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Abstract 

Complexity in the decision-making process regarding the order processing strategy results from the 

interaction of various parameters. Exemplary influencing factors are the durability of products, the desired 

delivery times, and the required product variants. In practice, uncertainties of customer behavior and existing 

time pressure complicate decision-making processes even more. Given this scenario, continuously 

determining the most suitable order processing strategy for each product presents a great challenge for 

companies. Logistic models reflect logistic interdependencies and, therefore, can serve as a starting point for 

a holistic model assisting in selecting the order processing strategy. 

However, logistic models are influenced by the order processing strategy. It affects the shape of operating 

curves as well as the position of operating points in logistic models. In this paper, the impact of the order 

processing strategies Make-to-Stock and Make-to-Order on the operating curves of logistic models is 

addressed. It includes a discussion of the effects of these strategies on the economic and logistic objectives 

as well as a description of the procedure used for analyzing the effects of the order processing strategy on 

the operating curves of different logistic models. The analysis focuses on individual products within a 

company’s internal supply chain. An exemplary application on a data set from industry demonstrates the 

general practicability of the approach. The production operating curves and the storage operating curves are 

used as examples to show the effects of changing the order processing strategy as well as the effects of using 

both strategies at the same time. 
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1. Introduction

Customers expect individualized products and companies try to satisfy their customers by increasing their 

product portfolio diversity. Flexibility is essential for manufacturing companies in terms of the product range 

as well as in production planning and control (PPC). A key aspect to enable such flexibility is the order 

processing strategy. Literature generally distinguishes between the four different order processing strategies 

Make-to-Stock (MTS), Assemble-to-Order (ATO), Make-to-Order (MTO) and Engineer-to-Order (ETO) 

[1]. The classification is based on the position of the customer order decoupling point (CODP). The CODP, 

also known as order penetration point, represents the point in the material flow at which the production 

processes change from forecast-driven to customer order-driven [2]. Upstream of the CODP, cost-related 

objectives such as the utilization and the stock are prioritized. Whereas downstream of the CODP, time-

related objectives such as the delivery time and delivery reliability are of particular importance (figure 1).  
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Figure 1: Main order processing strategies sorted by the position of the CODP, after [1, 2] 

In MTS production, products are produced and stored in a finished goods store and from there are send to 

customers. This order processing strategy is used in the production of standard products [3], such as cell 

phones. ATO consists of a forecast-driven manufacturing and a customer order-specific assembly. This order 

processing strategy is typically used for products, which contain mostly standard components [4], such as 

notebooks. MTO production is characterized by the manufacture of customer order-specific products without 

an engineering component needing to be constructed. This order processing strategy is commonly used in 

mechanical and plant engineering industries [5]. In case of ETO production, parts of a product or whole 

products are designed, manufactured and assembled individually for each customer order [6]. As ETO is 

prescribed by the product, companies cannot change the order processing strategy while still meeting the 

customer requirements. Therefore, this strategy is not addressed further. In contrast, the decision between 

MTS, ATO and MTO is primarily determined by economic and logistic influencing factors. Thus, companies 

can choose between these strategies. The existing numerous qualitative and strategic influences (figure 2) 

make an individual decision and constant revision on the order processing strategy for each product or 

product family mandatory [7]. Upstream decisions can already have a strong influence. For example, the 

location of the production site might be overall beneficial for the company but the related import regulations, 

taxes, duties and administrative issues can already exclude an order processing strategy prior to the actual 

decision. 

Figure 2: Influencing factors related to the position of the customer order decoupling point, after [8] 
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The subsequent section covers the selection of the order processing strategy in theory and industrial practice. 

Furthermore, the main effects of a MTS and a MTO production on the economic and logistic objectives are 

described. The focus on MTS and MTO production is based on the assumption that similar effects occur in 

an ATO production as it can be considered a mixture of a MTS and a MTO system. However, a merely 

qualitative analysis is not sufficient to decide on the order processing strategy. Companies have to position 

themselves facing the complex and, in some cases, contradictory paths of the economic and logistic 

objectives [9]. Changing the order processing strategy can lead to an overlap of effects on the objectives. 

This requires a detailed analysis of the effects of different order processing strategies on the individual 

economic and logistic objectives as well as the interactions between them. Besides a quantification of the 

effects, this calls for a standardized approach to compare different order processing strategies.  

Logistic models highlight the essential interactions between the objectives and can be used to identify causes 

for insufficient values of the objectives, to estimate the effect of possible measures and to select suitable 

measures. In addition, they are easy to apply and allow the derivation of generally valid statements. 

Therefore, logistic models seem suitable to evaluate the effects of different order processing strategies on 

the economic and logistic objectives. After a description of selected logistic models for production and 

storage stages, the approach for analyzing the effects of changing the order processing strategy is explained 

in section three.  

An example in section four helps to visualize the effects on the operating curves of logistic models. The 

effects on a production stage for a change of the order processing strategy as well as effects on a storage 

stage for using a MTS and MTO production at the same time are discussed. The approach can support the 

choice of an order processing strategy for new products as well as the continuous evaluation of the order 

processing strategy for existing products. In combination with an Enterprise Resource Planning (ERP) 

system, it provides the opportunity to estimate the effects of different order processing strategies and find a 

from an economic and logistic point of view suitable position between the partly conflicting objectives. 

2. Selection of the order processing strategy 

In industrial practice, the decision on the order processing strategy is made under time pressure. Therefore, 

companies use very limited and mostly qualitative decision criteria, group products together and rely heavily 

on the experiences of the employees [10]. Choosing an unsuitable order processing strategy can result in 

unsatisfied economic and logistic objectives. Companies are aware of this issue and increasingly move away 

from traditional systems with a single order processing strategy [11]. Managing a system with multiple 

different order processing strategies provides a great challenge for companies in terms of production control 

[8]. Nevertheless, controlling the inventory dynamically increases the flexibility of the workload control. 

Thus, uncertainties less affect the utilization and the work in process. The literature reflects this situation not 

entirely. The existing numerous approaches regarding the order processing strategy show the complexity of 

the topic. The majority of approaches focus either on the decision between MTO and MTS [12] or on the 

optimization of a system with a given order processing strategy [13]. However, the decision criteria vary 

widely and there are no rules for determining these criteria. In addition, the approaches often require a high 

level of knowledge, computational effort and are only valid for a specific case of application.  

The first step to make a scientifically based decision on the order processing strategy is the analysis of the 

effects of different order processing strategies on the economic and logistic objectives. The aim is to enable 

a comparison between a change of the order processing strategy for individual products or product groups 

and implementing possible measures to improve the economic and logistic objectives. In the following, the 

effects on the economic and logistic objectives of moving the CODP from MTS towards MTO are described. 

The strength of the effects increases as the CODP is moved towards more customer order-driven process 

steps.  
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In MTS a constant lot size minimizing the sum of set-up and storage costs can be produced. Operating a 

finished goods store enables short delivery times and a high level of delivery reliability. Moreover, it helps 

to control productions more flexible and thus reach a high and continuous utilization of the production 

capacity. At the same time, stock and the associated infrastructure generate costs and tie up capital. In 

addition, there is a risk of unsaleable products. Switching to an ATO production the stock is shifted towards 

a semi-finished goods store. As a result, the capital tied up and the risk of unsaleable products decrease. It 

goes along with an extension of the delivery time and the possibility of a reduction of the delivery reliability. 

While the cost-optimal lot size can still be used during the forecast-driven process steps, the lot size during 

the customer order-driven process steps varies as it equals the quantities of the individual customer orders. 

In MTO production, the constant use of the cost-optimal lot size is not possible. The delivery time further 

increases as well as the probability of a reduction of the delivery reliability. As there is no other storage stage 

in MTO production apart from the produced goods store, there are no additional costs for the stock in this 

case. [14] 

To compare the different order processing strategies, a company needs to position itself between the partly 

conflicting economic and logistic objectives and transfer the resulting values into costs. Logistic models 

display the cause-effect-relationships of the objectives and can be used to evaluate different scenarios. 

Depending on the type of the analyzed process step and associated objectives, different logistic models can 

be used (figure 3). Combining multiple logistic models can help to map the effects along a company’s 

internal supply chain. The storage operating curves mathematically show the cause-effect-relationships 

between the stock level on the one hand and the delivery delay and the service level on the other hand [9]. 

In MTS production, delivery reliability is primarily a result of the service level in the finished goods store. 

Delays in transportation processes are not directly related to the order processing strategy and therefore are 

neglected. In turn, the service level is significantly influenced by the stock level in the finished goods store. 

As comparable effects occur in other storage stages, the storage operating curves can be applied to them as 

well.  

The cause-effect-relationships within production stages are described quantitatively by the production 

operating curves [9]. Above a certain level of work in process, the output rate does not change significantly 

anymore. A reduced output rate or utilization due to material flow disruptions are not expected in this case. 

Whereas the inter-operation time, the throughput time and the range increase proportionally with the work 

in process in this area. 

 

Figure 3: Operating curves for production and storage stages [9] 
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3. Procedure of the case study for the comparison of different order processing strategies 

To expose the effect of different order processing strategies on operating curves of logistic models, an 

observation framework for a case study was required. It should be noted that the procedure is not intended 

for a continuous application in industrial practice due to the high number of process steps required. The 

overall objective was to take a holistic view. The focus of the study was limited to the internal supply chain 

to maintain a high availability of data and to prevent adding to the complexity of the system. The industrial 

relevance of the results was ensured through cooperation with companies from various industries. In an 

exemplary application it was possible to show potentials for improving the values of economic and logistic 

objectives as well as to clarify the reasons for an insufficient achievement of the objectives. 

In the following, the procedure for the comparison of the effects on the logistic models of different order 

processing is described. The explanations refer to the exemplary application at a company which is discussed 

in section four but also include other examples not related to this company. To provide the application 

framework for the logistic models the selection of a suitable company’s internal supply chain was necessary. 

The aim was to focus on effects caused by different order processing strategies while avoiding introducing 

effects originated from specific process scenario characteristics at the same time. A checklist procedure 

served as a first step to identify criteria for the selection of a company’s internal supply chain. A checklist 

procedure aims to determine the suitability level of observed alternatives [15]. In this case, the observed 

elements were the company’s internal supply chains. Developing evaluation criteria was necessary to rank 

a company's possible internal supply chains. These criteria included general conditions as well as company-

specific aspects. General conditions were for example the existence of a data basis for a specified period. 

Moreover, the structure of the observed company’s internal supply chain should provide similarity 

considering the composition of the process steps and their execution. Company-specific aspects refer to the 

particular product structure or product-related aspects in general, however, they strongly differ for each 

company. In addition, strategic company-specific aspects, such as already planned future changes in 

processes or even the relocation of individual parts of the company’s internal supply chain, were considered. 

The evaluation of a certain share of considered general and company-specific criteria was conducted by 

referring to known facts. 

In case a quantification of the aspects of the evaluation criteria was unfeasible or if it involved a 

disproportional amount of effort, a qualitative estimation was necessary. Therefore, interviews with 

employees were used as an adequate alternative. To receive reasonable estimations for the company-specific 

aspects of the evaluation criteria from these interviews, experts were selected with respect to their area of 

responsibility. Furthermore, they should have spent a considerable amount of time in their specific area and 

the investigated company to be considered reliable. In addition to criteria evaluation, company-specific 

elimination criteria existed. Fulfilling such a criterion equaled a disqualification of the particular company’s 

internal supply chain. Along with the evaluation criteria, potential stumbling blocks of PPC were taken into 

account. Examples of stumbling blocks are missing responsibility for inventories or insufficient quality of 

feedback data [16]. After evaluating all required criteria (criteria for exclusion included) and stumbling 

blocks, one company’s internal supply chain was selected.  

The classification of the related product portfolio followed the determination of a company’s internal supply 

chain. ABC- and XYZ-analysis helped to focus on the main elements during the analysis of effects of 

different order processing strategies on the operating curves of logistic models. The product value or the 

sales revenue is the main classification aspect for an ABC-analysis, whereas the XYZ-analysis sorts products 

according to the frequency of demand [17]. Referring to the same type of products ensured to assign the 

cause of the appearing effects to the order processing strategy as a variable parameter while keeping the 

remaining parameters fixed and standardized if possible. For example, screws are typical CX products, which 

are always in stock and do not need a detailed analysis. Other product classes, such as AX require further 

analysis due to the conflict between high product value and consistent product demand.  
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A high valued product advocates MTO production regarding upcoming storage costs whereas consistency 

in demand favors MTS production looking at the production systems workload. After estimating the potential 

of the product classes and selecting a production class, the examination of the individual products from the 

product class with the highest potential followed. Two products with different order processing strategies 

can only be compared in case the framework conditions such as the quantities are similar. Moreover, 

changing between order processing strategies should be feasible for the selected products. Critical aspects 

are the product itself, e.g. due to expiration dates, customer needs such as very short delivery times or 

complex customization requests [18]. These aspects cause the need to stick to a specific order processing 

strategy to fulfill fixed requirements. In case of very short delivery dates, only MTS production is possible. 

Whereas early expiration dates and complex customer requirements make the operation of a finished goods 

store from an economic point of view not acceptable. In this context, it is important to determine at which 

production stage the customer's request causes a change or in which storage stage short early expiration dates 

of products are an issue. Depending on the result of this analysis, one strategy is prescribed or the number 

of possible strategies is limited. For example, if the customer's request involves changes in the product 

construction, only ETO is feasible. Whereas in the case of a customer-specific coloring during the last 

process step, all strategies apart from MTS remain practicable.  

Individual products with a fixed order processing strategy cannot be used to evaluate the change between 

order processing strategies. Furthermore, looking at the critical aspects the requirement’s source has to be 

analyzed. For instance, short delivery times can on the one hand be based on customer needs and on the 

other hand arise from decisions of the sales department or the upper management. In case the source is not 

directly linked to the customer need, aspects such as the market competition and the frequency of 

technological change have to be considered. Offering the customer a short delivery time can help to 

differentiate from the competition and increase market share. In this context, the willingness to wait for a 

product due to cultural aspects in the respective countries of sale needs to be taken into account. In case of 

strong discrepancies between countries, a country-specific selection of the order processing strategy for the 

respective product is required. A high frequency of technological change results in high costs for unsaleable 

products. The degree of multiple use of components, possibilities for the formation of subassemblies as well 

as the options for changing the sequence of production steps should be examined in this case.  

Unless a specific order processing strategy was mandatory, it was important to consider all order processing 

strategies. With competitors offering a similar product and if the company has no advantage in terms of 

better quality, e.g. due to a unique production process or specific material properties, the only way to succeed 

against the competition is to offer the customer a lower product price or a higher logistic performance. The 

most suitable order processing strategy for a particular product depends heavily on a company's priorities 

regarding the economic and logistic objectives. Focusing on high utilization can lead to a competitive 

advantage if personnel costs are an extensive part of the total costs of a product. In case of high storage costs 

or tied up capital for goods and infrastructure, the reduction of the stock level tends to be the objective 

focused on. Time-related figures, such as delivery reliability, are the most important factors for companies 

if the logistic performance is the decisive criterion for the customer.  

For this case study only already established products achieving sufficient values of the economic and logistic 

objectives were taken into account. This helped to avoid to introduce exceptional effects from company-

specific processes, which could lead to misinterpretations of the results, to the analysis. Even in case of an 

insufficient achievement of the values of the economic and logistic objectives, an order processing strategy 

does not need to be discarded immediately. First, it is necessary to detect whether the cause is the order 

processing strategy or the company’s processes. The only direct exclusion criteria for an order processing 

strategy are the critical aspects mentioned during the selection of the product. Unless an elimination criterion 

is present, an analysis of the company's internal supply chain is required.  
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Starting from the dispatch area, the company's internal supply chain can be examined step-by-step until the 

critical process is identified. If the insufficient achievement of the values of the objectives results from the 

process instead of the choice of order processing strategy, additional actions are mandatory. For example, a 

data based root cause analysis by using cause-effect relation trees can help to improve the values of the 

objectives [19]. After identifying the root cause, it is possible to take counteractive measures. A typical 

example is the training of employees in case of wrong prioritization of orders.  

After selecting a suitable company’s internal supply chain, a product class and finally products, the different 

logistic models were linked to the respective process steps. In addition to the previously mentioned storage 

operating curves and the production operating curves, the schedule compliance operating curve, the 

allocation diagram and histograms were used. 

4. Effects on the operating curves 

An application on a data set from industry shows the effect of different order processing strategies on 

operating curves of logistic models. The data were directly extracted from the company's ERP system. After 

evaluating the data quantity and quality, interviews with employees from all areas of the company's internal 

supply chain were conducted to complete the data set. This was followed by data cleansing and the transfer 

of the data to suitable analysis tools. In the following, the analyzed production process is outlined and the 

general effects are described. The order processing strategies MTS and ATO as well as MTS and MTO were 

compared.  

A semi-finished goods store serves as an example for the analysis of a storage stage. Two different finished 

products were examined. Both of them contain around 20 components and were produced over 10.000 times 

within half a year. As they require the same semi-finished goods, these products are suitable to analyze the 

effects of different order processing strategies. A MTS production is used for finished product 1, while ATO 

production is used for finished product 2. In the case of an ATO product, a customer order is directly 

connected to the production order. As the semi-finished goods store is the starting point of the analysis, it 

can be considered as a MTO process [20]. Therefore, only the term MTO production orders is used in the 

following. Figure 4 illustrates the general structure. 

 

Figure 4: Exemplary scenario for the analysis of a storage stage 

After the semi-finished goods store finished products 1 and 2 are produced on separate production lines. 

Consequently, they do not compete for production capabilities, but for the semi-finished products. The 

company assigns ATO and MTO production orders in general a higher priority than MTS production orders. 

This is based on the assumption that delayed ATO and MTO production orders have a direct negative impact 

on customer satisfaction. Whereas, for MTS production orders the safety stock in the finished goods store 

prevents negative consequences to a certain extent. The storage operating curves visualize the effects of this 

prioritization for the described scenario (figure 5).  
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As MTO and MTS production orders use the same semi-finished product, there is only one average service 

level operating curve and one average delivery delay operating curve for the specific semi-finished product. 

These average operating curves lie between the two extreme points of MTO and MTS production orders. 

The exact position depends on the respective proportion of MTO and MTS production orders. In comparison 

to MTS production orders, the prioritized MTO production orders achieve a higher value for the weighted 

service level at a fixed stock level. At the same time, the value for the delay in delivery is lower for MTO 

production orders. The usually smaller but varying lot size in MTO production intensifies these effects. MTO 

production directly transfers the customer order into a production order, whereas in MTS production the 

finished goods store can be seen as a customer, which demands a constant and more economical quantity. 

The variation of MTO production order sizes and the high lot size of each MTS production order complicate 

overcoming the negative impact on MTS production orders through measures such as workload balancing. 

It should be noted that in case MTS production orders are prioritized over MTO production orders the 

opposite effects can occur.  

 

Figure 5: Storage operating curves of a semi-finished goods store showing the effects of MTS and MTO production 

orders requiring the same semi-finished product [9] 

The preliminary production stage of a product containing similar components as the two products described 

before serves as an example for the analysis of a production stage. However, for this product the entire 
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and analyzed. Figure 6 shows the respective production operation curves.  
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The production operating curves show that the maximum possible output rate of the production system is 

reachable at a lower work in process level in case of a MTO production. In contrast to MTS production, 

MTO processes commonly contain smaller lot sizes. This results in a higher quantity of lots to process the 

equal quantity. Set up times and transportation times appear to a higher extent. Available capacity is required 

for setting up or transportation. This leads to a smaller amount of available production capacity to fulfill the 

actual production process. In this case, the small lot size in MTO production resulted in a shorter inter-

operation time. However, the increased set up time and transportation time nearly fully compensate for this 

effect. As a result, the operating curves of the throughput time and the range were very similar. It should be 

noted that in case the variation has a higher impact on the ideal minimum work in process than the mean 

value of the work content of a production order or the quantity of customer orders exceeds the cost-optimal 

lot size the effects will differ. 
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Figure 6: Production operating curves of a preliminary production stage showing the effects of MTS and MTO 

production orders for the same finished product [9] 
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dependent general conditions and mapping the effect to their root cause is important while analyzing the 

effects of different order processing strategies. For instance, framework conditions such as high process 

reliability, provision performance and supplier performance are required to realize a process under the 

approximation of ideal conditions. 
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strategy on the storage operating curves and the production operating curves were described for the 

respective processes. The intensity of the effects highly depends on the demand patterns of the product and 

the prioritization of the order processing strategies in the company. 
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The comparison neglects any effects that may occur on other products flowing into the same storage and 

production stages. Negative effects on other products can be partially compensated for instance by workload 

balancing. The procedure provides the foundation for further research, but is not suitable for continuous 

industrial application due to the numerous process steps required. A potential additional aspect could be the 

interaction of different order processing strategies with downstream decisions such as the order generating 

process or the order releasing process. In addition, more data sets could be analyzed to create a detailed 

overview of the possible effects of different order processing strategies. Besides ATO, various other 

combinations of MTS and MTO exist in industrial practice [21]. To evaluate this amount of order processing 

strategies, simulation studies are essential. For a universally valid application in various companies, a 

quantification of the effects identified so far as well as the additional aspects mentioned is required. 
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