overall bias for each entity, but also improved 
the forecast of city-to-city, city-to-suburb and suburb
to-suburb trunk groups. However, if too many "T" areas" 
are developed this formula tends to approach (A + Z)/2. 

Yet another form of the F function is AZK/T where K is a 
dimensionless quantity chosen to reflect any special com
munity of interest between the subscribers in the two 
connected offices. This can be used to reflect changing 
neighborhood characteristics or population shifts within 
a city. This factor is usually determined by trending 
data over a period of years and choosing K to obtain the 
best fit. However, this method is not used frequently 
because the wide statistical variance observed in small 
trunk groups (average size 7 in local networks) obscures 
all but the largest changes in K. 

These formulas are not the only ones used in the 
Bell System. Others are simple compound growth and 
models which reflect distance as well as other factors. 
More sophisticated projection techniques, such as the 
use of the Kalman filter [2], are continually being 
studied for possible application. As can be seen, no 
single formula has yet been found which is applicable 
to all situations and each forecaster must make his 
own choice. 

* For simplicity, the subscript i will be dropped in 
those equa~ions where it it not needed for clarity • 
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3.2 NATIONAL NETWORK TRUNK FORECASTING 

The national network provides interconnection among the 
over 15,000 end offices in the United States (approxi
mately 10,000 in the Bell System). It is a 5 level 
hierarchy containing approximately 1500 tandem switching 
systems (1000 in the Bell System). Among these tandem 
systems there are approximately 30,000 trunk groups of 
which about half are owned by the Long Lines Department 
of AT&T. It is not possible to make the necessary load 
forecasts for these trunk groups based on end office 
growth only. Furthermore, while the national network 
is relatively small, it is not practicable to track 
the growth history for many of the elements because of 
the low point-to-point densities involved. 

The following discussion is restricted to the procedures 
used by Long Lines; the Associated Companies use a variety 
of methods. The load forecasting model used is of the form 

where 

L. 
1 

is the projected traffic load 
in the year i + 1 

is the busy hour, busy season 
traffic load in the ith year 

and F. is a year over year growth derived from forecasts 
of toll messages. The first step in determining the 
growth factor F . is to assume that toll messages grow 
according to a ·1 modified exponential of the form 

Y(t) = exp(a + btk ) 

where Y(t) is the average business day message volume at 
time t. The variables a, band k are individually deter
mined for each data series by means of at least squares 
fit. As a control, k is constrained to be within the 
range 0.75 to 1.0. For k=l.O the growth is described by 
a pure exponential. Experience has shown that better 
forecasts may be obtained by allowing other values for 
k. 

The data source is a 9 year history of average business 
day (ABD) messages for 3 months obtained from billing 
data. Messages are projected on an NPA-to-NPA* basis 
for volumes of 500 messages or greater and on an NPA
to-all other NPAs basis for smaller volumes. The 
formula is then used to project message volumes into 
future time periods. 

To project individual loads the derivative of the 
fi tting formula is used to estimate an annual growth 
rate. The form of this growth rate is 

g(t) = bktk- l 

where b and k are determined by the curve fitting 
process. The growth rate is modified to reflect changes 
in traffic distribution (% customer dialed, operator, % 
wide area telephone service), holding times and non-con
versation time. 

For forecasts beyond three years a weighted average of 
the NPA-to-NPA and NPA-to-all other NPAs growth factors 
is used. For longer term forecasts, more weight is 
placed on the NPA-to-all other NPAs factors, reaching 
100% by year 13. 

The single composite growth rate developed for each year 
is then used to grow all first route loads between toll 
center** pairs in the respective NPAs. 

* A Numbering Plan Area (NPA) is a geographic area 
containing many end offices and tandems. The 
United States is divided into over 100 NPAs. 

** A toll center is the entry point into the national 
network. 
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The general form of the composite growth rate is 

where 

gl(i) is the NPA-to-NPA growth rate in year i 

g2(i) is the NPA-to-all other NPAs growth 
rate for each NPA in year i 

is a weighting factor between 0 and 1 
for year i 

The result of this is that the pOint-to-point loads 
between two NPAs are assumed to have a growth factor: 

Several econometric models are also used to forecast 
toll messages and revenues. These independent fore
casts constitute a check on the process just described. 
Among these is a regression model of the form 

where 

Year-to-year % growth in messages for year i 

Economic composite variable year-to-year % 
growth for year i in: 

1. Personal outlays 

2. Index of Industrial Production 

3. Whi te collar employment 

4. Airline revenue passenger miles. 

Factor to reflect relative number of business 
days in year i 

error term. 

The variables a, band c are determined by linear 
regression. Separate forecasts are made for each 
of 5 mileage bands with an approximately equal 
number of messages in each band. Adjustments are 
made for the effect of rate changes. 

other econometric models relate toll message and 
revenue forecasts to indicators such as the number 
of employees on nonagricultural payrolls, the unem
ployment rate, the FRB* index of industrial produc
tion, personal income, Manufacturing and Trade Rates. 
These various forecasts are compared and a final 
judgement made as to revenues and toll messages. 

3.3 INTERNATIONAL NETWORK TRUNK FORECASTING 

At present, the overseas network is small having 
just 213 trunk groups. Its rate of growth is, 
however, extremely high (20+%/Year) and there is 
no indication that the rate of growth will decele
rate in the near future. Having only 213 trunk 
groups, however, it is possible for the Overseas 
Department to prepare many views of the toll 
messages from A to Z. 

Econometric models tailored to relevant economic 
data on a country by country basis are used as 
the primary method for forecasting toll messages. 
These model.s are supplemented by "simpl:l.stic" 
methods. Among the latter are the fol.lowing: 

a) 
b) 
c) 
d) 

Current rate 
Growth Triangle 
Sect oral analysis 
Step-down estimate 

* Federal Reserve Board 
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e) Semi-mean average 
f) One-way method 

The first method is simply a computation of the rate of 
growth of the most recent months for year (n) over the 
same months in year (n-l). The growth triangle method 
is based on calculating the average compound rate of 
growth over several fairly long time periods. The pro
jected growth is the rate which appears to be the most 
representative. 

In the sectoral method, the message growth rates are 
computed by class (e.g., station/person - day/night, 
dial - d~/evening). Estimating each of the separate 
trends will hopefully offer a realistic view of total 
demand. The step-down method relates the rate of 
growth of a particular country's traffic to the world 
over time. Total world demand is forecast by an econo
metric model which has great stability. Then the frac
tion of world demand allocated to one country is pro
jected and the product yields an estimate of that 
country's demand. The semi-mean average method strati
fies history into 2 equal segments of n years and com
putes the average messages in each segment. These 
means are then plotted on a semi-logarithmic graph at 
the mid-point of each section and connected by a 
straight line to obtain the prOjection. The one-way 
method involves maintaining a history of the per cent 
out messages to the total messages and applying the 
per cent to estimated out messages to develop the 
total. Altogether, 10 or 11 views are presented, 
evaluated and a decision (based upon judgement) 
made as to the message forecast. Message per trunk 
forecasts are then used to convert the forecast 
messages into trunks (overall) and then into trunk 
groups. 

4. OPERATOR FORCE FORECASTING 

The prediction of operator force requirements is 
significantly different · from central office or trunk 
forecasting because ~he number of servers provided can 
be continuously varied to match demand. In the Bell System, 
15 minutes is the nominal operator force adjustment interval, 
although some constituent companies use 5 minute increments 
for Traffic Service Position Systems. The result is that a 
great many individual forecasts must be made and these fore
casts must be locally corrected on short notice. To accom
plish this objective, data are collected periodically 
(typically every half hour) which are measures of the 
traffic load carried, the number of operators provided, 
and the delay experienced by a customer in reaching an 
operator. Because of the volume of data a considerable 
amount of mathematical formalism has been introduced, 
as in trunk forecasting. It has been necessary to keep 
the calculations simple so that they can be performed 
and analyzed in a matter of minutes • 

Operator force requirements are determined on a monthly 
basis for a 12 month period in the future. These "long 
range" plans are utilized to estimate total force require
ments. They will consider not only operators at the posi
tions but also the supervision, relief, clerical, miscel
laneous, and absence, training, and vacation requirements. 
Short-range plans are also made on a weekly basis for a 13 
week period in the future. Call volumes and operator work 
times are estimated separately. This is done in order to 
reflect changes in the mix of call classes and any changes 
in operating efficiency. These work time forecasts are 
updated monthly and reflect anticipated changes in attri
tion, operating efficiency, changes in operating procedures 
or the conversion from manual to mechanized service positions. 

Detailed forecasts are made for two weeks ahead, in units of 
a quarter of an hour. The operator requirements are deter
mined from load-service capacity tables for each of the 
quarter-hours. Carried load is used to forecast in most 
cases for operator services' delay systems, except where 
overflow arrangements exist [3]. Offered load is used in 
these cases. The quarter-hOur time frame coincides with 
the personnel movement time interval employed in the 
o~~ices. The quarter hour requirements are then converted 
into individual operator tours of work. Different start 
times, lunches, relief breaks, and end times characterize 
the predetermined set of work tours. The construction of 
tours uses an optimization procedure which minimizes the 
'~~ber of operai~require~L~o .D!e.ll_~h~ 4~~pd p~ofJl~.! 
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Different combinations of tours may be developed each 
week. For multioffice automatic call distributors the 
necessary tours are allocated to the offices and then 
assigned to operators based on the union contracts and 
office practices. 

The two week forecasts are revised on an intraday basis 
as the actual loads develop. To accomplish this, data 
are collected and processed continuously. By using 
intraday forecasts throughout the day the operator 
schedules are adjusted to reflect deviations of 
measured traffic levels from forecasted values, 
sickness, absence, and errors. Forecasts are made 
several hours ahead to plan for training, excusing 
(voluntarily) excess operators or calling in unsche
duled operators. 

Intraday forecasts are also made a half hour ahead to 
reschedule training, lunches, and relief periods. 
It is imperative that results on traffic volumes, 
service, productivity and force be available within 
a few minutes after each half hour data collection 
interval so that adjustments can be made promptly 
and necessary action for the provision of operators 
can be taken. The final revision of the schedule is 
designed to maximize efficiency and provide consistent 
·service. 

The task of determining the operator requirements for 
each quarter hour is repetitive and lends itself readily 
to mechanization. Two week forecasts, intraday fore
casts, scheduling, allocation, and assignment functions 
all exist as user interactive time shared computer pro
grams. The AT&T Integrated Force Administration System 
(IFAMS) incorporates the two week forecast, scheduling, 
allocation, and assignment functions. The scheduling 
program uses a network flow approach [4] which employs 
the out-of-kilter algorithm for tour scheduling and 
heuristic algorithm for lunches and reliefs. The 
Automated Force Administration Data System (AFADS), 
a minicomputer-controlled system, automatically polls 
and collects traffic data stored in registers at the 
operator services complex, processes the data, and 
provides, within minutes after each half hour, 
reports to the complex on operator efficiency and 
customer delay. Also provided by the system are 
daily two week and intraday forecasts by operator 
requirements for the next half-hour time frame. 
Also, operator requirements for the succeeding three 
hours is provided upon user request. In the 
.following sections the techniques employed in fore-
casting for two weeks ahead and intraday will be 
discussed. 

4.1 TWO WEEK FORECASTS 

The forecasting techniques considered and employed 
for the two week and intraday forecasts are based 
on data time series. Exogenous variables such as 
weather conditions and special events can be manu
ally reflected where local knowledge indicates that 
these parameters will have a significant impact. 

The algorithms considered for two week forecasting 
were time series forecasting based on the work by 
Box and Jenkins [5], simple averaging, and exponen~ 
tial smoothing [6]. Minimum variance algorithms 
such as those provided with the Kalman filter [2] 
have not as yet been considered. Of course, the 
objective in algorithm selection is a compromise 
between computer memory requirements and computa
tional speed. Also, time series models require 
considerably more statistical knowledge by the user 
then the simple, one parameter exponential smoothing. 

Autoregressive forecasting models were developed 
which incorporated the immediate preceding half . 
hours, preceding half hours of the previous day, 
and preceding half hours of the same and preceding 
day of the previous week. Simple averaging of the 
same half hour data for three weks was also investi
gated. However, exponential smoothing has been shown, 
based on stUdies of Directory Assistance Systems, to 
be the most accurate algorithm of the three [7]. An 
exponentiallly smoothed estimate is equal to the 
previous smoothed value plus a ~raction o~ the 
diffenmce bet.we..en the.. new. .. olule.J;"l!i:t19n ~~ thf:. 
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previous smoothed value 

or 

where 

Zt estimate for time t 

data for time t, and 

b smoothing parameter, o~b~l 

Expansion of equation (1) yields 

Zt+"l 

which is a geometric series. Thus the weight given to 
past data decreases exponentially with time. A value 
of b = 0.3 was shown to yield best results in studies 
made. 

This algorithm is attractive to the user because it 
must be used for every half hour of every day and 
requires only the one parameter. The user also pro
vides total day calls and ratios of forecast data to 
historical data for half-hour call volumes (F-ratio) 
and one operator work time (H-ratio). These ratios 
reflect changes in the daily call volume distribution 
and call mix. New call and operator work volume data 
are smoothed with the historical data for each half 
hour. A second degree Lagrange interpolation poly
nomial [8] is then used ~o ,determine the quarter hour 
values. It is of the form 

where 

and 

f(X. ) 

L. 
1. 

1. 
is a data value 

is a second degree polynomial chosen 
so that 

Smoothing and quarter hour interpolation are performed on 
both calls and operator work volume. The total day fore
cast value to the total day smoothed value ratio is deter
mined and used as a multiplicative constant for calls and 
operator work volume. The average operator work time fore
cast is then the quotient of the latter divided by the 
former for each quarter hour. 

Quarter hour averaging is then used on either operator 
work volume or operators required. The number o~ operators 
required is determined from the load service capacity 
tables, which represent the delay system used, by table 
look-up of quarter hour operator work volume and average 
work time. The requirement for the immediately succeeding 
quarter hour is averaged with the quarter hour to produce 
the forecast. The immediately preceding quarter hour is 
used to average the last quarter hour of the day. The quarter 
hour averaging is rounded according to conventional round-off 
rules, i.e., fraction ~0.5 increases value by 1. 

4.2 INTRADAY FORECASTS 

Since the accuracy o~ a ~orecast deteriorates as lead 
time lengthens revised forecasts are desired on the 
applicable forecast day. Whereas time series models , 
have been shown to be sensitive to deviation from "current" 
trends, the exponential algorithm used in mechanized admin
istrative systems differs from the two-week forecast 
algorithm in that an exponentially smoothed difference 
value is used as a correction device as follows: 
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~+l 

where 

is the measure~ent error from the base forecast for 
time h. Thus ~+l becomes the expected error in the 
base forecast for the h + 1st half hour. A large 
value of b is used instead of the typical value of 0.5 
when con.istent changes are expected. 

Forecasts of the next two quarter hours are made with 
this algorithm and prOjections for the next three hours 
are made by sequentially applying this technique. Thus, 

where 

corrected forecast data for 
time for h + k 

where _k 1, 2. 

Zh+k two week (base) forecast 
for time h + k 

g intraday pr Ojection ratio (user input) 

~ is used as a constant adjustment to the base. 

Based on some studies of Directory Assistance 
Offices a call volume adjustment to reflect the 
ascending and descending daily demand profile 
does not produce results which are as accurate. 
Thus a multiplication factor 

G = Two week ahead (base) forecas~+k 

Two week ahead (base) forecast h • 

is not used with ~. 

4.3 SCREENING 

Because computerized forecasting algorithms are 
sensitive to the data used, screening procedures 
are employed to retain forecast integrity. In 
some systems a percentage of the smoothed data 
file value is used as a limit on data acceptance. 
In AFADS, however, limits on data acceptance are 
determined internally based approximately on the 
source load variation [9], switch count error 
consideration [10,11], and confidence limits 
desired by the user. In this manner erroneous 
data are eliminated. During trunk rearrangements 
or other changes in traffic characteristics the 
acceptance bands are widened. 

4.4 OTHER FORCE ADMINISTRATION 

Business Office forecasting employs exponential 
smoothing algorithms. With the automation of the 
repair service bureau, centralized repair service 
attendants will be served by automatic call distri
butorF and comprise large teams. Therefore, adminis
tration techniques such as described above become 
applicable to this work force as well. 

5. SUMMARY 

The present methods employed by the Bell System for 
forecasting central office loads, interoffice trunks 
loads, and operator force requirements have been sur
veyed. Since ~orecasts are required ~or many di~fer-
ent items and for a variety of time periods, a diver
sity o~ forecasting techniques are employed. These 
techniques cover the range ~rom simple heuristic 
extrapolation to mathematical models requiring 
large amounts of data and computer processing. No 
one technique has been found which would substan
tially reduce our reliance upon sound judgement based 
upon understanding the fundamental characteristics of 
the business and a careful analysis of all signifi
cant in~ormation. While ~orecasting will remain an 
art, the more we learn about the nature of telephone 
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traffic loads, the better will be our chances for improved 
accuracy in our predictions . 
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