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Management Summary 
In this report a study has been conducted on the demand – supply allocation process 
within Nike. Currently, within Nike improvements are possible in the performance of 
Nike’s allocation process. This performance can be expressed in supply chain costs 
and the service level regarding their allocation process. The supply chain costs consist 
of holding costs and costs for closeout inventory. Next to describing the current way 
of allocating, some changes in the current way of allocating within Nike have been 
proposed. These changes in the allocation process results in four alternatives for 
allocation. In this study an analytical model has been developed in which it is possible 
to compare the performance of each of the alternative ways of allocation.  
 
As has been mentioned, the focus of this study is on the allocation of demand to 
supply. More specific, this study investigates the allocation process for the business 
unit Apparel. The business unit Apparel is the only business unit which is under 
complete control of Nike European Headquarters, where this study has been 
conducted. Moreover, for the business unit Apparel, the highest number of   
opportunities for improvements in the performance of the allocation process within 
Nike can be identified.  
 
The allocation process of Nike consists roughly of four steps: selection – prioritization 
– matching – releasing. In the selection step all demand which should be allocated is 
selected. In the next step, prioritization, the demand is sorted with regard to the 
sequence in which demand should be allocated to supply. Subsequently, in the third 
step demand is matched with supply, based on the sequence which has been 
determined in the previous step. Finally, in the last step, it is determined if demand is 
allowed to be released.  
 
To develop the multi period allocation model, three models have been made: a 
conceptual model, a process model and a computational model. First a conceptual 

model has been developed in which all input, output, decisions and constraints have 
been defined. Then a process model has been developed based on this conceptual 
model which consists of several process steps. For each process step a complete 
description has been given what exactly occurs in every process. Subsequently, this 
process model has been translated in a working computational model, implemented in 
Delphi. This computational model is based on a multi period setting. Finally, the multi 
period allocation has been verified and validated.  
 
In the multi period allocation model three changes have been adopted. One change is 
related to the setting of the period in the multi period allocation model (weekly or 

daily period setting). Another change has been implemented in the prioritization step 
in the allocation process. The prioritization step consists of six keys and each key has 
a position (1 – 6) and based on those keys demand of customers is prioritized. One 
key is the date on which demand of a customer should arrive at the customer. In this 
study it has been proposed to change this date into the date on which demand of a 

customer should be shipped from the distribution centre. Moreover it has been 
proposed to give this date (on which demand of the customer should be shipped from 

the distribution centre) a higher priority in comparison with the other keys. This key 
has been shifted from position 5 to position 3. This is the third change.  
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After the multi period allocation model has been developed, data can be loaded into 
the model. The data which has been used in this study was collected based on the 
season fall 2007. In the fall of 2007, the sales mainly consisted of products of average 
price: the cheapest products are usually sold in the summer, while the more expensive 
products are sold in the winter / holiday season.  Within this complete data set, an 
ABC classification (Silver et al, 1998) is made for the different products which have 
been sold in the fall of 2007. From the A-items 40 kinds of products (materials) have 
been randomly selected for a data sample. A minimum of 40 materials (Montgomery 
& Runger, 2003) has been required for the construction of confidence intervals in a 
later stage of this study. 
During this study it has proven to be very difficult to collect the data for those 40 
materials which were needed in this study. Therefore this study was based on a 
limited data sample, unfortunately consisting of just one material. 
 
Although not all data for the 40 materials were available, it has still been described 
how an analysis should be done, if those 40 materials where available. It has been 
explained how the output for 40 materials can be used to make statements about 
supply chain costs and service level for all materials belonging to the season fall 2007. 
Subsequently, the analysis is done based on the limited data sample of one material. 
The results have shown that from a service level perspective a daily setting with a 
prioritization on the date when demand of a customer should be shipped from the 
distribution centre (instead of the date when demand of a customer should arrive at 
the customer) performs the best.  
From a supply chain costs perspective the weekly setting with a prioritization on the 
date when demand of a customer should be shipped from the distribution centre 
shifted to position 3 performs the best.  
 
The next step was the design of an implementation plan, which suggests how Nike 
should implement change(s) in the allocation process. 
 
Finally, a number of recommendations have been presented in this report. The first 
recommendation contains a number of directions for future research, for instance an 
extended analysis based on a larger number of materials (minimum of 40). A second 

recommendation is to maintain data about dates when orders of customers have been 
put on / off hold. The same should be done for customer cancellations. It is important 
to maintain data about the dates when (parts of) orders of customers have been 
cancelled. Also the quantities (per order of a customer) which have been cancelled 
should be registered. Not always complete orders have been cancelled by the 
customer. Moreover a clear differentiation should be made, whether this cancellation 
is due to Nike or due to the customers of Nike. A third recommendation is to 
document all processes, particularly the processes regarding allocation. A great 
advantage of this documentation is that all information is available at any time, also 
when employees leave the company. A fourth recommendation is to do a pilot, in 
which the detrimental effect for main customers (strategic accounts) is estimated, if 
demand is prioritized based on the third change which has just been proposed. A fifth 
recommendation is to evaluate the definition of service level which is currently used 
in Nike regularly. Based on changing business requirements, the definition of service 
level should also be adapted (they should be in line with each other). A sixth 
recommendation is related to the arrangement of orders entered by the customer. If 
the delivery is changed into the delivery of groups of materials based on a category 
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(soccer, tennis, basketball, etc), then also the orders should be organized in this way. 
A last recommendation is to update the in – and outbound transport times regularly. 
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1 Introduction 
In this chapter an introduction is given regarding the study that has been conducted. 

The introduction introduces the organization of Nike and the background of Nike, a 

general description of Nike’s supply chain, the research assignment and the outline of 

the report.  

1.1 About Nike  

Nike is the world’s leading designer, marketer, and distributor of authentic athletic 
footwear, apparel and equipment accessories for a wide variety of sports and fitness 
activities. In 1964 the business was initiated by Bill Bowerman and Philip Knight as 
Blue Ribbon Sports. Later on in 1972, the name of the company was changed into 
Nike (goddess of victory). Nike has $ 18 billion revenues worldwide and has $ 1.8 
billion profit. Nike acts in the four grand regions: 

- US (United States) 
- Americas (South and north of America) 
- Europe, Middle East & Africa (EMEA) 
- Asia Pacific  

The World Headquarters (WHQ, see also appendix A) is located in Beverton, Oregon 
and manages the US region. The Americas and Asia Pacific regions are decentralized 
managed by the countries itself, but the WHQ is responsible. The Europe, Middle 
East and Africa (EMEA) region is managed by European Headquarters (EHQ) located 
in Hilversum, the Netherlands. Worldwide Nike employs 29 000 people, 6000 of them 
are employed in the European Middle East and Africa region. The organization of 
Nike EHQ makes a differentiation in three main business units (BU’s). These are: 
apparel, equipment and footwear. Also a fourth BU exists (Golf), but this is a 
standalone BU, because this BU has its complete own organization with an own 
supply chain, with an own DC, etc. In the following figure an overview is given how 
Nike EMEA has been organized: 

Board of 

Directors

Sales Apparel BU

Footwear BU

Equipment 

BU

Operations

Logistics

Strategic 

Programs 

Organization

Information 

Technology

Human 

Resources
Finance

Risk 
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Planning
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Figure 1.1: Nike’s organizational chart 

 
This project has been conducted at the department Strategic Program Organization 
which is part of the European Headquarters of Nike. The main subject of this project 
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has to do with the supply chain of the European, Middle East and Africa region of 
Nike. From this point forward, the term “Nike” refers to Nike EMEA in this report.  

1.2 Nike’s Supply Chain 

For a good understanding of the report, it is important to know how Nike has 
organized its supply chain. Nike’s supply chain is roughly divided into two main 
flows: 

- DC (Distribution Centre) Flow 
- DRS (Direct Shipment) Flow 

 
The DC flow for Apparel, Footwear and Equipment always uses the DC in Laakdal, 
Belgium (the BU Golf uses the DC in Menlo). The DC in Laakdal is the central 
warehouse for the region EMEA. The DRS flow skips this DC and the products are 
always shipped directly to the customer.  
From the DC in Laakdal all the customer’s warehouses, located in different countries, 
are replenished by Nike. The products are mainly produced in the Far East, but Nike 
uses also production facilities in Eastern Europe (Bulgaria, Romania, etc) and 
Southern Europe (Italy, Portugal). Nike does not own any production facility. Figure 
1.2 represents this DC flow roughly:  
 

 
Figure 1.2: Nike’s DC flow 

 
The blue dotted lines represent the products that are shipped from the production 
facilities to the DC in Laakdal, this is called the inbound process. The yellow solid 
lines represent the replenishment of the customers throughout Europe (and of course 
Middle East and (South) Africa) and this is called the outbound process. As 
represented in the figure, all the customers are directly replenished from Laakdal, with 
one notable exception: Russia. Russia has its own DC and all the customers in Russia 
are replenished by this DC. Within the DC in Laakdal, incoming supply is coupled to 
outgoing demand by allocation. Without allocation no supply can be coupled to 
demand and as a result, no customer can be replenished.  
The focus in this study is on the allocation process in the DC in Laakdal. In Chapter 2 
a more extensive explanation will be given about the essentials of the supply chain of 
Nike and how the allocation exactly works. 
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1.3 Research Assignment 

In this section the research assignment is introduced. First, a short explanation is 
given about the department of the organization in which this study has been 
conducted. Then the research problem on which the study focuses is briefly explained.  
 
Department 

This study is done within the department of Strategic Programs Organization. As has 
been presented in figure 1.1, the Strategic Programs Organization has been connected 
to the Operations Department. The Strategic Programs Organization has the following 
structure: 

 
Figure 1.3: Strategic Programs Organization 

 
The Strategic Programs Organization is driven by four strategic priorities: deliver on 
our promises, marketplace management, enable new growth and maintain financial 
disciplines. Every strategic priority consists of strategic program(s) and every 
strategic program consists of projects. This study is conducted in the strategic 
program “Product Flow Optimization” and is part of the project “PO (Purchase Order) 
to Deliver”. Every project within Nike is defined into three steps: 

- Think (evaluating the project proposal, go / no go) 
- Study (defining the business benefits of the proposal, refining the scope, 

assessing the resources for the project) 
- Research (developing the solution) 
 

Research Problem 

In this section, the research problem is defined. This study focuses on the allocation of 
Nike in Laakdal, as explained before in section 1.2. Allocation means matching 
demand to incoming supply. More specifically, it investigates the performance of the 
current way of allocating within Nike in comparison with alternative ways of 
allocating. The performance is expressed on the one side in service level and on the 
other side in supply chain costs. Briefly, the business benefits will be estimated when 
another way of allocating is considered. This determination of the business benefits 
corresponds to the study phase within Nike’s planning stages of a project.  In figure 
1.4 it is represented how the supply chain costs and service level (performance) 
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belonging to a way of allocating could be related. This figure is used just for 
illustrative purposes and therefore the numbers used are fictive.  

 Figure 1.4: Service Level versus Supply Chain Costs 

 
Suppose that the current way of allocating has a service level of approximately 55%, 
with supply chain costs are approximately 105. In this example opportunities exist for 
improvement(s), if an alternative way of allocating is considered. The two most 
extreme improvements are:  

- A complete increase in service level from 55% to 90%.  
- A complete reduction in supply chain costs from 105 to 30. 

 
These are two radical changes in performance, but of course also combinations of 
improvement in service level related to supply chain costs exist for alternative ways of 
allocating. This study will provide insights into these improvements in service level 
related to the supply chain costs by considering alternative ways of allocating.  

1.4 Outline of the report  

The outline of this report is as follows: starting with chapter 2, a more extensive 
explanation about Nike’s supply chain is given, particularly with regard to the 
allocation process. Furthermore, an explanation about the research outline (and how 
this is related to the supply chain) will be given. Chapter 3 focuses on the model that 
has been developed. In this chapter, first the conceptual model is explained, then the 
process and computational model. Subsequently, an explanation regarding how the 
output is measured in this model will be given. Finally, the model is verified and 
validated. In chapter 4 an explanation is given with regard to the data that is used, the 
data which is not available and the treatment of these missing data. Chapter 5 contains 
the analysis based on the model that has been developed. The results based on the data 
that have been gathered are presented. Chapter 6 gives an implementation plan for the 
proposed changes in the allocation process. In chapter 7 the conclusions and 
recommendations of this project are given and directions for future research are 
presented. 
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2 Research Outline 
In this chapter the research outline is explained. For a good understanding of the 

research outline it is important to know how Nike’s supply chain works in detail. First 

the scope of the research assignment is defined. Based on the scope of the research 

assignment an extensive explanation is given of that part of the supply chain that 

belongs to the scope. Finally, a research plan is given, indicating how this study has 

been conducted.  

2.1 Scope of the research assignment 

The scope of the research problem is defined to make the boundaries of this research 
assignment clear. From a business unit perspective the focus will be on the BU 
Apparel. Two important reasons for choosing the BU Apparel as the scope for this 
research can be identified: 

-    The complete BU is under control of Nike EHQ. 
- In the BU Apparel the most opportunities exist for improvement in the 

performance of the allocation because of its complexity. 
With regard to the other two BU’s (Equipment and Footwear), Nike EHQ does not 
control the complete BU. For those two BU’s a lot of decisions are taken in Nike 
WHQ. The most complex BU is Apparel. This caused by the fact that limited capacity 
in the production facilities is an important constraint. Through this constraint the 
leadtimes are relative long (more than six months) in comparison with the other two 
BU’s. Therefore Nike has to do blind buys, which means that they have to produce 
products based on forecasts, otherwise they are too late. Because of these blind buys, 
the proportion between supply and demand can fluctuate. Allocation plays an 
important role in dealing with these fluctuations in the proportion between supply and 
demand. If there is always enough supply on time in relation to the whole demand, 
then allocation has less impact.   
From a supply chain point of view, the focus is on the DC (distribution centre) flow, 
because only this flow uses allocation in contrast with the DRS (direct shipment) 
flow. Furthermore, only the impact of the allocation process is taken into account. 
Thus all the decisions taken in the in- and outbound processes (for example, in- and 
outbound transport plans) are not in scope of this research assignment.  

2.2 Nike’s supply chain in detail 

In this section the supply chain of Nike for the BU Apparel is explained extensively. 
From this point forward, if the supply chain of Nike is discussed, the supply chain for 
the BU Apparel is meant. First, the essentials in Nike’s supply chain are explained. 
Then the complete allocation process that is used in Nike’s supply chain is explained. 
Finally, the composition of the performance measures within Nike to measure the 
performance of their supply chain, more specifically the performance of the allocation 
process, is explained.  

2.2.1 Essentials of the supply chain 

In this subsection the important essentials and mechanics of the supply chain are 
explained, in order to get a good understanding of Nike’s supply chain.  First, it is 
explained how the entry of demand is managed, then it is explained how the supply is 
managed. Subsequently, it is explained how the supply chain of Nike works and 
which timeline and dates are used in the supply chain. 
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Sales Orders 
The complete customers’ demand for a season is entered by means of a sales order 
(SO). Two types of sales orders are differentiated by Nike: 

- Future sales orders 
- At once sales orders 

Future orders should be entered six months before the beginning of each season. An at 
once order can be entered during a season. These at once orders could be entered, if a 
customer wants extra products. Basically, these at once orders are just 1% - 2% of the 
total demand for one product. Within Nike, demand is very high and just 1% - 2% can 
still be corresponding to 500 units of a product. In a sales order, all the products 
(materials in Nike terms) the customer wants for a complete season, are combined. 
These materials are different products (for instance, a yellow shirt) with a size (for 
instance size S) or, to speak in logistic terms, different Stock Keeping Units (SKU’s).  
Nike makes the following hierarchical differentiation regarding the SO’s:    

- Schedule line: all the units requested by the customer for one size of a specific 
material, for instance all the units of size small of a yellow shirt. 

- Sales order line: all the units belonging to all the sizes of a specific material 
requested by the customer, for instance all the units belonging to the complete 
size range of a yellow shirt. The number of sales order lines is high, for 
instance for one material the number of sales order lines could be around 
2000.  

- Delivery group: combination of sales order lines, satisfying to the following 
three restrictions: 

o Every sales order line has the same CRD (customer request date, date 
that the customer wants his / her material, see also in this subsection). 

o Each sales order line belongs to the same division (Apparel, Equipment 
and Footwear). 

o Each sales order line has the same launch flag (Yes or No). A launch 
flag “Yes” means that goods have to be in store on a specific date for 
marketing reasons, in contrast with the launch flag “No”. 

- Sales order: each delivery group belongs to a sales order. 
 
In figure 2.1 an overview is given of this hierarchical structure: 

 
 

Figure 2.1: Hierarchical structure of a sales order 
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Purchase Orders 
In addition to demand, the supply is also managed in the supply chain. The supply is 
managed by placing so-called “buys” at the production facilities (factories). A “buy” 
is an order from the BU, in this case the BU Apparel which contains the requested 
units (specified for each size) that should be produced by the factories. This order is 
called a purchase order (PO). A purchase order consists of purchase order lines. In 
contrast with sales order lines, the number of purchase order lines is much lower, 
because demand is fragmented over a lot of customers (thousands of customers).  A 
purchase order line contains all the ordered units by Nike per size of a specific 
material for the production in the factory. In figure 2.2 an overview is given how a 
purchase order has been composed:  

 
Figure 2.2: Hierarchical structure of a purchase order 

 
Placing these purchase orders at the factories is based on the incoming future sales 
orders. It is difficult to determine exactly how much should be produced. This is 
caused by blind buys and changes in demand (entry of at once orders, cancellations of 
demand which are allowed for a customer). Later on in subsection 2.2.2 more is 
explained about customer’s behavior (holds and customer cancellations).  
The incoming SO’s are processed into PO’s. It is important to mention that usually no 
one-to-one relationship exists for linking the SO’s to PO’s. More SO’s can belong to 
one PO, and also a specific SO can be linked to more than one PO. The ideal situation 
is that finally the supply, generated by PO’s, covers all the SO’s (demand). 
 
Overview of Nike’s supply chain (DC-flow) 
As mentioned in 2.1 the focus is on the DC – flow. The supply chain of this DC – 
flow is represented as follows: 

 
Figure 2.3: Overview of the supply chain of the DC - flow 

 
The supply chain of Nike starts with the factories all over the world that receive PO’s 
from Nike telling them how much to produce. This receiving of PO’s at the factory is 
called a buy in Nike terms. In these factories the materials are produced. When the 
production of these materials has been finished the materials are transported to so-
called consolidators. At the consolidator all the materials that come from the factories 
are collected. In almost every case, these consolidators are located on a strategic point 
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near the factories, so the materials can be shipped easily from this geographical 
location.  
Secondly, when the materials leave the consolidator, they are going into the inbound 
transport. The inbound transport is the process of shipping the materials from the 
consolidator to the DC in Laakdal. This can be done by ship, by plane or by truck. 
When the materials arrive at the DC, they are ready for the inbound processing. After 
the inbound processing, the materials are on stock (now they are called physical 
inventory). Most of the time, little uncertainty exists regarding the inbound process 
(transport and processing). The deviation in the inbound process (if it occurs at all) is 
often just one or two days. This is based on an interview with an expert of Nike’s A-
Run system in which these times have been registered.  
Thirdly, when the materials are needed, the outbound processing can begin. This 
means that the materials from the DC are going to be loaded into the trucks. When the 
trucks have been loaded with the materials, the outbound transport can begin. This is 
the transport from the DC in Laakdal to the customer / retailer. Finally the materials 
will arrive at the customer / retailer. Just as with the inbound process, also little 
uncertainty exists with regard to the outbound processing and outbound transport 
times. Again, deviations are just one or two days in the outbound process. This 
information is also based on an interview with the same expert. 
Furthermore, Nike makes a differentiation in the status of inventory for the materials 
during their “journey” through the supply chain. Figure 2.4 represents the status of the 
inventory: 

 
Figure 2.4: Status of Inventory 

 
Three states of inventory can be differentiated: 

- PO inventory (inventory from the moment that a PO is placed at the factory 
(buy) until it leaves the consolidator) 

- In transit inventory (from the consolidator until it is stored in Laakdal) 
- Physical inventory (physical stock at the DC in Laakdal) 

 

Timeline and dates 
For the timeline it is important to mention that Nike does not work with a calendar 
year, but with a fiscal year that is divided in business months. A business month starts 
at the 20th of the previous calendar month and ends at the 19th of the corresponding 
calendar month. For example, the business month October takes the following time 
bucket: 20th of September – 19th of October. In this way, the fiscal year that starts at 
June and ends in May is divided into different business months.   
 
To explain the logic behind the allocation process in the following subsection, the 
following definitions are needed, namely: 

- Customer Request Date (CRD): the date on which the customer requests to 
receive a sales order line. 
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- Customer Confirmation Date (CCD): the date on which Nike promises to 
deliver the sales order line to the customer, after Nike has confirmed this date. 

- Customer Cancel Date (CXD): the date on which a sales order line is cancelled 
by Nike, on default this is set thirty days after the CRD. 

- Material Availability Date (MAD): this is the date on which the sales order 
line should be available in the DC to satisfy the Customer Confirmation Date. 
This date is determined by a backward calculation: CCD – outbound 
processing time – outbound transport time. 

- Task date: the date that a purchase order line has been arrived and has been 
processed at the DC in Laakdal, shortly the date of availability of a purchase 
order line in the DC in Laakdal. 

- Advanced Shipment Notification (ASN): the date on which PO-inventory 
becomes in transit inventory, this date is equal to the date when supply leaves 
the consolidator. 

- End Product Offer Date: at this date, the materials are no longer offered on the 
regular market, but on a secondary market. The end product offer date is equal 
to the 31st (or 30th) of the next calendar month to the last business month of the 
season (approximately a difference of 40 days). All the materials that are now 
on stock and not have been allocated are closeout inventory. Usually, no 
materials are still in the pipeline at the end product offer date, because all the 
materials arrive before the end product offer date. Materials in closeout 
inventory are sold on a secondary market (with a discount over the wholesale 
price) and usually it is not common that materials should be liquidated. It is 
Nike’s policy to sell these materials as soon as possible on this secondary 
market.  

 
Figure 2.5 represents a relation between these dates: 
 

 
Figure 2.5: Relation of the most important dates 

2.2.2. Allocation within Nike 

In this subsection the allocation within Nike is explained in detail. Within Nike, the 
allocation process is called A-Run. The allocation run is the mechanism that is 
responsible for allocating demand to supply. Each Saturday, changes in demand and 
supply are processed and after that a complete new allocation run is done to cover 
those changes. Throughout the week, a number of extra allocations are done, on top of 
the allocation run done on Saturday. Basically, all the allocations which are done are 
fixed, but it can occur that some allocations which have been done are altered during 
the season. It is needed to do allocation on a regular basis in order to update the 
changes in status of demand (think on incoming at once orders, cancellations by the 
customer, holds) and update the status of supply (incoming in transit inventory and 
incoming stock). 
Now a general overview is given of the allocation process. Basically, in the allocation 
process, demand is allocated to supply. In Nike terms this means: sales order lines are 
allocated to purchase order lines. Only purchase order lines with a status of ‘in transit 
inventory’ and a status of ‘physical inventory’ (stock) are allowed to be allocated.  

CCD CRD CXD 
 (30 days) 

 

Outbound Processing + Outbound Transport 

 MAD 
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The allocation starts at the moment that the first purchase order lines are in transit and 
can be allocated. The allocation has been finished at the end product offer date. In 
general, Nike’s allocation process consists of four steps which are represented in 
figure 2.6. For every step an explanation is given. 
 

 
Figure 2.6: Nike’s allocation Process 

 

Selection 
In the first step of the allocation process the sales order lines of customers that are 
going to be allocated are selected. This is done on the basis of a timeline based on 
business months. Only the sales order lines with a CCD in the past up to and including 
the current business month plus one are taken into account as can be seen in figure 
2.7: 

 
Figure 2.7: Time Span of A-Run 

 

For the selection it is important to mention, that if the current date of allocation is 5 
days before the customer cancel date (CXD) and nothing has been allocated to the 
sales order line yet, then the sales order line is on default not taken into account by A- 
Run at all. Usually, not all the sales order lines are cancelled, if the current date of 
allocating passes the CXD – 5 days and no supply has been allocated to it. Nike can 
push out the customer cancel date and in this way the sales order line can be allocated 
again. This is done ad hoc by the order management department of Nike. This 
demand, which is cancelled by Nike, is considered as lost demand due to Nike’s 
activities. 
 

Prioritization 
In the second step the sales order lines that have been selected in the first step are 
prioritized (sorted). This is done based on six keys. The table 2.1 gives an overview of 
these six keys: 
 

  
Table 2.1: Prioritization 
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The prioritization starts at key 1, then all the sales order lines are placed in a bucket 
(past, current – 1, current, current + 1). Then the sales order lines in those buckets are 
sorted on key 2. Subsequently, sales order lines with the same allocation window and 
order type (key 1 and key 2) are sorted based on key 3, etc. The prioritization occurs 
in a sequential way.  
The first key is the allocation window which is used to prioritize. In this window it is 
determined in which business month the CCD falls. The second key is the order type: 
a future order has always a higher priority than an at once order. The third key is the 
supply chain group, the lower the SCG (Supply Chain Group), the higher the priority. 
Normally, strategic accounts are in a low SCG. The fourth key is the customer 
allocation (CAP) or the deliver allocation priority (DAP). Again, the lower the CAP / 
DAP the higher the priority. Normally, the more important the customer, the lower the 
CAP / DAP. The fifth key is the CCD, the earlier the CCD, the higher the priority. 
Finally, the sixth key is the sales order number. The lower the sales order number, the 
higher the priority. 
 
Matching 
Then in the third step the sales order lines are coupled to supply (matching). The 
sequence of matching is determined by the previous step (prioritization). In general 
three rules are the basis of this logic (figure 2.8): 

1. First of all, the prioritized sales order lines are allocated to available in transit 
inventory that arrives before the MAD-1 in such a way that the sales order line 
can be delivered on time.  The MAD-1 has been chosen, because one day is 
needed for making an outbound plan. Moreover, always the available in transit 
inventory with a task date closest to the MAD-1 is chosen.  

2. If rule 1 cannot match completely the sales order line to in transit inventory 
with a task date before the MAD-1, then available physical inventory (stock) is 
chosen for matching.  

3. If rule 1 and rule 2 could not match the sales order line to both in transit 
inventory before MAD-1 and / or physical stock, then available in transit 
inventory is chosen with the closest task date after the MAD-1.  

 

 
Figure 2.8: Logic of matching demand to supply 
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Releasing 
Finally, in the fourth step the releases take place. Nike has two main release rules: 

- Release rule for sales order lines. On default this release rule is set on 100%, 
which implies that all the sales order lines should be fully allocated. This 
percentage can be decreased by Nike, for instance at the end of a season, when 
sales order lines cannot be fully allocated anymore.  

- Release rule for a delivery group. On default this release rule is also set on 
100%, which implies that not only the sales order line should be fully 
allocated, but also the delivery group. Again, this percentage can be decreased 
by Nike. This release rule does not have a high priority within Nike. (In the 
future they want to cancel this release rule, because of changes in the business. 
For instance, they do not want to deliver to the customer based on the 
materials of one BU, but on a selection of cross BU materials, for instance all 
the materials related to football).  

 
Moreover sales order lines with a so-called hold are not allowed to be released. Now, 
for holds some additional information is given: holds are always put on a complete 
sales order line. If a sales order line is put on hold, then the release of this sales order 
line is blocked. A hold does not impact the allocation itself, only the release of a sales 
order line is impacted. A hold can have several reasons: 

- Credit hold: If a customer does not pay well, the complete sales order line is 
put on hold for that customer. In this way, the customer does not receive his 
sales order line, until he pays his bills. In the worst case, it is staying on hold 
till the end of the season (at the end product offer date) with the risk that the 
products attached to this sales order line have to be sold on the secondary 
market.  

- Customer hold: During the season, a customer can put a hold on a complete 
sales order line (or on more of his ordered sales order lines). Furthermore, this 
customer can put the sales order line off hold, after he has put the sales order 
line on hold. It is important to mention again, that only sales order lines with 
no holds can be released. If a hold stays on the sales order line during the 
season, then these products are sold at the end on the secondary market, with a 
partial loss in margin. 

- Default hold for IDP (Integrative Delivery Planning) and contract customers: 
When these customers enter their demand, the sales order lines are put on hold 
directly. These customers inform Nike before and during the season when they 
want to have their sales order lines and where they want to have them. When 
this occurs, the sales order line is put off hold. Again, it could happen that a 
sales order line stays on hold till the end of the season. Then the products of 
this sales order line are sold on the secondary market with a partial loss in the 
margin. 

 
In general, every hold has the same impact, because the sales order line cannot be 
released anyway. If a sales order line has already been shipped to the customer, then it 
is no longer possible for the customer to put a sales order line on hold. Furthermore, it 
can be stated that usually, a sales order line can be put on hold and off hold only once 
during a season.  
Besides the entering of holds which impacts the release of sales order lines, also 
cancellations can be entered by the customer throughout a season which impacts 
directly the requested quantity per size. It is common, that 10% of the total demand 
for one material is cancelled by the customer. For one material this can be 
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corresponding to thousands of units. Sometimes, if supply has already been allocated 
to a sales order line, it can occur that through a cancellation part of allocated supply 
should be de-allocated. The de-allocation is done by using the reversed logic of the 
matching process. Cancellations for the same sales order line can occur several times 
throughout the season. A cancellation does not need to cover the complete sales order 
line; it could also concern parts of a sales order line. Finally, if a customer 
cancellation occurs after the sales order line has already been shipped to the customer 
it is not taken into account at all. In subsection 4.1.1 and 4.1.2 it is explained how to 
deal with holds and cancellations.  

2.2.3 Nike’s performance measures 

In this subsection we will describe Nike’s service level and the supply chain costs to 
finally measure the performance of allocation. Within Nike the performance indicator 
for service level is DIFOT (Delivered in Full on Time). This measure is a Key 
Performance Indicator (KPI) within Nike and can be used on any level: on scheduling 
line, on sales order line, on delivery group and on SO level. These are general 
performance measures, but within Nike DIFOT is measured on sales order line level 
on default. Now the DIFOT measure is described.  
DIFOT is the measure which indicates if units have been arrived on time and in full at 
the customer. The DIFOT measure has been composed of two other KPI’s: DOT 
(Delivered On Time) KPI and DIF (Delivered In Full) KPI. On time at the customer 
means arrival at the customer within the CCD plus an additional delivery window. 
Currently, Nike uses a delivery window of 30 days. In the future, this delivery 
window of 30 days will decrease. A general rule within Nike states that every one 
percent increase in DIFOT (on sales order line level) results in some increase of 
turnover.  
 
For the DOT-KPI six possible values are differentiated: 

1. Rejected: Nike rejects the delivery  
2. Not Delivered Completely: not all the units are delivered at the customer 
3. Delivered Early: all the units are delivered too early at the customer 
4. Delivered On Time: all the units are delivered on time at the customer 
5. Delivered Late: all the units are delivered too late at the customer 
6. Unknown: if they not fall in one of the above categories 

 
For the DIF-KPI also six possible values are differentiated: 

1. Rejected: Nike rejects the delivery 

2. Delivered in Full: all the units are delivered at the customer at once and in full 
quantity 

3. Delivered incomplete: not all the units are delivered at the customer, there is a 
remaining quantity of units that is not delivered 

4. Delivered complete in partials: all the units are delivered at the customer, but 
not at once, but the full quantity is finally delivered 

5. Not delivered: none of the units are delivered at the customer 
6. Unknown: if they not fall in one of the above categories 

 
Combining the DOT- and DIF-KPI’s results in the DIFOT-KPI, in table 2 this is 
represented:  
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Table 2.2: DIFOT KPI 

 
In table 2.2 the DOT-KPI and the DIF-KPI are combined. Only under the conditions 
that the sales order is in full (DIF) and early / on time (DOT) the sales order line is 
delivered in full on time, in every other situation the sales order line does not satisfy 
the condition for delivered in full on time.   
 
The supply chain costs impacted by the allocation within Nike consist of two main 
components: 

- Holding costs (or inventory costs)  
- Costs for the loss in margin for closeout inventory 

 
The holding costs represent the costs of the capital that Nike invests in their 
inventories. Another cost component of supply chain costs are the costs for closeout 
inventory, because of a loss in margin if Nike has to sell it on a secondary market. 
Dependent on the way Nike allocates, the risk is bigger (or smaller) that materials 
should be sold on a secondary market. For instance, the way of allocating impacts the 
release date of a sales order line. The earlier it is released, the lower the probability 
that a sales order line will be cancelled. In section 3.5 it is explained how DIFOT and 
the supply chain costs are measured in a mathematical way.  

2.3 Research Plan 

The focus of this project is on determining the opportunity for improvement in service 
level (or in Nike terms DIFOT) related to the supply chain costs regarding different 
allocation mechanisms for the BU Apparel. This possible improvement has been 
explained in section 1.3. Now a research framework is presented, which has been used 
in this study for investigating the research problem. The framework of Mitroff & 
Turoff (1974) is used in this study. This framework can be represented as follows:  

Solution

Problem Situation

Quantitative Model

Conceptual ModelData

 
Figure 2.9: Framework of Mitroff and Turoff (1974) 
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First of all, relevant information is gathered about Nike’s supply chain, particularly 
about the allocation process within Nike and how Nike measures the performance of 
its supply chain. The information is gathered by conducting interviews. 
Subsequently, the problem situation is described. Based on this problem situation a 
conceptual model is defined. In this conceptual model all the characteristics regarding, 
the input, the output, the constraints and the decisions that have to be taken are 
considered. In order to develop alternative ways of allocating, employees of different 
disciplines within Nike are interviewed.   
After defining the conceptual model, a quantitative model is developed based on the 
conceptual model. This finally leads to insights in the performance (service level 
related to the supply chain costs) of different allocation mechanisms. In fact, in this 
study the quantitative model is represented by a process model and a computational 
model. In the process model, every step that occurs in the allocation process is 
defined. In the computational model the focus is on how every procedure is working.  
After developing the process and computational model, real data are gathered within 
Nike with the aim to do an analysis on this data. This data are gathered from the 
databases of Nike. Ideally, all data are available, if this is not the case, then for these 
missing data additional procedures will be developed. In the analysis, the results of 
different allocation mechanisms are compared with each other. Also a sensitivity 
analysis is performed, in order to get an insight in the influence of different settings in 
the computational model.  
Finally, based on the results of the analysis, recommendations and conclusions will be 
presented.  
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3  Multi Period Allocation Model 
In this chapter the multi period allocation model is explained. First a conceptual 

model is made, in order to structure all the information that is needed in the model. 

Subsequently, the alternatives for allocation are proposed. Then a process model is 

developed in order to explain in which steps the allocation process is divided, and to 

provide details for each step. Finally, the process model is implemented in a computer 

model in which the results can be generated. Furthermore, it is explained how the 

output is measured in a mathematical way. Finally, the multi period allocation model 

is verified and validated. 

3.1 A conceptual model for allocation 

The multi period allocation model which is developed in this study is a deterministic 
evaluation model. The multi period allocation model is not used as a model for 
determining the optimal allocation, but is just used as a model to evaluate the 
performance of different alternatives for allocation. As has been described in the 
research plan, a conceptual model is made that will be used as the basis for the 
development of the quantitative model. In a conceptual model, all the input and output 
characteristics are defined, but also the constraints and the alternatives are defined. 
Furthermore, the relationships between the variables are described. Finally, also the 
assumptions related to the conceptual model are explained. In figure 3.1 the 
conceptual model is represented as a black box (Limam, 2002): 

Constraints

Decisions
Output

Input

 
Figure 3.1: High level overview conceptual model  

 

The goal of making a conceptual model is to differentiate the relevant from the 
irrelevant information and to order this information in a structured way.  First an 
overview of the input that is used in the model is given. Subsequently, the output 
characteristics are described. After that the decisions and finally the constraints are 
described. 
 
Input 
In every model input is needed, which is processed resulting in output. As mentioned 
earlier, allocation is based on the incoming supply and demand. These are the two 
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main input characteristics in this model. Demand consists of sales orders and supply 
consists of purchase orders. Also cost parameters are needed in the model as input for 
calculating holding costs and costs for closeout inventory.  
 
Demand 

Every sales order entered by the customer consists of sales order lines. Every sales 
order has a number of attributes, for example: type of order, sales order number, etc. 
Every sales order line also has its attributes, for example: CCD, MAD, SCG, etc. The 
total number of attributes which is needed for demand (sales order lines) is fourteen.  
Moreover, two other input characteristics regarding demand which are needed in the 
model are holds and cancellations. For those characteristics a minimum of four 
attributes is needed, depending on the number of cancellations for a sales order line.    
 
Supply 

Next to the demand, the supply is also an input characteristic. The main attributes of a 
purchase order is its purchase order number. Each purchase order consists of purchase 
order lines with its characteristics: task date, ASN, etc.  
 
Cost Parameters 

The first important cost parameter is the weighted average costs of capital. Based on 
the weighted average costs of capital a holding cost factor (per day / per €) is 
calculated.  Next to the holding cost factor the cost price of a material is needed for 
calculating the holding costs. Also the discount factor on closeout inventory and the 
wholesale price are needed for calculating the costs for closeout inventory.  
 

Output 
The allocation model impacts the performance measures which have been described 
in the subsection 2.2.4. These performance measures represent the relevant output of 
the model. The following two relevant performance measures have been identified: 

- Supply chain costs (total holding costs and costs for closeout inventory 
because of discount on the wholesale price) 

- Service level (DIFOT measure in Nike terms) 
 
Decisions  
In this conceptual model no decisions are taken into account, but as explained in 
section 2.2.2 the way of allocating can be changed. Of course, other decisions exist in 
a supply chain, but as mentioned in section 2.1 these are not in the scope of this study. 
Only the allocation process is within the scope. 
 
Alternative ways of allocating 
In this study the way of allocating can be changed, and therefore some changes in the 
allocation process are proposed. For each way of allocating, a separate conceptual 
model is used as represented in figure 3.1.  
 
Constraints 
Regarding constraints, except for the ones in the allocation process no constraints are 
taken into account in the conceptual model. A constraint that could be taken into 
account is the capacity of the DC. It is assumed in this study that the capacity of the 
DC is sufficient. Otherwise it is also not possible to assume that the in- and outbound 
process times are always equal (as is explained in this section), because they depend 
on this capacity.   
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Assumptions 
In subsection 2.2.2 all the details regarding the allocation process within Nike have 
been explained. To model the allocation process in a conceptual way, some important 
assumptions have been made in this study. 
First it is assumed that the inbound processing and inbound transport times are 
deterministic (see for an overview of assumptions also appendix B). Also it is 
assumed that the outbound processing and outbound transport times are deterministic. 
This is assumed, because very little uncertainty exists with regard to these processing 
and transport times. If the inbound and outbound times are deterministic, then the way 
of allocating does not impact the holding costs during the in- and outbound times. 
Therefore only the holding costs for stock (physical inventory) are relevant for this 
study. 
Secondly, it is assumed that the default setting for the allocation is on a weekly basis. 
As mentioned before, every Saturday changes in demand and supply are processed 
and incorporated in the allocation. Throughout the week allocations can occur, but 
only on Saturday a complete new allocation run with all the changes is incorporated. 
Moreover, it is assumed that the allocations are fixed (not changeable), unless supply 
which has already been allocated should be de-allocated in the case of a cancellation. 
Thirdly, for releasing it is assumed that the sales order line should be covered for 
100%, before shipping it to the customer. It is assumed that delivery groups are not 
taken into account in the release rules, because Nike wants to cancel this release rule 
and develop a new one (cross BU).  
Fourthly, regarding cancelled demand by Nike, it is assumed that if the current date of 
an allocation run is 5 days before the customer cancel date (CXD), no hold is on it, 
and nothing has been allocated to the sales order line, then the sales order line is not 
taken into account by A-Run anymore. It is assumed that no hold should be on it, 
because if a hold on is on it, Nike has some extra time to arrange supply for that 
customer till the sales order line is put off hold. If after putting the sales order line off 
hold, still no supply has been allocated to the sales order line then it is cancelled by 
Nike after all.  
Fifthly, for processing the closeout inventory it is assumed that at the end product 
offer date, the entire closeout inventory is immediately sold on a secondary market 
and no closeout inventory has to be liquidated. This is in line with how Nike 
processes their closeout inventory. 
Finally, the timeline which is taken into account in this study is one season.   

3.2  Alternatives for allocation 

Now some alternatives for allocation are discussed. The alternatives are based on 
interviews conducted with different representatives of Nike. Several managers of 
different disciplines have been interviewed for gathering their vision regarding 
allocation. The focus is on the following disciplines: 

• Inventory Planning 

• Sales and Operations Planning 

• Customer Service 

• Goods Flow Planning 
Based on the interviews (Appendix E), three changes in the current way of allocation 
within Nike are now presented: 

- Prioritization on MAD instead of CCD (key 5 of the prioritization) 
- Daily allocation instead of weekly allocation 
- Prioritization on MAD and shift this key to position 3 
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Change 1:  MAD instead of CCD (key 5 of the prioritization)  

Particularly with regard to the question: “What kind of prioritization should be made 

regarding the allocation process?” a lot of persons emphasized that in the 
prioritization (key 5) the MAD should be used instead of the CCD as the date on 
which is prioritized.  Based on common sense it seems to be logical to use the MAD, 
because the MAD is the date on which the sales order line should be ready to be 
processed and to be shipped to arrive on time at the customer. The CCD is the date on 
which the sales order line should arrive at the customer. Because of the difference in 
outbound processing time and outbound transport times it is crucial to select on the 
MAD instead of the CCD as the following figure makes clear: 

Sales Order Line x:

Sales Order Line y:

CCD

CCD

MAD

MAD Outbound processing and transport time

Outbound processing 

and transport time

t

t

20th of the calendar month 19th of the next calendar month

 
Figure 3.2: MAD versus CCD 

 
Sales order line x has now the highest priority (with the assumption that key 1 – key 4 
are the same), but the MAD of sales order line x is later than the MAD of sales order 
line y, even though sales order line x gets the highest priority. It seems better to use 
the MAD as the date for prioritization as can be seen in figure 3.2, because the MAD 
is corrected for outbound processing and transport times.  
 
Change 2: Daily (de- and re-) allocation instead of weekly (de and re-) allocation 

In contrast with weekly (de- and re-) allocation as the normal way of allocating, 
another option is doing (de and re-) allocation on a daily basis. The major advantage 
of daily allocation is the fact that one is able to react faster on changes in the order 
book (changes with regard to sales order lines). Think of changes regarding 
cancellations, holds, incoming at once orders etc. Also changes from a supply point of 
view are faster processed. Currently, all the changes in the order book (holds, 
cancellations, etc) are processed on Saturday. If a daily basis is chosen, then these 
changes are processed every day. This way the allocation will be more flexible. For 
instance, consider the following situation for a sales order line of an IDP customer 
that has been fully allocated (on default on hold): 

  
Figure 3.3: Weekly Allocation versus Daily (de- and re) allocation 

 
Based on a weekly allocation the off hold date is processed in period S + 3 at t = 1 and 
then the MAD is passed for more than 14 days (suppose the delivery window is 14 
days). The sales order line will not arrive within in the delivery window at the 
customer. Taking a daily allocation the off hold date is processed at t = 4 in period S + 
2 and so the sales order line will arrive at the customer within the delivery window. 
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This is just a small example to show the effects that can occur when allocation is 
switched from a weekly basis to a daily basis. 
 
CCD versus MAD combined with Weekly versus Daily (de and re-) allocation 

It is also possible to combine both changes in the allocation process as represented in 
figure 3.4. This results in four ways of allocation: 

 

 

 

 
 

 

 

 

 

 

Figure 3.4: CCD versus MAD and Weekly versus Daily (de and re-) allocation 

 
Now it can be investigated which combination results in the best performance. For 
each alternative (each cell) the results are compared with the other cells. Now a third 
change is proposed which is only investigated in a weekly setting. 
 
Change 3: Prioritization on MAD (instead of CCD) and shift this key to position 3 

Finally, a fifth alternative way of allocating is proposed. As in section 1.3 has been 
mentioned, alternative ways of allocating are proposed for realizing a better service 
level and / or lower supply chain costs. A more extreme case of allocating with the 
aim to realize low holding costs and a high service level is doing the prioritization on 
MAD and shifting this key to position 3. Then the sequence of the keys is as follows: 
allocation window – type of order – MAD – CAP – SCG – SO number. The allocation 
is still based on a weekly basis, but the results should be better from an operating 
point of view in comparison with prioritization on CCD with this key on position 5.  
 

Note that all the proposed changes only impact the prioritization step of the allocation 
process! 

3.3 A process model for allocation 

In this section, the development of the process model is described. First the setting 
which is chosen in the process model for allocation is described. Then it is explained 
in which process steps the process allocation model has been decomposed and what is 
processed in each step.  

3.3.1 Single period setting versus multi period setting 

In this study, as has been mentioned earlier, the impact of allocation on supply chain 
costs and service level regarding different allocation mechanisms is investigated. 
Allocation is a process that runs over time and in this study the performance of the 
allocation within Nike is compared with the performance of alternative allocation 
mechanisms. For investigating this, roughly two kinds of settings can be identified: 
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- Single period setting 
- Multi period setting 

 
Now the essentials of both kinds of settings are explained. After careful consideration 
of the (dis)advantages of both kinds of settings, a choice is made for one setting.  
 

Single period setting 
The basis of a single period setting is that for an arbitrary period and an arbitrary 
material an allocation run is done just once. This is done both for the current way of 
allocating and for the alternative ways of allocating. After this has been done, the 
output of all the different ways of allocating is compared. This is the foundation of a 
single period setting.   
 
Multi period setting 
In contrast with using a single period setting, also a multi period setting can be 
applied. In a multi period setting allocation runs are done not just for one arbitrary 
period, but the runs are conducted for a number of different periods. In this setting, 
these allocation runs are done over multiple periods of time for both the current way 
of allocating and the alternative ways of allocating. After the allocation runs have 
been conducted for these different time periods, the final output of the different ways 
of allocating is compared. In figure 3.5 this multi period setting is represented: 
  

 
Figure 3.5: Allocation over time of allocation method x versus allocation method y with a multi period 

setting 

 
Within the context of this study, allocation is done over time (multiple periods), thus a 
multi period model seems to be the most logical way of modelling. However, a single 
period model could also be used. Because the allocation is done over time, several 
single periods could be used, based on the timeline that is taken into account. The 
number of single periods is represented as follows: t =1,…,T. For these single periods, 
every period again, new input data should be specified for which output data are 
created after a single period. This should be repeated for every single period within 
this timeline, because in the case of a single period setting, an allocation run is done 
for just one single period. 
After these two kinds of (modelling) settings have been explained, a trade off can be 
made regarding which setting is used in the quantitative model. This trade off is based 
on the advantages and disadvantages of a single period setting over a multi period 
setting. 
 

Single period versus multi period setting 

Now the advantages and disadvantages of a single period setting over a multi period 
setting are given, in order to deliberate which setting should be applied.   
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Advantage(s) of a single period setting over a multi period setting: 

• Easy to implement: because of the fact that for a single period setting each 
period is treated as an independent period with some specified input, it is 
much easier to implement this in a technical way.  

 

Disadvantage(s) of a single period setting over a multi period setting: 

• No interdependency between in- and output :  
As explained before, in a single period setting each period new input is taken 
for modelling the allocation over time. That input will be based on historical 
data provided by Nike. For Nike’s allocation mechanism it is no problem that 
there is no dependency between the in – and output data in the model. In this 
historical data this interdependency between in – and output data has been 
processed, because every snapshot of data in time has been impacted by the 
way of allocating of Nike itself.  
For an alternative allocation mechanism this input data of each period is not 
impacted by its own allocation mechanism. The input data for each period is 
taken from historical data of Nike and those data are based on Nike’s 
allocation mechanism (i.e. not on the alternative allocation mechanism). 
Figure 3.6 makes this issue clear:  

 Figure 3.6: Disadvantage of in – and output in a single period setting 

  
Suppose that Nike uses allocation mechanism x, then the in – and output data 
of allocation mechanism x (used by Nike) are dependent as can be seen in 
figure 3.6. For allocation mechanism y, each period the output data of the 
previous period of allocation mechanism x is used as input data.  

 

• Difficult to measure the performance in a correct way: 
In a single period model the performance (output) should be calculated in a 
correct way. Consider again figure 3.6, suppose that allocation mechanism x 
releases a sales order line in t + 2 and that allocation mechanism y releases this 
sales order line in t + 1. In t + 2 a problem can occur, because the input data 
for allocation mechanism y contains again the sales order line that has not 
been released by x in t + 1. The input data for the upcoming period (t + 2) of 
mechanism y consists of the output data of the previous period (t + 1) of x. 
This way the sales order line can be released twice for allocation mechanism 
y. It is far from straightforward in a single period setting to measure the 
performance (output) of alternative allocation mechanisms correctly, because 
the risk exists that effects are overestimated, as has just been explained.  

 
In this study a multi period setting is preferred, despite of being more difficult to 
implement compared to a single period setting. It is a more accurate way of 
modelling, in order to compare the performance of Nike’s allocation mechanism with 
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the performance of alternatives. Now, an overview is given about how this multi 
period setting can be used in the allocation model, which makes clear the performance 
of Nike’s allocation, compared with the performance of the proposed alternatives.  

3.3.2 A general description of the multi period allocation process model 

In this section a high level overview is given regarding what in the multi period 
allocation model occurs, based on the assumption that all data that is required is 
indeed available. Based on this high level overview, an explanation is given regarding 
the actions in each step. Figure 3.7 represents this high level overview of the multi 
period allocation model: 

 
Figure 3.7: High level overview of the multi period allocation model 

 
The input of the model consists of information about demand (sales order lines) and 
supply (purchase order lines), corresponding to the input defined in the conceptual 
model (section 3.1). The output of the model consists of the performance measures: 
service level (DIFOT) and supply chain costs, also corresponding to the defined 
output in the conceptual model. For t = 1 to t < T, several process steps (update holds, 
update customer cancellations, etc) are executed in each iteration, as represented in 
figure 3.7. Dependent on the length of a period (daily or weekly, see section 3.1), a 
number of iterations are done during the season. At t = T, still two separate process 
steps should be done: process closeout inventory and process incomplete sales order 
lines. For each process step an explanation is given what occurs in that process step, 
in order to get a good understanding of the multi period allocation model. 
 

Update Holds 
In an arbitrary period, the status of a hold can be changed (on hold / off hold). Every 
period again, it is assumed that at the beginning of that period information about 
customer holds that have changed in the previous period, is processed. In this way the 
status of a sales order line can be changed immediately after the previous period, 
which contains the information about holds.  
 
Update Customer Cancellations 
After the status of all sales order line is updated regarding the customer holds, the 
customer cancellations are processed. Just as in the case of the customer holds, it is 
assumed that all the information about customer cancellations that has changed in the 
previous period is processed at the beginning of the next period, before the allocation 
starts. After processing this information, the quantities per size which the customer 
requests on a sales order line are changed if this is needed. Moreover, in some cases 
quantities that have already been allocated to a sales order line should be de-allocated. 
Those de-allocations are done based on the reversed algorithm of matching in the 
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allocation process. Naturally, if a complete sales order line is cancelled, then this 
complete sales order line is removed. 
 

Allocate 
After all the information about customer holds and customer cancellations has been 
updated, all the information of the previous period needed for a new allocation run has 
been updated. As described in subsection 2.2.2, in this process step demand is 
matched (“attached”) with supply. Without allocation, no sales order lines can be 
delivered to the customer. The allocation is based on the first three steps that have 
been explained: selection – sorting – matching. Releasing is processed separately. In 
the sorting step, there are some degrees of freedom to alter the way of sorting. In this 
sorting step two changes have been proposed in section 3.1: sorting on MAD instead 
of CCD on key 5 and sorting on MAD instead of CCD and shift this key to position 3, 
in a weekly setting. Moreover as explained in section 3.1, another change is the 
setting of the period: daily instead of weekly. Obviously, this impacts the number of 
iterations.  
 
Composing Release Plan 
Based on all the processed information of the previous period and the allocation that 
has been done, it should be determined which sales order lines are allowed to be 
released in this period. Therefore a release plan is composed. By composing the 
release plan, every sales order line is checked whether it satisfies the conditions for 
allowing it to be released in this period. If these conditions are satisfied, the sales 
order line gets a release flag. Later on, when changes in the stock are updated, this 
sales order is physically released.   
 

Determine Lost Demand 
As mentioned in subsection 2.2.2, a sales order line does not have an eternal life in the 
systems of Nike. Under some conditions, Nike cancels demand. This cancelled 
demand results in lost demand. In this step, the amount of lost demand is determined 
based on the conditions which are defined by Nike. Determining lost demand is done 
after allocation, because the sales order line still has a chance that it is allocated 
during the allocation done at the beginning of the period.  
 

Update In Transit Inventory 
Every period changes occur in the status of the inventories. Every period new 
inventory can be added to the pipeline, but also in transit inventory can become stock. 
These transitions in the in transit inventory are processed in this step. If the ASN 
(Advanced Shipment Notification) of a purchase order line in the current period has 
been broken, then this is processed at the end of the period as in transit inventory. If 
the task date has been broken in the current period, then at the end of the period this in 
transit inventory is processed as stock. 
 
Update Stock  
Just as in the case of in transit inventory, every period changes occur in the stock. The 
transition of in transit inventory to stock is processed in the process step “update in 
transit”. In this process step, only the release of stock is processed for every period. If 
the sales order line has a release flag, then the sales order lines are released. 
Moreover, this is the moment at which it is registered, whether the sales order line is 
on time or not. This is also done for the materials (units), which are also on time or 
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not. Furthermore, the holding costs for every sales order line that is released are 
determined. 
 
Process Closeout Inventory 
This process step is only done at the end product offer date, when the season has 
passed completely. It is possible that not all the stock has been allocated or has been 
released yet. Note that it is not possible that in transit inventory is in the pipeline 
because the task dates of the in transit inventory are always before the end product 
offer date.  
From a supply point of view, all the stock that is still left over (closeout inventory) 
and has not been allocated to a sales order line is now sold on a secondary market 
with a partial loss in margin. All the stock that has been allocated to sales order lines 
on hold is also considered as closeout inventory, because the customer does not want 
it. This allocated stock is now processed in this process step. 
From a demand point of view, all the sales order lines that are on hold are processed 
as indirect cancellations by the customer.  
 
Process Incomplete Sales Order Lines 
This is also a process step that is only done at the end product offer date. It is possible 
that still some stock has been allocated to sales order lines which are not on hold. 
Note again, that it is only possible that stock has been allocated to sales order lines 
which have not been fully allocated otherwise they had been released based on the 
MAD, which is always before the end product offer date. The same is true for the 
CCD which is also before the end product offer date.  
From a supply point of view, all the allocated stock is sent to the customer as an 
incomplete sales order line. From a demand point of view, that part of the sales order 
line that has not been allocated is not delivered at all. This part is processed as lost 
demand due to Nike activities. The part that is delivered to the customer is registered 
as not in full, not on time. Note that the end product offer date is on the 31st or the 30th 
of the next calendar month after the last business month of the season (around 40 
days). Every sales order line that is released after that is too late.   

3.4 A computational model for allocation 

In this section it is explained how the process model of the previous section is 
translated into a working computational model. The development environment which 
was chosen in this study is Delphi 2005 (Binzinger, 2003; Cantù, 2005).  
In figure 3.8 a screenshot is given of the input screen of the model implemented in 
Delphi. In this input screen all the parameters can be set. With “select data files” the 
necessary data files can be selected. With “process data files” the data are processed. 
In a data file, all the data regarding sales order lines and purchase order lines should 
be covered. Moreover separate data about the material should be available (wholesale 
price, cost price and sizes). 
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Figure 3.8: Input Screen 

 
When all data files have been processed, the output is given in the output screen. In 
figure 3.9 a screenshot is given of the output that has been processed.  
 

  
Figure 3.9: Output Screen 

 
In this output screen, more output variables besides service level and supply chain 
costs are available. Also components of supply chain costs and service level have 
been represented.  
For every process step from the previous section, an explanation how it works in the 
computational model is given. Again, first the processes (procedures in Delphi) that 
are executed each iteration for t = 1 to t < T are explained. Finally, the two additional 
procedures which are executed at t = T are explained. Moreover, in appendix C and D 
an extensive explanation of the computational model is given. 
 

Data structure 
The heart of this computational model consists of the data structure. The data 
structure which has been represented in an UML (Unified Modelling Language) 
diagram (Wagner, 2003) is given in appendix C. In the data structure the following 
data objects are differentiated: 

- Material ( SKU) 
- Sales Order Lines 
- Purchase Order Lines 
- Allocated In Transit 
- Unallocated In Transit 
- Allocated Stock 
- Unallocated Stock 

 
All these data objects have attributes which can be found in the UML diagram in 
appendix C. Moreover, the relationships between these data objects are given in the 
UML diagram. These data objects are used in the computational model for computing 
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and maintaining all the relevant data. An extensive description of the data structure is 
given in appendix C. 
 
Referring to figure 3.7, this is the sequence in which the procedures are executed in 
the computational model. Every period from t = 1 till t = T, this sequence is run by the 
computational model. Only at T (end product offer date) two additional procedures 
are run by the computational model: “process closeout inventory” and “process 
incomplete sales order line”. For every procedure it is now briefly explained how it 
works in Delphi. The extensive explanation with a flowchart is given in appendix D. 
It is noteworthy to mention that for the weekly and daily setting the models have been 
adapted, resulting in two different models: one with a t equal to a week, and one with 
a t equal to a day. Also for the fifth alternative, the model is adapted to implement the 
change of shifting the MAD (instead of the CCD) to position 3 in a weekly setting, 
resulting in a separate model.  
 
Update Holds 
In this procedure, first the on hold date of a sales order line is checked. If this on hold 
date falls into the range of the previous period, then this sales order line is put on hold. 
Secondly, it is checked if the off hold date falls into the range of the previous period. 
If this date falls into the range of the previous period, then this sales order line is put 
off hold. 
 
Update Customer Cancellations 
In this procedure, it is checked for every sales order line, whether a certain quantity is 
cancelled by the customer. First, it is checked if the customer cancel date falls into the 
period before the current period. If this is true, then the cancelled quantity per size is 
subtracted from the original quantity per size requested by the customer. This 
cancelled quantity is registered. If it is needed, units are de-allocated. Units are only 
de-allocated if the quantity requested by the customer minus the cancelled quantity is 
lower than the allocated quantity. De-allocation only plays an important role when 
parts of sales order lines are cancelled. De-allocation is done based on the reversed 
algorithm of matching in the allocation process. In the proposed alternatives for 
allocation (section 3.1) the matching step of the allocation process has not been 
changed. This implies that for every way of allocating, the same algorithm is used for 
de-allocating. The following algorithm is used for de-allocation: 

- First, in transit inventory with a task date later than the MAD-1 is de-allocated. 
The task date most far away of the MAD-1 is first de-allocated.  

- Secondly, stock is de-allocated, starting with the latest task date first. 
- Finally, in transit inventory is de-allocated with a task date earlier than or 

equal to the MAD-1. The task date most far away from the MAD-1 is 
allocated first.  

Finally, if the entire size of a sales order line has been cancelled, then the size of that 
sales order line is removed. If the entire sales order line has been cancelled, then the 
sales order line is removed.  
 
Allocate 
In this procedure all the sales order lines are allocated to purchase order lines (that are 
now in transit inventory or stock) on a material size level. First, all the sales order 
lines with a CCD falling in the range between the past and up to and including the 
current business month + 1 are selected. After the sales order lines have been selected, 
the sales order lines are sorted, based on the six keys explained in subsection 2.2.2. 
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After the sales order sales have been sorted, the sequence how the sales order line are 
going to be matched with supply is determined. During the allocation, in transit 
inventory and / or stock are attached (allocated) to sales order lines in the following 
way: 

- First, in transit inventory is allocated to a sales order line with a task date 
earlier than or equal to the MAD-1. That part of the in transit inventory with 
the task date closest to the MAD-1 is allocated first. 

- Secondly, stock is allocated to a sales order line. Stock is allocated using the 
FIFO (First In First Out) method, which means that stock comes in first, is 
allocated first. 

- Finally, in transit inventory is allocated to a sales order line with a task date 
later than the MAD-1.  Again that part of the in transit inventory with a task 
date closest to the MAD-1 is allocated first. 

In this procedure, during the sorting step two choices can be made. The first choice is 
to choose for MAD versus CCD as key 5 in both the weekly and daily model. This 
choice can be entered in the input screen, see figure 3.8. Moreover, a choice can be 
made to choose for MAD on position 3 in a weekly setting. For this, a separate model 
is used.  
 
Composing Release Plan 
In the release plan procedure all the sales order lines are checked, whether they can be 
released. The following two conditions should be satisfied for each sales order line: 

- fully allocated 
- no hold on the sales order line 

If these two conditions have been satisfied, then a release date is determined for the 
sales order line. If this release date falls into the current period, then the sales order 
line gets a release flag. This means that the sales order line is allowed to be released 
when the stock is updated. Otherwise, the sales order line will not get a release flag.  
 
Determine Lost Demand 
In this procedure, all the sales order lines are checked, whether they satisfy the 
following three conditions: 

• customer cancel date of the sales order line minus 5 days is less or equal to the 
first day of the current period 

• nothing is allocated to the sales order line 

• no hold is on the sales order line 
If these three conditions are satisfied, then the sales order line is removed and the 
complete quantity of the sales order line is registered as lost demand. 
 
Update In Transit Inventory 
Basically, three different steps are differentiated when the in transit inventory is 
updated: 

- Purchase order lines are coming into the pipeline and are now in transit 
inventory: when the ASN of a purchase order line has been broken, the 
purchase order line is transformed into unallocated in transit inventory. 

- Allocated in transit inventory arrives and is processed at Laakdal, resulting in 
allocated stock: if the task date of the allocated in transit inventory has been 
broken, then the allocated in transit inventory is transformed into allocated 
stock. 

- Unallocated in transit inventory arrives and is processed at Laakdal, resulting 
in unallocated stock: when the task date of the unallocated in transit inventory 
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has been broken, the unallocated in transit inventory is transformed into 
unallocated stock. 

 
Update Stock 
In this procedure, for every sales order line it is checked, whether it can be physically 
released, based on the release flag, which has been attached (or not) in the release 
plan. If the sales order line is released, then the quantity in full, on time or the quantity 
in full, not on time is registered. This is also done on a sales order line level. Before 
the sales order line is released, the holding costs are also calculated. These holding 
costs are based on the allocated stock that is now released. Based on the registration 
of the quantities which are on time or not on time, a service level is calculated. The 
formula for calculating the service level is given in section 3.5. Moreover, the formula 
for calculating the holding costs is also given in section 3.5.   
 

Process Closeout Inventory 
First, all the unallocated stock is processed as closeout inventory. For the entire 
closeout inventory holding costs and costs for a loss in margin are calculated. After 
that, all the unallocated stock is removed.  
Moreover, all the sales order lines that are still on hold are taken into account. All the 
allocated stock to sales order lines on hold is processed as closeout inventory. Again, 
for this closeout inventory the holding costs and costs for a loss in margin are 
calculated. The holding costs for closeout inventory are added to the holding costs for 
regular sales. The formulas for calculating this output are given in section 3.5. Further 
on, the complete quantity of the sales order line on hold is registered as an indirect 
cancelled quantity. After the cancelled quantity has been registered, the sales order 
line on hold is removed.  
 
Process Incomplete Sales Order Lines 
All the sales order lines which at the end of the season still have not been fully 
allocated are considered as incomplete. First the unallocated part of a sales order line 
is registered as lost demand due to Nike’s activities. The allocated part is released to 
the customer and for this part the holding costs are determined. Moreover, the 
quantity (belonging to the part) that is released to the customer is registered as not in 
full, not in time. On a sales order line level, it is also registered that the sales order 
line is not in full, not in time.  

3.5 Performance Measures 

The goal of this study is to compute the performance of different allocation 
mechanisms. Two main performance measures for these allocation mechanisms have 
to be defined as is explained in subsection 2.2.4: 

- Supply Chain Costs 
- Service Level 

For every measure, the relevant components of this measure are determined. First of 
all, the relevant supply chain costs for this study are defined, and then the service 
level used in this study is defined.  

3.5.1 Supply Chain Costs 

In this section, the relevant components of supply chain costs that are used in this 
study are differentiated. For supply chain costs, two kinds of costs are relevant: the 
holdings costs for released units on the regular market and on the secondary market, 
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but also the costs for obsolete units due to a loss in margin. Thus, for every incoming 
purchase order line two options exist: 

- selling them on the regular market: this results in the holding costs for the 
released units on the regular market 

- selling them on a secondary market: this results in holding costs, but also costs 
for obsolete units (due to a loss in margin) 

Formulas are determined for the holding costs for regular sales, for the holding costs 
for closeout inventory and the costs for closeout inventory due to a loss in margin. 
Together, these are the supply chain costs. The supply chain costs are calculated per 
material: adding up al the materials that are taken into account results in the total 
supply chain costs.  
 

Holding costs for regular sales 
First of all, the holding costs for regular sales are determined. For the holding costs of 
regular sales, only the holding costs in the DC are determined. The holding costs 
during the in- and outbound transport times (and in-and outbound processing times) 
are not relevant, because they are independent of the used allocation mechanism, 
these holding costs are the same for all mechanisms. In the assumptions, it is 
mentioned that the in- and outbound transport and processing times are fixed and 
deterministic. For the total holding costs of regular sales they should be taken into 
account. 
The input for the multi period allocation model consists of separate materials (with 
their sizes). As has been mentioned before, each material has a unique code and 
consists of several sizes. A material can be identified by its code. Let M be the set of a 

material codes, )......{ yyyyyyyyyxxxxxxxxM =  

 

From now the focus is on a fixed material Mm ∈  
 
For every size belonging to that material, the following collection is defined: 

},,,,,,{ XXLXLLMSXSXXSU =  

 
Now the collection of the released sales order lines of a fixed material (with a 

size Us ∈ ) released in a period Tt ∈ is defined as follows:  

}|{ TtperiodaandUssizeoflineordersalesreleasedaofcodeaisxxN st ∈∈=

  
Finally, now the collection has been determined of the released sales order lines, the 
collection of (parts of) purchase order lines that have been allocated to a sales order 

line stNi ∈  is defined as: 

}

)(|{

st

i

Nilineordersales

releasedthetogingbelonlineorderpurchaseaofpartaofcodeaisyyO

∈

=
 

 
Now the collections of (material) sizes, released sales order lines, and the belonging 
(parts of) purchase order lines have been defined, a formula is given for the holding 

costs for each material at t  (Silver et al, 1998): 
 

Tttilltforzwch
Us Ni Oj

sijsijm

st i

==∑∑∑
∈ ∈ ∈

1***       (1) 
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t = period 
T = end product offer date 

h = holding costs per unit (in a currency) per day 

m = material 

mc = cost price per unit for material m  

sijw = number of units of s belonging to a (part of a) purchase order line j allocated to 

sales order line i  

sijz = number of days in inventory of units of size s  belonging to a (part of a) purchase 

order line j allocated to sales order line i  

 
The holding costs per unit are based on the weighted average costs of capital per year.  
This percentage for the weighted average costs of capital depends on the company.   
 
The days in inventory are calculated by subtracting the task date of a (part of a) 
purchase order line from the release date of the same (part of a) purchase order line. 
The cost price for each material consists of the following components: 

- Freight on board, at the moment the units arrive at the consolidator they are in 
the property of Nike and therefore also all the costs that are made for every 
single unit should be paid by Nike. These costs are called: freight on board. 
These costs consist of the price on the invoice of a specific material that Nike 
should pay to the production facilities for producing that specific material. 

- Freight, these are the transportation costs for every single unit from the 
consolidator to the DC 

- Other, for instance insurance costs (paid for each material) 
 
In this cost price, no labor cost for the employees working in the EHQ are included. 
Also no depreciation costs of the DC or the average costs of capital are included. Only 
the relevant costs (those that can be directly linked to a specific material) paid for 
producing the material and shipping it to the DC in Laakdal are included.   
 
With formula (1) the holding costs for regular sales for a single material for the 
complete timeline that is taken into account can be determined. In order to calculate 
the total holding costs for regular sales for all materials, all the holding costs of the 
materials that have been taken into account should be added up.  
 

Holding costs for closeout inventory  
The holding costs for closeout inventory are calculated separately and are added to the 
holding costs for regular sales. These are the total holding costs. No additional 
holding costs have to be calculated after the end product offer date, because it is 
assumed that closeout inventory is sold immediately. The obsolete units in closeout 
inventory consist of unallocated units and allocated units of a sales order line which is 

on hold at the end product offer date. At the end product offer date ( Tt = ), the 
number of obsolete units per material is known. Now the collection for all the (parts 

of) purchase order lines that have not been allocated to a sales order line of size Us ∈  

at Tt =  is determined: 

}

)(|{

lineordersalesato

allocatednotUssizeoflineorderpurchaseaofpartaofcodeaisuuPs ∈=
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The collection of sales order lines of size Us ∈  which are on hold at Tt = is defined 
as: 

}|{ holdoniswhichUssizeoflineordersalesaofcodeaiskkRs ∈=  

 
The collection for all the (parts of) purchase order lines that have been allocated to a 

sales order line
sRi ∈  is defined as: 

}

)(|{

s

i

Riline

ordersalesthetogingbelonlineorderpurchaseaofpartaofcodeaisllQ

∈

=
 

 
For all these obsolete units per material, holding costs can be charged. In the 

following formula these holding costs for each material are determined at Tt =  

(Silver et al, 1998): 

Ttatgvchzwch
Us Pj

sijsijm

Us Ri Qj

sjsjm

s s i

=+∑∑ ∑∑∑
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******     (2) 

 

sjw = number of units of s belonging to a (part of a) purchase order line j not allocated 

to a sales order line at Tt =     

sjz = number of days in inventory of units of s belonging to a (part of a) purchase 

order line j not allocated to a sales order line at Tt =   

sijv = number of units of s belonging to a (part of a) purchase order line j allocated to a 

sales order line i  (which is on hold) at Tt =  

sijg = number of days in inventory of units of s belonging to a (part of a) purchase 

order line j allocated to a sales order line i (which is on hold) at Tt =  

 
The days in inventory are calculated by subtracting the task date of a (part of a) 
purchase order line from the end product offer dateT .  
 
Again, with formula (2) the holding costs for closeout inventory for a single material 
for the complete timeline that is taken into account can be determined. In order to 
calculate the total holding costs for closeout inventory for all materials, all the holding 
costs of the materials that have been taken into account should be added up.  

 

Costs for closeout inventory due to a loss in margin 
The costs of the partial loss in margin for the obsolete units per material are 
determined in the following formula: 
 

Ttatdvdw
Us Ri Qj

msij

Us Pj

msj

s is

=+∑∑∑∑∑
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**       (3) 

 

md  = partial loss in margin for material m  

 
The average discount factor over the cost price is equal to 35%. This is an average 
discount factor, because some closeout inventory is sold in the retail channels and 
other closeout inventory is sold in factory outlets. This discount factor differs in those 
two channels. Therefore an average is taken for the loss in the margin caused by the 
discount over the wholesale price.  This is based on information provided by a process 
analyst of Nike’s order management department.  
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Again, with formula (3) the costs for obsolete units due to a loss in margin are 
calculated for just one material, adding up all the costs of obsolete units of different 
materials that have been taken into account results in the total costs for closeout 
inventory due to a loss in margin (holding costs for closeout inventory are not 
included).  

3.5.2 Service Level 

For every sales order line the service level is determined. The condition for satisfying 
the service level requirement is that the complete sales order line is at the customer in 
full and on time. In every other case the conditions for the service level requirement 
are not satisfied, also if a sales order line is cancelled by Nike. On time means that the 
sales order line should leave at the MAD (or later dependent on the delivery window). 
If the sales order line is released at the MAD it will arrive at the customer at the CCD. 
Dependent on the delivery window (see also subsection 2.2.3) the sales order line can 
be released later than the MAD, and still be on time, if it is not released later than the 
MAD plus the delivery window. For instance, if the delivery window is seven days, 
then the sales order line can be released within seven days after the MAD. To 
determine the service level, all the demand should be taken into account. This demand 
can be defined in the following collection: 

}|{ SssizeandMmmaterialoflineordersalesarbitraryanofcodeaisvvK ms ∈∈=

 
The following formula is used for determining service level: 

%100*
∑∑ ∑

∑∑ ∑

∈ ∈ ∈

∈ ∈ ∈

Mm Us Ki

msi
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msimsi
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q
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        (4) 

msiq  = quantity of sales order line of material Mm ∈ and Sssize ∈  





otherwise

timeonfullin
fmsi

0

,1
 

 
Note that demand that is cancelled by the customer is not taken into account in the 
service level. Solely lost demand due to Nike’s activities is taken into account in the 
formula. Thus “otherwise” in the formula above is related to three scenarios: 

• a sales order line in full not on time 

• a sales order line not in full not on time 

• a lost sales order line (cancelled by Nike) 
 

Note that is not possible that sales order lines which are not complete, are delivered to 
the customer on time: during the season sales order lines are not broken down!  

3.6 Verification and validation of the multi period allocation model 

In this subsection the multi period allocation model that has been developed is 
verified and validated. It is important to know the difference between these two 
concepts and why this should be done. Model verification means determining whether 
the conceptual model, based on assumptions, has been correctly translated into a 
computer model, i.e. debugging the computer model (Limam, 2002). Whereas model 
validation means determining of the process model is an accurate representation of the 
real system, for the particular objectives of this study (Limam, 2002). 
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Verification of the computational model 
First the verification of the model is described. For verification models some 
important recommendations could be given based on Law and Kelton (2000), which 
have been summarized in Limam (2002). Now, these recommendations and how they 
have been taken into account in this study are discussed. 

1.) Writing the program / model step by step: the computational model is 
programmed based on procedures, step by step. 

2.) Ask another reviewer: during this study a software engineer of the TU/e has 
checked the computational model several times. 

3.) Make simplifying assumptions: in appendix B an overview is given of the 
assumptions that have been made.  

4.) Be careful with programming and reliability of the software: the 
computational model is programmed in Delphi which is a high quality 
programming environment. 

5.) Varying the input and checking the output: different scenarios have been 
considered to verify the procedures of the computational model. Varying this 
input is based on the gathered data (data of the fall season of 2007), which is 
described in chapter 4.  

 
A number of different scenarios is considered to verify the computational model. In 
all the scenarios the total supply is more than the total demand. As explained in 
section 3.2, different ways of allocating have been proposed. Every scenario is 
checked for every way of allocating. From now on, only the output of the default 
setting (weekly allocation on CCD as the fifth key) is discussed.  
 
Scenario 1: check whether all demand is released when no holds and cancellations by 

the customer occur 

In this scenario it is verified, whether all the sales order lines are released, if no holds 
and no cancellations by the customer occur. Moreover, all the supply that has not been 
released during the season or at the end of the season should be closeout inventory. 
The complete demand (sales order lines) is in this scenario processed.  Moreover, all 
the supply is processed.  
 
Scenario 2: check cancellations by Nike (lost demand) 

In this scenario it is verified, whether all the sales order lines are cancelled by Nike, 
when the customer cancel date of the sales order lines is shifted before the start of the 
season (and more specifically before the moment that the first sales order line is 
selected). The occurrence of holds has been excluded, because a hold blocks a 
cancellation by Nike. Cancellations by the customer do not impact the cancellations 
by Nike, because the cancellations by Nike occur before the start of season and the 
cancellations by the customer occur during the season. Suppose that all the sales order 
lines have a customer cancel date before the moment that the first sales order line is 
selected for allocation. Logically, all the sales order lines should be cancelled, if this 
occurs this should be processed in the output as lost demand. As expected, all the 
demand is lost (cancelled by Nike).  
 
Scenario 3: check cancellations by the customer (cancelled demand) 

In this scenario it is verified, whether all the sales order lines are cancelled by the 
customer. To verify this, all demand should be cancelled by the customer. This is 
done by shifting the MAD to after the season. No sale order line can be released 
before the MAD. A cancellation occurs during a season, thus every sales order line of 
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a future order is cancelled, unless Nike would cancel a sales order line. Logically, all 
the demand of future orders is cancelled when lost demand due to Nike is excluded, 
with the exception of the demand corresponding to the at once orders. For the at once 
orders no holds are possible in this scenario, otherwise a chance exists that an at once 
order is still on hold at the end product offer date, resulting in a cancellation. This 
way, only demand of future orders should be cancelled. As expected, all demand of 
future orders is cancelled.  

 
Scenario 4: check the holds 

In this scenario it is checked, whether all the sales order lines are put on hold and off 
hold. To verify this, all the sales order lines are put on hold when they have been 
entered. The off hold date is set on the MAD and customer cancellations are excluded. 
If this occurs, all the sales order lines are in full not, on time at the customer. As 
expected, all units are in full, not on time.  
 
For verifying the allocation (selecting, sorting and matching) and the release process a 
short fictive data set has been used and per period results have been written down in a 
separate excel file. This way, the sequence of allocating and releasing has been 
followed for a simple dataset. Moreover, with “source breakpoints” in the code of 
Delphi, additional checks have been done.  
 

Validation of the computational model 
For validation of models a number of recommendations are given by Kelton and Law 
(2000) which have also been summarized in Limam (2002): 

1.) Collect high quality information and data on the system (conversation, 
observation, theory, intuition… etc): during this study several employees 
have been interviewed to understand the complete allocation process. The 
data have been directly retrieved from Nike’s business information systems 
and has been checked in a careful way (in chapter 4 more is explained about 
data) 

2.) Interact with the manager on regular basis. During this study, several 
meetings have been organized with the management of Nike to discuss issues 
regarding the validity of the computational model 

3.) Maintain an assumptions document and perform a structured walk through: in 
appendix B an overview is given of all the assumptions made in this study 

4.) Validate components of the model by using quantitative techniques: 
- For analyzing the effect of the input parameters on the output, sensitivity 

analyses can be done for the estimated values of parameters and the 
estimated probability distributions. In chapter 4 more is explained about 
which parameters and distributions should be estimated. In chapter 5 a 
sensitivity analysis is part of the analysis. 

- Regarding the analysis of the output, the following is said by Law and 
Kelton (2000): “the most definitive test of a simulation model’s validity is 
to establish that its output data closely resemble the output data that 
would be expected from the actual (proposed) system”. In the SAP-
environment a tool exists to simulate results based on the logic of A-Run. 
In this way the output of the computational model can be validated with 
the output of this tool. 
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4 Data 

In this chapter, the data set which is used for taking a sample of materials in order to 

analyze them is described. After determining the data set, all the data needed for 

doing the analysis is described. Furthermore, procedures are developed for data that 

are not available, in order to still be able to carry out an analysis. Finally, after 

determining the sample size, the data sample is composed. 

4.1 Data Set 

In this subsection, it is decided which data are used as input for the model. First of all, 
the data used in this study are based on historical data. The data are based on 
historical data from the BU Apparel. Nike differentiates four seasons: 

- Spring (Business Month January – March) 
- Summer (Business Month April – June) 
- Fall (Business Month July – September) 
- Holiday (Business Month October - December) 

First, only data from fall 2007 are used. The choice for fall 2007 are based on the fact 
that in this season neither the most expensive materials (holiday) are sold, nor the 
cheapest materials (summer). If the quantities are considered, the season fall is also an 
average season. Therefore the entire data set consists of all the materials that have 
been sold during fall 2007. 
Secondly, the data that are needed as input for the model can be split in three parts: 

- Data about demand on a daily basis: sales order lines (including data about 
holds and customer cancellations)  

- Data about supply on a  daily basis: purchase order lines 
- Cost  parameters (holding cost factor, cost price, discount factor and wholesale 

price) 

4.1 Sales Order Lines 

As has been explained earlier, every sales order of a customer consists of sales order 
lines. Every sales order has a unique number, the sales order number. Within a sales 
order, each sales order line also has a unique number, the sales order line number. 
Also, for every customer a differentiation is made regarding the customer type: a 
regular customer or a special customer: integrative delivery planning (IDP) customers 
/ contract customers (see also section 2.2.2). The following data are directly retrieved 
for sales order lines: 

- Material Code and Description 
- Sizes with ordered quantities 
- CCD (Customer Confirmation Date) 
- MAD (Material Availability Date) 
- CXD (Customer Cancel Date) 
- Type of customer (regular customers or special customers: IDP / contract 

customers) 
- Type of Order (Inherited form the sales order), for the at once orders a date of 

order entry is added 
- Sales Order Number (Inherited from the sales order) 
- Sales Order Line Number 
- SCG (Supply Chain Group) to which the sales order line is linked to 
- CAP (Customer Allocation Priority) to which is the sales order is linked to 
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These characteristics for each sales order line are known before the season starts and 
are collected for each sales order line. It is noteworthy to mention that this list of 
attributes is not equal to the list of attributes belonging to the data object sales order 
line in appendix C. The list in appendix C contains more attributes than this list, 
because several extra attributes are needed in the allocation process, for instance the 
status of a hold.  
Only the sales order lines with a CDD in the season (within in the three business 
months) are taken into account. It is possible that some at once orders are entered after 
the season, in agreement with the order management department. These sales order 
lines, which are not in the season at all, are not taken into account in the data set. 
Two other important issues regarding sales order lines are holds and customer 
cancellations. These two issues will be explained next. More specifically, it will be 
described how they are taken into account as input parameters in the multi period 
allocation model.  

4.1.1 Holds 

As explained earlier, this study uses historical data, but unfortunately for holds no 
historical data are available for each sales order line. This means that it is not possible 
for every sales order line to track the status of the hold. Therefore, a hold function will 
be implemented in the model, which takes into account the occurrence of holds in the 
system. For modeling holds, the following properties of a hold are important: 

- The probability that a hold occurs differentiated for a future sales order line or 
an at once sales order line (for regular customers, no IDP / contract 
customers). 

- The probability when a hold occurs (for regular customers, no IDP / contract 
customers). 

- The probability when the sales order line is put off hold (IDP / contract 
customer and for the regular customers under the condition that a hold occurs). 

First, the probability that a hold occurs for the regular customers is differentiated for 
the type of sales order line: future sales order line or an at once sales order line. The 
values for these probabilities are adaptable in the computational model, but for the 
final results an estimation is made based on interviews with experts. 
Secondly, it is assumed that the date when the hold occurs (if the hold occurs) is 
uniformly distributed between the date of order entry and the MAD. The date of order 
entry for future orders is before the beginning of a season (officially six months for 
beginning of the season they should be known). For at once orders, the order entry 
date is a date within the season. Normally, the sales order lines are always put on hold 
before the MAD, because normally when the MAD has been passed and the sales 
order line still cannot be delivered, it will be cancelled instead of putting the sales 
order line on hold. Moreover, the sales order lines of IDP /contract customers are put 
on hold immediately after entry, as explained in subsection 2.2.2.  
Thirdly, the probability when the sales order line is put off hold is assumed to be 
normally distributed around the MAD. Within Nike the probability that the sales order 
line is put off hold before or after the MAD is more or less equal based on statements 
of employees. For the deviation in days before or after the MAD a differentiation has 
been made regarding the type of customers: IDP / contract customers and regular 
customers. In the computational model, this deviation is adaptable for both kinds of 
customers. This information is also based on statements within Nike. If the off hold 
date is determined before the on hold date, the sales order line will not be put on hold. 
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Asking employees in the company is not the optimal way of making the assumptions 
about the probabilities. A better way of modeling the behavior of holds is the 
following: 

- Doing a probability analysis in order to estimate the probability that a future or 
at once sales order line is put on hold for the regular customers. 

- Given a hold occurs, a better alternative to determine the date when the sales 
order line is put on hold, is doing a distribution fitting over these dates, 
indicating when sales order lines are put on hold.  

- Given a hold occurs, distribution fitting should also be applied for the duration 
of a hold, in order to determine how long a hold lasts. This distribution fitting 
should be done for the hold of both an IDP / contract customer and a regular 
customer. 

These points could be a direction for future research, as can be read in section 7.2. 

4.1.2 Customer Cancellations  

For customer cancellations only data are available regarding what is cancelled, but not 
when the sales order line (or a part of the sales order line) is cancelled. Moreover, the 
registration of cancellations is not always done in a consistent way, which makes it 
very hard to differentiate between cancellations by Nike and cancellations by the 
customer. It is not possible to retrieve dates indicating when sales order lines (or parts 
of sales order lines) have been cancelled. Again, as with the holds, a function is 
considered to cover the effect of the customer cancellations in the computational 
model.  
For modeling the cancellations, the following properties of a cancellation are taken 
into account: 

- The probability that a customer cancellation occurs for a future sales order line 
(at once sales order lines are not cancelled). 

- The date when the customer cancellation occurs. 
- The quantities for every size of a sales order line which are cancelled. 

First, it is assumed that if a customer cancellation occurs, the complete sales order line 
is cancelled at once. This is based on interviews with experts of order management 
(they are responsible for cancellations by the customer). Normally, if the customer 
cancels, then the entire sales order line is cancelled. Of course, also parts of sales 
order lines can be cancelled, but it is common that the entire sales order line is 
cancelled by the customer. Note that based on this assumption, always all the 
allocated supply is de-allocated and that this is not dependent on an algorithm for de-
allocation.    
Secondly, the probability that a future sales order line is cancelled is adaptable in the 
computational model. For the final results an estimation is made for this probability. 
This estimation is based on interviews with experts.  
Thirdly, it is assumed that the date of cancellation (if a cancellation occurs) is 
uniformly distributed between the beginning of the season (20/6/2007) and the end of 
the season (19/9/2007), for all the future sales order lines. This is assumed, because 
normally sales order lines which are at the end of a season have a higher probability 
of cancellation. If the dates of cancellation are uniformly distributed over the season, 
then all the sales order lines which should be delivered at the beginning of a season 
have a lower probability of cancellation. Sales order lines which should be delivered 
at the end of the season have a higher probability of cancellation. 
Again the assumptions are based on interviews with experts. A better way of 
modeling the behavior of customer cancellation is the following: 
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- Doing a probability analysis regarding the occurrence of future sales order 
lines which are entirely cancelled at once, and future sales order lines which 
are (partly) cancelled over time. 

- For the future sales order lines which are entirely cancelled at once, 
distribution fitting should be applied, in order to analyze when the sales order 
line is cancelled during a season. 

- For the future sales order lines which are (partly) cancelled over time, an 
analysis should be done regarding the number of cancellations for a specific 
future sales order line, and the quantities that are cancelled each time (on a 
size level) and finally, regarding the dates when the cancellations occur during 
a season. 

Again, as can be read in section 7.2, these points could be a direction for future 
research.  

4.2 Purchase Order Lines 

As mentioned earlier in section 2.2.1, purchase orders consist of purchase order lines. 
For the purchase order lines considerably less data are gathered in comparison with 
the sales order lines. The data for purchase order lines are in line with the attributes of 
the purchase order line (see also appendix C):  

- Material Code 
- Sizes with purchased quantities 
- Purchase Order Number 
- Purchase Order Line Number 
- ASN 
- Task date 

For purchase order lines no data issues have been encountered during this study.  
 
Moreover, separate data are gathered for the materials. For each material data are 
gathered about the range of the sizes, the wholesale price and the cost price. This 
resulted in three separate sheets in Excel, which serve as input: 
- “SOlines” 
- “POlines” 
- “Material-Size” 

4.3 Numerical values for input parameters  

Now, the parameters for holds and cancellations are considered, together with the cost 
parameters. All the values of the parameters which could not be calculated, because of 
a lack of data, are estimated based on information provided by specialists of Nike. 
For holds the following parameters are estimated: 

- The probability of a hold on a future sales order line, this probability is equal 
to 15%. 

- The probability of a hold on an at once sales order line, this probability is 
equal to 1% (exceptional in comparison with future orders). 

- The standard deviation for determining the off hold date (around the MAD, 
see subsection 4.1.1.) for normal customers is equal to 3 days. 

- The standard deviation for determining the off hold date for IDP / contract 
customers is equal to 10 days. 

For customer cancellations the following parameter is estimated: 
- The probability for a customer cancellation is equal to 30%. 
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For the cost parameters, the following numerical values are used in this study: The 

holding costs factor h is equal to 0,000329 / day / €. This is based on a WACC 
(weighted average cost of capital) of 12%. The wholesale price of this material is 
equal to € 18.1 and the cost price of this material is equal to € 4.65. Furthermore, as 
has been mentioned before, the average discount factor is equal to 35%.  
The model starts at 23/04/2007 (the week before first purchase order line is in transit 
inventory) and ends at 31/10/2007 (end product offer date). Finally, random seeds are 
applied for the generation of random numbers, which are used as input parameters.  
This way, the same random numbers are used every time. 

4.4 Data Sample 

An important issue regarding the sample of materials is how to measure the reliability 
of the results. Before the results have been gathered, a sample size should be 
determined, in order to construct confidence intervals. For the output of the model no 
mean and standard deviation are known. In order to use a normal distribution for the 
results, a minimal sample size of 40 is required (Montgomery & Runger, 2003). If the 
sample size is equal or greater than 40, then constructing the confidence intervals 
based on a normal distribution is an approach which is allowed to be used. This 
implies that 40 or more materials should be analyzed in order to gather the results. 
These materials are selected randomly in the list of materials within the A-class 
inventory. Materials within the A-class inventory represent 50% of the total value of 
the inventory (Silver et al, 1998). In order to consider the A-class inventory, an ABC 
analysis has been performed. The results are presented in figure 4.1. On the x-axis the 
number of materials can be found, while on the y – axis the cumulative contribution 
of each material to the total value of inventory is represented. The total value of 
inventory consists of all the produced and shipped quantities, multiplied with the cost 
price of each product.  
Based on the ABC analysis, 443 materials can be identified as an A-item. Within 
these 443 materials 40 material are randomly selected to serve as input for the model. 
In Excel the random function is used to generate 40 numbers between 0 and 443. This 
results in a list of 40 materials which have to be analyzed. These 40 materials 
represent a lot of specific data, particularly for the sales order lines. Unfortunately, it 
was not possible to gather all the data for the 40 materials. Therefore, the analysis in 
this study is restricted to only one material. This material consists of 26 458 units of 
supply and 23 923 units of demand. It can be concluded that for this material there is 
an excess of supply compared to the demand.  
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Figure 4.1: ABC analysis  
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5 Analysis 
In this chapter, an analysis is done on the multi period allocation model. First of all, 

it is considered how the analysis should be done if data for 40 materials would be 

available. Subsequently, the output of the multi period model is presented for each 

way of allocating, based on the defined input. Moreover, it is considered which 

alternative is the best way of allocating in the case of just one material (for which 

data was available). Finally, a sensitivity analysis is executed in order to investigate 

the effect of decreased supply for this material. The effect of estimated values for the 

parameters is also investigated in this sensitivity analysis. 

5.1 Output for the multi period allocation model 

In the first subsection, it is considered how an analysis should be done if 40 materials 
were available. Unfortunately, data for these 40 materials were not available. 
Therefore, the analysis is restricted to just one material. The analysis and results for 
this material are discussed in the next subsection.  

5.1.1 Output of 40 materials for the multi period allocation model 

For calculating the output (supply chain costs and service level), the computational 
model has been enabled to analyze more materials at once. Supply chain costs are 
added up for each material as can be read in subsection 3.5.1. Furthermore, the 
computational model calculates the service level for all materials which are selected 
(subsection 3.5.2, formula (4)). For every alternative, those 40 materials could be 
analyzed. This output can be visually represented in a chart. The output for every 
alternative can be represented as a specific coordinate, with supply chain costs on the 
x – axis and service level on the y – axis. 
 

Estimation and extrapolation 
In this section, it is explained how to get a better insight in the supply chain costs and 
service level of all the materials of the fall season of 2007. First of all, it is explained 
how to estimate intervals, which are used for making statements about the results for 
all materials. An alternative for these intervals are ranges, which can be used to make 
statements about the supply chain costs and service level for all materials. Finally, it is 
explained how these results can be used for making statements regarding all materials. 
 
Estimation 

In order to construct confidence intervals, it is important that the distribution of the 
dependent variables (service level and supply chain costs) is normally distributed. For 
the supply chain costs, the relative differences in supply chain costs between the 
standard way of allocating and the alternative ones are taken. This is done, because it 
is more plausible that the relative differences are normally distributed compared to the 
absolute values of supply chain costs.  
The average relative difference in supply chain costs and the standard deviation for 
the relative differences in supply chain costs need to be calculated in order to 
construct a confidence interval for the average relative difference in supply chain 
costs for a sample of materials. The relative difference in supply chain costs for an 
alternative way of allocating in comparison with the standard way of allocating for a 

material i is called ix . The average relative difference in supply chain costs ( x ) and 

the standard deviation for the relative differences in supply chain costs ( s ) 
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for n materials are calculated by the following formulas (Montgomery & Runger, 
2003): 
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Again, an average service level and a standard deviation for service level for each way 
of allocating need to be calculated for the construction of a confidence interval for the 
average service level for a sample of materials. Based on a way of allocating, the 

calculated service level based on formula (4) in subsection 3.5.2 for a material i is 

called iy . The average service level ( y ) and the standard deviation for service level 

( s ) for n materials are calculated by the following formulas (Montgomery & Runger, 
2003):  
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Now, for the average relative difference in supply chain costs for alternative ways of 
allocating, a formula is given for a 95% confidence interval (Montgomery & Runger, 
2003): 
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The average of the relative difference in supply chain costs for an alternative way of 
allocating for all materials is within this interval with 95% confidence. 
 
In order to create a confidence interval for the average service level, also formula (9) 

and (10) can be used. Of course x needs to be replaced by y and the standard deviation 

for the service level needs to be entered in formula (9) and (10). Also, the average 
service level for a way of allocating for all materials is within this interval with 95% 
confidence.  
 
If the dependent variables (supply chain costs and service level) are not normally 
distributed, then constructing ranges for the relative difference in supply chain costs 
and service level is a good alternative. The following two ranges based on a minimum 
and a maximum of the sample of materials can be constructed:   
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Extrapolation 
For the increase (or decrease) in supply chain costs for an alternative way of 
allocating, the total supply chain costs (holding costs and costs for closeout inventory) 
for all the materials need to be calculated. The total supply chain costs for all those 
materials have to be multiplied with the average relative difference in supply chain 
costs for an alternative way of allocating, based on those 40 materials. This results in 
the absolute difference in supply chain costs for all materials, if an alternative way of 
allocating is used.  
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The average service level for a way of allocating based on those 40 materials is 
expressed in a percentage and this can be used as the average service level for all 
materials. 

5.1.2 Output of one material for the multi period allocation model 

In this section, the output for the material for which the data are complete is 
presented. This is the output based on a situation where total supply is greater than 
total demand. In the sensitivity analysis (section 5.2), a situation is created where 
supply is almost equal to demand, as well as a situation where supply is less than 
demand. 
In table 5.1 the supply chain costs are represented as the sum of the total holding costs 
(for regular sales and closeout inventory) and the costs for closeout inventory due to a 
loss in margin. In this subsection and in section 5.2, the costs for closeout inventory 
due to a loss in margin are abbreviated to the cost for closeout inventory and total 
holding costs are abbreviated to holding costs. Furthermore, the number of obsolete 
units in closeout inventory and the number of units of lost demand are shown. Also, 
the relative change in supply chain costs compared with weekly allocation on CCD 
(standard) is represented. The output for each alternative is shown in table 5.1. For 
service level, in Nike terms DIFOT, a delivery window is used of 30 days, 14 days, 7 
days and 0 days (respectively top down in table 5.1 for each alternative).  
 
 Total 

holding 

costs  

Costs for  

closeout 

inventory 

(due to a 

loss in 

margin)  

# Units in 

closeout 

inventory 

Service 

level 

Lost 

demand 

(# units) 

Cancelled 

quantity 

(# units)  

Relative (%) 

change in 

supply chain 

costs 

99.955% 

92.777% 

74.411% 

Weekly 

allocation 

on CCD 

€ 1384 € 27 069 4273 

56.687% 

0 1648 standard 

99.955% 

93.158% 

74.469% 

Weekly 

allocation 

on MAD 

€ 1383 € 27 069 4273 

56.723% 

0 1648 - 0.0035% 

100% 

95.487% 

77.561% 

Daily 

allocation 

on CCD 

€ 1349 € 27 532 4346  

62.945% 

0 1721  1.5042% 

100% 

95.843% 

77.682% 

Daily 

allocation 

on MAD 

€ 1348 € 27 532 4346 

62.981% 

0 1721 1.5007% 

99.955% 

93.571% 

77.663% 

Weekly 

allocation 

on MAD 

(position 3) 

€ 1208 € 26 886 4244 

58.093% 

0 1619 -1.2617% 

Table 5.1: Output for every alternative with a delivery window of 30, 14, 7 and 0 days respectively top 

down for each alternative 
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Total holding costs  

Considering table 5.1 from a holding costs perspective, weekly allocation on MAD 
(on position 3) is the best option, even in a weekly setting. This is explained by the 
fact that in this option, prior to sorting the sales order lines on SCG and CAP, the 
sales order lines are sorted on MAD. After making a prioritization regarding the type 
of sales order lines (at once and future sales order lines), sales order lines which 
should be shipped first are now allocated first. In this situation, the sales order lines 
with a high priority based on the SCG and CAP should wait on sales order lines which 
should be shipped earlier based on their MAD. Generally, the sales order lines with a 
high priority based on their SCG and CAP do not block anymore the sales order lines 
with a MAD earlier than the MAD of those sales order lines. This results in lower 
holding costs. 
  
Costs for closeout inventory (due to a loss in margin) 

Looking to the costs for closeout inventory, weekly allocation on MAD (on position 
3) is the best option, but this should be interpreted carefully. In a weekly setting, 
fewer cancellations are taken into account in comparison with a daily setting. This is 
explained by the updating of the customer cancellations. 

 
Figure 5.1: Cancellations in weekly versus daily setting 

 
Considering figure 5.1, the cancellation at t = 3 is taken into account in a daily setting 
at t = 4. In contrast with the daily setting, in the weekly setting the sales order line will 
not be cancelled, because (under the assumption that it has been fully allocated and is 
not on hold) it will be shipped to the customer at t = 6  (release date). Generally, if the 
cancellation occurs in the same week as the sales order line should be released and the 
customer cancel date is before the release date, then in the weekly setting, the sales 
order line is released. In the daily setting the sales order line will be cancelled. 
As explained before, shifting the MAD to position 3 results in an earlier shipment of 
the sales order lines. The probability that a sales order line is cancelled is lower, 
because if a sales order line is shipped, it cannot be cancelled at all. 
Another point is the high costs for closeout inventory (due to a loss in margin) in 
comparison with the holding costs. This is explained by the excess in supply (2625 
units) and of course the cancellations (around the 1700 units).  
 
From a supply chain costs perspective (total holding costs and costs for closeout 
inventory due to a loss in margin), weekly allocation on MAD is the best alternative. 
The relative difference in supply chain costs between a standard way of allocating and 
an alternative way of allocating is very low. This is caused by the fact that the costs 
for closeout inventory are very high in comparison with the holding costs. As the 
amount of supply decreases in comparison with the amount of demand, the relative 
difference in supply chain costs increases. In appendix F (figure F.18 and F.19) in 
which the output of the sensitivity analysis is presented, this increase in the relative 
difference in supply chain costs is shown. 
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Service Level 

From a service level perspective, daily allocation on MAD is the best option. As 
expected, daily allocation performs better regarding service level than weekly 
allocation. This is explained by the fact that in a daily setting, faster reactions on 
changes in demand and supply are possible. Again, in the daily setting more customer 
cancellations are taken into account compared with the weekly setting. It is important 
to mention that sales order lines which are cancelled can impact the service level. 
However, a sales order line which is cancelled is not taken into account for calculating 
the service level. If the sales order line is not cancelled it can satisfy the service level 
requirements, or not.  
Moreover MAD (instead of CCD) on position 5 results in a slightly better service 
level for both the daily and weekly setting, because in this case the outbound process 
and transport times are taken into account. Note that changing key 5 only has some 
impact, if the other four keys are equal.  
 
As described in the research assignment (section 1.4), for the different ways of 
allocating, service level versus supply chain costs are visually represented in figure 
5.1, 5.2, 5.3 and 5.4 (for every delivery window). Each point in the figure indicates 
how much supply chain costs (x – axis) each way of allocating obtains and what the 
service level is for each way of allocating (y – axis), based on the results for this 
material. 
 

 

service level (delivery window of 30 days) vs supply chain costs

99.994

99.995

99.996

99.997

99.998

99.999

100

100.001

28000 28200 28400 28600 28800 29000

supply chain costs (€)

s
e
rv

ic
e
 l
e
v
e
l 
(%

)

service level for delivery

w indow  of 30 days

Daily MAD 

Weekly CCD Weekly MAD (3)

Daily CCD 

Weekly MAD

 
Figure 5.2: Service level (delivery window of 30 days) versus supply chain costs 
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Figure 5.3: Service level (delivery window of 14 days) versus supply chain costs 
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service level (delivery window of 7 days) vs supply chain costs
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Figure 5.4: Service level (delivery window of 7 days) versus supply chain costs 
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Figure 5.5: Service level (delivery window of 0 days) versus supply chain costs 

 
To summarize, it can be stated that based on this analysis for just one material it can 
be concluded that from supply chain costs perspective, weekly allocation with 
prioritization on MAD on position 3 is the best option. From a service level 
perspective, daily allocation on MAD is the best option. It should be noticed that the 
supply chain costs for daily allocation are higher, because of the fact that more 
cancellations are taken into account. Those cancellations (if they could not be 
delivered to other customers) result in closeout inventory (and the accompanying 
costs).   

5.2 Sensitivity analysis for estimated parameters 

As has been explained in section 4.1.1 and 4.1.2 some parameters have to be 
estimated. In this section, the sensitivity of these estimations is investigated. 
Moreover, two additional scenarios are considered: in one scenario the amount of 
supply is equal to the amount of demand and in the other scenario the amount of 
supply is less than the amount of demand. 
First the estimated parameters for holds are analyzed and then the estimated 
parameters for customer cancellations are analyzed. During the analysis of the 
sensitivity of the estimated parameters, the delivery window is set to 0 days. This way, 
the deviations in the service level are best visible. In total, five parameters for holds 
and customer cancellations are estimated in this study.  
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When probabilities are changed in the sensitivity analysis, not all the sales order lines 
get the same dates (on hold, off hold, or cancellation) as in the case with the original 
value for these probabilities. This depends on the sequence of the random seeds which 
is fixed. For comparing the different alternatives this is not an issue, but it should be 
taken into account as a reason why unexpected differences (in service level / supply 
chain costs) can occur by changing the probabilities of holds and cancellations. 
 
1.) Probability of a hold for a future sales order line 

First, the probability of a hold for a future sales order line is varied. The following 
arbitrary values have been taken into account:  

- 0.05 
- 0.15 (default value) 

- 0.25 
- 0.45 

In appendix F the results for the case where the probability of a hold for a future sales 
order line is changed are presented. Generally, the supply chain costs increase and 
service level decreases if this probability is increasing. An exception is the probability 
of a hold for a future sales order line equal to 0.05. Supply chain costs increase, while 
it is expected that they would decrease. An explanation is the fact that with a lower 
probability of a hold for a future sales order line, fewer cancellations occur for those 
sales order lines, which are normally cancelled when a higher probability of a hold for 
a future sales order line is set. But if these sales order lines are cancelled, their 
allocated supply could be used for other sales order lines. If a big sales order line 
could be fully allocated on time with the de-allocated supply of cancelled sales order 
lines, it increases the service level. Now, these sales order lines are not cancelled by 
means of a lower probability of a hold for a future sales order line, but are shipped to 
the customer. This big sales order line should now wait, which increases the holding 
costs, or maybe it will be cancelled which also increases the supply chain costs.  
 

2.) Probability of a hold for an at once sales order line 

For the probability of a hold for an at once sales order line, the deviations compared 
with the default value should be less in comparison with the deviations of the 
probability of a hold for a future sales order line. Normally, it is very uncommon that 
an at once sales order line is put on hold. Therefore, this probability is estimated to be 
0.01. The following arbitrary values are taken into account for the probability of a 
hold for an at once sales order line: 

- 0.005 
- 0.01 (default value) 
- 0.015 
- 0.03 

The results for these values are shown in appendix F. Generally, the deviations in the 
probability of a hold for an at once order sales line have no or an extremely small 
impact on the service level and supply chain costs. There is no increasing or 
decreasing line in the output when these deviations are taken into account. 
 
3.) Standard deviation for determining the off hold date for sales order lines of IDP / 

contract customers 

Now the standard deviation around the MAD for determining the off hold date for 
sales order lines of IDP / contract customers will be varied. The default value for this 
standard deviation is 10 days. The following arbitrary values are taken into account 
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for the standard deviation for the off hold date of a sales order line of IDP / contract 
customers: 

- 5 
- 10 (default value) 
- 20  
- 30 
- 40 

For a standard deviation of 5 days, the service level decreases, particularly in the 
weekly setting, this is against expectations (appendix F). This is explained by the fact 
that if the off hold date is before the MAD and in the same period as the MAD, the off 
hold date is processed in the next period. As a result, the sales order lines are not on 
time with a delivery window of zero days. This could also occur in a daily setting, but 
with a lower probability. Only if the off hold  date is equal to the MAD, then it is 
processed the day after the MAD, and then it is shipped to the customer too late. The 
following figure makes this situation clear for the off hold date for a sales order line in 
a weekly setting: 

 
Figure 5.6: Off hold date processed in a weekly setting  

 
As can be seen in figure 5.6, the off hold date is processed in the next period. 
Consequently, based on a delivery window of zero days, the sales order line is not 
shipped to the customer on time. 
As expected, the supply chain costs decrease for a standard deviation of 5 days (due to 
lower holding costs in the weekly setting, and in the case of the daily setting also a 
decrease in costs for closeout inventory next to lower holding costs), whereas for the 
standard deviations of 20, 30 and 40 days the supply chain costs increase. This 
increase in supply chain costs is caused by the increase in holding costs due to the 
holds and by the costs for closeout inventory which have been increased due to the 
increase in cancellations. The longer the sales order line is on hold, the higher the 
probability that the sales order line is cancelled. 
The service level also increases for the standard deviations of 20, 30 and 40 days. This 
is explained by the fact that the sales order lines are put off hold earlier, if the 
standard deviation is higher. This is advantageous, especially for the weekly setting 
(and for the daily setting, but the impact is less in this setting). It is true that sales 
order lines are longer on hold in comparison with lower standard deviations, but there 
is no difference between a sales order line that is released 20 days after the MAD and 
a sales order line that is released 1 day after the MAD with regard to determining the 
service level with a delivery window of zero days. Finally, the most important effect 
on service level is that more sales order lines are cancelled by increasing the standard 
deviation, which can impact the service level in a positive way.  
 

4.) Standard deviation for determining the off hold date for sales order lines of 

regular customers 

In this section, the standard deviation of the off hold date (around the MAD) for sales 
order lines of regular customers is varied. The default value for this standard deviation 
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is 3 days. Again, some deviations are taken into account. The following arbitrary 
values are taken into account for the standard deviation for the off hold date of a sales 
order line of a regular customer: 

- 1 day 
- 2 days  
- 3 days (default value) 
- 4 days 
- 6 days 

Again, in the case of a standard deviation of 1 and 2 days, the service level decreases 
(appendix F). This is again explained by the fact that the off hold date is just before or 
after the MAD. For a weekly setting, the hold will be processed in the next period, if 
this off hold date is before the MAD and in the same period as the MAD. This results 
in a lower service level for a weekly setting. For the daily setting, the same occurs, if 
the off hold date is equal to the MAD: the off hold date is processed the day after the 
MAD. This issue has been explained in figure 5.6.  
Moreover, the supply chain costs increase, if the standard deviation is higher. This 
increase in supply chain costs is caused by, on the one side an increase in the holding 
costs and on the other side an increase in the costs for closeout inventory due to 
cancellations. For lower standard deviations the supply chain costs are also lower due 
to lower holding.  
The service level increases again if the standard deviation is higher. A positive effect 
is that the sales order lines are put off hold earlier. This effect is particularly 
applicable for the weekly setting. Another effect is the increase in cancellations, 
which can impact the service level in a positive way.  
 
5.) Probability of a cancellation for a future sales order line 

Finally, the probability of a cancellation for a future sales order line is varied. The 
default value for this probability is equal to 0.3. The following arbitrary values are 
taken into account for the probability of a cancellation for a future sales order line: 

- 0.15 
- 0.30 (default value) 

- 0.45 
- 0.65 

If the probability of a cancellation (for a future sales order line) decreases, then there 
are less cancellations and supply chain costs decrease. The greater the probability of a 
cancellation, the higher the supply chain costs due to the cancellations.  For the 
probability of 0.45, the supply chain costs of the daily setting are even lower in 
comparison with the supply chain costs of the weekly setting. This is explained by the 
holding costs which are higher for the weekly setting than for the daily setting, 
although the costs for closeout inventory are almost equal for both settings.  
The service level fluctuates by increasing / decreasing the probability of a 
cancellation. All customer cancellations are not taken into account when calculating 
the service level. Only units which are not cancelled by the customer are taken into 
account when the service level is determined. This can impact the service level in a 
positive way. 
 
In general, for all the scenarios which have been discussed, based on this material 
where supply is higher than demand, the results are still the same as the normal 
situation.  From a service level perspective, the daily setting on MAD performs the 
best. From a supply chain costs perspective, prioritization on MAD on position 3 
performs the best. Also the weekly setting has a lower service level than the daily 
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setting, whereas supply chain costs are lower in a weekly setting. In the following, 
two scenarios are discussed. In one scenario the amount of supply is almost equal to 
the amount of demand and in the other scenario the amount of supply is less than the 
amount of demand. 
 

A scenario where the amount of supply is almost equal to the amount of demand 

Now a sensitivity analysis is done, based on a scenario where supply is almost equal 
to demand. Supply is equal to 26 548 units, divided over 4 purchase orders. Demand 
is equal to 23 923 unit. Now the supply is decreased to almost the same total quantity 
of demand. This is done by taking for every purchase order line (23 923 / 26 548 = 
0.901) 90.1% of the original quantity per size. Again, in appendix F the results are 
presented for every alternative.  
As expected, the supply chain costs decrease dramatically for all the scenarios, due to 
a decrease in the number of units in closeout inventory. Still, costs for closeout 
inventory cause high supply chain costs due to the cancellations by the customer. 
Again, the supply chain costs are higher in a daily setting, because of the number of 
cancellations which are taken into account in the daily setting. Although, the holding 
costs are higher in weekly setting, they are not big enough to compensate the costs of 
cancellations due to the loss in margin. From a supply chain costs perspective, the 
weekly setting with the MAD on position 3 still performs the best.  
From a service level perspective, for all the proposed alternatives the service level 
decreases (supply has decreased in this scenario, which impacts service level in a 
negative way). Still the daily setting on MAD is the best option to choose from a 
service level point of view.  
 
A scenario where the amount of supply is less than the amount of demand 

Finally, a sensitivity analysis is done where supply is less than demand. In the original 
data set, demand was roughly 90% (90.1%) of the supply, now this will be reversed. 
This results in a supply of 21 557 units (23 923 * 0.901) = 21 557 units.  
As expected, the supply chain costs reduce dramatically again for every alternative. In 
this scenario there is no closeout inventory (original demand – cancellations is greater 
than supply), thus no costs for closeout inventory occur. Also, the service levels 
decrease for every alternative. An unexpected issue is the slightly better service level 
and the slightly lower supply chain costs for the weekly setting (and daily setting) on 
CCD. This can be explained as follows: a big sales order line is allocated first, based 
on its CCD, and if it is allocated based on its MAD, it is allocated later. As a result, it 
should wait on supply. The probability that the big sales order line is too late increases 
and moreover, the holding costs will increase. 
Referring to figure 3.2, if sales order line x consists of 100 units and 90 units have 
already been allocated to this sales order line, and the last 10 units of supply are 
allocated to this sales order line based on a prioritization on CCD, then 100 units 
could be delivered on time. Suppose that sales order line y consists of 10 units, which 
are delivered late, just because these 10 units which have been allocated to sales order 
line x are now missing for sales order line y. Sales order line y has to wait on new 
supply now. If it was the other way around (sorted on MAD instead of CCD), then 10 
units of sales order line y could be delivered on time, and sales order line x has to wait 
on 10 units to fulfill the sales order line entirely. Remember that service level is 
calculated based on units (of a sales order line) which should be on time and not the 
number of sales order lines which should be on time (this is a condition of the service 
level used in this study).  



   

51 

From a supply chain costs perspective, it is the best option to choose for the daily 
setting on CCD. The differences in supply chain costs are very small between MAD 
and CCD on position 5 in both the weekly and daily setting. Again, a big sales order 
line could be unlucky when supply should be allocated to it, which results in higher 
supply chain costs.  
The best option from a service level perspective is to choose for a daily setting based 
on CDD. As just has been explained, it could be the case that (some) big sales order 
line(s) is unlucky when supply should be allocated to it, which impacts the service 
level and supply chain costs in a negative way.  
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6 Implementation Plan 
In this chapter, it is explained what Nike should do if they want to successfully 
implement some of the proposed changes for allocation. The change from 
prioritization on CCD to prioritization on MAD on position 5 is the easiest one. In the 
A-Run environment key 5 should be switched in the prioritization setting. Another 
option is to change the sequence of the keys, in this study it has been proposed to shift 
key 5 to position 3 and use the MAD as date for the prioritization in a weekly setting. 
This change is also rather easy to implement. Note that shifting this key to position 3 
is detrimental for customers who have a high priority based on their SCG and CAP. If 
this change is implemented, management needs to be aware of this effect. A more 
difficult change to implement is the change from a weekly setting to a daily setting. 
Then every day all changes in demand and supply should be updated.  A lot of 
computer capacity is necessary to implement this change. Therefore, it is useful to 
study the investments (in extra computer capacity) which are needed, before this 
change is implemented.  
Before a change is really implemented, it is useful to do a pilot. Based on the pilot a 
decision can be made to proceed with one of the proposed changes in the allocation. 
During the pilot, the outcomes of an alternative way of allocating need to be analyzed 
for some specified materials (preferably, A-items) in order to measure the 
improvements in the performance of the allocation. It is important to make a team of 
employees responsible for this pilot (and for further steps).  Employees of different 
disciplines are needed: Production Support (IT), Inventory Planning, Sales and 
Operations Planning, Goods Flow Planning and BU managers. Also a project manager 
is needed, who keeps the overview over the project. It is important to involve all 
stakeholders in such a pilot. During the pilot, meetings should be scheduled in which 
all the issues concerning the pilot can be discussed. Finally, at the end of the pilot, a 
decision should be made whether or not to proceed. This decision should be made by 
higher management.  
If the pilot succeeds and higher management has been convinced of the added value 
of the change in the allocation process, then the proposed change in the allocation can 
be realized within the Nike organization. Again, it is important to compose a team 
which is responsible for the implementation of the proposed change in allocation. It is 
important that this team consists of employees of multiple disciplines: Production 
Support (IT), Inventory Planning, Sales and Operations Planning, Goods Flow 
Planning and BU managers and a project manager who should manage the project. 
Again, it is useful to schedule regular sessions in which the performance of the 
allocation is evaluated and in which potential further improvements in the allocation 
process are discussed. Changes in the allocation process require continuous 
improvements, and not a one time improvement.  
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7 Conclusions and Recommendations 
In this final chapter, the conclusions of this thesis and practical recommendations are 

presented. 

7.1 Conclusions 

In this study, the central research question was whether alternative ways of allocation 
would result in business benefits. First, a conceptual model has been made, then the 
process model has been developed and finally, a computational model has been 
developed. Furthermore, alternatives for doing the allocation within Nike have been 
proposed. Now the following question rises: what are the business benefits of the 
alternative ways of allocating? In this study, it was not straightforward to come to a 
well founded conclusion, because not all data which should be available were indeed 
available.  Therefore, conclusions should be drawn carefully, based on this limited 
data sample. However, they are still useful as indications.  
If the focus is on service level, then, in general, the daily setting performs best. As has 
been explained, changes in supply and demand are taken into account faster. The 
difference in service level in this setting, between MAD and CCD is not large. Also, 
in the weekly setting the difference between MAD and CCD is not large. Based on the 
material under consideration in this study, prioritizing on MAD appears to be the best 
way, but as mentioned in subsection 5.2 this is not always the case.   
If the focus is on supply chain costs, then prioritization on MAD on position 3 in a 
weekly setting seems to be the best option. Of course, as has been explained, holding 
costs for regular sales will decrease, but on the other hand the customers that are 
highly prioritized based on the SCG and the CAP will get a lower priority. This 
alternative is detrimental for those customers. In the daily setting, the supply chain 
costs are higher for this material, because of the number of customer cancellations 
that are taken into account in this setting. The lower the amount of supply in 
comparison with the amount of demand, the higher the relative differences in supply 
chain costs between the standard way of allocating and the alternatives.  
In this study, the largest deficiency is the limited data sample, which makes it difficult 
to draw hard conclusions. Moreover, the parameter estimates are based on interviews 
with experts within Nike. Usually, it is better to make estimates based on numerical 
analyses.  

7.2 Recommendations  

The first recommendation consists of a number of directions for future research. A 
first future research direction is an extended analysis, using data of more materials 
(also using materials from other seasons). A second direction for future research is to 
investigate an extra allocation alternative where MAD on position 3 is implemented in 
a daily setting, instead of a weekly setting. Another direction for future research is to 
investigate the results, when the selection (instead of the prioritization) is done based 
on the MAD instead of CCD. It would also be interesting to do an extended analysis 
on the behavior of holds, based on the directions given in subsection 4.1.1. The same 
could be done for the behavior of customer cancellations, based on the directions 
given in subsection 4.1.2. An assumption that the uncertainty in the in – and outbound 
processes is equal to zero has been made. It would be interesting to investigate the 
impact of this uncertainty when it is not equal to zero. Moreover, the scope of this 
study could be broadened. Other planning processes could be investigated, such as: 
inbound planning, outbound planning, production planning, etc. Finally, a last 
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direction for future research is to alter the release rule used in this study. In this study 
only 100% complete sales order lines are allowed to be released. It would be 
interesting to take into account alternative release rules, which are in line with Nike’s 
way of doing business. An example would be a release rule which takes into account a 
combination of sales order lines based on the category (soccer, tennis, basketball, etc) 
to which a sales order line belongs.  
A second recommendation is to maintain data about the dates on which sales order 
lines have been put on or off hold. At this moment, only aggregated data for holds 
have been available. As a result, it is not possible to get an insight into the behavior of 
holds per sales order line. The same should be done for customer cancellations: it is 
important to know when (parts of) sales order lines have been cancelled. Also the 
quantities (per sales order line) concerning a cancellation should be registered. Not 
always complete sales order lines are cancelled. Moreover, a clear differentiation 
should be made, whether this cancellation is due to Nike or due to the Nike’s 
customers. 
A third recommendation is to document all the processes which are used in the 
allocation process and even other processes. Furthermore, it would be very smart to 
share these documents. The great advantage of documenting all the processes is that 
everybody can use this information at any time. The knowledge is explicitly available, 
and not only stored in minds of people. If someone leaves the company, the 
information is still available.  
A fourth recommendation is to be aware of the effect for strategic accounts, if the 
sales order line are prioritized based on the MAD on position 3 (instead of position 5). 
As has been mentioned before, shifting this key to position 3 impacts the service level 
for the customers with a high priority based on the SCG and the CAP in a negative 
way. During this study, this impact has not been quantified. People should be aware of 
this effect when the allocation is changed in this way. Doing a pilot (explained in 
chapter 6) is a way to estimate the detrimental effect for the strategic accounts, before 
actually implementing this way of allocation. 
A fifth recommendation would be to evaluate regularly the definition of service level, 
based on what the business requires. During the interviews with a number of 
employees of Nike regarding formation about allocation (appendix F), the majority 
did not completely agree with the current definition of service level (DIFOT). Some 
employees proposed to apply this on a higher level, instead of sales order line level. 
For instance, it was suggested to measure service level based on the delivery of a 
group of materials belonging to a category (soccer, tennis, basketball, etc) which 
should be in full, on time. 
A sixth recommendation is related to the arrangement of sales orders. In case of the 
current sales orders, the customer enters all the sales order lines which the customer 
wants for a complete season on a specific date. If delivery is changed into delivery 
based on groups of materials belonging to a category, then it is important that sales 
orders are also organized in line with these deliveries.  
A last recommendation is to update the outbound and inbound times which are used 
in the allocation process. It can occur that the times used in the allocation process 
have been changed. Therefore, it is important to update the in- and outbound times 
regularly. During the interviews, some employees indicated that the outbound 
transport times to CEMEA are longer than those that are currently used. The problem 
does not concern the level of uncertainty for those outbound transport times, but the 
use of incorrect outbound transport times.  
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Appendix A: Glossary 
 
Name     Description 

A-Run     Allocation Run 
ASN     Advanced Shipment Notification 
BU     Business Unit 
CAP  Customer Allocation priority 
CCD     Customer Confirmation Date 
CEMEA Central Europe, Middle East and Africa   
Closeout Inventory Inventory that has passed the end product offer 

date 
CRD     Customer Request Date 
CXD     Customer Cancel Date 
DAP Deliver Allocation Priority 
DC     Distribution Centre 
DIF     Delivery in Full 
DIFOT     Delivery in Full on Time 
DOT     Delivery on Time 
DRS     Direct Shipment 
EHQ     European Headquarters 
EMEA     Europe, Middle East and Africa 
IDP customer    Integrative Delivery Planning customer 
KPI     Key Performance Indicator 
MAD     Material Availability Date 
PO     Purchase Order 
SCG     Supply Chain Group 
SIFOT     Shipped in Full on Time 
SKU     Stock Keeping Unit 
SO     Sales Order 
Task date    Date when supply is available in the DC 
WACC    Weighted Average Cost of Capital 
WHQ     World Headquarters  
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Appendix B: Assumptions 

 
Inbound times: 

- Consolidator process time is deterministic. 
- Inbound transport time is deterministic. 
- Inbound processing time is deterministic (it should be noted that if a capacity 

constraint is taken into account, this inbound processing time is not fixed and 
deterministic). 

 
Outbound times: 

- Outbound processing time is deterministic (it should be noted that if a capacity 
constraint is taken into account, this outbound processing time is not 
deterministic). 

- Outbound transport time is deterministic. 
 
Releasing: 

- Only 100% complete order lines are released (on default) for delivery to 
customers; every quantity for every size should be complete. 

- Delivery groups are not taken into account. 
 
Demand: 

- Order lines that could not be entirely matched before the CXD (customer 
cancel date) - 5 and are not on hold are cancelled by Nike.  

 
Closeout inventory: 

- No closeout inventory has to be liquidated. 
- The entire closeout inventory could be sold. Normally, if closeout inventory 

could not be sold, it is sold to so called jobbers. Currently, Nike is trying to 
prevent this and it is always trying to sell the closeout inventory through the 
regular sales channels or through the factory outlets. 

- Closeout inventory is immediately sold with a loss in the margin. If inventory 
is becoming closeout no extra holding costs have to be calculated from the 
moment that it is closeout inventory.  

 

Customer Holds: 
- Customer holds are processed in the period after they have been entered or 

cancelled. This implies that a customer should inform Nike about his choices 
regarding customer holds one period before the period with the release date. If 
this is not the case, the customer hold is ignored. 

- Only one time in a season a specific sales order line can be put on hold and / 
or put off hold. 

- The probability of a hold is not equal for a future order and at once order.  
- The on hold date for regular customers is uniform distributed between the date 

of order entry and the MAD. 
- The off hold date is normally distributed around the MAD with a specified σ 

differentiated for regular customers and IDP / contract customers.  

- When the off hold date < on hold date then no hold occurs. 
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Customer Cancellations: 
- Customer cancellations are processed in the period after they have been 

entered. This implies that a customer should inform Nike about his choices 
regarding customer cancellations one period before the period with the release 
date. If this is not the case, the customer cancellation is ignored. 

- Only one time in a season a cancellation can be done by a customer for a 
specific sales order line. The complete sales order line is then cancelled. 

- The date of a cancellation is uniformly distributed over the season. 

 

Allocation 
- If in transit inventory and / or physical inventory is linked to sales order lines, 

then these links are fixed and can not be changed by linking other sales order 
lines to this in transit inventory and / or physical inventory.  

- Allocation is done at the beginning of a period, with all the information known 
at the start of that period and the period is set on default on a week. The 
timeline which is taken into account is one season.  
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Appendix C: Description of Data Structure 
As mentioned in section 3.3 the data structure of the multi period allocation model is 
represented in an UML (Unified Modelling Language). The UML diagram has the 
following structure: 

 
Figure B.1:  UML diagram of the data structure in the multi period allocation model 

 

Now the attributes of each data object are explained and the relations of each data 
objects with other data objects are explained. 
 

Material (Size level) 
The most central entity in the data structure is the material specified on a size level. 
Each material has the following five attributes: 

- Material code 
- Description 
- Size 
- Wholesale Price 
- Cost Price 

Each data object (with the exception of Purchase Order and Sales Order) has been 
directly linked to just one material, but the same material can be linked to one or more 
other data objects. For instance, take the material: 237 649 010 (material code), fancy 
long sleeve tee (material description), size S. This material can be present in more 
sales order lines of different customers, but every sales order line is linked to just that 



   

60 

specific material. The same is true for purchase order lines: every material can be 
linked to one or more purchase order lines, but every purchase order line is linked to 
just one material. For allocated in transit, allocated stock, unallocated in transit and 
unallocated stock the same can be done. As can be seen in figure B.1 material is the 
heart of the data structure. Via material every other data object can be “reached”.  
 

Sales Order Line (Size level) 
Every sales order line is specified on a size level corresponding with a schedule line. 
Every sales order line consists of a range of sizes, dependent on which size the 
customer wants. Every sales order line (specified on size level) is linked to just one 
material with a size to which it belongs and as explained later on, every sales order 
line can be linked to one or more objects of allocated in transit and / or allocated 
stock. Moreover every sales order line belongs to just one sales order. Each sales 
order line (size level) has a range of attributes: 

- SOline nr (line number of the sales order line on the sales order) 
- SOnr (sales order number, important for the allocation regarding the 

prioritization of sales order lines) 
- Size 
- Quantity 
- TotalAllocated (quantity allocated to a size of a sales order line) 
- CCD (Customer Confirmation Date) 
- Bucket 
- MAD (Material Availability Date) 
- CXD (Customer Cancel Date) 
- Hold (is the sales order line on hold or not, only complete sales order lines can 

be put on hold) 
- On Hold Date (date on which the sales order line is put on hold by a customer) 
- Off Hold Date (date on which the sales order line is put off hold by a 

customer)  
- Date of Cancellation (date on which a (part of a) sales order line is cancelled) 
- Cancelled Quantity (quantity cancelled by a customer specified per size of a 

sales order line) 
- SCG (Supply Chain Group) 
- CAP (Customer Allocation Priority, every sales order is entered by a customer 

and every customer has a priority)  
- Kind of Customers (kind of customers: IDP / contract customers or regular 

customers) 
- Type of order (At once order or future order) 
- Date order entry (date when the order is entered, important for at once orders, 

because they are entered during a season, and are not known at the beginning 
of a season) 

- Wholesale Price 
 
Note that sales orders have not been adopted in the UML diagram as a separate data 
object. Sales order lines specified on size level are used as data objects in the entire 
allocation process, whereas sales orders are not used as data objects, only attributes 
from a sales order. All the important attributes of a sales order for allocation (type of 
order, kind of customer which enters the sales order, etc) are directly inherited by the 
sales order line. The allocation process is based on sales order lines per size and not 
on sales orders.  
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Purchase Order Line (size level) 
For a purchase order line, also the purchase order line is specified on a size level 
(schedule line). Again this is done, because the allocation uses purchase order lines on 
size level. Every purchase order line belongs to just one purchase order and to just one 
material. Every purchase order line has the following three attributes: 

- POnr 
- POline nr (line number of the purchase order line on the purchase order) 
- Size 
- Quantity 
- ASN (Advanced Shipment Notification, date when the purchase order line is 

coming into the pipeline and is in transit inventory) 
- Task date (date of availability in the DC in Laakdal) 

   
Every purchase order has a unique number which the purchase order line inherits 
directly from the purchase order. It should be mentioned that this purchase order 
number has only an administrative function in contrast with the sales order number 
which is used in the prioritization of the allocation process. Again, the purchase order 
has not been adopted as a separate data object.   
 

Unallocated In Transit Inventory 
An object of unallocated in transit inventory is derived from the purchase order line’s 
ASN. At the moment that the ASN is broken, the purchase order line is transformed 
into an object of unallocated in transit inventory. From this moment it is possible that 
objects of unallocated in transit inventory are allocated. Objects of unallocated in 
transit inventory are always linked to one material. Whereas from a material point of 
view, it is possible that a material is linked to one or more objects of unallocated in 
transit inventory. Unallocated in transit inventory has the following two attributes: 

- Quantity 
- Task date 

 

Note: Maybe it seems to be strange that no size is specified, but every object of unallocated in transit 
inventory is linked to a material which has a material code (and description) and a size.  

 

Unallocated Stock 
An object of unallocated stock is derived from the unallocated in transit inventory’s 
task date. If the task date is broken of an object of unallocated in transit inventory, the 
unallocated in transit inventory object is transformed into an object of unallocated 
stock. Objects of unallocated stock are always linked to just one material. Again from 
a material point of view, it is possible that a material is linked to one or more objects 
of unallocated stock. Just like unallocated in transit inventory, unallocated stock has 
also two attributes: 

- Quantity  
- Task date 

Again the size and the type of material are specified via the data object material. 
 
Allocated In Transit Inventory 
An object of allocated in transit inventory is derived from the allocation of an object 
of unallocated in transit inventory. If this occurs, unallocated in transit inventory is 
transformed into object(s) of allocated in transit inventory. Every object of allocated 
in transit inventory is always linked to a sales order line (size level). Moreover every 
object of allocated in transit inventory is always linked to one material. From a sales 
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order line perspective, one or more objects of allocated in transit inventory can be 
linked to a sales order line (on size level), dependent on the allocation. From a 
material perspective, one of more objects of allocated in transit inventory can be 
linked to that material, also dependent on the allocation. It is still the same object 
(allocated in transit inventory), but it is linked to two different data objects (sales 
order line and material). Thus for one material, a list exists of all the objects of 
allocated in transit inventory which are linked to that material. Whereas a sales order 
line (on size level) is only linked to objects of allocated in transit inventory that are 
linked (read: allocated) to that sales order line (size level). It seems to be redundant, 
because objects of allocated in transit inventory are linked to a sales order line (on 
size level) and this sales order line is linked to a material. Moreover this object of 
allocated in transit inventory is also linked to a material as has been explained. Now 
via material all the objects of allocated in transit inventory can be retrieved 
(independent of the sales order line). 
An object of allocated in transit inventory has the following two attributes: 

- Quantity 
- Task date 

 

Allocated Stock 
An object of allocated stock is derived from either the task date of allocated in transit 
inventory objects or from the allocation of objects of unallocated stock. This way 
either an object of allocated in transit inventory is transformed into an object of 
allocated stock or an object of unallocated stock is transformed into object(s) of 
allocated stock. Also an object of allocated stock is always linked to a sales order line 
and a material. From a sales order line perspective, one or more objects of allocated 
stock can be linked to a sales order line (size level), dependent on the allocation. The 
same is true for a material: a lot of objects of allocated stock can be linked to the same 
material. Again via material all the objects of allocated stock can be retrieved 
(independent of the sales order line).  Every object of allocated stock has the 
following two attributes: 

- Quantity 
- Task date 
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Appendix D: Description of Processes 
 

Legend 
 

 
 
Figure C.1 

 

 

High Level Overview 
The model processes every material with its sizes separately. Thus data of the sales 
order lines and purchase order lines of one material with its sizes are loaded in the 
model. It is important to make clear how the processes are following up each other in 
the period, because the processes have interdependencies. First of all, all the customer 
holds of the previous period are updated, which means that all the sales order lines are 
put on hold and / or put off hold. This implies that only holds in the period for the 
release date can still be taken into account. Unfortunately, every customer hold which 
is put on hold or would be put off hold in the same period as the release date of the 
sales order line is not taken into account anymore. After this process, the customer 
cancellations of the previous period are updated. Just as in the case with customer 
holds, customer cancellations are processed in the same way. Only customer 
cancellations of the previous period are taken into account. Unfortunately, every 
customer cancellation entered in the same period as the release date of the sales order 
line is not taken into account anymore. After the customer holds and customer 
cancellations have been updated, the allocation can be started at the beginning of a 
period. The allocation takes into account all the information known at the beginning 
of a period, thus for instance every update for new incoming in transit inventory 
during the period is not taken into account anymore. After the allocation, a release 
plan is composed based on the allocation done before. In the release plan every sales 
order line that is allowed to be released in the current period gets a release flag. After 
composing the release plan, all the lost demand is determined. Every sales order line 
that still does not have any supply allocated to it and a customer cancel date – 5 days 
for the first day of the period (and no hold is on it) is not taken into account anymore 
and will be cancelled.  After determining the lost demand, the in transit inventory is 
updated. This means that all new incoming in transit inventory during the period is 
updated at the end of the period. Moreover all the outgoing (allocated and 
unallocated) in transit inventory during the period is updated at the end of the period. 
Finally, the stock is updated at the end of a period. This means that only the released 
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stock (with sales order lines linked to it) during the period is updated at the end of a 
period. Incoming stock is updated in the procedure before update stock: allocated in 
transit inventory.  
It is important to mention that at the end of a complete season also two additional 
procedures are done: 

- closeout inventory 
- process incomplete sales order lines (not released yet) 

 
These two procedures process all the inventory and demand that have not been 
processed yet.  
In the remainder of this appendix, the different processes are explained in more detail. 
Every process is explained again based on flowchart(s). First a flowchart is given, 
then the explanation belonging to that flowchart. The procedures that are explained 
are the following: 

- Update Holds 
- Update Customer Cancellations 
- Allocate 
- Compose Release Plan 
- Determine Lost Demand 
- Update In Transit Inventory 
- Update Stock 
- Process Closeout Inventory 
- Process Incomplete Sales Order Lines 

 

Update Holds 

 
Figure C.2: Update customer holds procedure 

 
In this procedure all customer holds of the previous period are taken into account. As 
mentioned earlier, customer holds (putting on / off hold) are not taken into account 
anymore if the date of the customer holds falls into the same period as the release date 
of the sales order line.  
For processing the customer holds, sales order lines are needed as input. The output 
consists also of sales order lines. For putting the sales order line on hold (and off 
hold), the procedure to process this is described as follows: 
The on hold date of a sales order line is checked with the range of the previous period 
(begin date of the previous period – end date of the previous period). If the on hold 
date falls into this range, the sales order line is put on hold. If this is not the case, then 
nothing happens with the sales order line. 
For putting the sales order line off hold, the same kind of procedure is made: 
The off hold date of a sales order line is matched again with the range of the previous 
period. If the off hold date falls into this range the sales order line is put off hold. If 
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this is not the case, again nothing happens with the sales order line. Finally the output 
results in sales order lines (with hold or no holds). 

 

Update Customer Cancellations 
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Figure C.3: Update customer cancellations procedure 

 
In this procedure all customer cancellations of the previous period are processed. 
Again, customer cancellations that are entered by the customer in the period in which 
the release date falls are not taken into account anymore.  
The input for customer cancellations consists of sales order lines (unallocated in 
transit inventory, unallocated stock, allocated in transit inventory and allocated stock 
are “reached” via material, see data structure). The output for customer cancellations 
consists of sales order lines. The following procedure describes how the process of 
updating customer cancellations works: 
First the customer cancel date of a specific sales order line is checked. If the customer 
cancel date falls into the range of the previous period the cancellation is taken into 
account. If the cancellation is taken into account, first the total cancelled quantity is 
increased with the cancelled quantities for every size of the sales order line. Then it is 
determined whether in transit inventory and / or stock should be de-allocated. For 
example, consider a sales order line with a requested quantity for size S of 50 units, 
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and a customer cancellation of 30 units of size S, but 40 units of size S have been 
already allocated. In this example 10 units should be de-allocated. The question rises 
which 10 units should be de-allocated: 10 units of in transit inventory, 10 units of 
stock, or maybe a combination of both? For a combination the question rises how it 
should be divided over in transit inventory and units of stock. To answer all those 
questions, for de- allocating the same algorithm is used as for matching in the 
allocation process but now it is used just the other way around.  
Now this algorithm of de-allocation is explained: 

� First of all, the in transit inventory is de-allocated with a task date later than 
the MAD-1. The task date most far away from the MAD-1 is first de-allocated. 
Figure C.4 represents this issue: 

 Figure C.4: De-allocating in transit inventory task date > MAD-1 

 
First transit inventory with task date (1) is de-allocated, then in transit 
inventory with task date (2) is de-allocated, finally in transit inventory with 
task date (3) is de-allocated.  

 

� Secondly, all stock is de-allocated, starting with the latest task date first. 
Figure C.5 represents this issue: 

 
Figure C.5: De-Allocating stock 

 
First stock with task date (1) is de-allocated, then stock with task date (2) is 
de-allocated, finally stock with task date (3) is de-allocated. 
 

� Thirdly, the in transit inventory is de-allocated with a task date earlier than or 
equal to the MAD-1. The task date most far away from the MAD-1 is 
allocated first. Figure C.6  represents this issue: 

 
Figure C.6: De-allocating in transit inventory task date ≤ MAD-1 
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First in transit inventory with task date (1) is de-allocated, then in transit 
inventory with task date (2) is de-allocated, finally in transit inventory with 
task date (3) is de-allocated.  

 
For de-allocating, all allocated in transit inventory and / or allocated stock is adapted. 
Moreover new unallocated in transit inventory and / or unallocated stock is created. 
Thus if some allocated in transit inventory is de-allocated, then a new object of 
unallocated in transit inventory is created with the task date of the allocated in transit 
inventory, and with quantity, (a part of) the quantity that should be de-allocated. For 
instance, suppose that 10 units have to be de-allocated and first 20 units of allocated 
in transit inventory are taken with a specific task date. Then a new object of 
unallocated in transit inventory is created with the following properties: a quantity of 
10 and the task date of the allocated in transit inventory. Visually, it is represented as 
follows: 

 
Figure C.7: Transformation of data objects in de – allocating (1) 
 
It could also be the case that 10 units have to be de-allocated in another way. Suppose 
that the first object of allocated in transit inventory consists of 5 units, first these 5 
units are de-allocated. Subsequently, 5 units are de-allocated of another object of 
allocated in transit inventory (or allocated stock if it is needed). This is visually 
represented as follows: 
 

 
Figure C.8: Transformation of data objects in de – allocating (2) 
 
Finally for every sales order line it is checked, whether the quantity of the sales order 
line per size is zero. If the quantity for a size of a sales order line is zero, then the size 
of a sales order line is removed. If the entire sales order line has been cancelled, then 
the entire sales order line is removed. 
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Allocate 

Figure C.9: Allocation procedure 

 
In this procedure the allocation of demand to supply is done. Input in this process 
consists of sales order lines (again, unallocated in transit inventory, unallocated stock, 
allocated in transit inventory and allocated stock are “reached” via material, see data 
structure). Output for the allocation process consists of sales order lines. Matching of 
demand to supply occurs on size level. The allocation consists of three important 
steps: 

- Selection of sales order lines of one material with a specific size 
- Sorting these sales order lines (size level) 
- Matching them on a size level 

All of these three steps are done on a material size level, which implies that the 
selection, the sorting and the allocation is done for every separate material with its 
sizes.  
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Selection 

First for the selection the relevant business months are determined. For allocation the 
following relevant business months (buckets) are differentiated: 

• current business month + 1 

• current business month  

• current business month – 1 

• past (all the business months regarding sales order lines with a CCD in the 
business month before current business month –1 and not yet fully allocated) 

 
By setting boundaries the relevant business months (buckets) are differentiated in this 
procedure. Now all the sales order lines are selected based on the relevant range. 
Moreover the bucket in which the sales order line falls is added to the sales order line 
(on size level) as an attribute. An important issue in the selection process are at once 
orders, if the date of entry has been broken, then this at once order is taken into 
account in the selection process. Moreover the CCD of the sales order line should fall 
into the range of the relevant business months.  
 
Sorting 

For sorting the sales order lines, six relevant keys are used, as explained earlier: 

• Bucket (Allocation Window) 

• Type of order 

• SCG 

• CAP 

• CCD 

• Sales Order Number 
 
All the selected sales order lines are now sorted based on these six keys. It is 
noteworthy to mention that the sales order lines are sorted on material size level. Thus 
all sales order lines of a specific material with a specific size are sorted in a list.  
 
Allocating 

For allocating an algorithm is used within Nike that has been (briefly) described 
earlier. It works as follows:  

- Firstly, in transit inventory is allocated with a task date earlier than or equal to 
the MAD-1. That part of in transit inventory with the task date closest to the 
MAD-1 is allocated first. Figure C.10 explains this: 
 

 
Figure C.10: Allocating in transit inventory task date ≤ MAD-1 

 

First the in transit inventory with task date (1) is allocated, subsequently the in 
transit inventory with task date (2) is allocated, finally the in transit inventory 
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with task date (3) is allocated. If the quantity of the size of the sales order line 
is still not fully allocated, then the stock is taken into account. 

 
-  Secondly, the stock is taken into account for allocation. The stock is allocated 

by following of the FIFO (First in First Out) method. Figure C.11 makes this 
clear: 

  
 Figure C.11: Allocating Stock 

  
First stock is allocated with the earliest task date (coming first in, in 
comparison with the other two parts of stocks with their task dates). Then the 
stock with task date (2) is allocated and finally, the stock with task date (3) is 
allocated.  

 
-  Thirdly, in transit inventory is allocated with a task date later than the MAD-1. 

Again that part of in transit inventory is allocated with the task date closest to 
the MAD-1. Figure C.11 makes it clear: 

  
Figure C.12: Allocating in transit inventory task date > MAD-1 

 
As represented in figure C.12, first in transit inventory with task date (1) is 
allocated, then in transit inventory with task date (2) is allocated and finally, in 
transit inventory with task date (3) is allocated.  

 
Every time an allocation occurs, an object of unallocated in transit and / or 
unallocated stock is adapted (or removed if the quantity of an object of unallocated in 
transit and / or unallocated stock is equal to zero) and a new object of allocated in 
transit and / or allocated stock is created. For example, consider a sales order line with 
a specified quantity for size S of 50 units that should be allocated. Suppose that first 
30 units of unallocated in transit inventory are allocated (with a task date before the 
MAD-1) and also 20 units of stock are allocated to that sales order line. Figure C.13 
makes the changes in data objects clear: 
 



   

71 

 
Figure C.13:  Transformation in data objects  
 
Of course, other combinations of in transit inventory and / or stock exist to allocate a 
size of a sales order line. In fact, what occurs regarding the transitions in data objects 
is always the same. The quantity that is allocated is always subtracted from the 
quantity of the unallocated objects. If the quantity is zero then the object is removed. 
The task date is always inherited after the transformation. It could be the case that an 
object of unallocated in transit inventory of 40 units with a specific task date is 
allocated to two sales order lines. In that case, two objects of allocated in transit are 
created each with the same task date.  

 

Composing Release Plan 

Figure C.14: Release Plan Procedure 

 
After the allocation has been finished, a release plan is composed. In the release plan 
every sales order line is checked to see whether it is allowed to be released. On 
default, the release rule is 100% for a sales order line, which means that every sales 
order line should be totally allocated (every size). In the release plan, it is also 
checked whether the sales order line is not on hold. As mentioned in section 2.2.2, 
only then a sales order line is allowed to be released. As the name indicates, it is just a 
release plan, no sales order lines are physically released.  
The in- and output for the release plan consists of sales order lines. Every sales order 
line gets a release flag or no release flag finally. Every incoming sales order line is 
checked to see whether it can be released: whether it is fully allocated and whether 
there is no hold on it. Subsequently, if this is true, a release date is determined. The 
determination of the release date works as follows: 
First, if it is possible, the latest task date is determined of allocated in transit inventory 
(that should still come in) that covers the complete sales order line. If everything is 
allocated to stock at the beginning of a period, then this step is skipped. Then it is 
checked whether the sales order line is fully allocated to stock. If this is the case, then 
max [MAD, first date of the period] is set as the release date. For a good 
understanding, this may need more explanation. It could be the case that the MAD of 
a sales order line was in the previous period, but the sales order line was not yet fully 
allocated in the previous period, because there was no inventory (in transit and stock). 
In the case of air freight, the inbound transport and process time are very short. 
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Therefore in one period a purchase order line could be transformed directly into stock. 
The allocation is always done at the beginning of a period, thus this new stock is still 
not taken into account in the previous period and therefore insufficient inventory was 
available. Now, at the beginning of a new period, a new allocation run is done, 
through which the sales order line can be fully allocated, because now sufficient 
inventory is available. The MAD has passed, therefore the sales order line will be 
directly released on the first day. The following figure represents this issue: 

 
 

Figure C.15: max [MAD, first date of the period] 

 
Moreover it is possible from a demand point of view that an at once order is entered in 
a period with the MAD of that sales order line in the same period. If this sales order 
line is fully allocated in the next period, it should be released immediately. Therefore 
max [MAD, first date of the period] should be set as a release date.  
If the complete sales order line is not completely allocated to stock, then a check is 
done if the latest task is before the MAD-1, or after the MAD-1. If it is before the 
MAD-1, then the release date of the sales order line is equal to the MAD. If it is 
greater than the MAD-1, then the release date of the sales order line is equal to the 
task date + 1. Thus sales order lines are not released before the MAD. After the 
release date is determined, again a check is done to verify whether the release date 
falls into the current period. If this is true, then the complete sales order line gets a 
release flag (for every size). Later on, when the stock is updated at the end of the  
period, the sales order line is physically released. It could occur that a release date is 
determined, but that for instance the latest task date (or the MAD) is not falling into 
the current period. Then for the next periods, the release date is again and again 
determined, until it falls into the current period. 
 

Determine Lost Demand 

 
Figure C.16: Determine Lost Demand Procedure 
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After the release plan has been finished, the lost demand is determined. In this 
procedure all demand that still has no supply allocated to it, but exceeds the customer 
cancel date – 5 days and has no hold is on, is cancelled. If a sales order line is on hold, 
then Nike still has the time to arrange supply. At the moment that the sales order line 
is putt off hold and still no supply has been allocated to it, the sales order line is 
cancelled after all. Input in this process consists of sales order lines, whereas output 
consists of removed sales order lines and lost demand. Only complete sales order lines 
are cancelled and entitled as lost demand. In contrast with cancelled demand (by the 
customer) lost demand is always cancelled due to the activities of Nike.  
The procedure starts with comparing the customer cancel date – 5 days with the first 
day of the period.  If the first day of the period exceeds the customer cancel date – 5 
days, the sales order line is not on hold and nothing has been allocated to the sales 
order line, then the sales order line is not taken into account anymore. Subsequently, 
the sales order line is removed. The quantity of the complete sales order line is 
registered as lost demand. 

 

Update In Transit Inventory 

 
Figure C17: Update In Transit Inventory Procedure 

 
After the lost demand has been determined, the in transit inventory is updated. In – 
and – output in this process are purchase order lines, objects of unallocated in transit 
inventory, and objects of allocated in transit inventory. Three different steps are done 
in updating the in transit inventory: 

• Update Purchase Order Lines (purchase order line � unallocated in transit 
inventory) 

• Update Allocated In Transit Inventory (allocated in transit inventory � 
allocated stock) 

• Update Unallocated In Transit Inventory (unallocated in transit inventory � 
unallocated stock) 

The last step could also be done in the next process update stock, but for no particular 
reason it is done in the procedure update in transit inventory. 
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Update Purchase Order Lines 

For updating the purchase order lines, all purchase order lines are checked to see 
whether the ASN from the purchase order line is falling into the current period. If this 
is true, they can be transformed into objects of unallocated in transit inventory. The 
purchase order line is removed and a new object of unallocated in transit inventory is 
created. The quantity and the task date of the object of unallocated in transit inventory 
are inherited from the purchase order line.  
 

Update Allocated In Transit Inventory 

After updating the purchase order lines, objects of allocated in transit inventory are 
updated. Every object of allocated in transit inventory is checked based on the task 
date. If the task date is falling into the current period, then the object of allocated in 
transit inventory is removed. Further on, a new object of allocated stock is created. 
The quantity and the task date of the allocated stock are inherited from the allocated in 
transit inventory. This transition is done twice. For every sales order line this is done, 
because every object of allocated in transit inventory is linked to one sales order line, 
but also for every material, because every object of allocated in transit inventory is 
also linked to one material.  
 

Update Unallocated In Transit Inventory 

After updating the allocated in transit inventory, the unallocated in transit inventory is 
updated. All objects of unallocated in transit inventory are checked based on their task 
date. If their task date is falling into the current period, then the object of unallocated 
in transit inventory is removed, and a new object of unallocated stock is created. 

 

Update Stock 

 
Figure C.18: Update Stock Procedure 
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Now that the in transit inventory has been updated, the stock is updated. For updating 
the stock the input consists of sales order lines and the output consists of removed 
sales order lines, holding costs, quantity in full on time, quantity in full not on time, 
sales order line in full on time and sales order line in full not on time. 
First of all, for every sales order line it is checked whether the sales order line has a 
release flag. A sales order line only gets a release flag, if the release date falls into the 
current period. If this is true, the sales order line is allowed to be released based on the 
release plan. For every sales order line the allocated stock objects are checked to 
calculate the holding costs. The holding costs for regular sales consist of all the units 
kept on stock multiplied with the days on stock multiplied with a holding cost factor. 
For every sales order line, it is checked whether it is on time based on the release date 
in comparison with the MAD with an additional delivery window. The quantity of the 
sales order line that is in full, on time is registered. Also if the sales order line is in 
full, not on time the quantity of that sales order line is registered. Also on sales order 
line level it is registered whether the sales order line itself is in full, on time or in full 
not, on time. Every released sales order line is in full, because the release rule is 100% 
for every sales order line. After releasing the sales order line, the sales order line is 
removed.  
 

Process Closeout inventory 

  
Figure C.19: Process Closeout Inventory Procedure 

 
At the end of the season all the units in the DC at Laakdal are processed. As 
mentioned before these units are sold immediately on the secondary market. Thus no 
extra holding costs are taken into account for the units sold on the secondary market. 
In this procedure input consists of all objects of unallocated stock at the end of the 
season and sales order lines on hold. Output consists of removed sales order lines, 
obsolete costs due to a loss in margin (and also the total of closeout inventory is 
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specified as part of the costs), holding costs and cancelled quantity by the customer. 
Every sales order line on hold at the end of a season is considered as (indirect) 
cancelled demand by the customer. It is not caused by Nike’s activities.  
Starting with the unallocated stock, all the obsolete costs (due to a loss in margin) of 
these units are determined by summing up all the units of unallocated stock multiplied 
with the loss in margin for each unit. After determination and registration of these 
obsolete costs, the holding costs for these units are also determined and registered. 
After this is done, these objects of unallocated stock are removed. 
Subsequently, all the sales order lines on hold are taken into account. All the allocated 
stock to these sales order lines is sold on the secondary market. All the units of this 
allocated stock are summed up and multiplied with the loss in margin, with as result 
the costs for these obsolete units. These obsolete costs are registered again. Also 
holding costs for this allocated stock are determined and registered. After determining 
the costs for the obsolete allocated stock, all objects of allocated stock are removed.  
Then for every sales order line the cancelled quantity is determined. The total quantity 
of the sales order line is considered as a cancelled quantity by the customer. After 
determining the cancelled quantity, the sales order line is removed.  

 

Process Incomplete Sales Order Lines 

 
Figure C.20: Process Incomplete Sales Order Lines Procedure 

 
In this procedure, all the sales order lines that still exist are cleaned up. In this 
procedure the input consists of sales order lines (not fully allocated) and the output 
consists of removed sales order lines, lost demand, holding costs, quantity not in full 
not in time, and sales order line not in full not in time.  
First of all, the total unallocated part of the sales order line is determined. This 
unallocated part of the sales order line is registered as lost demand. Then all the 
allocated stock to a sales order line is checked. For all this allocated stock the holding 
costs are determined and registered. After determination of these holding costs, the 
objects of allocated stock are removed. Then for every sales order line it is determined 
which part has been allocated, every part that has been allocated is considered as not 
in full not in time and is sent to the customer. Finally all the sales order lines are 
removed after the allocated part of the sales order line is released. 
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Appendix E: Summary Interviews for Allocation  
 

 
 

Operations 

Inventory  
(Coen van 
Wilgen) 

Apparel 

BU 

Planning 

Manager 
(Marie-
Pierre 
Jacquart) 

Equipment 

BU 

Planning 

Manager 
(Michael 
Cram) 

Footwear 

BU 

Planning 

Manager 
(Lisa 
Cavaliere) 

Operations 

DC 
(Thierry 
Sanen) 

Goods 

flow 

Planning,  

Apparel 
(Sophie 
Froo- 
ninckx) 

Goods 

flow 

Planning, 

Footwear 
(Anke 
Dohmen) 

CSC 
(Fokko De 
Rooij, 
Peter de 
Haan) 

What is in your 

opinion the definition 

of service level?  

 

A complete 
collection that 
is on time and 
in full at the 
customer. 

An 
assortment 
that is 
delivered on 
time based on 
the CRD. 

Delivering 
what is 
promised by 
Nike to what 
the customer 
wants, unless 
the customer 
puts a 
customer 
hold, these 
should not be 
taken into 
account as 
missing 
service level.  

 

If orders are 
entered 
correctly, then 
it should be 
delivered 
according to 
the customers 
expectations. 

 

Deliver the 
right quantity 
on the right 
moment in 
the right 
quality, based 
on what the 
customer 
wants. 

After a 
correct order 
entry, a 
complete 
collection / 
assortment 
should be 
delivered. 
Moreover 
service levels 
should be 
differentiated 
for groups of 
customers.   

A full 
delivery of 
a complete 
collection / 
assortment 
on time, in 
such a way 
that it is in 
line with 
the 
agreements 
with the 
customer. 
Always an 
alignment 
should exist 
between 
measuring 
service 
level and 
customer 
expecta-
tions. 

Service level 
should be 
defined, 
dependent on 
what the 
customer 
wants and 
what we are 
able to do. 
Important is 
that we are 
doing what 
we promised 
and that we 
are 
promising 
what we 
doing.   
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Do you think that the 

current definition of 

DIFOT is the right 

reflection of your 

definition of service 

level? 

Not 100% on 
order line 
level, but on a 
higher level: 
collections. 
Partial 
delivery 
should be 
allowed. For 
instance 80% 
in the first 
business 
month, the 
rest in the 
second 
month.  

No, DIFOT 
should be 
measured on 
a higher level, 
for instance 
on an 
assortment or 
collection 
level. Further 
on, the CRD 
should be 
used. 

Largely, I 
agree with 
this 
definition, but 
only not with 
the in full 
measure. If 
the customer 
does not 
matter a 
partial 
delivery, it 
should be 
counted as an 
in full 
delivery and 
not as a non 
in full 

delivery.  
 

For the BU 
Footwear it is 
the right 
definition, but 
for other BU’s 
it could be 
different, for 
instance in the 
BU Apparel 
delivering a 
complete 
collection 
should be the 
leading rule 
instead of 
delivering a 
complete 
order line. 

 

In general it 
is the right 
definition. 
Maybe it 
should be 
better to use 
it not only 
as a reactive 
measure, 
but also as a 
proactive 
measure. It 
should be 
possible to 
know on 
every time 
moment the 
DIFOT 
level. 
Another 
important 
point is that 
orders 
should be 
entered 
correctly, 
before 
measuring 
DIFOT.  

Currently, 
DIFOT 
measures on 
order line 
level. This 
should be 
on a higher 
level, for 
instance: 
assortments, 
collections. 
It is 
important 
that for 
different 
customers, 
different 
service 
levels 
should be 
defined. 
Dependent 
on the 
importance 
of the 
customer, a 
service 
level should 
be defined.  

DIFOT 
should also 
be 
measured 
on a higher 
level: 
collection / 
assortment, 
delivery 
group.  

As an 
internal 
measure, 
DIFOT is 
ok. For 
agreements 
with the 
customer, 
still the 
questions 
remains, 
how can we 
measure 
these 
(different) 
agreements?   
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How should sales 

orders be organized 

from your point of 

view, in such a way 

that it is aligned with 

customer 

expectations? 

Delivery 
should be 
based on 
collections. 
Also multiple 
(two times) 
delivery 
should be 
allowed. 

Sales orders 
should be 
organized 
based on 
assortments. 
First, within 
one BU sales 
orders should 
be organized 
on 
collections. If 
this is done, 
then sales 
orders should 
be organized 
cross BU 
based on 
assortments. 
Delivery 
window is too 
large, should 
be based on 
CRD. Partial 
delivery 
should be 
allowed, if 
the customer 
agrees with it. 

Partial 
delivery 
should be 
allowed, if 
the customer 
wants it. 
Multiple or at 
once delivery 
should be 
dictated by 
customer, not 
by Nike. 
Flexible 
release rules 
should be 
implemented. 
Delivery 
window 
should be less 
than 30 days, 
30 days is 
35% of a 
season. 

No partial 
delivery should 
be allowed, 
because the 
customer 
wants a full 
order line. The 
length of the 
delivery 
window should 
be customer 
dependent. 
Some times the 
customer 
agrees with a 
window and 
some times 
not. Delivery 
should be 
focused on 
delivering 
collections, not 
on order lines. 

It should be 
possible to 
combine 
materials 
from the 
three BU’s 
in one 
delivery. 
Delivery of 
assortments 
/collections 
should be a 
good point. 
Partial 
delivery 
should be 
possible, 
but the 
customer 
should 
register it 
in the sales 
order. 30 
days as a 
delivery 
window is 
very nice 
for DC 
operations, 
because it 
can be used 
as a buffer. 
(In general 
it is not 
fine for the 
customer). 

Sales orders 
should be 
organized 
cross BU. 
The 
customer 
should 
indicate 
how he 
wants to be 
delivered, 
based on 
the 
boundaries 
defined by 
Nike. Based 
on the 
importance 
of the 
customer, a 
delivery 
window 
should be 
defined by 
Nike.  

Sales orders 
should be 
organized in 
such a way 
that it is in 
line with 
customer 
expectations. 
Delivery 
window 
should be 
dependent 
on the type 
of customer 
and the type 
of delivery. 

Based on 
how service 
level is 
measured, a 
sales order 
should be 
organized. If 
DIFOT is 
measured on 
assortment 
level, 
(because the 
customer 
wants an 
assortment in 
full on time), 
then a sales 
order should 
be organized 
in this way. 
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Are these expectations 

from these customers 

for every division 

(Apparel, Equipment 

and Footwear) the 

same? 

 

From a 
customer 
point of view, 
in all the 
three BU’s 
partial 
deliveries 
should be 
allowed. 

No, for 
Apparel the 
importance of 
collections is 
bigger than 
for Footwear 
and 
Equipment.  

There are 
different 
expectations, 
missing a 
complete size 
in the BU 
Apparel has 
more impact 
than in the 
BU 
Equipment. 

No, there are 
differences. 
For Apparel a 
delivery of a 
complete 
collection is 
more 
important than 
for 
Equipment. 

For all the 
three BU’s a 
joint 
delivery 
should be 
possible.  

It is 
important 
that 
information 
should be 
linked 
across the 
BU’s. In a 
sales order 
all the 
information 
of the three 
BU’s 
should be 
processed in 
such a way 
that the 
customer 
can order a 
collection / 
assortment.  

Yes, in the 
case of 
delivery an 
assortment / 
collection, 
the 
expectations 
for the three 
BU’s are 
the same.  

Yes, a sales 
order 
should be 
organized 
adapted to 
what the 
customer 
wants, if the 
customer 
wants a 
collection, 
the sales 
order 
should be 
aligned to 
this and this 
impacts all 
the three 
BU’s in 
more or less 
the same 
way. 
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What kind of 

prioritization should 

be made regarding the 

allocation process? 

No priority 
should be 
given to 
orders in past 
and  
current - 1. 
Still you 
should give 
priority to 
strategic 
customers 
based on 
supply chain 
group and 
deliver 
allocation 
priority. 

Customers 
with holds 
should get a 
low priority. 
Give big 
customers 
only high 
priority, if 
they have a 
clean order 
book. 
Prioritization 
should be 
done on 
MAD instead 
of CCD. 
Prioritization 
should be 
done in a 
more flexible 
way.  

Prioritization 
should be on 
MAD (not on 
CCD) in 
combination 
with strategic 
accounts. 
Also a buffer 
of physical 
inventory 
should be 
reserved for 
at once 
orders, only 
at once’s can 
be allocated 
to that buffer. 
 

Russia and 
Israel, should 
get a higher 
priority. Their 
MAD’s are 
not correct. A 
lot of 
deviations in 
the outbound 
transport 
times are 
noticed. 
Regarding 
internal 
contracts a 
differentiation 
in priority 
should be 
made within 
these 
contracts. 

Prioritization 
does not 
have an 
important 
role in DC 
Operations, 
because 
workload = 
workload, 
for which 
customer, it 
does not 
matter. 
Some times 
inventory is 
reserved for 
strategic 
accounts, but 
not taken 
away by that 
customer, 
that is a 
problem for 
DC 
operations. 

Prioritization 
should be 
done based on 
category focus 
and also on 
the 
importance of 
the customer. 
It should be a 
multidimen- 
sional 
allocation. 
Also the 
MAD should 
be taken into 
account in the 
prioritization. 

Prioritization 
should be 
done based 
on more 
dimensions, 
than it is 
now. An 
important 
dimension is 
the category 
focus of a 
customer. 
Also the 
current 
dimension of 
the strategic 
account is an 
important 
one. Also the 
MAD should 
be taken into 
account in 
the 
prioritization 
instead of the 
CCD. 

Generally, 
prioritization 
should be 
done based 
on 
customers, 
who can 
really fill the 
shelves of 
their store. 
At once 
orders should 
get a higher 
priority, 
because the 
products 
have a high 
probability 
that they can 
be sold 
directly 
(otherwise 
the customer 
don’t enter 
this order). 
Also 
prioritization 
should take 
into account 
customer 
holds. 
Demand on 
hold should 
get a low 
priority. 
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If a prioritization 

should be made within 

customers, how should 

this be done? 

This should 
be determined 
by sales 
people. Also 
brand 
recognition is 
an important 
issue for 
differentiation 
within 
customers. 

It should be a 
trade off 
between the 
revenue 
contribution 
and their 
holds. 

It should be 
done based 
on customers 
with a 
category 
focus store 
and based on 
loyal 
partnerships 
with 
customers. 

This should be 
done by the 
sales people, 
based on their 
vision of 
customer 
priority. 
Priority on 
strategic 
accounts is a 
good 
differentiation. 

Customers 
with big 
volume 
should be 
an 
important 
key, but 
also 
customers 
in 
upcoming 
markets / 
niches. 

Regarding 
customers 
differentiation, 
the volume in 
combination 
with the value 
is important. 
Also the 
category focus 
in the store of 
a customer 
should be 
taken into 
account.   

As just said, 
the category 
focus of a 
customer is an 
important 
input for 
customer 
differentiation. 
Moreover 
geographical 
focus could be 
an input for 
customer 
differentiation. 

Differentiation 
should be done 
based on the 
smart 
classification 
(two 
dimensions: 
revenues, 
brand 
recognition). 
Sales 
department 
should do this 
in a rigorous 
way. 

What do you think is 

the final aim of 

allocation? 

In every case 
allocation 
should 
supporting 
the highest 
service level 
as possible. 
But release 
rules should 
not be 100% - 
100%, partial 
delivery 
should be 
allowed. 
DIFOT 
should 
adapted to 
this 

On the one 
side 
increasing 
service level 
and 
maximizing 
revenues and 
on the other 
side reducing 
inventory 
levels and so 
the inventory 
costs. 

The final aim 
of allocation 
should be 
realizing the 
highest 
service level 
with a given 
quantity of 
supply. 

 

There should 
always be a 
right balance 
between 
service level 
and supply 
chain costs. 

Allocation 
should be 
considered 
as an end 
to end 
process, 
with the 
aim to 
realize the 
lowest 
inventory 
costs from 
a DC 
operations 
point of 
view. 

Allocation 
should support 
the right 
balance 
between 
inventory 
costs (and 
obsolescence 
costs) and 
DIFOT. 
Allocation 
should be done 
in line with 
how Nike 
wants to be 
positioned in 
the market. 

Allocation 
should support 
the right 
balance 
between 
inventory costs 
(and 
obsolescence 
costs) and 
DIFOT.  

Allocation 
should be end 
customer 
oriented, 
developing a 
smartest as 
possible 
engine that 
supports the 
delivery of 
materials to 
customers, 
who can 
directly sell it 
to the end 
customer. 
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Finally what would you 

like to change in the 

current way of 

prioritization/allocation 

if it was entirely up to 

you. 

No priority 
should be 
given to order 
lines in the 
past and 
current – 1. 
Release rules 
should not be 
100% - 100% 
on default. 
Partial 
delivery 
should be 
possible, for 
instance 
delivering 
80% of the 
order line in 
the first 
business 
month, with a 
representative 
size range and 
the rest later 
on. 

Take into 
account 
customer 
holds. 
Customers 
that are eager 
to take it 
should get it 
right now. 

First, 
prioritization 
should be 
done on 
MAD (and 
not on CCD). 
Secondly, 
outbound 
transport 
times 
(particularly 
within 
CEMEA) are 
not correct. 
They are set 
on one day, 
but in reality 
they are 30 
days. This 
should be 

changed. 
 

From a 
general point 
of view, 
allocation 
should be 
more flexible 
than it is now. 

Release 
rules should 
not be 
lowered in 
allocation. It 
just a trick 
for get a 
higher 
utilization 
rate 
(outbound), 
and lower 
inventory. 
From an 
outbound 
process 
point of 
view, the 
costs will 
increase, 
because you 
need more 
handling 
and 
transporting. 

MAD should 
be taken into 
account in the 
prioritization 
of the 
allocation. 
Moreover 
customer 
holds, credit 
holds, should 
not be 
(entirely) 
allocated. In 
the allocation, 
holds should 
not be 
allocated 
immediately 
without a 
good 
understanding 
what should 
happen with 
this order.   

Finally, it 
should be 
possible to 
allocate on 
a multi-
dimensional 
scale. 
Another 
point that is 
important is 
to take into 
account the 
MAD 
instead of 
the CCD. 

Customer holds 
should be taken 
into account 
directly. Big 
customers know 
that they have 
high priority, 
and that their 
materials are 
reserved for 
them, even 
though they 
place a hold. 
Thus customer 
holds should not 
be allocated in 
every case, 
without thinking 
about it. 
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Appendix F: Sensitivity Analysis for Estimated Parameters 
 

Sensitivity of the estimated probability for a hold for a future sales order line: 
 

 

Figure F.1: output for probability 0.05 (probability of a hold for a future order line)  

 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 677 56.251% 

Weekly 

allocation 

on MAD 

€ 28 676 56.251% 

Daily 

allocation 

on CCD 

€ 28 812 63.904% 

Daily 

allocation 

on MAD 

€ 28 811 63.931% 

Weekly 

allocation 

on MAD 

(position 

3) 

€28 317 56.784% 

Figure F.2: output for probability 0.25 (probability of a hold for a future sales order line)  

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28690 58.401% 

Weekly 

allocation 

on MAD 

€ 28689 58.536% 

Daily 

allocation 

on CCD 

€ 29115 67.727% 

Daily 

allocation 

on MAD 

€ 29 114 67.862% 

Weekly 

allocation 

on MAD 

(position 3) 

€ 28 329 59.645% 
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 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 29 109 42.959% 

Weekly 

allocation 

on MAD 

€ 29 108 42.932% 

Daily 

allocation 

on CCD 

€29 306  54.427% 

Daily 

allocation 

on MAD 

€29 305 54.422% 

Weekly 

allocation 

on MAD 

(position 

3) 

€28 709 43.675% 

Figure F.3: output for probability 0.45 (probability of a hold for a future sales order line)  
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Sensitivity of the estimated probability for a hold for an at once sales order line: 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€28 453 56.687% 

Weekly 

allocation 

on MAD 

€ 28 452 56.732% 

Daily 

allocation 

on CCD 

€ 28 881 62.945% 

Daily 

allocation 

on MAD 

€ 28 880 62.981% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 094 58.093% 

Figure F.4: output for probability 0.005 (probability of a hold for an at once sales order line)  

 

 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€28 453 56.687% 

Weekly 

allocation 

on MAD 

€ 28 452 56.723% 

Daily 

allocation 

on CCD 

€ 28 881 62.945% 

Daily 

allocation 

on MAD 

€ 28 880 62.981% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 094 58.093% 

Figure F.5: output for probability 0.015 (probability of a hold for an at once sales order line)  
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 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€28 454 56.557% 

Weekly 

allocation 

on MAD 

€28 453 56.593% 

Daily 

allocation 

on CCD 

€ 28 881 62.954% 

Daily 

allocation 

on MAD 

€ 28 881 62.990% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 094 57.963% 

Figure F.6: output for probability 0.03 (probability of a hold for an at once sales order line)  
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Sensitivity of the estimated standard deviation for the date off hold for a sales order line 

of IDP / contract customers: 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 419 54.474% 

Weekly 

allocation 

on MAD 

€ 28 418 54.510% 

Daily 

allocation 

on CCD 

€ 28 757 62.459% 

Daily 

allocation 

on MAD 

€ 28 756 62.495% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 059 55.640% 

Figure F.7: output for standard deviation of 5 days  

 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 32 298 63.026% 

Weekly 

allocation 

on MAD 

€ 32 298 63.063% 

Daily 

allocation 

on CCD 

€ 32 593 64.880% 

Daily 

allocation 

on MAD 

€ 32 593 64.917% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 31 917 64.461% 

 Figure F.8: output for standard deviation of 20  
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 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 32 345 63.175% 

Weekly 

allocation 

on MAD 

€ 32 344 63.212% 

Daily 

allocation 

on CCD 

€ 32 828 65.076% 

Daily 

allocation 

on MAD 

€ 32 828 65.113% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 31 963 64.642% 

Figure F.9: output for standard deviation of 30 days  

 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 33 338 63.676% 

Weekly 

allocation 

on MAD 

€ 33 388  63.713% 

Daily 

allocation 

on CCD 

€ 33 439 65.333% 

Daily 

allocation 

on MAD 

€ 33 438 65.370% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 33 420 65.419% 

Figure F.10: output for standard deviation of 40 days  
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Sensitivity of the estimated standard deviation for the date off hold for a sales order line 

of regular customers: 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 451 55.865% 

Weekly 

allocation 

on MAD 

€ 28 450 55.955% 

Daily 

allocation 

on CCD 

€ 28 878 62.373% 

Daily 

allocation 

on MAD 

€ 28 877 62.409% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 091 57.308% 

Figure F.11: output for standard deviation of 1 day  

 

 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 451 56.175% 

Weekly 

allocation 

on MAD 

€ 28 450 56.265% 

Daily 

allocation 

on CCD 

€ 28 880 62.639% 

Daily 

allocation 

on MAD 

€ 28 879 62.675% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 092 57.600% 

Figure F.12: output for standard deviation of 2 days  
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 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 506 57.129% 

Weekly 

allocation 

on MAD 

€ 28 505 57.156% 

Daily 

allocation 

on CCD 

€ 28 883 62.972% 

Daily 

allocation 

on MAD 

€ 28 882 63.008% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 145 58.517% 

Figure F.13: output for standard deviation of 4 days  

 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 28 509 57.457% 

Weekly 

allocation 

on MAD 

€28 508 57.493% 

Daily 

allocation 

on CCD 

€ 28 951 63.108% 

Daily 

allocation 

on MAD 

€ 28 950 63 144% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 28 148 58.845% 

Figure F.14: output for standard deviation of 6 days  
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Sensitivity of the estimated probability for a cancellation for a sales order line: 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 22 628 56.084% 

Weekly 

allocation 

on MAD 

€ 22 627 56.093% 

Daily 

allocation 

on CCD 

€ 22 926 63.404% 

Daily 

allocation 

on MAD 

€ 22 925 63.413% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 22 498 57.564% 

Figure F.15: output for probability 0.15 (probability of a cancellation of a future sales order line) 

 
 

 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 32 566 54.398% 

Weekly 

allocation 

on MAD 

€ 32 539 54.397% 

Daily 

allocation 

on CCD 

€ 32 557 61.363% 

Daily 

allocation 

on MAD 

€ 32 497 61.619% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 32 319 56.078% 

Figure F.16: output for probability 0.45 (probability of a cancellation of a future sales order line) 
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 Supply 

Chain 

Costs 

Service 

Level 

Weekly 

allocation 

on CCD 

€ 40 874 53.127% 

Weekly 

allocation 

on MAD 

€ 40 833 53.151% 

Daily 

allocation 

on CCD 

€ 41 683 61.275% 

Daily 

allocation 

on MAD 

€ 41 604 61.298% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 40 209 54.736% 

Figure F.17: output for probability 0.65 (probability of a cancellation of a future sales order line) 
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Sensitivity regarding the scenario in which the amount of supply is almost equal to the 

amount of demand 

 
 

Figure F.18: output for scenario in which supply is equal to demand 

 
Sensitivity regarding the scenario in which the amount of supply is less than the 

amount of demand 

 

 Supply 

Chain 

Costs 

Service 

Level 

Relative 

(%) change 

in supply 

chain costs 

Weekly 

allocation 

on CCD 

€ 542 
 

48.388% standard 

Weekly 

allocation 

on MAD 

€ 545 48.135% 0.5535% 

Daily 

allocation 

on CCD 

€ 500 54.729% -7.7491% 

Daily 

allocation 

on MAD 

€ 503 54.441% -7.1956% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 509 50.052% -6.0886% 

Figure F.19: output for scenario in which supply is less than demand 

 Supply 

Chain 

Costs 

Service 

Level 

Relative 

(%) change 

in supply 

chain costs 

Weekly 

allocation 

on CCD 

€ 11 176 53.819% standard 

Weekly 

allocation 

on MAD 

€ 11 173 54.309% -0.0268% 

Daily 

allocation 

on CCD 

€ 11 603 59.885% 3.8207% 

Daily 

allocation 

on MAD 

€ 11 601 60.119% 3.8028% 

Weekly 

allocation 

on MAD 

(position 

3) 

€ 10 908 55.794% -2.3980% 


