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A II,~t r a d  

Focus Forecasting is a p~13ular heuristic ntethodology for production and inventory control although there has never been a 
rigortms test of accuracy using real time series. We contpare [:ocus Forecasting to dantpcd-trend, seasonal exponential 
smoothing using live tilne series of cookwarc detnand in a production platming application. We also make comparisons using 
91 tilnc series from the M-Compctiti~m sltltly of forecast accuracy, l.:xponcntial smoothing was more accurate in both cases. 
,~ 1~,~;7 lilscviel Science B.V. 
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I. l n l r o d u c t i o n  

Focus Forecasting is an heuristic nletht)dt~logy, 
dcvch)ped by Smith (1978), that has received a great 
deal t)f attentiot| by both acadenlics and practitioners. 
In prt)tlttctit)tl and operations tnanagemet|t  textbooks, 
Focus Folecasting has consistently received favor- 
able reviews. For discussions of Focus Forecasting, 
see Chase and Aquilano (1995); Gaither (1994); 
Krajewski and Ritzman (1996) artd Vollmatl et al. 
(1992 I. For example,  Cha, sc and Aquilano state that: 
"l:ocus forecasting appears to offer a reasonable 
approach to short-term forecasting, say. monthly or 
quarterly, but certainly less than a year. If there is 
one thing focus forecasting offers, it is close nloni- 
toring and rapid rcsptmsc. '  

Focus Forecasting is also available in commercial  

"C~rl'c,,ponding at.thor: Tel.: +1 713 7434744; fax: ~-1 713 
74 ~4~J40. 

software packages for forecasting, inventory control, 
and production planning. For a detailed review, see 
Tastunan and Tashman (1993). One of the programs 
in their review. Demand Solutions, is in use at 850 
sites, in 47 countries, and by more than 650 corpora- 
tit)ns. 

Despite the popularity of Focus Forecasting, there 
appears to bc only one published research study on 

the accuracy of the methodology, by Flores and 

Whybark (1986). This study compared Focus Fore- 
casting to simple exponential smoothing using 500 
simulated time series and 96 actual series. In the 
simulated time series, Focus Forecasting was more 
accttrate, but simple exponential smoothing was 
more accurate in the actual series. Because of  these 
differences in performance, the authors state that "... 
the results do not provide a consistently superior 
choice of forecasting technique. . . ' .  

We agree with Flores and Whybark that the results 
arc ambiguous. We also believe that the results are 

OI~LlO70/u7/SI7.1~) .; It;07 F,F, evicr Science B.V. All right~, rescr'~ed. 
I'll .'SO I ¢~9-207(h 97 I()t)1135 -6 
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biased. The reason Focus Forecasting was best in the 
simulated series was that the series contained trends 
and seasonal patterns. Simple smoothing is hopeless 
in such series and the authors did not test alternative 
smoothing methods such as Holt et al. (1960) or 
general exponential smoothing (Brown. 19631. 

This paper is an empirical evaluation of Focus 
Forecasting. The study originated in a production 
planning project at a Houston-area manufacturer of 
cookware. Because production plans depend on 
forecasts, we were asked to evaluate the company's 
Focus Forecasting system, which predicts monthly 
demand for five major products. Focus Forecasting 
was compared to a damped-trend, seasonal exponen- 
tial smoothing system in these tin|e series. Com- 
parisons were also made using 68 monthly and 23 
quarterly time series taken from the "M-com-~ctition" 
study of forecast accuracy [Makridakis el al. 1982)1. 

delivery promises are quite conse~'ative to allow 
ample leadtime to obtain material. Therefore, man- 
agement did not consider forecasting necessary for 
make-to-order production. We concurred with this 
opinion. 

Monthly demand for the five cookware sets is 
highly seasonal, as shown by the time plots in Fig. 1. 
Note that the series start in different months and end 
in May. 1994. The peak month is in late spring or 
early summer, for the wedding season, while another 
peak occurs near the end of the year for holiday 
purchases. According to company managers, differ- 
ences in ordering patterns from major distributors 
cause peak and trough months to vary slightly by 
series. 

]+he last series in Fig. I. demand for 12-piece 
cookware nets. accounts for about 55% of dollar 

2. The cookware al)i)lication 

The cookwa l ' e  n lauu fac t l l re r  purchases major t o n I -  

portents, called pot and pan "bodies'. under hmg-lerln 
conlracls with suppliers. The company requires I- 
nto,tlh-ahead forecasls because delivery calls against 
nl~.)Nl c()nlr;tcls t i tus[ Ive placed early in the Inonlh. 
t,sually on tile lix'st working day. Just-in-thltc deliv- 
ery in small batches of bodies to support daily 
production stillIS I month later. The n|ant, facturing 
process has a short cycle, often 2 or 3 days, and 
includes application of protective coatings, decora- 
tive en:nneling, attachnlent of handles and km)bs, 
:rod packaging. Finished products arc packaged in 
live different sets, con]posed of six to twelve pots 
and pans each. "['he production environment is one of 
"make-to-stock' rather than "make-to-order'. The 
product line is standard, inventory is built in advance 
of peak periods, and company policy is to ship from 
one of several warehousing facilities rather than 
direct from the factory. At the time of the study, the 
product line had been essentially unchanged for the 
last live years, which provided a set of relatively 
hmg time series for forecasting tests. 

We should point out that there is some make-to- 
order production from time to time. ilowcver, the 
work is done on overtime so as m)t to disrupt 
make-to-stock operations. Volumes are small and 

2 

Fig. 1. Cookwarc series. £muary, 19Ng-May, 199..1. 
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Fig. 2. Momhly demand aild I'oeus l\wecasls l\ir 12-piece cookware sets, January. 19Sg-May. IC19,.I.. 

sales. Tills series is plotted in Fig. 2 together with 
I-illontll-:lhel.ld Focus Forecasts. The forecasts were 
produced by selecting lmnl ;i set of eight decision 
rules: 

I. The forecast for next nllmth is the actual deinand 
for tile same inoli ih last year. 

2. The forecast I~u liCXl nlOillh is I 1()<7< , of  tile aclual 
denland for tile same month last year. 

3. The l'llrecasi It)r liCXt l i lonlh in tile actual tletiland 
for Ihe same il i l lnth last year niul l ip l icd by a 
growlh ratio: last inoil ih's delnand divided by the 
Sl.lltle i n o l l l h  at year ago. 

4. The forecast I'llr next lilOtllh is oue-sixlh ill" tile 
total aclutil detlialid for the last (} inonlhs (;.i 
two-quarter mOVillg average). 

5. The forecast for uexl l l lonlh is Olle-ihird of tile 
actual denland for tile previous 3-11iouth period (a 
()ne-qtiaricr int)vil lg average). 

6. The I'orectlsi for next inonth is one-third of file 
amlu:ll dcmalid for the ,same 3-nlOlilh period last 
year, mult ipl ied by the growth or decline since 
last )'ear. The growth or decline is nleasured by 
file r:li io of delllalid for the last ] months Io 
deinand for the Sallle 3 ll ionihs last year. 

7. I f  the dcnland in the last 6 rllOllths is, less th;.ln 
40% ill" tile delllatld I~lr tile 6 nlonlhs, preceding 
that. tile fill'COaSt for next month is one-third of 
1 I(YT<, of the denlatnd for tile s;.llrle 3-1nollth period 
last year. 

S. If the demand in the last 6 nlonths is more than 
2.5 times tile demand for the 6 months preceding 

thai. the forecast for next month is one-third of 
tile delnl, i l id for tile Stilile ] - l l ion lh period last year. 

l;or cilch rtl]e, il n|onthly error inei|stlre is coin I 
puted: the absolute value of the average forecast 
error for tIle last 3 nlonths. Note lh;.lt the abs¢~lute 
value is taken after Ihe average in conlputed. The 
nlelh(id with tile lowest error measure is selected Ill 
litak¢ tile forecasl for file lieXl nionlh. This prtlccdure 
is the SallllC :is ilult of I:h)res alld Whybark and 
COllipaliy illaliagers felt thai it was reasou;,ible :it the 
l ime i:ocus l:orecasliug w'as inll'Jleln¢nled. ~J;.lllal~ers 
WCl¢ i loi COllcerned with bias ttild believed Ihal 
silol'iages of product ( froi i l  untier-¢siil l lalion) were 
just as undesirable as excess stocks (froin over- 
estimation). 

Except for P, ule 3. all rules were taken directly 
from Flores and Whybark (1986). Rule 3 was added 
by tile COlllpl.tlly during the initial implenlentation el" 
Ft)cus' Forecasting. Rules 7 and S are complex 
attempts to forecast the exlreme nlonths (trough and 
peak) of  tile anllual seaSOllal cycle. No ratiOllale for 
these rules is giVell in Flores aild Whybark alld we 
lind them di l l icu l t  to justi fy. Rules 7 alid ~ may be 
i l l-conceived because, ;is discussed below, tile rule 
selection algorithm never used these rules to make 
any forecast in the cookware series. 

,? • . , For the time series in I:ig. 2, Focus Iorl :castlng 
wan iniplemented in March, 1991, and gave excellent 
performance for the rest of that year. The cmly large 
error, alll uncierestilllate of dematld, occurred in 
December, 1991. Good rcsuhs were also obt:tined 
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during 1992 and most of  1993. However. accuracy 
deteriorated from mid-1993 until the end of  the 
series. In particular, the system greatly underesti- 
mated demand during the last half of  1993. which 
led to shortages of  product and late shipments. This 
pattern of  underestimation was followed by a large 
overestimate of  demand in March. 1994. 

Why did Focus Forecasting accuracy deteriorate'? 
Many of the Focus Forecasting rules involve data 
comparisons to the same month or quarter a year 
ago. The result is that the forecasts can lag behind 
significant changes in both level and trend. In Fig. 2. 
demand jurnped to a new level in August. 1993. and 
the rate of  growth from that month forward was 
significantly greater than it had been in the past. For 
example, demand in November, 1993. was 68(~ - 
greater than demand in November. 19~.~2. 

What happened to Focus Forecasting accuracy in 
tile rest of the cookware time series? Similar prob- 
Ictns occurred in the second series (see Fig. 1 ), while 
accuracy appeared It) be reasonable in the others. 
ilowever, file ct)ntpany was most concerned abotnt 
the product illustrated in Fig. 2 because it con- 
tril)uled such a large share of sales revenues. 

3. "Fine exl .ment ia l  smoothing  al ternative 

Front the COml)any's perspective, tile major appeal 
of Focus Forecasting was that it could bc used as an 
atntomatic l'orccasting syslem. Therefore, as an alter- 
native to FoctlS |:t)rccasling, we chose an exponential 
smoothing system which can be operated in a 
completely automatic fashion. The smoothing system 
is based on the class of autoregressive-darnping 
forecasting systems. :tlso known its d,tml~ed-trend 
systems, developed by Gardner and McKenzie 
(1985). The multiplicative seasonal version of  the 
danq~ed-trend system ( Gardner and McKcnzie. 1989) 
was used in this research: 

(3) 
N o t ~  

f t ' ( m )  = S, , -  cb'T: I , _~+, ,  . 
i=l 

(4) 

S, and T, are the level and trend components of  the 
series. The seasonal indices are denoted by I~. k = I. 
2 ..... p. where p is the number of periods in I year. 
There are three smoothing parameters, tt~. tt, .  and h~ 
for the level component, trend component, and 
seasonal indices, respectively. The damping parame- 
ter ~b controls the rate of gro~vth in the forecasts. The 
one-step-ahead lbrecast error is defined as e, = ,¥, - 
X,_I(I). 

4. Experimental  design 

The live cookware time series ranged hi length 
from 53 to 65 obse~ations. We divided each series 
ink, two santples. The lit'st n /2  observalit,ns 
(rounded to the next higher integer in tile case of a 
frvctional result) were used for tnod¢l-litting, with 
t)ne-step-ahead forecasting th)ne for the remainder of 
each series. This procedure ensured that both Focus 
Forecasting and tile smoothing models would have at 
least two complete )cars of history It) tlclcct and 
eMinl;.lte Ills seasonal pat le r l l .  

"l'o nn,tke the smoothing model fully autontalic, wc 
plogr;.nllmed ;.i M;tndald ault)ct)rrelaliOll test for 
scast)nality, using the lirst n /2  observations in each 
series. The result was used to choose the nonseasonal 
or seasonal version of the dantped-tn'end model, in :111 
series, the correct model (seasonal) was chosen 
autonmtically. Initial seasonal indices (/~) were corn- 
puled using the ratio-to-moving average method. 
hlitial level (S o) alld trend (7~) were computed using 
a linear regression on time lifted to the dcseasonal- 
izcd data. The initial level wits set equal to the 
intercept of  the trend line. and the trend was set 
equal to tile slope. Next. model-litting wits done 
using a grid search procedure to minimize the mean- 
squared-error (MS|z]). The search was conducted 
over the range O-I  for all smoothing parameters as 
well as the damping parameter. After tile litst n/2 
observations, no changes were made to model pa- 
rameters and |-qs. (19-(4) were used to record 
errors, smooth COlllponents (level, trend, and se:.tSOll- 
al index), and compute new forecasts. 
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To initialize the Focus Forecasting system,  lore- 

casting v~as started after the first year o f  data. The 
best rule wa,~ selected each period according to the 

procedure described above. For comparison to ex- 
ponential  smoothing,  forecast errors were recorded 

starting at period n / 2 +  I. 
Within each t ime series, we computed live error 

measures using the one-step-ahead forecasts from 

n / 2 + l  until the end of  the series: the relative 

Geometric  Root Mean Squared Error by series. 

referred to ~imply as G R M S E  hereafter, root-mean- 
squared-error (RMSE) .  mean absolute error (M AD).  
mean absolute percentage error (MAPE) .  and median 

absolute percentage error (inedian APE). 
The GR.MSE may be unfamiliar .  Fildcs (1992) 

presents formulas and a coinplete notat ion syslc ln for 
ihi~ ille:.i,,tire. For this appl icat ion,  we Call s i n lp l i f y  
Filden" pr¢,,cnial ion to lilt" lo l lo~ving: 

1,'7,i,'7:11" (5)  

Insitl¢ the biackels,  we take lll¢ prtlducl of the lalios 

tfl >,tlU,Uctl one-Mop-ahead elrots  for two allcl 'nalivc 
ftlrcc:lsiing incihiltln. The product is then raised to a 
poreor of till,,: over "1'. lh¢ ilUlllbcr tiC stlch citers.  N()Ic 

thai each tulc-step-, iheatl  error in (5) has two 
subscripts: lilt" t irsl tlen~lles the l ime pcl i t )d in the 
h~dtl-oul ~ainpl¢, fl'Olll [ i l l  7', al ld tile second t lel loles 
lh¢ I~u'¢c:iMing n ie lhod,  I ()1" 2. 

II¢c;.ltlnC the ( ;RMSI" is b:ixed 011 i'atitis, the 

IlleZIMIFC in bt)th scale and un i t - i l idcpcndcnt ,  ;.in 
i i l lpor t ,u l t  co i ln i t lera l io l l  inl cll(~osing niodcls l'or 
groups of  l in le series. Igw a COlllplcl¢ t l isct lssion o f  
tilt: ;.idValll;.igcs and dir, advanlages o f  the GRMSIL 

see Fildes 11992). Similar measures are also dis- 

cussed in Armstrong and Collopy (19921. 

Forecas t  accuracy  c o m p a r i s o n s  

Forecast accuracy comparisons  for the cookware 

series are summarized  in Table I (Series  5 is the 

most important  of the series, displayed in Fig. 2). 

Exponential  smoothing ssas better in ever)' com- 

parison save the median APE for Series I. In many 

cases the differences in favor of  smoothing arc quite 
large. Given  these comparisons,  the company  dis- 

carded the Focus Forecasting system and iin- 

plementcd exponent ia l  smoothing.  
To  at least par t ia l ly  con l i rn l  the cookwal 'e series 

results, we ,dlnulaled one-step-ahead forecast ing 
u~,illg dala f io in  tilt" Makr idak is  co l loc i io l l  o f  111 
l i in¢ series ( ,Makr i t lakis e ta l . ,  I t)~2). Th is  t :o l l¢c l ion 
includes fib n lon lh l v  ~el-ies and 23 quarter ly  series. 
The olht ' r  s¢lies ~11¢ alllltl;.ll d:ll:.l allt l Ihtl~ Iotl short Io 
;.iii;.il)/.¢ ~ i l h  I:tlCtlS Forecasting. Thc  Salllt_' cx- 
p t ' l i l l l¢ l l la l  t lc~ign was u,,etl as i l l  the ctiokW;.ll¢ r4t'ii¢~; 
except thai ob~iou,, inod i l i ca l ions  wcrt" inadt_" I~l Ih¢ 
I,OCtln I"t~l-t'c:i,,liil~ itl[¢,~ Io : l t ' t 'o l l l l l lodale t luar ler ly  
s¢iie~. T, ib l¢ 2 Xtl l i l l l ial i / t . 's ( IRMSI ' ] ,  MAPI ' ] ,  anti 
Inct l ia l l  /\1>1'~ over all quarter ly  anti i l l on lh l y  series. 
RMSI' ]  al ld M A I )  were nol inu'lutl¢d bcc;.iun¢ tlicn¢ 
lllea~;tllt.'~ ;.ire scal¢-del)endent. Table 3 i-t~porl~ the 
pclCellli.ige ~ll Ihc ~,ericn in which CXl'loilelllial 
sister,tiling ',~an better. Again, the rer, ults l;.I,,tll ex- 

ponential  nint~tithing. 
Did I:ocun Ftwec,ir, ting use a tltilllill:illt rule It~ 

COlllpute lt)r¢c;.iMs'? For the cook,,+,are so l ion ,  w e  

ct)nlpilcd ,i di>,tributitin ~)I" the rules u>,cd, shov, n in 
Table 4. Thi <, was not done for the Makridaki>, data 

l'ablc I 
{ ' l l ~ i k ~ i l ~ l l t  ' ~ t ' r l t ' n :  ( ) l l ¢ - M e p - a h t ~ a d  I . ' lT l l l "  1117;IM.IIl,~ 

Sctic~ ( ;R$,ISN I,LM S I'] MAI) 

l';xp. ',111. I:llt.ll~, I'x[1 Mn. Flit-u,, 

M \1'1- MI-I)IAN AI'I- 

I'xl~. Mli. Focus I'M~. "qli. I : ~ ; i i n  

1 (l'J4 211t),t'~ t 3.i,.f~ I 1~11.() 241.1) 
2 I1 77 2131~ 344.1'~ 154.2 27t~.4 
3 (I s~ 43<~ I s22.2 354 1 t~34S 
4 1) t/4 2i',4 I) .I If~.g 2211 f~ 21~1>.4 
5 (IS5 715.4 1,115('+.3 4ti(1.5 N4S. I 
Meall I),MI 3(i1'1.5 574.7 2753) 453. t) 

4 f~ ,r~tj 45 4. I 

,k 4 14.7 ,S~,l 14.7 
I t<'.l 17.11 12.s 143 
17.7 3tl. I 1411 23.1'~ 
I()() 17.7 tLl 13.1 

~%r' '~ ' : I{xponcntial xnu~l~lhing is Ihe ba~c hi I{q. (5i for Ihc (IRMSI~. 
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Table 2 
M-Competition series: summary, one-step-ahead error measures 

Series GILMSE APE MEDIAN APE 

Exp. sm. Focus Exp. sm. Focus 

Quarterly 0.91 8.1 11.7 2.8 3.7 
Monthly 0.93 10.4 12.0 6.2 7.3 

Notes: Exponential smoothing is the base in Eq. {5.1 for the GRMSE: GRMSE values are geometric means over all series: MAPE v, as 
averaged over all series: Median APE was computed over all series. 

Table 3 
M-Competition series: percent of  series in which exponential smoothing was better 

Series GRMSE RMSE MAD MAPE MEDIAN APE 

Quarterly 83 91 87 87 83 
Monthly 66 84 81 76 68 

iV~t~': Exponential smoothing is the base in Eq. (5) fi~r the GRMSE. 

"['able 4 

('ookv.,,lre serics: l:t)Cll~; I"ol'ecaslillg rult, s ll~;12d 

Rule I ,ogic Pcrccnl of 
i~)recasIs 

[ I)emand for same month last year 15.9% 
2 I I(1% of dcnl;md for same mouth last year 11.7% 
3 Same month last year limes gr~wt|t factt~r 33.1% 
4 '['wo-qu;irtcr moving average 12.4% 
5 {)lJe-qtl;u'ter moving aventgc 15.2'~, 
¢, I /3  O|' S;.llne tltlarlcr last year times gn)wth I';tctor I 1.7'/t 
7 Seasomtl rule: trough mt)nlh 0.(1% 
8 Seasolial rule: i~e:ik mtmth 0.0% 

l(X).0% 

because there is little if any simih|rity atnongst time 
series. The dominant rule in the cookwarc series was 
Rule 3, developed by the company to supplement the 
Flores and Whybark system. Complmy managers 
added this rule after examining a marketing report 
showing tables of  monthly growth ratios from one 
yc;tr to the next. The company rule was tile only rule 
specilically tailored to the data, which is one expla- 
nation for its perfortu:mcc. 

it is interesting that tile seasonal Rules 7 and 8 
were never used, a possible indication that wc could 
expect Focus Forecasting to perform better in the 

nonseasonal series in tile Makridakis collection. 
tlowcver, this was not the case. There wits no 
signilicant difference in Focus Forecasting perfornl- 
ante between seasonal and nonseasonal time series. 

6. Conclusions 

The aim of  this paper wits to evaluate tile per- 
formance of  a set of Focus Forecasting rules in 
practical use as production planning tools in a real 
manufacturing lirm. Exponential smoothing proved 
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to be more accurate than Focus Forecasting and was 
implemented by the company as the basis for 
monthly production planning and purchasing of 
component parts. In preparing the final revision to 
this paper, we discussed with our client the per- 
formance of exponential smoothing since our con- 
suiting engagement in 1994. The damped-trend. 
seasonal system has been used continuously. Per- 
formance has been satisfactory, with forecast errors 
no worse than those described in the exhibits to this 
paper. 

One could invent an extraordinary, nt, mber of 
additional Focus Forecasting rules so we cannot 
claim that exponential smoothing will always be 
more accurate than Focus Forecasting. However. we 
recommend that Focus Forecasting users benchmark 
acct, racy in a true ex anic forecasting test against 
exponential smoothing or some other simple alter- 
native. Wc rcconm;cnd bcnchnlarking fur any fore- 
casting system, bt,t it scorns especially indicated for 
[ :ocus Ft ) rccas t ing  given that our  resul ts  f avor  ex-  

ponen t i a l  s t i i t x l t h i ng  by a large n la rg in .  

~Tli) '  d i d  t xp iu i t . ' n l i a l  s, n i t l i l l h i n g  p c r f o r n l  I+t.'ih.'r 

lhan Ihc CtUlil'l:+iny's I+ot.'u+ I+o lccas l ing  svs lcn f ,  ~ "l 'his 

is a d i f l i c u l l  q i i cs t i on  Io aliSv¢cr t'lcc;.itlSC I"ticu,+ 

I ;orec; . is l ing is a p t l r c l v  ad hoc :,:,yslcni w i t h  no 

Ihc t i r c l i ca l  hasix l i l  a id +uialynis i l l  undc r s i andh i  7. It 

in ini lxlssihl+ io c t i n i pu le  t.'tllititlt_'liC¢ i n l e l va l s ,  rc- 

g io l lS  o f  s tab i l i t y  ll:li- t i le ltilCC;.lsls, f i r  o the r  s land i i rd  

ana ly t ica l  rest+Its. SitlCC tllcrc has been  no p r ev ious  

empirical rcsca,ch tither tha,I that of Florcs and 
Whybau'k (It)86), there is lltl way to predict hmv 
Focus Fo recas t i ng  shou ld  pc l ' fo rn l  c o l n p a r c d  tt l ;.lily 

o the r  l'tlrec;.isiing systcnl .  

Wc believe that the best ailswcr to the rckitivc 
performance qucstitm is that the Focus Forccastillg 
system in use by the company was not spccilically 
tailored to the cookwarc data. Except I'tlr Rule 3. 
dcvchtpcd by the company, all of the ftlrccasting 
rules were chosen independently of the data. 

One iif the referees suggested that better l'~ocus 
Forecasting rules might bc developed using the rule- 
based ft+rccasting mcthildohigy of Colhlpy :rod Arni- 
strong (1992}. a structured system for validating 
Iorccasiintz,~ rules throu-h~ prior research and empiri- 
cal tcstmg. We agree that the Collopy-Arnlstrong 
nlcthodohlgy offers promise in the tlcvclopnlcnt of 

Focus Forecasting rules. The methodology is as 
much a system of evaluation as a forecasting system 
and guarantees that only rules with a significant 
performance advantage will be adopted for practical 
use. The disadvantage of the Collopy-Armstrong 
methodology is its complexity, a problem acknowl- 
edged by the authors in their original paper. 

The cookware time series are available from the 
authors upon request. 
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