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Chap t e r 1 

INTRODUCTION 

F orecast i n g  is att empt ing t o  predic t t he futures It 

i s  an e stimate of wha t the  future demands. There a r e  many 

ways t o  p red i ct the future o r  t o  forec a s t. The purpose of 

this paper i s  t o  pr e sent var i ous fo r ecas� ing t echniq�es , con-

centrating on exponen t i a l  srn?o t h i ng.  Expon en t ia l smo o t hing 

is a m e t h od o f  for e c ast ing  t h a t  use s  the least possi bl e 

amount o f  p a st data ,  r e f l e cti ng those p ast movemen t s  i n  the 

data. Th i s  paper will c o n ce ntr a t e  on the  vari o us t ype s of 

exponcntjai smoothing adapted t o  par t i c u l a r anrl unique data. 

The paper wi l l  poin t ou t t h e  effe c t s  of ex ternal informatj.on 

011 forecasts and how exponenti al s moo thi n g  is u s ed in fore� 

casting. I t  will attempt to show some of t he more important ) 

app lications of forecasting. An impo r tant part 6£ this paper 

is a program to forecast by e�ponential smoothing. This pro-

gram will provide a use r with a means of fo r e c as t ing based on 

the inform�tion he prcvides .  The technique is capable of 

simple forecasting using the least possible information or it 

can accommodate a user who does not know any i nform a t ion 

about his data. The prograra will a�alyze t he data, present 
pErtine�t information for future fo r e c � s ts , and provid e  a 

forecast. In addition, the program �an upda t e  info rmatiori 

for the use!'s forecasts by utilizing recent effects on data. 



A d i s cu s s i on on  c o n t r o l s y s t em s  in  g en e r a l  and  a c on t ro l  

s ys t em o f  t he p r o g r am is p ro v i d e d . 

T h e  ma in p urp o s e  o f  t h e  p r o g r am i s  t o  s e l e c t , i f  t he 

u s er d e s i r e s , t h e  b e s t  smo o t h ing c on s t an t s . T h e r e  a r e  many 

t h eo r i e s  c onc e r n i ng the  s e l e c t i o n  o f  smo o t hing c on s t an t s ,  but  

the u s er typ i c a l l y  end s up  g ue s s i ng on s om e  v a lue b e twe en  0 

and 1 .0. G en e r a l ly ,  . a v a l u e  c l o s e r  t o  0 w i l l  c au se c e r t a in 

eff e c t s  on  fo r e c a s t s  a s  w i l l  va l u e s  c l o s e r t o  1 .0, A us e r  

has n o  way o f  kno w i ng t h e  smo o th i ng c o ns t ant ( s )  t h a t  i s  be st 

fo r h i s d a t a  un l e s s  he t r i e s  a l l p o s s i b l e  v a l u e s  and t est s 

fo r t h a t  v a l u e  that b e s t d e s cr ib e s  h i s da t a . T h e  p r o g r am 

w i l l  a c c ommo d a t e  t h e  u s e r  by f inding  the  smo o th i ng c o n s t an t ( s) 

tha t . b e s t  d e s c r i b e s h i s  d a t a  by at t emp t i ng many c omb in a t i o n s  

of c o n s t ant s in  add i t i o n  t o  f i nd i ng t h e  s mo o t h i ng ro u t i n e  

t ha t bes t d e s c r i b e s  t h e  da t a. I f  t h e  u s e r  d e s i r e s , t h e  p r o ­

gr am p ro vi d e s  a comp a r i s on o f  t h e  us e r s ' g i v e n  c o n s tant s  and 

wha t the p ro gr am c ompu t e s  a s  op t ima l . 

T h i s i n f o r mat i on , in a dd i t i o n  t o  a fo r e c a s t , w i l l  

enable t he us e r  t o o b t a in mo r e  imp o r t an t  i n fo rma t i o n o n  h i s  

da t a .  The f o re c a s t w i l l  t hen be the  b es t , s in c e t he p r o gr am 

has found t h e  b e s t  smo o t h i ng c o n s t a n t s  and p r ov i d e d  t h e  b e s t  

fit on pa s t  da t a . The past d a t a  i s  u s ua l l y no t n e ed e d  in  

f o r e ca s t s  by exponent i a l  smo o t hi n g .  In the  p r o g r am , p a s t 

d a t a  i s  rec o mmended p e r i o d i c a l ly t o  up da t e  t he smo o t hi ng c o n -

st an t s  and factors. Thi s p aper then p rov i de s  a user manua l 

to a cco�nod a t e  a ny u se r . I t  des c r i b es the requirements, use s ,  
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and resu l t s  of  the program . The p ap er prov id e s und er s t and i ng 

of smooth ing t e chn iqu e s  and a program w i t h  wh ich to fore c a s t 

or pred i c t  the futur e . By u s e of th e program , a u s er c an 

ob t a i n  a 'b e s t' est ima t e  of wha t  t h e  fu t ure dema nds . 



C h ap t e r  2 

MAJOR FORECASTING APPROACHES 

METHODOLOGY OF FORECASTING 

Some c onsi d e ra t i o n  mu s t  b e  g iv en t o  t h e  c u r r ent t hink-

i ng o n  fo r e c a s t i ng . B arry S ho r e  c ate g o r i ze s  f o r e c a s t i ng in t o  

thr e e  t e c hn i qu e s : ( 1 )  Judg em en t a l  ana lys i s ,  ( 2) E c ono me t r i c  

fo r e c a s t ing , and ( 3 ) T im e  S e r i e s  ana l y s i s . Judgemen t a l  ana l -

ys i s  r e li e s  o n  the a r t  o f  human j udg ement . Th i s  c a t e g o ry m ay 

r e l y h e av i ly upon c o n s um e r  op in i o ns ,  s u rv eys , m a r k e t i n g  t r i a l s  

and s a l e s men ' s  e s t ima t e s . E c onome t r i c  fo r e c a s t i ng r e l i e s on 

th e fi e l d  of  s tatis t i c s . In  thi s category the a na ly s t  at -

t e mpt s t o  unc o ve �  the  c au s e - and- e f fe c t rela t i o n s h i p b e twe en 

s al e s  and s om e  o the r fo r c e s  that  are  re l a t e d  to  s a l e s . T h i s  

proc e s s  ut i li z e s  r e g r e s s i on and c o r r e l at i on t e ch�i ques . T ime 

Series a nal y s i s  a t temp t s  to i nd e nt i fy t h e hi s t o ric al p at t e r n 

of d emand fo r the p r o du c t  and extrapolates t h i s  into the 

f . 1 u t ur e .� 

John E .  B i e gel f e e l s  t ha t ,  " . . .  a f o r e ca s t i s  basically 

a g uess, b ut  by  th� u s e  o f  c e r t a i n t e c hn i qu e s  i t  can be more 

than just a gu e s s '! .  To make  a fo r e c a s t  me aning fu l , it should 
be in t erms o f  the un i t s  t o  b e  p la nned or s ch e du l e d ,  a nd 

should cover a t ime perio d a t  l e a s t  a s  l o ng a s  the p e r i o d o f  

lBarry Shore, Qpera t i o n s  Management ( Ne w  Yo rk : Mc G r a w·­
Hi.11 Book Company, 1959'}, pp. 271-274, 



s 

t ime r e qu i r ed to m a ke a deci s i on and t o  p u t t ha t  d e ci s i o n  in t o  

e f f e ct .  T h e r e  i s  l i tt l e  o r  no va l ue in  making a f o r e ca s t fo r 

s uch a s ho r t  t ime i n t erva l tha t ef f e ct iv e  a ct i o n  canno t  b e  

t a ken . A�y t ime  a d e ci si o n  i s  mad e about  t h e  fu t ur e , t h e r e  

i s  a t  l e a s t  an  imp l i e d f o r e ca s t und e r l y ing t ha t  d e ci s i o n . He 

e mpha s i ze s  t ha t  p l anne d fo r e ca s t s  a r e  much mo r e  v a l u a b l e  and 

accu r a t e  t ha n  i n tu i t ive fo r e ca s t s . 2 

Wil l i am Vo r i s  g iv e s  s t.ep s i n  p r e p a r i ng a s a l e s fo r e ­

c a s t : (1) T o  p r ep ar e comp any r e co r ds o r  d e v e l op h i s t o r i ca l  

d a t a ,  ( 2 )  At t emp t t o  r e l a t e  comp any s a l e s  o f  t h e  indu s t r y  o f  

wh i ch t h e  comp any i s  a p a r t , (3) Re l a t e  t h i s  i ndu s t ry t o  s ome 

nat iona l da t a  whi ch r e f l e ct the  in f l uence o f  the n a t i on a l 

eco nomy on f u tur e s a le s  o f  the  indu s t ry ,  a nd (4) Anal y ze t h e  

in t e r rel a t i on s h i p s o f  t h e  s t a t i s t i c s  g a t he r e d. 3 

The r e  a r e  many d i f fe r ent fo r e cas t i ng t e ch niqu e s  a t  t he 

dis po� a l  o f  a u s e r . J o hn F .  Mag e e  maintains t h a t : 

T e chn iqu e s  a r e  h i ghl y d iver s e  and d ep end 
s tr o ngly on the na tur e o f  t he comp any , t he d a t a ­
h and l i ng f ac i l i t i e s  and an a l y s i s  s k i l l s  ava i l ­
ab l e , and p ar t i cu l a r l y  on the  typ e s  o f  cu s t omer 
a nd i n dus try i nformati o n  wh i ch may e xi s t . 

Appro a c he s  to fo r ec a sting  va ry w i de ly amo n g  co mpan i e s , b e cau s e  

s a ti s fa ctory ger1e ra l me t h o d s  o f  fo r e ca st i ng a r e  r ar e , b e caus e 

-------------

2Jo hn E. B i e gel , P r o d uc t i on Contr o l : A Qu anti t a t ive 
Attr oach (Englewood C"'!. i f f s , Ne w Je r s ey : P r e n t i ce- H a l l , I nc . , 
1903"} ,, p. 1 6 .  

3Wi l l i am Voris, P r oduc t i on Co ntro l , Text and C as e s 
(Ho mewood , Illinois: Ri c hard D. I r wi n , 1961) , p p. 133-135. 
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exp e di en cy and av a i l ab l e  d a t a  have s t r o ng i n f l u e nc e , and b e -

c aus e m any c o mp an i e s  fa i l  t o  r e a l i ze how many f o r ec a s t s  t hey 

a c t ua l l y  m ak e . T h e r e  a r e  g en e ra l  c l a s s e s  o f  app r o a c h e s  used 

f o r  making d i ffe r e n t  g en e r a l  typ e s  o f  fo r e c a s t s . S om e  of the  

g en e r a l c l a s s i f i c a t i ons  ar e b u s ine s s  p l ann i ng , i n t e rme d i a t e  

op e r a t i on p l an n i n g , s ho r t  run p r o du c t i o n  c o n t r o l ,  and fo r e ­

c ast s o f  i t em r e qu i r emen t s . 4 B i eg e l , l i k e  Mag e e , s ugg e s t s  

th at  fo r e c a s t app r o a c he s s ho �l d  b e  c l a s s i f i e d  a c c o r di ng t o  

us e .  He  s ug g es t s  ano t h e r ;  t h e  c l a s s i f i c a t i on o f  t im e  s p an 

c ov e r e d . S t i l l  ano t he r  m e t h o d  s ug g e s t e d i s  b y  m e t hod o f  
• 5 g ener a t io n . 

Thu s , t he r e  a r e  v a r io u s  op i n i on s  o n  how a fo r e c ast 

s h o u l d  b e  made and on wha t t ha t  fo r e c a s t  s ho u l d  c on c e n t r a t e . 

The op i ni o ns a r e  a l l c o r r ect y e t  they  a l l d i f f�r i n  m e t ho d · to 

s ome  e x t e nt . A c ompany o r  i nd i v i du a l  mu s t  w e i g h  i t s  p a r t i c u -

l ar s i tu a t ion a n d  m a k e  a f o re c a s t b a s e d  on r eq u i r em en t s  p a r ­

ti cu l a r t o  i t�e l f .  How ev e r , it mu s t  r e l a t e  t o  o t h e r  c omp an i es 

and t o  th e i ndu s t ry a s  a who l e  t o  d e t e rm i n e  i t s  p o s it i o n . 

Many, if not a l l , a g r e e  t h a t  fo r e c a s t s  a r e  e i t h e r  by o p i n i o n 

o f  s o me s o r t  or bv s ome  s t a t i s t i c a l  ana l y s i s  o f  t he r eq u i r e -J . 

men t s , and ab ove al l ,  t h e  fo r e c a s t s  mu s t  b e  b as e d o n  t he p a s t ,  

whe t he r  a t i me s e r i e s  o r  g u e s swo r k . 

4 Jo hn F. Magee , P r oduc t i on  P l an ning and I nvento r y  C o n -
� (New ·York: Mc Gr a w- H i l l  Bo o k  C omp a ny , I nc ,, 1958 ) , pp .  
118-119. 

5Biegel, o p .  c i t. ,  p. 1 8. 
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CO l\1MON FORE CAST I NG T E C HNI QUE S  

On e c ommo n  me thod o f  fo r e c a s t ing i s  b y  u s e o f  ave r ag e s . 

Ac c o rd ing t o  t h e  Am e r i c an I n s ti tu t e  o f  Ce r t i f i e d  Pub l i c Ac-

c o un t an t s , t h e  mo s t  o b v i o u s  and s imp l e  way of  u s ing p a s t d a t a  

a s  a g u id e  t o  p r e d i c t i n g  f o r  t h e  n e x t  p er i o d  i s  t o  a verag e 

a l l  ava i l ab l e  d a t a  o r  t h e  d a t a  f o r  a d e f in it e  number o f  p as t  

p e r i o ds . T h e  g r e a t  d r awb a c k  o f  t h i s  m e t ho d  i s  t h a t  t he mo s t  

r e c en t  f i gu r e  i s  g i v e n  no mo r e  emp ha s i s  t han d a t a  s ev e r a l  

p e r i o d s  b a c k . 6 

One  o f  t h e  t e c hn i que s deve l op e d  t o  o v er c ome t h e  we a k -

nes s o f  t h e  s imp l e  ave r ag e  �s a b a s i s  f o r  f o r e c a s t i n g  i s  the  

mov i ng ave r a g e . In t h i s  m e t ho d , the i n f l u e n c e o f  pas t d a t a  

is min im i z e d b y  c o ns id e r i ng o n l y  t h e  f i gu r e s  f o r  the mo s t  

recent p er i o d s . Mov i ng ave r a g e s  a r e  ext r e me l y e a s y  t o  c om-

pu t e ,  but r ec o r d s  mu s t  b e  kep t and e a r l i e r d a t a is no t c on -

. d � 7 s 1  erea. T h e  p r o b l em s e ems to  l i e  in  how many p a s t  f i g ur e s  

to consi<ler o r  t h e  l e ng t h  o f  t h e  in t e rval. Robe r t  G .  B r own 

maint a ins that t he mo v ing  av e r a g e i s  an a t t emp t a t  c omp r omis e .  

The objective is to  t ake  a l ong eno u g h  b a s e p e r i o d  t o  a l l ow 

random fl uc tu a rio ns in  d e mand t o  c anc e l  e a c h  o t h e r  o u t , but 

6Ame r i c an. Ins t i t u t e  of Certified Pub l i c Ac c o un tan t s , Tech:rd.51u� ___ for Fo1·e cas tin.&_ Pro du c t  Dem<;tnd, A Ma�agement S e r -
�1:es Iec:ma cal Stu<:!Y. (New York: Ame r ic an Ins ti tu t e  o f  C ert -
1r1ed Public Acco:.int ants , Inc . , 1968) 1 p p. 2- 3 7 Ibi d .  , p p. 3- 7 
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a short enough period to discard information that is no 

longer relevant.
8 

Thomas E. Vollman says that as the number of observa-

tions to be included in the moving average grows larger, the 

forecasting model will tend to do a bet ter job of smoothing 

or damping out the noise; but as the number of observations 

grows larger, the older data are included and the forecasting 

m6del becomes less responsiv� to changes in demand patterns.9 

A moving average is simply the sum of the demands for 

the desired number of past periods divided by the number of 

demands included in the sum. For each period, the new moving 

average is computed by dropping the demand for the most prior 

period and adding the demand for the most recent period. 

Some of the problems of moving averages are: (1) they lag· a 

trend, (2)  they are out of phase when data is cyclic, and (3) 

the maximum forecast by a moving av erage will be· less than 

maximum demand in a cyclic pattern, whereas the minimum fore -

cast will exceed the minimum actual demand of a cyclic 

pattern.lo 

8Robert G .  Brown , Smoothing, Forecasting, and Predic­
.!��f�.-iscrete Time Seri_es (Englewood Cliffs, New Jersey: 
Pr e·n tic e - Ha 11 , In(: • , 1 9 6 3) , pp . 9 8 -9 9 � 

9rhomas E. Vollman, Operations Mana ement: 
�odel-Builchng Apor�ach (Rea 1ng, Massachusetts: 
Wesley Publishing Company, 1973), pp. 487-48 9 . 

lOBiegel, op. cit., pp. 34- 35. 

A Svstem 
Ad ison-



Shore describes an advanced method of averages or the 

weighted average as weighing the data in s�ch a way that the 

most recent data have the heaviest weight. In a weighted 

average, a forecasting scheme can respond more e ffectively 

to recent changes in the level of the series,11 
Biegel 

points out that it is difficult to obtain an estimate of the 

error in a forecast made by the weighted average.12 

According to Shore, another common and widely used 

method of forecasting is by regression analysis or econo-

metric forecasting. Regression analysis attempts to explain 

the reasons behind changes in the behavior of a series, 

rather than just focusing on time as the only explanatory 

variable. The essence of econometric forecasting is, "the 

identification o f  those causative factors which can best ex-

9 

plain changes in the variable in which we are interested, and 

their use for predictive purposes". Regressio� analysis dif­

fers from exponential smoothing in that the fo�mer seeks 

cause and effect while the latter accounts for the time series 

by breaking it down into its basic components; trend, irregu­

iar, seasonal, etc� Shore defines simple regression analysis 

with the following relationship: y is a function of x.13 

-----------

11s··h ... ore, op. ci��, pp. 2 7 4 -2 7 5 .  

12Biegel1 loc. cit. 

_l3Sh ore, op. cit., pp. 301-302. 
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Another common t e c hn i que o f  fo re c a s t in g  i s  by expo nen ­

t i a l  s mo o t h i ng . Th i s  t e c hn ique  w i l l  b e  d i s c u s s e d i n  d e t a i l 

i n  Cha pt e r  S. 

OTHER FORECASTING TECHNIQUES 

Th e r e  a r e  a w i d e  var i e ty o f  f o re c a s t i ng t e c hn i que s 

whi c h  have b e e n  d e ve l o pe d  f o r  s p e c i f i c  a pp l i c a t i o n s . A few 

of t he s e  t e c hn i qu e s  w i l l  b e  �re s en t e d  i n  the fo l lo w i ng . 

Br own s ug ge s t s  t h a t  i n  i nv ent o ry c o n t r o l , a s e c o n d -

o rd e r  s ys t em c o u l d  b e  d ev e l op e d  to t r a c k  t r en d  i n  d em and . 

The c a l cu l a t i o n  of t r e nd by us e o f a kind o f  second-order o n  

a ny s ys t em i s  the b e s t  i n  i �ve ntory control. 14 
Another method 

sug ge s t e d b y  Bro wn i s  t h e  u s e o f  a known autocorrelation 

func t i on . I S 

I n  c o n s i d e r i ng a t e c hn ique , o n e  c ou l d  s e e k  s e ve r a l  

al t e rn ativ e s :  ( 1) max im i z e  the  proba bil ity  o f  b eing exac t l y 

r i gh t , w i t h o u t  rega rd t o  how large t he e rror i s  when wrong, 

(2) max im i ze the p r o b ab i l i ty t h a t  the  erro rs do  not exceed 

s o me thres hol d  value and ( 3 ) mi n im i ze t h e  ave r a g e  a b s o l u t e  

va lue of t h e  e rror � ra t h e r  t han the  ave r a g e s qu a r e  v a lu e , 

14Robert G. Brown, Statistical Forecasting for Inven­
to ry Co n t ro l (New York: McGraw-Hill Book Company, 1959), 

pp. 65-70. 



1 1  

In th i s  app r o a c h , B rown c a r r i es out  a fo rma l d i f f e r e n t i a t i on 

t o  f ind t h e  w e i g h t s t h a t  m i n im i z e  t h e  m e an s qu a r e  e r r o r . 1 6 

Mag e e  s u g g e s t s  a comb i nat i on o f  me t ho d s  t o  f o r e c a s t 

d e ma nd. Some  c omp a n i e s  r e ly on e conom i c  fo r e c a s t s  for  a p er -

io d o ne t o  f iv e  y e a r s  ah e a d  fo r p o l i cy and c ap i t a l , t he n  o n  

f i e l d  op i n i o n ,  fo r e c a s t  f o r  n e a r  t e rm e s t im a t e s . S t a t i s t i c a l  

t e chn i qu es a r e  u s e d t o  b r e a k down f i e l d  fo r e c a s t s  i n t o  d e ­

t a i I . 1 7 T hu s  i t  c a n  b e  l o gi ca l ly  und e r s t o o d  t h a t  no t o n e  

me t ho d  but a c omb i n a t i o n  m a y  b e  us e fu l . 

Mag e e  p o i n t s  o u t  o th e r  s t a t i s t i �a l  t e c hn i q u e s amo ng  

whic h are  c o r r e l a t i o n  and c o r r e l a t i on w i t h  l a g s . A numb e r  

o f  me t �o ds e x is t fo r deve l o �ing s e a s o na l i nd i c e s  o f  d emand 

b a s e d  on  p a s t  e x pe r i enc e , s uch  as the e x t r ap o l a t i o n  m e t ho d 

u s ing au t o c o r r e l at i o n  and o t h e r s . 1 8 B i e g e l  g i ve s a n  app r o a c h  

ca l l e d  curv i l i n e a r  r e gr e s s i o n  fo r fo r e c as t ing . I n  t h i s  s t a ­

t i s t i c al app r o a c h , t h e  d a t a  i s  as s umed t o  have a ·curv i l i n e a r  

form.19 Ho l t ,  Mo di g l i an i , Mu t h ,  and S imo n s u g g e s t  o th e r  s t a ­

t ist i c a l  fo r e c a s t ing me t ho d s . They s ug g e s t  l i n e a r  

1 6 I bi d . 
1 7 Ma ge e , o p . ci t . , pp . 122-123. 
l Sibid , , pp. 123-129. 

19B· 1 · 38 39 1ege , o p. cit. , pp . - • 



e xtra po l at i o n a ppl i e d t o  no n - s t a t i o n a ry p r o c e s s e s . Ano t h e r  

me tho d sug g e s t e d i s  an a l y s i s  o f  v a ri an c e  a n d  c o v a r i an c e . 20 

---

zaCharle s c. Ho l t, Franco Mo d i g l i an i , Jo hn F. Mu t h, 
and Her ber t A. Simon , Pl a nn i ng Production, Invento ri cs _Land 
Work For��- ( Eng lewood C l i ff�, New Jers ey : Prentic e -Ha l l , 
Inc ., 1960 ) , p. 152. 
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Chap t e r  3 

E XT ERNAL INFORMATION 

E x t e rn a l  i nf o r ma t i o n i s  i n f o r ma t i o n o th e r  t ha n  d i r e c t  

d at a  wh i ch c o u l d p o s s i b l y add t o  a n  exp l a nat i on o r  c o nt r i b u t e  

t o  t h e  und e r s t and ing o f  t h e  d a ta . Th i s  i s  t h e  t y pe o f  i n ­

fo rma t i on t h a t  c anno t b e  m e a su r e d ,  b u t  i nd e e d  mu s t  b e  incl uded 

in  any s tu dy o f  d a t a . Th i s  chap t e r  w i l l  a t t empt t o  p o i n t  o ut 

s ome o f  t h e  c o mmo n e x t e rna l i n fo r ma t i o n  and s ho w  i t s  i mp o r ­

t an c e  i n  ana l yz i ng d a t a . 

Al b e r t  A .  H i r s c h ,  u s ing t h e  Bur e au o f  Ec o nom i c  Ana l ysi s 

a s  a fo r e c a s t ing i n s t rume n t �  g i ve s  s ome jud ge me n t a l  e lem en t s  

i n  fo r e c a s t i n g . H e  s ay s , " a  mo d e l  c an b e  a p o werfu l a i d  t o  

fo r e c a sting , b ut i t  s ho u l d  no t b e  a s t r a i g h t j a c ke t . "  Mo s t  

fo r e c a s t e r s  e xe r c i s e  c o n t ro l o n  mo de l s  by d e p a rt i ng f r om me ­

chan i c a l  p r o c edur e s . D ep a r t ur e s  a r e  b a s e d  o n  i n t e r n a l i n ­

fo r mat i o n  (p art e qu a t i o n  r e s i dua l s ) ,  ex t e rn a l  i n format i on 

( e c onomy emp h a sts ) ,  o r  j udg em e n t a l  r e s tr i c ti on s . Judg emen t a l  

e l emen t s  a r e  us ed by c o n s t an t  a dju s t me n t  no t i n  t he fo rmu l a  

a l r e a dy .  Hi r s c h  giv e s  r e a s o ns  o n  why adju st me n t s a r e  mad e : 

F i rs t ,  t h e  r e c en t  pa t t e rn  o f  ·r e s i dual s  
may n o t  s u g g e s t  ' d e c ay ' p ro c e s s  g i ve n  i n  t he 
fo rmu l a . . .  Se c o nd , t he r e  may b e  s p e c i a l f a c t o r s  
w hi c h  e xp l ai n  t h e  mo s t  r e cent r e si du al s  b u t 
whic h a r e  no t r e l evant i n  a s pe c i al w ay . T h i r d, 
the fo r ec a s t e r m ay know about  an i mp end i n g  c i r ­
c ums t an c e s , e i t h e r  a s  a c e r t a inty o r  a s  a s ub­
s ta ntial pos s ib i l i t y, wh i ch cal l s  fo r s pe c i al 
adj ust ment s ;  o r  h e  may r e g a rd c e r t a i n  f a c t ors 
that a re no t i n c o rp o r at e d  i n t o  th e m od e l  st ruc­
t ure as relevant during t he p e ri o d  o f  forecast. 

302778 
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Aft e r  a run i s  m a d e , s ome ad j u s tments mu s t  b e  made i f  t he 

ou tp u t s  c o n f l i ct w i t h  wh a t  i s  i nd i c a te d  b y  p a r t i a l da t a .  I n  

ad d i t i on , s om e  o u tp u t s  c an be c ons i de r e d  a s  u n r e a s o n ab l e , s o  

a dj u s tment mu s t  b e  mad e . 1 Even though t h e  BEA Qua r t e r l y  Mo d e l  

i s  an e c onome t r i c  r o u t i ne , i t  c an be c onc l u de d  t h a t  c e r t a i n  

e l em e n t s  o f  j ud g em e n t  and o th e r  ex t e rna l i n f o r ma t i on mus t b e  

us e d  f o r  a l l  mod e l s .  

Thoma s E .  Vo l lman s ay s  tha t mo d e l s  a r e  e i t h e r  ex t r in -

s i c or i n t r i n s i c .  T h e  c on c e rn h e r e  i s  o n  ex t r i n s i c  m o d e l s  

and t h e i r  ef f e c t s .  Ex t r i n s i c  fo r e c a s t s h ave a n  o u t s i d e  o r  

ex t e rnal o r i e n t a t i o n and a r e  formu l ate d  up o n  a s s o c i a t i o n s  

s u c h  a s  s a l e s  o f  app l i a nc e s  a n d  d i s p o s ab l e  p e r s o na l i n c o me . 

Ex t r insi c  fo r e c a s t s  a r e  u s ua l l y b a s e d  on  r e gre ss i o n  an a l ys e s . 

Ex t r eme c a r e  mus t b e  t a k en i n  the  int e rp r e t a t i on o f  s t a t i s -· 

t i c a l  a s s o c i a t i o n s  t o  i n f e r  t h a t  c a u s e - e f f e c t r e l a t i o n s h i p s 

ex i s t . 2 

The Ame r i c an Ins t i t u t e  o f  C e r t i f i e d P ub l i c  A c c o un t a nt s  

fe e l  tha t s o me s o r t  of c au s a l  r e l a t i o ns h i p  e xi s t s  wh i c h  c o ul1 

b e r ef e r r e d  t o  a s  co r r e l a t i o n  ana l y s i s  wh e r e  a f a c t o r  i s  

fo und t h a t s e em s
. 

t o  c o r r e l a t e  wit h demand . Even t ho ugh s ome 

ana lys i s  s hows a r e l a t i o n s h i p , there  is  no r e a l  e v i denc e t h a t 

1Albe r t  A .  Hi r s c h , " T h e  BEA Qu a r t e r l y  Mo d e l a s  a F o r e ­
ca s t ing I n s t r ume nt , "  Su rve y o f  Cur r en t  Bus i n e s s , 53 ,  No , 8, 
( Augus t ,  1973), pp. 3TI-32. 

2Thomas E . Vo l l man , Ope rat i o ns Man�g em e n t : A System 
�
.
1o d el -B ui l di ng Appr o a c h  ( Re a d i ng , Mas s a c hus e t t s :  Addi s on­

Wesley Publishing C om pany , 1 9 7 3 ) , p p . 483-484. 
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a relationship exists. And so, if such a relationship exists, 

with little changed will the same relationship exist? In 

most cases the relationship is not simple and linear, but 

curvilinear and may involve simultaneous equations.
3 

In forecasting, on ly several items are consistently 

used which are; demand, levels of trend, seasonal factors, 

and deviations. Another external element that businesses and 

forecasters must consider is the market. The market is that 

element that does affect demand. Robert Brown says that mar­

keting intelligence can be developed in three different ways: 

(a) Long- term outlook for the industry and 
for the firm's share of the market; 
(b) Information from the field, through 

salesmen's reports and market research, on 
customer's intentions and the plans of the 
competition; 
(c) Plans for new products and special 

promotions aimed at maintaining or increas­
ing the share of the market. 4 

One can obtain these plans by industry forecasts· and promo­

tion plans t0 gauge the future of an industry or product. 

Most models work well for the generalized industry. 

Every industry is different in some way or another. Special 

conditions exist for each and every industry to make it the 

independent industry it is. Vollman gives some problems or 

3
American Institute of Certified Public Accountants, 

�_!inigue.s for Forecasting Product DemaJ}-d, A Manc:-gement Ser­
v�_e s Technical Study (New York: American I�s ti tute of Cer­
t if �Pub'l i c Accountants, Inc., 1968), pp. 36-40. 

4
Robert G. Brown, Management Decisions for Production 

�ations (Hinsdale, Illinois: The Dryden Press, Inc., 1971), 
p. 68-:---
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s i tu a ti on s  tha t w i l l  c a l l  f o r  mod i f i c a ti o n s  to the ·r e g u l a r  

mod e l s . I t  i s  a bad as sump ti o n  tha t  de ma nd p a tte r n s  wi l l  no t 

c h an g e . He c o r r e c ts th e p ro b l e m b y  mak i n g  t h e  s mo o th i ng c o n -

s tan t i n  a s mo o thing r outi n e  c l o s e r to one . A b e tte r p r o -

p o s al may we l l  b e  to r e ev a lu a te the s i tua ti on a n d  p o s s i b l y  

deve l op a new c on s ta n t  b a s ed o n  the l ate s t  e f fe c ts o f  the 

d a ta ,  and thu s  n o  r ad i c a l  i mp a c t  w i l l  ta k e  p l ac e . Ano th e r  

p r o b l em i s  p r o mo ti on s , s in c e  fo r e c a s ts c anno t p o s s i b ly b e  

a cc ur a te when p r o mo ti o n a l  a c tiv i ti e s  a r e  us e d , bu t pr o mo ti o ns 

a re n ec e s s ary . J u s t a s  an indus try s e a s ona l i z e s i ts d a ta 

wi th s e as o na l f a c to r s , p o s s i b ly i t  c a n  p r o mo ti o n a l i ze i ts 

d a ta to p ro duc e p r omo ti ona l i n di c e s ,  Ano th e r  p r o b le m  i s  t ha t  

i ndu s tr i e s  mus t a d j us t fo r lumpy d e mand , wh e r e  d e mand i n  

i n te rva l s  i s  ze ro o r  v e ry l ow. Lump demand a l s o e x i s ts when 

fo r e c a s ts are b a s e d  on i n te rnal  c on s i d e r a ti o n s  r a th e r  than 

exte rna l  c o n s i d e r a ti o n s . To s o l v e  the p r o b le m ,  Vo llman s ug­

ge s ts a te c hni qu e  c a l l e d p r o b ab i l i ty fo r e c a s ti ng , whe r e  the 

de mand o f the s e  i tems i n  a p e r i o d  i s  an i n d ep e nd e n t  r ando m 

h. 5 eve nt whe re  s a l e s s hould r e s emb l e  p a s t is to ry . 

The c o mmon and ac ce pte d app r o a ch to fo r e c a s ti ng s ale s , 

fo r examp l e , i s  to s tudy p a s t  s al e s . Th i s  s ho u ld p r o v i d e the 

be s t i n fo rma ti on . Ho l t , Mo d i g l i an i , Mu th , and Sim o n  s ay t h a t 

th i s appr o a c h  i s  n o t a lwa ys the bes t and tha t  i mpr o v e d  fo r e ­

ca s ts c ou l d  b e  o b ta ined on the b as i s o f  i nd ic a tor s o th e r  than 

5v o 11 man , op . ci t . , pp . 5 0 8 - 511 . 
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p as t  s al e s .  Th e comp any s hould s t udy t ho s e  i n d i c a t o r s  o f  

g en e r a l  b u s i ne s s  activity who s e  mo ve ment s a r e  e xp e c t e d  t o  

p a r a ll el c lo s el y  wi t h  t h e  i ndu s t ry's i t e m. I n  t he c a s e  o f  

p a in t  s a le s , fo r exa mp l e , t h e  c o mp any s ho u ld c o n s i d e r  ins t e ad : 

( 1) GNP i n  c on s t an t  d o lla r s ;  ( 2 )  
Di s p o s a ble Per s on a l  I n c o me de lf at ed b y  a n  
imp li c i t  d el fa t o r  o f  t h e  c o n s umpt i o n  c om ­
p o n e n t  o f  G P; (3) the  n ew cons t ru c t i o n  
c omp o n ent of GNP i n  c o n s t ant do lla r s , (4) 
t h e  G ro s s  Pr iva t e  I nv e s t ment c o mp on en t  o f  
GNP in c on s tant  do l la r s  m inus c h ang es in 
i nven t o r i es ;  (5) t h e  F e d eral Re 5 erve B o a rd 
Ind ex o f  Industrial Pr o duc t i on . 

Thu s , a few i d e a s  on e x t e rnal i n f o rm a t i o n  and i ts e f-

fe et on fo r eca s t s h ave b e en p r o v i d e d .  It c an b e  g en e r a l i z e d 

t ha t  m o d e l s  m u s t con s i d e r  ex t e rnal information t h a t  a pp l i e s  

t o  i t s product a n d  o t he r a c t i v i t i e s r e la t i ng t o  i t s  p r o duc t . 

Judgemen t a l  a n a l y s i s  i s  n e c e s s a ry at  c e r t a i n  l ev e ls t o  add 

th e  human e lemen t .  Even t h e  BEA fo r e c a s t i ng mo d e l  m a ke s u s e 

o f  judgemental a na ly s i s  and make s c e r t ain  a d j u s t me n t s b a s e d  

o n  e xt erna l  i n fo rma t ion . 

6charles c .  Ho lt , Fr anco  Mo d i gl i ani , John F. Mu t h , and 
He rb e t  A. S i mon , Planning Pro duc t ion, Inventories, a nd Wor k 
Forc e ( Eng lewood Cl i ffs ,  New Jersey: Pr e n t i ce-Hall , Inc . ,  
1960), pp. 145- 1 46 . 



Chapt e r  4 

APPL I CAT I 01 S IN F O RE CASTING 

I t  i s  now ap p a ren t t ha t  man i s  ab l e  to for e c a s t t he 

fu t u r e  u s i ng m any d i ffe rent  me t ho d s . T he s e  m e t ho d s  c ombin e d  

w i th human e l em e nt s  ena bl e  m an t o  p r o je c t  t o  t he fu t ur e  and 

g ive t he co ns umer wha t  is d em and e d . Thi s c h ap t e r  wil l attempt 

to poin t out s o me o f  t he mo r� g ene r a l i z e d u s e s  o f  f o r e c a s t s  in 

an a t t empt t o  s ho w  t ha t  fo r e c a s t s  c a n  b e  us e d  1 n  ju s t  a b out  

anything . C o mmon u s e s  of  fo r e c as t s  are i n  i nventory c o n t r o l , 

production planning, and s a l e s .  F o r e c a s t s  c an al s o  b e  u se d  

for s u ch  th i ng s a s  ant i c i pa t i ng s tudent  e n r o l lm e n t  i n  uni ver-

s i t ie s , or  t he effe c t s  one c hemic a l  may hav e  o n  another sub-

s t an .e . S om e  may t h i nk t h a t  t hi s  i s  ju s t  a d r e am! If it i s  

pos si b l e  t o  f o r e c as t  s a l e s  and p r oduc t i o n , c e r t a in l y it is 

po ss ible t o  f o r e c a s t  c hem i c a l  e f fe c t s . 

T homa s E .  Vol lma n ind i c a t e s  t hat in f o re c a s t i ng many 

attemp t t o  ident i fy p a s t b asi c d emand l e ve l s  g en e r a t e d by  a 

co mpl e x  set o f  known and unknown fact or s ,  I n  do ing s o , e f -

for t s  are d i vided in t o  two c at e g o r i e s  o f  mod e l s ; one fo r e s t i-

ma t i ng future de mand l ev e l and ano t he r  c on c e rn e d  w i t h  ass e s s ­

ment s o f  the i n f l u e nc e  o f  additi o n a l  o r  n ew c ausa l  fa c t o r s  o n  

a g iven l e ve l o f  demand.1 

1Tho rna s E. Vo l lman , Op e r ations  Management; 
�od�]::._�ui l d ing P�£r9ach (Re a d �ng , Mas s achu se tt s :  
Wes _1.e y  .Publishing Co mpany, 1913), pp. 479-480. 

A Sys t em 
Addison-



Fo r e c a s t s , r eg ard l e s s  o f  t he  app li c a t i o n , ar e . an ex -

t r e rne ne c e s s it y  i n  many b us in e s s e s .  T he b as i c r e as on a 

c omp any f o r e c as t s  i s  t o  b e  p r ep a r ed fo r t h e  f ut u r e . T hu s , 

on e must a t t empt t o  ob s e rv e  t he mar k e t  p l ac e a f e w p e r i o d s  

a h e ad. T he l ag t ime  i s  n e c e s s ary f o r  a b u s i n e s s  t o  e xam in e  

1 9  

i t s  i nven t o r i e s  and p r o du c t i o n  c ap ab i l i t i e s  and e s t ima t e  i t s  

c ap ab i l i ty t o  me e t  futur e d emand . It c an t hen  r e o rd e r  i f  

ne c es sa ry. Ano t h e r  us e o f  t h e  l ag i s  t o  a c c o mm o d at e  t ho s e  

v endo r s  t h a t  a l s o n e e d t i me t o  p r odu c e  t h e  r aw mat e r i al . I n ­

du s t r i es n e e d  t o  pr o j e c t  fo r t h e  fut ur e  and a d j u s t  a s  n e c e s -

sa r y :  1 .  T o  de t e rm i n e  the n e c e s s i t y fo r 
and t h e  s i ze o f  p l an t  e xpans i o n s . 2 .  T o  
d e t e r mine t h e  i nte r me d i a t e  p l ann i ng f o r  
e x i s t i n g  p r od uc t s  t o  b e  manufac t u r ed w i t h  
e x i s ti ng f a c jl it i e s .  3 .  T o  d e t e rm i n e  the 
sho r t  r ang e s c hedu l ing o f  ex i s t i ng p r o du c t s  
t o  b e  manufac t ur e d  o n  e xi s t i ng equipme n t .2 

I NVENTORIE S 

One o f  t h e  mo r e  commo n  us e s  o f  fo r e c a s t s  b y  bu s i n e s s e s 

i s  inven t o r y  c o n t ro l . Inven t o r y t he o ry i s  d e f i n e d  a s  f i nd i ng 

i npu t ( r ep l en i s hment) and output  ( d e mand )  func t i o n s  f o r  an 

i nven tory ( d e f i ne d  as  an ide a l  r e s our c e  o f  a ny k i nd )  t hat 

max imize a g i ven  meas ur e o f  e f f e c t i v e ne s s  s ub j e c t  t o  c e r t ain  

2J o hn E. Bi e ge l ,  Pro duc t io n  Contr�l :  A Quant i tat i v e  
fu?pr o ach (Englew o od C l iffs , New Je r s e y: P r en t i c e - Ha l l , Inc . , 
1963), p. 17. 

. 
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r e s t r i c t i o ns . 3 Ro b e r t  G. B r o wn s u gg e s t s t ha t  t e c h 11iques fo r 

app l i c a t i o n  t o  inven t o ry c o n t r o l p r obl em s a r e  me t ho d s  o f  

adap t iv e  f o r e c a s ting  a nd s t a t i s t i c a l  de t e rm i na t i o n o f  s a f e ty 

s t o ck . 4 

A . H . P a c ke r  a t t emp t s  t o  i l lus tr a t e  a d ap t i v e  f o r e c a s t -

i ng i n  i nv e n t o ry c o n t ro l . T h e  p r o c edures h e  fo l l o we d  i n  

r e a c h i ng o b je c t iv e s  we r e : 

1 . Bui l d  a mo de l  o f  t he p a r t i cula r  
i nve n t o ry s t ud i e d t hr o ug h  fo rmul a t i o n  o f  a 
nd e xp r e s s i o n  . . .  2. Man ipu l a t e  t he mo d e l 
t hr o ug h a p e r i o d  o f  t ime s imu l a t ing t he 
p r e s e n t  i nvent o ry d e c i s i o n r u l e s  . . .  3 .  
Man i pu l a t e  t h e  mo de l t hrough t he s ame  p e r -
i o d  o f  t ime s imul a t ing t h e  p r op o s e d d e c i s i on 
r u l e s  o r  c o nt r o l  v a ri ab l e s ( a  numb e r  o f  s im­
u l a t i o n s  are  r e qu i r ed t o  e s t a bl i s h  the  op ti ­
mum e x p o n en t i a l  smo o t hi ng p a r am e t e r  v a l u e s ) . . . 
4 .  Comp a r e  ( s t a t i s t i c a l l y )  t h e  r e s u l t s  o f  t h e  
s imu l a t i o ns and r aw c o nc l us i o ns a s  t o  t h e  
mag n i t ud e  o f  t h e  imp r o ve ment . S 

Pa c k e r  u s e s  t he exp o n ent i a l  smo o t h i ng t e c hn i q ue t o  

fo r e c a s t a n d  p o i n t s ou t s e v e r a l  davan t a g e s  o f  t h i s  t e c hni qu e :  

1. On ly  r e c o r d s  o f  t h e  l a s t e s t im a t e  
o f  t h e  ave r a g e  and a s mo o t h i ng £a c to r  ne e d  to 
be r et a i ne d . 2 .  T h e  imp a c t  o f  _r e c e nt e xp e ­
r i en c e o n  t h e  next  e s t ima t e  o f  d emand c a n  b e  
e a s i l y adj u s t e d . 3 .  T he av er a g e c a n a c c o u nt 
f o r  a t r e nd o r  cyc l i c a l  demand s i tuat i o n .  
4. T h e  imp ac t  o f  a ny s ingl e  mo nt h 's e xp e r i ­
en c e d e c r e a s e s  exp onent i a l l y with t im e , i f  

3A . H . P a c k e r , " Simu l a t i o n  and Ad ap t iv e  F o r e c a st ing As 
App l i e d to Invento ry C ont r o l , '' Oper a t i o ns Re s e ar c h , 15, No . 4 , 
(Ju ly 19�7), p .  660. 

4 Ibi d . , p. 661. 
Sib id , , p .  662 -663. 



t h e  m o d e l  o f  t he demand curve is a s t r a i gh t  
l ine , t h en e xp on en t i a l  smoo t h i ng f it s  a mo de l 
tha t mi n im i z e s  the we i g ht e d  s um o f  t h e  s quar e s  
o f  t h e  e r r o r s , 6 
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The p r o bl em in P a c ke r ts model is t h e  c ho ice o f  a p ro p e r  

smo o t h ing c on s t a nt ,  He s ug g e s t s  t r ying ou t a f ew valu e s  and 

fin d in g  the  be s t  f i t . 7 T hu s  it c an be r e a l i z e d t h a t in t h i s  

p r o bl em a s  we l l  as a ny ,  t h e  b e s t  s mo o t hin g c o ns t ant i s  

e s s en t ia l , 

The  imp o rt anc e o f  invento r i e s mu s t  no t b e  und e r e s t i -

ma t e d . P r o du c t i o n  c o u l d  s t op a s  we l l  a s  g o o d s  and s e rv i c e s  

not p r o vid e d  fo r cu s t ome r s  be c au s e  o f  p o or i nv e n t o ry c on t r o l. 

Elwo o d  S. B u f fa in s i s t s t h a t  demand fo r e c a s t i s  c r i t i c a l  fo r 

s ome o f  t h e  mo s t  imp o r t ant  d e c is ions  in  p ro d u c t io n  and o per a-

t i on s  mana g e me n t , p a r t ic ul a r l y t ho s e  r e l a t e d  t o  inv en t o r i e s , 

et c . F o r e c a s t s  a r e  a c r i t ic a l  inp u t  t o  t he d e s ig n  o f  a sys ­

tem be c aus e t hey a r e  a d i r e c t  f a c t o r  i n  t h e  d e t e rm inat i o n  o f  

the mo s t  e c o nom i c a l  p r o duc t i o n d e s i g n  o f  pr o d uc t s . 8 

T he r e  a r e  v a r i o u s  kinds  o f  inven t o r i e s  t ha t  a r e  u s ed 

fo r a na lytical p urp o s e s . T h e s e a r e  p ip e l in e ,  l o t  s i ze o r  

cyc l e , bu f f e r , d e c o up l i n g, and s e a s ona l .  P ip e l i n e  i nven t o r ies 

ar e t ho s e  a t  h �nd u s e d  t o  me e t  e v e r y  l ag dur i n g  t h e  t r an s i t  

t ime o r  t o  f il l t he p ip e l ine , Lo t s i z e  inve n t o r i e s  a r e  t h e  

6Ib id , ,  p. 665t. 

7 . 
I bid ,2 p .  665-666, 

8 E l wo od S .  B u ff a , Mo de r n  Pro duc t ion Mana gell1�n!_1 4th 
Editio n (Ne w York: J o hn Wil ey and Sons , 1973), p p, 4 7 4-4 76, 
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amoun t  p r e s e n t  fo r s p e c i f i e d  p e r i o ds , T h i s s ho u l d  b e  a s  muc h  

a s  p o s s ib l e t o  m i n im i z e  s t o r ag e  co s t s ,  Bu f fe r  s t o c k  i s  u s e d 

t o  p ro t ec t  a g a i n s t  unp � e d i c t ab l e  var i a t i on i n  d emand and s up ­

p l y t ime . D e co up l i ng i nv e nt o r i e s  a r e  t h e  amoun t in s t o c k 

t h a t  w i l l m a ke t h e  r e qu i r e d  o p e r a t i o n s  i n d e p e nd en t  enough o f  

e a c h  o ther s o  that  l ow c o s t op e r a t i o n  c a n  b e  c a r r i e d  out . 

I nv e n t o r i e s  i n  w a r e h o u s i ng c an p r o c e e d i n d e p e n d e n t  o f  manu ­

fac tur i ng � S ea s o n a l  i nv e nt o r i e s  a t t emp t t o  fo l l ow d emand o n  

a s e a s ona l ba s i s . 9 

I t  c an b e  r e a l i z e d t h a t  inven t o ry c on t r o l s y s t em s  a r e  

v a r i ed and c omp l ex . T h e  g en e r a l i z e d app l i c a t i on s  a n d  m e t ho d s  

we r e  i n t r o du c e d . F o r e c a s t ing i s  tru ly  e s s en t i a l  in  i nven t o ry 

cont r o l �  fo r w i t ho u t  fo r e c a s t s  there  wou l d  b e  no  c on t r o l . 

PRODUCT I O N  PLANN ING 

Ano t h e r  common u s e  o f  f o r e c a s t s  is in p r o duc t i o n  p l an ­

ning . T odays indu s t r i e s  mus t  p l an fo r v e ry i mp o r t an t  e l em e n t s  

o f  p r o duc t i o n  s u c h  a s  p ay r o l l s ,  h i r i ng , l ay o f f s , i nv e nt o r i e s � 

and m a c h j n e  c o s t s . T he s e and many o t h e r  i t em s  c omp o s e t he 

co s t o f  p r o duc t i on . T h e  fo r e c a s t s  a r e  n e c e s s a ry b e c au s e o f  

the t r emend ous c o s t s i n c u r r e d  by any one  o f  t h e  p r o du c t i o n  

e l eme n t s . A n  a c c ur a t e  fo r e c a s t i s  e s s e n t i a l  t o  t h e  p l ann i ng 

o f  p ro duc t i on � 

9 I bid . , p �  4 7 6 - 4 7 9 .  
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P r oduc t i o n  p l ann ing i s  ac tua l l y d e c i d i ng how m any o f  

e a ch p ro du c t  t o  m anu fa c tur e . I ndus t ry i s  l a s he d  w i t h  t he r e ­

s p o nsib i l i ty o f  m a k i n g . p r o duc t s  b e fo r e  t h ey a r e  s o l d and b e ­

f o r e  t hey know t o  whom t he p ro duc t i s  t o  b e  s o l d  o r  the  quan ­

t i ty .  As i s  e v i d e n t , b ad fo r e c a s t s  c o s t mo ney.  I f  an i ndus -

t ry und e r e s t ima t e s ,  t he p r odu c t  runs out· a n d  s a l e s a r e  l o s t . 

I f  an i ndust ry o v e r e s t ima t e s , t he indu s t ry mus t t h e n  i n c u r  

the c o st o f  i nv e n t o r i e s a n d  p ro duc t s  mu s t  b e  m a r k e d  d own . 

B e c au s e o f  r aw m a t e r i a l s , i nv en t o ry c o n t r o l ,  a n d  e qu ipment , 

fo r e c a s t s must b e  mad e far in  advanc e .  F o r e c a s t s  a i d  i n  

d e t e rm i n i ng f a c t o ry sch e du l e s  whi ch a r e  t h e  he a r t o f  a ny 

p r o du c t i on d e p a r tm e n t . F o r e c a s t s  ar e o b j e c t iv e s  and c an b e  

g en e r a l i z e d a s  s a l e s  p ro g rams and g o a l s . I t  i s  a n  a t t emp t t o  

d eve l op c omp e t i t i o n . F o r e c ast s o f  pr oduc t i o n  d ev e l op budg e t s  

by g ene r a t i ng p l a ns  f o r i n c ome and p r o f i t.  P r o du c t i o n  p l an ­

ning i s  a b a si s fo r i nven t o ry c o ntro 1 . 1 0 

F r ank l in G .  Mo o r e  says tha t  p r o duc t i o n  c on t r o l do e s  n o t  

fo r ec a s t s a l es .  I t s func t i on  i s  t o  ana ly z e  t ent a t i v e  fo r e -

ca s t s  made  by o t he r s  i n t o  f a c t ory c ap a c i ty r equ i r eme n t s and 

he lp in  d e v e l op i ng  f o r e c a s t s  and p rodu c t i on ne e d s , Mo o r e  add s  

tha t mo s t  i ndu s t r i e s have t h e  p r o duc t i on c o n t r o l d ep a r tm ent  d o  

the  fo r e c a s t i n g , b e c au s e t he s a l e s  depar tmen t i s  l i k e ly  t o  b e  
. 1 d . 1 1 op t imi s t i c  a t  t ime s . T hi s  s ho u l d avo i d  i r r e g u  a r  p r o  uct 1 on . 

l O F r an k l i n  G .  Mo o r e , P roduct i o n  C o n t r o l (New Yo r k : 
McG r aw - H i l l B o o k  C omp any , I nc . , 1 9 5 9 ) , p p . 111 - 113 , 

1 1 I h i d . , p p .  1 2 3 - 1 2 4 .  
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J o hn Mag e e  s ay s  t h a t  p roduc t i o n  p l a nn i ng  i s  c o n c e rned  

wi t h  the  futur e ,  w i t h  l ayout of  p r o duc t i on op e ra t i o n s  to  m � e t  
I 

futu r e  ant i c ip a t e d  s a l e s  w i t h  fa c i l i t i e s t h a t may no t even 

ex i s t .  P r oduc t i o n  p l ann ing mus t f i x  s ome o r  a l l  t he c ha r ac ­

t e r i s t i c s  o f  manu f a c tu ring and d i s t r i b ut i o n  op e r a t i o ns . Thu s , 

the  o b je c t i v e  i s  t o  a r r i v e  a t  s t a t em en t s  a b o u t  g e n e r a l  c har -

a c t e r i s t i c s  o f  manu f a c tur ing dur ing the  p e r i o d p l ann e d . He 

s ay s  t h a t  p ro duc t i o n p l ann ing m e t h o d s  have t wo imp o r t a n t  us e s . 

On e i s  d i r e c t  p l anning  u s e d t o  d r a w  up p r o du c t i o n p l a ns , sub -

j e c t  t o  co s t s , p o l i c i e s , f i nanc e s , cu s tome r s e rv i c e , and 

l ab o r . s t ab i l i ty .  T he o t h e r  func t i o n  i s  t o  g iv e  m an a g em e n t  

g u i d e s  fo r u s e i n  s e t t i ng  t he b a s i c  p o l i c i e s , 1 2  

Jus t a s  i n  i nven t o ry c o n t ro l , fo r e c a s t s  a r e  a n e c e s -

s ary and an imp o r t ant  p a rt o f  p r o du c t i on  p l ann i n g . An a c -

cur a t e  f o r e c a s t c a n  b e  very imp o r t an t  t o  an i nd u s t ry ' s  p ro -

duc t i on p l anni ng i n  the  form o f  s c hedu l e s . Co s t s  a r e  m i n i ­

m i z e d w i t h  a g o o d and a c curat e fo r e c a s t .  

SAL E S  

Any indu s t ry mu s t  d ep end o n  f o r e c a s t s  f o r  s a l e s . 

Sa l e s  fo r e c a s t s  g i v e  t h e  indu s try t h a t  b a s i c  e l em e n t  us ed  to  

d e t e rm i n e  t h e  am ount of  p roduc t  tha t mus t be  p r o d u c e d  and in 

t u r n  a p r o du c t i o n  p l an wh i ch r e s u l t s  i n  op t imum j_ nv e n t o ry 

1 2 ,J o hn F �  Mag e e , P r o duc t i o n  P l ann i n_g__?.nd I nv e nt o r� 
Cont ro l (New Y o r k : McG r aw - H i l l  Bo o k  Comp any , I nc . , 19 5 8 ) , 
p .  13 3 . 
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c o n t r o l .  S a l e s  f o r e c a s t s  m e a s u r e  c o n s um e r  d emand i n  t h e  f o rm 

o f  t a s t e s , s e a s o n s , s ty l e s , and many o t h e r  unm e a s ur a b l e  i t em s  

o f  u t i l i t y .  

a s : 

W i l l i am Vo r i s  a t t emp t s  t o  de f in e  t h e  s a l e s f o r e c a s t s 

an a t t emp t t o  d e t e rm i n e  o b j e c t i ve l y  
t h e  vo l um e  o f  s a l e s wh i c h  c a n  r e a s on ab l y  
b e  exp ec t e d b y  t h e  s ub j e c t  comp any a t  s om e  
fu tur e d a t e . 

T h e  typ e and qu an t i ty o f  manufa c tur i ng ex e rt s a b i g 

i nf l u en c e o n  t h e  imp o r t anc e o f  a s a l e s  fo r e c a s t .  T h e  s a l e s  

f o r e c a s t i s  u s e d  p r ima r i ly  t o  eva l ua t e  o v e r - a l l  e c o n om i c  

cond i t i on s  and s e r ve s  a s  a · g ene ra l g u i d e , Vo r i s  s ug g e s t s  

s ev e r a l u s e s  o f  s a l e s fo r e c a s t s a s :  

1 . T h e  s a l e s  fo r e c a s t  i s  o f  va l u e 
i n  ma k i n g  p o l i cy de c i s i o n s  tha t i nvo l ve 
b udg e t i ng . . .  
2 .  I n  c o n t ro l l ing i nvent o r i e s  . . .  
3 . I n  imp r o v i ng p ro duc t i on c o n t ro l t hr o ugh 
a mo r e  a c c u r a t e  p i c ture o f  t h e  fu t u r e  . . .  
4 . I n  s e t t i ng  up an a c cura t e  y a r d s t i c k  for  
eva l u a t i ng t e r r i t o r i e s  a n d  s a l e sm e n  . . .  
5 .  I n  p l ann i n g  exp ans i o n  r e a l i s t i c a l l y . . .  
6 .  I n a l l o c a t ing w i s e l y  t h e  money t o  b e  
s p e n t  i n  s a l e s p romo t i on  and adve r t i s i ng , 
7 .  I n  e l i m i na t i ng o r  rep l a c ing unp ro f i t ­
a b l e  p ro du c t s . 
8 . I n  d ev e l o p i ng e f f e c t i v e  f i nanc i a l  c on t ro l s  . . .  
9 . I n  e s t a b ! � s h ing p e r s onne l p o l i c i e s  mo re 
e f f e c t i v e l y .  

S amu e l  E i l o n s ay s  that  marke t r e s e a r c h  i s  an i nd i s p ens ­

ab l e  p a r t  o f  t h e  p l ann i ng func t i on o f  an indus t ry . The s tudy 

1 3Wi l l i 3m Vo r i s , P r o du c t i on C o n t ro l , T e x t  and C a s e s  
( Hom ewo o d , I l l i no i s : Ri cha rdD .  I rwi n , 1 9 6 1) , pp . 1 3 1 - 1 3 3 , 



o f  t ho s e £ a c t o r s  i n  t he m a rk e t  t h a t  c o n t r i bu t e t o  a f i n a l  

s a l e s  f o r e c a s t i s  c l o s e ly a s s o c i a t e d  w i t h  a c t iv i t i e s  i n -

e l ud e d  a s  o n e  o f  t he f�nc t i o n s  o f  t h e  s a l e s  d e p a r tmen t . I n  

m ak i ng a s a l e s  fo r e c a s t ,  s ev e r a l  c o n s i d e r a t i o n s  mu s t  b e  

inc l u d e d . T he s e  a r e  c o n s ump t i o n  and i t s  r e s t r i c t i on s , t h e  

p r o duc t a n d  i t s  l im i t a t i o n s , c o n s um e r s  a n d  b uy i n g  p o w e r , 
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comp e t i t i o n , s a tur a t i o n , r ep l a c ement , d i s t r i bu t i o n , adve r t i s -

ing , t e rm s  o f  s a l e , p r i c i n g , �us i n e s s  cyc l e s , and g en e r a l 

s a t i s fy i ng o f  c on s um e r  d emand . 1 4 

OTHER AP P L I CAT I ONS 

F o r e c a s t s  h a ve a v a r i e ty of u s e s  as w e r e  d i s cu s s e d 

abo v e . Some o f  t h e  o t h e r  app l i c a t i o n s  m ay b e  new p ro du c t  

demand , fo r e c a s t i ng a g g r e g a t e  o rd e r s , and fo r e c a s t i ng t h e  

eco nomy . 

Hamb u r g  and A t k i n s  have a c omp u t e r  mo d e l  f o r  fo r e ­

ca s t i ng new p ro du c t  d emand . The  mod e l  wa s u s e d  . t o  g u i de 

mar k e t ing d e c i s i o n s  dur i n g  t h e  l i fe o f  t h e  new p ro du c t , I t  

us e s  p a s t d a t a  and i nc l u d e s a f e edb a c k  s y s t em p r o v i d ing f o r  

re fo r e c a s t s  a s  n ew d a t a  i s  a va i l ab l e . T r a d i t i o n a l m e t h o d s  o f  

t ime s e r i e s  a n a l y s i s  w e r e  n o t  u s e d  b e c aus e t h e r e  wa s n o  h i s ­

to ry o f  p a s t d a t a . The  mo d e l  u t i l i z e d the  amount o f  

1 4
s amu e l  E i l o n , E l emen t s  o f  Pr oduc t i on P l ann i ng and 

�nt r o l ( New Yo r k : The  Macm i l l an Comp any : 1 9 6 2) , pp . 1 0 0 - 1 1 4 . 



awa r e n e s s  a nd i n f o rma t i on a s  i t  c ame i n  t o  d eve l o p a f o r e ­

c a s t . I t  c a n  r e fo r e c a s t a s  da t a  e n t e r s  t he s y s t em . 1 5 

2 7  

T h e  f o r e c a s t  o f  ag g r e g a t e  o rd e r s  i s  a n  a t t emp t f o r  an 

i ndus t ry to p r o j e c t  o n  f o r e c as t s a l e s o f  ano t h e r  c omp any t o  

d e t e rm i ne i t s  s a l e s . T h e  p r o c e s s wo rks  b e c a u s e o ne c omp any ' s  

output i s  ano t h e r  c omp any ' s  i npu t . Th i s  typ e o f  f o r e c a s t i s  

c l o s e l y r e l a t ed t o  s a l e s  fo r e c a s t s . 

The  B EA Qu a r t e r l y  Mo de l wa s u s e d a s  a f o r e c a s t i n g  in -

s t rumen t . T h e  Bur e au o f  E c o n om i c  Ana l y s i s  Qua r t e r l y mo d e l  

b e l ong s t o  t he l a rg e m o d e l c l a s s  in  f o r e c a s t i n g . I t  i s  a l s o 

us e d  t o  an a ly z e  t h e  imp a c t  o f  g o v e rnment  p o l i c i e s . T hu s , t h e  

e c o nomy i n  g e n e r a l  i s  fo r ec a s t .  I n  th i s  p a r t i cul a r  c a s e , 

fo r e c a s t i ng r e f e r s  t o  t h e  e s t ima t i o n  o f  p r o b ab l e  va l u e s  o f  

e c onom i c  va r i ab l e s . Th i s  mo d e l  i s  an e c o no m e t r i c  fo r e c a s t 

of t h e  e co nomy . T h e  va l i d i ty o f  t h i s  fo r e c a s t i s  b a s e d  o n  

p a s t p e r fo rman c e  a n d  p r e d i c t i o n e r r o r s . 1 6  

P s y ch o l o g i s t s who have s tud i e d  t h e  l e a rn i ng p ro c e s s  

h ave dev e l op ed a mod e l . They s ay t ha t  one ' s  l ev e l o f  unde r ­

s t anding a t  a ny t ime l s  e q u a l  to  h i s  p r e v i o us l ev e l o f  

l S Ham b ur g , M .  and R .  J .  A t k i n s , " C ompu t e r  Me d e l  fo r 
New P r o dµc t Demand , n  H a r v a r d  B u s ine s s  Rev i ew , 4 5 Ma r c h ,  1 9 6 7 , 
PP . 1 0  9 - 1 1 3  • 

1 6A l b e r t  .J� • •  H i r s c h , "The B EA Quar t e r l y  Mo d e l  a s  a Fo re ­
ca s t in g  I n s tr um ent , "  Survey o f  Cu r r en t Bu s in e s s ,  5 3 , No . 8 ,  
(Augus t ,  1 9 7 3 ) , pp . 2 4 - 2 5 .  



·unde r s t and i n g  p l u s  s om e  f r a c t i o n  o f  t h e d i f f e r en c e  b e t we en 

a n e w e xp e r i e n c e and h i s p r e v i ou s unde r s t a n d i n g � l 7  

A s  ha s b e e n  d em o n s t r a t e d in t h i s  chap t e r t he r e  a r e  

many u s e s  o f  f o r e c a s t ,  A g o o d  fo r e c a s t c an b e  a p p l i ed t o  

a lmo s t  any t h i n g , O n e  c an even  u s e  g o o d  f o r e c a s t s i n  b u d g e t  

28 

p l a nn i ng f o r  t h e  f am i ly . F o r any p r o b l em m a n  c a n  d e v e l o p f o r  

h im s e l f ,  a f o r e c a s t c a n  b e  u s e d  in  s o lv i ng i t , 

1 7 Ro b e r t  G .  B r own Smo o th i ng ,  F o r e c a s t i n g  a nd P r e d i c ­
t i on o f  D i s c r e t e  T im e  S e ; ies ( Eng l ewo o d  C l i f f s , New J e r s e y : 

.Prent i c e  - Ha 1 1  , I n c . , 1 9 6 3 ) , p . 1 0 4 . 



C h ap t e r  5 

E X PO NENT IAL SMOOTH I NG 

G ENERAL 

Exp o n e n t i a l  s mo o t h i ng i s  a fo r e c a s t i ng t e c hn i qu e  b a s e d 

up on t he mov i ng a v e r ag e s m e t h o d . Unl i ke t he n1 o v i ng av e r a g e s  
me t ho d , exp on e n t i a l  s moot hi n? d o e s  no t w e i g h  t h e e f f e c t s  o f  

p a s t d a t a  e q u a l l y . Exp o n e n t i a l  s m o o t h ing can a l l o w t h e  u s e r  

t o _ app l y  w e i g h t  t o  t h e  l a t e s t dat £ a n d  t h s n a f f e c t  t he f o r e -

c a s t . S im i l a r l y , w i t h  t h i s t e c hn i qu e , indu s t ry c an a d j u s t  

the r o u t i ne t o  r e a c t  t o  p a r t i cu l a r s i t ua t i o n s  i f  n e c e s s a ry . 

Exp onent i a l  s m o o t h i ng c an b e  s imp l e  o r  it c an a l l ow fo r t r e n d  

i n  t h e d a t a . I t  c a n a l s o  a d j u s t f o r  s e a s o n a l  e f f e c t s o r  al -

l ow fo r a l l  e f f e c t s  a t  o n e t i m e - t r e n d , s e a s o n a l , a n d  i r r e g -

u l a r  p a t t e r n s . A d i s t i n c t  a d v a n t a g e  o f  exp o n e n t i a l  smo o t h i ng 
i s  th� t un l i k e  �o v i �g av e r a g e s  and o t h e r  m e t h o d s , t h i s  t e c hn i -

qu e d o e s no t r e q u i r e  p a s t d a t a  t o  fo r e c a s t .  

S IM P L E  EXPONENT I A L  S�,1QOTH I NG 

B· "" ,.... ..... ). c h o r e p o 1· . n t r.: o u t  t· -'�1 1'.J t  r lJ-: e  s i nm l e s t k i nd o f  t ime . ·a � .&. u :.. - oJ � ... . i 

s e r i e s i s  o n e  w i t h  o n l y  i r r e g u l a r  mo v e m e n t . I f  t he da t a  i s  
we i g h "t t' d. in s u c h  a way t h a t t h e mo s t  r e c e n t  d a t a  had t h e  

he av i e s t  we i g h t , t he f o r e c a s t i ng s c h e m e  c o u l d  r e s p o � d  mo r e  
e f f � c t i ve l y t o  r e c e n t c hang e s  i n  t h e  s e r i e s . I n  g e ne r a l  
no ta t i on , t h e  w e i g h t e d  ave r ag e  i n  f iv e  t e rms i s : 



wh e r e : 

F = Wndn + W� - 1  dn - 1 + Wn _ z dn - 2 + Wn - 3 dn - 3  ,+ 

wn - 4 dn - 4 

F = new a v e r a g e t o  b e  u s e d  a s  a f o r e c a s t 

Wn= we i g h t i n  m o n t h  n 

dn= a c t u a l d em a nd i n  mo n t h n 

Th e r e s t r i c t i o n  i s : 

n 
E 

i = l 
W ·  = 1 1 

3 0 

The a b o ve e x amp l e  o f  a we i g h t e d  ave r a g e i s  s i mila r t o  exp o n e n ­
t i a l s m o o th i n g . Expo ne n t i a l  smo o t hi ng , howe ve r ,  c o n t i nue s 

i nd e f i n t e l y  i n t o  t h e  pa s t .  

and 

n 
L: 

i= l 
W · = 1 1 

T h e  we ight s s um t o  l ,  Exp o n e n t i a l  s m o o t h i ng a l l o ws t he 

we i g h t s  to b e  c ho s e n i n  a s pe c i a l  way . T he we i ght s a r e  

p o w e r s  o f  a s m o o t h i n g  c o n s t an t  A :  

Dn - Adn + A ( l - A ) dn - l  + A ( l - A ) 2 dn - Z + A ( l -AJ 3 dn - 3 + • . .  

Dn i s  u s e d  t o  r ep r e s en t  t h e  smo o t h e d  ave r a g e  c omp u t e d  i n  

p e r i o d  n .  Th e v a l u e of  A i s  re str i ct e d b e tw e e n  0 and 1 .  F o r 
ex amp l e ,  i f  A = . 1 ,  t h e  exp o n e n t i a l l y  smo o t h e d  func t i on wo� l d  

b e : 

Dn = . 1 C.n + • 0 9 dn - l + • 0 8 1 dn - 2 -+ , • •  



3 1  

Ano t he r  way t o  s p e c i fy t h e  exp onent i a l l y  s m o o t h e d  func t i o n 

is : 

whe r e : 
Dn - 1 = ex p o n en t i a l ly smoo thed ave r a g e d e t e rm i n e d  l a s t  

mo nt h ,  o r  t h i s  m o n t h ' s  f o r e c a s t  

dn = th i s  mon t h ' s  a c t u a l  d emand 

Thu s , t h e  n ew ave r a g e  i s  e qua l t o  t he o l d a v e r a g e  p l u s  s ome  

p ar t o f  t h e  e rr o r  i n  e s t ima t ing t h i s m o n t h ' s  demand , A mo r e  

s ho r t e n e d  f o rm o f  t h e  func t i on ,  wh i c h i s  m o s t · u s e fu l  i s : 

Dn = Adn + ( l - A ) Dn - 1 

Thus , i t  c an b e  n o t e d  t ha t  t he p r e c e e d ing  s h o r t en e d  fo rm w i l l  
1 s o l v e  t h e d a t a  s t o r ag e  p r o b l em .  Examp l e : T h e  smo o t h i n g  

c o n s t a n t  A i s  e q u a l  t o  . 1 .  L a s t mo n t h ' s  f o r e c a s t  fo r t h e  

m o n t h  ( Dn - 1) i s  e q u a l  t o  1 4 . T h e  a c tu a l  d emand t h i s mo n t h  

C ci n )  i s  e qua l t o  1 2 . N e x t  mo nth ' s  demand ( Dn ) wo u l d  b e  c a l ­

c u l a t e d  a s  fo l l ows : 

D - . 1 ( 1 2 )  + ( 1 - . 1 ) 1 4 n. 

Dn = 1 . 2  + . 9 ( 1 4 ) 

D n. - 1 . 2  + 1 2 . 6  

Dn = 1 3 . 8 
Nex t mon t h ' s d em and wo u l d  b e  fo r e c a s t a. s 1 3 . 8 ,  I n  u s i ng ex ­

p o n e n t i a l s mo o t h i ng  o n ly t he l a s t  fo r e c a s t mu s t  b e  r e t a ined . 

Thomas Vo l l m a n  p o i n t s  out  t hat  t he e f f ec t o f  e a c h de ­

mand ob s e rvat i on i s  r e t a i n e d fore v e r . T h e  we i g h t  a s s o c i a t e d  

_______ .. ____ _ , _ _ _ _ 

l B a r ry Sho r e , Ope .. r a t i o n s  Ma n a g ement  (New Y o T k : .Mc ­
Graw - H i l l B o o k C omp any , 1 9 5 9 ) , p p . 2 7 4 - 2 7 7 . 



3 2 

w i t h  t h e  d em an d  e s t ima t e  i s  s ub j e c t  t o  e xp o ne n t i a l  d e c ay . As 

any a c tu a l  demand a lway s ha s an i mp a c t  on the f o r e c a s t e d d e -

m and , i t  w i l l  r e t a i n  s ome  i n f l uenc e o n  e s t ima t e s  o f  fu ture  

dem and . 2 

Rob e r t  G .  Br own g i ve s thr e e  advan t ag e s  o f  exp o n e n t i a l  

smo o t h i n g . He  s ay s  t h a t  smo o t h i ng i s  a c cur a t e  a n d  p r o v e s 

tha t t h i s  func t i o n  m i n im i z e s  t h e  we i g h t e d  s um o f  s qu a r e d  re ­

s i dua l s . T h e  c omp u t a t i ons  � r e  s imp l e  and r equ i r e l e s s  a r i th -

me t i c  than a mov i ng ave r ag e . The f i l e  o f  h i s t o ric a l i n f o rma -

t i o n  i s  s ho r t en e d  f r om n - 1 o b s e rva t i o ns  t o  D t - l · And f i na l l y  

a s  m en t i on e d  a b o v e , e xp o n en t i a l  smo o t h i n g  i s  f l e x i b l e ; c ap a ­

b l e  o f  a dj u s t i n g  t o  any typ e o f  d a t a . 3 

TREND AND I RRE GULAR 

S om e  d a t a c l e a r l y  c o n t a i n  a t r end wi t h  s om e  i r r e g u l a r  

no i s e  fa c t o r s . Whe n  t h e  s imp l e  exp o n ent i a l  mo d e l i s  u s e d o n  

th i s t y p e  o f  d a t a , t h e  s mo o thed s e r i e s  l ag s b e h i nd t h e  a c tu a l  

s er i e s . a s s um i n g  a n  upward t r end . B a r ry S ho r e c o r r e c t s  fo r 

t he l ag by t he f o l l ow i ng : 

Dn = Dn + c o r r e c t i on for  l ag due t o  t r end 

Dn b e c ome s the new t r end c o r r e c t e d f o r e c a s t . He 

2T h orna s E .  Vo l lman , Ope r a t i ons  Man ag em e n t : A S v s t em 
Mo d e l - Bu i l d i ng Appr o a c h ( Re a d ing , Ma s s achus e t t s : Add i;o n ­
We s ley Pli1)1 1 sh1 ng Comp any , 1 9 7 3 ) , p p . 4 9 1 - 4 9 2 . 

3Rob e r t  G .  B r own , Smoo t h i n g , For e c a s t ing and P r e d i c ­
t i o n  o f  D i s c r e t e  T im e  S e r i e s  (Eng l ew o o d  C l iffs , New J e r s ey : 
P r en t i c e - Ha l l ,  I nc , , 1 9 6 3 )  ,--p . 1 0 2 . 



d e t e rm in e s  t h e  t re nd c o r r e c t e d ave rag e a s : 

= D + 1 - A Tn n P.:-
T = n exp o n e n t i �l l y  smo o t hed  t r en d  

Tn i s  c ompu t ed i n  t h e  fo l l owing mann e r : 

whe r e : 

A mo r e  v e r s a t i l e  mod e l , wh i c h  c an b e  u s e d  f o r i r r e gu l a r  and 

t r end c omp o n en t s  i s : 

and : 

Dn = ( Dn - 1 + Tn - 1 ) + A [dn - ( Dn - 1 + Tn - 1 D 
Tn = Tn - 1 + B [ C Dn - . Dn - 1 ) - Tn - 1 )] 

whe r e : 

Dn = i s  t h e  smo o t h ed ave r a g e  

Dn - 1 = smo o t h e d  ave r a g e d e t erm ined l a s t p e r i o d 

dn = t h i s  m o nth ' s  a c t u a l  demand 

Tn = e xp o n en t i a l ly s mo o th e d  t r end 

Tn - 1 = sm o o t h e d  t r end d e t e rm in e d  l a s t m o n t h  

Dn = t h e  s mo o t h e d  av e r a g e  c o r r e c t e d fo r t r end 

When t h e  t r end f a c t o r  ( Tn - 1 ) is  unknown , the  t r e nd c an b e  

3 3  

a s s um e d  a s  z e r o , t he r e fo r e  Tn - 1 = O .  The r em a i n i ng va l ue s  o f  

the t r end f a c t o r  c a n  th en  b e  c ompu t e d . 4 

4 c: h  o ,,. e  u 1. ... ' op . c i t . , pp . 2 8 0 - 2 8 3 . 
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Examp l e : 

A s s um e  A = . 1 

B = . 1 
D l 

= 1 2  

Tl = 4 

d 2 = 1 4 

D 2 = ( 1 2 + 4 ) + . 1 (1 4 - ( 1 2 + 4 )] 
D z = ( 1 6 ) + . 1 ( - 2 ) 

D z = 1 6 + ( - . 2 ) 

D z = 1 5 . 8  

T z = 4 + . 1  (C l S . 8  - 1 2 ) - 4] 
T z = 4 + . 1 ( - . 2 ) 

T z -· 3 . 9 8 

D z = 1 5 . 8  + 3 . 9 8 

D z -· 1 9 . 7 8  

t h a t  the  a b o v e  func t i on fo r exp onent i a l  

smo o t hi n g  fo r  t r en d  and ir r eg u l a r  c omp o nen t s  a s s ume s t h a t t h �  
I t  is cau t i o n e d  

t r end f a c t o r  may b e  d e s c r ib ed by t h e  d i f f e r e n c e  b e tw e e n  t he 

o l d  and new ave r a g e s .  B o th ave r ag e s  i n  t he fun c t i on c ou l d  

po s si b l y  hav e b e e n  undu l y  in f l uenc e d  by r andom f a c t o r s  in 

r e c e n t  d emand . s 

S Am e r ic an I ns t itu t e  o f  C e r t i f i e d  Pub l ic Ac c o u n t a nt s , 
T�chn i qu e s fo r F o r e c a s t i ng P r o du c t D ema n d , A Mariag em e n t  S er ­
f�c e s  T e c�n i c a l  S tu dy (New Y o r k : � e r i c an

"
I ns t i tu t e  o f  C e r t i ­

l ed Pub l i c A c c o un t an t 3 ,  I nc . , 1 9 6 8 ) , p .  l o . 



3 5  

S EASONAL AND I RR E G U LAR 

S om e  d a t a  c o n t a i n  s e a s o n a l  f a c t o r s  t h a t  i n f lu en c e  t he 

l eve l o f  demand and s e a s o na l adj us tmen t s  mu s t  b e  m a d e  t o  t he 

fo r e c a s t . I f  s e a s o n a l  f a c t o r s  a r e  p r e s e n t , t h e  d a t a  mu s t b e  

d e s e a s ona l i z ed .  T he s e a s ona l f a c t o r  i s  F n - L whe r e  L i s  the  

numb e r  of  p e r i o d s  i n  the  cyc l e  and n i s  t he p e r i o d t o  b e  

fo r e c a s t .  T he smo o t h e d  d e s e a s on a l i z ed  ave r a g e i s : 

wh e r e : 

Dn = Dn - 1 + A [� - Dn - �l Fn - L  j 

Dn = d e s e a s ona l i z �d c omp u t e d  f o r e c a s t 

Dn - l = d e s e a s o na l i z e d ave rag e comp ut e d  l a s t p e r i o d  

dn 
Fn - L = t h i s  p e r i o d ' s  d e s e a s on a l i z ed  a c t u a l  demand 

A = s mo o t h ing c on s t an t  

The s e a s on a l  f a c t o r  Fn - L i s  b a s e d  o n  t h e  p a t t e rn o f  s e a s o n a l  

va r i a t i o n  t h a t  o c c u r r e d  L p e r i o ds ago , 2 1  p e r i o d s  and on . An 

e ff i c i en t  way o f  c omp u t ing  and up dat ing a w e i g h t e d  ave rag e 

wi th  a s e a s o n a l  f a c t o r  wou l d  b e  exponent i a l  s mo o t h i ng . A 

func t i o n  fo r up d a t ing  s e a s o na l f a c t o r s  i s : 

whe r e : 

F n = F n _ L + C [�: - F n _ L J 
F n = new e xponen t i a l l y  s mo o t hed s e a s o n a l f a c t o r  

F n - L = s e a s o na l  £ a c t o r  compu t e d  dur ing  t h e  c o r r e s p o nd ing  

s e a s o n l a s t  y e a r , 
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and u s e d  t o  d e s e a s o n a l i z e  d em a nd in t h e  

f f e exp l a i ns  t he fun c t i on ; t he n ew upda t e J  

equa l t o  t he o l d  s e a s o n a l  e s t im a t e  F n - L  \0 ...... 
. c t  l c o f  t h e  d i f f e r en c e  b e tw e en t h e  a c t u a l  

V'I " °' -

V'I Q " " � .....: ('f'l '° N Cl A... 

l i s p e r i o d and the o l d  e s t ima t e .  To  fo r e -

p e r io d  n + 1 : "" fl ... • c: F n - L + l 8 -.... 0 

f � c a s t  fo r t he nex t p e r i o d  

: a s o na l i z ed smo o th e d  demand f o r  p e r i o d  n . 

. a n a l fa c t o r  app l y i n g  t o  n e x t  p e r i o d ' s  f o r e ­

c a s t  and c omp u t e d  n - L + l  p e r i o d s  a g o . 

Dn , l wo u l d  t hen  b e  t he fo r e c a s t  w i t h the s e a s on a l  f a c t o r s  

cons i d e r e d . 6 

Examp l e : 

-

As s ume A = . 1  

c = . 2 

d l = 5 1 . 0 

D1 = 5 1 . 0 

F1 - 4 
= 1 . 0 

F z - 4 = 1 .  2 

L = 4 

D 1 = 51 . 0 + . 1 �( 5 1 . O )  ( 1 . 0 )  

6
sho r e , op . c i t . , p p . 2 8 4 - 2 8 6 . 

- 5 1 . J 
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F n w i l l  b e  s t o r e d  and u s e d  t o  d e s e a s o na l i z e  d em and in t h e  

n e x t y e a r . A s  Sho r e  exp l a ins  t he func t i on ; t he n ew u p d a t e d  

s e a s o n a l  f a c t o r  i s  equa l t o  t he o l d  s e a s o n a l  e s t im a t e  F n - L 

p l u s  s ome f r a c t i on C o f  t h e  d i f f e r en c e  b e twe e n  t h e  a c t u a l  

s e a s o na l f a c t o r  t h i s p e r i o d  and t h e  o l d  e s t im a t e . To fo r e -

c a s t fo r t h e  n e x t p e r i o d  n + 1 :  

Dn 1 = Dn . F n - L + l ' 

wh e r e : 

rrn ,  1 = fo r e c a s t  f o r  t h e  n e x t  p e r i o d  

Dn = d e s e a s ona l i z ed smo o t h e d  d emand f o r p e r i o d  n .  

Fn - L + l = s e a s o n a l  fa c t o r  app l y ing t o  nex t p e r i o d ' s  fo r e ­

c a s t and c omp u t ed n - L + l  p e r i o d s  a g o . 

Dn , l wou l d  t hen b e  t he fo r e c a s t w i t h t h e  s e a s ona l fac t o r s 

c o n s i d e r e d . 6 

E x amp l e : 

As s ume A = . 1 

c = • 2 

d l 
= 5 1 . 0 

D 1 = 5 1 . 0 

F l - 4 = 1 . 0 

F z - 4 = 1 .  2 

L = 4 

D 1 
= 5 1 . 0 + . 1 i( 5 1 . O ) - 5 1 . � 

( l , 0 ) 

6 sho r e , op . c i t . , p p . 2 8 4 - 2 8 6 . 



3 7  

D 1 = 5 1 . 0  + . 1  ( 5 1 � 0  - 5 1 . 0 ) 

D 1 = 5 1 . 0  + 0 

D 1 = 5 1 . 0  

F 1 = 1 . 0  + • 2 �( 5 1 . 0 ) - i .  oJ 
( 5 1 . 0 ) 

F l ::. 1 .  0 + . 2 ( 1  - 1 .  0 )  

F 1 = 1 . 0  + 0 

F 1 = 1 . 0  

D l , 2  = D 1 F z - 4  

IT1 ,  2 = 5 1 . 0  ( 1 . 2 ) 

D1 2 = 6 1 . 2  ' 
T o  i l l u s t r a t e  t he above  examp l e , t h e  fo l l ow i ng t ab l e ( T ab l e  1 )  

m ay b e  app r op r i a t e : 

n 

1 5 1 . 0  

2 6 1 .  0 

T ab l e  1 

Dn Fn 

1 . 0  

1 . 2  

1 . 0 

5 1 . 0  • 8 

5 1 . 0  1 .  0 6 1 . 2  

B rown g ive s p r inc ip l e s t o  fo l l ow fo r d e c id i ng t o  u s e  

a s e a s on a l  m e t ho d  o f  f o r e c a s t ing . T h e r e  m u s t b e  a d e f i n i t e , 

dep endab l e  r e a s o n that  c r e a t e s  demand a t  o n e  p e r io d  dur i ng a 

ye a r  and d im i n i s he s  i t  a t  ano t h e r . I n  add i t i o n , t h e  s e a s o n a l  



var i a t i on i n  d em and s ho u l d  b e  l a r g e r  than t he r andom var i a -

t i o ns  o r  n o i s e . F a i l ur e  t o  ob s e rve t h e  p r in c ip l e  c o u l d  l e ad 

to  i nv e n t o ry p r o b l em s  and m� ch  ex t r a wo r k . 7 

TREND , SEASONAL , AND I RRE GULAR 

I t  i s  p o s s ib l e  fo r da t a  to co n t a in a t r e n d  f a c t o r  in 

add i t i on to i r r e g u l a r  and s e a s ona l comp o n e n t s ,  The fun c t i o n  

f o r  da t a  w i t h t r end i r r e g u l ar , and s e a s on a l  c omp on e n t s i s : 

whe r e : 

Tn - 1 = s mo o t h e d  t r end fa c t or  c ompu t e d  l a s t p e r i o d . 

The  l a s t d e s e a s ona l i z e d av e r ag e i s  add e d  t o  t r end . I t  i s  

t h en d e s e a s on a l i z e d and t r end c o r r e c t e d  fo r t h e  p r e s e n t  

p e r i o d . The  t r end fac t o r  i s  c ompu t e d  a s : 

Tn = Tn - 1 + B [C Dn - Dn - 1 ) - Tn - 1] 
The s e a s o n a l  f a c t o r  i s  c omp u t e d  as  b e fo r e : 

Fn = Fn - L + C fl( dn ) - Fn - LJ 
( Dn ) 

T h e  fo r e c a s t  f o r  t h e  next  p e r i od wou l d  t h e n  b e : 

wh e r e : 

,,I 
Dn , l = C Dn + Tn ) Fn - L  + 1 

Tn = t r end fa c t o r  

Fn - L = s e a s o na l fac t o r ( n - L ) p er i o d s  ag o 

dn = a c t u a l  d eman d t h i s  p e r i o d 

7 Ro b e r t  G .  B row� S t a t i s t i c a l  F o r e c a s t i ng f o r  I nven ­
.t��X C o_!!, t r o l  (New Yo r k : Mc G r aw - H i l l  B o o k  C o mp any.,  1 9 5 9 ) , 
p . 1 2 9 . 
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D = f o r e c a s t av e r a g e  c ompu t e d  t h i s  p e r i o d  n 

Dn - 1 
-- fo r e c a s t  av e r a g e compu t e d  l a s t  p e r i o d  f o r  t h e  

p e r i o d . 

T h u s � t h e  av e r a g e  i s  de s e a s o n a l i z e d t r end c o r r e c t ed f o r  t he 

next p e r i o d , then mu l t ip l i ed by t h e  s e a s on a l f a c t o r  t o  g ive  

a s ea s on a l i z ed d emand e s t im a t e . 8 

Examp l e : U s ing  t h e  f o l l o w i ng t ab l e  ( T ab l e  2 ) , demand fo r 

p e r i o d  2 w i l l  b e  c ompu t e d . 

n 

l 

2 

A = . 2  

B = . 3  

c = . 1 

D J  

D1 D1 

dn 

1 0 1  
1 2 8  

= ( 9 1  
= 1 0 1 

::: 1 0 1  

T a b l e  2 Dn F n 

1 . 0  1 .  2 1 .  0 9 1  0 .  8 1 0  1 0 1  1 . 0  1 0  

+ 1 0 )  + • 2 [( 1 0 1 )  
( 1 .  0 )  

+ . 2 ( 1 0 1  - 1 0 1 )  

8 s ho r e , o p , c i t . , p .  2 8 7 - 2 8 8 . 

1 3 3 . 2  

- ( 9 1  + 1 0 )] 

3 9  



4 0  

F l = 1 .  0 + . 1 r( l O l) - 1 .  OJ ( 1 0 1 )  
F 1 = 1 . 0  

T 1 = 1 0  + . 3 [C l O l - 9 1 )  - 1 0] 
T l = 1 0  + . 3 ( 1 0 - 1 0 ) 

T l = 1 0  

D 1 , 1  
= ( 1 0 1  + 1 0 ) 1 .  2 

D l , l  = 1 3 3 . 2 

The fo r e c a s t fo r p e r i o d  two wou l d  b e  1 3 3 . 2 .  No t e  t h e  u s e o f  

t h e  s e a s o n a l fa c t o r  n - L  p e r i od s  a g o  to  c a l cu l a t e  t h e  f o r e c a s t  

f o r  p e r i o d  two . T he  s e a s o na l f a c t o r  c omp u t e d  a b o v e  w i l l  b e  

u s e d  n + 3 p e r i o d s f r om n�w t o  c a l cu l a t e  a fo r e c a s t .  

S ho r e  s ay s  t h a t  by t he p r o g r e s s i on i n  m o d e l s ,  a mo d e l 

wi t h  t r end i s  mo r e  g en e r a l  than t he s imp l e  mo d e l , o r  e s p e -

c i a l ly t h a t  a m o d e l w i t h  s e a s o na l , i r r e g u l a r , and t r end fac -

t o r s  i s  mo r e  g en e r a l  t han a mo d e l  wi th t r end . I t  i s  i n c o r r e c t  

t o  a s s um e  t h a t  i f  t h e  bui l d e r  o f  a mo d e l  i s  unc e r t a i n a s  t o  

t h e  p r e s e n c e  o f  t r end o r  s e a s on a l  f a c t o r s , t ha t  he  s ho u l d  u s e 

t h e  mo d e l  c on t a i n i ng s e a s o n a l , t r end , a nd i r r eg u l a r  c omp onen t s .  

I f  t h i s m i s t a k e  we r e  m a d e , t he mo d e l  w i l l  r e a c t  t o  c e r t a in 

s equ enc e s  o f  no i s e  and i n t e rp r e t t hem a s  s e a s o n a l  o r  t r en d  

fa c t o r s . 9 

B r own a t t emp t s  t o  p r ov e  the . the o r em o f  exp o n e nt i a l  

smo o t h i ng i n  Smo o th i ng , _  F o r e c a s t i ng ,  and P r e d i c t i on o f  D i s ­

c r e t e  T ime S e r i e s . H e  t hen d eve l op s  mo d e l s  fo r s mo o t h i n g  

0 
� I b i d , , p p . 2 9 0 - 2 9 1 . 



h i g h e r - o r d e r  p o l ynom i a l s . S om e  o f  t h e s e  mo d e l s  a r e  doub l e  

exp onent i a l  smo o t h ing , b a s e d  o n  t h e  doub l e  mov i n g  av e r ag e , 

t r i p l e  exp o n en t i a l  smo o t h in g , a nd mul t i p l e s mo o t hing i n  

g en e r a 1 . l O 

S E L EC T I ON OF THE SMOOTH I NG CONSTANT 
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The e xp on e n t i a l  smo o t h i ng fun c t i o n s  f o r  s imp l e , t r end 
-

·and i r r e g u l a r , s e a s ona l and i rr e gu l a r , and t r e nd , s e a s o n a l , 

and i rr eg u l a r  c o mp onen t s  have b e en p r e s e n t e d . I t  c a n  b e  

r e a l i z ed t ha t  a l l  func t i ons h av e  a smoo t h ing c on s t an t  o r  

c o n s t ant s . I t  i s  app a r en� t ha t  t he va l u e s  a s s i gn e d  t o  t he s e  

c o n s t ant s , A , B ,  and C ,  p l ay an imp o r t a nt p a r t  i n  the func t i on . 

I n  g en e r a l  c a s e s , t h e  r e comm e nd ed va l u e  i s  . 1 , b u t  t h i s may 

no t b e  t he b e s t  v a l ue . The s e  c on s t a n t s  c an b e  any v a l u e  b e -

twe e n z e ro  and o n e . The b e t t e r c ho i c e  o f  a smo o t h in g  c o n s t ant 

w i l l  y i e l d  b e t t e r  fo r e c a s t s . 

Sho r e  exp l a i n s  the p r ob l em a s  cho o s ing a v a l u e  t h a t  

wi l l  r e s p ond t o  b ona f i d e  chang e s  in l ev e l b u t  n o t t o  r an dom 

une xp l a i nab l e  c hang e s  c a l l ed no i s e . I f  A i s  s e t  l � O , t he new 

fo r e c a s t wi l l  b e  equ a l  t o  t h i s  p e r i od ' s  ·a c tu a l d emand . Th i s  

pu t s  we i g h t  o n  t h i s  p e r i o d but  no t o n  p r ev i ou s  p e r i o d s . A s  A 

i s  s h i ft ed t ow a r d  z e r o , emp ha s i s  s h i f t s  from r e c e n t  d a t a  mo r e 

eve n l y  ove r a l l t h e  p e r i o d s . A s  he p o i n t s  out , f o r l ow 

l O B rown , Smo o t h ing , F o r e c a s t ing , and P r e d i c t i o n  o f  D i s ­
c r e t e  T ime S e r i e s , op . c i t . , pp , 1 2 3 - 1 4 3 � 
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v a l u e s o f  A ,  t h e  r e s p o n s e t o  s udden c h an g e s  b e com e s  s l ug g i s h , 

r e g a rd l e s s  o f  wh e th e r  t he c hang e i s  b o n a  f i d e o r  no i s e . H e  

s ay s  t h a t  t he r e  i s  n o  way t o  de t e rm i n e  b e fo r ehand wh i c h  va lue  

of  A wi l l  p e r fo rm t h e  b e s t . " S eve r a l  v a l u e s  mus t b e  t r i e d . "  

T e s t i ng mu s t  b e  a c c omp l i s he d  to  comp a r e  t h e  f o r e c a s t ab i l i ty 

o f  d i ff e r e n t  va l u e s . S ho r e  s ugg e s t s  one  m e t ho d  o f  t e s t ing t h a t  

i s  u s e d  i n  t h e  p ro g r am EXPO . A va lue  o f  . 1  i s  g iven t o  A .  

U s ing p a s t d a t a , a fo r e c a s t i s  made  f o r  t h e  s e c o nd p e r i o d b y  

c omp u t i n g  a s mo o t h e d  ave r ag e  from d a t a  i n  p e r i o d  l ,  Then , 

t h e  va l u e s  a r e  p l o t t e d  on  a g raph ( a c t u a l  and smo o t h e d  ave r ­

a g e s ) . T h e  p r o c e s s  c on t inue s unt i l  a l l v a l u e s a r e  c omp u t e d  

a n d  p l o t t e d . T h en , a n ew a nd d i f f e r e n t  v a l u e  o f  A i s  u s e d t o  

d e t e rm i n e  new fo r e c a s t e d  v a l u e s . S e ve r a l  v a l u e s  o f  A a r e 

a t t emp t ed . I t  fo l l ow s  t h a t  one  c an d e t e rm i n e  wh i c h  v a l ue o f  

A t r a c k s  t h e  a c t ua l d emand b e s t . 1 1 

The o bj e c t i ve s o f  a mo de l a r e  t o  m i n im i z e  fo r e c a s t  

e rr o r s . S om e  c omb i na t i ons  o f  A , B ,  and C h a v e  d i f f e r e n t  e r r o r s  

t han o t h e r  c om b ina t i o n s . A s  a r e s u l t , many c omb i na t i o n s 

s ho u l d b e  t r i e d  b e fo r e  c ho o s ing a s e t . 1 2  W i n t e r s  us e d  a t e c h -

n iq u e  in d e t e rm i n i ng v a l u e s  f o r  A , B ,  and C i n  a mo d e l . He  

t r i e d  a l l  c omb i na t i o n s  of  we i g h t s , 0 t o  1 , 0  f o r e a c h  o f  t h e 

t h r e e fac t o r s . F o r  e a c h  comb ina t i o n u s e d  i n  t h e  c 2 l cu l a t i on , 

a s t anda r d d ev i a t i o n  o f  fo r e c a s t e r r o r s  w a s  c ompu t e d , The 

1 � � i sho r e , op . c i t . ,  pp . 2 7 7 - 2 7 8 . 
1 2  I b i d. . , p ,  2 9 0 . 
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v a l u e s w i t h  the  l e a s t s t and ard  d ev i a t i on g av e  ac c e s s  t o  a 

f i n e r  g r i d  o f  v a l ue s . 1 3  T h i s m e tho d  i s  s omewh a t  us e d  i n  t 11e  

fo r e c a s t i ng m o d e l  EXPO . 

Vo l l m a n  m a i nt a i ns  t ha t  t he cho i c e  o f  t h e  smo o t hi ng c o n ­

s t a n t  i s  s i t u a t i o n  d ep ende n t  and s ho u l d  b e  b a s e d  o n  the  c o s t s  

o f  fo r e c a s t e r r o r s  and one ' s  mo de l o f  b e h av i o r  wh i ch g e ne r ­

a t e s t h e  d emand . I t  h a s  b e en s hown t h a t  f o r  f a i r ly s t ab l e  
'fo r e c a s t i ng s i tua t i o ns , smo o t h ing c o n s t an t s  i n  t h e  n e i g hbo r ­

ho o d  o f  . 1 t end  t o  y i e l d  l ow fo r e c a s t e r r o r s . 1 4  

Rao and S h ap i r o  s ay t ha t  i f  a t im e  s e r i e s  s a t i s f i e s  a 

v a l u e  o f  A b e twe e n  . 1 and , 2 ,  t he fo r e c a s t s  a r e  s t ab l e , Whe n  

a c h an g e  o c cu r s  i n  t he s e r i e s , s u c h  a va l ue o f  A w i l l  c au s e  

t h e  smo o t h e d  s er i e s  to  l ag b eh i nd t he ac tu a l s e r i e s f o r  s om e  

p e r i o d  o f  t ime . A h i g h  v a l ue o f  A a t  the p o i n t  whe r e  t h e  

c h ang e o c cu r r e d  m a k e s  t he s mo o t he d  s e r i e s  c a t c h  u p  r ap i d ly . 

As t h e  smo o t h e d  s e r i e s c a t c h e s  up , a sma l l  va l u e  o f  A i s  then  

us e d . They , t he r e fo r e , r e c ommend a p r o c e dur e b as ed  o n  the  

F o ur i e r  t r a n s fo rm of  t h e  aut o cov a r i an c e  func t i o n  of  the  s e r ­

i e s  t h a t  w i l l  a u t oma t i c a l l y  inc r e a s e  the  v a l u e  o f  A when a 

ch ang e o c cur s a n d  r e du c e  i t  t o  about . 1  whe n  t h e  s e r i e s 

1 3 1 b i d . 
1 4 vo l lman , o p . c i t . , p .  4 9 5 . 
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s t ab i l i z e s . T h i s  p r o c e s s i s  c a l l e d adap t iv e  smo o t h ing u s i n g  

evo l u t i o n a ry s p e c t r a , t h e  p ow er  s p e c t rum . l s 

B r own s ug g e s t s  tha t t h e  smo o t h ing  c o n s t an t  i s  g ene r -

a l l y  b e tw e e n  . 1  and . 3 .  H e  a t t emp t s  t o  d e f i ne an exp on e n t i a l  

smo o th in g  s y s t em a s  e qu i v a l en t  t o  a n  n - p e r i o d  mov ing av e r ag e , 

t ha t  i s  t o  s ay t h e  smo o th i n g  c o n s t an t  i s  e l e c t e d t o  g i v e  t h e  

s ame  ave r a g e a g e of  t he d a t a . Th i s wou l d  b e  � 
--

= n - 1 o r  -z-
A = 2 

n + l · B ro wn h a s  a ta b l e  o f  smo o t h i ng c o n s t an t s  a r r ang e d  

ac c o r d i ng t o  t h e  numb e r  o f  o b s e r va t i o n s . B r own s ay s  t ha t  

g en e r a l l y fo r e c a s t s a r e  l e s s  s t ab l e  f o r  l ar g e r  va l u e s  o f  t he 

c o n s t a n t , b u t  t h e  s p e e d  o f  r e s pons e t o . a s t ep i np u t  i n ­

c r e a s e s . 1 6 H e  a l s o s ay s  t h a t  i f  t h e r e  i s  r e a s on t o  f e e l  t hat  

a c onv en t i o na l av e r a g e  ove r  the  p a s t n o b s e rv a t i o n s  wo u l d  b e  

s a t i s f a c t o ry b e tw e e n  smo o t h i ng the  r andom f l u�tua t i on s  and 

r e s po n s e to r e a l  chang e s  in d emand , t hen  t h e  e qu i va l en t  va l ue 

i s : 

A = ( n - 1 ) 1 7 
( n+ l )  

Thus , s ev e r a l  m e a n s  a t  a r r i v ing a t  s ome v a l u e s fo r A ,  

B ,  and C have  b e e n p r e s e n t e d . The  v a l u e s a r e c e r t a i n l y  

l SAm b a r  G .  R a o  and Ar t hur Shap i ro , "Ad ap t i v e  Smo o t h ­
i ng Us i ng  Evo l u t i onary S e c t r a , 1 1 Man�em e n t  S c i en c e , 1 7 , No . 3 ,  
(Novemb e r , 1 9 7 0 ) , p .  2 0 9 . 

_1 6B r own , Smo o t h i ng ,  F o r e c a s t i ng ,  and P r e d i c t i on  o f  
D i s c r e t e  T im e  S e r i e s , op . c i t . , p .  1 0 7 . 

1 7 Ro b e r t  G .  Br own , Management D e c i s i o n s  fo r Pro�uc t i on 
QE.e r a t i o ns ( H i n s d a l e ,  I l l i no i s : The Dryd e n  P r e s s , I nc . , 
1 9 7 1 ) ' p .  6 0 . 



s i t ua t i on dep endent  and mus t b e  t a ken from t h e  d a t a . T h e r e  

i s  n o  f o rmu l a  f o r  c omput ing a b a s i c  va l ue o f  A ,  B ,  and C . . 

The va l u e s  A ,  B ,  and C t h a t  f i t  t h e  d a t a  t h e  b e s t  s hou l d  b e  

us e d . A b e s t f i t  co u l d  b e  a c comp l i s he d  b y  a l e a s t  v a r i an c e  

app r o a c h . Man y  fe e l  t h a t  t h e  c ho i c e  o f  t h e  v a l u e s  a s s i g ned  

t o  A ,  B ,  and C a r e  of  l i t t l e  imp o r t anc e ; howeve r ,  it  c an b e  

r e a l i z e d  t ha t  t h i s c o u l d  b e  t he key t o  a g o o d  o r  b a d  f o r e ­

ca s t . The  m a i n  emp ha s i s  o f  any fo r e c a s t s h o u l d  b e  on  the 

cho i c e  of t he s mo o t h i ng con s t an t . T h e  ' b e s t ' e x p o n e nt i a l  

smoo t h i ng c on s t an t  wi l l  y i e l d  t h e  ' b e s t ' f o r e c a s t .  

4 5 



Chap t e r  6 

CONT ROL SY S T EMS AND VAL I D I TY OF FORECAST 

Onc e t h e  d a t a i s  p r e s en t  and v a l u e s h a v e  b e en s e l e c t ed 

t o  b e  a s s i gn e d  t o  t h e  smo o th ing c ons t an t s ,  t h e  n e x t  ob j e c t ive 

i s  to mon i t o r  t h e  mo d e l . At s ome  p o int  in t ime , t he f o r e c a s t 

mo d e l may n e ed s om e  adj u s tment . The r e  a r e  m any way s t o  mon i ­

t o r  a mod e l  and r ec o g n i z e  a mo d e l  out  o f  c o n t r o l . I f  a mo d e l 

i s  o u t  o f  c o n t r o l o r  va lue s a r e  imp rop e r ly s e l e c t e d , t h e  f o r e -

c a s t c anno t b e  v a l i d . A sug g e s t ed app r o a ch t o  c o n t r o l l ing a 

mode l i s  t o  mon i t o r  t h e  va r i anc e . One c o u l d  r e c o g n i z e  s imp l y  

whe n  t h e  f o r e c a s t i s  g e t t ing fur ther and fu r t h e r  away f rom 

ac tua l  d emand . At  th i s  p o int , the mo d e l  c o u l d be ana l y z ed 

and adj u s t e d . T h e  smo o t h ing cons t ant s c o u l d  b e  r e c a l cu l a t e d . 

I n  any 'c a s e , t he mo d e l  i s  s imp ly no t wo r k i ng and s ome t h i ng 

mus t  be don e to p u t  i t  b a c k  on t r ack . 

B a r ry Sho r e  d eve l op s  a cont r o l s y s t em t o  mon i t o r  the  

magni tude  of  t he d i f f e r enc e b e tween the a c tua l and  fo r e c a s t 

va l u e s .  I f  a mo d e l  i s  c o r r e c t , the  fo r e c a s t e r r o r , d i f fe r -

enc e i n  a c tu a l  and  fo r e c a s t va l u e s , s ho u l d  av e r a g e  o u t  t o  
z e ro . A cumu l a t i v e  s um o f  e r r o r s  c o u l d  b e  m a i n t a i ne d  a n d  

when t he s um i s  t o o  l ar g e , t h e  s y s
.t ern i s  o u t  o f  c o n t r o l . 1 

l B a r ry Sho r e , OEe r a t ions  Mangeme n t  . CNew Y o r k : Mc G r aw ­
Hi l l B o o k  C omp any , 1 9 5 9 ) ,  p .  2 9 1 . 



whe r e : 

Ro b e r t  B r own s u g g e s t s a smo o t hed  e r r o r  e s t im a t e Z n .  

Z n  = Z n - l + E ( en - Z n - l ) 

en = i s  t h e  a c tua l e r ro r  i n  p e r i o d  n 

en = dn - Dn - 1 
E = smo o t h ing _ c o n s t ant 

He t hen  d e v e l op s  an e s t im a t ion  of the s y s t em v a r i ab i l i ty 

c a l l e d t he m ean ab s o l u t e  dev i a t ion, MAD : 

MADn = MADn - 1 + E ( j en l - MADn - l ) 

MADn - l = s mo o t h e d  va l u e s  l a s t  p e r i o d 

E = s ame  c o n s t an t  us ed in  com,p u  t ing t h e  e r r o r  

l e n l = ab s o lu t e  va lue  o f  a c tu a l  fo r e c a s t e r r o r . 2 

4 7  

The r e  s ho u l d  b e  cont ro l over  the  q ua l i ty o f  fo r e c a s t s  

fo r four r e a s o ns . Know l e dg e o f  t h e  r e l i ab i l i ty o f  fo r e c a s t s  

i s  b a s i c  t o  f i x ing  inven t o ry re s e rv e s  n e e d e d  t o  ma i n t a i n s e r ­

v i c e  i n  t h e  p r e s en c e  o f  e rr o r . S e c o nd l y , know l e dg e o f  t he 

r ang e o f  e r r o r  and c o s t o f  ma i n t a i n i n g  inve n t o ry t o  a b s o r b 

e r r o r  g iv e s  a b a s i s  fo r p r o j e c t ing e f fo r t  t o  imp rove  fo r e ­

ca s t s . A l s o , a r e c o rd o f  e r r o r s  and c au s e s  o f  e r r o r s  g ive s 

the fo r e c a s t e r  raw ma t e r i a l  to  s tudy in  imp r ov ing  fo r e c a s t i ng 

t ec hn i q u e s  and r e l i ab i l i t y .  Fo u r t h , a r e c o rd a i d s  in d e t e r ­

m in i ng any s y s t ema t i c b i a s  i n  the  'fo r e c a s t .  Suc h  c h a r t s  g i ve 

imp o r t an t  r e c o r d s  fo r d e t e rmining the l im i t s  o f  f o r e c a s t s , 

Z r b i d . , p p . 2 9 1 - 2 9 3 . 



4 8  

unexp e c t e d l y l a r g e  f o r e c a s t e r ro r s , and d e v e l op i ng t r e nd s  and 

b i a s e s  i n  e r r o r s . 3 

Many m o d e l s  have b e e n  us ed f o r  t h e  s o l e  purp o s e  o f  

cont r o l l i n g  t he f o r e c a s t  and r e cogni z ing f o r e c a s t e r r o r s . 

Som e  s u g g e s t e d  mo d e l s  a r e  a p a t t ern r e c o g n i t i o n m o d e l d e ve l ­

op ed by  Ru s s e l l  F o g l e r , 4 co n t r o l s ys t em s  u s i n g  s p e c t r a  ana l ­

y s i s  by Rao and S hap i ro , S f o r e c a s t eva l u a t i o n  i n  choo s in g  a 

fo r e c a s t i ng  m e t ho d , 6 and even a t e chn i qu e  u s e d  t o  c o n t r o l t h e  

BEA m o d e l . 7 S om e  m e t h o d  o f  contro l mu s t  b e  app l i ed t o  a 

mod e l  eve n  i f  i t  i s  s imp ly  mon i t o r ing t he f o r e c a s t s  f o r  any 
unu s u a l p r ed i c t i o n s . How�ve r comp l i c a t ed t h e  s y s t em ,  hum a n  

int e rven t i o n i s  n e c e s s ary . That  fo rm of  i n t e rv en t i o n , a f t e r  

an e r r o r  s i g n a l i s  d e t e c t ed , i s  to  r e adj u s t A ,  � '  and C a c -

c o r d i ng l y  and a g a i n  m o n i t or  the  sys t em . A l s o ; a r e - exam i na ­

t i o n  o f  t he t im e  s e r i e s  may b e  war r ant ed  i n  a n  e f f o r t  t o  

d e t e rm i ne whe t he r  ano t h e r  mo d e l  m i g ht b e  m o r e  app rop r i a t e . 

3J o hn F .  Mag e e , P r o du c t i o n P l ann i ng and I nve nt o ry C o n ­
� ( New Y o r k : Mc G r aw - H i l l  B o o k  C omp any , I n c . , 1 9 5 8 ) ,  p .  1 3 0 . 

4 Ru s s e l l  F o g l e r , "A P a t t ern R e c o gn i t i o n Mo d e l fo r 
F o r e c a s t i ng , "  Management S c i enc e , 2 0 , No . 3 ,  ( Ap r i l  1 9 7 4 ) ,  
PP . 1 1  7 8 - 1 1 8 9 • 

SAmb a r  G .  Rao and Ar t hur Shap i ro , "Ad ap t ive  Smo o t h i ng 
Us ing Evo l u t i o n a r y  Sp ec t r a , "  Manag eme n t  S c i e nc e , 1 7 , No . 3 ,  
( No vemb e r , 1 9 7 0 ) ,  p p . 2 0 9 - 2 1 0 . 

6J o e l  s .  D em s k i  and G e r a l d  A ,  F e l t ha m ,  " F o r e c a s t  Eva l ­
ua t ion , " A c c o un t i ng R e v i ew ,  4 7 , (Ju l y , 1 9 7 4 ) ,  pp . 5 3 3 - 5 4 8 . 

7A l b e r t A . H i r s ch , "The BEA Qu ar t e r l y Mo d e l  a s  a F o r e ­
cas t i ng I n s t r um e n t , "  S u rvey o f  Cu rrent  �u s i n e s s ,  5 3 , No 1 8 ,  
(Aug u s t , 1 9 7 3 ) , p p . 2 5 - 3 8 . 
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Ac c o rd ing t o  Mag e e , t h e  qu e s t i on  o f  f o r e c a s t r e l i ab i l ­

i t y i s  o n e o f  t he g r e a t e s t  s our c e s  o f  m i s und e r s t and ing and 

frus t r a t i o n  in t h e  c o n s t ru c t i on o f  fo r e c a s t s . One r e a s o n may 

be t h e  b e l i e f t ha t  t he fo r e c a s t i s  or s ho u l d b e  f i x e d . He 

p o in t s  out t h a t  a fo r e c a s t is an eva l ua t i o n  o f  i n c omp l e t e  

e v i denc e i nd i c a t ing wh at  t he futur e may l o o k l i k e . A fo r e ­

c a s t i s  no t exp e c t ed t o  b e  a c cu r a t e ,  A fo r e c a s t s ho u l d  b e  

app r e c i a t ed a s  a g u i d e  o r  e s t ima t e , r e a l i z i n g  t ha t  i t  w i l l  

b e  i n  e r r o r  t o  s om e  d e g r e e  and t h a t  p l an s  mus t  b e  m a d e  t o  

a c c ount f o r  s om e  e r r o r . A fo r e c as t made  w i t h o u t  a n  e s t ima t e  

o f  e rr o r  i s  i n c omp l e t e . 8 

8Mag e e , o p , c i t . ,  p p . 1 1 5 - 1 1 6 . 



C hap t e r  7 

E XPO - A MODE L FOR EXPONENT IAL SMOOTH I NG 

THE MODEL 

T h e  mo d e l E XPO,  App endix 1 ,  is  a F O RTRAN p r og r am u s e d  

t o  fo r e c a s t by  exp onen t i a l  smoo t h i ng . T h e  mo d e l  i s  d e s i gn e d  

t o  a l l ow a u s e r  t o  fo r e c a s t any typ e o f  d a t a ; s imp l e , t r en d , 

s e a s ona l , and a c omb ina t i o n  o f  t r end , s e a s on a l , and i r r e g u l ar . 

The mo d e l  c an fo r e c a s t b a s e d  on info rma t i o n  p r o v i d e d  f o r  t h e  

next p e r i o d  o r  c an c r e a t e  i t s  own fo r e c a s t in g  i n fo rma t i on . 

A c omp ar i s on c an b e  g en e r� t e d b e tween t h e  u s e r s  v a l u e s  o f  

smo o t h ing c o n s t an t s  and the  cons t an t s  p ro v i d e d b y  t h e  mo d e l . 

I f  t h e  u s e r  d e s i r e s , v a l u e s  o f  smo o th ing  c on s t an t s , t r end 

f a c t o r s , or  s e a s o n a l  f a c t o r s  can be  c a l cu l a t ed , F in a l l y , a 

us e r  may s imp l y  s ubm i t  h i s d a t a  and t he mo d e l w i l l  comp u t e  

a l l  p o s s i b l e  s ub - mo de l s , t r end , s imp l e ,  s e a s dna l , o r  comb i ­

na t i o n , and p ro v i de t h e  b e s t s ub -mode l a s  we l l  a s  t h e  b e s t  

smoo t h i ng c o n s t ant s . 

FORE CAST I NG US I NG EXPO 

T h i s s e c t i on a t t emp t s  t o  g i ve a de t a i l e d exp l an a t i o n  

o f t h e  p r o g r am EXPO . Re f e r ence to  App e n d ix 1 i s  n e c e s s a ry . 

The p r o g r am u s e s  a FORTRAN I V  c omp i l e r and o c c up i e s  4 6 , 7 0 4 

byt e s o f  i n f o rma t i on . The l inkag e s  n e ce s s a ry w i l l  d ep e nd on  

sys t em d e s i g n ; and the use  of  EXPO is  exp l a in e d  i n  App e n di x  
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2 .  S eve r a l  a r e as ar e d i m ens i o n e d  t o  p r ov i d e f o r t h e  input  

p a s t d a t a  ( BATA ) , c a l c u l a t e d fo r e c a s t s  (ADEM ) , c a l c u l a t e d  

t r end  f a c t o r s  (ATREN) , c a l cu l a t ed s e a s o na l f a c t o r s  (ASEAF ) , 

dummy s to r ag e  a r e as (ADAM and E RR 2 ) , and e r r o r  o r  v a r i an c e  

s t o r age a r e a s  fo r c omp a r i s on o f  l e a s t  va r i an c e  ( E RR l ) . I n  

mo s t  c a s e s , nam e  ( n , 1 1 )  w i l l  b e  u s e d  a s  a n  a r e a  i n  wh i c h t he 

us e r  p rov i d ed v a l u e s  o f  co ns t an t s , a r e  s t o r e d  a s  t h ey a r e  

comp u t ed . Af t e r t h e  v a l u e s  w i t h  the  l e a s t v a r i anc e o r  b e s t  

f i t  i s  d e t e rm in e d , name (n , l ) i s  u s ed t o  s t o r e  v a l u e s a s  

c ompu t ed . 

The  p ro g r am b e g i n s . by wr i t ing he a d i ng s and then  r e ad ­

ing  i n  p a rame t e r s  f o r  ex ecut i o n . Th e s e  p a r ame t e r s  a r e  ex ­

p l a i n ed i n  App en d i x  2 .  I n i t i a l  va l u e s  a r e  s e t  and the p r o ­

g r am p ro c e e d s  t o  t h a t  po int  d i r e c t e d by t h e  us � r : s imp l e , 

t r en d  and i r r e g u l a r, s e a s onal  and i r r e g u l a r , t r end , s e a s on a l , 

and i r regu l a r , o r  und e t e rm i ne d  by the  us e r . 

h e n  t h e  smo o t h i ng t e c hn i qu e  i s  d i r e c t e d , the  p rog r am 

de t e rm i n e s  wha t t h e  u s e r  n e e d s  f o r  comp u t a t i on . He  c an 

di r e c t  a fo r e c a s t b a s ed on input ed v a l u e s , d i r e c t  t h e  p ro g r am 

to  c ompu t e  smo o t hi ng v a l u e s , c omp a r e  the va l ue s , o r  hav e t h e  

p rog ram c omp u t e  a p l o t  o f  t h e  d a t a  b a s ed on  h i s  s mo o t hi n g  

va l ue s  a nd b a s ed on t h e  comp u t e d  o�  b e s t  v a l u e s  f o r  c omp a r i ­

s on .  l i t h  a l l  t e chniqu e s , t h e  p ro g r am de t e rm i n e s  whe t h e r 

p a s t da � a i s  p r o v i d e d . I f  i t  i s  p ro v i d ed , t h e  p a s t d a t a  i s  

r e ad i 1 t o  t he s y s t em , I f  no d a t a  i s  p r e s e n t , t h� s y s t em 

r e ad s i n s om e  v a l u e s  p r o v i d e d  by the  u s e r fo r c ompu t a t i o n . 
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The va l u e s  a r e  t hen comp u t e d  d ep end i ng o n  t yp e  and wr i t t e n  

out . Wh en da t a  i s  p r o v i d e d , t h e  p ro g r am d e t e rm i n e s i f  s ome 

v a l ue s are  p r o v i d ed f o r  c omp ar i s o n . I f  s o , i t  r e a d s  t he ' d a ta 

into the  s y s t em fo r future  us e and c a l cu l a t i on a s  n e c e s s ary . 

The u s e r  t h e n  may s p e c i fy a p l o t  o f  t h e  f o r e c a s t u s ing  h i s  

smo o t h ing  c on s t an t ( s ) and may no t want a new c omp u t e d  c on ­

s t ant ( s ) . Howeve r ,  i f  a new con s t ant ( s )  i s  d e s i re d , t he c o n ­

s t ant v a l u e s  a r e  in i t i a l i z e d .  I n  s imp l e  s mo o t h ing  A = 0 and 

is i nc r em en t ed by . 1  fo r ' e a c h i t e r a t i o n . The s ame o c c u r s  for 

B and C ,  a c c o r d i ng l y . 

Exam i n ing e a c h  t yp e  o f  compu t a t i o n , s imp l e  smo o t h i ng 

a t t emp t s  a l l va l u e s o f  A from . 1  t o  1 . 0 .  The f i r s t p a s t 

for e c a s t  i s  s e t t o  equa l t he ac tual  d emand . T h e n , fo r e a c h  

v a l u e o f  A ,  t h e  fo r e c a s t  i s  compu t e d  fo r e a c h  p e r i o d  r e a d  i n  

b a s e d  o n  t h e  f o rmu l a  p r o v i d e d  in Chap t e r  5 .  A c ompu t a t i o n  o i  

t h e  d i f f e r en c e b e twe en the  fo r e c a s t a n d  a c t u a l demand i s  

ac c umu l a t e d  f o r  a var i anc e o f  the  fo r e c a s t s  us i n g  e a c h  v a l u e  

o f A .  Thus , o n e  var i an c e  i s  c omput ed  f o r e a ch o f  t h e  t e n 

va l u e s o f  A .  Now , t h e  p r o g r am comp a r e s  t he v a r i an c e s  and 

f ind s t he l e a s t v a r i anc e by brute fo rc e , r e t a in i n g  v a l u e s 

ind i c a t i ng c omp u t a t i on o f  t h a t  var i anc e . T h e n , t h e  p r o g r am 

ha s t he b e s t va l u e  fo r A and i t s  p l o t . I t  t h en wr i t e s  o u t  

t he p l o t  i f  d i r e c t e d  by t h e  us er . I f  t h e  u s e r  p r o v i d e d  h i s  

con s t an t  and de s i r e d  a p l o t , the p r o g r am c omp u t e s  a p l o t  

us ing  the  s ame  in i t i a l  v a l u e s , but us e s  t h e  s mo o th ing c o n ­

s t an t s p r o v i d e d . I t  a l s o  c ompu t e s  a v a r i anc e . The f in a l  



s t ep s a r e  t o  wr i t e  out t he p l o t s  ( p rov i d e d  o r  c ompu t e d )  or  

t h e  de s i r e d i n f o rma t i on . 
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T r e nd and i r r e gu l a r smo o th i ng a t t emp t s  a l l  v a l u e s  · o f  

A and B f r om . 1  t o  1 . 0 . The  f i r s t p a s t fo r e ca s t  i s  s e t  t o  

equ a l  t h e  a c tu a l  d emand . T he t r end fa c t o r  b e g i n s  a t  z e r o . 

Then f o r  e a c h  v a lue  o f  A and B ,  t h e  fo r e c a s t i s  c ompu t ed for 

e ac h  p e r i o d r e a d  i n  b a s ed on the f o rmu l a  p r o v i d e d  i n  C hap t e r  
-

5 .  A comp u t a t i on o f  t he d i f f e r e nc e  b e twe e n  t h e  fo r e c a s t a nd 

a c t u a l  d em and i s  a c cumu l a t e d for  a va r i a n c e  o f  t he fo r e c a s t �  

u s i ng e ac h  v a l u e  o f  A and B ,  b e tw e e n  . 1  and 1 . 0 . On e v a r i -

anc e  i s  c omp u t e d  fo r e a c h  o f  t en va l ue s o f  A and t en va l u e s  

o f  B .  T h e  p r o g r am comp a r e s  t h e  o n e  hund r e d  v a r i an c e s , f ind ­

ing the l e a s t v a r i anc e . Ac c o rd i ng l y , t h e  b e s t  v a l u e  o f  A 

and B i s  u s e d t o  c a l cu l a t e  t h e  p l o t  fo r p r i n t  ·o u t  i f  d e s i r e d . 

I f  a p l o t  i s  d e s i r e d , us ing the  us e r ' s  i np u t  v a l u e s  o f  A and 

B ,  i t  i s  c omp u t e d  a nd p r i n t e d  out . A var i a n c e i s  a l s o  c om -

pu t e d  . 

. S e a s on a l  and i r r eg u l a r  smo o t hing a t t emp t s  a l l  va l u e s  

o f  A a n d  C f r om . 1  to 1 . 0  a s  in  t r e nd a n d  i r r egu l a r . The 

e x e cu t i o n  i s  the s ame as t r end and i r r e gu l a r , ex c ep t  for the 

fo rmu l a u s e d . The f i r s t v a l u e s  ar e the s ame , but the s ea ­

s on a l  f a c t o r s  f o r  the  numbe r o f  p e r i o d s  i s  c omp u t e � b y  the  

ave r ag e p e r c en t a g e  m e t h o d . The  da t a  is  c ompu t ed f o r  qua r t er -

ly d a t a  a nd f o r  monthl y d a t a  as  d i r e c t e d  b y  t h e  us e r . T hus , 

o n e hund r e d  v ar i an c e s  a r e  compu t e d  fo r e v e ry v a l ue o f  A a nd 



C b e tw e e n  . 1  and 1 . 0  and c omp u t e d  qua r t e r l y o r  o n  a m o n t h l y  

b a s i s . A p l o t  i s  c a l cu l a t e d a n d  p r i n t e d  o u t  a s  b e fo r e , 
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The  s mo o t h i ng func t i 6n p rov i d ing fo r t r end , s e a s ona l , 

and i r r e g u l a r  c omp o n e n t s  c omb ine the  e f fo r t s  o f  t h e  ab ove  two 

r o u t i n e s . V a l u e s  a r e  c omp u t e d  u s i ng A ,  B ,  a n d  C b e twe e n  . 1 

and 1 . 0 f o r qua r t e r l y d a t a  o r  mon t h l y . T hu s , h e r e  o n e  thou ­

s and  v a r i an c e s  a r e  compu t ed . Va l u e s  a r e  c omp u t e d  fo r a p l o t  

and p r i n t e d  i f  d e s i r e d  a s  b e fo r e . 

F i na l l y ,  the r e  i s  a rout ine f o r t h e  us e r  no t know ing . 

a bo ut  hi s d a t a . Th i s  r o u t ine  mu s t  hav e t h e  d a t a  f r om p a s t  

p e r i o d s . I t  a l l ow s  c ompu t a t i o n  in a l l  t h e  a b o v e  m e n t i o n e d  

fun c t i o n s  s av i ng t h e  l e a s t var i anc e o f  e a c h  a n d  t h e  c r i t i c a l  

va l ue s . A l l r o ut i n e s  a r e  a t t emp t ed . T h e n , t h e  ro u t i n e  � a l ­

cul a t e s  a p l o t  t o  b e  p r i n t e d  out for e a c h  m e t ho d  a t t emp t e d .  

F ina l l y , t h e  f i v e  l e a s t v a r i anc e s  a r e  t h e n  p r i nt e d  o u t  f o r · 

exam in a t i o n .  

T h e  l a s t  p a r t  o f  t he p rog ram i s  t h e  l i s t  o f  fo rma t 

s t a t eme n t s u s e d  i n  inp u t  and output . T h i s p r o v i de s fo r any 

inp u t / o u t p u t  r ou t ine  de s i r e d . 

CHO I CE O F  SMOOTH I NG CONSTANT 

As w a s p o i n t e d  out , the  s ing l e  mo s t  imp o r t an t  e l ement  

o f t h e  e xp o ne n t i a l  s m o o t h i n g  fo r e c a s t i ng fun c t i o n is  the  

smo o t h ing  c o n s t an t . The p ro g r am do e s  no t u s e  a s e t f o rmu l a  

t o  comp u t e  a s mo o t h ing c o n s t ant . The b e s t  c on s t an t ( s ) p r o ­

vi de s t h e  b e s t  f i t  fo r t h e  d a t a  i t  i s  s mo o t h i n g . The p r o g r am 



f inds  t h e  b e s t f i t  o n  the  d a t a  by f ind ing  t h e  va l u e s t ha t  

g ene r a t e t h e  l e a s t var i anc e . The var i an c e i s  c omp u t e d  by : 

n 
s z  = � (d i - D i ) 2 

i = l n - 1 

s 2 = t he v a r i an c e  

d ·  = a c tua l d emand p e r io d  i 1 

D ·  = fo r ec a s t in  p e r i o d  i 1 -

n = numb e r  o f  ob s e rva t i on s  

S S  

Onc e  t h e  l e a s t  v a r i anc e o r  b e s t  f i t  i s  d e t e r m i ne d , t h e  va l u e s  

a s s o c i a t ed a r e  u s e d  to  f o r e c a s t .  Th i s  i s  a t r i a l  and e r r o r  

m e t ho d , b u t  every s e t  o f  d a t a  i s  d i f f e r e n t , t hu s  t hey  e a ch  

have s p e c i a l  s m o o t h i ng c o n s t ant va lu e s . EXPO p r o v i d e s  the  

b e s t  c o n s t an t s t o  b e  u s ed wi th t h i s p a r t i c u l a r  da t a . 

T he s e  c o n s tant s can t hen b e  u s ed t o  f o r e c a s t  d emand 

fo r i t s sp e c i f i c  p u rp o s e . The  us e r  may want t o  c h e c k  s ome 

o t h e r va l u e s  us ed as  smo o t h i ng  con s t ant s . EXPO  w i l l  u s e hi s 

va lue s and conp a r e  h i s  r e s u l t s  w i t h  the  r e s u l t s  c a l cu l a t e d . 

Th i s  a l l ow s  t h e  u s e r  t o  exam i ne t he e f f e c t s  o n  h i s  d a t a . He  

may be  w i l l i n g  t o  s a c r i f i c e  l e a s t var i an c e  for s om e  o t h e r  

c h a ra c t e r i s t i c s . I t  i s  r e c ommend e d  that  t h e  c a l cu l a t e d  

v a l u e s  o f  t h e  smo o t h i n g  c o n s t an t s  b e . re comp u t e d  a t  c e r t a in 

in t e r va l s .  Whe n  t h e  fo r e c a s t e r r o r s  b e g in  t o  en l ar g e o u t  o f  

a p r e d e t e rmi n e d  r ang e ,  n ew v a l u e s  o f  t h e  c o n s t an t s  s ho ul d  b e  

comput ed b a s e d  o n  t h e  da t a . As a r e s u l t ,  p a s t d a t a  n e e d be  

us e d  o n l y  when n e w va l u e s a r e  c a l cu l a t ed . A l l o t h e r  t ime s  



in f o r e c a s t ing , t h e  u s e r ne e d  o n l y  r e t a i n  t h e _ c o n s t an t s  and 

p r e v i o u s  f o r e c a s t s . 

CONT RO L AND VAL I D I TY OF FORE CAS T I N  EXPO 

EXPO m on i t o r s  the for e c a s t e r r o r s  in c omp u t ing n ew 

smo o t h i ng c on s t a n t s as any mo d e l  s hou l d .  F o r t h e  u s e r  t h a t  
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_ p rov i d e s  p a s t  d a t a f o r  c ompu t a t i ons  o f  n ew v a l u e s , EXPO mon i � 

t o r s  f o r e c a s t e r r o r s  whi l e  comp u t ing t h e  v a r i an c e  o f  e ac h  

i t e r a t i o n . T h i s c on t r o l  sys t em i s  u s e d b y  E X PO s o  tha t t h e  

var i an c e d o e s  no t g o  c omp l e t e ly out o f  c on t ro l . T h e  s um o f  

fo r e c a s t e r r o r s  i s  no t a l l owed t o  g e t  ab o v e  a max imum v a l u e . 

Ano t h e r  typ e o f  c o n t r o l sys t em i s  s ug g e s t e d t o  t he u s e r . 

The e x a c t me t h o d  w i l l  b e  th e  d e c i s i o n  o f  t h e  u s e r . Var i anc e s  

a r e  p r o v i d e d , i f  d e s i r ed b y  t h e  us e r  t o  k e ep r e c o rd s . Al s o , 

the  u s e r  c a n  u s e any o f  th e  m e t h o d s  l i s t e d  in Chap t e r  6 .  A 

cont r o l s y s t em t o  d e t e c t  out o f  to l e r anc e f o r e c a� t s  do e s  no t 

e x i s t  i n  E XPO , b e c aus e human in t e rvent i on i s  n e c e s s a ry i n  

· cont r o l l ing  a f o r e c a s t .  T h e  u s e r  s ho u l d  mo n i t o r  t h e  var i an c e  

and f o r e c a s t e r r o r s . He shou l d  r e comput e t h e  smo o t hing  c o n ­

s t an t s , b a s e d  up on the l a s t b a t ch o f  d a t a . T h e  op t imum 

sys t em wou l d  b e  t o  c omput e a new va l u e  t o  b e  a s s i g n e d  t o  co n ­

s t an t s , f o r  e a c h  fo r e c a s t a c c omp l is hed . T h u s , c o n t r o l , a s  

we l l  a s  a c c u r a cy i s  p r e s ent i n  s uch a s y s t em . 



C h ap t e r  8 

CONCLU S I ON 

_ Fo r e ca s t ing a t t emp t s  t o  p r e d i c t  the  fu t u r e  and i s  only 

an e � t ima t e . S eve r a l  t e chn i qu e s  have b e en p r e s e n t e d  c o nc en ­

t r a t ing  o n  exponen t i a l smo o t h ing . Exp o n en t i a l  smo o t h ing may 

no t be t h e  b e s t  me t ho d  o f  f o r e c a s t i ng b u t  i t  d o e s  have m any 
I 

advan t ag e s  a s  po i n t ed o u t . A fo r e c a s t i ng _t e c hn i qu e h a s  b e en 

p r e s ent e d  t h a t  u s e s  t h e  l e a s t amount o f  d a t a  w h i l e  r e l fe c t ing  

p a s t  mov eme n t  in  t h e  da t a . App l i c a t i o n s  of  e xp o n en t i a l 

smo o t h i ng a s  w e l l  a s  i t s func t i on  i n  fo r e c a s t i ng we r e  p r e -

s en t e d . A p r o g r am wa s wr i t t en t h a t  g ive s t h e  u s e r  t he ab i l -

i ty to  f o r e c a s t by  expone nt i a l  s mo o t h i ng i n  many ways . Thi s 

p r o g ram co u l d  s imp l y  fo r e c a s t a s imp l e  exponen t i a l  s moo t h i ng 

fo r e c a s t  o r  co u l d  ana l y z e  t h e  d a t a  and deve l op t he b e s t 

smo o t h i ng c o n s t an t s  a s  we l l  a s  the  b e s t s mo o t h e d  fo r e c a s t . 

Th e u s e r  i s  no  l on g e r  put  i n  a p o s i t i on o f  g ue s s i ng o r  app r ox -

ima t i n g  t h e  smoo t h ing c o n s t an t s . T he b e s t  c o n s t an t s a r e  

�ho s e  c o n s t an t s  t h a t  g en e r a t e  t h e  b e s t  f i t  on t h e  d a t a . EXPO 

g i ve s t h i s  un i q ue c ommo d i ty to the us er . A u s e r  manu e l  i s  

p r o v i d e d s o  t h a t  EXPO c an b e  e a s i l y us e d . T hu s , a f o r e c a s t  

c & n  b e  p ro v i d e d  w i t h  l i t t l e  e ff o r t . 
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APPEND IX  2 

THE USA G E  MANUAL 

T h i s manu a l  i s  d e s i gn e d  t o  exp l a in the c ap ab i l i t i e s  

and p r op e r  us e o f  the p rog ram EXPO . The p ro g r am has  the fo l ­

l owing c ap ab i l i t i e s : 

fo r :  

( 1 )  T o  p rov i d e  an exp o nen t i a l l y smo o t h e d  f o r e c a s t 

( a )  s imp l e  

( b )  t rend and i r r egul a r  

(c ) s e a s o na �  and irr egu l ar 

( d )  t r e nd , s e a s onal , and i r r e g u l ar 

wi t h  fac t o r s , cons t ant s , and the  l a s t  fo r e c a s t p r o v i d e d  . . 

( 2 )  To  comp u t e  an exp o nent i a l ly smo o t h e d  f o r e c a s t 

fo r : 

( a )  s imp l e  

( b )  trend and i rr e g u l a r  

( c )  s e as o n a l  and i r r e g u l ar 

(d)  t r end , s ea s onal , and i rr eg u l a r , 

the  b e s t  smo o t h ing  c o n s t ant ( s ) , fac t o r s , and a new fo r e c a s t . 

( 3 ) To c omput e  ( 1 )  above a s  we l l  a s  ( 2 )  f o r  c omp ar i ­

s on . Thi s op t i on a l s o  a l l ows f o r . p l o t t ing o f  b o th ( 1 ) and 

( 2 ) . 

(4 ) T o  comput e  the b e s t  f i t  in a l l func t i ons  f o r  t he 

purp o s e  o f  d e t e rm i n ing t he b e s t  smoo t hing c o n s t an t s  a s  we l l  

a s  t he func t i o n . 
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As  m e n t i o n e d  p r ev i o us l y , t he c o nt r o l c ar d s  fo r p r o g r am 

e x e cu t i o n  w i l l  d ep end on t he s y s t em u s e d , T h e  f i r s t c a r d  r e a d  

i n t o  t he p ro g r am EXPO i s  t h e  p a r ame t e r  c ar d . T h i s c ar d  d i c ­

t a t e s  e x e cu t i o n  o f  t he p r o g r am . T h e  c a r d  l ay o u t  i s  a s  

fo l l ows : 

C o l umn 1 : 0 - Smo o t h i ng con s t an t s , a n d  v a l u e s no t 

p ro v i d e d . 

1 - Smo o t h ing cons t an t s ,  and v a l u e s 

p r ov i ded . 

C o l umn 2 - 4 : Numb e r  o f  p a s t  d a t a  t o  i np u t  - n 

C o l umn 5 :  Me t ho d  o f  c ompu t a t i on ; 

0 - C ompu t e d  cons t an t s a s  we l l  a s  t h e  b e s t 

func t io n . 

1 - S imp l e  exp onent i a l  s m o o t h i ng 

2 - T r end and i r r e gu l a r  

3 S ea s o na l and i r r eg u l a r  

4 - T r end , s ea s ona l , and i r r e gu l a r  

C o l umn 6 :  O - Do n o t  p l o t  out  fo r e c a s t d a t a  

1 Compu t e  d a t a  and p l o t  o u t  

C o l umn 7 :  O - P a s t fo r e c a s t  no t p r o v i d e d  

1 - P a s t f o r ec a s t p r o v i d e d  

C o l umn 8 : O - Do no t c omput e  new s mo o t hi ng c o n s t an t s  

1 - Comput e new smo o t hi ng c o n s t an t s . (A , B ,  

C o lumn 9 - 1 0 :  

o r  C )  

Us ed  for s e a s on a l  d a t a o n l y  

0 4 - Qua r t e r l y  da t a  

1 2  Mon t hl y  d a t a  
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T h e  f i r s t c a r d  wi l l  cont a i n v a l u e s a s  o ut l i n e d  above . 

T h e  da t a , i f  i t  i s  p r o v i d e d , s ho u l d  b e  i n  t h e  f o l l ow i ng 

f o rma t : 

C o l umn 1 - 7 : - the  va lue w i t h  a d e c im a l  p o in t . 

The r em a inder  o f  t he i npu t s t r e am d e p e n d s  up o n  t he 

u s e r ' s  n e e d s . I f  t he u s e r i nt ends t o  p ro v i d e  t h e  p a s t d a t a , 

t he p a s t d a t a  s t r e am w i l l  c ome b e fo r e  t he p ro v i d e d  input 

va l u e s ; smo o th i ng  c o n s t ant s , l a s t  f o r e c a s t ,  and f a c t o r s . 

Wi t h  n o  d a t a , t h e  input va l u e s  wi l l  fo l l ow t h e  p a r am e t e r  

c a rd . Examp l e : 

Wi t h  D a t a  Wi t ho u t  D a t a  

C ar d  # 1  0 0 0 9 1 1 . 1  - 1 0 0 0 1 0 0 0  

# 2  2 " 1  - 6 . 0  8 . 0  . 1 

# 3  2 . 2 - EOF  

# 4  3 . 0  

# 1 0  2 . 5  

# 1 1 EOF 

T h e  inp u t  v a l u e  and f o r e c a s t wi l l  d ep end o n  the fun c t i on  t o 

b e  us e d : (a l l  r eq u i r e  d e c ima l p o in t s e x c ep t * ) 

( 1 )  s i mp l e  - C o l umn 1 - 7 :  a c tual d emand 

8 - 1 4 :  l a s t  f o r e c a s t 

1 5 - 1 8 : v alu e  o f  A 

( 2 )  t r end and i rr e gu l a r  

C o l umn 1 - 7 : a c tu a l  d emand 

8 - 1 2 : t r end fa c t o r  

1 3 - 1 9 : l a s t  for e c a s t 



Co l umn 2 0 - 2 3 : v a l u e  o f  A 

2 4 - 2 7 : va l ue o f  B 

( 3 )  s e a s on a l  and i rr e gul ar 

Co lumn 1 - 7 :  a c tu a l  d emand 

8 - 1 4 : l a s t  f o r e c a s t 

1 5 - 1 8 : v a l u e  o f  A 

1 9 - 2 2 :  v a l u e  o f  C 
� 

2 3 - 2 7 :  s e a s on a l f a c t o r  

2 8 - 2 9 :  p er i o d  - 6 4 o r  1 2 *  

3 0 - 3 4 : s ea s on a l  f a c t o r  n - L  p e r i o d s 

a g o  

( 4 )  t r en d ,  s e a s o na l , and i rr e gu l a r  

Co l umn 1 - 7 : a c t u a l  d emand 

8 - 1 2 : t r e n d  f a c t o r  

1 3 - 1 9 : l a s t  fo r e c a s t 

2 0 - 2 3 : v a l u e  o f  A 

2 4 - 2 7 : va l u e  o f  B 

2 8 - 3 1 : v a l u e  o f  C 

3 2 - 3 6 :  s e a s on a l f a c t o r  

3 7 - 3 8 : p e r i o d  - 0 4 o r  1 2 * 

3 9 - 4 3 : s ea s on a l  f a c t o r  n - L 

Examp l e  l o f  i np u t  f i l e : A s imp l e exp o n en t i a l  smo o t h i ng 

fun c t i on  i s  d e s i r ed for  t h e  fo l l owi ng i n fo rma t i o n . Ac tua l 

demand w a s  1 0 . 0 ,  t h e  l as t fo r e c a s t wa s 9 . 5 ,  t h e  smo o t h i ng 

c o n s t an t  i s  . 1 .  T h e  inp u t s t r e am wo u l d  b e : 
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1 0 0 0 1 0 0 0  � i nd i c a t e s  s p a c e s  

EO F 
Examp l e  � o f  i np u t  f i l e : D a t a  i s  p ro v i d e d  f o r  a s e a s o n a l  

........_ 
exp o n e n t i a l  fo r e c a s t ing  func t i on . A p l o t  i s  d e s i r e d t o  

c omp a r e  t h e  o l d smo o t h ing cons t ant s r e s u l t s  t o  t h e  new . 

7 9  

Ac tu a l  d em and i s  1 0 . 0 , the  l a s t fo r e c a s t i s  9 . 5 , t h e  s e a s on a l  
-

fac t o r  i s  . 9 , t h e  l a s t  s e a s ona l fa c t o r  n - L i s  1 . 1 ,  A i s  1 ,  

and C i s  . 2 . The r e  i s  quar t e r l y da t a  p r o v i d e d . T h e  i nput  

s t r e am wou l d  b e : 

1 0 0 5 . 3 1 1 1 0 4  

9 . 0  

1 0 . 0  

9 . 0  

1 0 . 0  

9 . 5 

1 0 . 0 � � A 9 . S l 6 � 6 . 1 6 il . 2 � � . 9 � 6 6 0 4 1 . l  

E O F  

Ou tput  d ep end s on  t h e  typ e o f  func t i on u s e d . A p l o t  

wi l l  b e  p ro v i d e d  i f  a 1 i s  p u t  a s  c o l umn 6 o f  t h e  c o n t r o l 

c a rd . One  ex amp l e  o f  output wou l d  b e :  

A C VAR IANC E NEW FORECAST 

5 1 . 0 0 

NEW S EASONAL P E R I OD 

. I  . I  5 4 . 2 2 

Ano t h e r  ex amp l e  of output wou l d  b e : 

ACTUAL DATA 

8 . 0 0 

FORE CAST G IVEN 

8 . 0 0 

. 9 9 4 

NEW F O RECAST 

8 .  0.0 



6 · . 0 0  

9 . 0 0 

8 . 0 0 

7 . 0 0 

8 . 0 0 

6 . 0 0 

G I VEN VAL U E S  

A 

. 1 

COMPUT E D  VALUE S 

A 

. 1 

7 . 8 0 

7 . 9 2 

· 7 .  9 3  

7 . 8 4 

7 . 8 5  

7 . 6 7 

VAR IANCE 

. 9 6 

VAR I ANCE 

. 9 6 

7 , 8 0 

7 . 9 2 

7 , 9 3 

7 . 8 4 

7 . 8 5 

7 , 6 7 

NEW FORE CAST 

7 . 6 7 

NEW FORE CAST 

7 . 6 7 

8 0  

T o  ex e cu t e  EXPO o n  t he p r e s en t  s y s t em , the  c on t ro l  

c a r d s  a r e  s t o r e d a l r eady . S imp l y  c r e a t e  a d a t a  f i l e  a s · 

exp l a i n e d  p r ev i o u s l y  wi t h . a / * a s  an end o f  f i l � .  Up on  

c omp l e t i on , i n s e r t : SUBM I T  J C L 1 3 ,  EXPO , L I NK l , *  and  end the  

f i l e . Up o n  c omp l e t ion  o f  e x e cu t i o n  t o  o b t a i n  o u tput  i n s e r t : 

OUTPUT MME P 1 0 1 3 .  
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