Chapter IX: The toolbox is applied to four different supplier selection cases


IX
The toolbox is applied to four different supplier selection cases


In the previous chapter we discussed the approach to be used in the empirical testing of the toolbox. These empirical tests are described in detail in this chapter. In the next chapter we present the evaluation of the applications described here. The position of this chapter in the overall step-wise planning of this thesis is shown in figure 9.1.
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Figure 9.1: Position of chapter 10 in the overall step-wise planning


Four organisations participated in the experiments: Grolsche Bierbrouwerij Nederland B.V. , Honeywell Combustion Control Center Europe, Central Military Hospital and Facilitair Bedrijf University of Twente. To each experiment in these organisations a separate subsection is dedicated in this chapter. 

The first experiment was done at Grolsche Bierbrouwerij Nederland B.V.


The first experiment
 deals with the application of the toolbox at Grolsche Bierbrouwerij Nederland B.V. (Grolsch). Grolsch is part of Koninklijke Grolsch N.V. which is a medium sized international beerbrewery with its headquarters in Enschede, The Netherlands. More than 800 people are employed in Grolsch in the Netherlands. Production facilities are located in Enschede and Groenlo. The former produces solely for the Dutch market, while the latter also produces for Grolsch’s international markets of which Northern Europe constitutes the most important area. However, Grolsch exports to other established as well as emerging markets.

The case study concerns the qualification of suppliers of beer bottles


Grolsch uses a wide variety of bottles for its beers, in terms of volume as well as colour. Volume ranges from 20.7cl to 50cl. In this particular case we discuss the 47,3 cl brown bottle for the Amber Ale Export beer. This bottle is a so-called non-returnable bottle (NRB), i.e. it is not collected for re-use. In the sequel we will refer to the bottle as ‘the 47,3 bottle’.

Traditionally Grolsch used a single source strategy for beerbottles

There exists a very precise technical specification of the bottle in terms of dimensions (including the deviations allowed) accompanied by several technical drawings. In addition, for this kind of bottles it is customary to have separate specifications for errors that are tolerable. The technical specification for the 47,3 bottle is rather specific, yet not new. In addition, the specification is rather stable with only very few minor changes, once a year. Historically, Grolsch uses around 3,5 to 4 million 47,3 brown bottles every year, which accounts for around 0,6 million Dutch Guilders purchase value. The total number of bottles used is around 60 million bottles (14 million Dutch Guilders). Until 1994, Grolsch used a single supplier for all bottles (supplier X). In 1994 a second supplier was added.  In terms of sales, Grolsch is a minor customer of X: 1,5% of X’s turnover (which amounts to 600 million DG). 


Because of logistical considerations, suppliers of glass bottles, which are located more than 250-350 km away from Grolsch, are not considered as potential suppliers. Within this range of 250 km, approximately 4-6 suppliers can be found in Belgium and Germany. Suppliers in Eastern Europe are not considered because of quality considerations. Producing bottles is a rather complex process. Production methods and technologies used by the various suppliers do not differ substantially. Differences exist when it comes to quality control procedures throughout production. Suppliers are comparable in terms of innovativeness and logistical performance. However, price differences range from 5 to 15%. The 47,3 bottle is not particularly important to Grolsch because of its limited share in the total number of bottles used (5-6%). 

Cost-control opportunities on the supply market triggered the qualification process

The qualification process was triggered by the outcomes of an analysis of Grolsch’s purchasing function (as well as the relevant supply markets) that had been carried out in collaboration with Coopers & Lybrand Management Consultants. Among other things, the analysis revealed opportunities for lower prices (without compromising quality) on the supply market while Grolsch traditionally had been using the same supplier for several decades. The objective of the qualification project is formulated as achieving cost control and realising supply management.

The decision making process followed four phases

In retrospect, the process can be divided into 4 phases. This is summarised in the table below.

Choice phase
Criteria
Decision makers
Information sources
Time spent
Remarks

from all suppliers down to 3
- distance

- experience in beer industry

- reliability (solidity)
Heinen and Oostendorp
- industry committee on packaging


few hours
criteria are not explicitly formulated

from 3 suppliers down to 2 suppliers
previous deliveries to Grolsch



one of the 3 had never supplied to Grolsch

from 2 suppliers down to 1 supplier
- price (cost) 

- number of suppliers (having 4 suppliers was not desirable)
Heinen
Quotations
few hours
existing supplier also submitted a quotation

final quality decision to qualify a new supplier
- conformance to specification

and company audit
Oostendorp and Quality officer
- plant visit

- samples of bottle
2 days each
this phase is still pending

Table 9.2: Summary of the qualification process of suppliers of the 47,3 bottle


The first phase consists of identifying a manageable set of acceptable potential suppliers. The criteria used for identifying these suppliers are: the distance from a supplier to Grolsch, the supplier’s experience in the beer industry and the (financial) reliability of the supplier. The latter criterion mainly refers to whether or not the supplier is part of a (financially sound) corporation. The set of potential suppliers is narrowed down further to two new candidates in addition to the  existing supplier. The criterion used in this step consists of the question whether or not the supplier has previously supplied products to Grolsch. Two out of three had supplied to Grolsch in the past. The third supplier was removed from further consideration. The remaining suppliers were asked to submit quotations. The evaluation of the quotations involved comparing the costs of the various possible supply structures, i.e. comparing current prices with the prices listed by the two potential suppliers for various bottles, among which the 47,3 bottle. It turned out that one of the potential suppliers offered the lowest price for some of the bottles and that the other potential supplier offered the lowest price for the other bottles. Hence, the biggest saving could be realised by choosing both suppliers. However, having four suppliers was not considered desirable. The supplier offering the biggest saving (through offering a lower price for the 47,3 bottle) was therefore chosen for further consideration. This supplier will be audited and depending on this audit, the supplier will be asked to produce a trial batch.

The toolbox prescribes a MR-strategy for this situation


Using the classification of purchasing situations in the toolbox, we can label this case as follows. First, it is clear that we are not dealing with a new-task or one-off purchase. Similar bottles have been purchased before and similar bottles will be purchased in the future. Consequently, the toolbox suggests either a Modified Rebuy (MR) - strategy or a Straight Rebuy (SR) - strategy, depending on the position of the package in Kraljic’s portfolio model. 


Based on the case-analysis we label the beer-bottles as leverage items. The reasoning behind this is as follows. Although the particular bottle discussed in the case (i.e. the 47.3 bottle) accounts for around 5% of the yearly amount of money spent on bottles, the total amount spent on all bottles constitutes a considerable amount of  Grolsch’s total yearly purchasing turnover. In addition, the market research had clearly shown the potential for cost saving by using one or more additional suppliers. Therefore, we label the level of profit-impact as relatively high (at least high enough to justify searching and qualifying additional suppliers). Regarding the other dimension in the Kraljic-framework, the supply-risk, we argue that although this particular bottle is exclusively produced for Grolsch (which means that Grolsch cannot switch overnight), we cannot speak of a monopoly situation as there are several other potential suppliers available.


In the tables 8.4 through 8.6, appropriate decision models for each phase in the MR-strategy are given. For the experiment at Grolsch (which only covers the first three phases up until the SSDDP), we used the following decision models: WWS-analysis for problem definition, Brainstorming and Rough Sets for formulation of criteria and Promethee and AHP for the qualification. Clearly, the subcompartments for problem definition and qualification in the MR-strategy contain more decision models than the models used in this experiment. WWS-analysis was chosen because (as indicated in chapter VI) it is especially useful in situations where the purchaser is confronted with an explicit target or objective, which was also the case at Grolsch. The objective was defined as realising cost control and supply management. Promethee was chosen for two reasons. The first reason concerns the imprecise character of the suppliers’ scores on the criteria. In addition, a software package supporting Promethee was available to us. The subsections below describe the application of these decision models.

WWS-analysis can be used to make the need for qualification more explicit

The WWS-analysis is basically a series of questions


Starting with a ’given’ problem statement, which in this case reads: ”How might we realise cost control and supply management with regard to the purchasing of bottles”, two questions are asked:

1. Why would we want to realise cost control and supply management?

2. What’s stopping us from realizing this (so far)?


The first question focusses the attention on possible broader views of the situation. The second question draws the attention on possible narrower views of the situation. Both questions are answered in a complete sentence. Next, these answers are transformed into other problem formulations, i.e. they are rephrased in a ”How might we …..” format. Each of these new problem formulations then becomes subject to another iteration of ”Why would we want to realize….” and ”What’s stopping us from realizing this” questions. This process is repeated several times.
The method results in several problem statements

The sequence of questions asked and the answers given by the decision makers Oostendorp and Heinen are given in table 9.3.



“How might we achieve supply management?” 

This problem statement leads to the question:

“Why would we want to achieve supply management?”

Answer: “To eventually achieve the right price/quality ratio”

New problem statement: “How might we achieve the right price/quality ratio?”

This leads to:

“Why would we want to achieve the right price/quality ratio?”

Answer: “To satisfy the customer”

New problem statement: “How might we satisfy the customer?”

“How might we achieve cost control?”

This problem statement leads to the questions:

“Why would we want to achieve cost control?”

Answer: “To contribute to a favourable price/quality ratio and to better manage total costs”

New problem statement: “How might we achieve a favourable price/quality ratio and better manage total costs?”

“What has been stopping us so far from achieving cost control?”

Answer: “A lack of organisational and project-wise structure for cost-control”

and also: “The historically established idea that beerbottles of this type could only be produced by the existing supplier”

New problem statement: “How might we achieve more organisational structure for cost control?”

and also: “How might we ‘break through’ established ideas existing suppliers?”



Table 9.3: Questions asked in WWS-analysis

 Starting points for the questions are the original reasons for initiating the qualification process: achieving cost control and achieving supply management. The WWS-analysis thus results in a hierarchy of broader as well as narrower problem statements, however all related to the original statement: “How might we achieve cost control and supply management?”. 

These problem statements can be graphically displayed, as is done in figure 9.2.






Figure 9.2: Hierarchy of problem statements related to the need to qualify a second source

The results can be used for checking and making the need for qualification more explicit 


The main purpose of the application of the WWS-technique in this case is to ’check’ whether the right ’problem’ is being solved by looking for a new supplier for the 47.3 bottle. For example: should we focus on means to achieving a higher level of cost control (e.g. through second sourcing for this particular group of items) or should we more specifically look at the way we currently organise and plan cost-control-projects with the current supplier or keep a broader perspective and just think of any means to arrive at a better price/quality performance. 


In addition, once the ’right’ focus (i.e. the right oval in figure 9.2) has been identified, possible answers to the question posed in the oval should be given. This may lead to alternative or complementary ’solutions’. For example, in addition to the solution ’finding a second source for the 47.3 bottle’, the following answers could have resulted: 

-
starting up cost-cutting projects with the current supplier;

-
starting up (specific) benchmarking projects; 

-
changing contractual agreements (e.g. introducing incentives);

-
improving the (project-wise) organisation of cost control


projects.


Summarised, the insights gained from considering broader and narrower problem statements may lead to a better understanding of what it (ultimately) is we want to achieve with qualifying a second supplier and why such a second source is a good way of achieving this, compared to other possible decisions. Also, this may be helpful in reporting on the justification of the qualification, to higher management as well as to suppliers.

Brainstorming can be used to identify evaluation criteria

The purpose of the brainstorming techniques is to identify criteria for the evaluation and selection of potential suppliers of the 47.3 bottle. The brainstorm techniques require the elicitation of the purchasers’ knowledge and experience. This is done through asking ten simple questions (based on the Value Focused Thinking approach, Keeney 1994):

1. Which are the pro’s and con’s of the current supplier of the bottles?

2. When comparing two possible suppliers, which are the most relevant differences?

3. How would you describe the ideal supplier of beerbottles for Grolsch?

4. How would you describe the ’nightmare’-supplier of beerbottles?

5. Which are your best past-experiences with the current supplier?

6. Which are your worst past-experiences with the current supplier?

7. Which goals or aspirations do you have regarding suppliers of bottles?

8. Which restrictions do you pose upon suppliers of bottles?

9. What would other disciplines/managers find important when choosing suppliers of bottles?

10. Which factors are of specific importance when considering the future supply of the 47.3 bottle?


The answers given to these questions are shown in table 9.4.

1. Which are the pro’s and con’s of the current supplier of the bottles?

Answers: pro’s are the satisfactory quality of the bottles, the knowledge of Grolsch’s operations and the short distance to Grolsch. Con’s are the supplier’s conceitedness and the low flexibility regarding the switching of colours.

2. When comparing two possible suppliers, which are the most relevant differences? 

Answers: the newness and the lay-out of the production facilities 

3. How would you describe the ideal supplier of beerbottles for Grolsch?  

Answers: close to Grolsch, most modern production facilities and knowledge of Grolsch’s operations.

4. How would you describe the ’nightmare’-supplier of beerbottles?

Answers: unreliable and incapable of tracing its own mistakes

5. Which are your best past-experiences with the current supplier?

Answers: it is difficult to indicate exceptional past-experiences

6. Which are your worst past-experiences with the current supplier?

 Answer: insufficient compliance to specification of the bottle

7. Which goals or aspirations do you have regarding suppliers of bottles?

 Answers: optimal price/quality ratio

8.Which restrictions do you pose upon suppliers of bottles?

 Answers: maximum percentage of a supplier’s turnover should come from Grolsch, satisfactory financial state, the supplier should not have unfavourable connections to certain suppliers, customers or owners

9. What would other disciplines/managers find important when choosing suppliers of bottles? 

Answers: it is difficult to give specific answers to this question

10. Which factors are of specific importance when considering the future supply of the 47.3 bottle?

Answers: it is difficult to give specific answers to this question



Table 9.4: Answers to questions asked in Value Focused Thinking brainstorming technique


The answers result in a list of criteria that are relevant to the qualification and selection of a supplier for the 47.3 and other bottles. The complete list of criteria is shown in table 9.5. 

Evaluated through market (desk) research
Evaluated through field research

Supplier brochures, data-bases, Internet, archives, etceteras:

. Supplier’s knowledge of Grolsch’s operations

. Distance to Grolsch

. Expected sales-% to Grolsch (i.e. supplier’s turnover)

. Financial status

. Supplier’s network-members
Quotations:

. price

. product quality
Visits/audits:

. product quality

. knowledge of Grolsch’s operations

. supplier attitude

. production flexibility

. novelty of production systems

. lay-out of production systems

. trust/reliability

Applied to many suppliers
Applied to only a few suppliers
Applied to one or two suppliers

Table 9.5: Categorised criteria for the qualification of suppliers based on VFT-brainstorming


In table 9.5 the criteria are categorised depending on how the evaluation can take place. For example, the distance of the supplier to Grolsch can be determined (roughly) without having to visit the supplier or even contact the supplier in any way. However, such criteria as the lay-out of the supplier’s production systems can only be assessed properly by visiting the supplier. Therefore, the categorisation also ’shapes’ the whole qualification process in terms of the number of suppliers that is to be evaluated.
Rough Sets can be used to manage the criteria in the final quality audit of suppliers

The purpose of the application of the Rough Sets technique here is to find out which criteria in the final audit procedure ‘Audit Lieferanten Verpackungsmaterialen’ are really decisive for the final outcome of this audit. The application of the Rough Sets technique was supported by a software program called ‘Rosetta’ (see http://www.idi.ntnu.no/~aleks/rosetta/) which performs all calculations and classifications.

The input consists of filled out Audit reports

Four audit reports that contained the same criteria but which had been used on different occasions (i.e. for different suppliers) provided the input for the analysis. In total, an audit report includes 42 criteria, which are grouped into 8 categories. The performance on each criterion as well as each category is expressed in one of the following qualifications: ‘ungenugend’, ‘genugend’, ‘gut’, and ‘ausgezeichnet’. Also, the final conclusion about the supplier is expressed in one of these terms. 


In table 9.6 the scores of the four suppliers on the eight categories are shown.

Supplier
Doku-men-ten (d)
Fabrikgelan-de (f)
Hygie-ne (h)
Roh-stoffe (r)
Produk-tion (p)
Ver-packen (v)
Labor (l)
Lagern (la)
Gesamt-beur-teilung

Supplier A
gut
Genu-gend
gut
gut
Genu-gend
Gut
gut
gut
Gut

Supplier B
Unge-nugend
gut
Genu-gend
Genu-gend
Genu-gend
Ungenu-gend
Genu-gend
Genu-gend
Ungenu-gend

Supplier C
Unge-nugend
Genu-gend
Genu-gend
Genu-gend
Genu-gend
Genu-gend
Unge-nugend
Ungenu-gend
Ungenu-gend

Supplier D
gut
gut
gut
gut
Gut
Gut
Gut
gut
Gut

Table 9.6: Available information for the Rough Sets analysis

Next, so-called ‘equivalence’ and ‘outcome’ classes are distinguished


Summarized, the method proceeds as follows. First, all audit reports are grouped into categories that have exactely identical scores on all criteria. These categories are called equivalence classes. In this case, we get the following equivalence classes:


Equivalence classes: {A}, {B}, {C}, {D}


The audit reports are also grouped into categories that have the same final outcome (gesamtbeurteilung), i.e. ”ungenugend”, ”genugend”, ”gut” or ”ausgezeichnet”. We will refer to these categories as outcome classes. 


Outcome classes: gut = {A, D}, ungenugend = {B, C}


In the next step, we search for those equivalence classes that entirely belong to one of these outcome classes. For each outcome class, these equivalence classes are joined together in the so-called ’lower approximation’ of the particular outcome class. The concept of a ’lower approximation’ can be interpreted as follows: a supplier with audit-scores identical to the scores included in a ’lower approximation’ of a class, can be univocally and without hesitation classified as having the outcome the lower approximation refers to. The lower approximations of the outcome classes ’gut’ and ’ungenugend’ are:


Lower approximation of the outcome class ’gut’ =  {A, D}


Lower approximation of the outcome class ’ungenugend’ = {B, C}


Thus, for example, if a supplier has scores identical to the scores of A, this supplier is definitely qualified as ’gut’. Possible remaining suppliers, i.e. the suppliers with an audit-performance not identical to any of the lower approximations, are included in the so-called boundary set. However, in this particular case, the boundary set remains empty as all suppliers can be assigned to an outcome class. So, at this point we have established lower approximations for the outcome classes  ”ungenugend” and  ”gut”. As more and more audits are performed, the process just described, can be performed periodically and will also result in lower approximations of the other outcome classes.

In the next step the most discriminating criteria (reducts) are identified


The rough set approach can now be used to find the minimum set of categories of criteria that will yield the same classification of the suppliers as the one that was derived using the original 8 categories of audit criteria. This minimum set is called a reduct and can be found using various procedures. The software program Rosetta includes several of these procedures. Using Rosetta we arrive at the following reducts for this case: 

Reducts: {dokumenten, hygiene, rohstoffe, verpacken, labor, 

lagern}. 

In other words: evaluating suppliers on only one of these criteria will result in the same lower approximations and therefore in the same final evaluation of the suppliers. We will not formally explain here how Rosetta finds these reducts but we can easily verify that the reducts given by Rosetta are indeed reducts. For example, the following decision rules
 (suggested by Rosetta) for the criterion ‘Dokumenten’ produces the same result as all (eight) categories of criteria together:

Decision rule: 
“If the score on ‘Dokumenten’ is ‘gut’, then the final score of that supplier is ‘gut’”;

Decision rule: 
“If the score on ‘Dokumenten’ is ‘ungenugend’, then 

the final score of the supplier is ‘ungenugend’”.


Instead of evaluating a supplier on all categories of criteria, the evaluation could be limited to the category of ‘Dokumenten’ if the score of a supplier on the category ‘Dokumenten’ is either ‘gut’ or ‘ungenugend’. Naturally, the decision rule does not ‘tell’ us what to do if the score is ‘genugend’. In that case, the supplier needs to be evaluated on additional categories of criteria. However, as more audits are performed, repeating application of the Rough Sets technique will deliver more decision rules (among which a decision rule for the case where the supplier scores ‘genugend’ on ‘Dokumenten’). Similar to the decision rule for the category ‘Dokumenten’, the application of Rosetta to this case, resulted in decision rules for the other reducts (Hygiene, Rohstoffe, Verpacken, Labor and Lagern). These decision rules are shown in table 9.7.

Table 9.7: Decision rules derived by Rosetta


The application of Rosetta in this case also made clear that the categories ‘Fabrikgelande’ and ‘Produktion’ are no reducts, i.e. these categories alone are not enough to base final conclusions on. For example, supplier A’s score on Produktion is ‘genugend’ and this supplier’s final score is ‘gut’. However, while B’s score on Produktion also reads ‘genugend’, this supplier’s final score is ‘ungenugend’. 

The results of the Rough Sets technique may serve several purposes

First, the result of applying the Rough Sets approach may be that a smaller set of (categories of) criteria is required for the qualification (auditing) of suppliers. In that respect, it should be noted that the Rough Sets technique could also be applied within a category of criteria. Furthermore, if fewer criteria are necessary, the costs and efforts of auditing suppliers will decrease which would allow the evaluation of more suppliers (earlier) in the whole qualification process. Finally, even if all (original) categories of criteria would still be used, the decision rules from the Rough Sets analysis offer a means for assessing the consistency of the evaluation of suppliers. The outcome of an audit of a new supplier can be compared with the decision rules (and outcomes) of the Rough Sets analysis of previous audits. 

AHP and Promethee can be used to pre-select promising suppliers

The purpose of the Promethee method here is to arrive at a pre-selection (sorting) of a few acceptable suppliers of bottles from the larger set of all potential suppliers in Europe. 

The first step consists of scoring suppliers on criteria and setting weights for the criteria

The experiment started by asking the purchaser and the packaging expert at Grolsch to provide the scores of some potential suppliers on the three criteria that had been mentioned in the interview for the case-study
 (see also table 9.2). It was up to the purchaser and the packaging expert to decide in what way these scores could or should be represented. The two decision-makers indicated that there are many potential suppliers of bottles in Europe (perhaps more than 100). However, they were able to ‘on the spot’ provide scores for eight potential suppliers. This information is given in table 9.8.

Supplier
Distance to Grolsch
Level of experience in beer industry (10 point scale)
Financial reliability (10 point scale)

Supplier 1

Supplier 2

Supplier 3

Supplier 4

Supplier 5

Supplier 6

Supplier 7

Supplier 8

Supplier 10
100 to 120 km

250 km

400 to 450 km

150 km

600 km

400 to 500 km

120 km

150 km

190 km
8

7.5

7.5

7

7

7.5

7.5

6.5

7
7

6

6

no idea

no idea

7

7

7

7

Table 9.8: Raw scores of the suppliers on three criteria given by decision makers

In addition, weights of the criteria had to be established. In order to determine these weights, a software application of the Analytical Hierarchy Process (AHP) method was used. This package, Expert Choice (trial version STR58, Expert Choice Inc.) is a widely used and available software program. For a more detailed introduction on the AHP method we refer to chapter V. ExpertChoice was used to calculate the weights of the criteria, based on the information provided by the decision-makers. Using the AHP method to establish the weights of the three criteria involved asking the purchaser and the packaging expert to answer questions such as the following:

“Is ‘experience in the beer industry’ more important, equally important or less important than ‘distance from Grolsch’?”. 


If the answer to this question was ‘more important’, which actually was the case for this pair of criteria, the following question was asked:

“How much more important is’ experience in the beer industry’ than ‘distance to Grolsch’?”.


 The possible range of answers consists of ‘moderately more important’, ‘strongly more important’, ‘very strongly more important’ and ‘extremely more important’. These answers respectively correspond to a numerical scale on the interval [1,3,5,7,9]. In addition, intermediate values may be given. Expert Choice offers several ways of answering these questions, e.g. verbally, through a questionnaire or graphically. An example of an answer given verbally is shown in figure 9.3.
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Figure 9.3: Example of verbal priority assessment in AHP


The result of answering these questions for all three pairs of criteria is as follows (see also figure 9.4):

-
Experience in the beer industry is very strongly more important than the distance to Grolsch;

-
Reliability is strongly more important than the distance to Grolsch;

-
Experience is moderately more important than reliability.
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Figure 9.4: Example of pairwise comparison of criteria in AHP


Based upon this preference information given by the purchaser and the packaging expert, the program was first used to check the consistency of the pairwise comparisons. In this case, the initial comparisons given by the decision makers (see figure 9.4) were sufficiently consistent, which was to be expected due to the limited number of criteria. Next, ExpertChoice was used to calculate the weights of the criteria. The results of the weights calculations are as follows: the weights of the criteria ‘distance’, ‘experience’ and ‘reliability’ are 0.1, 0.6 and 0.3 respectively. 

The next step consists of defining the desired precision of the selection rules 

The next step in the Promethee method consisted of defining the so-called threshold values for the criteria, i.e. the indifference threshold and the preference threshold. The interpretation of these values is as follows. If the difference between the performance of two suppliers is less than a, the (meaning of this) difference is considered negligible. If the difference between the performance of the two suppliers lies between a and b, the supplier with the higher score is slightly preferred, i.e. there is still some hesitation about this statement. Only if the difference between two suppliers exceeds b, the supplier with the higher score is definitely preferred. In other words: the indifference and preference threshold offer a way of modelling hesitation and uncertainty about the preference for one supplier over another. The thresholds make sure that suppliers are not immediately removed from further consideration if they perform just below the minimum requirements. However, if the difference becomes too big, the supplier that performs below the norm is indeed removed. The thresholds determine what is ‘almost’ and ‘too big’. For a more detailed discussion of the basic concepts of outranking models we refer to chapter VI.

Through pairwise comparisons of all suppliers with respect to the criteria, the relative strength of a supplier with respect to another supplier is determined, using the preference information provided by the decision-makers. Furthermore, by including a ‘dummy’ or virtual supplier (with acceptable scores on all criteria) in the analysis, we obtain a picture of how the ‘real’ suppliers score in relation to this dummy supplier. Suppliers that are outranked (outperformed) by the dummy supplier are then considered not acceptable. These suppliers would not be asked to submit a quotation.


As to the criterion ‘distance from Grolsch’, the purchaser and the packaging expert stated that differences in distance do not really matter that much as long as they do not exceed 200 to 250 km. The distance of the dummy supplier (i.e. the ‘norm’ for the criterion distance) was thus set to 250. This distance approximated a day’s drive with a truck to Grolsch. The indifference threshold was set to 25 km, the preference threshold was set to 50 km. Apart from the difficulty of determining the exact distance, another reason for this indifference value is that the geographical distance as such only gives some indication of the real time it would take the supplier to reach Grolsch. The infrastructure is also important. A supplier may be located further away in terms of geographical distance than another supplier but if this first supplier is located near a highway while the other supplier first has to use small roads, the difference between the suppliers in terms of travel time may be smaller than one would expect initially. The decision-makers found it difficult to indicate specific values for the preference threshold. On the one hand, a supplier close to Grolsch, e.g. 50 km, was preferable to one located 400 km away. At the other hand, however, a supplier that is located 700 km from Grolsch may be prepared to build a warehouse in Enschede so that daily delivery could be secured. Nevertheless, the preference threshold was arbitrarily set to 50 km.


For the second and the third criterion, the indifference and the preference threshold were respectively set to 0.5 and 1. In this way, the imprecision regarding the assignment of scores to these criteria is dealt with. The scores of the dummy supplier for these criteria were set to the value 7.  

The third step consists of carrying out the pre-selection
After the scores of the dummy supplier had been determined (by the researchers), the pre-selection procedure using the Promethee method could be performed. For this purpose, a software package called Promcalc & Gaia (Brans and Mareschal, 1994) was used. For an elaborate discussion of this outranking model, we refer to chapter VI. The starting point for the analysis using Promcalc is given in figure 9.5.
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Figure 9.5: Input spreadsheet used for Promcalc

This figure shows the spreadsheet layout which is used to enter the information about the suppliers and the criteria. The rows 1 up until 8 contain the data for the ‘real suppliers’. For the missing scores of suppliers A4 and A5 the arbitrary value of 5 was used
. Row 9 contains the data for the dummy supplier. Row 10 contains the data for the current supplier. C1, C2 and C3 respectively correspond to the criteria ‘distance’, ‘experience’ and ‘reliability’. 

Next, for each couple of suppliers (a,b) the program calculates the preference-index π(a,b). It should be noted that the program performs all calculations. The decision-makers do not have to make these calculations themselves. The preference indices are shown in figure 9.6
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Figure 9.6: Preference indices for all suppliers

For example, π (A6, A8) = (0*0.1)+(1*0.6)+(0*0.3)=0.60. Next, the so-called outranking flows are calculated. In figure 9.7, the three outranking flows are shown for each supplier.
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Figure 9.7: outranking flows of each supplier

Using the outranking flows of each supplier, the partial (promethee I) ranking of the suppliers can be established, see figure 9.8. The results of applying the Promcalc & Gaia program are given in figure 9.8.
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Figure 9.8: Results of the promethee analysis


Figure 9.8 should be interpreted as follows: an arrow pointing from An to Am means that supplier n outranks (outperforms) supplier m. As can be seen in figure 9.6, suppliers A1, A6, A7 and A10 come out as acceptable suppliers as they outrank the dummy supplier A9 while the other suppliers (A2, A3, A4 en A5) turn out as non-acceptable suppliers because they are outranked by the dummy supplier. There is not enough information to accept or to discard supplier A8. 

In the final step, we analyse the stability of the pre-selection
In order to assess the robustness of this outcome, several so-called sensitivity analyses were carried out. One of the features of Promcalc & Gaia, which was used for this analysis, is the ‘walking weights’ procedure. This procedure enables the decision-maker to change the values of the weights while being able to immediately see the effect of this change on the position of the suppliers. The figures 9.9 and 9.10 respectively show the position of the suppliers for the following settings of the weights (0.17, 0.34, 0.5) and (0.23, 0.1 , 0.68) instead of (0.1, 0.6, 0.3).
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Figure 9.9: Results if the weights are (0.17, 0.34, 0.5)
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Figure 9.10: Results if the weights are (0.23, 0.1, 0.68)

For each supplier the overall ‘score’ (‘net flow’) is represented through vertical bars. The figures 9.9 and 9.10 show that the outcome of the original analysis is hardly affected by the changes in the weights. A1, A7 and A6 still outrank the dummy supplier. Therefore, the decision to qualify these suppliers is relatively insensitive for changes brought about in the values of the weights. However, figure 9.10 also indicates that A8 strongly competes with A7 as more emphasis is placed on the financial reliability-criterion. Also, if the arbitrarily chosen value of 5 for A4 and A5 is changed to 6, the set of acceptable suppliers remains the same. Only if this value is changed to 7, the results change: A4 becomes an acceptable supplier. The latter changes are not shown in figure 9.9 or figure 9.10.
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� The author thanks Leo van der Wegen from the University of Twente for his co-operation in this experiment


� We emphasise that the decision rules described here are the result of using the Rosetta program in an experiment. Grolsch does not practise these decision rules.


� It should be noted that in this section, we take the criteria mentioned in the interview as ‘given’. In the previous section however, we showed that in future situations Brainstorming could be used to generate such criteria.


� Naturally, this is rather pessimistic. However, in the sensitivity analysis of the final outcome of the Promethee model, the impact of this value must be investigated.
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