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Abstract 

This master thesis describes a research project that has been conducted within the Manufacturing and 

Logistics department of Océ Technologies B.V.. The objective of this project is to design a new order 

policy that is dependent on the stage of the product life cycle the product is currently in. Furthermore, a 

new model is designed for the determination of transition points between two sequential stages of the 

product life cycle. This model, based on the statistical process control theory, can be used for the 

determination of time points after which another order policy should be used.   



 

 

IV 

Management summary  

This report is the result of a Master thesis project at Océ Technologies B.V. In 2003 the department 

M&L-M, which is responsible for all the logistical processes related to the production of machines, 

developed a new order policy for the supply of parts required for the production of Océ’s end products. 

Six years later this order policy is still in use without any changes. As a result, Océ doubts whether the 

order policy can still be used for ordering materials.  

A reason for this doubt is the drastic change in the supply chain due to the outsourcing of assembly 

activities to low costs areas as Eastern Europe and to contract manufacturers in the Far East. In addition, 

all end products are facing a product life cycle, and therefore Océ questions whether it should have a 

differentiated order policy dependent on the stage of the product life cycle (growth, regular and decline). 

However, a prerequisite for a product life cycle dependent order policy is that Océ is explained how she 

can obtain the current position of a product in the product life cycle. At this time, Océ has the problem 

that she does not know what the exact location is of her products in the product life cycle.   

 

Research questions 

For M&L-M this master thesis was an opportunity to get more insights into the current way of working 

with respect to the current order policy. The main objective of this research project was therefore to 

analyze the current situation and to create a new order policy and transition point detection model in order 

to improve Océ’s current situation. The following two research questions are designed in the research 

proposal prepared before the start of this master thesis:  

- Develop a new material supply policy dependent on the stage of the product life cycle.  

- Develop a model that can be used for the determination of transition points between two sequential 

stages of the product life cycle.  

 

Methodology 

Because the main objective of this research project is to create a new order policy and transition point 

detection model in order to improve Océ’s current situation, the solution oriented approach of Kempen 

and Keizer (2000) is used as guideline for this master thesis. This solution oriented approach consists of 

ten sequential steps and follows the five phases of the regulative cycle (Van Strien (1997), Van Aken et 

al., (2005)). This regulative cycle has five basic process steps: problem definition; analysis and diagnosis; 

plan of action; intervention and evaluation. Each of the five steps of the regulative cycle are threatened in 

sequential order. However, the newly designed order policy is not implemented at Océ due to the time 

constraints of this master thesis. Only an implementation plan is given in which the implementation 

proposal is described. 

 

Literature review 

First a literature review was conducted in order to see what the most recent development are in the area of 

detecting transition points. The product life cycle concept has been used for over five decades. The PLC 

is widely applicable and academic research shows that different policies in each stage of the PLC will 

result in better outcomes. All these theories are based on the assumption that you know in which phase of 

the PLC your product is currently in. However, the number of papers describing how you can determine 

your position in the PLC by quantitative analysis is scarce.  
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The available models proposed in the literature (sales growth rates analysis (Thietart and Vivas (1984)), 

linear regression and moving average (Chang and Chang (2003)) and data mining techniques (Parshutin et 

al. (2009))) were all not usable for Océ’s situation.  

 

Analysis current situation 

The second step of the regulative cycle is the analysis of the current situation in order to determine 

whether Océ really has a problem with the currently used order policy. Analysis shows that Océ’s current 

calculation of the order quantity is based on the general EOQ model (Silver et al., 1998). The order 

quantity is equal to the economic order quantity that is rounded to the packaging quantity and the 

minimum order quantity (MOQ) set by the supplier. In total three major drawbacks were found during the 

analysis of the current order policy. The assumptions of the underlying EOQ model are not valid, the 

software used to calculate the optimal order quantity is not up-to-date and the projected sales quantities 

are too high resulting in non optimal order quantities.   

 

Design of the new order policy 

By conducting interviews with managers of four different departments it became clear that four additional 

factors play an important role in the ordering process of Océ: product life cycle stages, transportation 

costs, quantity discounts, and changes due to quality problems. Based on these interviews and on the 

analysis of the current situation in Chapter 3 in total three order policies are created in the new situation.  

Because totally different order models are used in the different PLC stages it can be concluded that it is 

really important to know in which stage of the PLC you are in order to know which order policy has to be 

used. Therefore the transition point detection model can be used to determine the exact location of a 

product in the product life cycle. 

 

Conclusions 

At the end of the master thesis the following conclusions were drawn for the two research questions: 

- Develop a new material supply policy dependent on the stage of the product life cycle.  

A product life cycle dependent order policy is created in which a different policy is designed for the 

three different PLC stages of Océ’s products (growth, regular and decline):  

o In the growth stage the currently used order rules for the determination of the order quantities 

perform well and the potential savings are low in this PLC and therefore there are no changes 

made. 

o In the regular stage the currently used EOQ model is expanded with the incorporation of the 

transportation costs. Examples showed that the incorporation of the transportation costs has a 

huge impact on the ordering process.  

o In the decline stage the EOQ model can not be used anymore due to the decreasing demand 

pattern. Therefore the Wagner-Whitin algorithm is used in this PLC for the calculation of the 

order quantities. Also here the transportation costs are taken into account.  

- Develop a model that can be used for the determination of transition points between two sequential 

stages of the product life cycle.  

A new model is designed in which the statistical process control techniques are applied. The goal of 

statistical process control (the elimination of variability and the early detection of possible 

modifications in the process) is in line with the requirements of Océ. For Océ it is essential that a 

stage transition is detected as early as possible so that corrective actions can be taken. From all the 
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existing control charts in the literature, the Cumulative Sum chart (CUSUM) is selected as the most 

appropriate model due to the ability of the CUSUM to detect even a small shift in a process. Based on 

the characteristics of the CUSUM, for Océ a model is created in Excel that can be used for the 

determination of transition points between two sequential stages of the product life cycle.  

 

Recommendations 

After this master thesis conducted at Océ technologies B.V. the following recommendations for both Océ 

as the scientific literature are proposed: 

 

Océ Technologies B.V.: 

- Use the proposed models in order to (1) detect transition points in the product life cycle, (2) order the 

machine parts according to the characteristics of the PLC stages and (3) to phase out products at the 

lowest possible obsolescence costs.  

- The proposed new order policy is based on the currently available information. However, the 

information about the transportation costs should be further improved in order to make the new order 

policy more accurate. In the current design the transportation costs are the same for a small and a big 

part that is ordered at the same supplier. In reality, there will be a difference between the 

transportation costs of these two parts.  

- The transition point detection model is currently based on the information of 13 finished projects. 

Every year the model has to be updated with new information so that the parameters used for the 

calculation of the boundaries are up-to-date.  

- Improve the current cooperation between the departments SBU, purchasing and M&L-M. Both the 

new order policy and the new phase out policy have an impact on all the departments. Therefore, a 

close cooperation and information exchange between the departments will improve the order process 

and the phase out process. 

 

Scientific literature: 

- The phase out policy is a very new research area where still a lot of improvement can be obtained as 

the analysis of the current phase-out policy of Océ revealed. The impact of the phase out policy will 

become more important for companies due to the faster changes in the product portfolio. Future 

research should therefore not only aim at the ramp up and the decrease of the time-to-market of new 

market introductions but also on the decline stage of the PLC.  

- In this master thesis the statistical process control techniques are for the first time used for the 

detection of transition points in sales data. Future research should further develop the transition point 

detection model to investigate what the relations are between the input parameters as the reference 

value and the statistics describing the deviations below or above the mean level.  

- The transition point detection model is only tested for the sales data of Océ, a company in the low 

volume industry. Future research should indicate whether the model is also useful in other industries 

where the product life cycle is different from the three-stage PLC of Océ.  
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Chapter 1. Introduction  

In this chapter the initial assignment and an introductory overview of the company at which the 

assignment is conducted, are presented. In section 1.1 the company Océ Technologies B.V. is described, 

including its organizational structure and the product portfolio. The problem definition and the initial 

assignment are given in section 1.2. This is followed by the research model and the structure of the report 

in sections 1.3 and 1.4. 

 

1.1. Océ Technologies B.V. 

 

1.1.1. Organizational structure 

Océ N.V. is a leading international provider of digital document management technology and services. 

The company develops and supplies digital printing systems, software and services for the production and 

management of documents with the focus on high-end professional markets. Océ N.V., headquartered in 

The Netherlands, is the only European producer and a worldwide supplier of these printing systems. 

 

Océ N.V. is commercially active in about a hundred countries; in more than thirty of these it has its own 

sales and service organization, referred to as Operating Company (OPCO). In a number of countries and 

market segments in which Océ itself does not have a sufficiently large market presence, part of the 

product range is made available through specialized distributors. 

The company has research and manufacturing facilities in Europe, the United States, Canada and 

Singapore. Worldwide Océ N.V. has approximately 22,000 employees and achieved revenues of €2.6 

billion and a net loss of €47.1 million in 2009 (annual report Océ N.V., 2009).  

 

The organizational chart of Océ N.V. is given in Figure 1.1. This chart shows that Océ N.V. is divided 

into two divisions; one responsible for sales and the other for the production of end products: 

- Group Departments is in charge of the commercial approach and is split into three major strategic 

business units (SBU):  

o Digital Document Systems (DDS): small format (up to A3 paper size) document systems for 

daily office practice.  

o Wide Format Printing Systems (WFPS): wide format (larger than A3 paper size) equipment 

for technical applications and advertising.  

o Océ Business Services (OBS): document-related services and technology for companies in 

which document processes are essential but not a core activity.  

- Océ Technologies B.V. is responsible for the production of the printing equipment, it consists of the 

departments Research and Development (R&D), Manufacturing and Logistics (M&L), Logistic 

Service Parts (LSP) and Global Logistics Organization (GLO). The focus of this report will be on the 

activities of the M&L Machines division that is part of the M&L department as can be seen in the 

partial organizational chart of Océ N.V. that is given in Figure 1.1.  

Continuous cost price pressure has driven the M&L department to outsource assembly activities to 

low costs areas as Eastern Europe and to contract manufacturers (CM) in the Far East. The CMs are 

suppliers that are licensed by Océ to produce complete units or modules at a lower cost price while 

Océ is focusing on her core competences final assembly and configuration.  
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1.1.2. Market and products 

The Océ product portfolio consists of physical products (e.g. printing machines, scanners and finishing 

equipment) complemented with supporting software and services. Printing machines are differentiated by 

functionality (black & white or colour) and paper format (small or wide format). 

Most of the products of the product portfolio are developed in Océ’s own R&D facilities. This portfolio is 

extended with products from selected Original Equipment Manufacturers (OEMs) in order to be able to 

offer a whole range of products to its customers. 

 

In Figure 1.2 the revenues of the business units DDS, WFPS and OBS of the years 2007 to 2009 are 

shown. As can be seen in this figure DDS generates nearly twice as much revenue as WFPS and four 

times as much as OBS. This figure also indicates that the markets of Océ have experienced a strong 

decline in the last two years due to new economic reality caused by the global financial crisis. When the 

revenues are compared per demand region it can be concluded that the American and European market 

are the most important markets for Océ (see Figure 1.3).  

The markets in which Océ is active are continuously subjected to fast-moving changes. One of the latest 

trends is the growing demand for digitalization. Documents are now more often created and read in 

electronic form resulting in a decline in the printing volume of many customers. In addition, innovative 

products are becoming standard at an even faster pace leading to a shorter product life cycle (PLC). A 

shorter product life cycle has serious consequences for Océ since the selling time in which the enormous 

R&D expenses can be earned back is shorter. Therefore an early market introduction has become a 

critical step for the success of a product.  

Océ N.V. 

Corporate 

Board 

Group 

Departments 

Océ 

Technologies 

B.V. 

SBU DDS SBU WFPS SBU OBS Manufacturing 

and Logistics 

Research and 

Development 

Global 

Logistics 

Organization 

M&L 

Machines 

M&L 

Consumables 

Asset 

Recovery/ 

Reman 

Purchasing 

M&L 

Controlling 

M&L 

Logistic 

Service Parts 

Figure 1.1 Part of the organizational chart of Océ N.V. (September 2009) 
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1.2 Total revenues per strategic business unit 

 
1.3 Total revenues per demand region 

 

1.2. Initial problem definition of Océ 

In 2003 the department M&L-M developed a new order policy for the supply of parts required for the 

production of Océ’s end products. Six years later this order policy is still in use without any changes. As a 

result, Océ doubts whether the order policy can still be used for ordering materials.  

A reason for this doubt is the drastic change in the supply chain due to the outsourcing of assembly 

activities to low costs areas as Eastern Europe and to contract manufacturers in the Far East. In Asia the 

wages are lower and transportation costs are higher, resulting in different ordering costs for the parts 

sourced in the Far East. These higher transportation costs are currently not taken into account and 

therefore modifications to the current order policy might be required.  

Since all end products are facing a product life cycle, Océ questions whether it should have a 

differentiated order policy dependent on the stage of the product life cycle (growth, regular and decline). 

If it is preferable to have more than one order policy dependent on the stage of the product life cycle, the 

subsequent questions is what the order policy should be in the different product life cycle stages. Océ also 

wants to know how she can obtain the current position in the product life cycle. At this time, Océ has the 

problem that she does not know what the exact location is of her products in the product life cycle.   

 

Another problem that is related to the order policy is the performance of the current phase out policy. In 

the current situation the marketing department decides when a product will be removed from the product 

portfolio. When the decision is made to remove a product from the portfolio, M&L-M is often faced with 

a high amount of obsolescence costs (scrap costs of rest inventory and claim costs of suppliers where a 

commitment is made). There have been cases where M&L machines still had a large amount of stock 

available while the demand for the upcoming year was nearly zero. Guidelines describing which steps 

need to be taken in order to successfully phase out an end product are not available. Therefore, Océ is 

wondering which actions should be taken during the PLC in order to manage the phase-out as good as 

possible resulting in the lowest possible obsolescence costs. 

 

1.3. Final research assignment and deliverables 

The research assignment, based on the initial problem assignment of Océ, is split into two separate 

research questions:  
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- Develop a new material supply policy dependent on the stage of the product life cycle.  

By matching the order policy with the different characteristics of each product life cycle stage better 

results will be obtained by this order policy in comparison to an order policy that is used during all 

the stages of the PLC. The design of the new order policy will be based on the results of the analysis 

of the current order policy and on the characteristics of each PLC stage.  

During this project special attention will be on the decline stage. This phase is becoming increasingly 

important for Océ since many costs can be saved by reducing the amount of obsolete stock (physical 

stock that cannot be consumed in future production processes) and outstanding commitments at the 

end of life cycle of a product. An outstanding commitment is an agreement between the supplier and 

Océ, where the supplier is allowed to procure or maintain a stock level for unique Océ parts while 

Océ is financial responsible for this stock. 

- Develop a model that can be used for the determination of transition points between two sequential 

stages of the product life cycle.  

This model can be used for the determination of a product’s exact location in the product life cycle. It 

determines the moments in time in which the order policy should be adjusted to the characteristics of 

the new stage the product is in. Due to the characteristics of Oce’s product life cycle this research 

question will be restricted to three different stages, namely, introduction, maturity and decline. This 

gives us two possible transitions; the first between the introduction and maturity stage and the second 

between the maturity and decline stage.  

 

The deliverables of this research project for Océ are the design of a new order policy, a transition point 

model to detect transitions in the sales data and a redesign proposal for the phase-out policy: 

1. For the new order policy an Excel file will be made in which the required order quantities can be 

calculated. Also an implementation plan describing how the new order policy can be used is included.  

2. For the transition point model an Excel file will be created in which the logistic engineer only has to 

update the monthly sales values in order to see whether a transition point is reached.  

3. The proposal for the new phase-out policy will be presented in an Excel file. With this file an 

overview of the expected obsolescence costs versus the number of end products to be built can be 

created for all end products. 

 

1.4. Methodology 

The main objective of this research project is to create a new order policy and transition point detection 

model in order to improve Océ’s current situation. Therefore, the solution oriented approach of Kempen 

and Keizer (2000) is used as guideline for this master thesis. This solution oriented approach consists of 

ten sequential steps and follows the five phases of the regulative cycle (Van Strien (1997), Van Aken et 

al., (2005)). This regulative cycle has five basic process steps: problem definition; analysis and diagnosis; 

plan of action; intervention and evaluation. An overview of the regulative cycle is shown in Appendix A.  

 

This report comprises a total of seven chapters in which the different steps of the regulative cycle are 

treated in sequential order. The outline of this thesis is described according to the research model 

introduced by Verschuren and Doorewaard (1995) shown in Figure 1.4. In this figure the used 

information sources and theoretical knowledge are linked to the different chapters. This thesis especially 

combines the ideas and findings described in the theory of transition points, the product life cycle and 

product elimination decisions to come up with interesting results.  
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1.4 Outline of this master thesis based on the regulative cycle of Van Strien (1997) 

 

In the first phase of the regulative cycle the research assignment has to be built. This is done with the aid 

of Océ’s initial assignment and by conducting interviews with key function holders (logistic managers 

and logistic engineers) of the M&L-M department. In addition, a literature review is done for the 

theoretical background of the topics of this research project. The research assignment will serve as a 

guideline in the sequential phases of the regulative cycle.  

The second phase includes the analysis of the current product life cycle and order policy used within Océ. 

This is a crucial step in which the positive points and the shortcomings of the current situation are 

demonstrated. The results of the analysis phase are the input of the design stage. 

 

In the design phase a new order policy is designed that is dependent on the PLC stage the product is in. 

This new design gives Océ the opportunity to have an order policy that fits better to the latest position in 

the PLC. The new order policy will show that it is crucial to know in which phase of the PLC you 

currently are. Therefore a model is designed that can be used to detect transition points in sales data.  

The last phase of the regulative cycle is the implementation phase. Due to the amount of time available 

for this research project, the designed model and the new order policy will not be fully implemented 

during the project. Instead an implementation plan is created that can be followed as guideline by the 

employees who will implement this research project.  



 

 

6 

Chapter 2. Literature review 

In this chapter the key results
1
 of the extended literature review of scientific literature from academic 

books and scientific magazines are presented. The purpose of the literature is to obtain insights in the 

most recent academic developments related to the main subjects of this master thesis. In sections 2.1 to 

2.3 the product life cycle, the product elimination decision
2
 and the determination of transition points 

between different product life cycle stages are described.  

 

2.1. Product life cycle 

The product life cycle (PLC) represents the unit sales trend or curve for a specific product, extending 

from the time it is first placed in the market until it is taken out. The PLC approach assumes that the life 

of a product occurs in distinct stages. The number of stages described in the literature oscillates between 

four and six, dependent on the chosen deviation of the PLC by the researchers. An example of the five 

stages PLC is given in Figure 2.1 (Rink, 1976). In this figure both the unit sales and the profit curve are 

drawn versus the time. This figure reveals that the huge R&D expenses will result in losses in the design 

and introduction stage and that the first profit is made during the growth stage of the PLC. In order to be 

profitable, the product should be in the market as long as possible. However, the time a product is on the 

market is becoming shorter for most product types because of the increasing number of technological 

innovations and the rapid rate of new product introductions (Parlar and Weng, 1997; Qualls et al., 1981). 

 

 
Figure 2.1 Typical unit sales and profit trends. (Source: Rink, 1976) 

 

The PLC curve for different products and for different industries will have different shapes and deviating 

time lengths for the phases (Swan and Rink (1982); Silver et al. (1998)). Stages are not necessarily 

                                                      
1 Key words used for the search queries are Product Life Cycle, Supply Policy, Shortcomings Product Life Cycle, Purchasing and 

the Product Life Cycle, Phase Out Phase, Product Elimination Decisions, Decreasing Demand, Forecasting, Stage modeling, 

Transition points, and Regression analysis. For the literature review the databases ABI/Inform, JSTOR and Scopus are used. 
2 The product elimination decision is the name of the research area especially investigated by Avlonitis about the different phase-

out strategies and the factors that influences these several phase-out strategies.  
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consecutive nor does each product necessarily experience all stages (Ford and Rink, 1978). In addition, 

products can either retreat to a previous phase or prolong their current curve because of the invention of 

new uses for the product. In essence, the structure of these different PLC approaches is the same. 

However, all these variations make it very difficult to predict when one stage ends and the next one 

begins (Birou et al. (1997); Rink (1976)). 

 

The reviewed literature reveals that having different policies (e.g. marketing, financial or purchasing) for 

different stages yields superior business results from having the same policy for the entire product life 

cycle. For example, the purchasing department can use the concept of the PLC as a guideline for setting 

priorities in their purchasing strategies for the different stages of the PLC (Berenson (1967); Rink (1976)). 

Akkermans et al. (2000) and Aitken et al. (2003) concluded that per stage of the PLC different 

characteristics are important for supply chain management. Akkermans et al. (2000) divide the PLC in 

four different stages and the basic characteristics of these stages are summarized in Table 2.1. In this table 

the different business opportunities and risks of each stage are summed up resulting in the most important 

supply chain control priority of that stage. For example, in the first stages early entrance is essential in 

order to capture market presence and therefore price is relatively unimportant in this stage of the PLC.  

 

Table 2.1: Basic characteristics of the different PLC phases (Source: Akkermans et al., 2000) 

 
 

When different strategies are used for the several stages, the PLC can be a valuable model in improving 

the business results. However, the PLC concept also has its limitations. According to Onkvisit and Shaw 

(1986) the PLC concept uses broad generalizations. To be useful for different kind of products, the 

concept must be more precise with regard to the variables that will affect the PLC curve.  

A second major drawback is the difficulty of obtaining the position in the PLC itself. It is impossible for a 

marketeer to know if his or her brand is in the decline stage (and should therefore take the prescribed 

actions accompanied by this stage) or that the brand is just experiencing a small drop in sales before 

another growth period. The current available literature has shown that there is still no scientific way to 

measure and pinpoint an exact location in a product life cycle. 

 

2.2. Product elimination decision 

A harsh economic environment shifts the product elimination decision from an important to a critical 

position in corporate strategy (Avlonitis, 1987). A company cannot afford to withdraw a product from the 

market without risking costly write-offs of expensive materials and the loss of customer goodwill. 

(including Hise and McGinnis (1975) and Avlonitis et al. (2000)). Research has shown that deletion or 

replacement of a product presents managerial challenges to the firm of equal importance to the creation or 

adoption of a new product (Vyas, (1993)).  
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At the decline stage, a quick exit from the market is usually recommended. (Gupta, 1986) However, the 

existing research cannot provide any normative guidelines how to eliminate a product from the market 

since there is no single, right way to dispose of unprofitable or obsolete products. The available 

information only allows managers to broaden the scope of issues to consider in their product deletion 

decisions. (Avlonitis et al., 2000)  

 

Avlonitis (1989) explored whether the stage of the PLC influences the decision variables used to make the 

product elimination decision. The results showed that products may be eliminated regardless of their 

position on the PLC. Product elimination decisions made in an early stage of the PLC can be triggered by 

different problem situations (e.g. poor sales or a decline in the market potential) and involve different 

evaluation factors and elimination strategies, than those made at the later stages of the PLC:  

• The evaluation factors are the factors management considers when determining whether it is in the 

best interest of the company to eliminate a product. In total six factors were recognized as most 

important:  

(1) The problem situation that evoked the elimination decision;  

(2) Market trends/ holdover demand;  

(3) Stock on hand;  

(4) Status of replacement parts (i.e. maintaining parts for future service demand); 

(5) Effect on customers;  

(6) Replacement product development. 

- The elimination strategies are the strategies that management may use to implement the product 

elimination decision. In total there are four common elimination strategies:  

(1) phase out immediately;  

(2) phase out slowly;  

(3) reintroduction as a variant; the resources are used to manufacture and market again a variant of the 

standard product at a premium price 

(4) sell out to another manufacturer. 

 

The product elimination decisions which are the result of a proactive search for elimination candidates 

guided by strategic considerations are likely to lead to a more successful outcome than those which are 

the result of a passive response to a problem or crisis situation. 

 

2.3. Transition points 

Over the past four decades the product life cycle (PLC) concept has been widely discussed for a number 

of applications; production planning, purchasing and inventory control. (Chang and Chang; 2003). 

However, all applications of the product life cycle theory depend on the knowledge of the specific life 

cycle stage the product is in and when this stage will change. The moment in which a product changes to 

the next stage can be interpreted as a transition point between two stages of the PLC. After review it 

became clear that forecasting transition points is still a very new area that has not been discussed 

satisfactorily yet in the literature. 

The first articles on the recognition of the current PLC stage were all based on the yearly sales and the 

accompanied sales growth rates (including Qualls et al. (1969) and Thietart and Vivas (1984)). For 

example, the growth stage was characterized by Qualls et al. (1969) as the period after the introduction in 
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which the yearly sales growth was larger than 4,5%. However, this method does not function 

appropriately since a rise or fall in the sales numbers does not necessarily mean that the product moves to 

another stage of the PLC.   

 

Chang and Chang (2003) propose an algorithm as aid in identifying boundaries of the stages. This 

algorithm combines moving average and simple linear regression to calculate and plot moving trends in 

the sales data. This plot often provided a clearer picture of where the transition points are located for the 

stages. However, the procedure for aiding in the identification of the transition points only works 

accurately when the sales data has a clear product life cycle shape without temporarily drops or rises.  

 

The most recent developed method is the use of self-organizing maps (a component of the data mining 

techniques) for the forecasting of transition points between different phases of the PLC (Parshutin et al., 

2009). This technique is based on the analysis of historical PLC data of products. By analyzing the 

historical demand data it is possible to learn the neural network, which enable to forecast the transition 

points in the life cycle of new products. 

The weakness of this method is the enormous amount of data that is required for the analysis. In addition, 

experts and practitioners have the time consuming task to mark the transition points in the historical data. 

In future research this opportunity of data mining should be further investigated by exploring the use of 

other data mining techniques than self-organizing maps (Parshutin et al.; 2009).  

 

2.4. Summary 

The product life cycle concept has been used for over five decades. The PLC is widely applicable and 

academic research shows that different policies in each stage of the PLC will result in better outcomes. 

All these theories are based on the assumption that you know in which phase of the PLC your product is 

currently in. However, the number of papers describing how you can determine your position in the PLC 

by quantitative analysis is scarce.  
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Chapter 3. Current situation 

This chapter describes and analyzes Océ’s current situation in January 2010. The analysis will make clear 

whether there is a real problem situation and it will also show the size of the problem. This information 

about Océ’s current situation is used for the design of the new order policy, the transition point model and 

the phase out policy in the upcoming chapters. As described in the literature review in chapter two, the 

shape and number of stages of the product life cycle depends on the characteristics of the product and the 

industry. Therefore the product life cycle of Océ’s products is evaluated and explained in section 3.1. This 

is followed by a description of the current order policy used for the ordering of machine parts in section 

3.2. This chapter is concluded by an analysis of the current phase out policy in section 3.3.  

 

3.1. Product life cycle 

Before the start of the PLC there is the design stage in which the R&D department designs a new product. 

For all the logistical issues concerning the new design the ‘new product introduction’ team is involved. 

This team is responsible for the design of all supply chain related activities such as the selection of 

suppliers from an approved vendor list and the design of the production plan. This production plan 

consists of estimations of both the production volumes and the order quantities for the first pre-production 

series. Pre-production series are small proto series in which the design of the new product is tested. 

 

An Océ product will remain in several stages from the time the design is created till the time the product 

is phased-out from the market. According to the interviewed logistic engineers of the M&L-M department 

an Océ product remains in three different stages during the PLC:   

- Growth stage: The goal of the growth stage is to solve the early birth problems in order for the 

volume production to be reached. Pre-production series are created in order to test the design of the 

product. When there are nearly no design changes expected the production volume is increased and 

the product is released in a growing number of selling markets. 

- Regular stage: The growth stage will be followed by a regular production period. Throughout the 

regular stage focus is on the optimization of the supply chain. Optimization is necessary for the 

reduction of the cost price of the product required to be competitive in the market. 

- Decline stage: The third stage of the product life cycle is the stage in which the product will phase-

out from the market. During this stage the assembly of the product will be stopped and the purchasing 

department together with M&L-M will try to decrease the inventory levels and the outstanding 

commitments to the suppliers as much as possible. 

 

After the decline stage of the product life cycle there are two other departments which keep in operation 

for the product: 

- Asset recovery (AR): this department takes care of the reverse logistic chain and refurbishes 

machines which come back from the market into an as-good-as-new product and re-sell it again for a 

second life cycle.  

- Logistic service parts (LSP): this department takes care of all the service related issues such as the 

delivery of spare parts till seven years after a product is removed from the product portfolio.  

However, both the LSP and AR processes are outside the scope of this research project. A research 

project on these departments has already been conducted (Schmidt, 2010).  
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3.1.1. Sales data 

The PLC represents the unit sales trend or curve for a specific product, extending from the time it is first 

placed in the market until it is taken out. In this subparagraph the sales data for Océ’s end products is 

analyzed in order to visualize the PLC pattern of Océ’s products.  

 

Every month the sales department creates a sales report of Océ’s products displaying the most recent 

results and the estimations for the upcoming period. The key figure in this report is the number of end 

products sold to customers. For this research project the total order intake, the rejected order intake (i.e. 

the number of orders cancelled by customers) and the delivered order quantity are of interest and 

therefore collected for further investigation.  

By downloading all the available sales reports from the ERP-system of Océ to Excel, a dataset is created 

for analysis. This data set contains sales data from the introduction of the ERP system into the company 

in December 2003 to December 2009. Of all end products in the sales report only those which are 

assembled by Océ herself are selected. Only for those products assembly parts need to be ordered. This 

means that the data of end products bought from other OEMs are removed from the data set. An overview 

of the 18 selected products (eleven WFPS and seven DDS products) is given in Appendix B.   

From all the selected projects a graph is made of the sales (the number of machines sold) versus the time 

(in months). The number of sales is calculated by the total order intake quantity minus the rejected order 

intake quantity. The total order intake quantity represents all the requested sales orders including the lost 

sales. The rejected order quantities are the cancelled orders by customers and therefore these rejected 

orders are deducted from the total order intake quantity.  

 

By observing the graphs of the 18 products it becomes clear that, despite the availability of six years of 

data, the amount of accessible data is quite small in comparison to the duration of the PLC of an Océ 

product. From all the selected projects a part of the product life cycle is missing in the beginning or at the 

end of the time period due to the fact that the product was already on the market before 2003 or is still on 

the market after December 2009. 

For most of the projects the amount of sales data available was sufficient for the recognition of a PLC 

pattern. However, for five projects the number of data points available was inadequate for the recognition 

of a PLC pattern. In those five cases there was only about half a year of data available and exploration of 

these data points did not result in a recognition of a PLC pattern. In the dataset two different PLC patterns 

were recognized: a two-stage PLC and a three-stage PLC. In Figure 3.1 a pie chart is drawn as a summary 

of the analysis. For each pattern the number of projects is given as percentage of the total amount of 

projects analyzed. As can be seen in this chart, the number of projects with a two-stage or three-stage 

PLC is nearly the same. 

 

In the three-stage PLC pattern the product goes to three different stages (growth, mature and decline) 

before the product is removed from the market. An example of the three-stage PLC can be seen in Figure 

3.2 where the sales graph of the TCS500 is drawn. 

The TCS500 product has a very stable regular phase with two extreme values in Okt-06 and Nov-08. 

Further research showed that the first extreme value is caused by a discount action and the second value is 

caused by a tender. A tender is a sales order of many machines bought by one customer. In the TCS500 

project a German retailer bought over 200 printers at once, causing the extreme peak in the graph.  
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Figure 3.1 The PLC patterns that were recognized in the selected 18 projects. 

 

In the two-stage PLC pattern there is only a growth stage followed by a slow decline stage. For this 

product there was no stable regular phase after the growth period. In Figure 3.3 the sales quantities of the 

TDS100 product are given together with the two-stage PLC pattern.  

The TDS100 product has a very irregular pattern after the growth period. This irregular pattern is caused 

by the OPCO of China which orders only full containers, once every two or three months. Because the 

exact number of sales orders placed by OPCO China is available, the irregular pattern can be smoothed by 

dividing the sales orders of the OPCO China by the number of months in which the full container is used.   

 

   
Figure 3.2 TCS500 machines sold per month                 Figure 3.3 TDS100 machines sold per month 

 

In general, almost all peaks and drops in a sales graph can be explained by the marketing department. A 

peak in the sales data is mostly caused by a tender or a discount action and a drop in the sales data is often 

caused by insufficient stock or a decline in the whole printing market.  

However, all these actions and inventory shortages are not logged by the marketing department in full 

detail. Therefore it was impossible for the marketing department to explain the peaks and drops in the 

sales data of all 18 products from December 2003 to December 2009. For the TCS500 product all values 

are explained by the marketing department and therefore, the TCS500 is used as example product in the 

remainder of this thesis.   
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3.2. Order policy for procurement of machine parts 

In 2003 Océ created an order policy for the procurement of machine parts and modules needed for the 

assembly of end products. This order policy is used to optimize the inventory position and describes 

which parts have to be ordered in which quantity and in what frequency. In this paragraph the general 

order policy is described followed by an explanation of how this general order policy is used in the 

different stages of the PLC.  

 

3.2.1. General order policy 

The calculation of the optimal order quantity for a machine part is largely based on the Economic Order 

Quantity (EOQ) model (Silver et al., 1998). In the past Océ has chosen for the EOQ model for two 

reasons. First, the EOQ model is robust and has a large area around the EOQ value that is close to the 

optimal value. Second, the model can easily be used and implemented by the logistic engineers of the 

M&L-M department.  

 

The formula Océ currently uses for the calculation of the optimal order quantities is given in formula 3.2. 

This formula is based on formula 3.1 in which the total cost function is given, consisting of the ordering 

cost and the inventory holding cost. By taking the derivative of the total cost function and set this equal to 

0 the optimal order quantity can found (see Appendix C for calculation intermediate calculation steps).   

                   (3.1) 

              (3.2) 

Where:  

D Expected yearly sales volume   [pieces] 

s Start up costs at supplier per order  [€] 

o Fixed ordering cost per order   [€] 

p All-in price stated at the quotation per unit [€] 

PS production series at supplier   [pieces] 

h Inventory holding cost  per year as a 

            percentage of the all-in price per unit  [%] 

Q Order quantity     [pieces] 

EOQ Economic order quantity   [pieces] 

 

In this formula the ordering costs (€46,00) and the inventory holding costs (20%) are fixed. The other 

parameters are dependent on the part itself (e.g. the price of the part) or on the expected yearly sales 

volume of the end product the component is part of. The outcome of the formula is a number (in pieces) 

that describes the optimal order quantity for that part based on the values of the parameters. 

In comparison to the variable cost price used in the standard EOQ model (Silver et al., 1998) Océ has to 

make a small adjustment due to the contracts used. In the cost price used by Océ the fixed costs used for 

the start up of the production series at the supplier are included as well. Therefore, for the calculation of 

the variable cost price this fixed start up cost has to be deleted. 
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The outcome of the formula is not necessarily the order quantity used for the ordering process. The value 

will be rounded to the packaging quantity (e.g. a pallet in which 100 parts can be transferred) and will be 

compared to the minimum order quantity (MOQ) set by the supplier (e.g. at least 10.000 resistors need to 

be ordered). Based on the rounding value and the MOQ value the optimal order quantity can be found 

according to the following formula:  

 

            (3.3) 

Where: 

MOQ Minimum order quantity     [pieces] 

PQ Packaging quantity      [pieces] 

EOQ Economic order quantity calculated with formula 3.1  [pieces] 

 

For the calculation of the EOQ value the logistic engineers use the ICT program ‘Product Data 

Management System’ (PDMS). PDMS consists of all the product details and specifications and is used by 

departments R&D and M&L-M. PDMS calculates the optimal EOQ value based on the values of the 

input parameters: expected yearly sales volume, start up costs at supplier, all-in price stated at the 

quotation and production series at suppliers. The logistic engineers use the output of the PDMS system 

(an EOQ value) as input for the ERP system. The ERP system automatically determines when Océ should 

place an order for the replenishment of the inventory level. The logistic planners use these replenishment 

suggestions to place an order at the suppliers.  

 

Besides the above described method for the calculation of the order quantities, Océ also has a 

commitment policy. A commitment is an agreement between the supplier and Océ Technologies B.V., 

where the supplier agrees to maintain a stock level for unique Océ parts and Océ is financially responsible 

for this stock. The advantage of this policy is the relationship between the demand and the outstanding 

commitment to a supplier. When the demand in the coming period is low, the outstanding commitment 

costs are low as well.  

An ABC-classification based on the turnover (see Table 3.1) is used to lower the commitment. A machine 

part in the different categories requires different order techniques and priorities. The planning time fence 

is the length of the fixed period in which MRP will not automatically re-plan the scheduling lines. For AA 

parts this time fence is set at 6 days and for C parts this time fence is set between 2 and 16 weeks. When 

there is no demand in the upcoming period the purchase requisition is rescheduled to a later time slot and 

therefore also the commitment is decreased.  

 

Table 3.1 A-B-C classification based on turnover used for the  

Category Turnover/ Year [€] Frequency of delivery Planning time fence 

AA > 200.000 daily 6 days 

A1 > 200.000 weekly 2 weeks 

A2 > 100.000 2-weekly 2 weeks 

A3 > 50.000 monthly 4 weeks 

B1 > 10.000 2-monthly 4 weeks 

B2 > 5.000 quarterly 2 up to 16 weeks 

C < 5.000 half yearly 2 up to 16 weeks 
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Drawbacks of the currently used order policy 

Analysis of the current general order policy revealed that there are three major drawbacks. These 

drawbacks indicate the need for adjustments to the currently used order policy. Each of the three 

shortcomings is described in more detail:  

 

1. Assumptions EOQ model: Océ uses an order policy that is based on the EOQ model during all the 

stages of the PLC. However, some of the assumptions for the use of the EOQ model are not met. One 

of those requirements is a stable demand with infinite horizon. This assumption cannot be met since 

there is a PLC pattern and a finite horizon. For all the Océ products the sales in the growth and the 

decline stage is less than the average sales during the regular stage. 

Also the assumption that no minimum and maximum restrictions on the order quantities are allowed 

is not met. Due to the minimum order quantities and the packaging quantities there are restrictions on 

the quantities to order.   

2. The projected sales quantities are unrealistically high: for the calculation of the optimal order 

quantity, the expected yearly sales volume is an input parameter of the EOQ model. Interviews with 

members of the M&L-M and the purchasing department revealed that the projected sales quantities 

are most of the times excessively high. If the actual sales volume is much lower than the estimated 

sales volume, the costs of the estimated EOQ model will be far from optimal.  

To illustrate the impact of the unrealistic high sales estimations the total logistic costs (i.e. the 

ordering costs and the inventory costs) of a part are calculated for both the estimated sales volume 

and the real sales volume in figure 3.4 below. As can be seen in this figure, the total costs according 

to the EOQ model based on the sales estimations is more than 75% higher than the case with the real 

sales value. 

 

 

Part 1060060342   -   Frame, assy   -   CW600  end product 
 

Sales volume                        8000 (estimated sales volume), 768 (real sales volume)  

Start up costs at supplier   € 683.58  

Fixed ordering cost          € 46,00  

All-in price                        € 77,60  

Production series at supplier  256 pieces  

Inventory holding cost               20%  

Packaging quantity               128 pieces 

 

Based on the values above the economic order quantity is calculated according to formula 3.2: 

EOQ                                   882,58 (estimated sales volume)  

                                                      273,46 (real sales volume) 

       

      The number of order moments is calculated by dividing the estimated or real sales volume by the 

      related EOQ value. The difference in the real and estimated sales volume result in a difference in the 

     total costs of € 3.150,08 for one year. 
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Figure 3.4 Example that shows the impact of unrealistic high sales predictions 

 

3. PDMS is not up-to-date: PDMS is used by the logistic engineers for the calculation of the optimal 

order quantity. However, PDMS is no longer up-to-date. The projected sales values in PDMS are not 

only too high, these values are also unchanged during the product life time. Therefore the system 

proposes EOQ values that are too high for the growth and decline stages of the PLC.  

Due to programming errors in the software problems also arise when a part has more than one 

machine configuration (e.g. an European and an American variant). PDMS over calculates the 

requirements for this part by adding the values for both machine configurations resulting in a different 

EOQ value.  

Due to all the problems with PDMS the logistic engineer calculates the size of the orders based on his 

or her own knowledge and intuition. When different engineers are asked to calculate the order 

quantity for the same part, different outcomes will be given by the engineers. 

 

3.2.2. Order policy in the different phases of the PLC 

In the previous paragraph it has been shown that the PLC of Océ’ products consists of three different 

stages. In the growth and decline stage the demand is much lower and therefore Océ has a different order 

policy in these stages. Modifications are made to the general order policy according to the characteristics 

of the stage the machine part is in. In the current situation the following strategies are used in the different 

product life cycle stages:  

- Growth stage: In the growth stage of the PLC the general order policy is adjusted to the specific 

characteristics of this stage of the PLC. The growth stage of an Océ product consists of several pre-

production runs in which the design of the product is tested. Due to the high risk that a part needs to 

be changed into another part the order quantities are kept low in this phase of the PLC. The parts are 

always procured per single order. A single order is an order that is only ordered once with a fixed 

quantity against a standard price. Single orders have the advantage that no further commitment is 

given to the supplier for future orders. When there are hardly any design changes expected and the 

regular stage of the PLC is nearly reached a contract is made for the part. 

- Regular stage: In the regular phase the parts are procured according to scheduling agreements. A 

scheduling agreement is an agreement between the supplier and Océ about the conditions in which the 

part is ordered. In this contract, several aspects of the agreement are stated such as the part 

characteristics, the order quantity, the price of the part, the packaging quantity and the commitment 

profile. In this stage of the PLC the required deliveries for the coming weeks are communicated to the 

supplier based on a forecast of the requirements needed. Suppliers have to take care of all the 

 

 EOQ (estimation) EOQ (real sales) 

# Order moments 

[orders/ year] 

0.87 2.80 

Average inventory 

[# machines] 

441.29 136.73 

Total cost (1 year) 

[€] 

€ 7.247,99 € 4.097,91 

Percentage op    imum + 76.49% - 
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scheduled deliveries and take appropriate measures to meet the scheduled quantities. Based on this 

delivery schedule the supplier can source components from second tier suppliers. Since it is a forecast 

(and not a binding purchasing order) Océ guarantees to cover the risk of obsolescence of these parts 

and their lower BOM-level parts with a commitment profile. This profile is based on the value of the 

part, the lead-time and the MOQ. 

- Decline stage: When the decline stage of the PLC is reached the order policy is adjusted to the 

characteristics of the new PLC stage. In the decline stage the parts are ordered again via single orders. 

Scheduling agreements are stopped in order to lower the amount of commitments to suppliers. In this 

stage the risk is the potential obsolescence of a part. In order to reduce this risk of obsolescence the 

order quantities are adjusted to the lowest possible order quantities. In the decline stage a phase out 

policy is used that is described in the upcoming paragraph.  

 

3.3. Phase-out policy 

Océ uses a phase-out policy at the end of the product life cycle for the elimination of a product from the 

market. The goal of this policy is to reduce the amount of obsolete inventory and outstanding 

commitments to suppliers. In order to remove a product from the product portfolio two important issues 

have to be considered by Océ: 

- Timing: the first decision to make is to decide when to start the phase-out activities and when a 

product will be eliminated from the market. The timing of the phase out policy is dependent on the 

evaluation factors of Avlonitis (1989) described in paragraph 2.2 (e.g. the status of replacement parts) 

- Elimination strategy: the second decision to make is the choice of the elimination strategy that Océ 

uses to carry out the elimination of a product from the market as efficient as possible. Avlonitis 

(1989) describes the most common used elimination strategies (see paragraph 2.2) such as the 

immediate phase out strategy and the sell-out to another company. 

Both issues are analyzed in more detail for Océ’s current situation. 

 

Timing 

In the current situation, there are no instructions for the M&L-M department available for the 

determination of the start of the phase out process. In practice, the marketing department makes the 

formal decision when to start the phase-out process. This decision is solely based on the estimations of 

the market potential made by the strategic business units DP and WFPS. Information about the remaining 

inventory and commitments is not taken into account.  

Due to a lack of information exchange with the business units, M&L-M sometimes has to phase out a 

product abruptly. In the case of an abrupt phase out, M&L-M has difficulties to phase-out the product at 

the lowest possible obsolescence cost. As a result, these products are confronted with high scrap costs and 

claims of suppliers. The scrap costs are the costs of scrapping the stock that cannot be or is unlikely to be 

consumed in future production processes. The claimed commitments are claims of suppliers who were 

allowed to procure or maintain a stock level for unique Océ parts. For a few products, the financial 

department has calculated these obsolescence costs and the results are given in Table 3.2.  

As can be seen in this table, the total phase-out costs are more than 3.3 million euro’s for three different 

products. Many machines have to be sold in order to earn back these high obsolescence costs. These 

actual figures indicate that the current situation is not performing well and improvements are required.  
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Table 3.2 An overview of the scrap costs and claimed commitments of three, nearly phased out products 

Product Scrap cost Claimed Commitment Total obsolescence cost 

CPS € 925.000 € 1.300.000 € 2.225.000 

TDS600 € 130.000 € 0 € 130.000 

Fermi € 640.000 € 350.000. € 990.000. 

TOTAL € 1.695.000 € 1.650.000 € 3.345.000 

  

Elimination Strategy 

When the decision is taken to start the phase out process of a product, the next step is the execution of the 

phase out process itself. In the existing situation, SBU always wants to phase out a product slowly 

because they continually aims to reduce the risk for a missed sales value at the end of the PLC, even when 

the demand in the upcoming year is nearly zero. Therefore, SBU tries to postpone the phase-out decision 

consisting of the start of the phase-out process.  

However, for M&L-M it is very expensive to maintain the production line for the creation of only a few 

machines. The supply chain of Océ products is designed for the regular production quantities and thus the 

operating costs associated with running the current supply chain at low production volumes are large. 

Therefore every request of the SBU to change the output volume is countered by M&L with price 

increases. These higher cost prices make it for the SBU very difficult to sell the machines to the OPCO’s 

due to the price wars in the highly competitive market during the decline phase of the PLC. 

Due to the high operating costs, M&L-M gave the SBU the opportunity to order a fixed number of 

machines (called a batch) which will become available at the end of the current machine plan. The SBU 

can use this fixed batch size for the remaining demand and the M&L-M department has the time to phase 

out the product at reasonable cost.   

 

M&L-M calculates the batch size based on the current stock on hand and the outstanding commitments. 

For every increase in the batch size by one machine the value of the current stock on hand and the 

outstanding commitment is reduced with the cost price of all the materials needed for the production of 

this machine. This calculation is made for every product in the decline stage of the PLC. A graph is 

created in order to visualize the calculation. An example of such a graph is given in figure 3.5 below for 

the Ithaca-project. In this graph two important measurements can be read:  

- On the left axis the current inventory and the outstanding commitments are given for all the material 

parts within an end product. These values are represented by the purple and blue bars. With these 

bars the number of machines that can be produced with the potential build up inventory can be read 

on the horizontal axis. 

- For all the given batch quantities on the horizontal axis the value left over after the phase out can be 

read with the aid of the solid black line on the right axis. These values are calculated by summing up 

the inventory build potential of the materials in which the inventory is bigger than the batch quantity.  

This black line of the phase out graph is used by the SBU to determine the size of the batch that will 

be produced at the end of the product life cycle in order to fulfill the last demand. Most of the times 

the SBU chooses a batch size in which the line turns from a rapid decreasing line into a slowly 

decreasing line.  
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Figure 3.5 Graph of the calculation of the final batch size used in the current situation  

 

Analyzing the above described current phase out policy revealed a drawback in the used calculation 

method. The graph is based on the assumption that for machine parts the additional purchase orders can 

have the exact size of the required quantity minus the already available quantity for the creation of the 

batch. In practice, the part still has to be ordered in a minimum order quantity or in the required quantity 

but against a higher cost price. Both cases will result in higher costs associated by the procurement of the 

required part quantities. These costs are currently not included in the model and therefore the SBU should 

be careful to use this figure for decision making.  

 

During the phase out policy a lack of cooperation between the SBU and M&L-M is caused by the 

conflicting interests of both departments. The lack of cooperation and information exchange result in the 

high scrap costs and claimed commitments as already is shown in table 3.1. However, the best results 

could be obtained when the departments SBU’s and the M&L-M department work closely together during 

the PLC of a product.   

 

3.4. Summary 

In this chapter the current situation is analyzed in order to determine whether Océ has a problem. Analysis 

of the sales data shows that there is no general PLC pattern for Océ products. The analyzed data set 

revealed that there are two different PLC patterns (a two-stage and a three-stage PLC).   
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Océ’s current calculation of the order quantity is based on the general EOQ model (Silver et al., 1998). 

The order quantity is equal to the economic order quantity that is rounded to the packaging quantity and 

the minimum order quantity (MOQ) set by the supplier. In total three major drawbacks were found during 

the analysis of the current order policy. The assumptions of the underlying EOQ model are not valid, the 

software used to calculate the optimal order quantity is not up-to-date and the projected sales quantities 

are too high resulting in non optimal order quantities.   

This chapter also revealed that Océ struggles to phase out a product efficiently resulting in the lowest 

possible obsolescence costs. The current phase out policy lacks the information exchange between the 

SBU and the M&L-M department. The impact of the problem is large as can be seen in table 3.2 where 

the obsolescence costs of several projects are calculated.  

In the upcoming chapters a redesign of the current order and phase out policy is proposed in order to 

improve the current situation.    
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Chapter 4. New order policy for machine parts 

This chapter describes the design of the new order policy for Océ’s machine parts. In section 4.1 the 

choices made during the design process are presented. These design choices are based on the results of the 

analysis of the current order policy in Chapter 3 and on interviews kept with the managers of four related 

departments. One of the modifications in comparison to the currently used order policy is the influence of 

the product life cycle on the order policy. The new order policy in each PLC stage (growth, regular, 

decline) is presented in section 4.2 to 4.4. 

 

4.1. Design of the new order policy  

According to one of the two research questions stated in chapter 2 the purpose of this research project is 

to develop a new material supply policy for the machine parts bought from suppliers. In this paragraph the 

design process used for the creation of the new order policy is described. The goal of this design is to 

develop an order policy of which the performance in terms of total logistical costs (ordering and inventory 

holding costs) is better than the currently used order policy.  

The design starts with an analysis of the current situation which is already be done in chapter 3. The 

investigation revealed that the current order policy is not performing well. In total, three major drawbacks 

were found. Each of these three drawbacks will be improved in the new design: 

- the assumptions of the underlying EOQ model are not valid 

- the software used to calculate the optimal order quantity is not up-to-date 

- the projected sales quantities are too high resulting in non optimal order quantities  

 

The next step of the design process is an investigation of the factors which should be added to the new 

order policy. By conducting interviews with managers of all related departments (M&L-M, quality, 

marketing and purchasing) it became clear that four factors play an important role in the ordering process 

of Océ. According to the logistic managers of the M&L-M department the different stages in the product 

life cycle have a big impact on the order policy. The quality department indicates that quality problems 

have an impact while purchasing come up with transportation costs and quantity discounts as most 

important besides the product life cycle. Each of the four factors is selected for the following reasons:  

- Product life cycle stages: by matching the order policy with the different characteristics of each 

product life cycle stage better results will be obtained by the new order policy in comparison to the 

old one that is used during all the stages of the PLC. 

- Transportation costs: the supply chain has become more complex due to the outsourcing of 

production activities to lower cost areas as East-Europe and Asia. Parts are sourced from other 

continents and more transportation costs are involved. These costs are not included in the current 

order policy.  

- Quantity discounts: for the calculation of the order quantities of machine parts only one single 

material price is used in the current situation. However, for some of the machine parts (e.g. sheet 

metal) there are quantity discounts available at the supplier. The current order policy model can not 

deal with these quantity discounts. 

- Changes due to quality problems: during the growth stage of the PLC design issues play an important 

role. In this stage of the PLC the new machine design is tested frequently and in case of a quality 

problem a design modification is required.  
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Based on the analysis of the current order policy and the factors described by the managers of the four 

departments related to the subject of this master thesis, the new order policy is designed. An overview of 

the new design is given in Figure 4.1. In this figure all the possible states of the four factors are described 

in which a part can be. A part number can be in different product life cycle stages, can have quality 

issues, and quantity discounts can play a role, dependent on the complexity of the part. In addition, in all 

the situations the transportation costs are included in the order policy.   

Figure 4.1 Design of the new order policy of Océ Technologies B.V.  

 

As can be seen in Figure 4.1, in total six order policies are created in the new situation based on the 

different values of the four factors. For example, model 1 is an order policy for the growth stage of the 

PLC in which quality issues, transportation costs and the possibility of quantity discounts are 

incorporated. For these six order policies, available order models described in the scientific literature are 

used. All these different models are already widely discussed by a number of researchers and can 

therefore directly be implemented in the new order policy.  

After a discussion on Figure 4.1 with the logistic manager it became clear that Océ is especially interested 

to see what the impact is of the incorporation of the product life cycle and transportation costs into the 

order policy. The incorporation of the quality issues and quantity issues are of less importance since both 

factors have only a minor impact on Océ’s ordering process. The influence of quantity discounts is very 

small due to the low order volume of Océ and the quality issues are already tackled by ordering the lowest 

possible order quantities during the pre-production series. Therefore only model 2,4 and 6 are further 

explained in the remainder of this paragraph.  

However, literature revealed that both quality issues (Tripathy et al., 2003) and quantity discounts 

(Swenseth and Godfrey, 2001) can have a serious impact on the order policy. For companies in which 

quantity discounts and quality issues play an important role both references can be obtained.  
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4.2. Model 2: Growth stage  

The growth stage is the stage in which the new product is introduced in the market. In the current 

situation the ramp up from 0 parts in the beginning to regular production volume is managed by the 

creation of several pre-production series with increasing production sizes. The number of pre-production 

series in the growth stage is dependent on the complexity of the design. For example, the following 

volumes were chosen for the pre-production series of the Trident product in the past:  

PP0:    5 pcs   (the parts required for PP0 are ordered by R&D) 

PP1:   50 pcs   

PP2:    100 pcs   

Regular volume  500 pcs  

 

M&L-M has created three specific order rules for the ordering of machine parts during the pre-production 

series PP1 and further: 

- The very expensive parts and the parts with a high risk for design changes are procured using the 

smallest possible order quantities (MOQ values) 

- The very cheap parts (B2 and C parts in Océ’s product classification) with a low risk on design 

changes are procured for all the production series at once.  

- The rest of the parts (A3 and B1 parts with low risk on design changes) are ordered per pre-

production series.  

 

In the growth stage part availability has to be ensured in order to capture market presence. The current 

order rules lead to sufficient inventory in order to manage the ramp up of the PLC. In addition, analysis of 

Océ’s PLC reveals that the growth stage is very short in comparison to the length of the other PLC stages. 

From the 18 selected products the regular volume has been reached between three and six months. With 

an average product life cycle length of more than five years it can be concluded that the number of parts 

ordered during the pre-production series is very small in comparison to the number of parts that will be 

ordered during the whole product life cycle. As a result, potential savings are very low in this stage of the 

PLC. Because the current order policy performs well and the potential savings are low, there are no 

changes made to the current order policy for the growth stage.  

 

4.3. Model 4: Regular stage  

When there are hardly any design changes and the production volume is increased to the required output 

level the regular stage has been reached. This stage is characterized by a stable sales output with only 

small drops or rises in the sales quantities. Since the demand is stable, the EOQ model can still be used 

during this stage of the PLC.  

 

Svenseth and Godfrey (2001) state that for the design of an optimal order model all relevant costs should 

be appropriately incorporated into the total annual logistics cost function to determine purchase quantities. 

In the current order policy only the order and inventory holding cost were taken into account. An 

important cost factor that is not taken into account are the transportation costs. Upwards of 50% of the 

total annual logistics cost of a product can be attributed to transportation. Any consideration of purchase 

quantities should therefore consider transportation costs (Svenseth and Godfrey, 2001) For Océ, the 

transportation costs are playing even a more important role in the supply chain since the outsourcing of 

parts to the Far East.  
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By Océ different transportation modes are used for the shipment of machine parts from suppliers to the 

required production facilities of Océ. Within Europe transport by truck is mostly used and for shipments 

between continents both ships and airplanes are used. Transport by ship is the cheapest transportation 

mode while the faster transport by airplane is much more expensive. Because of the differences between 

the transportation modes and the location of each supplier in the world, the transportation cost is a 

supplier specific value.    

The money spent on transportation costs is logged for every supplier. For example, the total transportation 

costs for shipments from the supplier Team Laserpress to Océ were equal to € 48.605,55 for one year. In 

total, 165 transports took place in this period. By dividing the total costs with the number of shipments 

the average costs of one shipment (equal to €294,58) from Team Laserpress to Océ can be calculated. 

Since all the transports were done by truck, this average price is a reasonable representation of the actual 

transportation costs. Based on this information the average transportation cost can be used as a fixed, 

supplier dependent cost in the new order policy. 

For all the suppliers with truck deliveries an overview of the related average transportation costs is 

created (see figure 4.2). Only the suppliers which have delivered more than 20 times at Océ are included 

in this overview. As can be seen in this figure, for half of the suppliers the average transportation costs are 

already bigger than 200 Euros.   

 

 
Figure 4.2 Overview of the average transportation costs for suppliers which deliver by truck 

 

The EOQ model described in Silver et al. (1998) and the EOQ model including transportation costs 

described by Svenseth and Godfrey (2001) and Gupta (1992) are used for the design of the order policy in 

the regular stage of the product life cycle. The following assumptions apply for this model:  

1. The entire order quantity is delivered in one shipment. 

2. There are no quantity discounts 

3. Holding costs are directly proportional to the time-averaged inventory levels 

4. Ordering cost is constant and does not include transportation costs 

6. The transportation cost is constant for a given supplier 

7. Océ is responsible for the transportation cost 
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For the new design all the costs related to the ordering process are added to the model. The total cost 

function is based on the ordering cost, the inventory holding cost and the transportation cost as described 

by formula 4.1:  

                  (4.1) 

Where:  

D Expected yearly sales volume       [pieces] 

Q Order quantity         [pieces] 

h Inventory holding cost  per year as a percentage of the cost price per unit  [%] 

A Fixed ordering cost per order       [€] 

p Variable cost price per unit       [€] 

tc Average transportation cost from supplier to Oc é per order   [€] 

 

The optimal order quantity can be found by taking the derivative of the total cost function with respect to 

Q and set equal to 0. The optimal order quantities can now be calculated with formula 4.2 (see Appendix 

for the calculation steps): 

 

         (4.2) 

 

Example 

To show the improvement the new order policy and the current order policy described in Chapter 3 are 

compared. For a machine part the Economic Order Quantity and the total logistic costs (order costs, 

inventory holding costs and transportation cost) for one year are calculated. As can be seen in this 

example, the new order policy will lead to an improvement of more than 50% for this part in comparison 

to the current situation. The improvement differs per part and is bigger when the ratio between the 

transportation costs and the variable ordering costs is larger. 

.  

 

Part 1060059760   -   Magnetroll   -   PW300  end product 
 

Sales volume                        1342 pieces 

Fixed ordering cost          € 46,00  

Variable cost price                  € 73,32  

Inventory holding cost               20 %  

Country of Origin                      China 

Vendor name                           Arnold Magnetics ( Shenzhen ) Ltd 

      Transportation cost                      € 607,58                      

 

Based on these input parameters the economic order quantities for the model with and without the 

transportation costs are calculated with formulas (3.1) and (4.1):  
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4.4. Model 6: Decline stage  

When a transition has taken place between the regular and decline stage a number of changes are 

required. In the decline stage the supply chain policy should be aimed at reducing the risks on 

obsolescence costs. Therefore a careful determination of the order quantities is required. The decline stage 

is characterized by a decreasing demand and an ending horizon. As discussed in the previous paragraph, 

the EOQ model can not be used anymore due to the decreasing demand pattern in this stage of the PLC. 

As a result, the order policy has to be changed into a different model.  

When the demand rate varies with time a strategy that always uses the same replenishment quantity is not 

the best strategy anymore. In this case of a time-varying demand dynamic programming has to be used to 

obtain the best solution (Silver et al., 1998). Since a simple and easy-to-use order model is required by 

Océ, an algorithm is used for the calculations of the optimal order quantities in this situation. Based on 

the assumption that the demand pattern terminates at a final horizon, the Wagner-Whitin method is used 

for the decline stage. Since order model 4 already showed that the transportation costs play an important 

role within Océ’s order policy, these costs should also be incorporated in the Wagner-Whitin algorithm.  

 

For the Wagner-Whitin method the following parameters are defined:  

A Fixed ordering cost per order       [€] 

p Variable cost price per unit       [€] 

tc Average transportation cost from supplier to Oc é per order   [€] 

h Inventory holding cost  per month as a percentage of the cost price per unit [%] 

Q Order quantity         [pieces] 

j Period number          [j = 1,…,N]  

J Planning horizon        [J = 6]  

Dj Expected sales volume  in period j      [pieces] 

F(j)   the total cost of the best replenishment strategy  in period j   [€] 

The period number is expressed in months and Dj are the expected sales quantities for that month 

estimated by the marketing department. The planning horizon is fixed at 6 months since this is also the 

time in which the sales are estimated by the marketing department.  

 

 EOQ (current situation) EOQ (new model) 

EOQ value 91,76 345,72 

   

 

For both the order policies the total logistic costs are calculated for one year:  

 

Order & 

transportation cost 

Inventory holding 

cost 
TOTAL logistic cost 

Current situation € 9.558,89 € 672,77 € 10.231,66 

New order policy regular stage € 2.5 7,05 € 2.534,80 € 5.071,86 

Improvement:  50,4% 
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This algorithm calculates the best replenishment strategy for every period j till the planning horizon is 

reached. The best replenishment strategy in each period j is found by comparing all the order possibilities. 

Every period there is the possibility to start a new replenishment or to add the expected sales requirements 

to a replenishment that is already planned before period j. This decision is made based on the comparison 

between the additional order and additional inventory holding costs. Because a sales requirement in 

period j can be added to j-1 periods there are j options to consider every period. 

 

Example 

The following example will clarify the working of the Wagner-Whitin method. Figure 4.3 represents the 

expected sales values in the upcoming planning horizon for Part 1060059760 which was also used in the 

example of the regular PLC stage.  

 

Month Expected Sales 

February 105 

March 110 

April 120 

May 101 

June 85 

July 92 
Figure 4.3 Overview of the expected sales in the upcoming half a year for the PW300 project 

 

Period 1: In period 1 there is only one option since the sales requirements can not be added to an earlier 

planned replenishment. Therefore the total replenishment costs for this period are equal to the fixed order 

costs: F(1) = A + tc. The fixed ordering cost consists of the administrative costs and the transportation 

costs for the transportation of the machine part from the supplier to Océ’s production facilities. The total 

cost of this replenishment strategy in period 1 are equal to € 653,58 (€46 administrative costs and € 

607,58 shipment costs) 

 

Period 2: In period 2 there are two options to consider: 

-  First, there is the option to add the expected sales of period 2 in the replenishment order of period 1. 

This will result in additional inventory holding costs for the expected sales quantity of period 2 in 

period 1. 

- Second, there is the option to place a new replenishment order for the requirements of period 2. 

The best replenishment strategy in period 2 is the minimum of both options: 

F(2) = minimum (A + tc + D2·h·p  ;  F(1) + A + tc) = minimum (€788,00 ; €1307,16) = €788,00 

Based on this calculation, the conclusion is to order the requirements for period 1 and 2 in one 

replenishment order in period 1.  

 

This procedure can be continued for all the periods in the planning horizon. In Figure 4.4 an overview of 

all the total costs of each replenishment strategy is given. As can be seen in this figure, the lowest total 

replenishment costs during the planning horizon can be reached when the requirements of May to July are 

ordered in May. For the remaining requirements the lowest replenishment costs are obtained when the 

requirements of February to April are ordered in February. An overview of these optimal order quantities 

is given in Figure 4.5. 
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Month February March April May June July 

Expected Sales 105 110 120 101 85 92 

L
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February 653,58 788,00 1.081,28 1.451,55 1.867,03 2.429,15 

March 
 

1.307,16 1.453,80 1.700,64 2.012,25 2.461,95 

April 
  

1.441,58 1.565,00 1.772,74 2.110,01 

May 
   

1.734,86 1.838,73 2.063,58 

June 
    

2.105,13 2.217,55 

July           2.426,32 

Figure 4.4 The total cost of each replenishment strategy in all periods 

 

Month Order quantities 

February 335 

March 0 

April 0 

May 283 

June 0 

July 0 
Figure 4.5 Overview of the order quantities for part 1060059760 based on the Wagner-Whitin order policy 

 

4.5. Summary 

By conducting interviews with managers of four different departments it became clear that four factors 

(which are not included in the current order policy) play an important role in the ordering process of Océ: 

product life cycle stages, transportation costs, quantity discounts, and changes due to quality problems. 

Based on these interviews and on the analysis of the current situation in Chapter 3 in total three order 

policies are created in the new situation. Each order policy will be used in a different PLC stage.  

In the growth stage the currently used order rules for the determination of the order quantities perform 

well and the potential savings are low in this PLC and therefore there are no changes made. In the regular 

stage the currently used EOQ model is expanded with the incorporation of the transportation costs. 

Examples showed that the incorporation of the transportation costs has a huge impact on the ordering 

process. In the decline stage the EOQ model can not be used anymore due to the decreasing demand 

pattern. Therefore the Wagner-Whitin algorithm is used in this PLC for the calculation of the order 

quantities. Also here the transportation costs are taken into account.  

Because totally different order models are used in the different PLC stages it can be concluded that it is 

really important to know in which stage of the PLC you are in order to know which order policy has to be 

used. How you can pinpoint your position in the PLC is further described in Chapter 6.   
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Chapter 5. Redesign of the phase out policy  

At the end of the product life cycle a product is removed from the market according to Océ’s phase-out 

policy. Analysis of this current phase-out policy (see Chapter 3) revealed that there are opportunities for 

improvement. In this chapter a few modifications to the current situation are proposed in order to increase 

the usability of the phase out policy. The goal of the new phase-out policy is to phase out a project at the 

right time against the least possible obsolescence costs (scrap costs of rest inventory and claim costs of 

suppliers where a commitment is made).  

 

In order to remove a product successfully from the product portfolio both timing and the strategy chosen 

to phase out the product are important: 

- Timing: the first decision to make is to decide when the phase-out activities will start and when a 

product will be eliminated from the market. In the current situation, there is no formal procedure 

describing when the phase out policy will start. For the best phase-out results, the phase-out process 

has to start in time so that required phase out actions can be performed. Therefore, the transition point 

where the regular stage has ended and the order policy is changed to the decline stage is selected as 

the point in time the phase out policy starts for all the products. How this transition point can be 

obtained is described in the next chapter in which the detection model for transition points is 

designed.  

- Elimination strategy: the second decision to make is the choice of the elimination strategy that Océ 

uses to carry out the phase out process as efficient as possible. The SBU always want to phase out a 

product as slow as possible and M&L-M as fast as possible. In the past, M&L-M gave the SBU the 

opportunity to order a fixed number of machines (called a batch) in order to solve this contradiction. 

The batch will become available at the end of the current machine plan. The SBU can use this fixed 

batch size for the remaining demand and the M&L-M department has the time to phase out the 

product at reasonable cost.  

 

According to the SBU all the produced quantities (in a reasonable range) can be sold to customers. 

Therefore M&L can together with SBU try to maximize the profit by selecting the batch size at which the 

inventory is reduced as much as possible. Because some drawbacks were found during the analysis of the 

currently used calculation model (see section 3.3) for the determination of the final batch quantity a new 

redesign is made. The optimal batch size will be obtained by comparing all the relevant costs. Cost 

savings are made with the reduction of the inventory on stock and the outstanding commitments while 

extra costs are incurred with the acquisition of additional parts required for the production of the batch.  

 

In this model the following parameters are defined:  

Q  Batch size         [pieces] 

p Variable cost price per unit       [€] 

Yi  Net inventory position of item i       [pieces]   

Ci  Outstanding commitment build potential for item i    [pieces] 

PQi   Packaging quantity for item i        [pieces] 

MOQi  Minimum order quantity for item i        [pieces] 

Qmax  maximum number of machines that can be sold by the SBU   [pieces] 
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When the phase out policy starts there is already  inventory on hand and given commitment left from the 

production of the product during the growth and regular stage of the product life cycle. The total value of 

the inventory on hand and the outstanding commitments already given to suppliers can be summed for all 

machine parts that are required for the assembly of the final product. This amount of money is the total 

value of obsolescence costs when there is no final batch ordered by the SBU. However, when there is a 

final batch ordered the value of the obsolescence costs will change dependent on the size of the batch. 

Based on the ratio between the batch size and the currently available inventory there are a two scenario’s:  

- The batch size is equal or smaller than the available inventory and commitment quantity 

When the batch size is smaller than the available inventory on stock and the outstanding commitment 

to suppliers together, the products required for the production of the final batch quantity are already 

available. The total obsolescence costs left after the production of the final batch can be calculated 

with the following formula:   

                              (5.1) 

- The batch size is larger than the available inventory and commitment quantity 

When the batch size is larger than the available inventory on stock and the outstanding commitment 

to suppliers together, all the products already available on stock or at the supplier will be consumed 

for the production of the batch. In addition, an additional amount of products have to be procured at 

the supplier for the completion of the batch. The amount that has to be procured can be the required 

quantity rounded to the packaging quantity or the minimum order quantity that has to be ordered at 

the supplier. The total obsolescence cost after the procurement of the additionally required items is 

equal to the value of the order minus the items uses times the product price: 

 

               (5.2) 

The total obsolescence cost for a machine part at a given batch size Q can now be calculated by adding up 

the values for all the parts in the machine for both formulas 5.1 and 5.2. Based on the calculations 

described above a graph is made of the excess obsolescence costs in Euro’s versus the batch size in pieces 

(see figure 5.1). In this graph for every potential batch size the expected total obsolescence costs can be 

read from the blue line. As can be seen in this graph, especially in the beginning the expected total 

obsolescence cost decreases by an increase in the batch quantity. This graph also shows that the line 

stabilises and starts moving within a certain band width (between €330.000 and €500.000) at a batch 

quantity larger than 500 pieces.  

The stabilizing behaviour indicates that there is always a certain amount of parts available for the 

assembly of the end product. When the batch size is increased by one the inventory decreases for part x 

while the inventory for part y increases since a new order is required. With a large number of machine 

parts required this behaviour stabilizes the total amount of obsolescence costs. A second reason for the 

stabilizing behaviour is the large amount of parts that is already available for some parts due to the large 

MOQ value set by the supplier. A very large batch can be produced with the already available stock on 

hand and given commitment and therefore there is always a minimum number of total obsolescence costs. 

This is in contrast with the currently used phase out policy in which the line is constantly decreasing to 

nearly zero when a large batch of 2000 pieces will be produced.  
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Based on figure 5.1 it can be concluded that it is not possible to phase out a product against zero 

inventory. And in contrast to the currently used phase out policy, the least phase out costs are already 

reached after a relative small batch size of 500 pieces. Based on this figure, M&L-M has a more reliable 

can start better decision making. The phase out policy will not only be improved by the new calculation 

method of the batch size, the timing of the phase out policy will also be improved. This is described in the 

next chapter.  

 

 
Figure 5.1 The expected total obsolescence costs at different batch size quantities 
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Chapter 6. Model for the detection of transition points in the PLC 

In the previous chapter the new order policy for Océ was designed. One of the biggest changes in 

comparison to the current order policy is the adjustment of the order policy to the different stages of the 

PLC. A crucial requirement for the use of this new order policy is that the company knows when a 

product reaches a new stage in the PLC. 

The moment of which a product changes to the next stage of the PLC can be interpreted as a transition 

point between two PLC stages. During the literature review (see chapter 2) it became clear that 

forecasting transition points is still a very new area that has not been discussed satisfactorily yet in the 

literature. In this chapter this research area is further investigated with the design of a model that can be 

used for the determination of transition points in the PLC.  

 

Section 6.1 discusses all currently available models for the detection of a transition point. The model 

requirements and a description of how the statistical process control (SPC) techniques can be used for the 

design of the transition point model are also given in this section. In section 6.2 a short introduction to the 

basic principles of statistical process control is given. The seasonal effects of the available data set are 

deleted in section 6.3 so that the SPC techniques can be used. In section 6.4 the transition point model is 

designed for the two transition points between the three stages of Océ’s PLC based on the characteristics 

of the SPC techniques. The last section of this chapter describes how the logistic engineers can use the 

designed model in Excel.  

 

6.1. Model requirements and available solutions 

One of the purposes of this research is to design a model that can be used for the detection of transition 

points between two sequential stages in the product life cycle. In the literature three different solutions are 

already described for the detection of transition points in sales data. Each of these solutions will be 

explained with a description of the usefulness of this model for Océ’s current situation:  

- Sales growth rates: the first models about the determination of the position within the PLC were all 

based on the analysis of the sales growth rates (Thietart and Vivas (1984)). The sales growth rate 

increases from small to large during the growth stage, is constant during the regular stage and is 

negative during the decline stage. The transition points between the stages can be recognized based 

on the value of the sales growth rate. For example, the decline stage is reached when the sales growth 

rate turns from a positive value to a negative value.   

This method can not be used for the determination of the transition points in Océ’s PLC. A rise or fall 

in the sales numbers does not necessarily mean that the product moves to another stage of the PLC. It 

occurs regularly that a product of Océ has a temporary drop or rise in sales without a stage transition. 

- Linear regression and moving average: Chang and Chang (2003) describe an algorithm aiding in the 

identification of transition points. This algorithm combines simple linear regression and moving 

average to calculate and plot moving trends in the sales data. This plot often provides a clearer picture 

of where the transition points are located.  

This method proposed by Chang and Chang (2003) might work for Océ’s product. However, the 

procedure for aiding in the identification of the transition points only works accurately when the sales 

data has a clear product life cycle shape. The sales data analysis in chapter 3 revealed that there is no 

general PLC pattern for Océ’s products. For some products, there is no clear transition point between 
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the regular and the decline stage due to a slowly decreasing sales pattern. Therefore, this method will 

only display the transition points between the growth and regular stage for all products and the 

transition point between the regular and decline stage for the products with a 3-period PLC pattern.  

- Data mining techniques: Parshutin et al. (2009) developed a method for the forecasting of transition 

points between different phases of the PLC based on data mining techniques. With the data mining 

techniques, it is possible to forecast the transition points in the life cycle of new products by 

analyzing the historical demand data. 

However, this model can not be used by Océ because there is an enormous amount of data (more than 

1000 records) required for data mining analysis which company experts have to analyze. This amount 

of data is not on hand since only the data of 18 projects is available in the current situation.  

 

The already available models for the detection of transition points are insufficient for Océ to use for the 

detection of transition points required for the newly designed order policy. Therefore, for the design of the 

transition point model, data analyzing techniques other than regression and data mining are consulted. For 

Océ it is really important that a stage transition is detected as early as possible such that the required 

actions to change the order policy can be taken. The early detection of changes in the sales is in line with 

the goal of the statistical process control technique. The purpose of statistical process control (SPC) is the 

elimination of variability and the early detection of possible modifications in the process. Since the use of 

SPC techniques is new in the literature area of transition points, this is a very interesting possibility to 

investigate. The SPC control technique will therefore be used as basis for the model described in the 

remaining part of this chapter. 

 

6.2. Statistical process control 

Before the design of the transition point model is started, a short introduction on statistical process control 

(SPC) is given. SPC is a powerful collection of tools and techniques useful in achieving process stability 

and improving capability through the reduction of variability (Montgommery, 2001). The goal of 

statistical process control is the elimination of variability and the early detection of possible modifications 

in the process. A process is defined as being in statistical control when only a certain amount of natural or 

routine variability exists. While SPC has been applied most frequently to controlling manufacturing lines, 

it applies equally well to any process with a measurable output (Montgommery, 2001). 

Commonly used examples of the available SPC tools are the histogram, Pareto chart and the control chart. 

All of SPC tools have their own characteristics and are used for different purposes. For this research 

project a control tool is required that is able to analyze whether the sales process is still in control. From 

all the available SPC tools the control chart is selected as the most appropriate tool. The objective of a 

control chart is to quickly detect the occurrence of assignable causes or process shifts so that investigation 

of the process may be undertaken (Montgommery, 2001).   

 

The control chart is a graphical display of a quality characteristic that has been measured or computed 

from a sample versus the sample number or time. The quality characteristic is assumed to follow a normal 

distribution and the distance between the centre line and the control limits are expressed in standard 

deviations. As long as the points plot within the control limits, the process is assumed to be in control, 

and no action is necessary. However, a point that plots outside of the control limits is interpreted as 

evidence that the process is out of control, and investigation and corrective action are required to find and 

eliminate the assignable cause or causes responsible for this behaviour (Montgommery, 2001).  
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Specifying the control limits and the sample size are the most crucial decisions that are involved in 

designing a control chart. A larger sample size will make it easier to detect small shifts in the process 

while the distance to the control limits specify the detection power of the control chart.  

In some of the control charts two sets of limits are used. The outer limits are the usual action limits and 

the inner limits are called the warning limits. When one or more points fall close to the warning limit, this 

is an indication that the process may not be operating properly. When one or more points fall outside the 

action limits, corrective actions on the assignable cause should be taken (Montgommery, 2001). 

 

6.3. Seasonal effects 

Before the Océ data set is used for the design of a detection model for transition points, the sales data has 

to be analyzed for seasonal and other cyclical effects.  Seasonal effects have to be removed from the data 

set because these seasonal effects can distort the true underlying sales pattern. Within the data set of Océ 

seasonality might exist due to the bonus structure in the sales organizations. This bonus structure can have 

an impact on the sales at the end of the year when certain targets have to be met for a bonus.  

 

According to Silver et al. (1998) demand can be seen as a time series that consists of a certain level, a 

trend level (a long-term change in the mean level), seasonal effects (cyclic variations in the mean level) 

and irregular random fluctuations. The seasonal effects can be observed by interpreting the 

autocorrelation coefficients. The autocorrelation coefficient is a value that measures the correlation 

between successive observations. The autocorrelation value lies in the range [-1,1] where 1 indicates a 

strong positive correlation and -1 indicates a strong negative correlation.  

A useful aid in interpreting the seasonal effects is a visual inspection of the correlogram. A correlogram is 

a graph in which the autocorrelation coefficients of the time series are plotted against the periods. If the 

sales graph contains seasonal variation, then the correlogram will exhibit variation at the same frequency 

(Chatfield, 2004). A time series is said to be random when at most one out of 20 values of the 

autocorrelation coefficients lies outside the boundaries of the correlogram after period 0. In period 0 the 

autocorrelation coefficient is always equal to one. Boundaries of the correlogram are set at ± 2/√N, where 

N is the total number of observations. 

 

Chatfield (2004) advises to use at least three complete seasons of data for the calculation of the seasonal 

effects while trend effects and outliers have to be removed. For that reason the sales tenders, discount 

actions and other outliers indicated by the marketing department are eliminated from the Océ data set. 

Second, the trend effect is removed by first order differencing as described by Chatfield (2004) in 

paragraph 2.5.3. First order differencing is a special type of filtering in which the trend effect is removed 

by taking the difference between the value in period t and period t-1. In Figure 6.4 the correlogram of the 

TCS500 product is given for the sales between March 2006 and March 2009. In this figure the 

autocorrelation values are set on the Y-axis and the period on the X-axis. The horizontal lines are the 

lower and upper boundaries calculated with the formula ± 2/√36, where 36 is the number of observations.  

As can be seen in Figure 6.4, none of the correlation coefficients is outside the lower or upper boundary 

lines after period 0 and there is no match between the pattern in the correlogram and in the original sales 

data given in figure 3.2. Based on these observations it can be concluded that the correlogram shows no 

seasonal effects. After the creation of the correlogram for all the projects it can be concluded that the 

existence of seasonal effects can be neglected since none of the projects exhibits a seasonal pattern.    
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Figure 6.1 Correlogram displaying the autocorrelation coefficients. 

 

6.4. Transition point detection model 

 

Selection of the appropriate control chart 

In paragraph 6.1 and 6.2 it has been indicated that the statistical process control techniques, especially the 

control charts, are used for the creation of the transition point model due to the possibility to detect 

modifications in the process mean as early as possible. A control chart is a graph used to determine 

whether a process is in control using control limits. Also within the control charts a lot of different 

variants exist, in different categories.  

The first categorization is based on the quality characteristic to be measured. There are quality control 

charts for variables (e.g. X-bar chart which measures the sample mean) and control charts for attributes in 

which the value is ok or not ok (e.g. C-chart which measures the number of defects). The sales values of 

Océ’s products are continuous numbers that can be measured every moment in time. Therefore, a control 

chart for variables is chosen. Variable control charts can by further divided by the measurement type. A 

control chart can be constructed for individual observations and for samples of observations. Sample of 

observations are for example used when there are a lot of measurements taken on a short time interval. 

Since the sales value for an Océ product is an individual measurement the individual variable control 

chart is required for the design of the transition point detection model.  

 

Based on the choices made so far, there are only three control chart variants left. These variants can be 

divided further by the detection power of the control chart. Large shifts can be measured by the Shewhart 

control chart. However, for Océ it is essential that a stage transition is detected as early as possible so that 

corrective actions can be taken. A small shift in the process can be detected by the Cumulative Sum chart 

(CUSUM) and the Exponentially Weighted Moving Average control chart (EWMA). Since the CUSUM 

and the EWMA performs equally well, the CUSUM is selected as control chart used for the design of the 

transition point detection model.  
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Prior to the beginning of the design of the transition point model a large number of choices have already 

been made. For the overview figure 6.2 is created in which all the design choices are represented in an 

overview chart.  As can be seen in this figure, first the statistical method (SPC) was selected followed by 

the SPC technique (control chart). From the control charts finally the CUSUM chart is selected for the 

design of the detection model. In this overview only the selected options are further explored downwards.  

Figure 6.2 Overview of all the design choices  

 

Cumulative Sum (CUSUM) chart 

The CUSUM chart has the same basic characteristics as all other control charts. The chart contains a 

center line that represents the average value and two control limits for the detection of shifts in the mean 

level. What differentiates the CUSUM from the other control charts is the quality characteristic used. The 

CUSUM works by accumulating deviations from the target mean level with an upper and lower statistic. 

These statistics are called one-sided upper and lower CUSUMs (Montgommery, 2001). From these values 

a status chart can be made for the visualization of the position of the sales data in contrast to the control 

limits.  

 

The CUSUM chart will not directly be used for the detection of transition points in the sales data of Océ’s 

products. This statistical process control technique is based on the assumption that the underlying demand 

pattern is normally distributed. However, this assumption is not valid since the sales pattern is correlated 

and not normally distributed. The CUSUM chart with its control limits is only used as guideline for the 

design of the transition point detection model.  
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The design of the transition point detection model.  

In this chapter the data of the three-stage PLC project TCS500 is used for the creation of the transition 

point detection model. This project is selected for analysis because most of the data points are available 

since this project is nearly phased out.  For the model the sales quantities (the result of the total order 

intake minus the rejected order quantities) are used.  

First of all the data set of the TCS500 project should be cleaned from outliers and disturbing interactions 

as tenders and discount/ sales actions. Outliers are selected according to the standardization method 

described by Hair et al. (2006) and the information of the sales department. Hair et al (2006) proposes 

three different strategies that can be used for the adjustment of these outliers: 

- Do not change the value (if there is no plausible cause for the extreme value) 

- Substitute the value of the sales order by the mean of the dataset or 

- Delete the record from the dataset when direct causes of the extreme values can be found.  

In the case of a discount action the impact of the discount action (for example, 50% more sales in France) 

should be deducted from the sales value in that month.  For tenders a special strategy has to be followed. 

A tender is a large sales order that is placed at once but that will be delivered in multiple months. 

Therefore, in case of a sales tender, not the order intake quantity but the delivery quantities are used.  

For the TCS500 project the additional sales because of the discount action in October 2006 are removed 

(139 machines) while the order intake quantity of the tender of November 2008 is replaced by the 

delivery quantities of this tender in the months around the month in which the tender took place.  

 

6.4.1. Transition point between regular – decline PLC stage 

First, the transition point between the regular stage and the decline stage will be examined. This means 

that all the data from the start of the regular PLC stage is selected. How the start of the regular PLC can 

be determined will be described in the next paragraph. For now it is assumed (based on the observation of 

figure 3.2) that the regular stage has started in March 2006. In figure 6.3 the sales values from March 

2006 till December 2009 are projected over time. In this graph the extreme values in October 2006 and 

November 2008 have been adjusted as described in the previous paragraph. This graph shows that the 

transition has taken place somewhere between June 2008 and July 2009.   
 

 
Figure 6.3 Sales during the regular and decline stage for the TCS500 product 
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The design of the transition point detection model consists of several steps. First, the mean level of the 

sales output has to be chosen. This sales value is the characteristic that is monitored with the CUSUM in 

order to see whether a transition has taken place. Second, the parameters indicating the deviations above 

or below the target mean have to be designed. The last step is the calculation of the control limits, 

indicating which deviations from the mean level are allowed before a transition point may have occurred. 

For all these design steps the characteristics of the CUSUM chart are used.  

 

Step 1: The starting value of the mean level is set to be equal to the required yearly sales output divided 

by 12 months. This sales value is an estimation of the marketing department based on the information 

collected from the market.  

Step 2: The CUSUM works by accumulating deviations from the mean level that are above target with 

one statistic C
+
 and accumulating deviations from the mean level that are below target with another 

statistic C
-
. The reference value K is equal to the half of the value between the target value and the out-of-

control value. The out-of-control value is described in the third step of the design when the control limits 

are set. Due to the relation with the out-of-control value the reference value K is calculated after step 3. 

Based on these parameters the statistic C
+
 and C

-
 can be calculated as follows:  

        (6.2) 

        (6.3) 

The starting values for  and  are equal to zero.  

 

Where: 

xi  the measured sales value in period i 

  the target value of the process mean  

 statistic describing the cumulative deviation below the target value in period i 

 statistic describing the cumulative deviation below the target value in period i-1
 

  statistic describing the cumulative deviation above the target value in period i 

  statistic describing the cumulative deviation above the target value in period i-1 

K  the reference value 

Step 3: The process is out-of-control when either C
+
 or C

-
 exceed the decision interval H. When the model 

is used, it is very important that out-of-control values are treated carefully. First an analysis is required in 

which the causes of the sales value are mapped. When an explanation is available there are no actions 

required. But when there are no plausible causes found for the out-of-control value there are corrective 

actions required. In addition, when there are many values of the statistic C
+
 and C

-
 at  one side of the 

mean level, this should be considered as evidence that the process mean has shifted. 

In the CUSUM chart the values for H and K are chosen based on the variability in the process and both 

values are expressed in standard deviations. For the transition point model the underlying demand pattern 

is not normally distributed and therefore H and K can not be expressed in standard deviations.  

Therefore these values for H and K have to be calculated based on the available information of products 

in the past. From the 13 selected projects the transition point to the decline stage was detected with H 

equal to 16% distance from the target value. K is therefore equal to 8%, half the value of H. For now, this 

value is based on the analysis of just 13 projects. In the future these values have to be updated every time 

new project information is available in order to increase the reliability of this value.  
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TCS500 project 

In Figure 6.4 the status chart of the tabular CUSUM is made for the regular stage of the TCS500 project. 

As can be seen in this chart, the process is significantly out of control after time point 32 (Dec-08). With 

this example the power of the CUSUM in comparison to the Shewhart control chart can be shown. In 

Dec-08 the sales value was equal to162 products which was larger than some of the sales values in 

previous months. Therefore this value will never be detected by the Shewhart chart as transition point. 

However, in the CUSUM chart this point is detected as transition point due to the cumulative difference 

from the mean value.  
 

 
Figure 6.4 Cusum status chart TCS500 regular stage 

 

In Figure 6.4 there were also two out-of-control values in the beginning of the regular stage. These values 

show that it is very important to investigate why the sales values are outside the control limits. In this case 

the drops were the result of delivery problems due to a lack of end products in that month. Therefore no 

corrective actions were taken and a month later the sales graph was again in control.  

However, when no causes can be found for the values outside the control limits this is a sign that there is 

a transition point or that the chosen mean level has changed. For example, after a few months it becomes 

clear that the estimations of the marketing department are overestimated. This means that the mean level 

should be changed to a new value. An estimate of the new process mean after the shift can be made with 

the following formulas (Montgommery, 2001):  

         (6.3) 

 

In this formula N
+
/ N

-
 is the number of consecutive values in which the C

+
 or C

-
 is not equal to 0. With 

the new mean level a new chart can be constructed and the sales can be controlled again.  
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6.4.2. Transition point between growth – regular PLC stage 

Second the transition point between the growth stage and the regular stage will be examined. This means 

that all the data from the start of the product life cycle is selected. In figure 6.5 the sales values are 

projected over time. As can be seen in this picture, the transition point has taken place somewhere 

between March-06 and May-06.  

 

 
Figure 6.5 Sales values during the growth and regular stage for the TCS500 

 

By applying the same design steps used in the previous sub paragraph for the detection of the transition 

point between the growth and regular stage, a design problem occurs. The average sales target can not be 

used in this stage of the PLC due to the increasing trend in the sales data. Also a sales target adjusted with 

the trend effect can not be used since the average growth rate varies every month. There is no stable target 

mean level and Océ does not know the value of the average growth rate during the growth stage of a PLC 

that can be used for decision making.  

 

Therefore, other techniques then the CUSUM are required for the determination of the transition point 

between the growth stage and the regular stage. In paragraph 6.1 it was already discussed that the sales 

growth rate analysis and the data mining techniques are no options for the products of Océ. However, the 

linear regression and moving average method can be used for the transition point between the growth and 

regular stage of the PLC. Therefore the algorithm of Chang and Chang (2003) is used as aid in the 

identification of the first transition point in the PLC. This algorithm combines simple linear regression 

and moving average (MA) to spot moving trends in the sales data. For the detection of the transition point 

2, 3 and 4-period moving average (MA) lines have to be drawn (Chang and Chang, 2003). The transition 

point can be recognized when these moving average lines show one of the following three data patterns:  

- The increase in the lines shows a significant slowdown 

- The lines remains about a given level 

- The lines suddenly decreases 

 

For the TCS500 graph the 2, 3 and 4-period moving average lines are calculated as can be seen in Figure 

6.6. Based on this figure, the transition point between the first two stages of the PLC can be obtained. In 



 

 

41 

the 2-period MA line there are two possible changing points at lag 3 and 6. In the 3-period and 4-period 

MA lines there is only a changing point at lag 6 indicating that the drop at lag 3 in the 2-period MR line is 

just temporary. At lag 6 there is a changing point visable in all the lines indicating that this is the moment 

in which the growth stage is replaced by the regular PLC stage. When the sales graph of TCS500 in 

Figure 3.2 is observed, it is indeed after the sixth data point that the project has reached the regular 

production level.  

 

 
Figure 6.6 The 2,3 and 4 period moving average values for the growth stage of the PLC 

 

6.5. The transition point detection model in Excel 

The procedures to detect transition points described in the previous paragraph have been used for the 

design of the model in Excel. For Océ it is important that the new detection model can easily be 

implemented in the current organization. Therefore Océ requested an Excel file in which only a few 

simple actions are required by the logistic engineer in order to get insight in the location of the transition 

point in the sales data.  

The model should be used by one of the two logistic engineers, who is responsible for monitoring the 

PLC and the detection of the transition points. The model not only helps the logistic engineer with the 

identification of transition points, it also gives a better understanding of the sales behaviour by visualising 

the sales in a chart. How the Excel model can be used is described in a work instruction and how the 

detection model should be used inside the organization is further described in the implementation plan in 

chapter 6.  

 

In figure 6.7 an overview of the transition point model in Excel is given. As can be seen in this figure, the 

Excel model consists of an input panel on the left side and an output panel on the right side. The output 

panel consists of the graphs created with formulas 6.2 and 6.3. In the input panel only the expected yearly 

sales and a monthly update of the sales values are required, which need to be completed by the logistic 

engineers. All the other values and graph settings will adjust automatically to the input parameters. 
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Figure 6.7 General overview of the Excel model 

 

6.6. Summary 

In this chapter the transition point detection model is designed. This design is based on the statistical 

process control techniques. From all the available SPC tools the control chart is selected due to its ability 

to detect possible modifications in the process. For Océ it is essential that a stage transition is detected as 

early as possible so that corrective actions can be taken. Therefore, from all the existing control charts, the 

Cumulative Sum chart (CUSUM) is selected due to the ability of the CUSUM to detect even a small shift 

in a process mean. The CUSUM contains a center line which represents the average value and two control 

limits for the detection of shifts in the mean level. The CUSUM works by accumulating deviations from 

the target mean level with an upper and lower statistic. Therefore, a shift in the process mean is detected 

earlier than in the normal control charts. Based on the characteristics of the CUSUM, for Océ a model is 

created in Excel that can be used for the determination of transition points between two sequential stages 

of the product life cycle.  
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Chapter 7. Implementation plan 

In this chapter the implementation plan is presented. This implementation plan describes how the results 

of this research project can be used to improve the current ordering and phase out processes of Océ’s 

M&L-M department. This plan can be used as guideline by the M&L department to implement the 

transition point model and the new designed order policy of chapter 4 and 6 in the daily activities.  

 

Important decisions during the product life cycle 

The first step of the implementation process is the creation of a project team that is responsible for the 

progress of the project. This project team should already be introduced in the beginning of the product life 

cycle when the first machine is sold to the market. The most important task of this project team is to 

ensure the exchange of necessary/ important information and to make decisions which are required during 

the product life cycle in order to guide the project in the right direction.  

In the team representatives of the M&L-M department, the purchasing department and the SBU should 

have a seat. The information each department has to share is dependent on the department’s role within 

the company. The SBU is responsible for the market information such as the expected number of 

machines that will be ordered by the customers. The purchasing department has to share the information 

regarding the contracts of the parts. M&L-M is responsible for the information about the inventory 

position and the outstanding commitments to suppliers.  

 

During the product life cycle three important decisions has to be made by the project team. An overview 

of each of the decisions is given below:  

1) Determine the transition point between the growth and regular PLC stage 

2) Determine the transition point between the regular and decline PLC stage 

3) Calculate the optimal phase-out batch quantity 

 

The first important decision that has to be made is the determination of the first transition point between 

the growth stage and the regular PLC stage. As described in section 6.4.2 this transition point can be 

found with the algorithm described by Chang and Chang (2003). By drawing 2, 3 and 4-period moving 

average lines a graph is created in which the transition point can be determined. The task of M&L-M is to 

create and update the graph with the Excel file described in the last paragraph of chapter 6. Based on this 

information the team should decide when the regular PLC stage is reached. After the selection of the first 

transition point the order policy is adjusted to the characteristics of the regular product life cycle stage. 

This implies that the order rules are exchanged by the EOQ model in which the transportation costs are 

taken into account as described in section 4.3.   

 

During the regular stage the project team uses the transition point model for the detection of changes in 

the mean level and for the detection the transition point between the regular and decline stage. Every 

month M&L-M includes the new sales value of that month in the Excel model and the new outcomes of 

the model have to be discussed by the project team. When a sales value plots outside the control limits of 

the transition point detection model, this is interpreted as evidence that the process is out of control. In 

that case investigation and corrective action are required to find and eliminate the assignable cause or 

causes responsible for this out of control value. For example, the out of control value is the effect of 
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projected sales values proposed by the SBU which are too high. In this case the value of the target mean 

has to be updated according to formula 6.3. When no assignable causes can be found the whole project 

team need to decide whether the decline stage has been reached. This decisions need to be taken based on 

the available information and needs to be supported by the whole project team independent of the 

outcome of the project. When the decline stage has been reached, the order policy has to be changed from 

the EOQ model in the regular stage to the Wagner-Whitin model of the decline stage.  

 

The phase out policy has started from the moment the decline stage has reached. The remaining decision 

which needs to be taken is the determination of the final batch quantity. The SBU makes the estimation of 

the number of machines that still can be sold to the market. M&L-M creates the graph of the excess 

obsolescence costs in Euro’s versus the batch size in pieces (see figure 5.1). The input data for this graph 

is the current inventory position, the outstanding commitments to suppliers and the packaging and 

minimum order quantities of each part. Based on the information of both SBU and M&L-M the decision 

of the size of the final batch is made by the project team. With the determination of the final batch size 

SBU can start to sell these machines to customers and M&L can start the phase out process together with 

the purchasing department in order to phase out at the lowest possible obsolescence costs.  
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Chapter 8. Conclusions and recommendations 

In this final chapter the overall conclusions and recommendations are presented. In section 8.1 the 

conclusions to the research questions stated in chapter 2 are given. The recommendations for both Océ as 

for the scientific literature are described in section 8.2.  

  

8.1. Conclusions 

For M&L-M this master thesis was an opportunity to get more insights into the current way of working 

with respect to the current order policy. The main objective of this research project was therefore to 

analyze the current situation and to create a new order policy and transition point detection model in order 

to improve Océ’s current situation. The following conclusions are made per research question:  

 

- Develop a new material supply policy dependent on the stage of the product life cycle.  

The current order policy for the supply of material parts is used during all the three the stages of the 

product life cycle. The literature review revealed that by matching the order policy with the different 

characteristics of each product life cycle stage better results will be obtained by this order policy in 

comparison to an order policy that is used during all the stages of the PLC.  

Based on interviews with managers of related departments it became clear that the product life cycle 

stages, transportation costs, quantity discounts, and quality problems play an important role in Océ’s 

order policy. The product life cycle stages and the transportation costs are added in the new design 

resulting in three different order models, one for each product life cycle stage (growth, regular and 

decline) 

In the growth stage the currently used order rules for the determination of the order quantities perform 

well and the potential savings are low in this PLC and therefore there are no changes made. In the 

regular stage the currently used EOQ model is expanded with the incorporation of the transportation 

costs. Examples showed that the incorporation of the transportation costs has a huge impact on the 

ordering process. In the decline stage the Wagner-Whitin algorithm is used for the calculation of the 

order quantities. Also here the transportation costs are taken into account.  

 

- Develop a model that can be used for the determination of transition points between two sequential 

stages of the product life cycle.  

In the current situation Océ has difficulties to find the exact location of her products in the product 

life cycle. The new order policy that is designed in Chapter 4 has strengthened the need of a model to 

locate the stage transitions in the product life cycle.  

The literature review revealed that forecasting transition points is still a very new area that has not 

been discussed satisfactorily yet in the literature. The available models proposed in the literature 

(sales growth rates analysis (Thietart and Vivas (1984)), linear regression and moving average 

(Chang and Chang (2003)) and data mining techniques (Parshutin et al. (2009))) were all not usable 

for Océ’s situation.  

Therefore a new model is designed in which the statistical process control techniques are applied. The 

goal of statistical process control (the elimination of variability and the early detection of possible 

modifications in the process) is in line with the requirements of Océ. For Océ it is essential that a 

stage transition is detected as early as possible so that corrective actions can be taken. From all the 
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existing control charts in the literature, the Cumulative Sum chart (CUSUM) is selected as the most 

appropriate model due to the ability of the CUSUM to detect even a small shift in a process. Based on 

the characteristics of the CUSUM, for Océ a model is created in Excel that can be used for the 

determination of transition points between two sequential stages of the product life cycle.  

 

8.2. Recommendations 

After this master thesis conducted at Océ technologies B.V. it is possible to present some 

recommendations for both Océ as the scientific literature: 

 

Océ Technologies B.V. 

- Use the proposed models in order to (1) detect transition points in the product life cycle, (2) order the 

machine parts according to the characteristics of the PLC stages and (3) to phase out products at the 

lowest possible obsolescence costs.  

- The proposed new order policy is based on the currently available information. However, the 

information about the transportation costs should be further improved in order to make the new order 

policy more accurate. In the current design the transportation costs are the same for a small and a big 

part that is ordered at the same supplier. In reality, there will be a difference between the 

transportation costs of these two parts.  

- The transition point detection model is currently based on the information of 13 finished projects. 

Every year the model has to be updated with new information so that the parameters used for the 

calculation of the boundaries are up-to-date.  

- Improve the current cooperation between the departments SBU, purchasing and M&L-M. Both the 

new order policy and the new phase out policy have an impact on all the departments. Therefore, a 

close cooperation and information exchange between the departments will improve the order process 

and the phase out process. 

 

Scientific literature  

- The phase out policy is a very new research area where still a lot of improvement can be obtained as 

the analysis of the current phase-out policy of Océ revealed. The impact of the phase out policy will 

become more important for companies due to the faster changes in the product portfolio. Future 

research should therefore not only aim at the ramp up and the decrease of the time-to-market of new 

market introductions but also on the decline stage of the PLC.  

- In this master thesis the statistical process control techniques are for the first time used for the 

detection of transition points in sales data. Future research should further develop the transition point 

detection model to investigate what the relations are between the input parameters as the reference 

value and the statistics describing the deviations below or above the mean level.  

- The transition point detection model is only tested for the sales data of Océ, a company in the low 

volume industry. Future research should indicate whether the model is also useful in other industries 

where the product life cycle is different from the three-stage PLC of Océ.  

 

 



 

 

47 

References 

All the references used for this research project are named in this chapter. A distinction is made between 

external references from articles, references from academic books and references from internal Océ 

reports.   

 

Academic papers 

Aitken, J., Childerhouse, P., and Towill, D., (2003), “The impact of product life cycle on supply chain 

strategy”, International Journal of Production Economics, Vol. 85-2, pp 127-140.  

 

Akkermans, H.A., Bertrand, J.W.M., and Verhaegh, P., (2000), “Product life cycle-driven supply chain 

control in semiconductor capital equipment manufacturing”, working paper, pp 1-26.  

 

Avlonitis, G.J., (1983), “Product-elimination decision and strategies”, Industrial Marketing Management, 

Vol. 12, pp 31-43. 

 

Avlonitis, G.J., (1987), "Linking different types of product elimination decisions to their performance 

outcome: ‘Project Dropstrat’”, International Journal of Research in Marketing, Vol. 4-9, pp 43-57. 

 

Avlonitis, G.J., (1989), “‘Project Dropstrat’: product elimination and the product life cycle concept”, 

European Journal of Marketing, Vol. 24, pp 55-67. 

 

Avlonitis, G.J., Hart S.J., and Tzokas, N.X., (2000), “An analysis of production deletion scenarios”, 

Journal of Product Innovation Management, Vol. 17, pp 41-56. 

 

Berenson, C., (1967), “The purchasing executive’s adaptation to the product life cycle’, Journal of 

Purchasing, Vol. 3-2 , pp 62-68. 

 

Birou, L., Fawcett, S.E., and Magnan, G.M., (1997), “Integrating product life cycle and purchasing 

strategies”, International Journal of Purchasing and Materials Management, Vol. 33-1, pp 23-31. 

 

Birou, L., Fawcett, S.E., and Magnan, G.M., (1998), “The product life cycle: a tool for functional 

strategic alignment”, International Journal of Purchasing and Materials Management, Vol. 34-2, pp 37-

51. 

 

Bisschop, J., (2007), “Supply Chain Performance Evaluation: Application of the synchronised base stock 

policy in a high-tech complex equipment supply chain with contract manufacturers”, Master Thesis, 

Eindhoven University of Technology, The Netherlands. 

 

Chang, P.T. and Chang, C.H., (2003), “A stage characteristic – preserving product life cycle modeling”, 

Mathematical and Computer modeling, Vol. 37, pp 1259-1269 

 



 

 

48 

Ford, H.W., and Rink, D.R., (1978), “Purchasing’s role across the product life cycle”, Industrial 

Marketing Management, Vol. 7-3, pp 186-192 

 

Fox, H.W., and Rink, D.R., (1977), “Coordination of purchasing with sales trends”, Journal of 

Purchasing and Materials Management, Vol. 13-4, pp 10-18. 

 

Gupta, Y.P., (1992), “A lot-size model with discrete transportation costs”, Computers industries 

engineering, Vol. 22-4, pp 397-402. 

 

Gupta, Y.P., (1986), “Technical paper: A theoretical model for product elimination decisions”, 

International Journal of Operations & Production Management, Vol. 7-3, pp 59-65. 

 

Hise, R.T., McGinnis, M.A., (1975), “Product elimination: Practices, policies, and ethics”, Business 

Horizons, vol.18-3, pp 25-32  

 

Onkvisit, S., and Shaw, J.J., (1986), “Competition and product management: can the product life cycle 

help?”, Business Horizons, Vol. 29-4, pp 51-62. 

 

Parlar, M., and Weng, Z.K., (1997), “Designing a firm’s coordinated manufacturing and supply decisions 

with short product life cycles”, Management Science, Vol. 43-10, pp 1329-1344. 

 

Parshutin, S., Aleksejeva, L., and Borisov, A., (2009), “Forecasting Product Life Cycle Phase Transition 

Points with Modular Neural Networks Based System“, Lecture notes in computer science, Vol. 5633, pp 

88-102 

 

Qualls, W., Olshavsky, R.W., and Michaels, R.E., (1981), “Shortening of the PLC – an empirical test’, 

Journal of Marketing, Vol. 45, pp 76-80. 

 

Rink, D.V., (1976), “The product life cycle in formulating purchasing strategy”, Industrial marketing 

management, Vol. 5, pp 231-242. 

 

Swan, J.E., and Rink, D.R., (1982), “Fitting market strategy to varying product life cycles”, Business 

Horizons, Vol. 25, pp 72-76. 

 

Swenseth, S.R., and Godfrey, M.R., (2002), “Incorporating transportation costs into inventory 

replenishment decisions”, Internation journal of Production Economics, Vol 77, pp 113-130 

 

Thietart, R.A., and Vivas, R., (1984)). “An empirical investigation of success strategies for businesses 

along the product life cycle”, Management science, Vol. 30-12, pp 1405-1423 

 

Van Strien P. J. (1997), “Towards a methodology of psychological practice”, Theory and Psychology, 

Vol. 7, pp. 683- 700. 

 



 

 

49 

Vyas, N.M., (1993), “Industrial production deletion decisions: Some complex issues”, European Journal 

of Marketing, Vol. 27, pp 58-76. 

 

Academic books 

Chatfield, C. (2004), “The Analysis of Time Series: An Introduction”, Florida: CRC Press, 6
th 

edition. 

 

Christopher, M., (1992), “Logistics and Supply Chain Management”, London: Financial Times / Pitman, 

1
st
 edition. 

 

Hair, J.F., Black, W.C., and  Babin, B.J. (2006), “Multivariate Data Analysis”, Prentice-Hall, 6th edition. 

 

Hopp, W.J., and Spearman, M.L., (2000), “Factory Physics”, Irwin-McGraw-Hill, 2
nd

 edition. 

 

Kempen, P.M., and Keizer, J.A. (1996), “Werkboek advieskunde: de stagepraktijk als uitdaging”, 

Groningen: Wolters-Noordhoff. 

 

Kumar, S., and Krobb, W.A., (2005), “Managing product life cycle in a supply chain - context: A 

prescription based on empirical research”, Springer, 1
st
 edition. 

 

Montgommery, D.C., (2001), “Introduction to statistical quality control”, Wiley, 5
th
 edition 

 

Silver, E.A., Pyke, D.F., and Peterson, R., (1998), “Inventory management and production planning and 

scheduling”, Wiley, 3rd edition.  

 

Van Aken, J.E., Berends, H., Van der Bij, H. (2007), “Problem solving in organizations: A 

Methodological Handbook for Business Students”, Cambridge University Press. 

 

Verschuren, P., and Doorewaard, H. (1995), “Het ontwerpen van een onderzoek”, Utrecht: Lemma. 

 

Internal references 

Annual report Océ N.V., (2009), “Document on Demand”. 

 

Dijs, M., (2007), “Supply chain performance improvement by applying base stock control: case study 

comparison of MRP and simulated base stock control in a multi-echelon divergent low volume low mix 

supply chain with demand uncertainty”, Master Thesis, Eindhoven University of Technology, The 

Netherlands. 

 

Molenaar, M., (2008), “Guide for M&L Machines (Inbound Supply): The guide for new employees of 

M&L-M”, Océ Technologies B.V.. [Dutch] 

 

Schmidt, R., (2010), “Cost-effective recovery of service parts”, Océ Technologies B.V..  


	Abstract
	Management summary
	Preface
	Table of contents
	Chapter 1. Introduction
	Chapter 2. Literature review
	Chapter 3. Current situation
	Chapter 4. New order policy for machine parts
	Chapter 5. Redesign of the phase out policy
	Chapter 6. Model for the detection of transition points in the PLC
	Chapter 7. Implementation plan
	Chapter 8. Conclusions and recommendations
	References

