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Abstract 

The main research aim of this Master’s Thesis is to develop an approach for global acting 

companies to control their inventor on an operational level. This is reasoned in the fact that it 

is indeed possible to find in all kind of books a big variety of information about inventory 

control but a lot of this information is either too theoretical or just informative or not detailed 

enough to be used on an operational level (Buxey 2006). To achieve the main research aim 

the Master’s Thesis is split into four research objectives which follow a top-down approach. 

A literature review is used to explain different models to control inventory. These models are 

combined into a framework for inventory control models which allow practitioners to classify 

their situation and to find an appropriate control model. Furthermore, this framework is tested 

with help of a case study. The inventory control model used by this case company is a (r, Q) 

model. The explicit realization of this (r, Q) model on an operational level is explained with 

help of the case company. Since the author of this Master’s Thesis was concerned in the case 

company with the task to give improvement possibilities for their existing inventory control 

model some recommendations for the specific situation of the case company are given at the 

end of this Master’s Thesis. The result is that the framework can be used to classify a 

company´s situation according inventory control and to get a first rough idea about 

appropriate inventory models for this given situation. By explaining inventory control explicit 

with help of the case company, the gap between literature and needed practices gets filled. 

Furthermore, as a result of the possible improvements of the existing model used by the case 

company an improved version usable on an operational level was developed and explained in 

detail.  
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1 Introduction 

1.1 Background and Research Focus 

This Master´s Thesis with the title “How can a global acting company control their 

inventories: an operational approach” has been carried out within the Division of Industrial 

Engineering and Management at the University of Gävle in combination with a Swedish 

company - following termed as case company - in the period of April until June 2011. 

Indeed is it possible to find in all kind of books a big variety of information about inventory 

control but a lot of this information is either too theoretical or just informative or not detailed 

enough to be used on an operational level (Buxey 2006). This statement is supported by 

(Mattsson 2007) by arguing that there exist a lot of different models for inventory control like 

the simple square-root formula, cover-time planning or material requirements planning but all 

these models are just theoretical useful. This is reasoned in the more or less big amount of 

assumptions which are not in line with the reality in the companies. Also Kobbacy and Liang 

(1999) make mention of this gap between the theoretical approaches given by academics and 

the needed practices in the operational level by referring to Zanakis et al. (1980). 

Furthermore, they state that most of the models out of research are focused on mathematical 

approaches which usefulness is not so easy to understand for inventory managers. Additional 

they see in these mathematical models rather a help to make decisions than an alternative for 

human judgment (Kobbacy and Liang 1999). 

This lack of usability of these existing models for inventory control on an operational level 

has reasoned the focus of this research. This focus will be to develop a more useful approach 

for inventory control on an operational level. 

Research in this area of logistics is important, since the improvement of the inventory 

situation in companies contains a high potential. Being more efficient concerning the 

inventory will lead to a better financial performance (Capkun et al. 2009). Inventory is a 

significant leverage for improving this financial performance since it forms a big part of the 

working capital within a company. Anyway is the importance of managing and controlling the 

inventory not supported with the necessary attention in most of the companies (Hill 2000). 



 

1.2 Overall Research Aim and Individual Research Objectives 

According to the research focus mentioned above is the overall aim of this Master´s Thesis to 

develop an approach for global acting companies to control their inventory. Furthermore, this 

approach should be usable on an operational level within the companies. To make an 

operational usage possible a framework for classifying and choosing the rough inventory 

model has to be developed first. Based on this framework an explicit model with help of a 

case company will show how to control inventory on an operational level in detail. 

At this point it is necessary to explain the adjective “global acting” and the term “operational 

level”. In this Master’s Thesis the adjective “global acting” is used as a synonym for a 

distribution network with various stock keeping locations (SKL) – also known as multi-

echelon distribution system (see chapter 3.1.1) – which are spread over a global area. The 

term “operational level” describes the level within the company where employees are 

concerned with the day-to-day business. This term is used as a kind of limitation for the 

complexity of the model/framework for inventory control.  

 

To achieve this overall research aim it is necessary to carry out some underlying sub-

activities. At first, a look about existing control models for inventory out of literature will be 

carried out (see chapter 3). These models are used in the chapter “Results: Framework” to 

develop a framework for companies to allow them to classify their situation and to choose the 

best fitting model for their situation (chapter 4). Additionally in this chapter, a case company 

is used to test this framework. Furthermore, the case company and their current inventory 

control model will be explained and used to demonstrate how to control inventory explicit. 

Also some improvement possibilities for the current model will be presented. 

These sub-activities can be transformed into the research objectives of this Master’s Thesis. 

Therefore, the specific research objectives are: 

1. Explain different models to control inventory based on existing literature 

2. Combine these models into a framework for inventory control models 

3. Test the framework with help of the case company 

4. Explain the current inventory control model used by the case company on an 

operational level to demonstrate inventory control explicit and give some 

improvement possibilities for this current model. 



 

1.3 Value of this Research 

This Master´s Thesis will add value to the discipline of inventory control in some important 

ways. First of all, the literature review will allow practitioners to differentiate their inventory 

situation in their company with help of the given classification for inventory. Second, the 

different inventory control models will be combined to a framework to allow practitioners to 

classify their environment in the company and to choose the best fitting model for their 

specific situation. And third, by explaining the inventory control model used by the case 

company the practical implementation of a chosen model will be demonstrated and show in 

detail how similar companies could control their inventories. Additional to these practical 

contributions of this Master´s Thesis will be also some contribution given to the theory about 

inventory control. Like mentioned in the background of this Master´s Thesis is there an 

existing gap between the theoretical approaches given by academics and the needed practices 

in the operational level. This gap should be filled with help of this Master´s Thesis. Instead of 

explaining complex mathematical models or approaches based on various assumptions will 

this Master´s Thesis explain how a specific inventory control model is realized in practice. 

This approach contributes to existing literature by weakening the lack of needed practices on 

an operational level, which was mentioned by Kobbacy and Liang (1999). 

2 Methodology 

The methodology chapter will give at first a short overview about different research methods 

appropriate for research papers. Furthermore, it will explain the chosen research methods and 

give a justification for them. 

2.1 Introduction 

This sub-chapter is used to explain the reader which research methods are available, which 

were used and what are the benefits of the chosen methods. In various books about writing 

research papers are different research methods explained. Before giving an overview about 

different research methods the two terms quantitative and qualitative research have to be 

mentioned.  

A quantitative research makes use of measurements and works with quantities. These 

quantities are very often processed in any kind of statistical analysis or statistical modeling 



techniques. The qualitative research in contrast is concerned with collecting information and 

an in-depth exploratory of these information (Murray and Hughes 2008). Biggam (2008) 

describes quantitative research as answer for the how questions and qualitative research as 

answer for why questions. The research methodology used for this Master’s Thesis can be 

seen mainly as qualitative research by making use of a case study. Such a case study is one of 

some available research methods. A case study is reasonable to be used when the research is 

mainly focused on a specific unit, e.g. a company, department or a process. Cohen and 

Manion (1995) in Biggam (2008) describe a case study as following: 

 

“The case study researcher typically observes the characteristics of an individual unit – a child, a 

class, a school or communitiy. The purpose of such observation is to probe deeply and to analyse 

intensely the multifarious phenomena that constitute the life cycle of the unit.” 

To get the needed information about the specific unit interviews in form of individual or 

group interviews or questionnaires are mainly used (Biggam 2008). 

If the research is carried out for a bigger amount of research subjects, e.g. not a single specific 

company but maybe a lot of companies that have the same characteristic, a survey can be 

appropriate. Such a survey represents a selection of the entire amount of research subjects, for 

instance collection data of 20 Swedish SME’s in Gävleborgs Län instead of all hundreds of 

SME’s there. Blaxter et al. (1997) refer to Hutton (1990) when describing a survey as 

“method of collecting information by asking a set of preformulated questions in a 

predetermined sequence in a structured questionnaire to a sample of individuals drawn so as 

to be representative of a defined population.” 

If hypothesis are done in a research they have to be tested in an experiment. This procedure is 

known as experimental research and consists of the three steps: Problem definition, 

hypothesis formulation and experiment testing. In cases where the researcher participates in 

the own experiment an action research results. This means that a researcher finds a problem in 

the area he is working in and tries to solve the problem by using his influence. While the 

normal way during carrying out a research project is to define the research focus, doing a 

literature review, implementing own practical research, analyzing the findings and developing 

a conclusion the grounded theory is much more unstructured. It does not start with a clear 

research objective but with a vague idea of interested. Furthermore, some empirical research 

is carried out and fitting literature is used to implement practical work but there are a lot of 

steps backwards since each part influence the other parts.  



2.2 Research strategy 

The overall research strategy of this Master’s Thesis consists of two different research 

methods and will be explained in the following chapter. The used research methods are 

depending on the part of the Master’s Thesis in which they are used and can be divided into a 

research method for the literature review (theoretical part) and a research method for the 

practical part. 

2.2.1 Research method: Theoretical part 

A literature review, which can be seen as the theoretical part, is conducted to work out the 

first research objective of this Master’s Thesis: 

1. Explain different models to control inventory based on existing literature 

Additionally it is used to explain terms that have to be understood by the reader to follow the 

explanations in later chapters. Since these terms and inventory control models are nothing 

new in this area of research mainly books and peer-reviewed scientific articles are used to 

create the necessary knowledge base for the reader. Most of the used books are about 

Inventory Control or Inventory Management but also books out of the area of Operations 

Research or Statistics are used to explain inventory control related calculations. Some of the 

books can be found in the library of the University of Gävle and some books are owned by the 

author of this Master’s Thesis in advance. If these books were not sufficient googleBooks was 

used to get an overview about possible helpful books. When googleBooks provided enough 

information the book was directly used via googleBooks, if not the book was bought by the 

author. For finding appropriate scientific articles the online search database of Emerald, 

JSTOR, IEEE Explore or Wiley Online Library were mainly used. If not enough appropriate 

articles were found, a general search in googleScholar was done. In the most cases the 

keywords for searching were “inventory control”, inventory control models”, “stock 

replenishment” and “multi-echelon distribution network”. The search for scientific articles 

was carried out in three steps. At first all articles which matched to the search keywords were 

saved. In the second step the articles were grouped into main groups like inventory control 

models, statistical distributions, distribution networks and so on. At last, the abstracts were 

read to sort the articles into very usable, usable and not usable within each of the main groups.  

Additional to the explanation of the necessary terms for understanding this Master’s Thesis, 

the literature review is the base to generate the output for the second research objective: 



2. Combine these models into a framework for inventory control models 

This research objective will be handled in the beginning of the results chapter of the 

theoretical part. 

2.2.1.1 Justification of chosen method 

Dawidowicz (2010) describes a literature review as “an examination of scholarly information 

and research-based information on a specific topic. In other words, it’s a review of what’s 

known, not suspected or assumed, about a specific subject. Its goal is to create a complete, 

accurate representation of the knowledge and research-based theory available on a topic.” 

The use of books for the literature review is justified by the fact that they contain scholarly 

information about a specific area. Especially when different books describe a topic in the 

same way and multiple editions of a book exist the evidence for correctness is given. 

Additionally to these well-known information provided by books peer-reviewed articles will 

make a contribution to the literature review with help of research-based information. Peer-

reviewed articles are in particular useful since they are written with the aim to be unbiased 

and objective (Dawidowicz 2010). 

2.2.2 Research method: Practical part 

In the practical part is qualitative research in form of a case study used. This case study will 

explain the situation of a particular case company and make use of the second research 

objective to proceed with the third one: 

3. Test the framework with help of the case company 

Furthermore, the last research objective: 

4. Explain the current inventory control model used by the case company on an 

operational level to demonstrate inventory control explicit and give some 

improvement possibilities for this current model. 

is handled in the chapter “Results: Explicit inventory control model”.  

2.2.2.1 Justification of chosen method 

The author was concerned in the Inventory Control department of the case company with the 

task to evaluate their existing inventory control model and to improve it if possible. The 

information gained during this task are used as a case study to test the developed framework 



and to describe an inventory control model explicit. The author collected the needed 

information by being personally present in the Inventory Control Department over several 

weeks. During this time it was possible to evaluate their situation and inventory control model 

and to clarify upcoming questions by asking directly the specialists in this area. This leads to 

reliable information for the case study. 

Since the author of this Master’s Thesis collected data by himself the case study uses a 

primary approach. Under consideration of the fourth research objective, the case study turns 

into a constructive case study with the aim to solve an existing problem within the case 

company. The case study allows to focus on and to describe a phenomenon very detailed. 

This strong focus and deep research in a particular case causes problems with the 

generalizability of the outcome. The case study of this case company will not be applicable 

for all companies. But by using the developed framework it is possible to secure in a first step 

that the surrounding conditions are appropriate with the case company’s conditions. 

Additionally to the generalization problem of a case study the outcome can be influenced by 

the researcher itself. Since the information were gained by observation and interpretation 

made by the author of this Master’s Thesis within the case company it is likely that the 

outcome would differ in some ways if another researcher has carried out the case study (see 

also, Denizon and Lincoln 2005 and Gillham 2000). Nevertheless, the case study is seen as 

very useful to test the developed framework and to describe the inventory control model 

explicit. Another possibility to carry out the third and fourth research objective would have 

been to use a survey like described in chapter 2.1. A survey would weaken the bias of the 

researcher and the outcome would be probably more useful for a wider range of different 

companies. This research method was not chosen since it would not allow to gain such an in-

depth view about how a specific inventory control model is realized in practice. Furthermore, 

would a survey for the purpose of this Master’s Thesis require a huge amount of companies 

which are willing to give their information to publicity. Additional to this barrier the timely 

limitation of this Thesis did not allow carrying out such an extensive survey.  

Figure 1 is used to express the explained research strategy. 



 

Figure 1: Research strategy 

3 Literature Review 

This chapter will explain the needed background for the developed framework for classifying 

and choosing an inventory control model (see chapter 4) and to understand the in-detail 

inventory control model of the case company (see chapter 5). This chapter is structured as 

following: Chapter 3.1 will explain the term distribution and the difference between single- 

and multi-echelon distribution networks. Next, in chapter 3.2, the term inventory is explained 

and broken down into different classification possibilities. These classification possibilities 

are used to limit the term of inventory used in this Master’s Thesis. Thereafter, inventory 

management and inventory control is explained to start in chapter 3.4 with the main part of 

the literature review – the characterization of different inventory control models. The 

literature review as whole will work out the first research objective:  

1. Explain different models to control inventory based on existing literature 



 

3.1 Distribution 

Under distribution can be all steps and actions summarized which are necessary to bring an 

item from a source (supplier) to a sink (customer).  

Distribution network 

Since in the most cases the customer is not directly in front of the manufacturing facility of 

the supplier it is necessary to build a distribution network. Such a network is characterized by 

a various amount of stock keeping locations (SKL). Generally all these locations where any 

kind of stock is held are referred to as warehouses. The type of warehouse differs according 

the kind of stock such as raw material, work-in-process or finished goods. Furthermore the 

warehouses differ in their geographic area, e.g. national distribution centers, regional 

distribution centers or sales centers. But also the product type, the function of the warehouse 

(inventory holding or sortation) and the ownership (owned or third-party logistics) can 

classify a warehouse (Rushton et al. 2006). 

In the focus of the present Master’s Thesis are warehouses that stock finished goods inventory 

(FGI) and that are classified according their geographical location. The used geographical 

classifications in this Master’s Thesis will be the Product Company (PC), Distribution Center 

(DC), Customer Center (CC) and Sales Center (SC). The distribution network of the case 

company will be explained in the analysis, chapter 4.2.1. The used geographical classification 

can be also found in various articles about multi-echelon distribution systems, see for 

example, Jönsson and Silver (1987), Marklund (2002), Lin et al. (2005) or Miranda and 

Garrido (2004). 

3.1.1 Single-echelon vs. multi-echelon distribution network 

Distribution networks can be differentiated according their complexity. The easiest form is 

when FGI is held only in the stock for finished goods in the factory and is sold directly to the 

customers. Since inventory is only held on one level this form of distribution network is 

known as single-level or single-echelon distribution network, see figure 2. 



 

Figure 2: Single-echelon distribution network 

But this way of distributing goods is rather seldom possible since companies sell their goods 

in large geographical areas or also worldwide. To be able to offer the customers a high service 

regarding short lead-times it is justified to have several SKLs in the distribution network 

where a lower level SKL orders from a higher level SKL. If stock is held at least in two SKLs 

the distribution system is termed as multi-level or multi-echelon distribution network 

(Jönsson and Silver 1987 and Axsäter 2006). Figure 3 shows a typical two-echelon 

distribution system where stock is held additionally at different (local) retailers which serve 

the customer. 

 

Figure 3: Multi-echelon distribution network 

These two general forms of distribution networks (single-echelon or multi-echelon) lead to 

different approaches for inventory control. Since the case company is one with a multi-



echelon distribution network, a model for inventory control in multi-echelon networks will be 

explained later (see chapter 3.8). However, inventory in multi-echelon networks can be also 

controlled with systems which are based on single-echelon networks (Axsäter 2006). Hence, 

also such inventory control models are explained in the later chapters. 

3.2 Inventory 

Inventory can have different meanings like (a) the stock of materials or items at a specific 

time, (b) the list which contains all stocks, (c) the action of observing the amount of items in 

stock or (d) the amount of items in stock expressed with their value for financial purposes 

(Tersine 1994). 

This Master’s Thesis is restricted to the meaning of inventory as (a) the stock of materials or 

items at a specific time. Since this is the very roughest differentiation of the term inventory it 

is necessary to break down this term in its different types and functions. 

3.2.1 Types of Inventory 

Hill (2000) divides inventory as a first classification into the two categories process-related 

inventory and support inventory. At this juncture is process-related inventory to be 

understood as the items which are needed for the production of the goods and support 

inventory deals with these items which are also needed for the production but will not result 

in the final product directly. In a next classification Hill (2000) breaks down the process-

related inventory into the parts raw materials, work-in-progress and finished items. Tersine 

(1994) makes almost the same differentiation between the types of inventories but the does 

not allocate the raw materials, work-in-process and finished items as sub-categories of the 

process-related inventory. Raw materials are the input for the production process in which 

they are used to generate the finished items. The work-in-process items can be found in the 

production process as items which are not completely finished. After the production process is 

done, the finished items result as the product which is finally sold to the customer (Tersine 

1994).  

Rushton et al. (2006) add to these types of inventory the pipeline inventory, inventory in 

general stores and spare parts inventory. They describe pipeline inventory as items which are 

in the distribution chain to be shipped to possible customers, inventory in general stores as a 

mixture of products which are needed to back up other operations and the spare parts 

inventory as inventory to back-up the own machinery or to support the customers. Since all 

items which belong to these categories are already found in the three categories explained 



above, the author of this Master’s Thesis does not see this additional classification as useful. 

It is also noticeable that the different terms about inventory are mixed in literature. Compared 

with the following chapter about the functions of inventory it becomes apparent that pipeline 

inventory should not be considered as an inventory type but an inventory function. 

Additional to the restriction given in chapter 3.1 according the distribution network does this 

Master’s Thesis consider the process-related inventory; in particular the finished goods 

inventory (FGI). 

3.2.2 Functions of Inventory 

In general is inventory needed to loosen the correlation between the demand and the 

production of products (Rushton et al. 2006 and Hill 2000). The amount of items put in stock 

by supply and the amount of items taken out of stock by demand differs according to Tersine 

(1994) because of factors like time, discontinuity, uncertainty and economy. 

Time 

Since a lot of time is needed for everything that is concerned with the process or producing a 

product before it can be sold to the end customer inventory is needed to reduce the lead time. 

The demand of a customer can be satisfied immediately with the certain amount of items hold 

in stock. 

 

Discontinuity 

Inventories cut off the dependency between the different operations within the whole supply-

production-distribution process. They allow that each operation can act independent. For 

instance, the raw material inventory makes the production independent from the supplier; the 

in-process inventory makes the production process independent from each other and the FGI 

cuts off the dependency between customer and producer.  

 

Uncertainty 

Due to inventory is a company protected against any unforeseen events like production 

problems, changes in demands, weather conditions or strikes. 

 

Economy 

Inventories can result due to economic advantages like purchasing or producing in economic 

quantities. These advantages can also be price discounts due to bigger quantities, less 



transportation costs due to size economy or the smoothing of the production in seasonal 

businesses.  

Hill (2000) makes a distinction in the function of inventory by mentioning the corporate 

inventory which is needed to fulfill corporate requirements within a company and operations 

inventory which is linked with the direct task.  Reasons for holding corporate inventory could 

be out of a sales view to support customer agreements or out of a marketing view to be 

prepared for a new product introduction. The corporate inventory will be irrelevant within this 

Master’s Thesis. More interesting is the operations inventory which can be again 

differentiated into the types decoupling inventory, cycle inventory, pipeline inventory, 

capacity-related inventory and buffer inventory. Tersine (1994) mentions an additional form 

of inventory, called psychic stock. This inventory is found as sales stimulation in the form of 

big amounts in the shelves of retail to increase product visibility. The author considers this as 

a result of marketing strategies and will not be included further. 

3.2.2.1 Decoupling inventory 

Since in a supply chain are several decision making units which are normally separated by 

organizational or departmental boundaries these units need also some kind of flexibility to 

focus on their own performance. This flexibility is given by decoupling inventory which 

decouples the different units, e.g. the manufacturing from the distribution (Shah and Shin 

2007). 

3.2.2.2 Cycle inventory 

This term, also known as working stock or lot size stock, relates to the manufacturing of 

products where caused by economies of scale products are produced in lots. These lots allow 

having minimal ordering and holding costs or quantity discounts (Tersine 1994). 

3.2.2.3 Pipeline inventory 

Pipeline inventory which is also known as transit or work-in-process inventory is inventory 

that results out of the timespan between the input of material and the output of finished goods 

to the customers. The material which is situated in the production process or finished good on 

trucks or ships belong to this kind of inventory (Tersine 1994). 

3.2.2.4 Capacity-related inventory 

Hill (2000) describes capacity-related inventory as inventory which is used to stabilize the 

work capacity in cases where sales levels are characterized with unsteadiness. This inventory 



is generated by increasing stock during periods with high capacity caused by lower sales. 

When sales increase the inventory is following used to avoid stock-outs in high sales periods. 

The same principle is explained by Tersine (1994) as anticipation, seasonal or stabilization 

stock. Reasons for building anticipation stock are high seasonal demands, volatile demands 

caused by special advertisement or problems with the production capacity caused by strikes or 

vacations. 

3.2.2.5 Buffer inventory 

Since demand and supply can vary around the average a buffer inventory is needed. Out of 

the production view it avoids the disqualification to produce items and out of the sales view it 

avoids stock-outs of finished goods. The buffer inventory is influenced by the aspired service 

level or the maximum stock-out risk that can be accepted (Hill 2000). The term buffer 

inventory is described by Tersine (1994) as safety stock or fluctuation stock which can be 

estimated as the stock needed to endure the replenishment cycle. Lianfu et al. (2009) explain 

also in their paper that safety stock is needed as soon as the demand is characterized of 

uncertainty. In this case can the safety stock work as a buffer if either the real demand is 

higher than the forecasted or expected demand or the lead time is longer than the expected 

lead time. Furthermore, Lianfu et al. (2009) see in the target service level, the mean and 

standard deviation of lead time and the random demand in lead time the main influence 

factors of safety stock. The calculation of safety stock and the customer service level will be 

explained in more detail in later chapters. According to Vohra (2007) is the optimal safety 

stock found in the balance between costs for stockouts and costs for holding items as safety 

stock. If the stockout costs are known it is possible to calculate the safety stock level directly. 

Since in real situations companies can hardly estimate these stockout costs let alone to 

calculate them, target service levels are used to determine safety stocks (Inderfurth and 

Minner 1998). Therefore, the target service levels express the amount of allowed stockouts or 

the size of a stockout if occurred, see for this the target service level explained in chapter 

3.3.1.2. In practice is a target service level often predetermined by the upper management 

based on experience or intuition (Bollapragada et al. 2004). 

These different functions of inventory can be connected with the three types of inventory 

explained in chapter 3.2.1. Hill (2000) shows this relation with help of the following table. 



 

Inventory type 
Inventory function 

Raw material Work-in-process Finished goods 

Decoupling  X X X  

Cycle  X X X  

Pipeline  X X X X 

Capacity-related  X X X X X 

Buffer X X X X X X X 

Table 1: Relation between inventory function and type (Hill 2000) 

This table shows, according to Hill (2000), that work-in-process inventory is mostly related to 

the decoupling, cycle or pipeline function and finished goods are mostly needed to fulfill the 

capacity-related and the buffer function of inventory. 

3.2.3 Limitation the term of inventory 

The functions and types of inventory explained above are used to make a limitation of the 

inventory term for this Master’s Thesis. First of all, this Thesis makes use of the definition of 

inventory as the stock of materials or items at a specific time. Furthermore, Hill’s (2000) 

classification of inventory into process-related and support inventory is taken into account. 

The process-related inventory is seen as the sum of the three types of inventory: raw 

materials, work-in-process and finished goods. Here is the finished goods inventory (FGI) in 

focus of this Master’s Thesis. Like chapter 3.2.2 shows are there five different functions of 

inventory. Since only the pipeline, capacity-related and buffer function of inventory relate to 

the FGI these functions are seen as important in this Master’s Thesis. 

3.3 Inventory Management 

Toomey (2000) refers to the definition of the American Production and Inventory Society 

(APICS) when explaining inventory management as the part of the general business 

management which is responsible for the planning and controlling of inventories. The overall 

task of inventory management is to use different systems to foster the stocks. The systems 

which are used for this task are mainly influenced by factors like the products itself, the 

customers and the demand out of it, and the process which is linked with the product (Shah 

and Shin 2007). Ross(2006) supports this definition of the inventory management’s task by 

saying that inventory management’s main responsibility is to select the perfect fitting control 

technique. 



Zomerdijk and Vries (2003) express the main aim of inventory management by saying that 

inventory management is the overall activity which is responsible to make a leveling between 

the demand and the supply possible. Furthermore, they mention indicators such as an instable 

production planning process, a lot of rush orders and inefficiency of the whole production 

which are a sign of a bad leveling between the demand and the supply (Zomerdijk and Vries 

2003). 

3.3.1 Basic questions concerned with inventory 

The planning and controlling of inventories can be expressed in four basic questions which 

concern inventory (Muckstadt and Sapra 2009, Hill 2000). Muckstadt and Sapra (2009) and 

Hill (2000) differ in these four question. Whereas Muckstadt and Sapra (2009) argue that 

these questions are: what items should be stocked, where should they be stocked, how much 

should be ordered and when to order; Hill (2000) does not mention the question about where 

to stock but adds the question about how much to hold in stock. 

Both explanations about general inventory decision are brought together by the following 

figure. The questions about where to stock and how much to hold in stock and the questions 

about how much to order and when to order are consolidated on a same level. This is reasoned 

by the focus of this Master’s Thesis on inventory control within a distribution network. 

 

Figure 4: General decision on inventory 

 

The initial question is about which items are necessary to put in stock. This question is 

answered by the general business of a company and also by the used strategy (Muckstadt and 

Sapra 2009). The strategy is often dependent on the production strategy which was chosen to 

fulfill the customer demand. This production strategy can be a make-to-order (MTO), 

assemble-to-order (ATO) or make-to-stock (MTS) strategy. 



3.3.1.1 Production strategy 

Make-to-order (MTO) 

In this approach, nothing will be produced before a definite order from a customer arrives. A 

customer order is than taken into the production system and the product is often produced 

according to the special customer needs. Whereby some companies decide to use this 

approach for standard items, the most companies which use MTO offer products with a high 

variety and low volumes (Mahadevan 2007). Nevertheless, if MTO is used for standard items 

or items with high variety and low demand there will be no inventory in form of finished 

goods. Only raw materials or some modular components will be held in stock (Hill 2000). 

Make-to-stock (MTS) 

In the MTS approach inventory in form of finished goods is held in stock. This finished goods 

work as decoupling inventory (see chapter 3.2.2.1) since it decouples the demand from 

production. The underlying principle of this approach is to plan the production in a way that 

always a predetermined level of FGI is reached. Inventory management is in this approach 

important because the optimal replenishment of the FGI by producing items has to be found 

(Mahadevan 2007). This replenishment is not only limited to the production of items until the 

first level of stockholding. If a distribution network exists, the replenishment principle is also 

important for all following SKLs. 

Assemble-to-order (ATO) 

ATO can be seen as a mixture of MTO and MTS since until a predetermined step the products 

are made to stock and after this level MTO is used. The level which differentiates MTS and 

MTO is defined by the point of product differentiation. Also in the ATO approach will be no 

inventory held as finished goods but as partial finished items. This result in lower inventory 

costs compared to MTS and shorter lead time compared to MTO in the same situation 

(Mahadevan 2007). 

After this first question is answered it is necessary to clarify where these items and how much 

of them are hold in stock. Where items are hold in stock is normally dictated by the given 

distribution network with its different SKLs and the customers which are in contact with the 

last echelon in the distribution network. Whereas the where is easier answered, the how much 

is influenced by the general inventory policy. This inventory policy is in turn defined by 

different factors. 



3.3.1.2 Factors which influence the inventory policy 

Distribution system structure 

The given structure of the existing distribution system has an influence on the inventory 

policy since it determines how the items and the information flow proceed (Muckstadt and 

Thomas 1980). The complexity of inventory policies increases with the complexity of the 

distribution structure. This statement is supported by Axsäter (2006) when saying: “Generally 

we can expect an optimal control policy for a multi-echelon inventory system to be quite 

complex”. 

Items 

The inventory policy is also influenced directly by the items itself. For instance, their physical 

character like the weight or shape or their liability to obsolescence are noteworthy. In fact, 

demand rates and their variability and their characteristics as consumable or repairable 

influence the inventory policy. An attribute which has the highest impact on the inventory 

policy and which is also mostly used for inventory decisions in companies are the costs of 

items. These are the cost for the item itself and additionally the costs for holding them in 

stock. Since costs have such a big influence they will be explained as separate influence factor 

(Muckstadt and Sapra 2009). 

Market characteristics  

Like already mentioned above, items lead to different inventory policies according their 

demands or in particular due to the different demand rates. It is possible to classify the 

demand rates into A, B or C groups depending on the percentage of the total sales revenue or 

the amount of sold items. The underlying approach is hereby called the Pareto principle. But 

not only the items also the customers can be classified in this way depending on their 

percentage of caused sales (Muckstadt and Sapra 2009). 

Lead times 

The lead time is defined as the time between an order was placed and the receipt of this order. 

The demand uncertainty during the lead time increases when the lead time increases. This will 

result in the need for higher inventory as safety stock (Muckstadt and Sapra 2009). 



 

Costs 

Inventory policies are strongly influenced by costs. Depending on the used model for 

inventory control or the requirements of the company are different costs taken into account. 

These can be costs for purchasing, holding stock, stockout, obsolescence, receiving costs, 

costs for placing orders or costs for fulfilling the customer orders. Purchasing costs can occur 

for raw materials or equipment out of a manufacturing view or for final products out of a 

retailer view. These costs are normally dictated by the unit costs and the fixed costs for 

placing an order. Hereby, unit costs can vary depending on the purchased amount (discounts) 

and fixed costs which are independent of the quantity. Holding costs occur in ways like 

opportunity costs (capital is tied to the inventory and cannot provide possible interest), costs 

for warehouse operating, insurance or obsolescence. Holding costs are normally expressed in 

form of a factor as approximation to the value of the complete on-hand inventory. Whereas 

holding costs occur when demand is higher than supply, stockout costs occur when the 

reverse situation is present. Lost sales cost, as part of the stockout costs, can be described as 

costs which occur when a customer buys other products caused by stockouts. This leads to a 

lost profit margin and maybe to lower future sales. Especially the stockout costs are very hard 

to quantify for companies since their influence factors are fuzzy (Muckstadt and Sapra 2009). 

Target service level 

A target service level (TSL) expresses the probability of no stockout of on-hand inventory 

while having variable demand and order lead times. As explained already in chapter 3.2.2.5 

the TSL has a big influence on the buffer stock. The buffer stock is needed to guarantee a 

predetermined service level. Rushton et al. (2006) describe two approaches concerned with 

the TSL. Either a company determines a level of customer service and tries to achieve this 

level with minimum costs (cost minimization approach) or the costs (distribution budget) are 

fixed and a maximum service level is tried to be reached (service maximization strategy). 

With consideration of the following figure, which shows the coherence between the service 

level and the service costs it is considerable that costs increase strongly in the higher levels of 

customer service. 



 

Figure 5: Coherence between service cost and service level (Rushton et al. 2006) 

It is possible to measure the customer service in some different ways. For instance, the 

relation between satisfied orders to the complete amount of orders or on the scope of a single 

order the satisfied lines in relation to all lines. The used definition of customer service 

depends on the situation in the company and should therefore suit best to their operations. For 

instance, a manufacturing company has another definition of their service level compared to a 

parcel company (Rushton et al. 2006).  

Out of different general literature about Operations Research the following two definition 

types of TSL can be found. 

Event-oriented 

The event-oriented or α – service level describes the probability that the event “stock-out” 

does not occur. This means the probability that all orders which arrive can be delivered 

completely from the stock on-hand. In other words, the α – service level can be expressed also 

as percentage of order cycles which occur without having a stockout. Due to this the α – 

service level is also referred to as cycle service level (Coleman 2006). The disadvantage of 

this definition is that the order frequency or rather the order quantity is not considered. The 

buffer stock can be calculated by  and the safety factor k by using the inverse 

normal distribution which determines directly k for a given TSL.  is the standard deviation 

of the demand calculated by (Oskarsson et al. 2006 and Jeffery 2008). 



 

Quantity-oriented 

The β – service level which is often also referred to as fill rate describes the magnitude of a 

stock-out by considering the quantity of backorders in a stock-out case. Bowersox et al. 

(2010) explain that the magnitude of possible stockouts decreases if the order quantity for 

replenishing increases for a predetermined safety stock level. A lesser possibility for 

stockouts means a higher target service level at the same time. The fill rate which is also 

referred to as annual service level is seen by Coleman (2006) and Teunter et al. (2009) as the 

service level which is mainly used in practice due to the advantage that it shows the service 

which the customer experiences. But on the other hand are the most mathematical models 

rather based on the α – service level. 

The following formula expresses the β – service level. 

 

With the parameters: 

 = β – Service level 

f(k) = function which describes the right area of a normal distribution 

σ´= the standard deviation of the demand =  

Q = replenishment order quantity 

Since in practical usage normally not the service level is searched but the safety stock for a 

given service level the safety stock can be calculated with this formula: 

SS = k * σ´ 

To calculate the safety stock the service factor k is needed. To get the service factor k, the 

formula above has to be solved to f(k) first (Oskarsson et al. 2006). 

f(k) = (1-SL)*(Q/σ´) 

In literature it is possible to find tables which show the fitting value for k for a calculated 

value of f(k). This process will be exemplified in the explanation of the inventory control 

model used in the case company, see chapter 5.1.



 

3.4 Inventory Control 

There are some various approaches to control inventories. Which one is proper to the 

company is conditioned by the whole breadth of the environment which has to be managed, 

the amount of units in stock, the amount of inventory holding stages and the quality and 

usability of the inventory information. The inventory control, operated by an inventory 

control system, is expressed in an inventory control policy which can be seen as overall 

regulation for how to manage and control the inventory (Frazelle 2002).The used inventory 

control policy or strategy is expressed in a model. The model differs in complexity depending 

on the factors mentioned above and on the decision how precise the company wants to 

simulate demands, costs, constraints and the whole complexity of the supply chain. This is in 

the most cases estimated by assumptions about these different influence factors. Such a model 

is always implemented with an aim. This aim can be to realize a maximum profit, minimal 

costs or to meet a predetermined target (for instance, customer service level) with a minimum 

of costs (Muckstadt and Sapra 2009). 

In literature it is possible to find a vast amount of different inventory control systems. But 

these approaches are often based on assumptions and mathematical models which are on the 

one hand not realizable in praxis and on the other hand cannot be seen as an adequate control 

system reclusively (Buxey 2006). Instead of seeing an inventory control system just as one 

specific model there are more aspects which have to be thought about. Tersine (1994) 

mentions six areas which have to be covered by an inventory control system: 

 1. The development of demand forecasts and the treatment of forecast errors 

 2. The selection of inventory models (EOQ, EOI, EPQ, DRP, MRP) 

 3. The measurement of inventory costs (order, holding, stockout) 

 4. The methods used to record and account for items 

 5. The methods for receipt, handling, storage, and issue of items 

 6. The information procedures used to report exceptions 

 (Tersine 1994) 

 

Also Zomerdijk and Vries (2003) argument that the approaches for controlling inventory 

which are based on mathematical models or assumed situations are indeed useful for 

parameter determination but doubtful in solving inventory problems in practice. Nevertheless, 



an overview about the different control systems provided by literature will be the basis for 

further explanation.  

3.5 Inventory Control Systems 

This subchapter is in particular important for the later results chapter. Figure 6 will 

demonstrate the position of this chapter in the research strategy. 

 

Figure 6: Chapter 3.5 in the research strategy 

An inventory control system has the main purpose to find the perfect balance between the 

holding costs of stock and the service level needed by the customers. Main tasks by finding 

this balance are to define the quantity of items that are hold in stock and to make a decision 

when to place an order (Rushton et al. 2006). 

Tersine (1994) gives an overview about the most used control systems for inventory control. 

He classifies the systems according independent and dependent demand as a first step. Also 

Hill (2000) and Orlicky (1994) agrees to this approach by arguing that the customer demand 

is the starting point for managing and controlling inventory. 

3.5.1 Independent vs. dependent demand 

Independent demand is linked with end items which are sold directly to the customer. Models 

for independent demand are used in cases where the customer demand or another external 

demand influences the demand of an item and defines a level for the inventory of finished 

goods (Boyer and Verma 2010). An independent demand is thus free from any influence of 



the demand of other items (Hill 2000). Dependent demand on the other side describes items 

which are materials or components for producing the end items. The dependent demand can 

be deviated from the production planning for the end items (Tersine 1994). Since this 

Master’s Thesis is focused on inventory within the distribution network respectively finished 

goods inventory (FGI), inventory control models for dependent demand will not be explained 

further here. 

The author of this Master’s Thesis sees additionally to this first classification more factors 

important to classify inventory control models. The demand rate and the nature of demand 

have also a significant influence to the decision of inventory control models. Roy (2005) 

makes a distinction in the nature of demand into known and constant demand which results in 

deterministic models and random, variable demand with a probability distribution which 

results in probabilistic models. The following paragraph will explain the two terms 

deterministic and probabilistic. 

3.5.2 Deterministic vs. probabilistic 

Models which belong to deterministic are characterized by known and fixed parameters and 

variables in advance. In particular the demand is known with certainty, can be calculated with 

certainty or is assumed to be known. The general aim of these deterministic models is to give 

a concrete number for the amount of items which have to be ordered or a concrete time when 

it is necessary to order. This can be seen out of a manufacturing point of view (order from a 

supplier) or out of a distribution point of view (order from a higher echelon). Deterministic 

models are based on some assumptions to make an analytical work possible and to simplify 

the process of finding the optimal order quantity (economic order quantity). Basically, for this 

process are the demands, the inventory costs and the lead times needed. At this juncture are 

the assumptions made that the demand rate and inventory costs are known and constant and 

the replenishment lead time is constant and not influenced by the demand. In spite of these 

assumptions are these deterministic models seen by Tersine (1994) as adequate to work with 

inventory issues. A probabilistic or better known as stochastic inventory control model 

considers demand which is not known. The demand will be described in this case with help of 

probability distributions. The stochastic models use often a target service level which dictates 

how well the uncertain demand should be satisfied (Ghiani et al. 2004).  

After the nature of demand as deterministic or probabilistic is explained the demand rate 

should be mentioned also. The demand rate is divided by Roy (2005) into constant demand 



for each period and variable demand. Constant demand is expressed as static, variable 

demand instead as dynamic. For the further development of a framework will the demand rate 

not be considered since a dynamic demand rate is transferred in practice by using statistical 

distributions into a static demand rate. Table 2 summarizes this classification. 

 

Table 2: Demand rate and nature of demand (Roy 2005) 

Additional to the influence of the demand on the inventory control systems the approach of 

how to observe the current stock position determines these systems. There are two ways of 

observing: the continuous review and the period review systems. 

3.5.3 Continuous review / fixed order size system 

An inventory control model can be realized in the form of a fixed order size system. This 

system is also known as quantity based system or fixed order quantity system (Q-system). In 

this system is the stock level continuously monitored, hence also sometimes referred to as 

continuous review system. If the stock falls after a transaction under a special level which is 

called the reorder point a fixed amount of items gets ordered. The amount is fixed since the 

system is based on the assumption of known and constant demand (Tersine 1994). The time 

until orders have to be done is dependent of the demand for the item and is hereby not 

constant (Hill 2000). In a continuous review system the order size Q and the reorder point R 

have to be determined (Tersine 1994). 

The following figure shows the principle of the fixed order size system. 



 

Figure 7: Principle of fixed order size system (Tersine 1994) 

 

3.5.4 Periodic review/ fixed order interval system 

The systems which count to the fixed order interval system are also known as fixed-order 

period system (P system) or periodic review system. Since the basic principle is to review the 

stock in special periods the reorder quantity is not fixed. The reorder quantity is rather 

dependent of the needed amount to refill the actual stock until a predetermined inventory 

level. This inventory level has to suffice until the next periodic review is done (Hill 2000). In 

these periodic review systems the fixed review period and the maximum inventory level have 

to be determined (Tersine 1994).  

The following figure describes the process during the periodic review system. 



 

Figure 8: Principle of periodic review (Tersine 1994) 

Furthermore inventory models can also vary between their general fields of usage. According 

to the distribution network explained in chapter 3.1.1 the models differ when they are used in 

single-echelon networks or in multi-echelon networks. 

Following, inventory control systems used in single-echelon distribution networks will be 

explained first. For a better understanding they will be divided into models appropriate for 

deterministic and stochastic demand situations. After this, possibilities for multi-echelon 

networks will be explained. 

3.6 Inventory Control Systems for Single-Echelon Distribution 

Networks 

The inventory control systems which are explained under this classification are mainly used 

in single-echelon distribution networks. Inventory control models which are used for a single-

echelon control policy will provide answers to the general questions of inventory management 

which are: How much to order and when to order. Hausman and Erkip (1994) explain a 

single-echelon inventory control system as situations when a SKL at the lowest echelon can 

decide about their own stocking policy based on their demand situation without considering 

any relationships with other SKLs on the same echelon or a SKL on the next higher echelon. 

Axsäter (2006) arguments that single-echelon systems are easy to implement and used (in 

adapted form) also to control inventory in multi-echelon systems in practice. 



3.6.1 Deterministic models with continuous review 

Like already mentioned in chapter 3.5.3, in a continuous review system it is necessary to 

define the order quantity Q and the reorder point R. A possibility for determining the fixed 

order quantity Q is by calculating the Economic Order Quantity (EOQ). 

3.6.1.1 Economic Order Quantity EOQ 

The Economic Order Quantity (EOQ) belongs to the deterministic models for independent 

inventory systems. This model aims to find a quantity of items which result in the lowest total 

costs (Hill 2000).  

Muckstadt and Sapra (2009) describes the EOQ model by explaining the underlying 

assumptions for this approach: 

- The demand rate λ is known and constant. This theoretical assumption is seldom 

appropriate in practical application but sufficient when demand does not vary 

extremely over the time. 

- Fixed costs K occur for each order. Furthermore, the holding cost rate I, expressed as 

costs to stock one unit per year per dollar invested in inventory, has to be considered. 

This leads to stockholding costs per period expressed by multiplying I with the unit 

purchasing cost C. 

- The lead time τ is deterministic and known. This is the timespan between placing an 

order and its receipt. 

- All these parameters are fixed during the time; this time is open-ended (infinite 

planning horizon) and there is no delay when satisfying demand 

Axsäter (2006) adds to these assumptions that continuous ordering is assumed. This means 

that an order can be made whenever wanted or needed. Models which consider this 

assumption are called continuous review models. In the other case, if it is only allowed to 

make an order after defined periods and the on-hand inventory is reviewed also after this 

period, are these models called periodic review models. 

Following figure shows the simplest form of a replenishment model. The basic questions 

which are answered by this EOQ model are how much to order (order quantity Q) and when 

to order (reorder interval T). The reorder interval, also known as cycle length, describes the 

timespan between two points in time when orders are placed. In this simplest form of a 

replenishment model the inventory is just sufficient until the new order is received. In this 



case is the reorder point (R) similar to the inventory position zero. An inventory policy that is 

based on this principle is also known as (r, Q) policy since a constant quantity Q is ordered as 

soon as the reorder point R is reached, see the following chapter about the (r, Q) policy. In 

literature it is common to use the small letter r in the bracket for (r, Q). Nevertheless, this 

small letter has the meaning as reorder point which is in figures normally used as capital letter 

R. In this Master´s Thesis is the reorder point described with the capital letter R while it is 

described with a small letter r if the bracket description is used. 

 

Since the aim of the model is to find the optimal quantity for the lowest costs it is necessary to 

formulate a function for the costs. To do so the following parameters are repeated: 

λ : demand rate 

K: fixed cost for an order 

Q: order quantity 

C: purchasing cost per unit 

I: holding cost rate 

 

The function which describes the complete costs consists of three parts. The first one is the 

total purchasing cost per period, caused by the purchasing cost per unit and the amount of 

units needed per period (demand rate). 

 

1. Total purchasing costs = C * λ 

 



The next part is the total annual average costs of placing orders which are caused by the fixed 

costs per order and the amount of orders made per period. The amount of orders made per 

period can be calculated by dividing the demand rate by the order quantity. 

 

2. Total annual average cost of placing orders = K * (λ/Q) 

 

The last part is the annual cost of holding inventory caused by the holding cost rate as factor 

of the purchasing cost per unit and the average demand held in stock. The average demand is 

assumed to be the half of the order quantity since the assumption of a constant demand rate 

leads to constant order quantities. 

 

3. Annual costs of holding inventory = I * C * (Q/2) 

 

Therefrom, the complete costs are a function conditioned by Q: 

f(Q) = 1 + 2 + 3 = C * λ + K * (λ/Q) + I * C * (Q/2) 

This coherence makes it evident that the order quantity influences the complete costs in two 

divergent ways. If the order quantity is high fewer orders will be necessary and the fixed costs 

will be lesser. This is an argument in cases where the fixed costs are particular high for an 

order. But in cases where the holding cost rate is rather high it seems to be more efficient to 

order more often in smaller quantities to hold the annual costs of holding inventory on a 

minimum. An optimum for the order quantity can be found by differentiating f(Q) with 

respect to Q: 

 

 

Q opt is hereby the economic order quantity (EOQ). The different single cost properties are 

displayed in the following figure (Muckstadt and Sapra 2009).  



 

Figure 9: Single cost properties and EOQ (Muckstadt and Sapra 2009) 

To repeat again, in a continuous review system the two parameters order quantity Q and 

reorder point are needed. After explaining a possibility to define the order quantity Q in a 

deterministic demand situation the reorder point R can be explained. When controlling 

inventory with help of these two parameters the underlying principle is also often referred as 

(r, Q) policy. 

3.6.1.2 (r, Q) policy 

When the (r, Q) policy for inventory control is used a reorder point R has to be determined. 

Whenever an order occurs in such a (r, Q) policy the stock has to be checked if it is still above 

or under this reorder point R. In the event that the stock level falls below the reorder point a 

predetermined and fixed order quantity Q will be ordered. This order quantity Q can be the 

EOQ or it can be determined by fixed rules like for instance to order the half of the yearly 

demand. If the occurred demand caused an extremely low inventory level it can be necessary 

to order more than one order quantity Q. This situation leads to the term (r, nQ) policy in 

which n order quantities Q are ordered to come at least above the reorder point R (Axsäter 

2006). The following figure explicates the inventory course with a (r, Q) policy. After the lead 

time (known and constant) the full amount of ordered items (Q) will arrive. In the theoretical 

case, the stock between R and zero is sufficient to cover the lead time. Since the stock is just 

now zero when the order is received, the stock will increase until Q. This leads to the 

calculation for the average inventory as (Q+0)/2. 



 

Figure 10: Principle of (r,Q) policy 

Reorder Point 

Winston (1997) gives a definition for the reorder point as following: 

“The inventory level at which an order should be placed is the reorder point”  

Since deterministic demand is assumed the reorder point R is similar to the demand which 

occurs during the lead time. The lead time demand can be calculated by multiplying the 

demand rate with the lead time:  R = λ * τ  

3.6.2 Deterministic models with periodic review 

In the chapter about periodic review (chapter 3.5.4) it was mentioned that the two parameters 

review period T and maximum inventory level E are needed. To find these parameters the 

same approach like in the EOQ can be used. The economic order interval (EOI) can be found 

by finding the minimum of the annual costs. 

3.6.2.1 Economic order interval EOI 

At first, the complete cost function for all costs which occur has to be set up. These total costs 

consist of the purchase cost, the order cost and the holding cost (Tersine 1994). 

Total annual cost = purchase cost + order cost + holding cost 

The formula used for deriving the total cost for the EOQ can be transformed to be depending 

on T – the order interval. 

f(Q) = C * λ + K * (λ/Q) + I * C * (Q/2) 

(λ/Q) describes the amount of placed orders per period and can also be expressed as 1/T. The 

order quantity during the fixed order interval can be expressed as Q = λ*T. By using these 

definitions the total annual cost formula looks like this: 



f(T) = C * λ + K / T + I * C * (λ*T /2) 

λ : demand rate 

K: fixed cost for an order 

T: order interval 

C: purchasing cost per unit 

I: holding cost rate 

 

Like this formula shows the total cost function is dependent of the order interval T. Hence, to 

find the minimal costs it is necessary to set the first deviation with respect to the order interval 

T to zero: 

 

This leads to the economic order interval EOI: 

 

The second parameter, the maximum inventory level E can be determined by considering that 

E must be sufficient to cover demand during the order interval T and additional during the 

lead time τ. 

E = λ*T + λ*τ = λ (T+ τ) 

3.7 Stochastic models 

Seeing the demand as deterministic is in the most cases rather an assumption than reality 

since in the most practical cases it is not appropriate to see demand as known in advance. 

Instead is it necessary to consider a demand which is variable between different time periods 

and not known in advance (stochastic demand). If so, the main difference compared to 

deterministic models is that an anticipated demand is used and the mean and standard 

deviation of the demand during lead time has to be calculated. Inventory control models for 

stochastic demand try to consider this stochastic demand by creating forecasts and building 

safety stocks to secure a target service level in cases when the real demand exceeds the 

forecasted or average demand, see figure 12 (Vohra 2007).  



 

Figure 11: Need of safety stock (Vohra 2007) 

According to literature the following four inventory control models can be differentiated. 

They can be divided into models which follow a periodic or continuous review and in models 

which use constant order quantities or variable order quantities. This is expressed in the 

following table. Since the (r, Q) policy is the one which is widely used for inventory control 

(Federgruen and Zheng 1992) under stochastic demand it will be explained in more detail 

compared to the other three models. 

 Periodic review Continuous review 

constant order quantity (t, Q) policy (r, Q) policy 

variable order quantity (t, S) policy (s, S) policy 

Table 3: Inventory policies for stochastic demand situations (Alicke 2005) 

3.7.1 Continuous review / constant order quantity (r,Q) 

The (r, Q) policy like described already for determinist demand can be also used for situations 

with stochastic demand. It differs from the (r, Q) policy for deterministic demand by using a 

probabilistic distribution for the demand. The most used probability distributions are the 

Poisson and Normal distribution (Axsäter 2006). Since Alicke (2005), Vahrenkamp (2005), 

Teunteret al. (2009) and Vohra (2007) argument that the normal distribution fits in the most 

cases of stochastic demand the proceeding under poisson demand will not be explained 

further. 

Axsäter (2006) explains the proceeding for a (r, Q) policy under stochastic demand with help 

of statistical, density and distribution functions. Since this Master’s Thesis has the purpose to 

be usable on an operational level the complex derivation of each used statistical and 

distribution function is not explained. This can be read up in various books about statistics. 



In a stochastic demand situation in general is it not possible to guarantee a delivery capacity. 

It has to be balanced between inventory level and delivery capacity which is expressed as 

target service level. To have items available in stock the inventory level in the beginning of a 

period has to be sufficient to cover the estimated demand during this period. The target 

service level expresses with which probabilty the delivery capacity has to be reached. 

Furthermore, history data like the sales quantity of the last year is used to determine the 

distribution of the demand. The parameter  describes the mean and  

the standard deviation of the demand during leadtime. These parameters are used to 

determined the necessary inventory level to secure a predetermined target service level. 

Ballou (1992) explains the calculations of  and . They result by using the distribution 

for a single period’s demand and converting it into the duration of the leadtime. While the 

mean of demand during lead time can be calculated by just multiplying the mean of demand 

for an observed period with the lead time the standard deviation has to be multiplied with the 

square root of the lead time to get the standard deviation of demand during leadtime. 

As soon as the safety stock is known the reorder point R can be calculated by R = SS + . 

The safety stock is described with the formula SS = k *  

This formula describes that the safety stock is calculated as a multiple of the standard 

deviation of deman during leadtime. The multiple is called safety factor k and depends on the 

used defintion of the target service level. 

If a α-SL is used the safety factor k can be calculated directly out of the normal distribution. 

In the case of a symmetric demand distribution is the occurance of demands higher and lower 

than the average exactly the same. If no safety stock is used the service level would be 50 

percent since only forecast errors are in interest which exceed the predicted mean of the 

demand. This situation is displayed in figure 13. If instead a safety stock is used wich 

corresponds to the amount of one standard deviation (k = 1) the service level would be 84,13 

percent, see figure 14. Based on this it is now possible to find for each given service level the 

fitting service factor k by using the inverse standard normal distribution. Is the service level 

instead not defined as the percentage of the amount of replenishment cycles without stockouts 

(α-SL) but as percentage of demand which can be satisfied directly from inventory on-hand 

(β-SL) it is more complex to calculate k. Under the β-SL it is necessary to use Brown’s 



service function  with the lot size Q, standard deviation during leadtime σ´and the 

β-SL (Delhoum 2008). 

 

Figure 12: Service level = 50 % 

 

Figure 13: Coherence between normal distribution and service level (Delhoum 2008) 

The two different appraoches for calculating k will be exemplified in the description of the 

explicit inventory control model, see chapter 5. 

3.7.2 Continuous review / variable order quantity (s,S) 

A (s, S) inventory policy is defined by the parameters reorder point s and the maximum 

inventory level S. The principle behind this policy is that an order will be placed as soon as 



the inventory level is below s. If continuous review is practiced and the inventory level after a 

withdrawal is exactly s, the (s, S) policy is equal to the (r, Q) policy with r = s and Q = S – s 

(Axsäter 2006). But since demand is stochastic and normally the order size is bigger than one 

item the reorder point s is seldom met exactly. The (s, S) policy will lead to an order as soon 

as the on-hand inventory is below s and the order size will be sufficient to bring the inventory 

until S. The order quantity is hereby defined as S – (on hand inventory) (Shenoy et al. 2005). 

 

Figure 14: (s,S) inventory policy 

 

3.7.3 Periodic review / variable order quantity (t, S) 

This policy is a version of the already explained (s, S) policy. The difference is the review 

period t at which the stock level will be checked. If at such a review moment the stock level is 

below the reorder point s an order will be placed. The order quantity is hereby sufficient to 

reach the order-up-to level S (Moors and Strijbosch 2002). In retail it is often found that a (t, 

S) policy is used and orders up to S are also placed without reaching the reorder level s. 

Normally this is done when salesmen only occur at fixed dates (review periods). 

 

Figure 15: (t, S) inventory policy 



3.7.4 Periodic review / constant order quantity (t, Q) 

The (t, Q) inventory policy which is in literature also found as (r, s, Q) policy is the inventory 

position observed after constant review periods t. If the current inventory level is below the 

reorder point s and order with size Q will be placed to bring the inventory on a level between 

s and s+Q. The disadvantage of this policy is that a quite big safety stock (or the reorder level) 

is necessary to avoid stockouts (Janssen et al. 1998). 

 

 

Figure 16: (t, Q) inventory policy 

3.8 Inventory Control Systems for multi-Echelon Distribution 

Networks 

Instead of ignoring the structure of the distribution network and the correlation between the 

different SKL’s do the systems for multi-echelon inventory control consider these. They use 

centralized information which is handled in a central unit to take advantage of the network 

structure by taking costs and inventories at all SKL’s into account. The disadvantage of multi-

echelon inventory control systems is the need to transfer data from all SKL’s to the central 

unit what results in extra costs and the control policy itself which is very complex compared 

to a single-echelon control system (Axsäter 2006). Since the structure and correlation between 

the SKL’s are considered inventory control cannot be done separately for each location. This 

means that the determination of safety stock and reorder points are depending of more factors 

compared to the single-echelon distribution network. In general it is crucial to find an optimal 

level between stock which is held before and after the SKL in focus. For instance, if a central 

warehouse is equipped with a large safety stock it is in the most cases not necessary to hold a 

safety stock at the retailers additionally. Questions which arise in such a situation are how 

much total system safety stock is needed and where in the distribution network should the 

safety stock be hold.  



3.8.1 DRP 

Lysons and Farrington (2006) describe Distribution Requirements Planning (DRP) as “an 

inventory control and scheduling technique that applies MRP principles to distribution 

inventories”. Instead of considering demand as independent for each SKL, DRP handles only 

demand at a SKL which faces customer demand directly as independent and demand of all 

higher echelons is dependent of this customer demand. The Distribution Requirement 

Planning (DRP) follows a time-phased order point (TPOP) logic. This TPOP logic, which is 

similar to the MRP logic used for dependent demand, is used in the area of dependent demand 

in a distribution milieu. The base of the TPOP logic is the time-phasing of the demands in the 

future time horizon by generating a complete schedule for all planned orders. In detail, the 

TPOP logic leads to an order as soon as the net requirement seems to be as high as a specific 

safety stock is undercut. At this juncture, the net requirement is defined as the difference 

between the gross requirement added to the safety stock and the planned receipts added to the 

items in stock of the previous period: 

Net requirement = (gross requirement + safety stock) – (planned receipts + previous period’s 

items in stock) 

The gross requirement is given by the forecast for an item on the lowest echelon. The point of 

time when the net requirement falls below the safety stock is also the point of time when the 

planned order has to arrive. From this receipt date is the lead time for the order subtracted and 

the result is the planned order release date. This allows an overview about release and receipt 

of each order within the planning horizon. Furthermore, the dates when orders are needed are 

successive controlled. This allows rescheduling dates until the order is finally sent. As an 

advantage out of this, TPOP can handle forecast errors and variation in demands very good 

while holding stock level low (Martin 1995). 

3.8.1.1 TPOP vs. fixed order size system / fixed order interval system 

Like already mentioned, in a fixed order size system are the orders predetermined by a 

specific reorder point. When this reorder point is touched an order is executed. The 

disadvantage by acting so is that there is always a specific quantity of items in stock also 

when they are not needed. Additionally it is difficult to work under time-varying demand. 

TPOP instead allows to have a visibility about the orders as far as the planning horizon goes. 

This allows seeing when an order has to be made and it can also show if it is necessary to 

reschedule the orders. Due to the foresight it is possible to adjust the present according to 



changes that occur in the future instead of just reacting to actions that already happened in the 

past. Since the TPOP logic does not follow the reorder point system’s assumption that 

demand is even. Instead it works with time-varying demand by using forecasts which can 

vary between the different planning periods. The fixed order interval system considers indeed 

time-varying demand by refilling stock until a predetermined level but there is no visibility 

into the future given (Tersine 1994). 

3.8.1.2 Principle of DRP 

The distribution requirements planning is a plan for the replenishment of finished goods in a 

distribution network. This time-phased system is similar in its approach to the material 

requirements planning system and can be seen as continuation of this. The distribution system 

for physical inventory is linked with the manufacturing planning by defining the demand of 

finished goods within specific time periods. In contrast to DRP, in which the real customer 

demand is the influencing factor, MRP is influenced by the production schedule. According to 

the above given differentiation between independent and dependent demand the DRP works 

with independent demand whereas MRP works in the area of dependent demand. DRP 

schedules the movement of the independent demand (finished items) from the manufacturing 

and all the steps in between to the end customer (Wisner et al., 2009). 

To do this, DRP needs input in form of sales forecasts for each SKL and for each item, 

current and future customer orders, on-hand inventory for each SKL and for each item, lead 

times (transport and manufacturing) and mode of transport, safety stocks for each SKL and 

each item and minimum quantity which has to be distributed for each item. This input is 

needed to support the logistics strategy by generating a time-phased model. This time-phased 

model shows which item is needed, where and when and in which quantity. Furthermore, it 

shows which inventory costs for each SKL will result and how much is needed to order from 

a supply SKL. This required amount will be compared with the on-hand inventory at the 

supply SKL and the future situation of this SKL (Martin 1995). 

Like mentioned above, input information for the DRP approach are the safety stock and 

reorder points. But it is not mentioned how to calculate the safety stock in a multi-echelon 

system. The model of Clark and Scarf (1960) presented in Axsäter (2006) is termed as best-

known technique to calculate safety stocks for multi-echelon systems. Another classical 

approach to determine the parameters especially for distribution networks is invented by 



(Sherbrooke 1968) and termed as METRIC. Due to the restrictions of this Master’s Thesis 

these extensive models cannot be explained further. 

4 Result: Framework 

In this chapter is a framework for inventory control presented. This framework is generated 

on basis of the information found in the literature review. In an overall view about inventory 

control can this framework be seen as a rough model to find the fitting inventory control 

model for a given situation. Together with the literature review it allows practitioners to 

compare their situation to the explained classification possibilities. This framework will be 

used do demonstrate the situation in the case company in a subchapter of this chapter.  

The framework is the result for the second research objective:  

2. Combine these models into a framework for inventory control models 

Figure 18 is used to display the current position (highlighted in red) in the research strategy of 

this Master’s Thesis. 

 

Figure 17: Chapter 4 in the research strategy 

 



With help of the information found while carrying out the literature review it was possible to 

create a structure for the framework, see figure 19. 

 

Figure 18: Inventory control framework 

The first step to divide demand into dependent and independent demand is corresponding to 

various literatures about inventory control [see for instance, Tersine(1994), Hill (2000) or 

Tinarelli (1983)]. Since dependent demand is not in focus of this Master’s Thesis a further 

classification is not given here. Nevertheless, Materials Requirements Planning (MRP) is a 

well known approach to handle dependend demand. Independent demand instead can be 

divided further according the distribution network. There are models to control inventory in 

single-echelon networks or approaches to control inventory in multi-echelon networks. 

Additionally it is possible to allocate models for single-echelon networks according their 

demand predictability and their review frequency. Whereas models in deterministic situations 

can be handled relative easy since the situation is known models for probabilistc demand 

situations are more complex. The four most used inventory control models for probabilistic 

demand situations in practice are the (t, Q) and (t, S) policy for periodic review and the (r, Q) 

and (s, S) policy for continous review (Alicke 2005). Since a (t, Q) and a (t, S) policy consider 

changes in the inventory level only after a predetermined review period t these policies are 

only trustful under constant demand conditions. Whereas the (t, S) policy can react a little bit 

to variable demand by ordering up to the limit S especially the (t, Q) policy can cause 



stockouts by ordering the same orderquantity Q after the review period t. The advantage of a 

(t, Q) policy is indeed the almost not existing effort for controlling inventory but due to the 

significant disadvantages of high stockout risks or high holding costs it is seldom used in 

practice (Schiemenz and Schöner 2005). Since constant demand is found in practice often 

only when a company produces finished goods under a frame contract, e.g. suppliers of 

automotive parts, these two policies are less interesting in this Master’s Thesis. The (s, S) and 

(r, Q) policy are usable to handle variable demand by reviewing the inventory level 

continously. Whereas the (s, S) policy orders up to a maximum inventory level S when a 

reorder point s is reached the (r, Q) policy orders a fixed quantity Q when the reorder point r 

is reached. Muckstadt and Thomas (1980) arguments that (r, Q) policies are used very often in 

practice and in the most cases they lead to optimal operating policy parameters. This 

statement is supported by Federgruen and Zheng (1992) by saying “[…] (r, Q) policies are 

widely used in inventory systems with uncertain demands and lead times. For single item 

inventory systems under standard assumptions, it is well known that an optimal policy exists 

within the class of (r, Q) policies”. Lee and Nahmies (1993) mention that according their 

experience out of practice it is very common to use a continous review model and to calculate 

the control parameters like lot size and reorder point on a periodic basis instead of using a (s, 

S) policy. These parameters are based  in a probabilistic demand situation on the mean value 

and standard deviation of the newest history demand by using any kind of forecast technique. 

Like the case study will show makes the case company also use of the (r, Q) policy to control 

their inventories, see chapter 4.1.1. 

For independent demand in multi-echelon networks is distribution requirements planning an 

approach which can be found in literature (see Wisner et al. 2009, Martin 1995 and Chrwan-

jyh and Carter 1994). While the supporters of DRP see in the development of time-phased 

replenishment plans for each SKL by considering the whole distribution network structure big 

advantages there are also some disadvantages. First of all there is a hughe amount of 

information necessary to use DRP. Especially in a distribution network with a lot of different 

SKLs which are also spread over the whole world it is very time consuming and expensive to 

gather all these information in a continous way. To make this information transfer possible all 

SKLs have to be linked to a kind of information transfer software which causes high costs and 

a long implementation time. Yoo et al. (1997) see in the considering of the whole network 

structure a problem under probabilistic demand. According to them it will be complex to 



predict dynamical inventory level changes, order points or the inventory quantity of 

distribution centers since all distribution centers (or SKLs) are dependent on each other. 

Like already mentioned is it also possible to control inventory in a multi-echelon system by 

using inventory control models developed for single-echelon situations (Axsäter 2006). Also 

Hausman and Erkip (1994) agree to this approach by arguing that its common in practice to 

use single-echelon inventory systems in multi-echelon situations due to easier organizational 

control and simplicity of managerial authority. Chiang and Monahan (2003) refer to Hadley 

and Whitin (1963) when mentioning that the adaption of systems for single locations for a 

multi-echelon problam reduce the complexity and intractability of such a problem. 

4.1 Framework used for the case company 

The above displayed framework to find the appropriate inventory control model for a given 

situation in practice has been tested for the conditions of the case company. Therefore, the 

case company will be explained in the following paragraph. This test is the result for the third 

research objective:  

3. Test the framework with help of the case company 

Compared to the research strategy, figure 20 shows where this chapter can be located.  

 

Figure 19: Chapter 4.1 in the research strategy 



 

4.1.1 The case company 

The empirical research was done in a big global acting company which produces mining and 

construction equipment for customers all over the world. The company with approximately 

2.200 employees belongs to a global corporate group with 33.000 employees and production 

sites in 20 countries The global corporate group is split into three business areas whereof the 

business area the case company belongs to had revenues of MSEK 29.156 in 2010. Due to 

their customers worldwide the company owns a multi-echelon distribution network for FGI 

consisting of product companies (PC’s), distribution centers (DC’S), customer centers (CC’s), 

in some cases branch offices (BO’s) and SKL’s as consignments stocks directly at the 

customers. The following figure will display the possible distribution structures within the 

case company.  

 

Figure 20: Distribution network of the case company 

By using the developed framework to classify inventory and demand for the case company 

the following figure is the result. 



 

Figure 21: Framework in the case company 

The case company distributes finished goods which face independent demand in a multi-

echelon network. Since this network consists of many different SKLs all over the world it is 

obvious that a DRP approach would require enormous effort to get the needed information in 

a central department concerned with inventory control. Instead, the case company uses the 

approach to consider the different SKLs as single-echelon structures. This approach can be 

justified since also various literatures mention this way of controlling inventories in a multi-

echelon network (e.g. Axsäter 2006, Hausmann and Erkip 1994). Federgruen and Zheng 

(1992) mention directly that in practice a lot of multi-echelon networks are controlled by 

using a (r, Q) policy for each SKL. The demand situation is clearly probabilistic since 

independent end customers are placing the orders for different items. The different SKLs 

make use of a continuous review and place an order for a quantity Q as soon as the reorder 

point r is reached. How the specific parameters like lot size Q, buffer stock or reorder point r 

will be determined in practice will be explained in detail in the following chapter. 



 

5 Result: Explicit inventory control model 

After the situation of a company is classified and an appropriate inventory control model is 

found with help of the framework an in-depth description for how to control inventory on an 

operational level is shown next. This explicit description is given for the specific inventory 

control model – the (r, Q) model – of the case company.  

This current model is explained in detail and possible improvements will be given at the end 

of this chapter. This explicit explanation deals with the last research objective:  

4. Explain the current inventory control model used by the case company on an 

operational level to demonstrate inventory control explicit and give some 

improvement possibilities for this current model. 

Also this chapter is displayed with help of a figure in coherence to the research strategy of 

this Master’s Thesis. 

 

Figure 22: Chapter 5 in the research strategy 



 

5.1 Explanation of the existing inventory control model (excel-

based) 

In general does this model use the input-data of a customer center (CC) and provides based on 

some boundary conditions the lot-size (LZ), safety stock (SS) and reorder point (R). The LZ 

is determined by the value of annual usage (VAU) class and the predetermined rules for each 

VAU class (e.g. yearly demand / 24 for A items). The SS is calculated on base of the 

following formula: ; LT = lead time; k = service factor;  = standard 

deviation of the demand. When SS is known, R can be calculated by: R = SS + µ´; µ´ = mean 

demand during lead time which is calculated by:  

The following figure displays the process flow in this model. The author of this Master´s 

Thesis created this process flow based on his practical work for the case company.



 

 

Figure 23: Process flow of current model



The model is built in Excel and consists of seven sheets. The sheet “CC ERP input” contains 

the data out of the ERP system of the single customer centers (CC). The CCs provide data like 

stock location, supplier, part number, current standard costs, stock quantity on hand, current 

minimal level (R), current lot size, transport lead time, orderliness (amount of orders) and past 

sales quantities of the last twelve months. [IMPROVEMENT 1, see chapter 5.1.2] 

Some of these data are copied into the sheet “Data” in which following the calculation of 

some parameters as well as the aspired prospective lot size and reorder point (column: min 

level if stocked) is done. By doing so the two main questions of inventory control are 

answered: When to order and how much to order. 

Furthermore, the value of annual usage (VAU) is calculated by multiplying the unit cost of an 

item with its yearly demand. Next, this VAU is compared with predetermined boundaries for 

VAU which are defined in the sheet “Matrix”. The result is a classification into A, B or C 

items. Additionally provides this table the determined target service level for each VAU class. 

This approach to define identical inventory control parameters, e.g. the service level, for item 

groups is very practical and very common in the most companies (Axsäter 2006, Lenard and 

Roy 1995). [IMPROVEMENT 2, see chapter 5.1.2] 

VAU class

VAU upper 

boundary

Target 

service 

level

A 99 999 999 0,85

B 130 000 0,87

C 35 000 0,90

Total  

Table 4: Target service level allocation 

Additionally to the ABC analysis a kind of a XYZ analysis is done by defining picks classes 

for each item. These picks classes which vary between 0 for no order and 4 for orders 

between 10 and 9999999 are also defined in the sheet “Matrix. The column “picks class” in 

the sheet “Data” compares the orderlines per item with these boundaries and displays the 

appropriate picks class number. [IMPROVEMENT 3, see chapter 5.1.2] 



Stocking Policy 

Matrix; Picks class / 

VAU class A B C

Picks 

upper 

boundary

Sum of 

order lines

0 1 #NV

1 5 #NV

2 1 7 #NV

3 1 1 1 10 #NV

4 1 1 1 9999999 #NV

Sum of order lines #NV #NV #NV #NV

Order lines covered #NV #NV #NV  

Table 5: Inventory policy matrix 

The sheet “Matrix” defines also a stocking decision about whether to stock or not to stock an 

item. This is done by predetermining the stocking decision in coherence to all possible VAU 

and picks classes. 

VAU and 

PC Table

A A0 0 0

A A1 1 0

A A2 2 0

A A3 3 1

A A4 4 1

B B0 0 0

B B1 1 0

B B2 2 0

B B3 3 1

B B4 4 1

C C0 0 0

C C1 1 0

C C2 2 1

C C3 3 1

C C4 4 1  

Table 6: Stocking policy 

The column “EoD per month” shows the estimation of demand per month, calculated by 

dividing the yearly demand by 12 months.  

The lot size is determined with help of predetermined rules for each VAU class. The column 

“lot size” compares the VAU of an item with the VAU boundary found in the sheet “Matrix”. 

Each VAU class has a rule for how to build the lot size. Items with VAU class A have to be 

ordered with a lot size of the yearly demand divided by 24, VAU class B in a lot size of yearly 

demand divided by 12 and VAU class C divided by 6. These rules were chosen out of 

experience. [IMPROVEMENT 4, see chapter 5.1.2] 

The column “lead time” calculates the lead time for an item in two cases. If the column “SAC 

Fagersta” (Stock availability code) shows that an item is not held in stock the lead time results 

out of the production lead time and the transport lead time by air or sea shipment which can 



be found in the sheet “manual input”. If the item is held in stock only the transport lead time 

will be considered as lead time. With help of a product code (PGC) for each item the 

appropriate lead time (either sea or air transport) can be found in these tables:  

PGC

Transport 

lead time by 

air (month) PGC

Transport 

lead time by 

sea (month)

280 350

281 351

283 360

284 361

286 362

… …  

Table 7: Transport lead times 

To calculate the buffer stock according to the formula   , the service factor k 

and the standard deviation  is needed. The standard deviation is calculated in the sheet “CC 

ERP input” with help of the past data of the last 12 months. In the case that the calculated 

standard deviation is zero, e.g. when no orders occurred, the fixed value 0,005 will be 

displayed. To assume the lead-time demand as normally distributed and calculate the mean 

and standard deviation is the most common approach in practice. But if items with very low 

demand or with a lot of zero demand periods occur in history data it should be considered to 

choose a Poisson or compound Poisson distribution (Axsäter 2006). Due to the restrictions of 

this Master’s Thesis the different usable distribution functions cannot be explained further. 

The service factor k can be found out of a table in the sheet “Factor K”. This table shows 

values for k which fit to a certain value of the service function. The service function which 

can be seen as stockout magnitude (or the product availability level) is given as 

  To solve this 

function the target service level is needed. The target service level is defined in the sheet 

“Matrix”, see table3. 

If the value for SF is calculated the fitting factor k can be found out of following table. The 

underlying function proves if the calculated value for SF is smaller than the second last value 

for SF in the table. If this is true, the last value for k is taken, if not the function will continue 

to compare this table upwards until the inequation is fulfilled. [IMPROVEMENT 5, see 

chapter 5.1.2] 



SF K

0,350 0,1

0,349 0,2

0,270 0,3

0,239 0,4

0,209 0,5

0,179 0,6

0,149 0,7

0,120 0,8

0,110 0,9

0,080 1

0,079 1,1

0,069 1,2

0,059 1,3

0,049 1,4

0,039 1,5

0,029 1,6

0,019 1,7

0,014 1,8

0,011 1,9

0,009 2

0,007 2,1

0,005 2,2

0,004 2,3

0,003 2,4

0,002 2,5

0,001 2,6  

Table 8: Coherence between SF and k 

After the needed parameters  and k are estimated, the safety stock can be calculated. With 

help of the safety stock the reorder point (min level if stocked) is determined. Under the 

precondition that an item will be stocked, the reorder point is calculated by adding the safety 

stock to the mean demand during the lead time. The mean demand during the lead time can be 

calculated by multiplying the monthly demand (yearly demand / 12) with the lead time. 

Finally, the average inventory value in the case of stocking an item is calculated. This is done 

by multiplying the average inventory level with the unit cost. The average inventory level is 

defined by the sum of the safety stock and the half of the lead time demand and the lot size. 

  [IMPROVEMENT 6, see chapter 5.1.2] 

The sheet “Matrix” defines the boundaries for the picks classes and for the VAU classes like 

already mentioned. Additionally it summarizes the outcome of the classification made in the 

sheet “Data” by counting the amount of parts and the VAU separated into the different VAU 

and picks classes. 

To have an overview about the change when using the inventory control parameters 

developed with help of this model compared to the current situation some indicators are 

presented. The inventory value and pieces in stock are shown for the current situation and can 



be compared to the changed values when using the new parameters. [IMPROVEMENT 7, see 

chapter 5.1.2] 

5.1.1 Example for current model 

To exemplify to principle of the described current model an example is used following. Table 

9 and table 10 show the values and the history data which are provided by the ERP system of 

the considered CC. 

Part No. Unit cost Demand p. 

year 

Orderline Current 

stock level 

Current 

stock 

value 

Min 

level 

today 

Lot 

size 

today 

4711392 199,18 455 12 77 35.035 30 n/a 

Table 9: Input data by CC 1/2; sheet “CC ERP input” 

Sales quantity of the last 12 months  

1 2 3 4 5 6 7 8 9 10 11 12  

95 49 17 53 18 101 33 12 13 12 34 18 31,37 

Table 10: Input data by CC 2/2; “CC ERP input” 

With help of these data and the made classifications for VAU and picks class the next table 

can be calculated. 

VAU Picks 

class 

VAU 

class 

Stocked EoD 

per 

month 

Lot 

size 

Lead 

time in 

month 

Standard 

deviation 

Buffer 

stock 

SF Factor 

k 

Min 

level if 

stocked 

Av. 

Inv. If 

stocked 

90.623 4 C 1 38 76 2 31,37 31 0,171 0,7 107 21.376 

Table 11: Parameter calculation; sheet "Data" 

Since the orderline value in table 8 is 12 the appropriate picks class can be found in table 4 

which leads to the classification as 4. The VAU class can be found in table 3 and leads to the 

classification as C-item. VAU and picks class combined results in the code C4 for the table 5 

which determines the stocking decision as “to stock” (value 1). Since the item is classified as 

C-item the lot size is made on the rule  . The lead time is defined according 

the PGC (not displayed in the tables above) for the item and is found in table 7. 

The target service level for this item is 0,9 (table 4). According this formula 

 the value for 



SF is 0,171. This value is compared with the values for SF in table 7 and leads to a fitting 

value for k. In this case k would be 0,7 since 0,171 is smaller than 0,179 and so the next 

smaller value for SF is taken. With k, lead time and the standard deviation the buffer stock 

can be calculated as 31 units. 

With the average lead time demand [(demand p. year /12)*lead time] and the buffer stock the 

reorder point (min level if stocked) can be calculated. In this example the reorder point would 

be 107 units. 

The sum of half of the average inventory during lead time and the lot size 

[(EoD*Leadtime+Lotsize)/2] and the buffer stock is multiplied with the unit cost to calculate 

the average inventory value. 

 

5.1.2 Improvements to current model 

This chapter provides some improvements according the above explained explicit principle of 

the current inventory control model. The headline of each paragraph fits to the note of a 

possible improvement given in brackets in the chapter above. These possible improvements 

were found by the author´s experience and knowledge gained during his studies about 

logistics and his previous work experience. Also literature was used as base for possible 

improvements. 

IMPROVEMENT 1 

The data provided by the CCs are not raw data which means that they are already prepared in 

some way. Since the ERP system of the CCs does not provide the sales quantity per months 

the data have been sorted already somehow. Any kind of prepared data instead of the raw data 

contains the risk of incorrectness in the following calculations which are based on these data 

given by the CCs. A possible improvement would be the usage of raw data directly from the 

CCs. Additionally to the avoidance of incorrectness leads this to a lower amount of work for 

the CCs. To realize the usage of raw data the current model has to be changed in a way that 

allows the input of these raw data directly. Since the raw data consist of all single orders 

which were placed during a specific period it is necessary to summarize all similar item 

numbers and their amount of orders and present them according the months in which they 

were sold. This can be solved with help of a pivot table. Especially when requesting the 

needed data from the CCs by providing them with an empty Excel sheet to get the data in the 



needed format it is not clear how these data were generated. For instance, it could be that a 

CC just provides the sales history of items which are at the current point of time physical in 

stock. But it is also possible that during the last twelve months some items were sold which 

should be stocked according the stocking policy. The current principle of requesting data from 

a CC is displayed in the following figure. 

 

Figure 24: Data request in current model 

 

To consider also these items, the author of this Master’s Thesis suggests the following 

principle for requesting data from the CCs, see figure 26. Instead of requesting data in a pre-

processed form the CC has only to provide their raw data in two Excel sheets. One is the 

“Salesreport” of the last twelve months which shows all placed orders with item number, 

quantity and date. The other sheet “Stockreport” shows the current stocked items. The results 

generated on base of the “Salesreport” can be compared with the current stocking situation. 

This allows to check how the current situation would change by applying the stocking policy 

and it considers items which should be stocked additionally due to their sales history. 



 

Figure 25: Data request of improved model 

Additionally it has to be noted that the column “orderlines” in the current model does not 

show the real amount of placed orders during the observed period. Instead it shows the 

amount of months in which orders were placed irrespective of how many orders in each 

month occurred. 

IMPROVEMENT 2 

In the current model are service levels connected to the items by classifying the items into A, 

B or C categories. The approach to classify items is especially in companies with a huge 

amount of stocked items used to make an inventory management less complex (Inderfurth and 

Minner 1998). The used classification method in the case company is the typical ABC 

method, described by Blackstoneand Cox (2008) as “The classification of a group of items in 

decreasing order of annual dollar volume (price multiplied by projected volume) or other 

criteria. This array is then split into three classes, called A, B and C”. In general is it possible 

to distinguish the classification approaches into single-criteria and multi-criteria classification 

systems. The ABC classification based on the VAU counts to single-criteria systems since the 

bottom line is that the classification is dependend on one parameter. The advantage of such an 

appraoch is clearly the simplicity (Inderfurth and Minner 1998). A multi-criteria classification 

system instead allows a classification by considering various parameters simultaneous. Due to 

restrictions of this Master’s Thesis the thematic of multi-criteria classification cannot be 

deepened further, but it should be recommended for further research. Nevertheless, two 

different multi-criteria classifications one by Teunter et al. (2009) and the other by Zhang et 

al. (2001) will be discussed in the end of this chapter. 

Due to the simplicity of single-criteria classifications it seems to be justified to use such an 

appraoch for classifying the items of the case company, especially with the purpose to have a 



simple inventory control model for practical usage. Nevertheless, it has to be mentioned that 

the target service levels are only allocated to the three different VAU classes A, B and C. The 

case company locates the highest service level (0,9) to C items and the lowest (0,85) to A 

items. This leads to the question how to locate the service levels to the item classes. Teunter et 

al. (2009) agree that also in literature a clear rule cannot be found. The underlying systematic 

used in the case company is that C items are cheap enough to stock more and the effort to 

handle stockouts is not worth so that they get the highest service level (cp. Knod and 

Schonberger 2001 in Inderfurthand Minner 1998). Nevertheless, it is possible to improve the 

item classification in the current model within the boundaries of single-criteria classification.  

In the current model is the allocation of the TSL done by using an one-dimensional appraoch. 

This means that the TSL is linked with the items by defining a TSL for each VAU class, see 

figure 27. 

 

Figure 26: One dimension TSL allocation 

While this approach to classify items according their demand value (unit cost multiplied with 

demand volume) is very common in practice (Teunter et al. 2009, Lenard and Roy 1995) 

more factors with impact on buffer stock and reorder point have to be considered. It is 

possible to consider the volatility of an item for allocating the TSL and the demand value at 

the same time. This leads to a two-dimension approach, see figure 28. 



 

Figure 27: Two dimension TSL allocation 

This two-dimension approach for allocating TSL to the item classes can be implemented in 

the existing matrix for the inventory policy, see figure 29.  

Stocking Policy Matrix; Picks 

class / VAU class

A B C

Picks upper 

boundary

minimal boundary 17 000 3 000 1

Value % Value % Value %

TSL

Stocking 

pol icy TSL

Stocking 

pol i cy TSL

Stocking 

pol i cy

0 Dont stock Dont stock Dont stock 1

1 Dont stock Dont stock Dont stock 5

2 Dont stock Dont stock 0,9 1 7

3 0,78 1 0,84 1 0,93 1 10

4 0,8 1 0,87 1 0,95 1 999999  

Figure 28: Two dimensional approach for inventory policy 

Based on the two-dimensional approach it is possible to use additional factors to create a 

three-dimensional TSL allocation. The third dimension can be described as any form of 

parameter that considers critical attributes of different items. But before coming to this, two 

approaches of multi-criteria classification will be explained. 

Multi-criteria classification 

Teunter et al. (2009) develop a parameter which is termed as cost criterion and is based on the 

aim to achieve minimal inventory cost for a specific average fill rate. The parameter is 

described with the formula , where b is the shortage cost and a value for the criticality, D 

the demand volume, h the holding cost per unit and Q the order quantity. The author of this 

Master’s Thesis sees especially in the requirement of shortage costs a barrier to use this cost 

criterion in practice. In the case company as well as in other companies, out of the author’s 



experience, is it hardly possible to define a value for shortage costs per item. This is even 

harder when a huge amount of different items are distributed over a large geographical area 

with different customers and market conditions since shortage costs can vary greatly and are 

influenced by fuzzy factors which can be seldom quantified. 

Zhang et al. (2001) develop another approach for classifying items. Based on one of their 

previous papers, see Hopp, Spearman and Zhang (1997), in which the authors derive the 

following formula for calculating the safety factor k: 

 

Due to the restrictions of this Master’s Thesis it is not possible to explain this formula further. 

The main interest in this formula lies in the relation that for higher values of  higher values for 

k and thus higher service levels will result. At this juncture stands D for the expected demand 

per period, l for the lead-time and c for the unit cost. The value of  can be used to classify 

items when the item numbers are sorted in ascending order to the value of  and the first 20% 

of items are termed as A, the next 30% as B and the rest as C (Zhang et al. 2001). Next, the 

predetermined target service levels for each class can be allocated to these items. The 

advantage of this approach is the simultaneous consideration of demand, lead-time and unit 

cost in one classification criteria. However, the author of this Master’s Thesis sees a big 

disadvantage in the loss of overview about the different influence factors. Table 12 shows that 

by using this classification approach items can be allocated to a TSL (and will be stocked) 

while they should be not stocked according the current inventory policy. This would require 

an additional decision by looking on the volatility and leads to a two-dimensional 

classification in turn. Nevertheless, the usage of such a combined classification factor could 

be proved in further research. 



 

Table 12: Comparison between Zhang's (2006) classification and the current policy 

Due to the statement above the author of this Master’s Thesis recommends to use the existing 

two-dimensional classification approach but to add an additional single criterion which could 

influence the target service level of each class by multiplying a factor. Such a criterion could 

be the amount of customers which order a specific item from a CC, the stocking decision at 

the distribution center or the lead time. For instance, the current classification by considering 

VAU and volatility allocates the target service level 0,9 to an item. Additional the raw data of 

the CC can be used to count the amount of different customers (by using the customer 

numbers) which order the same item. If an item is ordered by more than a predetermined 

number of customers an item can be termed as critical since a stockout would not only affect 

one customer but a lot of customers at the same time. To reduce the risk of this, a factor for 

this critically can be multiplied with the target service level of 0,9 to lead to a higher target 

service level in this case. This approach leads to a three-dimensional classification, displayed 

in figure 30. The assumption made for using this criterion is that the stockout of an item 

which is used by several customers leads to higher stockout cost than the stockout of items 

which are used by less or just one customer. But the importance of a customer can be argued 

against this assumption. If an item is just ordered by one customer but his customer is a very 

important one for the company a stockout will also lead to high stockout costs while it is just 

ordered by this single customer. Due to this it should be tried to compensate this by 

considering the importance of the customers, e.g. by considering their proportion of the total 

volume of sales of the CC. Otherwise the basic idea of using a three dimensional approach 

could be realized by using other factors like the lead-time. 



 

Figure 29: Three-dimensional item classification 

Axsäter (2006) gives a hint for another approach to allocate the service level to items by 

arguing “In case of long lead-times and large demand variations it may become very 

expensive to maintain high service levels”. Based on this hint it can be recommended for 

further research to use the standard deviation of the demand and the lead-time as target 

service level allocation criteria.  



 

Target service level and fill rate 

Additionally to the consideration of how to classify items and how to allocate service levels to 

these classifications it is necessary to make some thoughts about the correctness of the 

defined service level. Coleman (2006) presents a guideline to determine a target service level. 

He arguments that service levels are stipulated by the management based on experience, 

intuition or past practice for calculating the safety stock in practice. This is supported by Ettl 

et al. (2000) in Jeffery et al. (2008) by saying “ […] a common problem for asset managers is 

not knowing how to quantify the trade-off between service levels and the investment in 

inventory required to support those service levels.” 

Instead of doing so, Coleman (2006) suggests a procedure to calculate the appropriate service 

level. This procedure is based on the holding and shortage costs and the amount of events in 

which a stock-out could be possible. The exact derivation can be found in Coleman (2006). 

The formula which results out of the described procedure is following: 

 

When using this formula it has to be considered that the result will be the cycle service level 

(α-SL) which must not be mixed up with the fill rate (β-SL); what however happens quite 

often in practice according to Coleman (2006). The dangers of mixing up these two terms are 

higher safety stocks and higher costs. The formula shows that the knowledge of holding costs 

and shortage costs is necessary. In practice is especially the shortage cost not known and very 

hard to estimate. But just this estimation is seen by Coleman (2006) as unavoidable and 

necessary.  

Since the topic about determining service levels is a very deep area which is discussed in 

various scientific articles it is not possible to discuss this excessively in this Master’s Thesis. 

Further research, especially with the purpose to calculate the service level on an operational 

level, is recommended. Instead of using target service which expresses the stockout 

probability with the purpose to describe customer satisfaction it could be thought about using 

a service time. This service time can be expressed as time between a customer placed an order 

and the receipt of this order. But also by changing the proposition of the target service level it 

is necessary to define their value. 



 

IMPROVEMENT 3 

Like under IMPROVEMENT 1 already mentioned does the column “orderlines” not show the 

real amount of placed orders. Since it shows the amount of months in which orders were 

placed the definition of the picks class boundaries does not fit. The maximum amount of 

orderlines which can be reached with this systematic is 12 since the past data are about the 

last 12 months. With help of the pivot table it is possible to display the real amount of placed 

orders per month. 

IMPROVEMENT 4 

The definition of the lot sizes depending on fixed rules should be tried to be optimized in 

further research.  The current approach is to use fixed rules to calculate the lot size depending 

on the VAU class of an item. This lead to the principle that A items (high VAU) should be 

ordered in smaller lot sizes since they cause higher holding costs. The author of this Master’s 

Thesis knows this approach out of his experience from two different previous companies he 

worked for. Since fixed order costs are not known it is hardly possible to use the EOQ for 

determining the lot size. Other factors which are influenced by or influence the lot size should 

be considered. The existing approach to link the lot size rule with the VAU class could be 

influenced by the stocking situation at the DC or the transport lead time. 

IMPROVEMENT 5 

The approach to make a look up in a table to find the fitting value for k to calculate the safety 

stock is based on the usage of the fill rate (β-SL) as definition of the customer service level. 

This requires a complicated calculation and contains a double failure risk by using the 

standard deviation of the history demand in two calculations. At first the standard deviation is 

needed to solve the service function 

 and after the 

fitting value for k is found in a table the standard deviation is used again to calculate the 

safety stock  



To use the cycle service level (α-SL) instead of the fill rate (β-SL) leads to an easier 

transformation of service levels into safety stock levels. Instead of using the complicated loss 

function and looking up values for k in a table the inverse distribution function which can be 

calculated easily in Excel can be used. This approach is supported by Teunter et al. (2009) 

when argumenting that the inverse distribution function is sufficient to calculate the reorder 

point (or safety stock as first step) with a given stockout probabilty. The mentioned 

disadvantage of the α –SL that it does not consider the amount of backordered items in a 

stockout case can be weakened by arguing that already one item which cannot be delivered 

leads to unsatisfied customers. 

Table 13 shows as an example different values for the safety factor k by using the Excel 

function =NORMSINV() which describes the inverse distribution function for different 

values. 

Target service level 0,7 0,8 0,85 0,9 0,95 

Safety factor k 0,524 0,842 1,036 1,282 1,645 

Table 13: Safety factor k for different target service levels 

 

Using the α –SL makes the calculation less complex (Teunter et al. 2009)and reduces the 

possibility of inaccuracy caused by the double use of the standard deviation especially in 

cases for items with a lot of zero demand periods. Watson (1987) mentions the problems of 

using a forecast based on mean and standard deviation in cases of zero demand periods and 

less periods with large demand values. These, so called lumpy demand situations can lead to 

inaccuracy in the demand forecast and thereby to higher holding costs and big differences 

between the target service level and the one achieved in real. Table 4 shows the increase of 

the buffer stock if the target service level is considered as α-SL instead of β-SL. As the table 

shows does the buffer stock increase in the most cases about the double amount. Since this 

would lead to higher inventory holding costs it is necessary to adjust the target service levels 

to combine the easier calculation of the buffer stock for the α-SL and the lower holding costs 

of the β-SL (compared under the same target service level). Zhang et al. (2001) argument that 

the reorder points under α-SL generate real service levels which are higher as the target 

service level (by having higher safety stocks) since the α-SL underestimates the real service 

level. A good comparison between the two service levels is also given in (Oskarsson et al. 

2006). 



To compare the impact of a changed service level definition on the inventory value an 

example is presented in table 14. The average inventory value of these five examples 

increases from 7.082 SEK up to 10.826 SEK (increase around 50 %). 

β SL α SL

BufferStock ROP AIV BufferStock ROP AIV

7,00 15,00 646 14 22 1179

7,00 11,00 2392 9 13 3030

16,00 21,00 1269 24 29 1804

16,00 21,00 1269 24 29 1804

17,00 23,00 1505 36 42 3010

SUM 7082 10826  

Table 14: AIV for β-SL and α-SL 

IMPROVEMENT 6 

The formula to calculate the AIV is not correct in the current model. The approach is to 

calculate the average inventory level and multiply it with the unit cost to get the AIV. Instead 

of  

the formula should look like 

 

since the in-transit stock is already considered as average in EoD by dividing the yearly 

demand by 12 months. 

IMPROVEMENT 7 

The comparison between the current inventory stock value and the optimized inventory stock 

value does not reflect the reality with the underlying calculations. Since the current inventory 

stock value is calculated by multiplying the unit cost with the current stock level it cannot be 

compared with the average inventory value if stocked. The current stock value results out of a 

time-point view. It is completely unclear whether the current stock was taken for instance 

after a big order was received or after an order was sent to a customer and the inventory level 

is hence rather very low. The average inventory level instead is an average over a time period. 

As counter-argument for this statement it has to be mentioned that time-point view of the 

stocking situation could be considered as average. This is reasoned in the assumption that the 

inventory of a SKL will be a mix of inventory positions which represent the arrival of an 

order and inventory positions which represent the shipment of a recent order. 



To quantify the benefit of using the inventory control model compared to a current situation 

the item which are hold in stock according to the “Stockreport” can be compared to the 

suggestions given by the inventory model as “Don’t stock”. Here should be considered that 

the benefit should be only calculated on base of the available stock at the CC which means to 

reduce the current inventory position about the backorders. 



 

5.2 Recommendations 

This chapter contains an improved version of the explained current inventory control model. 

The mentioned possible improvements according the current inventory control model given 

above are considered in this improved version of the inventory control model. The general 

process flow is given in figure 34. This figure expresses how the different data are used to 

generate the needed output. Also this model is made in Excel to allow an easy use and 

traceability. The model is designed to be used for inventory control in the different CCs. The 

CCs have to provide two Excel sheets with their raw data. One sheet can be titled as 

“Salesreport” and shows the overview of all sales actions of the last twelve months. In 

principle are only the customer number, item number, sales quantity and date of the customer 

order needed in this “Salesreport”. The column with the item numbers has to be copied into 

the sheet “CstQty” which will generate the amount of different customers which ordered the 

same item. To do this, all duplicates have to be removed by using the function “remove 

duplicates”. The deposited formulas will calculate the amount of different customers 

automatically. Furthermore, the sheet “Pivot” creates a Pivot table of the data contained in the 

“Salesreport”. For this Pivot table it is only necessary to change the data source under 

“PivotTable Tools” in Excel as soon as new raw data are used as input. The Pivot table will 

calculate automatically for each different item number the amount of placed orders and the 

ordered quantity per month. This Pivot table has to be copied in a next step as value format 

into the sheet “Calc”. Here are also already all formulas deposited and as output the buffer 

stock and reorder point is displayed. Additionally the information is given whether an item 

should not be stocked according the inventory policy or whether an item should be considered 

as stocked item compared to the current stocking situation (“Stockreport”). To allow these 

functions the sheet “Calc” is mainly linked with the sheets “Policy” and “Stockreport”. The 

sheet “Policy” contains the classification rules for VAU, volatility and customer quantity. 

Furthermore, the stocking decision is made in this sheet. Figure 31 shows the content of this 

sheet. Like the figure shows are the target service levels (TSL) now allocated according the 

VAU class and the volatility class. The lower part of the table (Qty of parts per class and 

VAU per class) is needed to determine the boundaries for the VAU classification. These 

minimal boundaries have to be adjusted manually as soon as the classification rules are 

approximately met, see figure 32. Additionally, the sheet “Policy” contains the criterion 

which leads to the three dimensional approach. The boundaries for the customer quantity 



classification and the factors which will be multiplied in the sheet “Calc” with the preliminary 

TSL can be defined here see figure 33. 

Stocking Policy Matrix; Picks 

class / VAU class A B C

Picks upper 

boundary

minimal boundary 17 000 3 000 1

Value Value Value

TSL

Stocking 

pol icy TSL

Stocking 

pol icy TSL

Stocking 

pol icy

0 Dont stock Dont stock Dont stock 1

1 Dont stock Dont stock Dont stock 5

2 Dont stock Dont stock 0,9 1 7

3 0,78 1 0,84 1 0,93 1 10

4 0,8 1 0,87 1 0,95 1 999999

155 22% 214 31% 320 46% 689

Qty % Qty % Qty % QTY SUM

214 903 186 99% 1 708 638 1% 282 477 0% #########

VAU A % VAU B % VAU C % VAU SUM

Qty of Parts per class 

VAU per class
 

Figure 30: Stocking policy of improved model 

Used to define minimal boundary for A, B and C

approx. 20 % Qty leads to 80% VAU = A

approx. 30 % Qty leads to 15% VAU = B

approx. 50 % Qty leads to 5% VAU = C  

Figure 31: VAU classification rules 

 

CstQty Class Factor

1 1

3 1,1

6 1,2

10 1,3

Additional criterion: CstQty

 

Figure 32: Customer quantity classification 

The other sheet which is mainly liked with the sheet “Calc” is the “Stockreport”. The Excel 

sheet provided by the CC has to be copied here. To allow the model to work only the item 

number, quantity on-hand and unit cost is need. The current stock situation is compared with 

the generated output for buffer stock, reorder point and stocking decision in the sheet “Calc”. 

The last sheet “Savings” summarizes the savings if the suggestion “Don’t stock” given by the 

sheet “Calc” is applied to the current stocking situation. 



 

 

Figure 33: Process flow of improved model



5.2.1 Summary of improved model 

Like already mentioned is the purpose of the model explained above to realize the 

improvements given in for the current inventory control model. One difference is that the 

CC´s have to provide raw data in a standardized way. This should make the result more 

reliable according input correctness. Beneath removing some mistakes in the used calculation 

formulas will the improved version also allow to allocate the service level more precise. 

Instead of allocating the service level just according the VAU class also the volatility class 

and additional a third dimension can be considered. The third dimension is in this first 

approach of an improved model the customer quantity. The idea behind this is to give items 

which are used by more customers a little bit a higher service level as an item with the same 

VAU and volatility classes which are used only by one customer. Here it has to be mentioned 

that this approach does not consider the importance of the single customers. If an item is just 

ordered by one customer but this customer is very important due to his sales percentage it can 

be justified to give this item also a higher service level. Further research should consider this 

and try to optimize the inventory control model in this way. Also other criteria like the lead 

time or the stocking situation at the DC could be used for a third dimension. Furthermore, the 

improved version makes use of the α-SL instead of the more complex β-SL for calculating the 

SS. This will lead to higher AIV under the same service levels. This makes it necessary to 

adjust the service levels and should be also considered in further research. A quantitative 

comparison between both versions of the inventory control model has to be recommended to 

make a decision which one should be used in the company´s practice. Nevertheless, the given 

improvements are useful to reach a more optimal inventory control model. 

6 Conclusion 

This Master’s Thesis with the main aim to develop an approach for global acting companies 

to control their inventory on an operational level was divided into four research objectives. 

These four research objectives as well as the whole structure of the Master’s Thesis follow a 

top-down systematic. At first the literature review is used to explain different terms and 

existing approaches according inventory control and by doing so it deals with the first 

research objective: 

1. Explain different models to control inventory based on existing literature 

Several inventory control models were found. The MRP approach to control inventory in a 

dependent demand situation, or equivalent the DRP approach for independent demand in a 



multi-echelon distribution network are two of them. Also for independent demand but used 

within single-echelon distribution networks are the models which can be divided into 

deterministic and probabilistic situations. If a deterministic situation is given the EOI or EOQ 

model can be used since the input parameters for these models are known with certainty. In 

the other case, the probabilistic situation, the input parameters are not known and models like 

(t, Q) and (t, S) for periodic review or (r, Q) and (s, S) for continuous review can be used. The 

classification of the inventory control models in such a way leads to the so called framework 

and displays the outcome of the second research objective: 

2. Combine these models into a framework for inventory control models 

According the third research objective was this framework tested for the situation of the case 

company. 

3. Test the framework with help of the case company 

The case company distributes FGI (independent demand) in a multi-echelon network. But 

instead of using a DRP approach the different SKLs are considered as single-echelon 

network. Furthermore, the demand situation is probabilistic and since a continuous review is 

used the (r, Q) model is appropriate to control the inventory. Such a model defines a reorder 

point and places an order of amount Q as soon as the reorder point R is reached. To follow the 

mentioned top-down structure the explicit proceeding when using a (r, Q) inventory control 

model is explained with help of the case study. It is made clear how to define the needed 

inventory control parameters like reorder point, safety stock and the general stocking policy. 

Finally, the last research objective is based on the third research objective: 

4. Explain the current inventory control model used by the case company on an 

operational level to demonstrate inventory control explicit and give some 

improvement possibilities for this current model. 

The current inventory control model used by the case company was explained in detail to 

describe how a (r, Q) model is realized in practice. Additionally, some improvement 

possibilities are described to generate an advanced version of the inventory control model. 

This advanced version can be used to find a more optimal inventory control model in further 

research. A quantitative comparison between both versions is not given in this Master´s 

Thesis. 



By achieving these four specific research objectives does this Master´s Thesis also contribute 

to existing literature in this field. As reminder it is necessary to mention the background of 

this Master´s Thesis in which a gap between the theoretical approaches given by academics 

and the needed practices in the operational level was stated. It was able to fill this gap 

especially with the explicit explanation of the current inventory model used by the case 

company. Furthermore, does this Master´s Thesis weaken the lack of needed practices on an 

operational level by avoiding complex mathematical approaches or making use of various 

assumptions as it can be found in a lot of literature. 

 

6.1 Further research 

Nevertheless, due to restrictions of this Master’s Thesis it was not possible to escalate the 

research on all topics which were mentioned in appropriate depth. Hence, some suggestions 

for further research have to be given. The extensive approach of distribution requirements 

planning which follows the well-known MRP principle seems to offer some potential for 

companies with a lot of different SKLs. Some further research should be done with the 

purpose to realize such a DRP approach in a company with a lot of SKLs spread over the 

whole world. The main focus should be placed hereby on a detailed explanation of how to 

realize such an approach on an operational level. A case study about a case company similar 

to the one used for this Master’s Thesis which is using DRP would be recommended. 

Additionally, further research is recommended for the topic about multi-criteria classification, 

see IMPROVEMENT 2 in chapter 5.1.2. The two mentioned multi-criteria classifications in 

this Master’s Thesis could not be recommended for the situation of the case company. This is 

founded in the necessity of knowing stockout costs and the loss of tracebility by using these 

classifications. Further research should prove additional multi-criteria classification 

approaches described in literature. Also the lack of knowing the fixed cost per order does not 

allow to use the EOQ for defining the lot size. Instead of using fixed rules for each VAU class 

other possibilities to define the lot size should be proved since the focus while evaluating the 

current model was rather on how to allocate the target service levels. Concerning this, the hint 

given by Axsäter (2006) to make use of the demand variation and the lead-time to allocate 

target service levels to the different items should be taken into account for further research. 

Whereas the allocation of a given service level to different items was discussed in detail in 

this Master’s Thesis just one method for determining the service level is mentioned and not 

explained explicitly. In this Master’s Thesis the service levels are seen as determined by the 



management (cp. Coleman 2006). Further research should describe how appropriate service 

levels can be calculated as correct balance between holding and shortage cost on an 

operational level.  
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