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


The second experiment was done at Honeywell Combustion Control Center Europe

The second experiment concerns the testing of the toolbox at Honeywell Combustion Controls Center Europe in Emmen, The Netherlands (Honeywell). Honeywell is a worldwide operating firm with over 50,000 employees in 95 countries and holds a leading position on the global market for measurement and control systems. Honeywell Emmen mainly produces control systems for European boiler manufacturers. Honeywell Emmen’s total annual purchasing volume is around 100 million Dutch guilders.

The case study concerns the qualification of a second supplier of a moulded coil


This case is about the search and qualification of a second supplier of a double-moulded coil (DMC). This DMC is a crucial component in a very successful Honeywell product, the so-called Combined Valve Ignition (CVI). CVI integrates electronic and mechanical control devices for the supply of gas into central heating systems. The interview for this case study was held with Mr. Klingenberg, purchasing manager at Honeywell Emmen.

The moulded coil was developed in close collaboration with a single supplier
 
From a production point of view, the DMC is a complex component, as it is made up from several subcomponents. For example, the DMC contains a punch-part as well as two different coil-sleeves. Each of these parts has to be produced separately. In addition, the DMC requires two different machines for winding two different types of copper wire. The entire production system for the DMC required an investment of one million Dutch Guilders. The technical specification of the DMC was developed in collaboration with the existing supplier (Supplier X). Therefore, this specification is unique for Honeywell. Since the introduction of the DMC, the specification has been changed around 20 times in order to meet specific customer demands, e.g. 110 Volts instead of 220 Volts. The DMC may be considered a new component because previously only single moulded coils were used. In addition, the end product in which the DMC is used (the CVI), is the first to combine electronic and mechanical combustion control. Due to the huge success of the CVI, the number of DMC’s purchased annually has increased strongly ever since the introduction of the CVI in 1995. Honeywell estimates to purchase 960.000 DMC’s in 1997 which amounts to around 3.8 million Dutch Guilders. This is far more than the original forecast of 700000 pieces for 1997. In Western Europe there are around 20 potential suppliers of moulded coils. Honeywell investigated four of these suppliers when searching for the first supplier of the DMC.

The huge increase in sales figures triggered the qualification of a second source
Traditionally, Honeywell pursued a single source strategy. From a total cost perspective, second sourcing was considered too expensive. In addition, Klingenberg considered second sourcing difficult to organise. Thirdly, second sourcing might lead to unwanted order activities. The qualification process was triggered by the steady growth in the already huge sales figures of the CVI. Consequently, the huge annual demand for DMC’s increased as well. This development made Klingenberg reconsider the appropriateness of a single source strategy for the DMC. Given the structural, strong increase in demand for the DMC, Klingenberg considered the risks associated with single source in this case unacceptable. Moreover, additional investments in production facilities would be necessary anyway in order to meet the growth in demand. These investments could also be made in collaboration with a new, second supplier. Therefore, the objective of the qualification process was to find such a new, supplier of DMC’s.

The decision making process followed four phases
In retrospect, the process can be divided into four phases. This is summarised in the table below.

Choice phase
Criteria
Decision makers
Information resources
Time spent
Remarks

Decision to second source
· costs

· organisa-tional burden

· unwanted ordering activities

· supply risk
Purchasing manager
Sales forecasts from marketing

Decision procedure not formalised

From all suppliers down to four
· familiarity with suppliers


Purchasing manager and purchaser
· previous desk-research

· supplier fairs



Due to time constraints no additional suppliers were considered

From four suppliers down to one
· total costs

· quality

· delivery
Purchasing manager, purchaser, R&D engineer and Quality officer; Final approval by Financial Director
· supplier visit

· several quotation rounds

· supplier brochures

· vendor assessment questio-nairre
The whole process lasted from mid 1996 until early 1997


Allocation of volume between first and second source
· costs

· vendor rating perfor-mance





Table 9.9: Summary of the studied decision making process at Honeywell 

The first stage consists of whether or not to switch to a second source policy. Once it was decided to find a second source, the attention turned to four suppliers that were already known by Honeywell Emmen from the time when the current supplier of DMC’s, Supplier X, was chosen. The four suppliers are supplier A (Italy), supplier B (France), supplier C (Italy) and supplier D (Holland). Within Honeywell Emmen it is customary to consider four suppliers in selection and bidding situations. Although there are many other potential suppliers, the time necessary to locate and visit these suppliers was not considered justifiable. In the third stage, the four suppliers were evaluated in several ways. A purchaser from Honeywell Emmen paid a visit to A and C. In addition, the four suppliers sent in quotations and all filled out the standard Honeywell Vendor Assessment Questionnaire. This questionnaire is designed to provide Honeywell with information on the suppliers’ organisation, business requirements, quality management, technical profile and environmental management. Based upon all this information, Honeywell eventually decided to award A the second source status. This supplier scored highest on costs as well as quality and delivery criteria. After this decision, the decision on how to allocate the required volume to the two suppliers arose. Initially, a 50-50 mix was chosen. However, future developments in the suppliers’ costs and vendorrating performance may give rise to changes in this volume-mix.

The toolbox prescribes a MR-or a SR-strategy for this situation


The toolbox can now be used to typify the purchasing situation and derive an appropriate supplier selection strategy. Obviously, we are not dealing with a new-task or one-off purchase. The CVI as well as the DMC are established products. Therefore, the toolbox suggests either a MR-strategy or a SR-strategy, depending basically on the positioning in Kraljic’s portfolio framework. In terms of this framework, we would label this package as a ‘leverage’ product. After all, the profit impact clearly is very high (and expected to rise even more). In addition, with regard to the supply risk, there are several suppliers who could supply this product, although not ‘overnight’. Nevertheless, it clearly was Klingenberg’s intention and it was obviously possible to create a second source.


From the tables 8.4 to 8.7 we consider the indicated decision models for the various phases in the MR-strategy. For this experiment we used the following decision models: Value Focused Thinking for the phase of problem definition, Brainstorming for formulating criteria, SMART for the final qualification step and Goal Programming for the allocation of the order volume to the two suppliers. Some subcompartments contain more than one decision model. Consequently, we had to make choice. With regard to the decision models for problem definition, basically any of the other models from table 8.4 could have been chosen, except for the WWS-analysis because this model had already been used in the experiment at Grolsch. The reason to use SMART in the final qualification step is threefold. First, the purpose in this step is to find one ‘best’ qualified supplier. Therefore, qualification models that sort rather than rank are less useful here. From the remaining models SMART seems an appropriate choice given the limited number of alternatives and the absence of a group of decision makers. Finally, Goal Programming was chosen because this approach is especially useful in situations where the problem is to allocate orders to two or more suppliers. In the following subsections, the application of these decision models is described in more detail.

Value Focused Thinking (VFT) can be used to explicitate the need for qualification

The purpose of the VFT-technique can be two-fold. First, it may be (as was actually the case) that the insight has emerged that a second source is needed in order to better cover the increased supply risk of the CVI-coils. In that case, VFT can be used to ‘check’ the necessity of the second-source solution as well as to find possible additional solutions. 
Secondly, VFT may be carried out periodically (independent from a specific idea to qualify a new supplier) to anticipate on and to identify future decision opportunities concerning the supply (and suppliers) of CVI-related items and services.

A structured questionnaire is used to identify a range of objectives

The first step in the VFT-technique consists of identifying a rich set of objectives concerning the supply of the CVI. In the experiment this was done using a VFT-questionnaire which included the following questions:

1. If you consider the supply of the CVI-coil, how would you describe the ‘ideal-situation?’ Why?

2. If you consider the supply of the CVI-coil, how would you describe the ‘worst-case’ situation? Why?

3. What do you want to achieve with regard to the supply of the CVI-coil? What should you achieve? Why?

4. If you consider the current supply situation of the CVI-coil, what could be (especially) improved?

5. If you consider the current supply situation of the CVI-coil, what was arranged especially well?

6. What was especially good about the supply of the CVI-coil in the past?

7. What was especially bad about the supply of the CVI-coil in the past?

8. If you consider the future supply of the CVI-coil, which events could take place that effect the situation negatively?

9. If you consider the future supply of the CVI-coil, which events could take place that effect the situation positively?

10. What are your ultimate objectives? What is of fundamental importance to you?

The answers to these questions are shown in table 9.10.



1. If you consider the supply of the CVI-coil, how would you describe the ‘ideal-situation?’ 

Answer: minimal total costs, risk analysis carried out, assured supply, the end-customer satisfied

2. If you consider the supply of the CVI-coil, how would you describe the ‘worst- case’ situation? 

Answer: burning down of supplier’s factory, supplier going bankrupt, damage to mould equipment, supplier taken over by other unfavourable company

3. What do you want to achieve with regard to the supply of the CVI-coil? What should you achieve? 

Answer: Contribute to 10% price reduction of CVI, profit target Honeywell (12%), uninterrupted supply of CVI

4. If you consider the current supply situation of the CVI-coil, what could be (especially) improved?

Answer: Extent to which possibility of local sourcing has been investigated. Local sourcing has many advantages, e.g.: more effective and efficient communication and problem solving, local employment.

5. If you consider the current supply situation of the CVI-coil, what was arranged especially well?

Answer: The selection of the supplier

6. What was especially good about the supply of the CVI-coil in the past?

Answer: The contribution of the first supplier to the development of the CVI-coil

7. What was especially bad about the supply of the CVI-coil in the past?

8. If you consider the future supply of the CVI-coil, which events could take place that effect the situation negatively?

Answer: Launch of a new product (by Honeywell or its competitor) of a new product that would make the investment in the second supplier obsolete, drastic changes in the specification of the CVI(-coil)

9. If you consider the future supply of the CVI-coil, which events could take place that effect the situation positively?

Answer: large increase in demand for CVI-coil, simplifications in specifications

10. What are your ultimate objectives? What is of fundamental importance to you?

Answer: to achieve supply of the CVI-coil without any interruption



Table 9.10: Answers to the questions in the VFT-model

We distinguish between ‘means-end’ and ‘fundamental’ objectives

Next, the answers to the questions in the VFT-questionnaire were converted into the following list of objectives:

· Contribute to 10% price reduction CVI-system;

· Achieve uninterrupted supply of CVI-coils;

· Make sound supplier selection decisions;

· Utilise supplier’s design and development capabilities;

· Increase flexibility and efficiency in communication with suppliers;

· Minimise risk of desinvestment;

· Minimise need for changes of specifications;

· Minimise consequences of specification changes and drops in demand;

· Stimulate simplifications in specifications of coil;

· Exploit increase in demand of CVI-coils;

· Minimise total costs of CVI-coil;

· Reduce supply risk;

· Satisfy end-user;

· Minimise consequences of serious supply interruptions;

· Achieve profit targets set by Honeywell;

· Contribute to local employment;

The latter two objectives were interpreted as fundamental objectives (objectives as such), while the other objectives were interpreted as so-called ‘means-end’ objectives, i.e. achieving these objectives contributes to the achievement of other (higher) objectives. In the next step, we (i.e. the researchers) analysed more precisely the supposed relations between the means-ends objectives. This analysis resulted in a network of objectives, which is depicted in figure 9.9.
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Figure 9.9: Network of objectives concerning the supply of CVI-coils

Next, we generate alternatives for achieving the objectives

For each of the objectives identified, the purchaser was asked to give alternatives that would contribute to the realisation of this objective. The results of this session are summarised in table 9.11.

Alternatives
Price reduc-tion
Assu-red supply
Sound supplier selection
Utilise supplier capab.
More flexible commu-nication
Mini-mise risk of invest-ment
Minimise need for spec. change
Minimise effect of spec. change
Stimu-late sim-plifica-tions
Exploit increase in CVI demand
Mini-mise Total Cost
Re-duce supply risk
Mini-mise impact of supply inte-rupt.

Cost-cutting programs
++


+
+-


+
+

++



Market scanning
+

+







+



(consign-ment) stock

++








+
+


Organise supply chain

++

+
+





+
+


Purchase commitment
+/-
+








+
+


Supplier accreditation

+
++







+
+


Create function to function communication

+

++
+


+/-


+
+


Early Supplier Involvement






++







E-mail, Internet














Amortisation clause





++






+

Manage spec. change through procedures














Encourage standard solutions








++


+/-
+/-

Use scale effect argument (single source)
+


+/-





++
+



Quality contracts (cost sharing in supply chain)
+/-









+
+
+

Sharing planning and forecasting

+


+





+
+


Second source
-




(-)





+
++

Take-back clause











+
++

Table 9.11: Listing of alternatives for the various objectives


The objectives are placed in the column headings of table 9.11. The alternatives are listed under the first column heading. The relationship between an alternative and an objective is indicated through the following signs: ‘-‘, ‘+’, and ‘++’. A ‘-‘ indicates that an alternative hinders the achievement of an objective, while a ‘+’ (and  ‘++’) indicates that an alternative positively contributes to the achievement of an objective. It should be noted that the purchaser provided alternatives for one objective at a time. The researcher identified the positive or negative relationships of an alternative with other objectives after that. Furthermore, we acknowledge that a further breakdown of the objectives might have made the generating of alternatives more easy. For example, the objective “Minimise the consequences of serious supply interruptions” could have been broken down into several more specific objectives, e.g. minimises the consequences of strikes, machine breakdowns, bankruptcy etceteras.

The alternatives generated can be used for checking, complementing and explicating the need for qualification 

The matrix containing objectives and alternatives may prove useful in several aspects. First of all, the VFT-technique may prevent immediate acceptance of the obvious and acceptable solution without considering possible other solutions. The VFT-matrix offers a clear structure for explicating the problem and identifying and comparing different solutions. The main reason for qualifying a second source was the increased supply risk concerning the CVI-coil. In addition to the solution of finding a second source, the VFT-technique identifies several other solutions that either decrease the probability of a supply interruption (e.g. arranging consignment stock, better organisation and co-ordination with supply chain partners, giving a purchasing commitment to suppliers etceteras) or that minimise the negative consequences of such a supply interruption (e.g. appropriate amortisation clauses, cost sharing contracts with supply chain partners, take-back clauses). Furthermore, the VFT-matrix facilitates a structured evaluation of the extent to which the alternatives contribute to all objectives identified.

Brainstorming can be used to identify evaluation criteria

The purpose of the (VFT-) brainstorming techniques (see also chapter VI) is to identify criteria for the evaluation and selection of potential suppliers of the CVI-coil. The brainstorm techniques require the elicitation of the purchasers’ knowledge and experience. This is done through asking ten simple questions:

1. Which are the pro’s and con’s of the current supplier of the CVI-coils?

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

3. How would you describe the ideal supplier of CVI-coils for Honeywell?

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

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 CVI-coils?

8. Which restrictions do you pose upon suppliers of CVI-coils?

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

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


The answers given to these questions are shown in table 9.12 and result in a list of criteria that are relevant to the qualification and selection of a supplier for the CVI-coil.



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

Answers: The pro’s are that their core activity consists of producing coils, they are familiar with the product, they have a strong market position, they are innovative and deliver products of high quality, they have good delivery performance and are flexible. The con’s are that they both supply to Honeywell’s main competitor and located far away from Honeywell.

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

Answers: The commercial performance

3. How would you describe the ideal supplier of coils for Honeywell?  

Answers: Complies to Honeywell’s requirements in terms of technical product properties, delivery performance, flexibility, creativity and quality. Also, the ideal supplier has around 20 - 150 employees and 5-10% of its salesvolume goes to Honeywell.              

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

Answers: Fails to deliver, delivers faulty products             

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

Answers: Cooperation with supplier and contribution of supplier when developing a new product
6. Which are your worst past-experiences with the current supplier?

Answer: Only things of minor importance
7. Which goals or aspirations do you have regarding suppliers of coils?

Answers: Specific objectives for each supplier with respect to delivery performance  and vendorrating

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

Answers: We do not pose very strict limitations. Naturally, we don’t do business with a Hungarian supplier with only 5 employees.



Table 9.12: Questions and answers in the brainstorm session

The complete list of criteria is shown in table 9.13.
Evaluated through market (desk) research 
Evaluated through field research 

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

(Applied to many suppliers):

. supplier’s core activities

. market position

. supplier’s other customers and suppliers

. distance to Honeywell

. number of employees

. supplier’s turnover

. (expected) continuity
Quotations:

(Applied to only a few 

suppliers):

. price

. product quality
Visits/audits:

(Applied to one or two suppliers):

. level of innovativeness / development capabilities

. quality

. delivery

. flexibility

Table 9.13: Categorised criteria for the qualification of suppliers


The nature of the criteria determines how the evaluation (i.e. qualification and selection) can take place. For example, the distance of the supplier to Honeywell can be determined (roughly) without having to visit the supplier or even contact the supplier in any way. However, such criteria as the level of innovativeness of the supplier 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.

SMART can be used to select from the qualified suppliers

From the case-study it becomes clear that for the qualification of a second source for the CVI-coil, the pre-selection of potential acceptable suppliers had already taken place at the time of the selection of the first supplier for CVI-coils. In other words: the evaluation of (many) suppliers to the criteria listed in the left column of table 9.13 had already been carried out. Therefore, this step is not supported in our experiment and we take the resulting (five) suppliers as given. In addition, from these five suppliers, two were rejected in the subsequent (initial) quotation stage. This stage is not considered here either. Here, we focus on the final selection of the second source supplier out of three suppliers (including the existing supplier).

The first step consists of selecting criteria and determining the supplier’s scores

For our experiment we selected the criteria that also had been used in the ‘real’ selection (see the description of the case-study). These criteria are: (1) price (2) quality (3) flexibility (4) level of innovativeness and (5) delivery. This set of criteria also very much resembles the criteria that resulted from the brainstorm session (see the right column in table 9.13). When determining the performance of the suppliers on these criteria, a distinction was made between ‘price’ on the one hand and ‘quality’, ‘flexibility’, ‘innovativeness’ and ‘delivery’ on the other hand. The ‘price’ performance was derived from detailed information in the various quotations from the suppliers. The performance on the other criteria was established using the following scale:

10
:
‘excellent’

8
:
‘good’

6
:
‘fair’

4
:
‘poor’

2
:
‘extremely poor’


The purchaser used this scale to rate the performance of the suppliers. The performance of the suppliers on all criteria is shown in table 9.13.

Criteria
supplier A
supplier X
Supplier D

Quality
9
9
9

Flexibility
8-9
8
9

Innovativeness
9
9
6

Delivery
8
8
9

Price (annual volume in Dutch guilders)
7883957
9289655
8939408

Table 9.13: Performance of suppliers on criteria

The next step consists of setting weights to the criteria


Next, the purchaser was asked to express the importance of each criterion by assigning a number from the following set {4, 5, 6, 7, 8, 9, 10}. 

Criteria
Importance rating

Quality
8

Flexibility
7

Innovativeness
8-9

Delivery
8

Price
8

Table 9.14: rating of the importance of the criteria

The results of the assessment of the importance of the criteria are shown in table 9.14.

The third step consists of aggregating the (weighted) scores


The next step of the SMART procedure consists of aggregating the weights of the criteria and the performance on these criteria into a single (comparable) value, which represents its overall performance.


Before this final aggregation could take place, both the rating of the importance of the criteria as well as the performance on the ‘price’-criterion required further treatment. The importance rating of each criterion had to be converted into a single value between [0,1]. In the experiment we used an approach developed by Lootsma (1996) in which a geometric scale is used for the pairwise comparison of the importance of criteria. If a progression factor √2 is used for the geometric scale and wi stands for the number assigned to criterion Ci, the ratio of the weights Ci1 and Ci2 is estimated by 



so that an unnormalised weight of Ci is given by (√2)wi. In our experiment, using the numbers provided by the purchasing manager (see table 9.14) the weights can be calculated as is shown in table 9.15.

Criterion
Rating given by purchasing manager
Unnormalised weight
Normalised weight

Quality
8
(√2)8 = 16
16/78.33 = 0.204235

Flexibility
7
11.31
0.144416

Innovativeness
8-9
19.02 (rating 8.5)
0.242878

Delivery
8
16
0.204235

Price
8
16
0.204235


Total
78.33
1.0

Table 9.15: Calculation of final normalised criterion weights

Similarly, the prices had to be converted into single values belonging to the [2,4,6,8,10] - scale that was also used for the other criteria. Again, we used the procedure suggested by Lootsma (1996). However, this time a unique (geometric) scale could be constructed to convert the raw price into grades of subjective judgement (utility) on scale on 1 to 10. Lootsma suggests the following relation


Where pmax is the highest price the purchaser is prepared to pay and pmin is the minimum price he has to pay anyway and μ equals the order of magnitude of subjective judgement (utility). Naturally, a lower price is preferable over a higher price, therefore μ is subtracted from 10 in order to arrive at the final grade. Using the data from table 9.13 (with pmin = 7 million and pmax = 10 million) we can calculate the final performance of the suppliers in terms of price, see table 9.16.

Supplier
price
μ
grade

A
7883957
4.263
5.737

X
9289655
5.617
4.383

D
8939408
5.341
4.659

Table 9.16: Calculation of final grades for price

All conversions were performed using the Excel spreadsheet software. After the necessary conversions had been performed, the final aggregation could be established, see table 9.17.

Criteria


Weight


A
 X
D

Quality
0.204235
1.83
1.83
1.83

Flexibility
0.144416
1.22
1.16
1.30

Innovativeness


0.242878
2.19
2.19
1.46

Delivery
0.204235
1.63
1.63
1.83

Price
0.204235
1.17
0.90
0.95

Aggregated Score

8.04
7.71
7.37

Table 9.17: Aggregated SMART scores of suppliers 

The SMART-model suggests that supplier A is most preferable compared to the existing supplier X and supplier D. It should be noted however that the final step in the SMART-procedure, i.e. a sensitivity analysis has not been carried out. 

Goal Programming can be used to support the final order allocation

As suggested by the purchasing manager in the case study, a 50-50 mix of the required volume between the two suppliers may not always the most preferable. It makes sense to take into account suppliers’ costs as well as their vendor rating performance. A so-called ‘goal programming’ approach can help to find the most attractive mix of volumes.

The Goal programming model is based on available vendor rating data

The volume-mix decision for the two suppliers can be taken based on the following quantifiable criteria: 

· price per unit;

· fraction of the delivered items that does not fulfil the quality standards;

· fraction of the delivered items that is not delivered in time.

These criteria are directly related to the costs and quality and delivery performance criteria mentioned earlier. As a matter of fact, the aspects that are important in the selection of a second supplier from a shortlist of 4 are roughly the same as the attributes that play a role in the allocation of volumes to the first and second source. In the volume-mix decision stage we can assume that Honeywell already decided on investments in production capacity for the second supplier. So, the costs criterion boils down to price. Of course, the price for both suppliers is known. The scores on the quality and delivery criteria can be extracted from the vendor rating performance records. In the beginning an estimate for the second source has to be made.

Purchasing and Production Planning specify the goal values for the suppliers’ performance

The goal programming technique proceeds as follows. First of all, the importance of the criteria has to be established. The method works best in case the importance of the criteria is more or less equal. An Excel sheet may be used to determine the fractions that should be ordered from both suppliers given the following data:

· the importance of the criteria;

· the scores of the suppliers with respect to the criteria;

· the goals that are set by Honeywell on the acceptable average price per unit and the acceptable fractions of bad units and units that delivered too late. 

In formal terms, the Goal Programming model used in the experiment is defined as follows:

MIN
(gp * p+ ) + (gα * α+ ) + (gβ * β+ )

Subject to:

x1 + x2 = 1

α1 * x1 + α2 * x2 = α + α+ - α- 

β1 * x1 + β2 * x2 = β + β+ - β- 

(p1/p)x1 + (p2/p)x2 = 1 + p+ - p-
x1 ≥ x1,min
x2 ≥ x2,min
α+ * α- = 0, β+ * β-  = 0, p+ * p- = 0

all variables > 0

where:

xi = fraction of items purchased from supplier I, I = 1,2

α+ , α- , β+ , β- , p+ , p- : deviation variables

pi = price if ordered from supplier I, I = 1,2

αI = fraction of items ordered from supplier I which do not meet quality requirements, I = 1,2

β1 = fraction of items ordered from supplier I which are delivered late, I = 1,2

p = desired price per item (i.e. goal set by purchaser)

α = Maximum accepted fraction of non-conformance items (i.e. goal set by purchaser)

β = Maximum accepted fraction of items delivered late (i.e. goal set by purchaser)

gp , gα , gβ : weights for the goals (to be specified by purchaser)

In general, the goals are chosen so tight that it is impossible to meet all requirements. For instance, it is impossible to pay the lowest price while receiving all items in time and obtaining at the same time a minimum number of bad items. So, a trade-off has to be made, taking into account the importance of the criteria. The Excel sheet has some additional features:

-
extra restrictions can be added such as a minimum percentage of e.g. 30% of  units to be ordered from each supplier;

· by changing the set goals or the importance of the criteria a little bit one can see whether and how much the fractions to be ordered from both sources change.

The Goal Programming model finds the order allocation that best matches the goal values

To illustrate the possibilities, we give some results. In the two examples the data in the following table are used.


example 1
example 2

fraction of unacceptable quality (supplier 1)
0.03
0.02

fraction of unacceptable quality (supplier 2)
0.02
0.05

fraction of items not delivered in time (supplier 1) 
0.02
0.02

fraction of items not delivered in time (supplier 2)
0.015
0.015

price (supplier 1)
12
12

price (supplier 2)
9
9

target price
10
10

maximum fraction of unacceptable quality
0.025
0.025

maximum fraction  not delivered in time
0.015
0.02

importance quality criterion
3
3

importance delivery criterion
1
1

importance price criterion
2
2

Table 9.18: data used for the experiment

The units in which price is expressed is not important, because in the goal programming model only the price of any supplier relative to the target price is used. In the examples we add another constraint, namely that the percentage of the total volume that is ordered from each supplier is at least 30%.

Example 1

The program starts with two arbitrary values of the fractions of the total volume that should be ordered from each source. (As a matter of fact, the program always works, also if the sum of the two fractions does not equal 1.) We start with both fractions equal to 0.5, as suggested in the previous section. Then running Excel yields the following result: 30% of the total volume should be ordered from the first supplier and 70% from the second one. It appears to be possible to obtain all items for an average price that is 1% smaller than the target price. The number of unacceptable items is smaller than the target, but the delivery goal can not be met. The maximum fraction of items that are not delivered in time was set at 1.5%, but it appears to be 1.65%. This result could also have been calculated by hand quite easily, but the strength of Excel is that the consequences of small changes in some of the given data can be seen almost immediately. For instance, in case the minimum percentage to be ordered from the first supplier is set to 40%, the solution is: order 40% from the first and 60% from the second source. In that case the fraction that can not be delivered in time increases to 1.7% and the average price will be 2% above the target price!



Table 9.19: Example of Goal programming model in the experiment

Another example is given in table 9.20.

Example 2

In this example the quality of the products of the cheapest supplier (i.e. supplier 2) is rather weak compared to the quality target as well as to the product quality of the first supplier. In this case running Excel starting from an initial solution where equal fractions are ordered from both parties as well as an initial solution with supplier two as single source yields the following solution: order one third from the first source and two thirds from the second.  In this case 4% of the products does not achieve the quality standards, while 2.5% is acceptable. On the other hand the price as well as the delivery goal is met in this case. If the price per unit charged by the second supplier decreases from 10 to 9, then the optimal solution reads: order 30% from the first and 70% from the second supplier. In this case the price target can not be met, but the solution increases the percentage to be ordered from the cheapest supplier as far as possible. In case the price weight would change from 2 to 0.25, i.e. in case the weight of quality relative to price increases from 1.5 to 12, the optimal solution is to order 70% from the first source and 30% from the second. Then, the quality has become so important that one would order as much as possible from the supplier offering the highest quality, irrespective of the price. 



Table 9.20: Example of the Goal Programming model in the experiment

The examples above are meant to give some insight in the possibilities to use goal programming as a technique that might be helpful in making decisions in case several conflicting goals have to be achieved at the same time. This technique makes it possible to make a trade-off between the goals. Excel can be used as a decision support tool that enables the decision maker to easily grasp the influence of changes in the data, especially in the factors that can be influenced or chosen by him.

Contribute to local employ-ment





Achieve profit targets Honeywell





Minimise consequences of specification changes and drops in demand





Satisfy H’well end-user





Stimulate simplification of coil specification





Minimise need for specification changes





Minimise risk of desinvest-ment





Utilise supplier’s design and development capabilities





Exploit increase in demand for CVI





Contribute to 10% price reduction CVI





Minimise consequences of serious supply interruptions





Minimise probability of failure in supply





Increase flexibility and efficiency in communication with supplier





Reduce supply risk CVI-coils





Minimise total cost of  CVI-item
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� The author thanks Leo van der Wegen for his cooperation in developing and testing the Goal Programming model in this experiment.
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