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The report presunts resuits !roi a study of Jorecasting repair
part censunpticn in depot overhaul proprarcs for reparable items. Consump-
tich Jata roeperted uver a tise guar pertod on overhaul programs for 53
reparable ftomy invelvinge “ole purts were used to simulate overhaul factor
ferevasting sider a nutler (3 dMtierent forecasting techniques. Compara-

e wvaluatdens of the ~wvin avotase, sinple exponential smoothing, adap-

re

tive srooathitg technigues and techniques used In the rateriel managerent
svster of the US Army ‘laleriel Jommand are presented.  Actual consumption

ol parts varfes considerably frer propran to program. This variability
obscires the significarnce ot i{fferciees fn forecast accuracy achieved

Sy the forecasting techilques investigated. A modified exponential smoothing
cechnique (NOOENPC) developed i thie ceurse of the study was found to be
superior teo the cther techniques evaluated.,

MODEXPC is bused orn the single c¢¥pounential smoothing technique modified
to take advantape of routinely ricorded emplrical data on Aray depot main-
tenance overhaul propra- . in ferecasting the "depot overhaul factor' (DOF).
The DOF 1s defirnecd as the quantizy of . repalvr par: censumed per reparadle
item overhauied, Due tu data recerding aud reporting procedures, actual
values of the DUF can onlw te estimated from the total quantity of a repair
part (Q) consuned in overhauling a certaln gquantity (X)) of a given reparable

term. An estimate cf the 10F is the ratfo G/,

n single exponential sccsthing, the smoothing constant is usually
not expliciciv related to intormation ca the precess affecting the actual
obsarvatiens., Under NODEXPO, the sroothing constant {s based on N and on
the "average ycarly maintenance program quanticy' (P) where P > N. It is
derived so that, for example, consurption observed in overhauling 100
revarable items is given rore weight in torecasting the DOF for the uext
program than {f consurmption had been obscrved on only 5 reparable itecs.

it 1s reccrmrmended to replace the DOF forecasting technique in use
at AMC depots with the MODEAPC technique with a l-year average maintenance
progranm quantity as parameter. Also, Ccomand level overhaul factors should
be estimated from the LOFs by a tornula detfined to form a weighted average
based on the avecrage yearly raintenance progran for each depot.
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oAl he 1

TINTRON VL

ol Prdect Tachkpround

Hiterences between toresasted and actual consusption u! tepaldr
catta For overnaus of tepatatle ctal fters er dssenblic:s at the Srey depot
. Uvf riuntonatice are, tn perers!, cufite lirge. &t the tire of fntedla=
tienn o thia prodect, forecazts cads Tor procurerent and stock contrul
Mirpuses ot latfonzl lnventory Costrol telnts (N1CPs) of Coamodity Commands
S thee S frmy llaterfel Command (ANC) were based on a different forecasting
techiigue than tital used at the overhaul pudturming depets to forecast thedr
frodvilual reguirezents. !t vas not slear which ¢f these two d!ffcrens
techniques procduced better ferecusts, or whether otler fcrecasting ceth-
niques would or wculd rot be superlor to those heing used. in acditicn, the
tusic input data was processced twice, first at the depot and thwern again at
tile Cormand level.

The quantitative forecast of repalr part requirencuts fn a function
ot the anusber of unscrviceable frems planned for overhaal., 7This nurbker is
forccasted pricr te actual avallabilicy of these asuets at the depot over-
qavl faciliey. 7Glus, the accuracy of the forcecast of reparable assel returns
alse affects the gquality of requircrents estirates. Pecognition of these
preblens by the Maintenance Directorate at AMC Headquarters {ritiated the

US/2iC lnventory research Lffice (it0) =tudy offort on depot raintenance

ferecesting and schedullng.

1.2 Scope of Peport

This report covers the lavestipation ~f dificrent techntiquaes which
could be crmploycd ir forccasting the “overhaul factor” parameter recded
to estimate repair part requirements. Study results on unserviceable

asset return forecasting are rcported in Reterence 1.

1.3 vurganization of Report

Chapter 1I presents a surmarized description of the research problem

envirorment, concepts and structure and the approach taken to arrive at

“r




o selution.  hapzer !l provides descriptions of the data base and

o! the forvcasting tcchnxquv; considered. FEvaluation criteria and
viticnale applicd to enable a choice anong alternatives are discussed in
ciapter IV, The error statistics used for evaluation and a brief descrip-
ticn of the corputerizec lopic developed for simulating forecasting under
the varfous techniques are prescated. (Chapter V covers results obtained

{roa {nquiries with military and ron-nilftary organfizations on depot type

overhaul and results from computer sinmulation runms,

Conclusions and

recormendations are then stated.

Supplenental information and mathematical

detalls are included in the Appendix.




CHAPIEK 11

DESCRIPTION OF KESLCARCE PROBLEM

2.1 Overhaul Process and Parts Support

!n general, reparables vhich tecorme unserviceable at their operational
point of use are scheduled for inductlion into the overhaul production lines
at ot or mure depots.  The scheduling 1s done via a linear programming
mcedel operated by the XIC Major ltem ‘ata agency (MIDA), taking into
account the quantity to be overhauled over the current 5-vear zaintenance
proegrorm planned tor the reparadble iten in question (Reference 2). FKach
specific muintenance propranm under which a given number of reparables is
to be overtauled or rebuilt {s {dentiflied by a Procurezcent Kequest COréer
sunber (PRON). The reparable ftem quantity assoclated with a given PRON
1s referred to as the "maintenance planrned quantity” (MPQ). Increments
of the YPQ placed into the overhaul stop at a depot are referred to as
Irduction quantitles. The cetallec {rncduction schedule for a depot is ce-
terained Ly the "scheduling module' which resides within the SPEEDEX
(Lystern wide Project for llectronic Fquiprnent at Depots Externded) computer
syster. {rplenmentec at AMC depots. The PQ and the induction schedule are
updated autoraticully cn a perivaic basis.

zepair parts required in support of a PRON are provided through a
svster rade up of the Cummodity Cormand managing the reparable {term, the
depot's installation supply accounting activity, production planning and
con%rol activity, and Jdepot work center stockpoints. CSPLEDEX provides parts
unagers and specialists with infcrmation on maintenance and supply transac-
tions and requirerents forecasts {or a program, including forecasts of part
shortages, on a weekly basis or more frequently 1f inecessary. (Reference 3).

Parts managcneni at the Command level is automated uncder the Commodity
Corzmand Standard System (CCSS) which interfaces with the SPLEDEX svstez. As
a result of recent actions initiated by the Director of Maintenance at

AMC lieadquarters - including this study - depot overhaul related functions
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uwd sy rly requirermants ia sepport of everhaul progranss.

ctaltee fatormatiun on thie CUSY and  FEEDHS spstem functiors and

fureradses fn the Jupok zalsiondnce ured ds i referdnces 1 tifpough 9.
Jia Porecasiict Soncepd

Varieus difleront methious can be used te estimate repalr part re-
quirerents for overhaul progrars. Mnst ol the requiremcnts for parts used
o7 preprars oxecuted at AMC deposs are cestimazed for each progran by using
the overhaul factor ¢oncept.  Anotiwr approach {s rhe use of the dermand
rate RO entéimute the quant ity ol a plven part needed to cover one or rore
proorams ccncurrentlie.

The ovelaul taclor represents tie guantity of a piven repair part
recuired o cverbkaul u fixed guantity ol a reparatle f2en in a specificd
conditicn ¢! wnserviceabiilite. The quantity of a part required =o over-
hac! 0 nurber of reparalles items necding the part is simply X times the
overhaul factor when tioe tactor is quoted on a ''per one reparatle item
bastis.

The demand rate represents the quzatity of a given repair part nceded
te cover cemsurption of the part, per fixced unit of time, irn overhaul

vperatlions. Usinyg thie concept, the gquantity ot a part required to

overhaul ¥ numbier ¢! reparables s immarerial. Instead, a fixed period

of tire {s used to arrive at a part rcquirements quantity. The demand

rate approuch is typically used for parts such as corron nuts, bolts, washers,

sancpaper, etc., for which recurrinp demand is fairly steady and iacepencent
of the rurnber of reparables overhauled under any specific precpras as long

as the aggregate overhaul workload does not vary significantly with time.




Tie prodlen cudringed o tlis atony $u the deenernination of the
ficterred technigue for forcuasting the averkaul factor needed for repalr

Tutt requirenents estinates.

Jo ' Afsuinpt lons

ajor agsuzptions unuerleing tie study ares
d. 2a%a to update overhaul 1acter estimates wiil bLe collected and

proce.sed as required,

Y. fnv forecastiyg technique selocted rust be appliicatle

te all

epuir purts needed In depot overhau!, repardless of commodity cilass to

[t

]

Wi 4 repalr par: or a reparable ften hoelungs.

°

Additional agsunptions associated wit) the various fcrecastiag

techniques to be liscussed are statoed where appropriate.

-+= Study Aparoach

availazle reforts and other litceraturn vere reviewad to select fore-
casting techniques which appeared to be especialiy applicable to the protlerm
at nharnd, ajor Subordinate (Comnodity) Cemmands and depots of the Army
ratericl Corrand were contacted in scarch of information and actual repair
rart consumption cata. Telephione inquiries were also rade with US Air Force
and Navy activitics., A letoer of inquiry concerning overhaul opcerations was
sent to 10 ncn-rilftary organizations and followed up by telophone calls.
fAppendiy 1) Corputer proprans were developed to sirulate overhasl factor
{nrecasting and to build a suitable datua base for sirulation purpeses. Quan-
titative ncasures of forecasting technique perferriance cbtained fron the
sinulation and considerations concerning degree of ease of future impleren-
taticn and use in the CC5S and SPEEDEN system were defined. These provided
4 set of criteria for selection of the preferred techrique for overhaul

factor forecasting.




CHAPTER 11

TATA BASE AND FORECASTING TECHNTCUES

3.1 lLiteratu:. $ .rch and heview

A custon bibllopraphy on the subiect "Forecasting® was cbtained
tren the Defonse logistics Ztudles Intorzation Exchange (Peference 10).
Tihe biblivgraphy listed three popers (Refercences 11, 12 and 13) «which
regerted on work closely reluted to overhaul factor f{orecasting.
astrachan and Shevlroone (Peference 14) report on a study to Jetermine
enpiricaliy whetiier the exponential smoothing technique is superior to
the nmoving average techaique, using hisiorlcal data on repair parts of an
atrcrafe and a missile system. Erewn (Referenze 15) presents cocplete
coverage of a wide varciery of forecasting models. Lewis (Reference 16)
also presents analyses and {lluscrative exarples of the more frequently
applied forecusting tezhniques includin: adaptive response rate fore-
casting proposed by Trigy and Leach (Reference 17). MecGlothlin, et al
(Refer=nces 18, 19, Ju) studied the use of Payesian techniques for spare “
parts demand precdiction. Markland (Refererce 21) reports on a cemparative
evaiuation of derand forecasting techniques for military helicopter spare
parts and presents a comprehensive leview of denand prediction resazarch S
and ar extensive .iLliography.

Review of literazure cited above, cvonsideration of available data,
the particular !{orecasting problen structure and the forecasting techniques
used in the CCSS and SPEEDLX system at e time of this study resulted
in selection of 4 set of tecliniques for evaluation.

Papers by Axtell (Referernce 22) and Quian (Reference 23) are the
most recent and closely related to the subject at hand. These papers
became avallable after the data collection, simulation runs and analyses
work at IRO had been completed. Axtell used empirical data on repair
part consurmption from the same source (UC aArmy Electronics Command) which
furnished part of the data base for the IR0 study. Quinn employed computer
sinulated repair part demand time series rather than actual data. Bcoth

authors provide comparative evaluations of forecasting techniques. Results




obrazued Ly Axtell arv, in general, counsistent with findings of the study

veporeed herein,

The selection and fornulation ot forecasting techniques was in-
fluenced by the type of actual data on repalr part usage in depot overhaul
progians available for this study. This data had been accurulated by the
US army Elcetrenics Cormmand (LCOMY aud the US Army Trocp Support Corrarnd
(TA0SCO0) over a rive year pericd (1967 to 1972). ECO! and TROSCO! fur-
nished the data on rmagnetic tape in so-called 2K and BTl formats respec-
tively. These forrmats were prescribed by regulations in effect durirng
that tine; details on these arc in Peferences 3 and 22. The formats
provided the following key data elements: stozck number of item being
overhauled, PPON serial nunber and assoctiated fiscal vear, identifier
of depot perforaning the overhaul, type of overhaul perforred (e.p., ecither
"rebuild" or "complete reconditioning' versus "inspect and repair as
necessary''), quantity of the rcpardblc item on which overhaul was cc=-
pleted under the PRON at a given depot, and the stock rumser and quantity
of a given repair part issved against the PRON bty the depot's imstalla-
cion supply accounting activiiy. Regulations did not require the recording
of data on the repair part quantity actually used to cover any given repar-
able item arong those overhauled on a niven PROXN; hence, data of this type
was not available.

The ECOM tepe contained data on 359 reparable items involving 1522
PRONS and about 30 thousand repair parts. The TROSCOX tape reported con €5
end iters involving 230 PRONS and about 26 thousand parts. The raw data
basc was edited to create a purified data base for subsequent use in com-
puter simulation. This editing accounted for the following conditicns:

a. Only non-zero issue quantities of a repair part used on a given
end item overhauled under a given PRON were contained in the raw data base
tapes. There were many parts used on some PRONs for a given reparable

but not on other PRONs for thc same reparable item, type of overhaul and

10




depot. Zero fssuc quantities were supplied in the purified data base.
The assumption was rade that I{ & part was used in performing a specified
type overhaui on a given repurable on ore or more in a scries of I'RONs,
the part was subject tc repluacermeal on the tecal number of PRONs for that
veparatle item. The omissfon of 2eres in a time serics of issue quanti-
tivs would have seriously dinirtshced if not favalidazed rthe significance
of analysis results chtained. It wvas also assumed that the repair part
issue quantity reportued unde: a givern PilQN represcented the actual quantity
consuried to overhtaul the reported reparable completion quantity.

b. Reparable items which had cvperienced fewer than 3 successive
PRONs were elininated., Tiails was done to have repalr part issue and
reparable {tem completion observatioans on ar least 3 PRONS, the {irst of
which furnished ar initial estimate of the overhaul factor to be updated
tor the next and subscquent PRONS.

c. Daiwa records net associusted with rebuild or cormplete re-
conditioning type overhaul were eliminated.

d. Data records flagred by the originator as being unreliable
were elininated.

e. Data records with questionatle identificaticn of the reparable
iter, repair part, Comzodity Command or depot ' .re eliminated.

The data purification process ylelded a data base with a combined

(ECC and TROSCOM) total of 413 PREONs iuvolving 53 reparable items and
3614 repair parts each cf which was used on 3 or more PRONs., Poughly, 60

percent of the total purified data base derived from the original ECOM tape.

3.3 Overhaul Factor Forecasting Techniques

Seven forccasting techniques were investigated. Each of these is
described in this paragraph under the following generic names:
a. Curmulative History
b. CCSS Model

c. Hoving Average on Sums

11
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da lovwiag Average On xatc
¢. Sinple Exponential Srocthing
1. sdapgrive Lxponeatiil S-eething
g. Modified Lxponential ncothing
i ail of these tezhniques an over'aul factor forecast is made to
cati—ate the vequirements quanticy of 4 fiven part neeled for the next PRON,
hased on the consunprion experiencs for the part on the sane stock nurbered
reparable {iem under precedin: FRULL.  overbaui facter rorecasts cannot be
updated duriay but only upen completion ot o PRCN. This {s because con-
surption (issue) quantitiecs are recorded and reporred on the total nurber
rather than ou individual reparable fters completed urier a PRON.
Foer ease of subsequent discussions, tie ovechausl factor is
capressed as the quantity of a piven repair part required to overhaul
one reparatle item of a spuciffed type charactecized by a unique stock
aurber.
in the simulation, the {ssue anc complezion quantity from the first
PKON was used to estimate the inftial cverhaul factor. In actual opera-
tions, an enginecring estimate posted orn izitial provisioning documen~
tation is used for the initial overhaul factor estimate. This applies

to all techniques to be discusscd herc.

Cunulative History

This technique was programmed 1w the SPREDEY system used exclusively
at the ANC cepot level. The forecast cf the overhaul factor is
estimated by the ratio of the curulative total repair part issue
quantities divided by the curulacive total reparable items overhauled
on the last and all precading PRONs. 7This is an adcptation of the
classical time series nodel with a constant trend and a time dependent
2rror terr where the expected value of the error {s assumed to ke zero
over the tire pericd precediny the forecast. (For details of time series
nodels associated with forecasting techniques, rcfer to References 15, 16,
or equivalcent sources). Algetvraically, veing J and K as PRON indices,

the forecast of the overhaul factor for the next PRON, btased on data

Ly




fronm K prcceding PRONs, is piven by

F(Eel) = ZQ€J)/IN(D) (1)
J J

F(1) = tngineering ¥Ystimate
SRR S B I I e A AR

F(e) = overhaul factor, quar-ity of specified repair part

required to overtaul one specified reparable {tenm.

N(J) = quantity of specified reparable item on which overhaul
was compler :{ under the Jth PROXN

Q(J) = quantity of specified repair part issued (consumed)

to complete N (J) reparable items under PRON J.

The SPEEDEX system routine automatically inserts a zero consumption
quantity whenever appropriate.

CCSS odel

This technique is unique in that 1t was not found in any of the
literature reviewed except irn Reference 6. It 1s a computational.
algorithm which, up to a point, works like the cumulative history tech-
nique; it then forces a periodic discarding of old data. In a sense, it
is a modification of the moving average technique discussed below. The
discarding of data {s accomplished by the use of two parameters expressed
in terns of a minimum and a maximum quantity of the reparable item on which
overhaul was cormpleted. As long as the cumulative reparable item completion
quantity falls within the rauge defined by the two parareters, the overhaul
factor is updated via the cumulative history technique. The instant when

the maximum parameter has been reached or exceeded the overhaul factor

13




entirmate §s "trocen” and applicd to sebsequont cespletfon quantities.

When the cunulative cusber of these complet tons teaches or exceeds the
sinfzor parasater, the "frozen®” tactor ange ansoctated cossumption aed
completion history is discarded; a new fiaclor {s cs[ina{od using the
camuldtive history technigque until the cusinum parameter is reached apaing
then the cycle just Jdeseribed starts ey wyain.  The torecast of the over-
danl o facter im one of the uylles may be exaressed as follows, assuning

torecast was frezen afcer conpleticn ot P ool L

3 T oN(3) < Mirdmum Parameter:
J
Jal + i, L+, .= =1 \v2a)
F(L+E) = F(L)
1f: Mnirgr, Farameter - L L2
F(L#R) = ¢ Q(J)/ (N (a-1)
€] J
My £ Ny > Haximum laraccete:
J

(Ze)
F(L#E) = ZQ(I)/7u(d)
J i)

I'orecast is again {rozen at t(L+!) valuc.
5

(L) = Tnginecring Ystimate
in 1llustrative examric of forecasting by the CCSS redel is Included
under Appendix 2.
In contrast to the cumulative history technique, the CCSS medel
requires specification of numerical valucs cf the minirun and maxirur

parameters. Available documentation provides the following guidance:




"The waxinun parameter s establisticd to prevent the (data)
tile trom becemine oacessively long.  The spread betweern
ainfrur and maximue pararpeters should not exceed ) to 32

years of net capacity quaatity. The overhaul parameters

cust Telate to the density ot the equipment. For low density

eguiprent, the minimum pararcier veuld be relatively low and

the spread between rmindnu and maxinun not too great. As

the density of ecquipment {facreasces, higher minimunm parareters

and rreater sprecad would norrally te advisable. 7The minimun

parazeter rust be preater than zero and the maximum nust be

0

greater than the minimun.” (Reference 4)

In sirulating forecasting with the CCSS rodel, the minimun parameter
was f{ixed ac one third of the average yearly maintenance program quantity
for a giver. reparable {tem. 7The raxizur parometer was fixed at values
varying between ore half and 3 times this quantity. These values were

chosen basced on injuiries with the AMC Aviation Systems Command.

coving Average on Sums

Petailed anaiyses and applications of moving averages are acply
docurented in the literature (e.g., Reference 15). The particular appli-
cation of this technique for overhaul factor forecasting is based on the

idea that it may be applied separately to the sum in the numerator and the

sur in the denominator of the ratio cxpressing the overhaul factor estimate.

The base period parareter which characterizes the moving average
technique can be expressed eitlhier in terms of a specified number of PRO’s
or ilmplied fron o specified nurber of reparable items overhauled. Both

of these two models were used in the simulation.




FRUN Base Period 'odel. -Lel o denote the rumber of PRONS trepre-
sentiny the movinp average tase peviod. Then, with previous notation,

the forecast for the rnext vius yua.

Fliel) \\j'/ z (0 (3ay
L J

LS CIO o S el

Kim R & onetll
F(+l) = = (. (E+]=0). L (i+1-2) (3,
d J
LA (R &

AL N5 O R

In the sinulation the base perizd parameter B was assipned integer

values in the range from 1 to &,

Item Cempletion Base Perloc 'odel. - Let B denote a fraction
or integer rmultiple of the average ycarly maintenance program quantity
described under the CCSY model. let S, i, and L be PRON indices.
The forecasting algorithm may se fermulated as followe:

Put L equal to 1 {nitially:. Then, with J =L, L - 1,...K,

i. if I NX(J) - b, retain current value of L

o~

DL sl N(J) ~ 8 , increment current value of I by 1.

F(R+L) = L Qladi/z S(I)s
J 3
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The range of B as (lscussed under the (CSS model was used in the

simclation,
& numerical oaample tllustrating this aagorithm is piven in

Appendix 2.

oving Averape On PFatio

In this applicatica the moving average technique is applied directly
to the ratio of repalr part fssue quantity to reparatle ftem completion
quantity on a piven PRI, As in the moviny average on suns technique,
the base period pararetur {s cexpressed cfther in tuerns of a specified
nurber of I'EONs, or {rmplied from a specified number of rveparadble items
overhauled.

PRON Dase Perlod Moduel. - Using rotation introduced previously

-

with & denoting the nunber cf PRONS represcenting the moving average base

period, the forccasting algorithn ray te fornulated as follows:
Fot K & L. 25~ avsl 8nd % Y 25, 0K
F(R+1) = [1/E] - Z [(QQI) /()] (5a)
JJ

For K = 841, B+2,....
F(R+1l) = F(R) + [1/5] - [Q()/:3(K) = O(R=R)/H(E=B)] (3b)

In the simulation, the base period parareter was assigned integer values
in the range from 1 to €.
Item Cormpletion Base Period Model. - \s before, B denotes a specified

fracticn or rultiple integer of the average yearly r-aintenance

progran quantity. The forecasting algorithm may be formulated as

follows:

17




Put L equal to 1 inftfslly. Then, with J = L, L+1,...,K,

fia 1f £ N(J) < B, retain current value of L
J (6)

14. 4f T %(J) > B, increment value of 1. by 1.
J

F(K+1) =[1/(K+1-L))-Z(Q(3)/N(I)]
J

Thus, the integer base period K+l-L 1is, by virtue of the determina-
tion procedure for L, a function of the reparable item completion

quantiti{es on successive PRONS with PRON index L through K.

Single Exponential Smoothing

Many analyses and illustrative cxamples of exponential smoothing
are provided in the literature (e.g., Reference 15). The use of higher
order exponential smoothing (as well as higher order moving averages)
would have added to the degrece of cozpleteness and sophistication of
this study. However, the additional work and time expenditure appeared
not to be ‘ustified in view of the varfability and general nature of the
basic cata.

The well-known (Reference 15) reclationship between the base period
parameter of the moving average technique and the smoothing constant
required by the exponential smoothing technique rests on the equivalence
of data age or equivalence of variance of forecast estimates produced
by these two techniques. This relationship, stated here for ready

reference is

7
a = ity

wvhere
a = gmoothing constant, O < a < 1

B = moving average (integer) base period parameter.
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The sroothing constant was chousen by applicatlicn =f equation 7 to
correspond to tihe ranpe of b unced in the sirulation.
The forcvcast o! the cvertiasl factor for the next PEeN iy piven

by

FOred) « Tado () = {1-a)-FG)) E

Aadaptive lxponential =

b e
- ————t—— - - —

Analyses and exarples c: thi- terceiausting technigue can be found
in Kefevences lo and 17, The basic luea {s to vary the snoothing constant
auteratically s a ranction ¢! statistical clarwcteristicas of the series
of furecasts and aciual obserwations. In the countext ¢! tiv cverhaul
process, {f nucceasive cbscervaticns on the 0/ ratio are numcrically
relatively stable, the srocthinpg constant “a’ should Le szall se that
small periturvaticns in the ratle are prevented from being unduly
amplified thus producing unwarranted large fluctuations {n the forecasts.
On the other hanc, If the /% ratio i highlwv variable, the fcrecast
made for the last PRUN is zost likely rot too representative of what

happens on the next FHON: henze, "a' should be relatively large which rares
the fcrecast rmore respeisive to the latest observation available. The way
in which this can be accermplished {s to use the absolute value of a ratic
referred to as "Trigp's tracking signal” (Reference 16) iastcad of a fixed
smoothing constant for producing forccasts. This signal is defined

as the expenentially weldghted average of the forecasting ervor divided

by the mean atsclute deviation. The welghted averape o! the forevasting
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