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Abstract 

Improving stock management processes is crucial to the financial health of a company. Extensive investment in stock can 

cause liquidity problems to an organization, as well as represent an opportunity cost of capital, which could be invested in 

the expansion of the business. On the other hand, small levels of stock or an imbalance in quantities and references in 

stock can lead to breakdowns, which ultimately leads to production stoppages and sales losses, damaging the company's 

image to customers. It is therefore essential to find a balance, since that in an increasingly competitive environment such 

as the one in which we currently live, adequate stock management is crucial for the company to thrive. 

This was the incentive for the development of this dissertation. In order to reduce stock levels of raw materials and 

components, a multicriteria decision support model has been implemented to assist decision-makers in Company X to 

determine which references should be kept in stock and which should be purchased only when triggered the need to 

consume them, due to the placing of an order by the customer. Subsequently, adequate supply models were defined for 

each type of reference. In the development of the model the method MACBETH and the associated software M-MACBETH 

were used, and there were taken into account the key aspects that impact and ground the decision in the context of 

Company X. 

Keywords: stock control, supply management, multicriteria decision analysis, decision support model, MACBETH 

1. Introduction 
The reduction of the investment in stocks allows the 

release of capital to the realization of new investments, 

giving rise to the growth of the business and an 

improvement on performance, a key factor for the 

survival in the competitive environment in which the 

companies work nowadays . 

       Studying problems of this typology is crucial for the 

development of industrial companies, since the invested 

capital has to be optimized. It is also essential to develop 

processes, methods and models to improve the service 

offered to customers and internal efficiency. The 

development and growth of businesses, especially the 

case of large companies such as Company X, contribute 

to the development of the economy. The remainder of 

this paper is organized as follows: Section 2 presents the 

problem addressed; Section 3…  

2. Problem 
Company X, an industrial unit dedicated to the 

manufacture of household appliances, has stocks of raw 

materials or components with an average valuation of 

18.1 million euros and an average coverage of 67 days. 

      The aim is to reduce the stock coverage and 

consequently reduce the monetary value invested in 

stock and the space occupied in the warehouse. At the 

same time, it is also intended to reduce stock breaks, 

through an optimization of stock management. 

      For this reason, there is a need to devise a model 

to determine whether or not a reference should be kept 

in stock, taking into account the characteristics of the 

supplier, and the existing demand for end products 

incorporating that reference. 

    It is also necessary to define stock management 

policies to be applied, either for the references whose 

decision is the maintenance in stock or for the references 

whose decision is to order only when there is a fixed 

order for the final product by the customer.  

Decreasing both stock levels and stock breakages 

leads to cost savings as stockholding costs decrease 

and there is also savings in exceptional shipping costs 

and lost sales / customer dissatisfaction. 

3. Literature Review 

3.1 Stock Management Policies 

The Material Requirements Planning system converts 

demand forecasting into a schedule of the need for 

availability of the components that integrate the product. 

Having information about all the components that 

integrate a given product and the times of obtaining each 

of them, based on the future vision of the finished product 

needs, it is possible to calculate when and how much to 

obtain from each item, so to ensure that there are no 

failures or surpluses of components for production (Ptak 

and Smith 2011). 

      Order Point System is a replenishment system that 

automatically places a purchase order whenever the 

stock level reaches the reorder point. A computer system 

with capacity to continuously monitor the stock level may 

be required, placing an order whenever it reaches the 

reorder point or issuing an alert for the order to be 

placed. The reorder point is calculated by summing the 

security stock with consumption during the delivery time 

of the vendor. The safety stock must accommodate both 

the variability of supplier lead time and the variability of 

demand. The quantity to be ordered when the order point 

is reached is predetermined, and for this purpose the 
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Economic Order Quantity (EOQ) or other calculation 

formula (Axsater 2013) may be used. 

     Vendor-managed inventory is a methodology used for 

stock management in which the previous level of the 

supply chain has the responsibility of managing the stock 

at the next level, based on the fulfillment of a prior 

agreement defined (Govindan 2013). This requires a 

constant sharing of information, usually through an 

Electronic Data Interchange (EDI) platform. VMI 

prevents the phenomenon known as bullwhip effect, 

which occurs when a variation in demand for the final 

consumer causes an amplification of variation along the 

entire chain (Ma et al. 2013). The VMI serves as a basis 

for the Continuous Replenishment Program (CRP), 

where in the CRP the replacement frequency is usually 

higher than that verified in the VMI. 

     The Just-in-Time model, introduced in the 1950s by 

Toyota, focuses on eliminating waste by implementing a 

supply chain with a pull philosophy not only in production 

but also in purchasing. Being based on a pull philosophy, 

the purchase of raw materials only happens when it is 

necessary, that is, when it is "pulled" by real demand 

information (Józefowska 2007). A striking feature of this 

model is the reduction, in some cases elimination, of the 

intermediate stock, since the supply of raw material will 

only happen when it is needed in production. However, 

this is only possible with a high level of coordination and 

strict control. 

3.2 Safety Stock and Service Level 

Service level is a key performance indicator that 

measures the performance of a company in delivering 

the products required by the customer, taking into 

account the defined delivery time policy. In essence, it is 

a comparison between the orders received and the 

deliveries made, pondering the fulfillment of the quantity 

required by the customer, respecting the delivery time 

agreed with the customer (Simpson 2008). The level of 

service can be measured in 5 different ways (Hillier and 

Lieberman 2010): probability of non-occurrence of stock 

break in the period between placing the order by the 

customer and receiving it; average number of stock 

breaks in one year; average percentage of demand that 

can be met immediately (without occurrence of stock 

break); average delay in the delivery of orders when the 

breaking event occurs; average delay value in the 

response to the orders placed by the customer (the delay 

is considered equal to 0 when there is no stock break).  

      The purpose of the safety stock is to reduce the 

number of occurrences or risk of breakdowns in the 

response to demand at the next level of the supply chain. 

The safety stock absorb the variability of both the 

demand and the delivery time of the supplier, so that the 

level of service provided by the company to the 

customers is fulfilled. Therefore, the most important 

factors in terms of influence on the safety stock are the 

standard deviation of demand and supplier lead time, as 

well as the level of service to be guaranteed to customers 

(Ongkicyntia and Rahardjo 2017). The safety stock can 

be based on historical data and/or forecasts, historical 

data is typically used. The traditional approach to the 

calculation of the security stock is to calculate a static 

value for the whole planning horizon. However, it may be 

relevant in a number of situations (especially in 

environments with a greater breadth of demand and 

supply variability) to use dynamic methods to update the 

value of the security stock over time (Kanet, Gorman, 

and Stosslein 2010). 

     A formula for the calculation of safety stock is 

represented below (Hillier and Lieberman 2010). 

𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑡𝑜𝑐𝑘 = 𝑅 − 𝐸(𝐷) = 𝑎 + 𝐿(𝑏 − 𝑎) −
𝑎 + 𝑏

2

= (𝐿 −
1

2
) (𝑏 − 𝑎)                                     (1) 

Where R is the reorder point; L is the desired service level and it is 
considered to exist a normal demand (D) in the interval between a and b, 
with mean E (D). 

3.3 ABC Analysis 

The ABC analysis is based on the Pareto Principle 

(Figure 1), established in the nineteenth century by 

Vilfredo Pareto, who noticed that 80% of the country's 

wealth was concentrated in 20% of the population. This 

principle is also known as 80/20 rule - 80% of the 

consequences are the result of 20% of the causes. When 

the ABC analysis is used on monetary basis, its more 

conventional use (Yu 2011), reports that about 80% of 

the value invested in stocks is concentrated in about 

20% of the references (Table 1). However, several 

authors believe that the use of only the monetary value 

is reductive in the classification of the stock, and stock 

characteristics such as the quantity stored/consumed, 

the criticality, the cost of ordering and the durability 

should also affect the categorization of references (Soylu 

and Akyol 2014). 

     There is already progress in using the ABC analysis 

simultaneously, in stock management, on the basis of 

quantitative criteria combined with qualitative criteria 

(Torabi, Hatefi, and Saleck Pay 2012). This requires the 

use of multicriteria analysis (Soylu and Akyol 2014). 

 Percentage 
of Items 

Anual Stock 
Value 

A 15-20% 75-80% 

B 30-40% ≈ 15% 

C 40-50% 10-15% 
  
   Table 1 - ABC Analysis in Value Figure 1 - Pareto Curve 

     The XYZ analysis is an adaptation of the ABC 

analysis, but with a categorization by frequency of 

consumption rather than categorization by quantity 

consumed. In the literature the XYZ analysis is often 

called FSN, by categorizing the items into fast movers, 

slow movers or non-moving, according to the frequency 

of consumption (Singh 2008). 

3.4 Dimensions that impact the decision to keep a 

reference in stock 

 Several dimensions that impact the decision of 

maintenance of a reference in stock have been identified 

in the literature: supplier lead time, supplier lead time 

variability, reference consumption (ABC analysis), 

reference consumption frequency (XYZ analysis), 

complexity and efficiency of coordination in the supply 

chain (Zimmer 2002), criticity of the reference rupture 

event (Chu, Liang, and Liao 2008), maintenance cost in 

stock, reference scarcity (Todd and Scharf 1953), 

fluctuations in reference price (Hillman 1990), level of 

trust in suppliers, service level (Hillman 2012), quality of 

supplier's articles (Zangwill 1987), minimum order 

quantity (Ravinder and Ph 2015), economic order 
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quantity, reference obsolescence rate (Weber 2008), 

reference value and volume (Chu, Liang, and Liao 2008). 

3.5 Push vs Pull Planning 

Pull Planning is characterized by the level of stock in the 

value chain to be defined and stable (being replaced by 

consumption, since the actual consumption generates 

an order to replenish the quantity consumed), by the 

existence of a flow, by transparent processes, with visual 

control for all involved. By working in this way, in the case 

of the supply of raw materials, it is possible to execute 

sales orders more frequently, in a cyclical and simple 

way (Masuchun, Davis, and Patterson 2004). 

     The main advantages of pull planning of components 

acquisition are a better level of internal (production lines) 

and external service level, better control of Bullwhip 

Effect (pull planning and leveling are important tools for 

eliminate this effect), lower stock levels, considerably 

lower warehouse space needs (stock in transit, not 

stored), simpler planning, increased flexibility and, 

finally, a shorter lead time (Houti, El Abbadi, and 

Abouabdellah 2016). 

      Push planning, being the traditional model, is 

typically based on the use of Enterprise Resource 

Planning (ERP) systems to calculate requirements from 

order placement to suppliers, working on both real orders 

and based on forecasts of customer demand, also 

characterized by higher levels of stock. It is also possible 

to combine the use of a push model and a pull model for 

a hybrid planning system (Houti, El Abbadi, and 

Abouabdellah 2016). 

3.6 Causal Maps 

A causal map (Figure 2) is a mental representation of a 

problem that follows a mapping process (Eden 2004). 

Causal maps are a network of nodes that represent 

concepts (ideas) and connecting arrows that represent 

causality, influence and / or implication, and have a 

structure of causes and effects (Montibeller and Belton 

2006) . 

    The advantages of the construction of causal maps 

are varied, highlighting the stimulus to reflection, the 

possibility of generating a considerable amount of 

information with high detail and consistency, the 

possibility to reach an understanding about a decision 

problem and generate consensual solutions (Fernandes 

2005). They can be used to structure a multicriteria 

decision support model (Figure 3). 

3.7  Multicriteria Decision Analysis (MDA) 

In the literature multicriteria decision analysis methods 

are often divided into two large groups, multi-objective 

methods and methods using multiple criteria. In the first 

case the number of alternatives is infinite and continuous 

functions are often used to describe the trade-offs 

between the various criteria, so it is outside the scope of 

this work. In the case of multi-criteria analysis, it is 

necessary to choose one of the alternatives taking into 

account several attributes and constraints (Kusumadewi 

et al., 2005). 

3.7.1 ELECTRE and PROMETHEE Methods 

ELimination Et Choix Traduisant la RÉalité 

(ELECTRE) (Roy 1968; Roy 1991) – In this method the 

preferences of the decision maker are modeled using 

binary relations of ordering, through the premise "at least 

as good as", which represents the prevalence of one 

alternative over another. The ELECTRE methods are 

thus composed of two main procedures: the construction 

of one or more subordination relationships, followed by 

an exploration procedure. 

Preference Ranking Organization METHod for 

Enrichement Evaluations(PROMETHEE) (Brans and 

Vincke 1985) – The PROMETHEE method is based on 

degrees of preference, having as its starting point an 

evaluation matrix of alternatives in several criteria (with 

a preference function assigned). It consists of the 

following steps: calculation of preference indices for 

each pair of alternatives within each criterion, calculation 

for each alternative of positive and negative flow (or 

calculation of uni-criterion flows and global flows). 

    The ELECTRE and PROMETHEE methods are not 

adequate for the study problem since they do not provide 

a quantitative measure of the overall performance value 

of the alternatives. 

3.7.2 AHP and ANP Methods 

Analytic hierarchy process (AHP; Saaty 1980) – This 

method is based on comparisons between pairs, and the 

decision-maker must indicate the difference between the 

two alternatives presented to him on a predefined scale 

(9 levels, the first level being total indifference and the 

last absolute preference). basis of their judgment / 

preference. The results are then placed in a matrix and 

the weights for the evaluated criteria are algebraically 

derived. 

Analytic network process (ANP) – The ANP method is 

a generic form of the AHP method, but with more 

possibilities for structuring and analyzing complex 

strategic decision problems. 

   The AHP method has been criticized in the literature 

since it does not respect the judgment of decision 

makers and has an imprecise index of inconsistency 

(Bana e Costa and Vansnick 2008). Due to the criticisms 

found, it is no longer hypothesis to use these methods in 

the development of future work. 

3.7.3 Multi-attribute Value Theory 

The multi-attribute value theory (MAVT) is a theory for 

multicriteria decision analysis, where the concept of 

value measurement is transposed to the development of 

models that explicitly incorporate multiple factors. 

      The fundamental principle on which value theory is 

based is the possibility of representing the preferences 

of a given individual through a function of value V (x). 
Thus, if option A is preferred to option B, then V(A)>V(B), if 
option A is indifferent to option B, then V(A)=V(B) and, if V(A)-
V(B)>V(B)-V(C) the intensity of preference of an option A over 
B is greater than the intensity of preference of an option B over 
an option C. For this to be possible, it is necessary that 
individual preferences have the property of transitivity (if a 
decision maker prefers A to B, and prefers B to C, then prefers 
A to C) and comparability (Belton and Stewart 2002). 

  
Figure 2 - Map of attributes, 
consequences&final values 
(Montibeller et al., 2008) 

Figure 3 - Structuring a 
multicriteria decision model from 
a causal map (Montibeller et al., 
2008) 
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Additive Model 

The additive model is the aggregation function of the 

alternative scores most often applied in the MAVT 

approach. According to the additive model the global 

value of an alternative is obtained by applying the 

equation 2 (Belton and Stewart 2002): 

𝑽(𝒂) =  ∑ 𝒘𝒋𝒗𝒋(𝒂)
𝒏

𝒋=𝟏
;  ∑ 𝑤𝑗 = 1 and 𝑤𝑗 > 0

𝑛

𝑗=1
(𝑗 = 1 , … , 𝑛)      (2) 

Where V(a) is the global score of alternative a, wj is the 
Weighting coefficient of criterion j, vj(a) is the Scoring of 
alternative a in criterion j and N is the total number of criteria. 

Steps in multicriteria analysis (based on MAVT) (Bana 

e Costa et al., 2002): Problem Structuring; Model 

Structuring (identification of acceptance and evaluation 

criteria, construction of a value tree for the evaluation 

criteria and association of a performance descriptor with 

each criterion); Construction of Value Scales, Elicitation 

of Criterion Weights and Determination of the Global 

Value of each Alternative (additive model); Sensitivity 

Analysis and Robustness Analysis; Elaboration of 

Recommendations. 

Methods in MAVT 

For the third step of a multicriteria analysis process, 

referred to in the previous point, the methods identified 

in Table 2 can be used. 
Table 2 - Methods for constructing value scales and weighting 
methods 

Methods for 
constructing 
value scales 

Bisection (quantitative judgments), 
Direct Rating (quantitative judgments), 
MACBETH (qualitative judgments) 

Criteria 
Weighting 
Methods 

Swing Weighting (quantitative judgments), 

Trade-off (quantitative judgments), 
MACBETH (qualitative judgments) 

Bisection (Winterfeld and Edwards 1986) – In this 

method, two anchor values are established for the scale, 

with 100 points being assigned to the best alternative 

(best performance level) and zero points to the worst 

alternative (worse performance level), the scale being 

subsequently sequentially divided into preference 

intervals with equal value, allowing to find the alternative 

(or performance level) with 50 points, and later the 

performance levels corresponding to 25 and 75 points, 

and so on. Finally, a part-valued function is obtained, 

with which it is possible to determine the scoring of the 

various alternatives. 

Direct Rating (Edwards 1977) – With a scale varying 

from 0 to 100, the score to be assigned is defined taking 

into account the attractiveness of the various alternatives 

or performance levels among themselves and against 

the extreme values (0 and 100). The use of this method 

begins with the ordering by the decision maker of the 

alternatives in order of preference, then the value 100 is 

assigned to the preferred alternative and 0 to the least 

preferred (two other values may be assigned). Next, the 

decision maker should assign intermediate values to the 

other alternatives, taking into account that the difference 

between the scores values of the alternatives should 

reflect the difference of preference between their 

performance. 

Swing weights (Edwards and Barron 1994) – This 

method can be used to weigh criteria, the first step being 

the ordering of swings, defined between two benchmarks 

in the performance scale of each of the criteria, in 

descending order of importance. Then a maximum score 

(typically 100 points) is assigned to the most important 

swing and the value of the most important swing is 

quantified for the swings of the other criteria, from the 

possibility of moving from the worst to the best 

performance in that swing. Finally, the weights must be 

normalized, so that their sum total is 1. 

The joint use of the Direct Rating and Swing Weights 

methods is usually known as SMART (Goodwin & 

Wright, 2014). 

Trade-off procedure (Keeney and Raiffa, 1976) – The 

trade-off method allows the weighting of criteria by 

comparing two fictitious alternatives in two criteria at a 

time (one of which has the maximum value in one of the 

criteria and the minimum in the other, while the other 

alternative has the value minimum in the first criterion 

and the maximum in the second), in order to make these 

two alternatives indifferent, by adjusting the performance 

level of one of the alternatives in the benchmark. The 

procedure has to be repeated n-1 times, where n is the 

number of criteria, so that the obtained results can be 

inserted into a system of equations that, when solved, 

indicates the weight of each criterion (Belton 1999). 

Measuring Attractiveness by a Categorical Based 

Evaluation Technique (MACBETH) (Bana e Costa 

1999; Bana e Costa et al. 2012) – The MACBETH 

method requires only qualitative judgments about 

attractiveness differences, in order to help a decision 

maker to quantify the attractiveness relationships 

between alternatives. There are 7 qualitative categories 

among which the decision maker should select the one 

that best describes the difference in attractiveness 

between two options presented to her: null, very weak, 

weak, moderate, strong, very strong and extreme. This 

method assists the decision maker not only in the scoring 

of alternatives, but also in the weighting of the criteria. 

     Taking into account the context of this problem, the 

qualitative approach provided by the MACBETH method 

is considered the most appropriate. The M-MACBETH 

software (Bana e Costa, Corte, and Vansnick 2012) that 

implements the MACBETH method, allows the 

structuring of value trees, the construction of descriptors, 

the creation of value scales/functions in each criterion 

and the weighting of criteria. In addition, it allows to 

detect inconsistencies in the value judgments expressed 

by the decision maker and, finally, provides sensitivity 

and robustness analyzes on the intrinsic and relative 

value of the options (Bana e Costa, Corte, and Vansnick 

2003). 

3.8 Criteria 

The criteria that integrate a decision support model (in 

MDA) should have the following properties: relevance, 

be complete, not redundancy, simplicity or conciseness, 

understanding, operability and measurability (Belton and 

Stewart 2002). 

    Subsequently, each dimension (that can be 

designated by criterion or point of view) that integrates 

the model (thus becoming a fundamental point of view) 

must have associated a performance descriptor, which 

allows to evaluate the hypotheses in the dimension or 

objective. The performance descriptor (performance 

measure or metric are sometimes used as synonyms) 

should allow to describe or measure the consequences 

of the alternatives and also allow to evaluate the 

realization of tradeoffs between alternatives (Keeney 

2007; Bana e Costa et al., 2008). 
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4. Problem Structuring 

4.1 Causal Map 

The objectives that guide the resolution of the problem 

are outlined in the following causal map (Figure 4).  

 

 

 
 

Figure 4 - Causal Map 

      Two of these objectives stand out: the reduction of 

the coverage of stocks (for the release of invested 

capital); and reducing stockouts (to increase the level of 

customer service). By achieving these two goals it will be 

possible to increase profitability and expand the 

business. 

4.2 Dimensions to consider in the model 

Among the dimensions identified in the literature review, 

as possible factors that influence the decision to maintain 

or not a reference in stock and with the inputs from the 

concerns present in the causal map (Figure 4), it is 

necessary to identify the group of aspects that must 

integrate the model as evaluation criteria. 

      Assumptions for elimination of dimensions were 

applied (Relevance; Non-Redundancy; Operationality 

and Measurability), taking into account the context of 

Company X. The following list was obtained: 

 Supplier lead time 

 Supplier lead time variability 

 Reference consumption quantity (ABC analysis) 

 Frequency of reference consumption (XYZ analysis) 

 Supplier delivery frequency 

 Quality of supplier's references 

 Minimum order quantity 

 Optimum order quantity 

 Possibility of obsolescence of the reference 

 Reference acquisition cost 

 Volume of each unit of the reference  

(higher volume implies higher stock maintenance costs and a greater 

occupation of the storage space, which is critical) 
      This list was discussed and validated with the 

decision maker (who is the Planning Director of 

Company X) as being the set of dimensions with a 

significant impact on the decision to maintain or not a 

reference in stock in the context of Company X. 

4.3 Restrictive and Non-Restrictive Dimensions 

1) Restrictive dimensions 

Some of the dimensions to be considered in the model 

have a restrictive role, since in the presence of certain 

outputs, they become mandatory as regards the decision 

to maintain a reference in stock. 

 Supplier lead time 

The sum of the supplier lead time with the production 

lead time must be shorter than the lead time to the 

customer. 

 Supplier lead time variability 

If the variability of the supplier lead time calls into 

question the condition referred in the previous 

paragraph, the reference must be kept in stock. 

 Supplier delivery frequency 

If the supplier's delivery frequency does not guarantee 

just-in-time delivery, the reference must be stored. 

 Minimum order quantity 

If the minimum order quantity is considered high, the 

item must be kept in stock. This value can be considered 

high when it does not allow placing an order to the 

supplier only with the quantity necessary to satisfy any 

order of the client. 

     Restrictive dimensions are applied as a decision rule, 

prior to the application of the model. If the result of the 

application of these restrictive dimensions forces the 

stock maintenance, the evaluation model is no longer 

applied. 

2) Non-restrictive dimensions 

The remaining dimensions were considered non-

restrictive. 

4.4 Performance Descriptors 

The performance descriptors for the dimensions that will 

integrate the model (dimensions previously considered 

as non-restrictive) are present in Figure 5. 

 
Figure 5 - Performance Descriptors 

5. Model Development 
The alternatives to be considered in the model have to 

be evaluated, in the first instance, in relation to the 

restrictive dimensions, which act as filtering rules, since 

this aspects are not compensatory. All the other 

dimensions that are included in the model are 

compensatory, because for the evaluation of a given 

alternative, a good performance in one criterion can 

compensate a poor performance in another criterion. So, 

only the alternatives that meet the acceptance criteria 

defined in these dimensions can be considered in the 

model. 

5.1 Construction of Value Scales to Score 

Alternatives and  Elicitation of Criteria Weights 

Construction of Value Scales to Score Alternatives 

Dimension Performance Decriptor 

Amount of reference 
consumption (ABC 
analysis) 

A, B or C, according to the result of the ABC analysis in quantity 
consumed 

Frequency of reference 
consumption (XYZ 
analysis) 

X, Y or Z, according to the result of the XYZ analysis in frequency 
of consumption 

Supplier Quality 
Average percentage of units with quality problems per order (0 to 
32%) 

Economic Order 
Quantity 

N0 - The optimum quantity does not imply stock maintenance 
N1 - The optimal quantity of the order implies the maintenance of 
stock 

Reference 
obsolescence event 

N0 - Possibility of occurrence of the obsolescence event in the time 
horizon considered 
N1 - It is not considered the possibility of occurrence of the 
obsolescence event in the considered time horizon 

Acquisition cost of the 
reference 

Monetary value of acquisition of the reference x incorporation 
factor weighted by the finished product mix 

Volume of each 
reference unit 

N0 - High volume (minimum handling unit: pallet) 

 
N1 - Medium volume (minimum handling unit: standard carton box, 
approx 40cmx60cm) 

 
N2 - Low volume (minimum handling unit: "braun box" approx 
15cmx20cm) 
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The first step in structuring the model was to organize 

the dimensions defined previously in the form of a value 

tree in the M-MACBETH software. Then, the properties 

of each criterion were defined, using the basis of 

comparison "qualitative levels of performance" for the 

criteria Consumed Quantity, Frequency of Consumption, 

Economic Order Quantity, Event Obsolescence and 

Volume. For the Acquisition Cost criterion, the 

comparison basis was used "quantitative levels of 

performance", and the levels of acquisition value of the 

reference were defined within the universe of acquisition 

values (multiplied by the incorporation factor weighted by 

the finished product mix ), which can be found in the 

portfolio of references provided by Company X. The 

base of comparison "qualitative levels of performance" 

was also used for the criterion Quality of Articles (it was 

considered that the maximum that could ever be 

registered in the average, not in an isolated order, of 

percentage of quality problems in the orders of a given 

reference would be of 32%). 

      The upper (green) and lower levels (blue) were also 

defined for the performance levels in the criteria, and the 

upper references were attributed to the level most 

favorable to the stock maintenance decision, while the 

lower references were most favorable to the decision not 

to keep the reference in stock. The reference scores 

used were 0 for the worst performance level and 100 for 

the best performance level possible. The weighting 

references obtained for the different criteria are shown in 

Figure 6. 

 

 

 

 

 

 

 

 

 

 
Figure 6 - Weighting References for Criteria (M-MACBETH 

Software) 

      After a careful selection process a set of 6 references 

representative of the total set of provisioned references 

was selected. The alternatives and respective 

performances were introduced into the software. 

     For each criterion, a matrix must be filled, according 

to the qualitative judgments of the decision maker, to 

allow the alternatives to be scored in the criteria (Figure 

7). In this matrix the decision maker is required to 

compare the differences in attractiveness among the 

various levels of performance that an alternative may 

present in the criterion. Software detects when 

inconsistent judgments are introduced, suggesting 

changes for the matrix to become consistent. 

     When th matrix is filled it is then possible to generate 

a value scale in the criterion. 

 
Figure 7 - Matrix of Judgments for the Criterion Quantity 

Consumed (M-MACBETH Software) 

Elicitatin of Criterion Weights 

The criteria weighting matrix of the M-MACBETH 

software (Figure 8) will also be filled in according to the 

qualitative judgments of the decision-maker.  

     The facilitator questions the decision maker about the 

differences in attractiveness (extreme, very strong, 

strong, moderate, weak, very weak or null) among 

fictitious alternatives (with names corresponding to the 

criteria considered; each alternative presents the 

performance corresponding to the upper level in the 

homonymous criterion and performances corresponding 

to the lower level in the other criteria), previously ordered 

(Figure 8). Software detects when inconsistent 

judgments are introduced, suggesting changes for the 

matrix to become consistent. 

 
Figure 8 - Matrix of Judgments for Criteria Weighting (M-

MACBETH Software) 

     After filling the above matrix, the weights of the 
criteria were obtained. It should be noted that 
hierarchical weighting was not used, since the simple 
weighting was considered appropriate (Figure 9). 

 
Figure 9 - Value Tree (M-MACBETH Software) 

     The table of scores by criterion and global of the 
alternatives, taking into account the weights of the 
criteria is represented in Figure 10. 

 
Figure 10 - Alternatives Scores (M-MACBETH Software) 
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5.2 Boundary between Classes 

At this stage of the process of construction of the 

multicriteria decision analysis model it becomes crucial 

to define a boundary between classes, which establishes 

for which global score value the decision in relation to an 

alternative is no longer the reference storage and 

becomes stock maintenance. 

     The methodology for establishing this boundary is 

based on the identification of reference profiles, defined 

based on the performance levels in all the evaluation 

criteria considered in the model, the border being located 

at the point where the decision maker hesitates about 

which class profile should belong. Two alternative 

procedures may be used, a bottom-up or top-down 

approach, and should be considered simultaneously for 

a more robust validation of the result obtained. 

    In the bottom-up approach, the minimum score in all 

criteria is assigned to the profile (being unequivocally 

defined the class to which it belongs), and then in each 

phase is selected a criterion in which the score is 

increased from the minimum level to maximum. This 

procedure is applied progressively, to the point where 

the decision maker or group of decision makers puts the 

profile into the next class. At this point, the score in the 

last criterion in which change was verified is decreased 

until the decision maker hesitates in the class to which 

the profile should belong. The boundary is at this point, 

its value being equal to the overall profile score with 

these characteristics. The top-down approach follows an 

inverse protocol to the bottom-up approach (Bana e 

Costa and Oliveira 2002). 

Throughout the process, the decision maker became 

familiar with the procedure of defining the boundary 

between classes and considered that in the last iteration 

we were able to define a precise boundary profile. The 

value of 39.63 was thus defined for the border between 

the maintenance decision or not of a given reference in 

stock. 

Once the model is applied and the boundary is defined, 

the recommendations to be addressed to the decision-

maker indicate the maintenance in stock of the 

references represented by alternatives 1, 2, 3, 4 and 5. 

The reference represented by alternative 6 should be 

ordered just-in-time. 

5.3 Sensitivity and Robustness Analysis 

In the multicriteria decision analysis methods, by the 

process of collecting and evaluating preferences, 

differences of attractiveness and value judgments of the 

decision maker, a degree of uncertainty in the weighting 

of the criteria must be assumed. The weight of each 

criterion can not therefore be considered a closed value, 

but a possible range of values. The M-MACBETH 

software indicates the interval at which it is possible to 

vary the weights of the criteria, continuing to respect the 

judgment matrix of the decision maker. The sensitivity 

analysis is thus conducted with the objective of 

evaluating the changes that may arise in the 

recommendations of the model, when the weight 

assigned to each one of the criteria is changed, 

maintaining proportionality relations with the other 

weights. 

     The robustness analysis evaluates the overall 

attractiveness of the alternatives, taking into account the 

uncertainty in the judgments collected for the 

construction of the model. Impacts on overall results are 

analyzed by simultaneously varying the weighting 

coefficients of the criteria and the scores of the 

alternatives in the evaluation criteria. The alternatives 

are compared with the objective of finding relations of 

dominance. In this model it only makes sense to 

compare the various options with the border profile, 

since it is not necessary to compare the alternatives with 

each other, since it is not intended to choose the best or 

order them, but to divide them into two classes based on 

the border profile. This analysis is therefore more 

comprehensive, when compared to the sensitivity 

analysis, which evaluates only the impact on the overall 

score of the alternatives of the isolated change of the 

weight of a given criterion, maintaining proportionality 

relations with the other weights. 

     The sensitivity and robustness analyzes show some 

fragility of the decision in relation to alternative 5, so it 

should be analyzed with special care by the decision 

maker (no other alternative was identified in which 

recommendation would change, without altering the 

matrix of judgments of the decision maker, which it did 

not consider reasonable). 

5.4 Method criticism 

1) One of the difficulties encountered in the application 

of the MACBETH method, with the help of the M-

MACBETH software, was the decision maker's 

impatience with the extent of the qualitative comparisons 

required of him and the need to correct inconsistencies. 

At certain stages of the process, the decision maker was 

tired and already had difficulty in distinguishing in which 

of the 7 possible levels was the difference of 

attractiveness between two fictitious alternatives, 

sometimes not understanding the inconsistencies 

detected by the software. With the division of this 

process into several moments, this obstacle was 

surpassed, since the decision maker was able to reflect 

better on the differences of attractiveness. 

2) The procedure for defining the boundary between the 

two classes considered in this model (maintenance and 

non-maintenance of the reference in stock), was also 

difficult to carry out with the decision maker, since this 

showed some impatience, considering too many 

iterations in the process. 

3) A critique of the tools provided by the software refers 

to the impossibility, in the sensitivity analysis, of 

graphically observing the intersection of the global score 

of a given alternative with the boundaries of the interval 

in which it is possible to vary the weight of the criteria, 

respecting the decision maker's matrix. The software is 

designed to be only possible to intercept any pair of 

alternatives, which is appropriate to problems of choice 

or serialization of alternatives, but not to a problem with 

independent assignment of alternatives to classes. One 

way to overcome this problem was to insert in the system 

an alternative called the border, with the characteristics 

of the border profile. 

4) The previous criticism also applies to the robustness 

analysis, because in a model where the objective is to 

assign the alternatives to classes and not the 

comparison between them, the robustness analysis 

between the alternatives is not adequate. It was also 
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considered here an alternative corresponding to the 

border profile for this analysis to become useful. 

6. Stock Management Policies 
Once the multicriteria decision support model has been 

constructed and applied, to define whether or not a given 

reference should be kept in stock, it is then crucial to 

define which supply model to apply to each of these two 

sets, as well as the standard formula for the calculation 

of the safety stock for the references whose decision is 

the maintenance in stock. 

6.1 References ordered just-in-time 

The references that are provisioned just-in-time for the 

production of an order for the final customer must be 

managed using Material Requirements Planning (MRP), 

not on the basis of forecasts, but on firm orders (pull 

planning). 

      MRP calculates the requirements of just-in-time 

components based on the delivery date agreed with the 

customer in the Bill of Materials (list with the tree of all 

the components that integrate the final product, with the 

hierarchical information of the integration order), the time 

of assembly of the final product, the time of production of 

each component, the suppliers lead time for the 

components and the safety periods defined for these 

stages. That is, it tells us what day the component has to 

be ordered, so that it is available on the date it is needed, 

discounting the safety period. 

      A reasonable value for the safety period would be 1 

or 2 days, since it allows the level of service to be 

assured to the customer, without inducing the 

maintenance of too high average stocks. This delay of 1 

to 2 days already allows protection against delays in the 

logistics services of material delivery from suppliers or 

against minor changes in planning. The safety period 

can be defined only for the supply, only for the production 

process or in both cases. As Company X sometimes has 

inefficiencies in terms of internal organization, the safety 

period in both has been considered, to assure service 

level. 

6.2 References in stock 

The MRP is an appropriate solution in cases where the 

delivery time to the customer is less than the sum of the 

supplier lead  time with the production lead time or in 

cases where demand forecasts have a high level of 

reliability which allows the supply chain and production 

to be planned based on these. In cases where the 

demand forecasts loaded into the system are incomplete 

or inaccurate, the use of MRP may induce excessive 

stock or stock breaks. 

      One solution to work around the above mentioned 

problem is to use the order point system. In this system, 

the average consumption is calculated based on 

historical consumption or a weighted average between 

historical consumption and consumption forecasts, as 

shown in equation 3. 
𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 
= 𝑥 ∗ ℎ𝑖𝑠𝑡𝑜𝑟𝑖𝑐𝑎𝑙 𝑤𝑒𝑒𝑘𝑙𝑦 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 + (1 − 𝑥)
∗ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 𝑤𝑒𝑒𝑘𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛                                            (3) 

Note: For ease of data collection, the average weekly and non-daily 

consumption was calculated, since the number of interactions with the 
system for data extraction is substantially lower. 

      It was then necessary to define the percentage x to 

be attributed to historical consumption and the 

percentage to be attributed to the expected 

consumption, as well as the period of analysis of 

historical and future consumption. In the context of 

Company X, it was considered appropriate to consider 

historical consumption for the last 12 weeks (a horizon 

less than 3 months was not considered because the 

impact of weeks with line stops, holidays or other 

abnormal variations would have a considerable impact in 

the average value; it was also not considered a higher 

horizon because the cycles of increase or decrease in 

demand would take longer to have an impact on the 

average weekly value of consumption) and future 

consumption based on forecasts for the following 8 

weeks (it was considered a 2-month horizon because it 

is the timeframe in which it is guaranteed that the 

forecasts present a minimum reliability to be 

considered). In relation to the percentages, after several 

adjustment tests and the study of the need to adapt the 

order point in time to changes in consumption levels 

(from a time of lower consumption, to a time when 

production increases or the contrary), it was decided to 

attribute 70% of relevance to the historical consumption 

of the last 12 weeks and 30% to the future consumption 

expected for the following 8 weeks. The weight attributed 

to expected future consumption was only 30%, due to 

the uncertainty associated with the forecasts charged in 

the system. It is also important that a higher percentage 

be attributed to historical consumption, in this case 70%, 

since it is intended to adapt the order point to actual 

consumption (pull planning) and not to consumption 

forecasts. In Figure 11 it is possible to observe a scheme 

that summarizes this calculation. 

 
Figure 11 - Weighted Average Consumption 

      It becomes possible to calculate the consumption 

during supplier lead time (equation 4). 
𝐶𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒
= 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 (𝑤𝑒𝑒𝑘𝑠)
∗ 𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛                            (4) 

      For the calculation of the order point, in equation 5, it 

is necessary later to define the safety stock formula. 
𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝑃𝑜𝑖𝑛𝑡 = 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑑𝑢𝑟𝑖𝑛𝑔 𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒

+  𝑠𝑎𝑓𝑒𝑡𝑦 𝑠𝑡𝑜𝑐𝑘                                     (5) 

      The order point is recalculated weekly. 

      If the calculated value for the order point is greater 

than the sum of the current stock with the quantity 

already ordered, it is then necessary to place a new 

order:          

𝑅𝑒𝑜𝑟𝑑𝑒𝑟 𝑃𝑜𝑖𝑛𝑡 > 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑆𝑡𝑜𝑐𝑘 + 𝑂𝑟𝑑𝑒𝑟𝑠  (6) 

      It should be noted that the average level of stock with 

the order point system is represented in equation 7 (for 

a consumption patten relatively stable) . 
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑆𝑡𝑜𝑐𝑘 𝐿𝑒𝑣𝑒𝑙 = 𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑡𝑜𝑐𝑘  
+ 0.5 ∗ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑂𝑟𝑑𝑒𝑟 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦     (7) 

      The average stock level may seem too low compared 

to the value of the order point, since the order point is a 

value that has a virtual component (the quantity ordered 

is not physical stock, but virtual). However, when there 

are weeks without consumption, the level of stock 

increases, once orders are received (virtual stock 

becomes physical stock), but the component of the 
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current stock does not decrease because no 

consumption was registered that week (Figure 12). 

      It should be noted that the order point system can not 

be applied to all references since it only fits with 

references with a relatively stable consumption (when 

applied to a reference with very unstable consumption 

with peaks of consumption, there may be stock breaks 

or excess stock). It was then defined that it should only 

be applied to references or components classified as A 

in the ABC analysis (consumption quantity) or classified 

as X in the XYZ analysis (consumption frequency), in 

order to guarantee this stability. 

      It should be noted that it is crucial to negotiate with 

suppliers on lead time, delivery frequency, minimum 

order quantity and supplier safety stock, so that they are 

as favorable as possible to Company X , both for 

references kept in storage and for those that are 

provisioned just-in-time. 

6.3 Safety Stock 

The safety stock consists of three fundamental 

components, which safeguard the situations of risk that 

can occur and which call into question the service level 

to be guaranteed to the customer: the variability of 

demand, the variability of supplier lead time and the 

existence of quality problems in the items received. The 

protection against these components is crucial to avoid 

the event of rupture, which could cause changes in the 

planning of lines or even the stop of lines, besides being 

able to prevent on time delivery to the client. The formula 

for calculating the security stock is represented in 

equation 8. 
𝑆𝑎𝑓𝑒𝑡𝑦 𝑆𝑡𝑜𝑐𝑘 = 𝐷𝑒𝑚𝑎𝑛𝑑 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 +
𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 +
𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑃𝑟𝑜𝑏𝑙𝑒𝑚𝑠 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡                                                    (8)  

      The calculation of the various components of the 

safety stock is represented in equations 9, 10 and 11. 
𝐷𝑒𝑚𝑎𝑛𝑑 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡

= 𝑍𝑁𝑆 ∗ 𝜎𝑃𝑟𝑜𝑐𝑢𝑟𝑎 𝑆𝑒𝑚𝑎𝑛𝑎𝑙 ∗ √𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 (𝑤𝑒𝑒𝑘𝑠)    (9) 

      For the demand variability component (equation 9), 

a normal demand is assumed and the safety stock is 

calculated taking into account the level of service that is 

intended to be offered to the customer (King 2011), so 

there is a trade-off between customer satisfaction and 

stock levels (Figure 13). 

 
Figure 13 - Demand Distribuion and Service Level 

 

𝑆𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝐿𝑒𝑎𝑑 𝑇𝑖𝑚𝑒 𝑉𝑎𝑟𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
= 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑛º 𝑜𝑓 𝑤𝑒𝑒𝑘𝑠 𝑜𝑓 𝑑𝑒𝑙𝑎𝑦
∗  𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛                            (10)   

 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 𝑃𝑟𝑜𝑏𝑙𝑒𝑚𝑠 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 = 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑟𝑒𝑗𝑒𝑐𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 ∗
𝑤𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑤𝑒𝑒𝑘𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗
𝑠𝑢𝑝𝑝𝑙𝑖𝑒𝑟 𝑙𝑒𝑎𝑑 𝑡𝑖𝑚𝑒 (𝑤𝑒𝑒𝑘𝑠)                                                        (11)    
 

The stock of safety must be recalculated continuously or 

with high frequency, in order to keep up to date.  

7. Conclusions 
Throughout the development of the model, it was 

essential the availability of the decision maker and the 

ease of communication verified, which facilitated the 

collection of the necessary inputs for the construction of 

the same. 

      The M-MACBETH software was the key tool in the 

development of the model, since with its simple and 

intuitive interface, although complete, the qualitative 

judgments of the decision maker were transformed into 

criteria scores and criteria weighting coefficients. Without 

the existence of this software, it would not have been 

viable to implement the MACBETH method. 

It is also worth noting that the simplicity of the formulation 

of the additive model was crucial for the decision maker 

to fully understand how the results are obtained and to 

accept without reservation the recommendations that 

resulted from the model. 

      The MACBETH method, supported by the M-

MACBETH software, was considered to be an 

appropriate approach to assist decision-makers in the 

management of inventories, more concretely in the 

decision-making process regarding the maintenance or 

non-stocking of each reference. It was clear that the 

choice of the relevant criteria in the context of the 

company is a key process for the success of the model, 

as well as the identification of those that should act as a 

restriction and be applied previously. The protocol for 

defining the boundary between classes is a critical point 

for the validity of the recommendations to be addressed 

after the application of the model. The MACBETH 

method is a good option to apply to similar cases, such 

as deciding whether to produce for stock or make-to-

order. 

      The definition of standards in relation to the stock 

management policies to be used increases the efficiency 

of the planning department team, since it is not 

necessary to spend time deciding which model to use, 

allows a uniform and correct approach, reduce stock 

levels and simultaneously stock breaks, which are the 

main objectives of this master's work. 

Figure 12 - Reoder Point (Source: Kaizen Institute) 
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     Summing up, the use of a structured decision-making 

tool allows for a more reliable decision-making process, 

since the result obtained is validated when constructing 

the model by the dimensions considered and by the 

relationships established consistently between them. 

The construction of a decision support model in the 

supply of raw materials and components thus constitutes 

an important asset in the management of stocks. 
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