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Abstract: For companies proposing a large offer of products and services, it is important 
to identify the products for which the forecast quality is critical. The objective 
of this paper is to propose a strategic analysis of the products in order to 
determine priorities in the demand forecasting process: (1) a high priority class 
including the products for which forecast accuracy has a strong impact on the 
logistic performance of the company and where judgement should be inte
grated in the forecasting process; (2) a low priority class with the remaining 
products for which forecast accuracy is less important and where forecasts 
could be established in an automated way. The classification process takes into 
account different criteria chosen on the basis of cost efficiency reasoning. 
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1. INTRODUCTION 

Most of the mathematical forecasting models consist of more or less 
complex extrapolation techniques and are based on the hypothesis that 
established patterns in the previous data will not change during the forecast
ing phase and are expected to continue in the future. The context in which 
companies evolve nowadays is characterised by a high uncertainty level and 
quick changes in the environment for which this hypothesis is generally 
insufficiently verified. Under these conditions, integrating judgmental fore
casts established by a forecaster on the basis of his/her interpretation of 
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contextual information, his/her knowledge of the market and his/her experi
ence, with mathematical forecasts appears promising; it would in particular 
allow the anticipation of changes in the demand characteristics and thus to 
increase the reliability and accuracy of the resulting forecasts (MEUNIER 
MARTINS 2003). 

The integration of human judgement into mathematical forecasts can be 
very costly if a forecaster has to review every product. Furthermore, this 
systematic process could be inefficient as the forecaster would become bored 
with this mass of work. It is therefore crucial to identify the most important 
products for which the forecast quality is critical and where judgement 
should be integrated. This paper proposes a strategic analysis of the products 
in order to define priorities in the forecasting process. Two classes of fin
ished products are determined: 

• A high priority class including the products for which forecast accuracy 
has a strong impact on the logistic performance of the company and 
where judgement should be integrated into the forecasting process; 

• A low priority class with the remaining products for which forecast accu
racy is less important and where forecasts could be established in an 
automated way, without any human supervision. 

This paper is organised in five sections. In section 2, the justificafion and 
motivation for a strategic analysis of the products related to the integration 
of human judgement into demand forecasting are detailed. The classification 
criteria are also presented in this section with the reason of their choice. 
Section 3 introduces the classificafion problem with regards to some known 
approaches. Then the new classification method based on fiizzy logic and 
proposed in this paper is presented and justified. The presentafion of a case 
study with data supplied by two companies is given and discussed in section 
4. Finally, conclusions are presented in section 5. 

2. STRATEGIC ANALYSIS OF PRODUCTS 

The classification criteria are chosen on the basis of cost efficiency rea
soning that could be illustrated by the question: how far do the resources 
invested in judgmental forecasting contribute to improved logistic perform
ances and better service level? Three types of criteria have therefore been 
taken into account in the classification process. They are related to the: 

• Strategic importance of the products for the company; 
• Difficulty to establish forecasts (judgmental or mathematical); 
• Influence of the forecasts accuracy on the logistic performance of the 

company. 
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The criteria related to the strategic importance of the products for the 
company are the contribution of a product to the total turnover and its posi
tion in the life cycle. The contribution of the products to the total turnover 
identifies the items making the greatest part of the financial volume. The 
position of the product in the life cycle is a subjective criterion complemen
tary to the previous one. It makes it possible to identify the items with a 
strong potential or dying, whereas this information does not appear clearly 
when evaluating their contribution to the total turnover. 

The criteria relating to the difficulty in establishing reliable judgmental or 
mathematical forecasts are respectively the availability of useful contextual 
information and the randomness of the time series pattern related to the his
torical demand for a product. Many studies show that the availability of 
contextual information is crucial for the forecaster to establish reliable fore
casts (SANDERS, RITZMAN 1992; EDMUNDSON et al. 1988). Although 
the randomness of the time series pattern does not completely evaluate the 
difficulty to establish accurate mathematical forecasts, this information pre
sents the advantage of simplicity and indicates with a reasonable probability 
if the hypothesis for the use of extrapolation techniques for forecasting is 
met. The criterion "availability of contextual information" is subjective 
whereas the "randomness of the time series pattern" can be evaluated with 
statistical tests. 

The criteria related to the influence of the forecast accuracy on the logis
tic performance of the company are the lead time of the constituting compo
nents of the products and their commonality, i.e. their level of standardisa
tion. Many other criteria could be chosen in considering the role of forecast 
accuracy on the logistic performances. The choice of the former criteria is 
based on the fact that the upstream part of the supply chain (supply) depends 
most strongly on forecasts and requires longer term forecasts for long deliv
ery lead time components. Furthermore, the commonality of the constituting 
components is important, as products made of specific components require 
more accurate forecasts than the others (ZIPPER, MEUNIER MARTINS 
2002). 

3. CLASSIFICATION METHOD 

3.1 State of the Art 

Single criterion ABC classification based on the financial or material 
flow is the most popular and used technique for the classification of items in 
stocks. The great popularity of this procedure is explained by its simplicity; 
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nevertheless it suffers a major drawback: only one criterion is taken into 
account. 

FLORES and WHYBARK (1986) propose a derived approach from the 
ABC classification. They use several classification criteria as the delivery 
lead time of the components, their possibility to be substituted, etc. FLORES 
et al. (1992) propose the use of a matrix in order to integrate two criteria in 
the classification process, for example the annual turnover and the lead time. 
Nine classes of items are determined, requiring nine different policies. This 
procedure becomes difficult to manage for more than two criteria. 

Analytical Hierarchy Process (AHP) developed by SAATY (1980) has 
been successfully used by FLORES et al. (1992) and GAJPAL et al. (1994) 
for multi-criteria classification. They use AHP to reduce the different criteria 
in a unique and quantifiable measure, allowing them to classify the items 
according to the structure of a simple ABC classification. AHP requires a lot 
of subjectivity in the pair wise comparisons of the different criteria. It may 
be difficult for the expert to judgementally compare two criteria and assign 
them an objective weight according to their relative importance. 

GUVENIR and EREL (1998) propose the use of genetic algorithms for 
the determination of the weights assigned to the AHP classification criteria. 
They are determined according to the frontier points between the A-B and B-
C classes of a pre-classified set of items. The main inconvenient of this 
method is that it requires a pre-classification of a sample set of items. 

3.2 Proposed Classification Method 

In real cases of classification, there is often no absolute demarcation 
between the different classes that generally overlap. Fuzzy classification is 
appropriate for such situations where elements characterised by continuous 
data can not be clearly assigned to discrete classes and makes it possible to 
use linguistic criteria vaguely defined (ZADEH 1965). It consists in evalu
ating the compatibility of the different products to the two classes on a [O; 1J 
interval. 

This operation is done in two steps. Firstly, an elementary compatibility 
measure is processed for each product according to each classification crite
rion. The elementary compatibility measures are calculated according to 
membership functions on a [0;1J interval. The membership functions 
MLP(^C) ^^^ MHP(^C) &^^ respectively the elementary compatibility 
measures of the item x o the sub-classes of low and high priority according 
to the criterion c and with a value x^ for this criterion. 

Secondly, the global membership levels to the two classes (high and low 
priority) are calculated for each product as a linear combination of their 
respective elementary compatibility measures. Generally, an average of the 
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compatibility measures is used. This approach is sufficient if the classifica
tion criteria are independent and of equal importance. 

Once the membership levels have been evaluated, a threshold defining 
the limit between the items of the low and high priority classes must be 
defined. This threshold corresponds to the value of the membership level to 
the high priority class above which the items will be considered as high pri
ority ones. It is defined in order to minimise the number of products in the 
high priority class and maximise the number of components concerned with 
the forecasts established for these products. 

3.3 Definition of the Membership Functions 

3.3.1 Criterion 1: Contribution of the Product to the Total Turnover 

This criterion has been chosen so that greater attention in the forecasting 
process goes to the products generating the more important part of the turn
over. Generally, 20% of the products make 80% of the turnover (Pareto's 
law). The membership functions corresponding to the criterion "contribution 
to the total turnover" are defined according to the values defining the transi
tion interval between the critical and non-critical items. After a classical 
ABC analysis, the lower and upper values defining this interval, respectively 
S^ - /S.'f and S^ + Aj""̂  are fixed. The corresponding membership ftinctions 
to the low and high priority sub-classes, respectively iu\p{x^) and ju^Hpi^x)^ 
are illustrated in Figure 1 and defined in detail below. 

/^l^(^i) = 

l^HP \^\) ' 

\^(S,-l^f -x,)l(l^f +A;"P) 

I+(JCI-5I -A^"P) / (A;" '+A;"P) 

1 

Xj < iSj - A^ 

k inf 

inf 

S'J-A;"' < X I < 5 I + A sup 

5',+A7<x, 

X, <S,-A;"' 

i'l-A™ <x, <5 ,+A7 

5,+Af''<x, 

5 , - A ; 
inf 

Contribution of a product corresponding to the maximum difference between 
the slopes of two successive points in the cumulative sum of the individual 
contribution to the turnover 

Contribution of a product corresponding to the inferior limit of the transition 
zone between the products making the smallest and the greatest part of the 
turnover 



162 Severine Meunier Martins, Naoufel Cheikhrouhou and Remy Glardon 

S^ + Aj Contribution of a product corresponding to the superior limit of the transition 
zone between the products making the smallest and the greatest part of the 
turnover 

Items in the 
decreasing order of 
their contribution 

• Membership function for 
the critical item group 

—•—^ Membership function for the 
Elementary non-critical item group 

compatibility^ / / l , ( x , ) juU^^) 

1 

X| : Individual 
contribution to 
the turnover 

Figure J. Membership functions for the criterion "contribution to the turnover" 

(Source: MEUNIER MARTINS, CHEIKHROUHOU, GLARDON 2003, p. 199) 

3.3.2 Criterion 2: Position in the Life Cycle 

The products in a growing or decreasing phase should receive special 
attention in the forecasting process in order to limit forecast errors generat
ing high costs (stock outs, over inventories difficult to use/sell, etc.) 
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The value of this criterion is judgmentally evaluated on a 1 to 5 scale. 
The value 5 means that the considered product is in a strongly growing 
phase, whereas the value 1 means that it is dying. The value 3 indicates a 
stable position of the product. The membership functions corresponding to 
this criterion are depicted in Figure 2. 

Elementary 
compatibility 

Membership fiinction for 
the high priority sub-class 

Membership function for the 
low priority sub-class 

Position in the life cycle 

5,+Ar 

Figure 2. Membership functions for the criterion "position in the Hfe cycle" 

5*2 Position in the life cycle corresponding to a stable phase 

iS'2 — A2 Inferior limit of the transition zone between the growing and the stable phase 

^'2 + A^2^ Superior limit of the transition zone between the stable and the decreasing 
phase 

3.3,3 Criterion 3: Availability of Useful Contextual Information 

Contextual information is very difficult to integrate into the forecasts 
unless interpreted by an expert and judgmentally combined with the fore
casts. The value of the criterion "availability of contextual information" is 
judgmentally evaluated on a 1 to 5 scale. The value 5 means that a lot of sig
nificant contextual information is available for demand forecasting; on the 
opposite the value 1 means that no usefiil contextual information is avail
able. Therefore, products for which this information exists should be super
vised by an expert in the forecasting process. The membership functions cor
responding to this criterion are depicted in Figure 3. 
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Elementary 
compatibility 

MLF\'^3) MHF\'^3) 

S3+A7 

Membership function for 
the high priority sub-class 

Membership function for the 
low priority sub-class 

X3 : Availability of contextual information 

Figure 3. Membership functions for the criterion "availability of contextual information" 

^ 3 - A ' 

Medium value concerning the availability of contextual information 

3 Inferior limit of the transition zone between the non-availability and 
availability of information 

53+A7 Superior limit of the transition zone between the non-availability and 
availability of information 

3.3.4 Criterion 4: Randomness of the Time Series Pattern Related to 
the Historical Demand 

Extrapolation forecasting models should be applied only to time series 
having a non random pattern. The turning point test (KENDALL 1990) is 
used to check whether the time series pattern is random or not. A turning 
point in a time series is a point where the series changes direction, each 
turning point represents either a local peak or a local trough. This method is 
based on the premises that a trended or positively auto-correlated series 
should have fewer turning points than a random one and a negatively auto-
correlated series should have more. If the series is actually a random series, 
the sampling distribution of the number of turning points U is approxi
mately normal. We define: 

U-M„ 
'M„ 

2{n - 2) 
• > o - „ 

16« - 29 

90 

where /J.y and cr^ are respectively the expected value and variance of 
U and n is the number of observations of the time series. 



Strategic Analysis of Products 165 

The probability that the time series pattern is random is higher than 90 % 
if Z < Z /̂2 •> ^ai2 ~ ^ -282. The membership functions corresponding to the 
criterion "randomness of the time series" are depicted in Figure 4. 

Elementary 
compatibility 

4 ^iHpi^A) Mlpix,) 
Membership function for 
the high priority sub-class 

Membership function for the 
low priority sub-class 

1.282-A reduced variable Z 

1.282 

Figure 4. Membership functions for the criterion "randomness of the time series pattern" 

S^ Threshold value above which the probability that the time series pattern is 
random is higher than 90 % 

5*4 — A^ Inferior limit below which the time series pattern is considered as random 

S^ + A4 Superior limit above which the time series pattern is considered as non-
random 

3.3.5 Criterion 5: Delivery Lead Time of the Constituting 
Components 

The membership functions corresponding to the criterion "delivery lead 
time of the constituting components" are respectively jul^pix^) and julp{x^) 
for the high and low priority sub-classes and are shown in Figure 5. 

Elementary 
compatibility 

S.+A'^" 

Membership function for 
the high priority sub-class 

Membership function for the 
low priority sub-class 

X5 : Greatest delivery lead time of the constituting 

components in the considered product 

Figure 5. Membership functions for the criterion "delivery lead time of the constituting 
components" 

Threshold corresponding to the component delivery lead time considered as 
critical by the company (in regard to the product delivery time for example) 
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iS'5 — A5 Inferior limit of the critical delivery lead time 

S^ + A^̂ ^ Superior limit of the critical delivery lead time 

3.3.6 Criterion 6: Commonality of the Components 

The commonality of a component is defined as the ratio between the 
number of products including the considered component to the total number 
of products; the lower the commonality, the more specific the component. 
The criticality of a product made up of m constituting components with 
commonality c. (/ = 1 ...w) is defined as 

m 

C = \lmY^{\lc). 

The results of a simulation study (ZIPPER, MEUNIER MARTINS 2002) 
show that the products requiring a particular attention in the forecasting 
process are the ones scoring a high criticality. In the classification process 
the number of products belonging to the high priority sub-class related to the 
criterion "commonality of the components" should be minimal and the 
population of related components should be maximal. The membership 
functions corresponding to the criterion "commonality of the components" 
are respectively ju^j^p(x^) and julp(x^) for the critical and non-critical item 
groups and are shown in Figure 6. 

Criticality interval corresponding to a minimal number of 
products and a maximal number of relative components 

Population Components 

Products 

Membership function for 
the high priority sub-class 

Membership fimction for the 
low priority sub-class 

Elementary 
compatibility* •,6 /y. \ 

. - Xg : Product criticality (in a '^6~ ^e 

decreasing order) a 
X g Product criticality 

Figure 6. Relation between the criticality of the products and the populations of products and 
components 

vinf 

Product criticality threshold 

iS^ — A^ Inferior Hmit of the product criticahty threshold 

5*̂  + A^̂ ^ Superior limit of the product criticality threshold 
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3.3.7 Final Classification 
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As suggested in section 3.2., a simple average of the elementary com
patibility measures is used to process the final membership levels of a prod
uct X to the low and high priority classes, respectively //^p (x) and 

I^LP (^) = - (I^IP (̂ 1) + I^IP (̂ 2 ) + / '̂p (̂ 3 ) + I^IP (̂ 4 ) + I^IP (̂ 5 ) + l^lp (̂ 6 )) 

I^HP{^)^-7(I^'HP{^X)^ l^lpi^l)^ lAip{^3)'r ̂ H^ 

4. CASE STUDIES 

Real data from two Swiss manufacturing companies are used to provide 
real numerical examples of product classification. Company A designs and 
produces electric micro-motors. Company B designs and produces electronic 
sub-assemblies, sensors, etc. For company A, 1465 products are considered 
made up of more than 2600 components; 21 products made up with 1443 
components are used for company B. 

The membership levels to the low and high priority classes obtained for 
some of the products of the company B are presented in Table 1. 

Table 1. Example of the results for the membership levels to the low and high priority classes 
obtained for some of the products of company B 

Product 

463000 

713317 

663288 

667173 

Membership level to the 
low priority class //^p (x) 

0.053 

0.224 

0.410 

0.734 

Membership level to the high 
priority class //^^ (x) 

0.947 

0.776 

0.589 

0.266 

Table 2 shows the populations of products and related components with a 
membership level to the high priority class higher than a specific value. This 
table is very useful to define the threshold fixing a limit value in the high 
priority class above which the products will be considered as high priority in 
the forecasting process. This threshold should be chosen in order to mini
mise the number of high priority products and maximise the number of com
ponents related to these critical products. 
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Table 2. Relation between the membership level to the high priority class (HP) and the corre
sponding populations of products and components 

Membership 
level HP 

0.5 

0.55 

0.6 

0.65 

0.7 

0.75 

Com] 

Population 
of products 

20.4 % 

18.9% 

17.4% 

16.7% 

16.1 % 

2.9 % 

Dany A 

Population of 
components 

71.5% 

70.5 % 

68.9 % 

66.9 % 

66.5 % 

26.9 % 

Company B 

Population 
of products 

76.2 % 

71.4% 

33.3 % 

33.3 % 

28.6 % 

4.8 % 

Population of 
components 

83.5 % 

83.2 % 

79.8 % 

79.8 % 

27.1 % 

5.2 % 

From these results, a good compromise for company A and company B 
seems to be obtained with a threshold value for the membership level to the 
high priority class equal to 0.6 (in grey in Table 2). Products with a member
ship level to the high priority class higher than 0.6 are considered as critical 
in the forecasting process. In this case the distribution of the population of 
products for company A and company B is shown in Figure 7. 

Company A 

83% 

17% 

Company B 

33% 

67% 

Figure 7. Distribution of the products according to the high and low priority classes 

The populations of components related to the products belonging to the 
low and high priority classes may be compared with the following financial 
criteria: 

• Sum of the unit price of the components used to produce one unit of each 
product (FVl); 

• Sum of the unit price of the components used to produce the products 
within one-year sales history (FV2). 
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The results of this comparison are presented in Table 3. 

Table 3. Financial volumes of the components related to the low and high 
priority product classes (LP and HP) 

169 

FVl: Total component cost related 
to the production of one unit of each 
product 
FV2: Total component cost related 
to one-year products sales 

Company A 
LP 

25.2 % 

14.2% 

HP 

74.8 % 

85.8 % 

Company B 
LP 

85.9 % 

32.7 % 

HP 

14.1 % 

67.3 % 

The results obtained for the company A confirms that the high priority 
products hit the components making the greatest part of the total financial 
volumes described above. For the company B, the most expensive compo
nents are essentially included in the low priority products. It explains the 
poor result concerning the total component cost related to the production of 
one unit of each product. Nevertheless, when one-year sales history is ana
lysed it appears that the high priority products hit the components making 
67.3 % of the supply turnover. 

CONCLUSIONS 

In this paper, a strategic analysis of the products related to the integration 
of human judgement into demand forecasting has been presented. This stra
tegic analysis is based on a new classification approach based on fuzzy logic. 
This approach makes it possible to take into account the vagueness of some 
classification criteria as well as linguistic criteria. Various classification cri
teria can be taken into account in this process. We chose them in order to 
emphasise the critical elements for which the quality of the forecasts has a 
deep impact on the logistic performances of the company. Nevertheless, if 
the objective of the company is to improve the demand forecast accuracy in 
order to increase the reliability of supply management at the lowest costs, 
more specific criteria may be defined. For example the optimal supply man
agement policy for each component may be another criterion for the selec
tion of the high priority products. Once the criteria are chosen, elementary 
compatibility measures are calculated for each criterion and each product 
according to the high and low priority classes. Finally the membership levels 
to the high and low priority classes are determined for each product on the 
basis of a linear combination of its elementary compatibility measures. The 
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results obtained with the data from two companies show firstly that this 
method can be applied successfully and secondly that the number of high 
priority products is limited in a drastic way, without penalising too much the 
related components. Further research would be needed to find out the influ
ence of the choice of the various membership functions as well as to 
strengthen the validation of the proposed approach through other real case 
applications. 
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