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AB'STRACT 

This paper describes an operating version of the 
recently developed Sequential projection 
Algori th m (SPA), a new and imp roved trunk load 
projection procedure'. 

The 'basic .sPA algorithm is a Kalman filter model 
whic:h t~ends base measurements yielding linear 
pr oJe ct lons. Our wo rk provides suppleme ntary 
logic which monitors SPA's operating environment 
and the algorithm's performance. The logic 
detect s and cor rect s ch anges in the base load 
and its trend, or selects ' a conventional 
pr oje et ion me thod when a trend cannot reasona bly 
be established. 

The SPA implementation uses existing forecast 
data in its automatic processes, is relatively 
easy to implement and simple to maintain, and 
performs substantially better than existing 
methods. 

Sufficient detail is provided to permit an 
unde rstandi ng of the SPA proces s and to indicate 
the efforts required for its implementation and 
operation. Statistical and quali tative results 
on SPA's performance, as part of a field study, 
are given. 

1.0 I NTROD UCTI ON AN 0 SU MMa.RY 

rhe Bell System's Operating Telephone Companies 
require high quality traffic projections for 
their network planning functions. The worth of 
the forecast depends on two key factors: its 
ac cur ac y (a ve rage error) and i ts s ta bi I i ty 
(view-to-view variability). The former relates 
to the eventual realization of the projected 
loads and trunk requirements; the latter 
influences the user's credibility of the 
forecast and, because of lead times, the degree 
to wh ich th e ne two rk des i gn ca n actually be 
optiTized. ,In practice, forecast instability 
comblned wlth network service objectives 
determi ne the mi nimum reserve trunk capaci ty 
required in order to guard against unanticipated 
growth (4). 

Bell Laboratories has recently developed a new 
and improved forecastin.g procedure called the 
Sequential projection Algorithm (SPA). Theoret
ical and computer simulation analyses, described 
in a companion paper [1) by A. J. David and C. 
D. Pack, irrlicate that SPA should produce 
forecasts which are somewhat more accurate and' 
considera,bly more stable than those produced by 
exi sting methods. 

In 1977, Bell Laboratories (BTL) and Illinois 
Bell Telephone Company (IBT) began a field study 
of SPA as the projection algorithm for trunk 
g rou ps in the Ch icago me tr opo li tan area. 

In this paper we discuss the resultant design, 
implementation, and operation of SPA in IBT's 
computerized trunk forecasting system. In 
Section 2.0 we review the basic SPA algorithm, 
describe algorithm initiation and ou,tlier 
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detection and correctlUll procedures, and discuss ' 
the handling of deterministic events (routing 
changes, new offices, etc.). In Section 3.0 we 
describe SPA's implementation in an existing 
trunk forecasting system and the human aspects 
of the system's design. Results from the field 
study being conducted are presented in Section 
4.0. 

1.1 SUMMARY 

The IBT implementation provides for all of SPA's 
functions in a si<lOlgle FORTRAN subroutine. No 
manual intervention, beyond that needed for 
existing methods, is required. The effects of 
deterministic events on future loads are 
estimated from standard end-office load projec
tions and traffic routing records. Outlier 
screening, data-error detection, and data 
substitution are automatically performed. 

The implementation required nominal programming 
resources; the impact on computer storage and 
run time is negligible. The inital impact on 
the trunk forecasters has been minimal and 
s hou I d d ec re a se ove r time. 

preliminary results of the field study support 
BTL's analysis of SPA, showing a sign ificant 
improvement in forecast stability with no loss 
in accuracy. 

2.0 SPA - AN OVERVIEW OF THE ALGORITHM 

SPA has five major components: algorithm 
i ni tiat i on, ou tli er de tect ion and cor rect ion, 
estimation of future deterministic events, a 
data trending (smoothing) algorithm, and a 
projection algorithm. The logical interaction 
of these components is illustrated in Figure 1. 

The basic data trending and projection functions 
of SPA are based on a Kalman filter trending 
model described in a companion paper [1]. This 
load projection algorithm: (i) is computa
tionally efficient, (ii) provides more accurate 
and more stable forecasts than do existing 
methods, (iii) performs well under a wide 
va ri ety of operating condi tions, and (iv) has 
been adapted to function in the presence of 
ou tli er da ta • 

Basically, the algo ri thm is ini tiated wi th the 
existing projection methods. Then, as new 
measurements are processed, SPA updates its 
estima tes of the base load (~, the "smoothed" 
load) and the growth per time unit in the base 
load (~, the "smoothed" growth increment). SPA 
then uses these two quant ities to fo recast 
future traffic loads for k time units (usually 
years) ahead. Assuming no deterministic events 
are scheduled to occur, the SPA forecast is: 

~ /'\.. ~ a (k) = a + k (a) 

Briefly, SPA updates (smoothes) the estimate of 
the base load by weigh ting the di fference 
between its previously projected load for the 
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current period with the actual ~easurement. The 
weighting is determined from a stored gain 
sequeoce table which is ~ndexed by the number of 
measurements previously processed by SPA. 

Since SPA is a sequential trending algorithm, 
the effects of nonrepresentative outlier data, 
deterministic events, and significant changes in 
the overall trend must be detected, evaluated, 
and acted upon. 

These procedures and those 'for initiation and 
the handling of deterministic events are 
addres sed in the fo llowi ng subs ect ions. 

FIRST ROUTE (BASE) LOAD 

(YEARLY) 

END-OFFICE GROWTH RATES, 
I 
~ 

ESTIMATE 
FUTURE 

................................... . . 
• (YEARL Y) n.- n • , • 

~INITIATlO~1 ~ 

L 
DETERMINISTIC 

EIIENTS 

SCHEDULE OF NETWORK ACTlIIITY 

fiGURE I SEOUENTIAL PROJECTION ALGORITHM (SPA) 

2.1 INITIALIZATION 

When SPA is first used, forecasts from the 
existing load projection algorithm are analyzed 
to remove the effects of any significant deter
ministic events. (In the ongoing operation, it 
is assumed that deterministic events (2.2) are 
specifically identified.) SPA uses the 
first-offered base load measurement as its first 
smoothed load, 11'. It t~en calculates the 
smoothed growth increment, a, using a weighted 
ave ra ge of the ye ar- to-ye a r growth rates 
developed from the conventional forecast method, 
normally the AT&T recommended (A+B)/2. In the 
year of initialization, forecasts a're made using 
the (A+B)/2 method; the SPA estimates are 
employed in next year's process. 

Briefly, the (A+B)/2 method averages the 
end-office growth factors of the originating (A) 
and the terminating (B) end-offices to derive a 
projection ratio; this ratio is then multiplied 
by the base load to obtain the futu re fo recast. 

2.2 DETERMINISTIC EVENTS 

Deterministic events are changes in the factors 
that affect telephone traffic which could 
reasonably be expected to cause significant 
changes in a trunk group's base load or its 
growth rate. An event is considered signifi
cant wh en its ef feet (0 n the level 0 r slope) is 
greater than 10% of the base load. 

These deterministic events may be classified 
into two categories: telephone company 
controlled and non-company controlled and can be 
addressed at three levels class-of-service 
office and trunk group. ' 

Company controlled deterministic events result 
from changes in network configuration or usage 
on the netwo rk as a di rect result of company 
action. Examples include trunk group rearrange
ments, rehomings, main station transfers and 
the introduc;:t~on of new switching sy~tems. 
Other deterministic events we will place into 
this category include class-of-service and 
tariff changes. In these company controlled 
cases, t .he trunk forecaster is well aware that 
events are scheduled to occur and thus can 
estima te their effect. 
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Of special concern are those deterministic 
events which are not company controlled (e.g., a 
new housing development) and which in existing 
methods are acoounted for in office growth 
rates. These events, which are included in the 
main station forecast by the commercial 
forecaster [2], are typically a series of 
nonrelated occurrences which only in their 
aggregate affect the office projection and 
become significant fro·m the standpoint of the 
trunk forecaster as deterministic ·events. 

Since SPA is a trending algorithm, the effects 
of deterministic events on the load and its 
growth must be input to the algorithm. During 
the field study a mechanized procedure was 
developed that analyzes office growth rates and 
es ti ma tes the magn i tude and t imi ng of p robab le 
de termi nistic eve nts. 

Once identified, deterministic events are 
hand led w i thi n the fo re cas t in the sa me fas hi on 
as they are now with existing projection 
methods: class-of-service changes as stimulation 
factors; office changes as factors applied to 
the base loads; and changes at the trunk group 
level (e.g., the combining of two trunk group 
loads) as specific CCS value adjustments. 

The con ve nt iona I pr oje ct ion me thod is used to 
q ua nt ify the effect of deter mi nisti c eve nts fo r 
future forecast periods. Assuming that the 
deterministic event's magnitude is known, we are 
then able to compute the conventional projection 
wi th and wi thou t the eve nt' s ef fect. The 
difference between these projections (the 
projected effect of the deterministic event) is 
then added to SPA's linear projection. 
Similarly, we are able to compute a new growth 
rate by adding the growth attributable to the 
deterministic event to the initial SPA growt!h 
incre me nt • 

2.3 0 UTLIER DE TECTI ON AN 0 CORRECTION PROCEDURES 

It is important that data not representative of 
the assumed trend line be detected and properly 
trea ted. Nonrepr ese ntat i ve 0 r outli er da ta a re 
data containing unusually large measurement 
errors, the effects of an unplanned 
deterministic event, or an indication of a 
significant change in the overall trend of the 
load. Normally outliers .are not encountered and 
the basic smoothing and projection procedures 
are directly employed. 

H cweve r, ou tli er da ta ca n adve rsel y af fect SPA 
performance if proper action is not taken. If 
this data indicates a true change in trend or 
level, SPA must adjust its estimates or possibly 
completely reinitialize. The procedures 
described in the following subsections indicate 
how SPA handles a single outli er, an outli er in 
the presence of a deterministic event, and a 
se ri es of ou tli er s. 

l ....... ~~~.~~.~~.~.~.~ .. ~ .. ~.~~~ .. ~.~.~.~~ ....... ! 
FIGURE 2 SPA OUTlIER DETECTION AND CORRECTION PROCEDURE 

HARRIS /SHARKEY-2 



~'igure 2 illustrates the interaction of these 
procedures wi th the basic data trendi ng and 
projection algorithms. 

2.3.1 PERFORMANCE MONITOR 

The pe rfo rma rx::e mo ni to r transla tes spec i ali zed 
SPA perfo rma rx::e codes to ide nt i fy seve ra 1 
conditions: past period SPA/measurement ratios, 
the predicted occurrence of deterministic 
events, trunk forecaster overrides, the number 
of measurements successfully processed by SPA, 
am the specific projection method employed in 
the previous forecast. 

These items define SPA's operating envi ronment 
and the quali ty of past perfo rmance and are used 
to indicate the potential for changes in the 
trend. The ratio codes also allow for 
recapturing past measurement values. Since SPA 
projections are linear, we need only know the 
deviation from the trend to reconstruct the 
past. 

Upon compl etion of the ou tli er de tect ion and 
correction procedure, the monitor updates the 
pe rfo rma rx::e codes to reflect cur rent act ivi ties 
for SPA's use in the following year. 

2.3.2 OUTLIER DETECTION SCREEN 

To l:e cons ide re d an outli er in SPA, a new load 
measurement must di ffer from the last forecast 
of this load by more than 25%. In the case of 
small loads, a 25% difference may be 
insignificant, so the absolute difference 
between the measurement and the forecast must be 
greater than 9 CCS for the measurement to be 
considered nonrepresentative. If a determinis
. tic event was predicted for this year, however, 
then an additional source of error is already 
present; in such a case the threshold is reduced 
to 15% at the outset. Also, the threshold is 
increased to 37% following a Variable Data 
Reinitialization (2.3.4) as the data by its 
history has shown itself to be highly variable. 

I f an outli er is de tect ed, wa rning message s are 
produced by the forecasting system to indicate 
the presence of an outlier and a need to 
do ub le- check fo r de te r mi nis tic eve nts 0 r bad 
me asu reme nt s. 

Once an outli er is detected, one of three events 
will normally occur. First, if an outlier is 
de tect ed wi th th e me asu reme nt fo llowi ng the 
initialization of the algorithm, a poor start is 
assumed and SPA is reinitialized with the 
conventional projection (2.1). Second, if the 
measurement is greater than 125% of the previous 
forecast, 125% of the forecast is smoothed into 
the base and growth estimates rather than the 
actual measurement. This precaution is to 
protect service, if in reality, the load is 
in c rea sin g mo re ra p i d 1 Y t ha n ha d be en 
fo recas ted. And t hi rd, if the me asu r eme nt is 
less than 75% of the forecast, the measurement 
is not used and SPA c ont inues to fo recas t along 
the same trend line. In the next year an 
adjustment is made in the smoothing phase to 
reflect the lapsed measurement. 

2 • 3 .] R EWO RK I NG 

If an outlier had been detected in the previous 
me asu r eme nt inte rva 1, SPA a ttempts to j ud ge 
whether that me asu reme nt wa s actually an 
outli er, or whether it wa s an indi ca ti on of a 
change in trend. When a new measurement becomes 
ava ilable, SPA. reconstructs the previ ous meas
urement and recalculates the previ ous forecast 
(this time using the outlier). It then deter
mines if the current measurement is closer to 
the recalculated forecast or the actual 
fo recas t. 
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If the measurement is closer to the actual 
forecast and within the . outlier thresholds, the 
normal trending phase of the algorithm 
continues. However, if the measurement is 
closer to the recalculcw::ed forecast and within 
the thresholds relative to the recalculated 
forecast, the recalculated smoothed base and 
smoot hed growth are u sed in the trendi ng po rt ion 
of the algorithm. If this second measurement is 
also deemed an outlier, the algorithm is 
reinitiated by using the VDR procedure. 

2.3.4 VARIABLE DATA REINITIALIZATION (VDR) 

The Variable Data Reinitialization procedure is 
used when base da ta 1S soh ighly vola ti le or 
growth so poorly characterized by past data that 
two con sec u tive me asu r eme nt s ha ve be en 
classified as outliers. The VDR procedure will 
also be employed if an outlier is detected after 
two consecutive initializations. For this 
reinitialization SPA reconstructs the past two 
measurements and together with the current 
measurerrent fits a least squares line between 
these three points. This line is then used ' as a 
ne w and imp roved es ti ma te of the base load and 
its growth. 

2.3.5 RESTARTS 

When a deterministic event has been predicted 
for the base year and the current measurement is 
classified as an outlier, the effect of the 
eve nt is cons ide re d t he pr edomi nant reaso n fo r 
a change in trend and SPA is restarted. A 
restart sets the smoothed base equal to the 
measurement, recognizing that a projection error 
in di sp lace me nt had pr obab ly 0 ccur re d. The 
growth incre~nt is recalculated to maintain the 
sa me rate as that wh ich p revi ou sly exi sted • 

3.0 SPA'S SYSTEM DESIGN 

In this section we describe IBT's trunk 
forecasting system, discuss the development of a 
FORTRAN subroutine to perform the SPA functions, 
am then consider the other data processing 
requirements. We finish with considerat"ions of 
the human aspects of the design. 

3.1 THE TRUNK FORECASTING SYSTEM 

IBT's trunk 
proces sed a'nd 
des ign [3]. 

fo recas ting 
is standard 

sys tem 
in its 

is batch 
fu nct iona 1 

In brief, the trunk forecasting system consists 
of the fo llowi ng fun ct iona I mo duI es : 

1) UPDATE - uIXlates trunk group records. 

2) MASTER FILE - contains all trunk group 
r ecor ds. 

3) BASE AS SEMBLY 
adjusts these 
events. 

- selects base loads and 
loads for deterministic 

4) LOAD PROJECfION - projects base loads into 
future periods. 

5) ASSEMBLE AND SI ZE GROUPS sizes trunk 
groups and calculates overflow loads. 

6) OUTPUT - produces various reports. 

7) BASE INTERFACE 
trunk servicing 
me as u r eme nt s . 

r 
yearly interface with 

system, provides new base 
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3.2 SPA COMP l1I' ER DE SIGN 

All SPA functions were designed - into a single 
FORTRAN subroutine. This speeded development, 
f aci li tated tes ting, am s impl ifi ed the computer 
system design to that of standard data 
processing - input, edits, outputs, storage and 
data flow. 

The subroutine, consisting of only 150 lines of 
code, is designed to be called immediately after 
completion of the conventional projection for 
each estimate period. These conventional 
proje ct ions are used to ini tia lize SPA. Base 
loads, as .well as modified bases and stimulation 
factors accounting for deterministic events, are 
also available. 

Ths system was further modified to provide for 
the fo llowi ng: 

1) An input vehicle to allow for manual 
adjustmants and overrides. 

2) Edits which contain SPA outlier tolerances 
to identify potential outliers and/or 
errors for the trunk forecasters' review. 

3) Twelve characters of storage on the master 
file to accommodate the five new SPA data 
items. 

4) Recording both 
pro j e ct ion s for 
study. 

th e con ve nt iona I 
the purposes of 

and SPA 
the fi el d 

The da ta flow is illustrated in Figure 3. 

FIGURE 3 SPA DATA flOW 

3 . 3 H lJM AN ASP E C TS 

The major considerations in the human system 
des i gn are trunk fo recas ter pe rcept ions and 
bias, data availability, workload, am error 
control. 

The trunk forecasters can attest to the 
conditions that existed at the time base 
measurements were taken and can draw basic cause 
and effect relationships to account for 
deterministic events. However, the forecaster 
has no perception of measurement error other 
than through ana lysis of trends. 
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Consequently, we have limi ted their interact ion 
with SPA to be that of objective responses to 
outlier messages. The forecaster can either 
correct the current measuremant or provide 
yes/no answers to the question - "Do you have 
reason to challenge the validity of last year's 
projection?". A "yes" answer to this question 
causes either a reinitialization or restart of 
SPA. 

Hence, we limit bias and also eliminate the need 
for extensive data to recreate past history; and 
by not requiring data substitution and remote 
SPA proces sing to rec rea te fo recas ts , we 
considerably lessen the workload. The effect of 
this simplification for handling invalid past 
history is a return through reinitialization . to 
(A+B)/2. Of special note in viewing this method 
is that an alternate data substitution procedure 
would, in itself, prorrote instability. In 
addition, the procedure if given biased or 
otherwi se incor rect da ta, c oul d s er io usly 
d egr ade SPA perfo rma nce • 

Additional manual processing is required to 
create SPA data for any new records which are 
added to the forecast. For the most part these 
new trunk group records are modeled from 
existing ones - in which case the SPA data is 
similarly treated. Lacking SPA data, the SPA 
algorithm self-initializes from the conventional 
projection. 

The need to identify deterministic events from 
end-office projections (2.2) proved to be a 
stumbling block to manual analysis. Thus, a 
rerrote system has been established to analyze 
these projections. This system smoothes the 
projections and identifies significant irregu
larities, their timi ng, and their magnitude as 
potential deterministic events. Output is in a 
fo rm sui ta b le fo r di rect pr aces sing into the 
system. The forecaster 's job is to verify the 
data's correctness and to determine the 
existence, approximate timing, and magnitude of 
the identified event(s). The data are then 
channeled into the system in the form of normal
ized office growth rates; deterministic events 

-are represented by stimulation factor values. 

In summary, the SPA system, as implemented at 
IBT, has struck the bala nce between computer and 
human functions. The computer performs all 
mathematical and logical functions. The trunk 
fo recas te r ve ri f i es, suppl erne nts, and ove rr ides 
the sys tern. 

4.0 FIELD STUOi RESULTS 

The field study of SPA was jointly conducted by 
Bell Telephone Laboratories (BTL), Illinois Bell 
Telephone (IBT), and the Ame r ican Telephone and 
Telegraph Company (AT&T). The first route trunk 
group loads included in the study represent 
metropolitan Chicago and its suburban areas. 
Only those trunk groups which had three years 
(1975, 1976 and 1977) of data readily available 
for analysis were considered, amounting to some 
18,500 groups. Estimates of past deterministic 
eve nts we re ca 1 cuI a ted from the con ve nt iona 1 
forecasts. As discussed in the companion 
paper [1], for each of the forecasting methods 
(SPA and (A+B) /2) two p erfo rma nce stat isti cs can 
be calculated with this field data: accuracy and 
stability. 

The performance measures are listed below: 

ACCURACY = 

STABILITY 
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Of the available data, 51% of the trunk groups 
were initialized with the 1975 base data and 
continued processing without restarts or 
reinitializations (three years of processing by 
SPA). In general these data represent the least 
vola ti le da ta • 

Outlier data were detected in 1976 for 25% of 
the groups forecasted; SPA was reinitialized in 
1976 and then processed the 1977 data normally 
(two years of processing by SPA). These data 
are slightly more volatile in nature than the 
previous category. Recall that the determin
istic events were reconstructed from past data 
and that estimates of their impact may have been 
poor or the events not detected. 

Fo r 18 % of the trunk groups, SPA had just gone 
through a restart or reinitialization with the 
1977 base data (one year processing by SPA) • 

. Because of highly volatile base data the VDR 
procedure wa s used on 6% of the trunk groups. 

Analytical and simulation studies of SPA [1] 
indi ca ted: 

1) The accuracy of SPA's load proje ct ions 
shoul d imp rove wi th the number of 
c onsec u tive years of data proces sed. Only 
mi nor imp roveme nts are evident befo re the 
thi rd year, but accuracy improves wi th 
time , reach ing its · maximum at about the 
fifth year of con sec u ti ve pr oces sing. 

2) An improvement in forecast stability is 
expected as soon as two consecutive bases 
are processed by SPA. 

As indi ca ted below, these two concl usions we re 
verified by the field study data. 

4.1 ACOJRACY 

In Figure 4 histograms are plotted of the 
accur acy of the 1976 forecasts of the 1977 base 
data for ooth algorithms; this was done for 
those trunk groups for for which SPA had 
processed three consecutive years of data as of 
1977. Both algorithms forecast about 52 percent 
of the gr oups to wi thin 10 percent of the actual 
base. SPA's average relative error was about 1 
percent - a slight improvement over the standard 
IBT algo ri thm. 

UNOERFORECAST 

PERCENT 
OF GROUPS 

25 

20 

15 

10 

OVERFORECAST 

- 40 - .30 - .20 - .10 0 10 .20 30 .40 

ACCURACY 

FIGURE 4 ACCURACY FOR GROUPS WITH THREE YEARS Of DATA 

The average accuracy of both algorithms for the 
collect ip n of groups wh ere two con sec u ti ve ye ar s 
had been processed is around 6.5 percent 
(overfo recasted). Only about 38 percent of the 
gr oups we re fo recas ted wi thin 10 perce nt of 
their actual values by either algorithm. 
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4.2 -S TABI LITY 

A major purpose of the field study was to 
analyze the stability ' of SPA's forecasts. 
Forecast stabili ty can be 'di rectly linked to 
trunk and facility provisioning [4]. In Section 
4.2.1 the stability of SPA and the conventional 
IBT algorithm will be compared according to the 
number of consecutive years processed. In 
Section 4.2.2, general conclusions regarding the 
stability of SPA, as evidenced in the field 
study, are noted. 

4.2.1 STABILITY RESULTS 

As discussed above, the trunk group load data 
can be classified by the number of da ta points 
successfully processed by SPA. The rrore data 
points SPA was able to process is an indication 
of les s vola ti li ty in the base da ta • 

ThoSe groups for which three years of data were 
pr oces sed a re the le ast vola ti le and ' con se
qu~ntly the easiest to forecast. In fact, in 
uSlng the conventional (A+B)/2 projection 
method, 59 percent of these groups had stability 
statistics that ranged from 0 to .10. That is, 
the 1976 and 1977 forecasts of 1978 differed by 
less than 10%. However, the SPA forecasts had 
even better stability statistics, increasing the 
number of groups in the 10% category to 89 
percent. 

(A+B)/2 BETTER 

PERCENT 
OF GROUPS 

40 

30 

20 

10 

THIEE YEARS OF CAU, 

SPA BETTER 

<-90 -90 -10 -50 -30 -10 10 30 70 90 ,.to 

30 All GROUPS 

(A+B) /2 BETTER SPA BETTER 
20 

<-90 -90 -10 -50 -30 -10 0 10 30 50 70 90 ,.to 
'If. IMPROVEMENT 

FIGURE 5 IMPROVEMENT IN STABILITY 

On a per trunk group basis, the stability of the 
SPA forecasts can be compared to the stabili ty 
of (A+B)/2 forecasts. Histograms are given in 
Figure 5 that illustrate the relative improve
ment in stabili ty of SPA. In this comparison, 
year-to-year di fferences in the forecasts of 
less than 9 CCS were considered insignificant 
and set equal to zero. Differences between the 
stabi li ty of SPA and the stabi li ty of (A+B) /2 of 
1 es s than one pe rce nt indi ca ted no s tabi li ty 
imp roveme nt in SPA ove r (A+B) /2, r esul t ing in 
the spike at zero. 
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Similar results were evidenced when all groups 
were considered. Over all groups, the 
consecutive conventional forecasts differed by 
less than 10% for 50 percent of the groups, 
whereas almos t 80 percent of SPA forecasts 
d i f f ere d by 1 es s th anI 0% • 

4.2.2 CONCLUSIONS ON THE STABILITY OF SPA 

The theoretical studies predicting major 
improvements by SPA in forecast stabili ty were 
verified by these field results. 

1) With the use of SPA, significant improve
ments in forecast stability relative to the 
standard algorithm were evident afte~ only 
two consecutive years of data processlng. 

2) When the conventiona·l load forecasts are 
unstable (variability in the base data 
leads to instability), SPA almost always 
improved forecast stabili ty - sometimes by 
almost 100 percent - as was predicted by 
t he si mu 1 at ion re suI t s • 

3) On 40% of all 18,500 trunk groups included 
in the study, SPA reduced the year-to-year 
change in fo recasted load by greater than 5 
CCS; on 26%, by greater than . 10 CCS 
r ela ti ve to the standa rd IBT algo ri th m. On 
those groups with a base load greate-r than 
100 CCS (8583 g rou ps), SPA reduced the 
instabili ty on 23% of the groups by over 20 
CCS per gr oup. These results are shown in 
Figu re 6. 

(A+B)/2 BETTER 

-- ALL GROUPS 

--- GROUPS CARRYING 
MORE THAN 100 
CCS 
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fiGURE 6 STABILITY IMPROVEMENT IN CCS ALL GROUPS CONSIDERED 

4.3 TRUfII< FORECASTER PERSPECTIVES 

The trunk forecasters' perspect ives of SPA are 
largely the direct result of SPA's performance 
statistics and, to a lesser extent, a matter of 
additional workload. The added workload is 
minimal. preliminary performance results sup
port SPA, gaining the forecasters' confidence. 

Another view is formed by reviewing SPA's 
performance at the level of the individual trunk 
group. Figure 7 depicts measurement history and 
SPA forecasts in di rect comparison wi th 
conventional projections over a period of time 
for a single trunk group. The illustration 
di sp lays base va ri abi li ty ef fect son fo recas t 
stability, shows how SPA is smoothed and homes 
to a trend, and in effect, challenges the viewer 
to judge and choose the better projection. Such 
an illustration typifies SPA's performance as 
viewed by the trunk forecasters on their 
individual trunk groups. 
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AGURE 7 EXAMPLE Of INDIVIDUAl GROUP PERfORMANCE 

Fr eque ntly, (A+B) /2 fo recasts va ry fr om view to 
view and/or appear to contradict "eye-ball" 
trends wh ich may be vi sible in past history. 
These observations were the reason for 
subsequent tempering of the forecast (to follow 
a trend) and have in the past been cla'ssified as 
judgment. SPA, a trending process, has largely 
eliminated this need for judgment. 

5.0 CONCLUSIONS 

SPA's field study results have verified 
theoretical and simulation studies [1], showirlg 
a significant improvement in trunk group load 
forecast stability with no loss in accuracy as 
compared to exi st ing proje ct ion me thods. SPA is 
capable of automatic operation and performs at 
least as well as existing methods even in an 
unstable envi ronment. 

Approx i ma tely 28 person-weeks were expended in 
develo pi ng SPA into IBT's trunk forecasting 
system. SPA has now been in operation for 
nearly a year; computer statistics spowing no -,.", 
measurable increase in run time. 

SPA has been well received by 
forecasters. In fact, Illinois Bell 
to use SPA, starting in May, 
forecasting its first-route loads 
trunk groups and for smoothing loads 
40,000 point-to-point items. 
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