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I. Abstract 
 
This master thesis describes an integrated design approach for spare parts network design of next day orders 
at IBM. The integrated design approach for network design is new and unique because it integrates 
inventory decisions and specifically takes lateral transshipments into account. This network design therefore 
not only contain the determination of the optimal number and locations of hubs but also the determination 
of inventory levels and the method to dispatch the required parts from facilities to the customers in need. 
Using an integrated design approach without lateral transshipments and a decoupled design approach as 
benchmark, the integrated approach with lateral transshipments significantly influences the solution and 
costs of the network design. Therefore, it is recommended to further use and extent research about this 
integrated design approach including lateral transshipments for network design of spare parts. 
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II. Management summary 
 
This report is the result of a Master thesis project at IBM. IBM offers next to advanced information systems, 
high quality after-sales service. This high quality after-sales service is required to satisfy the Service Level 
Agreement (SLA) that defines the level of service the customer requires. A differentiation in the level of 
service is made by IBM into same, next, next business and second business day orders. As the names 
already imply, the available time span differs per service level.  
This study has been conducted at the organizational department Service Parts Organizations (SPO) that 
manages the spare parts. A logistics network capable of serving customers in a time-responsive manner is 
crucial for the delivery of high quality after-sales service. Due to changes in the business environment, a 
review of the current network design is desirable. Hereby the network design is defined as the number and 
location of stocking points to fulfil customer demand. The assignment has therefore been formulated as: 
 
“Develop a tool that provides insight into the optimal network design for next day orders” 
 
A network is defined as optimal if costs are minimal and the predefined service constraints are met.  
 
The network design has been focused on next day orders because, due to the design of fault-tolerant 
systems, the importance of this type of orders increases. Furthermore, the original design of the current 
network focused on same and not on next day orders. Recall and repair processes and replenishment of 
same day locations have been considered out of scope. The geographical scope is Europe (for an exact 
overview see Appendix B). Moreover, the network has been designed by a green field approach. So, 
current locations or regulations are not constraining the network design. 
 
The structure of the current network of IBM has been characterized as a multi-echelon network. An echelon 
is a layer in the network that consists of stocking points with the same function. Next day orders are fulfilled 
by either the Central Buffer (CB) or the Regional or Local Stocking Hub (RSH/LSH). This depends on the 
parts availability at the RSH and LSHs and the coverage of the CB. The difference between a LSH and RSH 
is that a LSH covers one country and a RSH covers more than one country. In general suppliers replenish 
the CB and in turn the CB replenishes the RSH/LSHs. The locations used to fulfil next day demand are 
defined as ‘hubs’. 
 
In literature 2 network design approaches were identified: the integrated design approach and the decoupled 
design approach. The integrated design approach simultaneously determines the traditionally strategic 
decisions and the inventory decision. Traditionally strategic decisions are the number and locations of hubs 
and the assignment of customers to the hubs. The decoupled design approach first determines these 
traditionally decisions and uses the output as a fixed input for traditionally tactical decisions like inventory.  
Literature review showed that an integrated design approach compared to a decoupled design approach in a 
spare parts environment leads to a cost reduction and a different solution in terms of number and locations 
of hubs. This can be explained by the strong interaction between the inventory and the traditionally defined 
strategic questions and the relative high inventory costs in the spare parts business. 
Furthermore, literature on spare parts showed that the use of lateral transshipments leads to significant 
inventory reduction. Lateral transshipments are defined as the provisioning of a part by a stocking point to 
a customer of another stocking point that is out of stock. So, it is a back up option to fulfil demand in 
response to stock outs. Related to network design, we expected that the inclusion of lateral transshipments 
into the design approach leads to a different solution in the network design.  
 
Based on literature, we expected that the inclusion of both the inventory decision and lateral transshipments 
into a network design approach leads, compared to current network design approaches, to another solution 
in network design. Therefore the network has been designed based on an integrated design approach with 
the inclusion of lateral transshipments. It should be noted that this approach is not found in literature and 
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can therefore be defined as new and unique. Furthermore, two other design approaches have been addressed 
to determine the value of the new developed design approach: 

I. Decoupled design approach 
II. Integrated design approach without lateral transshipments 
III. Integrated design approach with lateral transshipments 

 
Based on the design approach III, 4 design questions have been identified: 

1. What is the optimal number of hubs? 
2. What is the optimal location of hubs? 
3. What method should be used to dispatch the part from hub to the customer? 
4. What are the optimal inventory levels of parts at the selected hubs? 

 
To answer the design questions, a mathematical model have been presented that models a two echelon, 
single-item, multiple and discrete location problem with service constraints. The locations of the hubs are 
discrete because the geographical area is divided into 400 customer groups. The centre of each customer 
group represents a potential location of a hub. The service level is defined as the percentage of orders that is 
fulfilled by the network. As the service contract guarantees service for every failure, a single item model is 
suitable. The aim of the model is to minimize the total network costs. The total network costs include 
transportation and warehouse costs but exclude opening costs of a hub. 
 
With a scenario analysis the first two design questions have been addressed. A scenario analysis is defined 
as the process of analyzing the best suitable network by considering alternative possible outcomes of 
scenarios. By picking a sensible set of scenarios, a near-to-optimal solution can be found. Each scenario 
consists of the number and location of hubs. For design approach II and III, the number of hubs has been 
varied from 5-20 hubs and the location of the hubs has been determined by common sense. For design 
approach I the output of the Warehouse Site Planner (WSP) have been used as input for scenarios. The WSP 
is an IBM toolbox that minimizes the amount of kilometres that have to be crossed from the hubs to fulfil 
demand of customers. As it does not take inventory into account, this toolbox is based on the decoupled 
design approach.  
 
In design approach III, a part is dispatched from a hub to a customer by a regular, lateral or an emergency 
(trans)shipment. The order and hub that is selected to fulfil demand is based on the transportation costs and 
constrained by the available time. In case the first choice hub does have inventory, a so called regular 
shipment is used. Otherwise, another hub can fulfil the demand which is defined as a lateral 
transshipment. If none of the hubs in the array has stock to fulfil demand, the demand is fulfilled by a 
central source, defined as an emergency shipment. In design approach II lateral transshipments are 
excluded from the demand fulfilment options.  
 
The output of the three previous described design questions have been used as input in the sub model for the 
heuristic optimization of base stock levels of the hubs, the fourth design question, with a greedy algorithm.  
 
Based on a business case consisting of nearly 30,000 SKUs and around 400 potential locations answers to 
the design questions have been retrieved that include the comparison between the different design 
approaches.  
 
1. Number of hubs 
The total network costs of design approach III are negatively related to the number of hubs. Moreover, the 
total costs function is decreasing over the whole domain. This is caused by the exclusion of opening costs of 
hubs and the inclusion of lateral transshipments. This implies that the network design is more robust for 
expansion of customer area and less sensitive for the design of LSPs. Furthermore, the solution (in number 
of hubs) of design approaches I and II differ from the solution of design approach III.  
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V. Introduction 
 
Due to the competitive value of after-sales service for their advanced information systems, IBM defined this 
service as one of their focal areas. After-sales service is defined as providing necessary service engineers 
and replacement of parts to existing, geographically dispersed customers when they experience any 
problems with a purchased product (Candas and Kutanoglu, 2006). In this thesis we will concentrate on the 
management of spare parts. The spare parts business is in the literature recognized as a special research area 
caused by the special combination of high service requirements, high value of parts and low demand rates. 
Therefore, streamlining the logistic system of spare parts is complicated, expensive and strategically 
important (Huiskonen, 2001).  
 
Due to the worldwide, geographically dispersed customers and the quick service they demand, it is 
necessary that IBM has several stocking points in the customer area.  
In this thesis a network design study is conducted that is defined as designing the network with stocking 
points to fulfil customer demand. Based on the used integrated approach this contains determining the 
number and locations of stocking locations but also deciding inventory levels and determining the method 
to dispatch the required parts from facilities to the customers in need. 
 
In preparation of this master thesis project two preliminary studies have been conducted. First of all, a 
literature study to identify existing models for network design. As the amount of available literature on 
network design for spare parts is limited, this review gives an overview of all types of models for network 
design. Hereby the value of the different types of models for a spare parts environment is assessed. The 
second preliminary study is the research proposal that contains an outline of the current spare parts business, 
the formulation of the assignment and the scope of the assignment. 
 
The two preliminary studies are input for the first chapter. This chapter will give an introduction of the 
context in which the study is conducted and formulates the research assignment. Furthermore, the approach 
to handle the network design study is defined based on the output of the literature study.  
The remaining part of the report can be split into two parts. In the first part the model and method that are 
used to fulfil the research assignment are described. The application of the first part to the business 
environment of IBM is discussed in the second part. This part furthermore includes extensions to the basic 
model, an implementation plan, conclusions and recommendations. An extensive outline of these two parts 
of the report is given at the end of Chapter 1. 
It should be noted that all used concepts are bolded in the text and can be look up at the concept list at the 
end of the report. Furthermore, a list of variables and abbreviations are included.  



1.  Research assignment 
 
This chapter gives an overview of the research assignment. First, an introduction about the company at 
which the assignment is conducted, is presented. The second section zooms in on the business 
environment of the assignment, service logistics. Based on trends in this business environment, the 
assignment is formulated. The fourth section describes the scope of the assignment. Next, the current 
network design is presented. To determine the approach to handle the assignment, a literature framework 
is presented in section six. Based on this literature framework, four design questions are defined that have 
to be answered to design the new network. Finally, the position of this study within the company and an 
outline of the remainder of the report is given. 
 
1.1 Company description 
 
Nearly 100 years ago the International Business Machines corporation (IBM) was founded through a 
merger of three separate corporations. Although the electronic computer (the product IBM is currently 
associated with) was not developed yet, all products of IBM were and still are designed and developed for 
the purpose of information sharing. Products contain technologies to record, process, communicate, store 
and retrieve information from its first scales, tabulators and clock to today’s powerful computers and vast 
global networks.  
 
The mission of IBM is `strive to lead in the creation, development and manufacturing of the industry's 
most advanced information technologies, including computer systems, software, networking systems, 
storage devices and microelectronic and to translate these advanced technologies into value for our 
customers through our professional solutions and services businesses worldwide´. Translating this 
mission into the current business strategy generates 91.4 billion dollars a year which ranked IBM on the 
10th place in the Fortune 500 in 2006. 
 
IBM is an international organization that has more than 355,000 employees worldwide and serves 
customers in 200 different countries (Figures 2006, website). IBM's customers include many different 
kinds of enterprises: from sole proprietorships to the world's largest organizations. 
 
1.2 Service logistics 
 
IBM offers, next to advanced information systems, after sales service for these systems. The product of 
the purchase of this service is a Service Level Agreement (SLA) which states the level of service IBM 
has affirmed to its customer. IBM offers a wide range of service levels ranging from 2 hours to 3 days. 
From a marketing viewpoint, a categorization can be made into:  

1. Same day orders 
2. Next day orders 
3. Second business day orders  
4. Second next business day orders 

As the names already suggest, the categories indicate the time span in which the service needs to be 
delivered. The outcome of the service should be an up and running system. 
These SLAs can be arranged for all types of information systems (for an overview of all product types see 
Koppes, 2007b). However, in general the more advanced systems are linked to higher service levels. This 
is caused by the fact that customers who require high advanced systems, rely on these systems for their 
core processes. Therefore, uptime is crucial for their business processes. This causes the request for 
extremely quick service. 
 
The service process consists of three main stages. The first stage encompasses the detection of a failure. 
The detection of the failure is reported by a customer engineer or by the customer itself which results in an 
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order. In case the failure is caused by a failed part, the part has to be replaced by a new part. Otherwise, 
the system can be fixed by the customer engineer and the service process stops at this stage. 
The second stage consists of the delivery of the spare part to the customer. Finally, in the third stage the 
machine is repaired by replacing the old failed part by the new delivered part.  
 
As illustrated by the outline of the service process, in case the failure is caused by a failed part, the 
availability of spare parts is crucial. To make sure that the spare parts are available at the right time and 
location at minimal costs, IBM has a dedicated department to manage the spare parts: the Service Parts 
Organization (SPO). The SPO department located in the Netherlands is responsible for the region Europe, 
Middle-East and Africa (EMEA). This department manages a product portfolio of more than 5000 types 
of machines. These machines together have 200,000 different part numbers of which 40,000 are defined as 
active parts. Parts are defined ‘active’ if they have had demand within the past year. The demand rates of 
these active parts are relatively low and vary strongly: 50 percent of these spare parts have a demand rate 
of a maximum of 3 demands per year while only 1 percent has a demand rate of more than 1000 
demands/year. 
 
1.3 Assignment 
 
In this section the assignment is formulated. This assignment is based on the developments in the business 
environment of IBM and the current network design. The developments in the business environment 
consist of the approaching end of the contract with Logistic Service Provider(s) (LSP) and environmental 
changes. The main environmental changes are (for details see Appendix A): 

1) Shift from same day to next day orders due to fault-tolerant design of systems 
2) Emerging markets like Russia and Eastern Europe 
3) After-sales service is becoming a strategic asset in companies’ offerings (Saccani et al., 2007) 

 
During the ‘90s the original network was designed upon the outcome of an IBM developed toolbox called 
the Warehouse Site Planner (WSP). In the last years only pieces of the network design have been adjusted. 
As the business environment changed during these years, it is interesting to investigate the network design 
again to see if and how the network can be improved. Furthermore, the drawbacks of the available toolbox 
of IBM (for details see research proposal (Koppes, 2007b)  raise the request for another method to 
improve the current network. 
 
Improvements in the network design are particularly expected for next day orders because the WSP (used 
for the original design) only focused on same day orders. Furthermore, the importance of next day orders 
increases because of the design of fault tolerant systems (one of the environmental changes, see Appendix 
A).  
 
The direct cause of the initialization of the project is the approaching end of the contract with the current 
Logistic Service Provider. The fact that IBM can review offers of all Logistic Service Provider provides 
more freedom for the design of the network because current restrictions and constraints of the Logistic 
Service Provider do not have to be taken into account.  
 
The assignment can be formulated as follows: 
 
“Develop a tool that provides insight in the optimal network design for next day orders.”  
 
A network design is optimal for IBM if supply chain activities are executed at minimal costs and service 
levels stated in the service contracts are achieved. 
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1.5.1 Structure of network 
Figure 2 illustrates the structure of the current network design. The structure of the network can be 
characterized by identifying echelons, illustrated by the vertical lines in Figure 2. An echelon is a layer in 
the distribution network that consists of stocking points with the same function. Due to the focus on next 
day orders, we will neglect the fourth echelon that consists of locations for same day orders. Details about 
same day orders in the current network design can be found in Koppes (2007b). 
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Figure 2: Next day order fulfilment (solid lines) and replenishment (dashed lines) process in current network design 

 
1.5.2 Next day order fulfilment 
Illustrated with the solid lines, Figure 2 shows that next day orders can be fulfilled by either a shipment 
from the Central Buffer (CB), or the third echelon that consists of Regional Stocking Hub (RSH) and 
Local Stocking Hubs (LSH). The difference between a RSH and a LSH is related to the number of 
countries they cover: a RSH covers several countries and a LSH is dedicated to one country. Most 
countries in Europe have their own central stocking point and therefore most countries have an LSH.  
 
Whether a next day order is fulfilled from the Central Buffer or from a RSH/LSH depends on the stock 
availability and the coverage of the Central Buffer. The Central Buffer is currently located in the 
Netherlands and covers the demand in the Netherlands and the nearby countries Germany, Belgium and 
Luxembourg. Customers in Portugal can also be reached within time because the current Logistic Service 
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Provider uses, due to a cheap airline connection, an airplane to reach Portugal. Furthermore, the Central 
Buffer does cover parts of Great-Britain, Austria and France. France is not geographical partly covered 
like Great-Britain and Austria but it is partly covered in terms of type of orders: next day sunrise orders 
are fulfilled from the LSH but all other orders with a less tied time constraint are supplied from the Central 
Buffer. In case an LSH or RSH should fulfil the demand of an order but is out of stock, the demand is also 
fulfilled by the Central Buffer.  
As the Central Buffer, Regional and Local Stocking Hubs have the same function in the order fulfilment 
process of next day orders namely fulfilment of the orders, these stocking points are defined as ‘hub’ in 
this thesis. 
 
To guarantee the service level of the same day customers, next day orders are never fulfilled by the 
locations that are dedicated to the fulfilment of same day orders (echelon 4). Furthermore, shipments from 
these stocking locations are more expensive, because in most cases a general transport line is not 
available, so everything has to be transported with an expensive transport mode, the taxi. 
 
We can conclude that in the next day order fulfilment process not only time constraints but also costs 
influence the decision from which stocking point the order is fulfilled. Therefore, next day orders are 
fulfilled from one of the hubs depending on the coverage of the Central Buffer and the availability of the 
parts at the Local and Regional Stocking Hubs. 
 
1.5.3 Replenishment of hubs 
Figure 2 shows that the Central Buffer acts in the replenishment process both as receiver and supplier. It 
receives parts from almost all suppliers (99%) and supplies the parts to the Regional Stocking Hub or 
Local Stocking Hub (RSH/LSH). The remaining 1% of the suppliers replenishes the Regional or Local 
Stocking Hubs (RSH/LSH) directly, because in this case the part is only required at one specific Regional 
or Location Stocking Hubs (RSH/LSH) due to the local orientation of the product.  
 
1.5.4 Control mechanisms 
The current network is controlled by three mechanisms: 1) inventory policy; 2) performance measure; and 
3) Control Tower Concept. 
 
Inventory 
IBM SPO controls the inventory of the hubs by reviewing the inventory daily and ordering parts if the 
inventory is below a so called ´critical stock value´ with a fixed order quantity. This inventory control 
policy can be defined as an (r, s, Q) policy with r representing the continuous review (every day), s the 
critical stock value and Q equal to the fixed order quantity. Because the inventory is not checked at every 
moment in time, it could also be argued that this control policy uses a discrete instead of continuous 
review period. However, as the inventories are checked each time the system updates these values in 
combination with the relatively low demand rate of parts, it can be seen as continuous review. 
 
Performance measure 
To evaluate the performance of the system and to track customer satisfaction, IBM uses two service 
measures. First, the Parts Availability Level (PAL) is used. PAL indicates in how many cases a part 
request on a stock location is fulfilled (expressed in %). The PAL is measured on stock location, country 
and Central Buffer level. As this measure does not reflect the customer satisfaction correctly (for details 
see Koppes, 2007b), another service measure is used in all countries since the start of 2008. This service 
measure is the Parts Delivery Time (PDT). PDT indicates the percentage of customer deliveries that is 
delivered on time. The start of the time measurement is the call of the customer and the time stops if the 
requested part is delivered at the customers´ requested place. 
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Control Tower Concept 
The Control Tower Concept consists of outsourced business processes due to the fact that these business 
processes are not seen as a core competence by management. IBM defined three business processes in the 
Control Tower Concept: 

1. The physical processes distribution and warehousing  
2. Repair and warranty redemption  
3. Operational planning and order execution  

 
1.6 Theoretical framework 
 
To get insight into the different approaches that can be used for network design, we will take a look at a 
review of the literature that is available in the field of network design for spare parts. An extensive review 
on network design for spare parts can be found in preliminary work (Koppes, 2007a). This section starts 
with a description of the difference between a decoupled and an integrated approach. As the integrated 
approach that includes inventory decisions shows benefits, the second subsection gives an overview of 
literature on inventory planning in a spare parts environment. 
 
1.6.1 Integrated vs. decoupled design approach 
In the literature spare parts network design management is a new and growing research area. Therefore, 
only a few studies are executed that investigate network design for spare parts. A distinction in network 
design studies can be made into studies with a decoupled and studies with a integrated design approach. 
The difference between these approaches is related to the number and traditionally defined levels of 
decisions they include. A distinction in levels of decision is made between strategic, tactical and 
operational decisions. Traditionally, strategic defined questions that encompasses network design are: 

1. How many stocking point are needed? 
2. Where to locate stocking points? 
3. How to allocate customers to stocking points?  

The last question is called the allocation decision and determines which stocking point supplies which 
customer. Traditionally, tactical defined decisions are for example inventory levels and routing of 
shipments (Candas and Kutanoglu, 2006).  
The decoupled design approach is defined as first making the strategic decisions of the network design 
and using this outcome as a fixed input for optimizing the tactical issues. The integrated design 
approach is defined as simultaneously making the traditionally strategic decisions of network design and 
the tactical inventory decision. Therefore, the integrated network design encompasses: 

1. How many stocking point are needed? 
2. Where to locate stocking points? 
3. How to allocate customers to stocking points?  
4. What are the optimal inventory levels of stocking points? 

 
The reason to include the inventory decision into the network design is a strong interaction between the 
four decisions. Given the time constraint in the spare parts business, it is essential to meet the required 
service level. This requires not only that customers have to be located close enough to a stocking location 
but also that the stocking locations do have a part available if demand occurs. The availability of parts is 
defined as the product fill rate capability and is influenced by the inventory levels (Mason et al., 2004). 
Therefore, not only the location but also the inventory levels of stocking points determine the performance 
of the network design.  
 
Available literature shows that an integrated design approach leads to cost reductions (Candas, 2005; 
Candas and Kutanoglu, 2006; Jeet and Kutanoglu, 2005; Mason et al., 2004; Shen and Daskin, 2005). Jeet 
and Kutanoglu (2005) showed that this difference is caused by the existence of a service time constraint. 
Candas and Kutanoglu (2006) showed that the cost reduction using an integrated instead of a decoupled 
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approach increases when the holding costs, lead times, level of service or variability of demand increases. 
As ±50% of the total costs of the spare parts business of IBM are warehousing costs and 33% of the total 
costs direct holding costs, it is expected that the integrated approach will benefit over the decoupled 
approach. The direct holding costs are expected to increase even more due to the trends component 
miniaturization and increasing costs of diagnosing product failure (Cohen et al, 1996). 
 
Next to the cost reduction, Candas and Kutanoglu (2006) showed that the integrated design approach 
compared to the decoupled approach led to a substantial difference in the solution in terms of the number 
and location of stocking points. The decoupled approach selected less stocking points in their optimal 
solution than the integrated approach.  
 
The results show that using an integrated approach creates value to the network design. As the integrated 
network design includes the inventory decision, an overview of available spare parts literature on 
inventory is presented in the next subsection. 
 
1.6.2 Inventory planning in spare parts environment 
Determining the inventory levels is complicated in a spare parts environment. This is caused by the 
characteristics of spare parts. Huiskonen (2001) reflects these characteristics in four identified control 
characteristics of spare parts: criticality, specificity, demand pattern and value of part. The criticality of 
spare part items is high which leads to high service requirements. As penalty costs are often high and 
clearly stated in the service contract, great pressure is put on attaining high service levels. Besides, the 
demand for spare parts may be extremely sporadic and therefore difficult to forecast and the prices of 
individual parts may be very high.  
Next to the characteristics, there are also several trends that increase the complexity of the inventory 
planning of spare parts. The first trend is the decrease in product life cycles and in turn an increasing 
introduction speed of new product. The second trend is the increasing variability of products which causes 
a reduction in installed base. Both a shorter life cycle and lower installed bases decrease the availability of 
customer information. This in turn makes it hard to forecast demand and therefore complicates the 
determination of the optimal inventory levels. 
 
To cope with this difficulty in determining inventory levels for spare parts, specific research has been 
done in this area. Several studies (Alfredsson and Verrijdt (1999); Grahovac and (2001); Kranenburg; 
2006; Wong, et al., 2005b; Wong et al., 2006) show that the use of lateral transshipments leads to 
significant reductions in inventory costs.  Lateral transshipments are defined as the provisioning of a 
part by a stocking point to a customer of another stocking point that is out of stock. So, it is a back up 
option to fulfil demand in response to stock outs. Lateral transshipments can be seen as a form of pooling. 
Physically, there are multiple stock points, but they have access to each other’s inventory when needed. 
This means that the inventory at multiple stock points should be optimized jointly (Kranenburg, 2006). 
Lateral transshipments lead to a reduction in inventory costs due to the fact that in general the costs of 
lateral transshipments are much lower than the downtime costs (Wong, et al., 2005). The use of lateral 
transshipments is especially beneficial for spare parts because short product life cycles and part 
obsolescence make holding stock expensive and risky (Cohen, 1997). Furthermore, the high value of spare 
parts creates high inventory costs and therefore sharing of inventory can reduce the inventory costs 
significantly.  
 
Next to the inventory reduction and therefore effect on the inventory and in turn total network costs, we 
expect that lateral transshipments also influence the solution of the network design. First of all, because 
the extent to which lateral transshipments can be used, depend on the number and location of hubs. 
Furthermore, the expectation is that an extra hub does not have to lead to more inventory because the 
inventory in case of lateral transshipments is calculated for all hubs simultaneously. This causes that the 
safety stock per hub can be lower and therefore, the amount of stock in the added hub can also be lower. 

  7  





1.9 Outline of report 
 
This section describes the structure of the remaining chapters in this report. These chapters can be 
categorized into 2 parts. The first part describes the model and method of the integrated network design 
approach. In the second part this will be applied to the business environment of IBM. Below, an outline is 
presented of the chapters that fall respectively in the first and second part. 
 
Part 1 
Based on the approach defined in this chapter, Chapter 2 presents a basic model that includes all four 
design questions. Due to the fact that it is from a mathematically view too complicated to solve all four 
design question simultaneously, this basic model is split into a main and sub model with each two design 
questions.  
 

Chapter 3 shows the methodologies that are used to solve the main and sub model and answer the related 
design questions. A solution of the main model that consists of the design questions the number and 
location of hubs is found with a scenario analysis. A scenario consists of the number and locations of 
hubs. The input for the number of hubs is retrieved randomly or by managerial insight. The locations of 
the hubs can be determined by logical sense or with the Warehouse Site Planner tool. Furthermore, this 
chapter presents greedy algorithm that determines the inventory of the hubs. Based on these inventory 
levels, the design question how the parts are dispatched from the hubs to the customers can be answered. 
 

Part 2 
Chapter 4 presents the results of the integrated approach in combination with the inclusion of lateral 
transshipments in the planning of inventory. It provides insights into the best suited network design based 
on the investigated influence of the number and location of hubs. Furthermore, it shows a comparison in 
total network costs and solution between an integrated approach including and excluding lateral 
transshipments. 
 
Chapter 5 describes suggestions to extend the basic model to reflect the IBM case better. The proposed 
extensions of the model are 1) differentiation of service target levels and 2) the inclusion of an air hub into 
the basic model. 
 
Chapter 6 gives a short overview of implementation issues of the recommended network design. It first 
defines the main differences between the current and recommended network design. Next, stakeholders 
and their resistance to changes are described. Based on this analysis, an intervention strategy is presented. 
Moreover, some practical issues like the time frame of the implementation, are addressed. 
 

Finally, Chapter 7 discusses the conclusions and recommendations of this network design study. A 
distinction in recommendations is made between recommendations for IBM and recommendations for 
further scientific research. 
 
It should be noted that all used concepts are bolded in the text and can be looked up in the concept list at 
the end of the report. Furthermore, a list of variables and abbreviations is included.  
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2. Model 
 
This chapter describes the model that will be used to answer the four design questions formulated in the 
previous chapter. The basic model that is presented in the first section integrates all four design questions. 
The main assumptions are given in section 2. Mathematically seen, it is too complex to handle the four 
design questions simultaneously. Therefore, section 3 describes a main and a sub model and the 
interaction that exists between these models. Finally, section 4 contains a conclusion that gives an 
overview of the models that are presented in this chapter. 
 
2.1 Basic model 
Before the design questions can be handled in the main and sub model, the basic model presents 
components that are used in both models. In the network, customers generate failure based demand that 
hubs have to fulfil. The model aggregates the demand of customers to customer groups and uses these 
customer groups to define the possible locations of the hubs. The creation of customer groups is described 
in subsection 1 and the possible location of hubs is described in subsection 2. The third subsection 
presents the method that is used to calculate the distance between two points, for example a customer 
group and a hub. Next, the modelling of demand and the demand fulfilment process is explained. 
Subsection 6 and 7 describe respectively the inventory control policy and the network costs that are 
considered in the model. Finally, the service level constraint is added to the model and an overview of the 
model formulation including notation is given. 
 
2.1.1 Customer groups 
IBM has customers with installed bases in the field who generate failure based demand. As the number of 
IBM customers is high and analysis of the order data shows a wide spread of customers over the whole 
region, demand is aggregated to the customer group level (for used customer data see Appendix E). The 
criterion for belonging to a specific customer group is the geographical location of the customer. Two 
methods, depending on the availability of data, are used to create these customer groups. 
The general method to create customer groups is called the ‘square’ method. The starting point of the 
general ‘square’ method is the conversion of the postal codes of the customers that are available in the 
order data, into coordinates. Based on the maximum and minimum of the latitude and longitude 
coordinates (illustrated in Figure 3), each country can be approached with a square. The rectangulars are 
created per country because the postal code system differs per country. Next, the country square is split 
into equal sized rectangulars with a maximum size of 150 km in latitude and longitude. The numbers in 
these rectangulars shown in Figure 3 correspond to the customer group number.  Based on the postal code 
information of customers, customers are assigned to a customer group. Details about the creation of 
customer groups are presented in Appendix B. 
In case postal code information was not available or could not be converted into coordinates, the second 
method is used to create customer groups. The demand of these countries is aggregated to country level 
and the customers are assigned to the country customer group. Analysis showed that only 2% of the total 
orders placed did not have postal code information. Furthermore, analysis showed that there is a strong 
relation between the number of orders per country placed and the availability of the postal code 
information: the relatively small countries (with low demand) have less or no zip code information. 
Therefore the aggregation to country level does not harm the analysis significantly. 
 
The outcome of applying these two methods to all countries creates almost 1000 customer groups. 600 of 
these 1000 customer groups are located in sea due to islands and the shape of the countries (the 
rectangular of Italy for example does contain a lot of sea). Of the other 400 customer groups that are 
located on land, 18 are aggregated country customer groups. The remaining customer groups are based on 
the general ‘square’ method. Illustration of all customer groups is shown in Appendix D. The set of 
customer groups is defined as N and indexed by n. 
 

  10  



 
Figure 3: Illustration of the ´square´ method used to define customer groups 

2.1.2 Locations of hubs 
To fulfil the demand of the customer groups, IBM has several stocking points in the network. In the model 
these stocking points will be defined as hubs and the set of hubs is defined as J. The possible location for a 
hub is the centre of each customer group which is indexed by n and illustrated in Figure 4. Details of the 
calculation of the centre of the customer groups is presented in Appendix E. Indicating the decision 
variable, referring to the location of the hubs, the binary variable Yn is introduced in the model. This 
binary variable is equal to 1 if location n is selected as hub indexed by j and equal to 0 otherwise.  
 
2.1.3 Distance 
To determine the distance between two points that are characterized by a coordinate, for example between 
a hub j and a customer group n, the Haversine formula is used. This mathematical formula is suited for 
relatively long distances because it takes into account the curve of the sphere. The input of this formula is 
the coordinates of the two points consisting of a longitude and latitude value (in radians). As a difference 
in altitude also has to be included, a roads closeness factor is added to the formula, which is set equal to 
1,38, a typical value for the Netherlands (Broekmeulen, 2004). Although the value of this roads closeness 
factor differs between countries, one fixed value is used for this parameter. Otherwise, the mathematical 
complexity would increase extremely which would be imbalance with the result of the inclusion. The 
result of the inclusion would be more accurate measure of distance. However, the influence of distance in 
the model is limited and therefore the accuracy does not have to be extremely high. 
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Appendix M10: Relative differences in costs between scenarios 
 
Figure 28 shows the relative difference in costs between the scenarios that are illustrated in the previous 
part of this appendix. The difference is calculated by subtracting the minimal costs from the maximum 
costs regarding the three scenarios for each number of hubs. To change this absolute value into a relative 
value, this difference is divided by the minimal costs. By multiplying with 100% the relative costs 
difference is retrieved. 
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Figure 28: Relative difference in total network costs between scenarios 
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Appendix N: Difference in structure of costs between approach II and III  
 
Total cost structure 
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Figure 29: Cost structure of design approach III with service target level of 80% 
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Figure 30: Cost structure of design approach II with service target level of 80% 

 

  95



 
 

Transportation costs of design approach III 
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Transportation costs of design approach II 
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Warehouse costs of design approach III 
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Warehouse costs of design approach II 
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Figure 31: Difference in transport and warehouse cost structure between design approach II and III 
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Appendix O: Difference between design approach I and III – Impact of inventory costs on total costs 

  97

 
Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)

Scenario 1 6 0,861 30,68 9,84 14,11
Scenario 2 6 0,903 29,88 9,49 13,14
Scenario 3 6 0,912 28,21 8,45 13,10

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 7 0,895 29,47 9,1 13,41
Scenario 2 7 0,912 31,67 8,9 12,86
Scenario 3 7 0,878 29,09 8,87 13,54

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 8 0,914 28,88 8,79 12,9
Scenario 2 8 0,914 29,07 8,88 12,85
Scenario 3 8 0,926 27,45 7,68 12,7

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 9 0,915 28,79 8,79 12,88
Scenario 2 9 0,919 29,09 8,96 12,75
Scenario 3 9 0,931 27,25 7,40 12,82

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 10 0,915 28,47 8,56 12,73
Scenario 2 10 0,920 28,95 8,89 12,67
Scenario 3 10 0,918 27,47 7,38 12,84

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 11 0,924 28,40 8,61 12,54
Scenario 2 11 0,920 29,04 8,97 12,69
Scenario 3 11 0,930 27,25 7,49 12,80

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 12 0,934 28,06 8,35 12,38
Scenario 2 12 0,931 28,81 8,85 12,50
Scenario 3 12 0,906 27,94 7,69 13,10

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 13 0,934 28,21 8,47 12,41
Scenario 2 13 0,933 28,77 8,89 12,41
Scenario 3 13 0,922 28,03 8,05 12,77

Number of hubs Service level Total costs (million euros) Total inventory costs (million euros) Total transport costs (million euros)
Scenario 1 14 0,942 28,10 8,47 12,24
Scenario 2 14 0,939 28,42 8,65 12,34
Scenario 3 14 0,942 26,95 7,64 12,41  
Figure 32: Influence of inventory costs on minimal total costs 
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