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"It is a capital mistake to theorise before one has data. Insensibly, one 
begins to twist facts to suit theories, instead of theories to fit facts". 

(Sherlock Holmes) 



CHAPTER 1 

INTRODUCTION AND PROBLEM STATEMENT 

1.1 Introduction 

The Egyptians were probably one of the first people to be confronted with the 
necessity of distributing items in large volumes. Big boulders had to be carved 
out of mountains and shipped across long distances into the desert to build 
large pyramids and sphinxes. Not only was it a problem of power to get the 
boulders from far away in the right place, but also a problem of co-ordination. 
The right boulders had to arrive in time at the right place and in the right 
quantity. Shortages in supply hampered building, which was not desirable. 
Abundant supply was probably even less desirable: where to go with the big 
blocks if they were not needed (notice that there are no "straying" boulders in 
the surroundings of the pyramid sites: all boulders were used). Co-ordination 
of boulder distribution to the building site was therefore of prime importance. 

To facilitate this co-ordination, several different methods of controlling1 the 
goods flows and capacities exist nowadays. For example, techniques may be 
used which forecast boulder demand to calculate the timing and number of 
boulder shipments. Other techniques rely on the usage of boulders at the site, 
determining shipments based on actual demand. 

Currently, many companies struggle with co-ordination questions, like: "Which 
method of distribution control is applicable to our situation?" or: "Is it worth
while to distinguish between segments which are con~rolled in a unique way in 
our distribution system, and how should this segmentation be accomplished?". 
This dissertation deals with the development and application of a method to 
answer such questions. 

Section 1.2 explains the subject of this research. Some main industry trends 
and the implications of these trends on physical distribution system design are 
discussed in Section 1.2.1. The concept of physical distribution is explained 
and the topic of this research is demarcated in Section 1.3. Basic terminology 
used is discussed in Section 1.4 arid the problem dealt with in this disserta
tion is described in Section 1.5. The secondary research questions are dis-

'The concept of distribution control will be introduced in Section 1.4.1; Chapter 2 will elaborate 
on this topic in more detail. 
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cussed in Section 1.6 and the research method used is presented in Section 1.7. 
The research phases are discussed in Section 1.8 and an overview of the dis
sertation contents is presented in Section 1.9. 

1.2 Importance of research into physical distribution control 

1.2.1 Trends in physical distribution 

Physical distribution has gained much attention in recent years. Dependent on 
the type of product, physical distribution costs may comprise between 50 and 
80% of a company's total logistics costs [Ploos van Amstel, 1990]; mastery of 
the physical distribution system is therefore becoming more and more crucial 
to a company. However, many companies still operate in such turbulent envi
ronments and systems are in such suboptimal conditions that even in these 
years substantial opportunities remain to improve customer service and re
duce costs [Sharma n, 1994] . 

Currently, significant industry changes are going on, having an effect on all 
aspects of physical distribution system design. Keeping pace with these trends 
by constantly keeping distribution systems up to date is one of the major 
challenges facing companies nowadays. A number of particularly relevant 
trends are discussed below [Sharman, 1984; 1994; Bowersox et al., 1992; Van 
Goor et al., 1996; La Londe & Masters, 1993]. 

1. Product life cycles still decrease in several types of industry 

Although in some industries product life cycles appear to have reached a stable 
situation, life cycles in several industry types will continue to decrease 
[Sharman, 1994]). The logistics implication of this is that new products need to 
be 'fitted into the supply chain' with increasing frequency, leading to problems 
in forecasting demand and to high obsolescence risk. To cope with this, order 
cycle time reduction is required. A large USA-wide survey among logistics ex
ecutives, consultants and educators of the logistics challenges of the 21st cen
tury, revealed that order cycle time reduction will be the overall key issue 
among firms in the near future [La Londe & Masters, 1993]. 

2. Product lines are proliferating 

A second trend is that of product line proliferation due to the rise of micro 
segments in the market. This increasing variety will likely increase the num
ber of parts, which may entail in several logistic problems (for example a high 
obsolescence risk and an increase in inventory). Companies will therefore try 
to reduce the diversity in parts. Information technology and more specifically 
software will play an important role in coping with the effects of proliferation 
of the product lines. Changing the product specification will more and more be 
done by changing its characteristics through software, instead of through 
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changing the complete product. This will increase the diversity of products 
without significantly changing the number of parts. 

3. Customers become more and more demanding 

Thirdly, it is becoming increasingly important to satisfy customers, or as 
stated by Bowersox et al. [1992] to delight the customer. Customer demand is 
getting harder to predict, and customer requirements are becoming ever more 
diverse [Van Goor et al., 1996]. Due to power balances, large companies are in
creasingly able to demand small delivery batches and a high delivery fre
quency (see for example car manufacturers [Womack et al., 1990]). Structural 
non conformance to these requirements by a supplier often implies a lost cus
tomer contract. 

4. Power is further shifting from manufacturers to trade partners 

People in the chain who have direct contact with customers and who under
stand what these customers want, are becoming more powerful, as customer 
information will become essential to companies in restructuring their busi
nesses to satisfy consumers in a more effective and efficient way. Logistics will 
play an important role in this development, because of its direct impact on 
satisfying the customer as well as supply chain management initiatives. The 
1993 USA-wide survey of La Londe and Masters revealed that manufacturing 
firms in particular regard the power shift as being a key issue for the next cen
tury. Retailers, on the contrary, are more concerned than manufacturers about 
other things such as order cycle time reduction, but that is probably because 
the power is shifting towards the retailers [La Londe & Masters, 1993]. 

5. The role of Information Technology is becoming more important 

Thanks to new technologies, managers can update sales and inventory infor
mation more quickly and frequently and factories can respond faster to volatile 
market conditions. Errors in, for example, price and quantity can be reduced, 
making sales information more reliable. On-line real time information ex
change between companies and their service providers (by means of EDI for 
example), with governmental institutions and between logistics departments 
within one company will evolve rapidly in the near future, enabling a fast and 
accurate data transmission. The use of Internet is also expected to influence 
the way companies advertise and sell products. For example, car dealers in the 
USA make already much more use of the Internet to advertise their products 
than those in Europe. 

1.2.2 Implications of these trends for physical distribution control 

These industry trends show clear changes with regard to the way companies 
need to operate distribution systems. Forecasting demand is becoming more 
difficult due to lumpiness of demand and the obsolescence risk of inventory is 
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growmg. Power shifts in supply chains make service requirements of down
stream links more demanding. New opportunities are also arising, for example 
on the side of information technology capabilities. Novel technologies enable 
the application of more sophisticated physical distribution control techniques. 
They also enable faster information processing in supply chains. 

In stable environments, simple distribution systems and simple distribution 
control techniques can be applied. However, as has been discussed, the current 
environment is becoming increasingly dynamic. This will force companies to 
review their distribution systems frequently, as simple systems and control 
techniques are not always applicable anymore. To keep pace with market 
trends and developments, companies will need to have instruments to enable 
them to judge the state of their distribution systems in a relatively short pe
riod. Furthermore, more complex control techniques must be applied to cope 
with the complexity of the environment. Knowledge of the criteria influencing 
the successful application of such techniques is needed. 

Before delving into the research topic in more detail, some of the terms used 
throughout this dissertation are explained in the next section. 

1.3 Terminology 

1.3.1 What is physical distribution? 

Distribution is the act of dividing and dealing out in shares [Webster, 1992]. It 
is divided into two types: physical distribution and commercial distribution. 

Physical distribution is a discipline which originally stems from the army. In 
that context, physical distribution consists of all preparations and activities 
necessary to provide troops with goods and stocks in the most efficient way and 
under the most favourable circumstances [Van Dale, 1984]. Nowadays, physi
cal distribution is not confined to a military environment, but has also become 
very familiar in civil environments. In 1960 physical distribution was defined 
by the USA based National Council of Physical Distribution Management 
(currently called the Council of Logistics Management or CLM abbreviated) as: 

" ..... a term employed in manufacturing and commerce to describe the 
broad range of activities concerned with the efficient movement of finished 
products from the end of the production line to the consumer, and in some 
cases includes the movement of raw materials from the source of supply to 
the beginning of the production line. These activities include freight trans
portation, warehousing, material handling, protective packaging, inven
tory control, plant and warehouse site selection, order processing, market
ing, forecasting and customer service". 
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This definition was later enlarged to logistics, including inbound, outbound, 
internal and external movements for products and services: 

"Logistics is the process of planning, implementing, and controlling the ef
ficient, cost effective flow and storage of goods, services and related infor
mation from point of origin to point of consumption for the purpose of con
forming to customer requirements". 

Distribution activities also include commercial distribution, which deals with 
[Leeflang, 1994]: 

" ... the degree to which and the place where the product should be obtain
able to enable customers to purchase the product': 

Commercial distribution activities consist for example of decisions regarding 
the size and structure of the distribution channel, the number of distributors 
or the control of activities of distributors (see Kotler [1988]). As opposed to 
physical distribution, commercial distribution is not concerned with the pro
pulsion of the flow of end products between producers and customers. This dis
sertation focuses on physical distribution. However, the relation of physical 
distribution control to commercially determined aspects such as required de
livery times and customer service is taken into account. The term distribution 
should therefore be read as physical distribution in this dissertation. 

1.3.2 Physical distribution within the area of logistics 

Physical distribution is not the only business function concerned with the pro
pulsion of goods flows in a company. The product must be produced or pur
chased before distribution can take place. To enable production, materials and 
components need to be purchased. Many companies also need to take packag
ing material and products back from customers after usage (which is normally 
described as reverse logistics). The total of the activities that propel the goods 
flow in a company is summarised by the term business logistics, see Figure 1-1. 

' 

~ 
--·· -------------~·---. 

Purchasing -+., Production 
logistics logistics 

Distribution 
logistics . 

\::I ... _.,.., .. 
' ·"-.,BUSINESS LOGISTIC~//,,.,, ---...... --·--------------

Figure 1-1. Main areas of logistics and the direction of goods (lows within one company 
(adapted from Van Coor et al. f 1996}) 
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Physical distribution interacts strongly with its environment. Externally, it 
interacts with a supply-market and with customers. As a result of this inter
action there is currently a strong tendency towards integration of logistics ac
tivities. The integration of a company's logistics activities into those of its ex
ternal environment is called supply chain management and can be defined as 
[Cooper & Ellram, 1994]: 

" .. .. An integrative philosophy to manage the total flow of a physical distri
bution channel from the supplier to the ultimate user"_ 

Supply chain management refers to the management of flows between com
panies. This dissertation is not primarily focused on supply chain management 
but more oriented towards physical distribution within one organisational en
tity. Within this entity, the distribution system interacts with production, pur
chasing and reverse logistics. The integration of these systems within one or
ganisational entity is generally referred to as business logistics or integrated 
logistics. 

1.4 Scope of the research 

1.4.1 Redesigning distribution systems 

Changes in the environment lead to the need to redesign distribution control 
methods frequently and quickly. According to the PCT-paradigm [Bemelmans, 
1987] - P stands for Primary process, C means Control and I refers to Infor
mation systems - the primary processes need to be designed first. In distribu
tion, the primary process design is concerned with the design of the distribu
tion infrastucture - or distribution structure - used to deliver products to the 
customer. 

Second, control processes can be worked out. Distribution control consists of: 

"All activities taking place to co-ordinate the place and timing of demand 
over a finite horizon with the supply of products and capacities, in such a 
way that the objectives of the distribution process are met, given the char
acteristics of the product and the requirements of the market". 

See Chapter 2 for a more elaborate discussion on distribution control. Third, 
information systems can be built around the primary and control processes 
and in a fourth step, design of the organisation can be set up . Figure 1-2 de
picts the interdependence between design of elements of a logistics system. It 
also shows that the design of all the elements of a distribution system is influ
enced by characteristics of the environment and the company. The character
istics considered will be discussed later on in this dissertation. 
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Figure 1-2. The design of distribution systems according to the PCJ paradigm (adapted from 
Van Coor el al. /1996}) 

The dependency of a design on specific characteristics is called 'contingency' in 
organisational literature (see for example Mintzberg [1985)). According to the 
contingency approach, there is no one best solution. The best solution is situa
tion dependent (each situation has its own best solution, there is no panacea). 
In Operations Research, the contingency is often made explicit by means of 
mathematical models within which the relation between characteristics is 
formulated. A contingency approach thus implies that both the characteristics 
on which the design is dependent and the relation between these characteris
tics and the design need to be made explicit. We will also use a contingency 
approach in the selection of control techniques. whereby characteristics in this 
respect comprise those of the company and its environment (see Figure 1-2) . 

As its title indicates, this dissertation is concerned with the selection of distri
bution control techniques (the grey area in Figure 1-2). The redesign of pri
mary processes or information systems is not considered, although the influ
ences of control choices on both information system requirements and potential 
changes in infrastructure is accounted for . 

1.4.2 Which distribution systems are subject of research? 

The control of the goods flow from production or purchasing to the last seg
ment before delivery to the final customer is dealt with in this dissertation. 
Distribution systems where goods flows are distributed to customer order are 
not part of the scope . The reason for this is that distribution control techniques 
investigated all assume the use of intermediate stocking points. The control 
techniques discussed furthermore apply to distribution systems that consist of 
two or more hierarchical stages (echelons), as these are relatively common. 

1.5 Research problem 

1.5.1 The need for knowledge on distribution control 

In the current era of rapid environmental changes and increasing complexity, 
applicability restrictions of control techniques must be well known to react 
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quickly to environmental changes. However, literature introducing new control 
techniques for distribution systems generally omits the discussion of applica
tion criteria. Often, these techniques are introduced as a panacea for all distri
bution control problems. The work of Martin [1993] is an example of such lit
erature. Theoretical and practical evidence clearly shows, however, that the 
successful application of a specific physical distribution control technique is 
confined to a limited number of situations [Van der Weegen, 1989; La Lande et 
al., 1992; De Leeuw, 1994]. Frequently investigating whether the current way 
of executing distribution control is still effective and efficient is thus recom
mendable. Plaas van Amstel [1990] concludes when discussing the application 
of Distribution Requirements Planning (DRP)2 that: 

" ... because of a faster translation of market demand to production organi
sations, it would be expected that these control concepts gained impor
tance". 

Research in production logistics has shown that control techniques have lim
ited application areas. For example, the value of Materials Requirements 
Planning (MRP) is confined to specific circumstances. A major point of criti
cism is that these production control techniques do not justify the richness of 
variety in production control practice [Bertrand et al., 1990]. In line with this, 
Thomas and McClain [1993] state that: 

'~ .. Research on the best way to develop a set of models including produc
tion planning can proceed in several ways. In limited situations, an opti-
mal set of models may be developed, ........ .... .. In most situations, how to 
choose an appropriate set of models will be an empirical question. Simula
tion studies can study the issue in particular situations, and perhaps, 
eventually, some large empirical study can ascertain the best among a few 
alternative ways of breaking up the task ...... ". 

Discussions on distribution control in mathematically oriented literature are 
often confined to discussions of mathematical models or to the setting of spe
cific parameters. The book by Graves et al. [1993] for example, predominantly 
contains discussions on models and parameter settings, but the evaluation of 
when to apply a specific model is omitted in most cases. 

The design of new control techniques as a panacea for problems that cannot be 
solved with the 'usual' techniques is not expected to solve all of the aforemen
tioned problems. Rather, an instrument that can be used to select a distribu
tion control technique in a specific situation is desirable. Application criteria 

2 Distribution Requirements Planning is an example of a distribution control technique; it will 
be discussed more elaborately in Chapter 2. 



Introduction and problem statement -9-

for the various distribution control techniques are required for this first. Sec
ondly, a selection method for distribution control techniques is needed. 

1.5.2 Problem statement 

A problem statement consists of research questions and a research objective. 
The main research questions addressed in this dissertation are as follows: 

Main research qitestions.' . 

Which distribution control techniques should be applied in which situation? 
How can physical distribution control techniques be selected? 

It has already been stated that one distribution control technique as a univer
sal remedy for all distribution control problems is impossible . This implies that 
situational adaptation is needed, as varying circumstances require different 
control techniques. These circumstances must be investigated to answer the 
research question. The following research objective is therefore addressed: 

Research objective: 

Investigate which characteristics of a company and its relevant environment are 
crucial for the selection of distribution control techniques and. in which way they in
fluence distribution control. 

The scientific contribution of this research is twofold: 

• The integration of research on particular aspects by means of a literature 
review. 

• The development of a framework which can be used to select distribution 
control techniques; the criteria used for this selection are discussed in 
Chapter 2. 

In addition to the two main research questions, three secondary questions are 
dealt with. These are discussed in the next section. 

1.6 Secondary research questions 

There is a similarity between production control and distribution control, 
which may be useful for the development of knowledge on distribution control. 
Traditionally, the approach to production control was decentral: every unit 
made its own decisions. With the development of computer power, centralised 
approaches became possible. More recent developments in production control 
incorporate a hierarchical approach [Meal, 1984} where control is dependent 
on production characteristics. We also adhere to a hierarchica l approach in 
this dissertation. 
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One of the basic assumptions of the hierarchical approach in production con
trol design is the segmentation of differently controlled production units 
[Bertrand et al., 1990]. A flow shop differs from a job shop and hence needs a 
different control technique. It is possible to use more than one distribution 
control technique in a company. There are several ways to distinguish these 
segments. This issue is addressed in the following research question: 

Secondary research question 1: 

Which criteria can be used to segment a distribution system for distribution control 
purposes? 

As is further discussed in Chapter 2, distribution control techniques are cur
rently mainly oriented towards planning inventory levels. Few incorporate 
planning of both inventory and distribution capacities (handling, storage, 
transportation) [De Leeuw, 1994]. Standard software does not incorporate this 
link either, see for example Andersen [1996], Berenschot [1993] . Production 
control has revealed that there are important interactions between the plan
ning of goods and of capacities [Bertrand et al., 1990]. Changes in goods flows 
may lead to other capacity use profiles, and to a capacity shortage or surplus. 
Exemplifying a study into the effect of production capacity planning methods, 
we refer to Schmitt et al. [1984], from which the second question stems. 

Secondary research question 2: 

What is the interrelation between capacity and inventory decisions in distribution 
systems? 

Earlier in this chapter, we discussed the integration of logistics act1v1ties 
within a company (called integrated logistics). Integration is necessary due to 
the interaction of the logistics sub systems. For example, a deviation in the 
yield of a sub-system strongly influences the yield in the next sub-systems. 
Nonetheless, current control techniques appear to mainly focus on the control 
of only one of the logistics sub-systems, which leads to the following question. 

Secondary research question 3: 

How should the interfaces of distribution logistics with other logistics systems be 
taken into account in the selection of distribution control techniques? 

1. 7 Research method 

1.7.1 Research instruments used 

The type of research instrument applied depends upon the problem investi
gated. Yin [1989] gives an overview of potential instruments. In terms of Yin, 
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the research problem investigated in this thesis can be described on the one 
hand as a "what" and a "why" problem (which characteristics are important for 
the selection of a distribution control technique and why) and on the other a 
"how" problem (how do these elements influence the selection). This research 
can also be described as a form of theory development (see Van Engelen and 
Van der Zwaan [1994]). The theory consists of an overview of how the relevant 
characteristics influence the selection of a distribution control technique. 

One way to research the described problem would be to perform a large scale 
survey of companies which are successful in distribution logistics, asking them 
about relevant company and environmental characteristics and their respec
tive control techniques. Such a survey could then be used to statistically relate 
these relevant characteristics to control techniques. This approach assumes 
that the success in distribution logistics is the result of good distribution con
trol. However, a large variety of factors, which may not have been captured in 
the survey, might be responsible for the success. This approach also assumes 
that companies have made the correct distribution control choices. For viable 
survey results, the investigator should be able to define clearly what it is that 
he or she wants to measure and to set up appropriate and specific means for 
measuring it [Green et al., 1988]. However, the total collection of relevant 
company and environmental characteristics in this area is not yet established, 
making this type of survey research difficult. So called pilot surveys or experi
ence surveys, which consist of a small number of unstructured interviews on 
the research topic, can instead be used as a basis for explorative research 
[Green et al., 1988]. 

An experiment such as a computer simulation is not suitable either due to the 
amount of variables incorporated. The number of parameters in the simulation 
model would be too large to track the effect of changes in one parameter. It 
could occur, for example, that a slight change in one parameter value would 
cause another parameter to become critical, dramatically changing the out
come of the simulation. For similar reasons, mathematical modelling is omit
ted. However, this does not suggest that simulation or mathematical modelling 
would not be good tools to use for parts of the research. These tools may be 
useful on particular aspects if the amount of parameters used is not large. 

Due to the explorative character of the research problem, case study research 
seems a viable alternative. As stated by Yin [1989], how and why questions 
demand a case study approach. Exploratory research with many unknown 
elements is best performed by means of a case study research design, using ei
ther a single case study or multiple case studies. A single case would suffice if 
a critical case, an extreme or unique case or a revelatory case is sufficient to 
research the complete problem [Yin, 1989]. The danger inherent to this single 
case study design is that the one case chosen would turn out not to be critical. 
For this research, a single case study is judged to be too limited due to the 
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complexity of the problem. It is furthermore difficult to find one critical or 
unique case viable for the subject of this dissertation. A multiple case study 
design will therefore be used. 

1. 7.2 Research methodology in a multiple case study design 

There are two potential approaches to multiple case study design: performing 
similar types of case studies (i.e. performing multiple case studies in one par
ticular environment) and performing different types of case studies (i.e. per
forming different case studies in multiple environments). Researching similar 
types of case studies is necessary to filter out chance in the design theory. The 
idea behind this replication method is to generate as much knowledge as pos
sible on one specific environment to enable the building of a design theory for 
that specific environment. The objective of replication logic in case studies is to 
establish a complete design theory for one specific predefined environment. The 
use of different types of studies facilitates the exploration of phenomena in dif
ferent settings. As a result, it is possible to test whether an established theory 
fits different environments. Furthermore, the theory can be expanded. A quali
tative approach is preferred, due to the explorative character of the research. 
According to Strauss and Corbin [1990]: 

" ... qualitative methods can be used to uncover and understand what lies 
'behind phenomena about which little is yet known". 

A well known approach to qualitative research is the grounded theory ap
proach [Glaser & Strauss, 1967; Strauss & Corbin, 1990]). A grounded theory 
is one that is inductively derived from studying the phenomenon it represents . 
According to this approach, data collection, analysis and theory stand in recip
rocal relationship with each other. The research approach used in this study is 
based on the grounded theory approach and is depicted in Figure 1-3. 

Literature 
review 

Select new 
case 

Theory development Theory application 

Figure 1-3. Development of knowledge 

No 

Adapt 
theory base 

Three different case studies have been performed (which are discussed in 
Chapters 6, 7, and 8). To enable a theory elaboration, the s tudies have been 
chosen in such a way that quite extreme situations are researched. This en
abled the coverage of a wide area but necessitated a very careful selection of 
the cases. Furthermore, drawing and generalising conclusions from each case 
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study should be done very prudently. As depicted in Figure 1-3, the research 
approach used consists of two phases, which will be discussed in Section 1.8. 

1.8 Research phases 

1.8.1 Theory development: building the theory base 

Research starts with the development of a theory base on distribution control, 
detailing when specific control techniques can best be applied. This theory 
base is established by literature research into the applicability of both distri
bution control and production control techniques. Literature is investigated 
with the objective of determining circumstances in which a specific control 
technique performs well (the positive approach to applicability) and of deter
mining which circumstances lead to the deterioration of the performance of a 
control technique (the negative approach to applicability). 

The problem of a limited applicability of control techniques is not only confined 
to the area of distribution control. Other logistics areas also (see Figure 1-1) 
cope with this. However, the extent to which the problem has been dealt with 
in each of these areas differs. The topic of control has been worked out in depth 
in the area of production logistics. For example Graves et al. [1993] discuss the 
historic and state of the art Operations Research results on logistics aspects of 
production and inventory. Bertrand et al. [1990] give an overview of the state 
of the art of production control from an Operations Management perspective. 
Production control research has quite an elaborate history which may contain 
many useful research results, and should therefore be taken as a main starting 
point to develop further knowledge on distribution control. 

The aforementioned activities are used to build a theory about the relationship 
between company and environment characteristics on the one hand and the 
design of a distribution control framework on the other. First, the relevant 
company and environmental characteristics need to be investigated. Conse
quently, preliminary design rules specifying the influence of relevant company 
and environmental characteristics on distribution control are developed. This 
is done by integrating knowledge from literature on the applicability of distri
bution and production control techniques. 

1.8.2 Theory application 

In the theory application phase, the theory base set up in the previous phase is 
applied to each case and it is investigated whether the theory can be expanded. 
The overview of the relevant characteristics developed in the previous phase is 
used to select case studies. As discussed already, careful case study selection is 
required to ascertain the validity of the conclusions from the studies [Yin, 
1989]. 
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Each case study is performed according to a regulatory cycle - i.e., the steps 
problem choice, diagnosis, intervention and evaluation [Van Strien, 1986]. If 
more aspects need to be added, a case study in a new environment is per
formed. If not, conclusions are drawn on the case studies and the theory base 
is adapted. It should be emphasised that it is not the objective to strive for a 
complete but for an expanded theory. The need to add aspects to the theory is 
assessed by researching the reasons for selecting a specific type of control 
technique in each case study. Furthermore, new aspects are revealed in the 
design phase of each case study, where the proposed design is checked and dis
cussed with the company. 

Feedback on the developed theory from the case studies is generated and con
sequently used to improve the set of design rules. As a result, a consistent set 
of design rules is developed and company feedback is given on the selection 
method. The theory formulation and application phases strongly interact as 
the guidelines developed in the theory formulation phase are subsequently 
tested and adjusted to come up with improved design rules. 

1.9 Dissertation structure and research agenda 

This chapter has introduced the research described in this dissertation. The 
area of research has been worked out and the research problem and methodol
ogy have been described. Chapter 2 is also introductory and discusses general 
theory on distribution control, introducing a framework of distribution control 
decisions. Chapter 3 discusses literature on the applicability of four distribu
tion control techniques from an inventory perspective; Chapter 4 does this 
from a capacity perspective. In Chapter 5, the current theory base from Figure 
1-3 is established by discussing aspects known from literature on the decisions 
from the framework discussed in Chapter 2. Chapter 5 furthermore presents 
an approach to the case study research. Chapter 6, 7 and 8 discuss the selec
tion of distribution control techniques in three case study companies and 
Chapter 9 discusses the conclusions from these cases. Chapter 10 discusses a 
simulation experiment into one of the elements of distribution control (the type 
of forecasting technique). Chapter 11 concludes the dissertation by discussing 
general conclusions and recommendations for further research . The structure 
of the dissertation is depicted in Figure 1-4. 
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DISTRIBUTION CONTROL: CONCEPTS AND 

TECHNIQUES 

CHAPTER2 

In the previous chapter, the subject of this dissertation has been introduced. In this chapter, the 
concept of distribution control is discussed in greater detail. We first investigate literature on 
general control theory in Section 2.1. We then confine our view to the area of production logis
tics and describe the basic elements of production control in Section 2.2. These will be used in 
Section 2.3 to define the concept of distribution control. An important element of this definition 
is the discrimination between inventory aspects and capacity aspects, which will be discussed in 
Section 2.4. Section 2.5 discusses performance indicators in distribution control and 2.6 dis
cusses a classification of distribution control techniques. Finally, Section 2. 7 discusses common 
distribution control techniques. 

2.1 The concept of control 

2.1.1 Basics of control theory 

The basis for the control theory, a discipline which is concerned with the 
analysis and design of dynamic systems3, was laid in about 1930 [Van Aken, 
1978]. Until about 1950, application remained restricted to simple systems 
with only one input and output. From that time onward, control theory has 
gradually started to comprise the analysis and design of more complex systems 
[Van Aken, 1978]. One of the first applications of control theory to more com
plex systems was the application of simple feed back rules for inventory con
trol in industrial organisations. The work of Simon [1952] and Forrester [1961] 
are examples of this. 

To enable a system to fulfil its function correctly, its output needs to satisfy 
specific norms andlor characteristics [In 't Veld, 1975]. To satisfy this norm, 
some form of control is necessary. According to the dictionary [Webster, 1992], 
control is: 

"To exercise a directing, restraining or governing influence over something". 

3 A dynamic system is a system where an input is transformed to an output, as opposed to a 
static system, in which no transformations take place. The term system stems from a contrac
tion of the Greek words "auµ" and "0T)µt", that mean "put together". A system is [In 't Veld, 
1975] " ... a collection of elements discriminated as part of a set, within the objectives defined by 
the researcher." 
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Three aspects are obligatory to control a specific situation [In 't Veld, 1975]: 

• There has to be a situation to be aimed at. 

• The system must be able to reach this aimed situation. 

• There must be devices to measure and possibilities to influence the be
haviour of the system. 

There are two basic types of control systems: open loop and closed loop control 
systems. 

2.1.2 Open loop systems 

The basic form of control is the open loop system, in which the interventions in 
the system are determined by a norm only. Figure 2-1 depicts this situation. 

I Norm 

Control 
function 

._ 11 .,. · Process 
'--------~ 

Figure 2-1. An open loop system (adapted from Van Aken [1978)) 

Open loop systems are only stable if there are no interferences into the system. 
An interference is [Van Aken, 1978]: 

''.An event causing a disequilibrium in a controlled system". 

An example of an open loop system is driving a car without a steering wheel. 
Having no possibility to change the direction of the car does not lead to prob
lems on a straight road. However, as soon as a curve appears - an interference 
in the pattern of the straight roads - the car will be beyond control. A device to 
change the direction of the car is necessary to enable the car to stay on the 
road. A means to interfere in the process is thus needed. 

2.1.3 Closed loop control 

Interferences can only be dealt with by means of closed loop control systems. 
These systems are able to measure the effects of interferences that are inher
ent to real life situations, and to intervene in the process. In the remainder, we 
confine the discussion on control in distribution systems to closed loop control 
as open loop control is not able to cope with interferences. 

Closed loop control can be divided into three phases [In 't Veld, 1975; Van 
Aken, 1978; Van Rijn, 1985]: 
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• The sensor phase 

This phase supports the decision making process by providing informa
tion and is aimed at reducing uncertainty and/or complexity. This is at
tained by observing the behaviour of the system that is controlled and if 
possible also the environment. 

• The selector phase 

In this phase, future actions are determined by evaluating the system's 
behaviour using norms and preferences; if the sensor indicates that the 
system's behaviour deviates from the desired behaviour, an appropriate 
intervention is selected; in a more operational sense, it means making 
choices between alternative actions intended to achieve an objective; this 
phase is oriented towards making decisions. 

• The effector phase 

In this phase, a decision concerning the situation to be controlled is exe
cuted. In practice, this implies that an intervention takes place. The core 
of this phase is hence taking actions. 

Closed loop control consists of a chronological combination of these three 
phases. Two basic types of closed loop control systems are discriminated [In 't 
Veld, 1975]: 

Feed forward 

Feed forward means that an interference itself is being measured in the input 
of a process, whereupon the influence of the interference itself is compensated 
(after the point of measurement, but before the process; see Figure 2-2). 

Selector 
Norm 
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function ·· 
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from norm 1 function 

. -,-\-
Effector j Y ~ ,- - - ·--- --

-----------------1~1 Process 

Figure 2-2. Closed loop systems: feed forward (adapted from Van Aken [1978}) 

Feed backward 

Feed backward comprises the measurement of the output or condition of a 
process, followed by a comparison of the outcome of this measurement with a 
norm. Crucial is that action is taken before the point of measurement. This is 
depicted in Figure 2-3. 
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Figure 2-3. Closed loop systems: feed backward (adapted from Van Aken f 1978}) 

The difference between feed back and feed forward is in the evaluation of the 
behaviour of the system. Feed back evaluates the actual behaviour of a system 
and intervenes after the observation of the behaviour; feed forward predicts 
this behaviour and takes action based on these predictions, before the pre
dicted non-preferred behaviour occurs [Van Aken, 1978]. 

2.1.4 Application of control theory to distribution control: an example 

To illustrate the use of the principles of general control theory into distribution 
control, we will discuss an example of a system in which products are distrib
uted from a central Distribution Centre (DC) to local DC's. Customer demand 
needs to be fulfilled in the local DC's. One possibility to distribute products 
from the central DC to the local DC's is to calculate inventory replenishments 
based on reorder levels and actual demand. This implies that inventory is re
plenished based on the actual condition of a system, which is an example of 
feed backward. 

Only reacting to demand could result in an out of stock situation due to unex
pected high peaks in demand. Some method of forecasting may thus be useful. 
It is still a form of feed back if the forecast is based on historical demand. The 
forecast is based on the behaviour of the system after the (distribution) process 
has taken place and is consequently fed back to exert influence in that process. 
In case of new products, on the contrary, there is no historical information 
available. Marketing intelligence is needed to calculate a forecast, which has 
characteristics of feed forward. The essential difference with feed backward 
thus is that it is not the current condition of the system but a prediction of the 
expected future state and behaviour of the process (not based on the current 
condition) that leads to a replenishment of inventory. 

Of course, this is just an over simplified example of a way to interpret general 
control theory in a distribution context. The next sections are aimed at struc
turing the concept of distribution control more precisely. We first discuss view
points on production control to investigate which factors might be incorporated 
within the scope of distribution control. 
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2.2 Viewpoints on production control 

This section briefly discusses some often quoted contributions to the concep
tualisation of production control. 

Burbidge [1971] defines production control as follows: 

"Production control is the function of management which plans, directs 
and controls the material supply and processing activities of an enterprise, 
so that specified products are produced by specified methods to meet an 
approved sales programme". 

Burbidge's definition suggests that co-ordination of Production and Sales is 
aimed at meeting an approved sales programme, but how this happens is not 
clear [Bertrand et al., 1990] . Van Rijn [1985] defines production control as: 

"All activities referring to the co-ordination of materials and capacities in 
the course of time in order to attain the objectives concerning the product 
and the progress of the production process': 

In line with Burbidge, this definition clearly indicates that production control 
deals with both materials and capacities. Both aspects have to be dealt with to 
be able to control the production process. 

Contrary to Burbidge [1971] and Van Rijn [1985], Bertrand et al. [1990] , m
corporate the co-ordination of production and supply in the scope of production 
control. They define production control as: 

"The co-ordination of supply and production activities in manufacturing 
systems to achieve a specific delivery flexibility and delivery reliability at 
minimum costs". 

Although they do not give a formal definition of production control, Fogarty 
and Hoffmann [1983] define the control of Production and Inventory Manage
ment. In their view, control ... 

" .. . closes the management loop of planning, execution, evaluation and cor
rective action. Control of Production and Inventory Management is con
cerned with: 

• Assuring that Production and Inventory Management objectives, policies 
and procedures support the organisation's strategic objectives and are con
sistent with strategic plans. 

• Evaluating planned organisation and management system developments 
relative to state-of-the-art developments; to changes in the structure of the 
firm's market, products, or processes; and to changes in the availability of 
personnel and supporting services in education and counselling. 

• Comparing actual organisation and management system developments 
with planned developments . 
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• Comparing education and training results with planned results. 

• Taking the corrective actions suggested by the evaluation performed by the 
preceding steps". 

Vollmann et al. [1984] state that manufacturing planning and control. .. : 

" ... encompasses three distinctive stages. The first is the establishment of 
the overall direction of the firm with the resulting management plan stated 
in manufacturing terms, such as end items or product options. The second 
activity is the detailed planning of material flows and capacity to support 
the overall plans. The third and final activity is the execution of these 
plans in terms of scheduling and purchasing". 

There are some differences between the definitions. Burbidge does not 
explicitly incorporate the co-ordination process with other areas into the scope 
of production control, nor does Van Rijn. Besides, the definition of Burbidge 
has a somewhat circular character as production control is explained as the 
planning, direction and control of materials supply and processing activities. 
As opposed to Burbidge, Van Rijn states that the objectives of control concern 
more than only attaining a sales programme. Not only objectives regarding the 
product being produced but also regarding the production process itself should 
be taken into account. 

Bertrand et al. [1990] incorporate the co-ordination of production control with 
other areas in their definition. However, restrictions stemming from for 
example physical distribution seem to be omitted. Fogarty and Hoffman's 
definition clearly comprises the three control phases as discussed in the 
previous section. The scope of the definition is broader than that of production 
control and has more similarities with the broader concept of Operations 
Management, which is also the case with the definition of Vollmann et al. 
[1984] (for a discussion on Operations Management, we refer to Constable and 
New [1976] and Wild [1977]). Furthermore, it does not clearly comprise a 
material and a capacity aspect of production control nor the interface with 
other logistics areas such as physical distribution. 

The discussion on definitions of production control in the previous section 
shows that there are essentially two basic characteristics of production control, 
summarising: 

• Production control deals with both materials and capacities. Materials 
concern the inputs being used up in the making of the product. In pro
duction processes, these inputs consist of either raw materials, compo
nents or semi-manufactured products. Capacities in production are inputs 
that are used to process a product. Capacities are not consumed, as op
posed to materials. 
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• The objective of production control is to realise a pre-set service level 
while minimising the costs related to the logistics activities, within a fi
nite horizon. The definition of service varies among companies, but an of
ten used service measure is the fill rate, which refers to the percentage of 
orders or order lines that can be delivered directly out of stock. 

Production control should be performed in co-ordination with other interfacing 
logistics areas. The cause of this need is embedded in the existence of conflict
ing goals of different units in an organisation. Often the outcome of these 
conflicting goals is to require a stockpile of finished goods and to hold large 
amounts of inventory [Pyke & Cohen, 1994]. As a result, the functional areas 
are buffered. Integration of interfacing logistics sub-systems is therefore of 
prime importance to attain the required service and to minimise the costs. 

Example: Interface of production and distribution in the motor industry (source: 
[Harbour et al., 1992]) 

In car production, the decrease of the amount of component inventory in the pro
duction system has widely received attention in the recent years. Fixed assembly 
schedules have been set up and many cars were built based to a forecast of de
mand. Forecasting in the motor industry involves many. players and often gener
ates different types of forecasts for different purposes. Allthe cars of a factory were 
bought by the national distributors, no matter if there was already a customer or 
dealer order for them or not. As a result, many cars were not sold at all and dis
tributor stock in the distribution system was high. Cars that were not very popular 
were sold by the national distributors to the dealers by means of forced allocation: 
if a dealer wanted to have a popular car model, he/she was obliged to buy a specific 
amount of the less popular models as well. The production was optimised, at the 
expense of the distribution system. 

New scenario's for distribution systems indicate that order lead times can be re
duced considerably. Tremendous reductions in stock level are possible through a 
faster transmission of sales data in the supply chain, and better systems to allocate 
cars to dealers by making the cars dealer specific as late as possible. The potential 
overall savings in car production and distribution systems are large if the interface 
between production and distribution is better taken into account. 

2.3 A definition of distribution control 

As discussed before, distribution activities need to be controlled in such a way 
that they comply with a norm. In line with the previous section on production 
control, distribution control needs to be oriented towards the two basic ele
ments mentioned in the last part of the previous section: materials (i.e., prod
ucts in case of physical distribution) and capacities on the one hand and the 
minimisation of costs for a pre-set customer service level on the other. The ma
terial aspect will be referred to as the inventory aspect, and deals with the 
amount of finished goods in the distribution system. The capacity aspect deals 
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to their timing and quantity, this will influence both inventory levels and ca
pacity use in the system. Distribution control should be focused on the effect of 
goods flows on both inventory levels and capacity use. We use the following 
definition of distribution control: 

"All activities taking place to co-ordinate the place and timing of demand 
over a finite horizon with the supply of products and capacities, in such a 
way that the objectives of the distribution process are met, given the char
acteristics of the product and the requirements of the market". 

Although not explicitly mentioned in this definition, the interface co-ordination 
problem is incorporated in the definition as supply of products to the distribu
tion system is part of the scope. 

Literature is quite ambiguous about the concept of distribution control. There 
seems to be a lack of agreement on the names used to indicate ways to control 
distribution processes. Many publications discuss for example distribution con
trol systems - see La Lande et al. [1992] -, others mention distribution planning 
and control systems or distribution control methods and some discuss control 
concepts in their work (such as Bertrand et al. [1990])_ There are also publica
tions where the choice for a specific term is not explicitly made. These publi
cations use terms as control system, method and technique as similar concepts, 
for example Moore [1988]. It is clear that there is a myriad of terminology used 
for roughly the same topic. To clear this ambiguity, we introduce the concept of 
a distribution control technique, which will be used throughout this disserta
tion. A distribution control technique is defined as: 

''.A set of calculation rules used to plan and execute goods flows in a dis
tribution structure over a finite horizon, in which inventory and/or capac
ity effects are taken into account". 

It should be mentioned that distribution control needs not only consist of deci
sion rules that can be directly translated into software. There is also an impor
tant part in distribution control that is provided by means of human input 
(such as rescheduling decisions). In the following sections, we will go into 
greater detail on the subject of distribution control by discussing the inventory 
and the capacity aspect of distribution control. 

2.4 The inventory and the capacity aspect of distribution control 

2.4.1 Distribution sub-systems 

Distribution systems can be discriminated into three sub-systems [Van Goor et 
al., 1996]: the inventory sub-system, the transportation sub-system and the 
warehousing sub-system (see Figure 2-4). 
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Figure 2-4. Distribution sub-systems (adapted from Van Coor et al., 1996} 

The inventory sub-system refers to all activities that deal with the level of 
stock in DC's and in pipelines. This sub-system therefore deals with the inven
tory aspects of distribution control. The control of this sub-system is also re
ferred to as inventory control. The main elements considered in inventory con
trol are interest on capital tied up in stock and the costs of obsolescence. Con
trol in the sub-system inventory deals with amongst others the location of 
stock in the distribution system. 

The other two sub-systems, warehousing - i.e., materials handling and storage 
- and transportation, deal with the distribution capacity aspects of control. In 
production control, control of the capacity sub-system is often referred to as re
source co-ordination. Warehousing is the activity of holding and handling 
goods and reconditioning their packaging in a store (therefore including inter
nal transport within an operational unit) [ELA, 1991]. Control in this area re
fers to amongst others picking strategies and determining the pick order. 
Transportation refers to the entire movement capability available to a com
pany [Ballou, 1992]. It is concerned with the conveyance of goods from a load
ing location to an unloading location [ELA, 1991]. Transportation control deals 
with for example strategies for loading and scheduling trucks and determining 
shipment despatches. 

In literature, the attention that has been paid to distribution control is mainly 
directed at either the inventory or the capacity aspect but hardly at the control 
of both aspects simultaneously. However, both aspects interact: if goods are 
not available, it is of no use to have trucks available for transportation or peo
ple for picking. Furthermore, it is of no use to have stock if there are no people 
available for handling or trucks for shipping the required goods. To avoid this, 
co-ordination between the capacity and the inventory aspect is necessary. 

Four well known distribution control techniques will be discussed in Section 
2. 7 _ Their strong and weak points from an inventory point of view are dis
cussed in Chapter 3. How to deal with capacity aspects in these distribution 
control techniques will be discussed in more detail in Chapter 4. As a further 
introduction to the capacity aspect, the next section briefly discusses an ap
proach to capacity planning, based on production control. 
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2.4.2 Co-ordination of capacity and inventory aspects 

In the literature, the co-ordination of the capacity sub-systems and the inven
tory sub-system has hardly been dealt with [Van Eijs, 1994], although there is 
a vast number of articles referring to the optimisation of one of the sub
systems. Van Eijs [1993] gives an elaborate overview of models that aim at the 
co-ordination of capacity and inventory control - the so called co-ordinated or
der policies (see Chapter 4). This integration has hardly been put into practice 
so far [Van Goor et al., 1996]. There are many software packages available for 
the sub systems (for example for the planning of truck routes or order picking), 
but there is no package that has made an attempt to integrate two or more sub 
systems (see Berenschot [1993]; Andersen [1996]). 

Typically, resource co-ordination decisions range from aggregations of capacity 
in long time periods to very detailed scheduling on an hourly or even shorter 
interval [Berry et al., 1982]). The very long term capacity decisions like in
creasing the size of a warehouse are not incorporated into the scope of this re
search. Attention is neither directed to the very short term ('Shop Floor Con
trol')4 decisions such as input/output analysis (see Berry et al. (1982]) or work
load control (see Bertrand et al. (1990]). The medium term capacity decisions 
are subject of attention in this dissertation. 

In. production control, the first step in determining medium term capacity de
cisions incorporates the translation of the Master Production Schedule (MPS) 2 

into work centre capacity requirements [Berry et al., 1982]. In a second step, it 
is checked whether there is a mismatch between the required capacity and the 
available capacity. If there is a mismatch, either the goods flow plans are ad
justed or the available capacity is changed, depending upon the time needed 
for adjustment and the additional costs [Ploss! & Wight, 1967]. Essential is 
that the horizon of the capacity requirements is stated in terms of days or 
weeks. Detailed hour to hour capacity calculations are only done at the de
tailed Shop Floor Control level in this system. 

In physical distribution, goods flow plans need to be translated into require
ments for the warehousing and the transportation sub-systems. Which meas
urements must be used when translating the goods flow plans into capacity 
requirements is situation dependent. For example, if products are voluminous, 
it makes sense to calculate transportation capacity requirements in terms of 
volume. If products are heavy, it is more meaningful to calculate the total 
weight of the load. 

4 See APICS Dictionary of the American Production and Inventory Control Society for a de
tailed definition of terms like MPS and Shop Floor Control. 
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It is clear that capacity aspects may influence distribution control decisions 
strongly. Before these influences can be assessed, we first need to establish cri
teria to judge the performance of distribution control techniques on and to in
vestigate the practical contents of distribution control techniques. The next 
section discusses performance indicators for distribution control and Section 
2.6.2 introduces a classification of the contents of distribution control tech
mques. 

2.5 Performance indicators in distribution control 

2.5.1 Performance indicators and competitive strategy 

The objectives of physical distribution are related to the competitive strategy 
of a company [Van Goor et al., 1996]. Porter [1980] distinguishes two basic 
competitive strategies: cost leadership and differentiation. Pino and Van 't 
Eind [1990] define a third strategy - the integration strategy - which is a com
bination of the two discriminated by Porter. For each of these three competi
tive strategies, Van Goor et al. [1996] describe a physical distribution strategy. 
Cost leadership is aimed at the minimisation of total costs. This strategy re
quires that the physical distribution of products takes place against the lowest 
costs possible. As a result, performance indicators will be predominantly cost 
oriented. The differentiation strategy is aimed at differentiating products and 
services from those of competitors. Cost minimisation is not of primary impor
tance as a low price is not a reason for the customers to buy a product or serv
ice. The value added is maximised, which is expressed by the aim for a high 
level of customer service. Performance indicators are predominantly customer 
service related. According to the integration strategy, it is tried to establish a 
balance between a low price and the customer service of a product. Perform
ance indicators are a combination of costs and customer service measures. 

2.5.2 Performance indicators for distribution control 

The objectives of physical distribution are composed of a combination of cost 
and customer service objectives, with in each situation an emphasis on one or 
more specific objectives. The effect of distribution control, which is directed at 
attaining these objectives, should therefore be judged on a combination of costs 
and customer service. For example, the use of central stock may reduce the to
tal cost of inventory, but may raise the transportation costs and increase the 
time needed for deliveries. As far as the costs are concerned, three types of dis
tribution costs are distinguished: inventory costs, capacity costs and control 
costs. The capacity costs can be further detailed into the costs of storage, 
handling a nd transportation. The control costs are related to the amount of 
control effort needed. Although they are probably hard to measure univocally, 
they are amongst others related to the human control effort needed. The defi
nition of customer service is dependent on the specific situation, but it will 
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generally be related to the fill rate or to the stock out costs5. The performance 
indicators used are summarised in Table 2-1. 

Table 2-1. Four types of performance indicators used for the selection of distribution control 
techniques 

Inventory costs Transportation costs 

Handling costs 

Storage costs 

Control costs Customer service 

This research is not aimed at an elaborate and detailed calculation of the effect 
of control techniques on the performance indicators. As this research is mainly 
qualitatively oriented, the performance indicators are only used as a rough 
means to judge the effects of different control techniques (in terms of: 
"alternative A performs better on customer service than B for these reasons"). 

2.6 A classification of distribution control decisions 

2.6.1 Approach to investigating the research problem 

The definition distribution control introduced in Section 2.3 is still relatively 
broad and needs clarification. This section further describes the contents of 
distribution control by presenting a framework of distribution control deci
sions, representing the essential aspects of distribution control. A distribution 
control technique can be uniquely described in terms of these control decisions. 
This framework of control decisions will be used throughout the dissertation 
for the selection of distribution control techniques. Section 2.6.7 and Chapter 5 
will further detail the use of the framework. 

2.6.2 Framework of control decisions 

Several classifications of distribution control techniques have been presented 
in the past, with different purposes. A frequently used discriminatory parame
ter to explain differences between distribution control techniques is "push" 
versus "pull" (see Brown [1967], Christopher [1985]). However, there is a wide 
variety of associations commonly linked to the terms "push" and "pull" [Pyke & 
Cohen, 1990]. Silver [1981] gives a classification of inventory models, which 
has been elaborated by Prasad [1994]. Both classifications, however, are set up 
to classify inventory control theory by means of theoretically oriented aspects 
such as the type of demand processes assumed or the stock out policy. They 
only consider the theoretical capabilities of mathematical inventory control 
models and are therefore omitted from the discussion. 

5 The fill rate is the percentage of orders or products that can be delivered directly out of stock. 
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More practically oriented classifications are for example those by Jenniskens 
[1986] and Rosenfield and Pendrock [1980]. Jenniskens [1986] discriminates 
between integral and local stock norms and between reactive and proactive 
planning. Rosenfield and Pendrock [1980] use a differentiation between cou
pled and independent systems with centralised or decentralised control. 

The classifications of Jenniskens [1986] and Rosenfield and Pendrock [1980] 
are oriented at a specific part of distribution control only. The classification of 
Jenniskens incorporates the question which type of data should be used for the 
reorder calculation but does not give an explanation about who initiates a re
order in a distribution system. They incorporate the type of initiation of reor
ders but do not discuss for example different methods for calculating a reorder. 

In the following sections, a framework of control decisions is presented, which 
uses elements of the classifications mentioned above6. These control decisions 
are summarised in Table 2-2 and are discussed in the next sections. 

Table 2-2. Classification of distribution control decisions 

Control decision Deals with ... 

Type of reorder planning The ability to incorporate a pattern in the planning of the independent demand 
and the dependent demand 

Status information The use of local or integral information for reorder purposes 

Central stock function Having both central stock and local stock or only local stock 

Allocation co-ordination Having a centrally or a locally (i.e., in the local DC's) co-ordinated allocation 

The control decisions can be differentiated into stock replenishment decisions 
and stock allocation decisions. To replenish literally means "to fill again as 
something has been wholly or partially emptied" [Webster, 1992). Stock re
plenishment in a distribution system means to fill a distribution system with 
inventory. In the replenishment decision, the question "where to distribute the 
inventory to" is not answered. Only the refill amount for the system is deter
mined. The decision where to put the inventory in the system is called stock 
allocation, which only deals with the question where to put inventory in a dis
tribution system. Van Donselaar and Wijngaard [1994] and Diks and De Kok 
[1995] discuss the effect of different types of stock allocation rules. Figure 2-5 
depicts the difference between stock replenishment and stock allocation. 

6 This classification is actually a result of literature research and of case study research which 
is described in chapter 6, 7 and 8; it has yet been decided to introduce it here as it is referred to 
throughout the dissertation. 
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Figure 2-5. Stock replenishment and stock allocation 

Chapter 2 

It should be noted that in a multi-echelon system, the allocation decision for 
the higher echelon may constrain the replenishment decision for the lower 
echelon and vice versa. This implies that the mutual relation between the re
plenishment and the allocation decision needs to be accounted for. The mutual 
adjustment of the replenishment decision and the allocation decision in a dis
tribution system implies that the production or supply processes and the dis
tribution processes are co-ordinated. The interfaces between distribution and 
other systems - this is one of the secondary research questions -may thus 
come down to the question when the replenishment and the allocation decision 
can be tightly linked to each other. In literature, the topic of co-ordination of 
supply/production and distribution is mainly investigated from the viewpoint 
of calculating parameters in systems with production and distribution facili
ties (for an example see Cohen and Lee [1988]). Often, a specific type of control 
technique is used. 

2.6.3 Type of reorder planning 

The type of reorder planning is discriminated into two parts: the planning of 
the independent and of the dependent demand. The independent demand con
cerns the demand of the independent customer, the dependent demand con
sists of the net requirements from the local DC's as faced by the central DC. 

The independent demand planning deals with the question which technique 
should be used to forecast the demand. A difference is made between two types 
of techniques. The first type can incorporate patterns in demand and is re
ferred to as a forecasting technique with a pattern. The forecast F t, t+i, which is 
the forecast made a t time t for period t+i, may be different for each i at a spe
cific moment t. The second type is a technique that can not incorporate pat
terns, called a forecasting technique without a pattern. As a result, all Ft,t+i are 
the same for all values of i at a specific moment t. 

Regarding the method to deal with dependent demand from the local DC's, 
there are two possibilities. In a time phased planning technique, it is a t
tempted to predict the moment on which a new order is generated by the lower 
echelon. The order is planned in such a way that the stock is available only 
just before it is needed (see Figure 2-6). The other possibility is to discard the 
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pattern of reorders from the local DC's over time and to replenish up to a spe
cific level based on the reorders of the local DC's. The effect on central stock 
levels for time phased and non-time phased planning is shown in Figure 2-6. 

Stock level 
central DC 

time phased 
planning 

Demand 
local DC 

Demand 
central DC 

... · .... 

'---..,..----.---- Time 

....__....__~--~-Time 

·.·· . 
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non time phased 
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. ..... ...... . ...... 

~~-~----Time ....__~ _ __.......__~- nme 

Figure 2-6. Difference between time phased and non-time phased planning 

2.6.4 Status information 

Status information is information about demand and stock levels in the distri
bution system. This applies to the replenishment of goods only. The status in
formation that is used in the replenishment calculation (see Jenniskens 
[1986]) can be either local or integral. 

r------------------

I 

vV 
---,-1,Z~v 

I Integral information ------------------
Figure 2- 7. Local vs. integral status information 

Local status information refers to information about stock norms for the inven
tory of one DC only - also ca lled installation stock norms - and about local 
demand, i.e., the demand of the link next downstream. Integral information is 
information about stock norms for the inventory of a complete system and 
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about integral demand information, i .e. information about the demand of the 
independent customer (see Figure 2-7). 

Example: local or integral status information 

A retail distribution system in the food sector is .often a system with two echelons. 
The first echelon is the distribution centre (DC), the second the retail outlet. Prod
ucts in the outlets are generally reordered based on the local stock level in the su
permarket. The information used is called local. For replenishing the stock in the 
DC, there is a choice: the first possibility is to take the inventory position (i.e., in
ventory on hand plus on order) in . the DC as a norm and reorder based on 
(expected) inventory levels in the DC using outlet demand (local information). The 
second. possibility is to take both the inventory position in the DC and the inventory 
position in the local outlets into account. T_he demand information used is the de
mand of the independent customers and the stock norms are based. on the total 
level ofinveiifory in a distribution system (i.e., the sum of the DC inventory posi
tion and.the outlet inventory position). The information used is hence called inte
gral information. 

2.6.5 Central stock function 

The central stock decision deals with the question whether a central depot 
function is needed for storing the replenished items or whether it is possible to 
use a central DC as a cross docking point only. At a cross docking point, goods 
are not stored but a re immediately shipped to the local DC's after receipt at 
the central DC. Figure 2-8 depicts a situation with a central stock function and 
one with only a cross docking point. 

Central stock function No central stock function 

Figure 2-8. Central stock function vs. no central stock function 

As this research is concerned towards distribution control in multi-echelon in
ventory systems, we assume that the local DC's always carry inventory. 

2.6.6 Co-ordination of the allocation process 

The co-ordination of the allocation process refers to the degree of centralised 
control (see Rosenfield and Pendrock [1980], Lee and Billington [1993] for a 
discussion on centralised control). Locally co-ordinated allocation m eans tha t 
the local DC's order goods a t the central facility a t their own initiative. The 
frequency of allocation is dependent on the review frequency of the local stock. 
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Centrally co-ordinated allocation implies that the decision on the timing and 
the amount of the shipments of goods to the local DC's is not made by the local 
DC's but by a central department. The replenishment batch may be completely 
allocated in one time to the local DC's or it may be allocated in fractions . The 
a-policy [Erkip, 1984] is a technique according to which the replenishment 
batch is allocated in two times. According to this policy, a fraction a is allo

cated to the local DC's and a fraction (1-a) retained at the central depot each 

time a new replenishment batch is received. As soon as there is a local need for 
a shipment, the remaining fraction (1-a) is allocated to the local DC's in a cen

trally co-ordinated way. It is also possible that only the initial allocation is 
centrally co-ordinated and that the remaining stock is allocated to the local 
DC's in a locally co-ordinated way. In that situation, it should be determined 
when the next allocation will take place. 

The terms centrally co-ordinated and locally co-ordinated allocation are rela
tively similar to the concept of push and pull. Push is generally related to cen
tral control of inventory [Christopher, 1985]. Pull, on the other hand, is related 
to local control of inventory [Christopher, 1985]. Brown [1967] uses a similar 
differentiation between push and pull. Generally speaking, however, there 
seems to be a certain disagreement or misunderstanding about what push and 
pull really consist of. Pyke and Cohen [1990] argue that it is not possible to la
bel an entire production or distribution system as push or pull. They therefore 
introduce a framework to differentiate between elements in distribution and 
pro<luction that are push and that are pull. As the discussion on push and pull 
tends to be somehow ambiguous, the use of these terms may be confusing. We 
will therefore avoid the use of the terms push and pull as much as possible. 

2.6. 7 The use of the classification 

For each of the four decisions discussed in the previous sections, two options 
have been defined. The options can be combined into a graph of nodes and 
branches. At each of the nodes, a control decision needs to be made. The result
ing decision tree is first split into replenishment and allocation decisions. The 
replenishment decisions consist of the type of status information and the type 
of reorder planning. The allocation co-ordination and the central stock function 
are not relevant as they do not influence the replenishment decision. The allo
cation decisions are the central stock function, the allocation co-ordination, the 
status information and the type of reorder planning (see Figure 2-9). 

The decision functions depicted in Table 2-2 and Figure 2-9 will be used 
throughout the dissertation. It will be used first to describe four distribution 
control techniques and to indicate the main differences between these tech
niques (see Section 2.7). It will be used in the case studies to describe control 
technique(s) currently used in the companies investigated. Furthermore, for 
each of the case studies, the proposed changes in distribution control will be 
discussed per control decision. In Chapter 10, the findings from the case stud-
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ies will be summarised and discussed per control decision. In Chapter 11, the 
control decisions will be used to explain the implications of case study findings 
on the application of the control techniques discussed in the next section. 
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Figure 2-9. Graph of control decision options 
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2.7 A brief review of four distribution control techniques 

In this section, we will briefly review some well known distribution control 
techniques, often used in practice. The techniques can be projected in terms of 
the cimtrol decisions. The techniques reviewed are summarised in Table 2-3. It 
should be noticed that the standard way of using these techniques is assumed. 
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Table 2-3. Summary of characteristics of control techniques 

Control technique Type of reorder plan- Type of status Use of cen- Co-ordination 
ning information tral stock' of a/location 

Statistical Inventory con- Non time phased, no Local Yes Local 
trol demand patterns 

Base Stock Control Non time phased, no Integral Yes Free to deter-
demand patterns mine 

Distribution Require- Time phased, demand Local Yes Local 
ments Planning patterns 

Line Requirements Plan- Non time phased, de- Integral Yes Free to deter-
ning mand patterns mine 

Linear Programming is omitted as it is a mathematical modelling tool of which 
the use is often situation specific. Time Phased Order Point (TPOP), which is a 
technique using features of both DRP and SIC, will be discussed shortly when 
discussing SIC. It will not be incorporated in the rest of the research as the 
strong and weak point of its features will already be part of the discussion on 
SIC and DRP. 

The distribution control techniques discussed in this dissertation are well de
scribed in literature. We will therefore not discuss these techniques into detail. 
Appendix 1 contains a more detailed overview of the distribution control tech
niques. Below, we only give a brief description of the techniques based on the 
classification introduced in Section 2.6. 

2. 7.1 Statistical Inventory Control (SIC) 

Statistical Inventory Control (SIC) techniques (see for example Silver and Pe
terson (1985]), also called Reorder Point (ROP) techniques, are techniques that 
order a batch size as soon as the inventory position (i.e., the stock level + 
scheduled receipts) has fallen below a pre-set reorder level at some specific 
moment in time (i.e. the review moment). The batch size may be fixed or vari
able, the review of the inventory may take place at discrete moments in time 
or continuously. Inventory norms and review frequencies are set for each DC 
in the distribution system. These parameters are calculated based on among 
others the average and deviation in demand and the average (and sometimes 
also deviation) in the supply lead time. SIC does not use time phased net re
quirements for the replenishment and allocation decision. The status informa
tion used is local as each link in the distribution system is controlled inde
pendently. The demand and inventory information in a DC is confined to in
formation on that DC only. The use of SIC supposes that each DC carries in-

1 It is possible to use all techniques without central stock, but according to the standard way of 
operating the technique, central stock is assumed to be available. 



-36- Chapter 2 

ventory, so central stock is assumed to be present. Due to the fact that both 
the allocation quantity and the allocation timing are initiated by the local 
DC's, the allocation is locally co-ordinated. 

Time Phased Order Point (TPOP) is a technique that stems from SIC. Its ba
sics are similar to SIC with the difference that the demand of the lower eche
lon stock points is seen as independent demand. In terms of the framework of 
control decisions, it is a technique in which independent demand is forecasted 
in the course of time but time phased dependent demand is not used for the 
reorder calculation. Each location calculates time phased net requirements, 
but they are only used to calculate the next reorder. The results of TPOP are 
identical to those obtained under Statistical Inventory Control, except that 
under TPOP an entire schedule of planned replenishment orders is developed, 
instead of one order at a time as is done under the Statistical Inventory Con
trol approach [Orlicky, 1975] . This time phased schedule is not used for the 
calculation of reorders at the higher echelon as with DRP for example, see 
Section 2. 7. 3. We will therefore omit TPOP in the remainder of this disserta
tion. 

2. 7.2 Base Stock Control (BSC) 

The basics of BSC (see Magee [1958], Silver and Peterson [1985), Timmer et al. 
[1984]) are similar to that of SIC. It is also a technique in which orders are 
generated if the inventory level has fallen below a norm. As opposed to SIC, 
goods are replenished in each stocking point in BSC based on actual undis
torted end item customer demand rather than on replenishment orders from 
the next level downstream. Another difference between SIC and BSC consists 
of the use of status information. Instead of local stock information as used by 
SIC, BSC uses integral stock information - echelon stock - to calculate the re
plenishments. The echelon stock at level j is the number of units kept in stock 
in the system that are at or have passed through echelon level j but have not 
yet specifically been committed to external customers. Replenishments are 
generated if this echelon stock level is below a specified echelon stock level. 

The allocation of items to the local DC's is not determined by BSC. Only the 
stock replenishment is determined by BSC. Central stock is assumed to be 
available, although it is not necessary. 

2. 7.3 Distribution Requirements Planning (DRP) 

DRP is a control technique that uses time phased demand forecasts and actu
als as input for the generation of time phased net requirements8 (see Martin 
[1993]), as opposed to SIC and BSC. The status information used in the replen-

s Time phased net requirements consist of forecasted time phased demand offset against time 
phased inventory. 
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ishment generation is local information, as only inventory information of one 
link is considered in the replenishment and the allocation calculation. To cal
culate the planned orders for a DC, DRP only takes the inventory of that DC 
into account. 

Both the stock replenishment and the allocation of stock is predetermined. 
DRP determines net requirements per stock location in the distribution system 
and uses this as dependent demand for the next higher echelon. A central 
stock function is hence supposed and the allocation is locally co-ordinated. 

2. 7.4 Line Requirements Planning (LRP) 

The difference between LRP (see Van Donselaar [1989]) and DRP is similar to 
the difference between BSC and SIC. Not the demand from the echelon next 
downstream, but the unprocessed demand from the end customer is transmit
ted upstream and used to calculate replenishments. As a result, demand is not 
distorted. As opposed to BSC, LRP makes a time phased planning, although 
net requirements planning are not used as in DRP. The allocation is not de
termined by LRP, similar to BSC. To calculate the stock replenishments, inte
gral information is used. Central inventory is assumed to be present. 

2.8 Summary 

This chapter has reviewed the concept of distribution control. General control 
theory is discussed and some often referenced definitions of production control 
have been reviewed to extract the essential elements of distribution control. 
Based on these, a definition of distribution control has been introduced. Fur
thermore, the concept of a distribution control technique have been introduced. 
Subsequently, the differentiation between the inventory aspect and the capac
ity aspect of control has been explained. 

In addition, a classification of distribution control decisions has been pre
sented. This serves as a means to select distribution control techniques in the 
case studies and for discussing the differences of the four control techniques 
discussed in this dissertation: Distribution Requirements Planning, Reorder 
Point, Base Stock Control and Line Requirements Planning. 



CHAPTER 3 

INVENTORY ASPECTS IN DISTRIBUTION CONTROL 

In thi.s chapter, literature on the application criteria of the four distribution control techniques 
introduced in the previous chapter is reviewed from the inventory perspective. Capacity aspects 
are discussed in the next chapter. Section 3.1 gives a short overview of history in research on 
control techniques. Sections 3.2 to 3.5 deal with Statistical Inventory Control, Distribution Re
quirements Planning, Base Stock Control and Line Requirements Planning respectively. Each 
of these sections is set up similarly: the assumptions of the control techniques are discussed first 
and then the weak and strong points. Section 3. 6 discusses studies into the comparison of pro
duction control techniques and studies into the comparison of distribution control techniques. 
Section 3. 7 discusses practical aspects of selecting a distribution control technique and Section 
3.8 contains a summary and conclusions. 

3.1 Research into the applicability of control techniques 

The first steps towards a theory on logistics control were set in the beginning 
of this century by people like Harris, Taylor and Gannt. Practical insight was 
the basis for their modelling efforts [Gilbert & Schonberger, 1983; Bertrand et 
al., 1990]. Wilson [1934] developed the reorder point technique, which was a 
major step forward. He used Harris' economic order quantity formula together 
with an ordering point to develop an inventory planning technique that is still 
used in many companies. The quantitative models used by that time were 
mostly based on this technique. The papers of Clark and Scarf [1960] on opti
mal ordering policies and of Wagner and Whitin [1958] on dynamic lot sizing 
policies are good examples of this. Next to this theory based research, more 
practice based research was developed as well [Bertrand et al., 1990]. The 
work by Brown [1967) or Magee [1958) are good examples of this line of re
search. 

The growing complexity of the environment demanded that more complex 
situations could be modelled. Science and practice became more integrated, 
leading to the development of control techniques that should serve as a solu
tion to all logistics control problems [Bertrand et al., 1990). A major point of 
criticism on the development of these 'panaceas' is that they discard the real 
life variations. In addition, real life shows that these principles themselves are 
not suited to serve as a panacea for all control problems (see for example Ag
garwal [1985], Schonberger [1983], Van Donselaar [1989], Whybark & Wil
liams [1976]). 
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As we shall see in this chapter, research into the applicability of control tech
niques has predominantly been confined to a discussion of the weak elements 
of control techniques. There is only a limited amount of comparative research 
available which deals with an overview of criteria for the successful applica
tion of control techniques. It is furthermore remarkable that in the literature, 
the discussion on the application of distribution control techniques in practice 
is often focused on the applicability of these techniques to a company as a 
whole. For example, research may be related to finding a relation between 
specific company characteristics and the successful application of DRP, such as 
the study of La Lande et al. [1992]. It is not investigated whether it may only 
fit to just one part of a company or one specific product group. 

In this chapter, we shall give an overview of strong and weak points of the con
trol techniques discussed in Chapter 2. We first discuss Statistical Inventory 
Control and consequently DRP-1. After that, we discuss Base Stock Control 
and Line Requirements planning. We finish this chapter with a discussion of 
comparative studies in both production control and distribution control and a 
summary of application criteria for these four control techniques. 

3.2 Statistical Inventory Control 

3.2.1 Inherent assumptions of SIC 

Much research has been done on parameter setting in SIC systems (see Graves 
et al. [1993] Chapter 1, 2 and 3 for an elaborate overview). There are some 
elements that are inherently assumed in every SIC-system. The first is that 
demand is stable and known between the moments when the reorder level is 
(re)calculated. Second, inventory is consumed at a constant rate and third, re
plenishments have either a deterministic or a stochastic lead time. The models 
developed for specific situations can be classified according to three character
istics [Lee & Nahmias, 1993]: 

• Demand pattern. 

Demand can be assumed to be deterministic and stationary9, determinis
tic but time varying, uncertain or unknown; 

• Costs incurred. 

Costs incurred can be calculated by averaging costs over time or by dis
counting; the types of costs incorporated in the calculations may differ; 

9 Stationary demand implies that the standard deviation of demand is constant. 



Inventory aspects in distribution control -41-

• Other. 

Other characteristics incorporate the lead time and back order assump
tions, the type of review process and the possibility to allow for changes 
in the product inventory during storage. 

Kanban-control techniques are considered a sub-set of SIC-techniques, in line 
with Axsater and Rosling [1994]. The aspects of Kanban systems normally 
used in distribution systems seem to be predominantly limited to the use of 
small batch sizes and frequent review of the reorder levels of items. We refer to 
Groenevelt [1993] for an elaborate discussion on Kanban. 

3.2.2 Application of SIC: strengths and weaknesses 

An often cited weakness of SIC is that a multi-echelon system with stocking 
locations independently controlled by means of SIC, may suffer from demand 
distortion. This demand distortion may lead to dynamic reorder patterns in the 
chain, also known as Forrester effects - named after the first person to publish 
on the detrimental effects of demand distortion in supply chains (see Forrester 
[1961]). The poor performance of SIC in a dynamic environment is due to the 
lack of so called material co-ordinationio between the successive stages [Van 
Donselaar, 1989]. 

The reasons for the lack of material co-ordination can be explained by means 
of the multi-echelon system depicted in Figure 3-1 (see Van Donselaar [1989]). 
Consider a distribution structure with one plant, one central DC, and two local 
DC's, as depicted in Figure 3-1. 

Figure 3-1. A multi-echelon (two-echelon) distribution structure 

The reasons for the lack of material co-ordination in such systems are: 

• SIC does not use actual downstream inventory information. 

If B orders a large amount of products, this triggers an order from A to 
the plant immediately (in case of an undershoot of the reorder level). The 
planning of A does not take into account, however, that due to the large 

10 Material coordination is the activity which coordinates the release of orders to subsequent 
(manufacturing) stages [Bertrand, 1985]; these stages can be distribution stages as well. 
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batch B will receive, there may not be a replenishment need for B for a 
long period of time. 

• SIC does not use requirements information from downstream stages. 

If it is known that the requirement for DC C changes 5 periods ahead 
from now - due to for example a promotional action - this information is 
not passed on to A. This information is therefore not available for plan
ning the supply from the plant to DC A. 

Two consequences of the lack of material co-ordination are [Van Donselaar, 
1989): 

• If the lot size of the downstream stages is large, new information about 
market demand is passed on to the upstream levels with a long delay. 

• Variations are amplified, as already indicated in the beginning of this 
section, due to the fact that planners anticipate on lot sized requirements 
and not on end user demand. 

Schonberger [1983] reports that SIC is mainly applied in smaller production 
companies. It is also applied in bigger companies, if they are a monopolist in 
their market. Material co-ordination is not really needed in those environ
ments due to the simplicity. Silver and Peterson [1985] advocate SIC systems 
for low value products where low inventory levels are not required, and for sys
tems where demand is relatively stable and lot sizes are small. Van Donselaar 
[1989] concludes that in case of multi-echelon systems with irregular demand, 
large lot sizes and substantial variations or non-stationary requirements, some 
form of material co-ordination over the successive stages is needed. 

3.3 Distribution Requirements Planning (DRP-1) 

3.3.1 Assumptions of DRP-1 

DRP-1 is an example of a control technique that is based on the principle of 
material co-ordination in a multi-echelon system. As opposed to SIC, DRP-1 
uses time-phased demand to generate planned orders. The assumptions made 
in DRP-1 are essentially similar to the assumptions made for its predecessor, 
MRP-I. First, the DRP-I/MRP-I planning technique supposes the availability 
of an accurate forecast of demand for each product that is made and that the 
Bill of Materials (BOM) for each product is accurate [Aggarwal, 1985). The 
application of DRP-1 and MRP-I therefore requires a large amount of data col
lection [Boggs, 1988). It is further assumed that demand is somewhat fluctuat
ing, but not very uncertain. MRP-1 and DRP-1 assumes that all data is accu
rate , including the forecast [Aggarwal & Aggarwal, 1985). MRP-1 and DRP-I 
furthermore suppose an infinite production/distribution capacity, but this may 
not be available. 
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In the MRP-1/DRP-I philosophy, there is a fixed relation between echelons in 
the distribution structure in terms of who supplies who. For example, this 
means that for a specific product, warehouse A is always the supplier of ware
house B. It may also mean that 50% of B's needs are fulfilled by A and 50% by 
C. The reason for this fixed relation is that a fixed hierarchy is assumed in the 
BOM (and hence also in the Bill of Distribution (BOD), which is precisely cop
ied from the BOM). 

3.3.2 What does MRP-1 research teach in the use DRP-1? 

The discussion on the successful application of DRP-1 is partly based on a dis
cussion of the strong and weak points of its predecessor, MRP-I. Relevant is
sues for the selection of distribution control techniques are [Aggarwal & Ag
garwal, 1985; Aggarwal, 1985; Newman & Sridharan, 1992, Van Donselaar, 
1989]: 

• MRP-I requires accurate data input. 

One of the core aspects of the application of MRP-1 is the use of accurate 
data. Lack of data accuracy can result in physically incorrect stock, which 
in turn may lead to stock outs. Inaccurate demand data may lead to a 
production plan which is constantly changing (this is referred to as 
"nervousness"). 

• MRP-I has problems with stochastic environments due to its rigidity. 

MRP-I was designed for coping with situations that are characterised by 
uncertainty. MRP-I does provide support in this environment, but there is 
a clear and present danger for nervousness in the system in case of sto
chastic demand. 

• It is hard to label a specific type of company as the best type to apply MRP
I successfully. 

The discussion on MRP-I (see appendix 2) shows that there is no consen
sus on the criteria for the successful application of MRP-I. Although there 
are many publications on this topic, it remains difficult to indicate the 
environments where the application of MRP-I will be successful. Al
though many drawbacks and advantages are mentioned, literature re
mains silent about an unambiguous answer to the question when MRP-1 
is best applied. 

• It is not only the use of MRP-I that contributes to improvements, but also 
organisational side effects of the implementation. 

In many implementations of MRP-I, we often see side effects of the im
plementation. Training of the people and a revision of the organisation 
may be a very important reason for the success of an implementation. 
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3.3.3 Application of DRP-1: strengths and weaknesses 

In 1992, the results of a study into the adoption of DRP by La Londe et al. 
Were published. La Londe et al. have researched the circumstances determin
ing whether a company is a potential user of DRP or not. Although they pres
ent it as a study into DRP-II 11 , the results seem to be mainly oriented to DRP
I, as resource planning is not explicitly discussed in their paper. The results of 
this study indicate that the successful application of DRP is related to two fac
tors: 

• The size of the company. 

Large companies are more likely to implement a DRP-system compared 
to small companies as they have the necessary resources for investment 
in a DRP-system. 

• The complexity of the distribution network. 

Complex multi-echelon distribution networks in which products flow from 
several sources via distribution centres to many customers are more diffi
cult to control than simple structures due to the difficulty of the decisions. 
Companies with complex distribution structures are therefore more likely 
to implement a DRP-system. 

The size of a company or the complexity network are not further explicated in 
the research, which may make it difficult to determine when DRP may be 
applied successfully. Furthermore, it can also be argued that DRP does not 
work well in complex distribution structures [Van der Weegen, 1989], which 
will be discussed below. Many companies seem to satisfy these criteria, and 
therefore seem to be relatively rough to determine the applicability of DRP-I 
within companies. Below, we review some weak points ofDRP-I. 

• DRP-I cannot efficiently cope with supply driven distribution. 

Reorder calculations in DRP-I are based on downstream market demand 
only. If goods are scarce and there is not enough available in the central 
DC to satisfy the DRP-I net requirements of all warehouses as requested, 
reorder calculations should be adjusted to the availability of goods. Sup
ply shortage may occur for example in situations with supply driven dis
tribution or in case of highly unpredictable seasonality in demand. How
ever, DRP-I does not change the allocation procedure and adjust the dis
tribution plan properly. A modification of the DRP calculation technique, 
the fair share method by Brown [1982] may be better able to cope with 
shortages. This method first calculates the run out time of the total 

11 DRP-II (Distribution Resource Planning) is DPR-I plus capacity planning, like MRP-II is 
MRP-I plus capacity planning (see Chapter 4). 
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amount of goods available for allocation and subsequently allocates a fair 
share to each local DC such that the run out times of the stock in all local 
DC's are equalised. A drawback of this method is, however, that the allo
cation does not account for different levels of variation in demand at the 
local stocking points. Furthermore, it does not account for problems in the 
future. If there are 100 units available and DC A needs 80 tomorrow and 
DC B 20 for tomorrow but 80 for the day after tomorrow, 80 will be as
signed to DC A and 20 to DC B. The day after tomorrow, DC B will be in 
trouble as there is nothing left. Furthermore, DRP has been designed for 
simulating demand and the reorder processes. Ignoring the data in the 
allocation of orders may lead to a dynamic reorder pattern. A more robust 
allocation technique has been developed by De Kok et al. [1994] , called 
the Consistent Appropriate Share (CAS) technique. This allocation tech
nique attempts to keep the ratio of the projected net inventory at any 
stock point over the system projected net inventory constant [De Kok et 
al., 1994]. 

• DRP-1 is not able to cope with long and varying lead times. 

Long internal lead times and long supply lead times deteriorate the po
tential effects of DRP-I as predictability of demand tends to decrease if 
the forecast horizon increases. Typically, in cases where lead times are 
about one month or more and demand is relatively uncertain, the value of 
making forecasts appeared to be decreased significantly in practice 
[Huizinga, 1994] . Also in case of highly fluctuating lead times, the poten
tial effect of DRP-1 is diminished [Ho, 1992], as DRP-1 makes calculations 
assuming constant lead times. 

• Uncertainty in demand in combination with large batch sizes influences 
DRP-1 effectiveness strongly. 

Van Donselaar [1989] has shown that the use of the MRP-1 planning 
technique with large batch sizes and uncertain independent demand may 
lead to frequent rescheduling of the dependent demand at higher eche
lons. The use of the DRP-1 control technique may lead to the same effects. 
Simulation research by Ho [1992] supports the statement that the poten
tial effect of DRP-1 is highly influenced by the lot sizing rule used. Ac
cording to Ho [1992] and Luyten [1987], the lot-for-lot lot sizing rule con
sistently performs worst of all rules in all cases analysed. If variable lot 
sizes are used (so called "Period Order Quantities"), the application of 
DRP-1 leads to nervousness in terms of unreliable and varying planned 
orders. If fixed lot sizes are used ("Fixed Order Quantities"), however, 
DRP-I systems are not able to use batch size flexibility. To overcome the 
problems entailing from this, dampening methods such as safety stock or 
safety lead time may apply, dependent on the type of uncertainty in-
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valved (see Buzacott and Shantikumar [1994] for a discussion on the use 
of safety stock and safety time). 

In line with the work of Van Donselaar [1989] on MRP-I, it can be stated 
that DRP-I is too rigid if demand is uncertain. This may result in nerv
ousness, excess inventory and loss of transparency in the system. The 
reason for this is that in both MRP-I and DRP-I exploded information -
the net requirements - and not the end customer demand is used in the 
planning. Furthermore, neither MRP-I nor DRP-I use information about 
upstream stages. They only use information about the downstream 
stages. Goods are always assumed to be available at the source(s). 

• DRP-1 cannot cope efficiently with flexible distribution structures. 

In some cases, it is possible - and it may even be necessary - to skip eche
lons in a distribution structure (for example in case of spare parts, see 
Verrijdt [1996]). Skipping echelons in the distribution system may be 
necessary in case of for example urgent deliveries where there is insuffi
cient inventory available at the lower echelons in the system. It may also 
occur in case of a technique with so called break quantities, where orders 
exceeding the break quantity are supplied from the higher echelons in the 
distribution system and smaller orders from the lowest echelons (see for 
example Nass et al. [1994]). Due to the fixed relation between the levels 
in the Bill Of Distribution, DRP-1 is not able to flexibly skip echelons, de
pendent on a specific situation. Relations between levels are fixed by 
means of establishing what percentage of the total supply is provided by 
which source. 

Example: translating the concept of a Bill of Material into a Bill of Distribution 

Both MRP-I and DRP-I use the concept of a Bill of Material, which is characterised 
by a fixed relation between levels in the BOM. In production, it makes sense to 
have a strict hierarchy between levels of the BOM, as this is necessary due to the 
nature of production: a table is only a table if it consists of a table top and legs 
mounted to it. It is not possible to skip one of the levels in the Bill of Material and 
still obtain the same end product (apart from features and options that need not be 
included in a product). Skipping one of the levels in the BOM would lead to an in
complete end product; for example a table without the legs. Besides, there is a spe
cific order in assembling the elements that build up an end product. This is due to 
the fact that in production systems, products are transformed with regard to ap
pearance. Distribution systems are mainly concerned with transforming products 
with regard to time and place. Therefore, the fixed order in going through the levels 
of the Bill of Distribution in DRP-I - as copied from the BOM in MRP-I - is not 
necessary: a customer order is fulfilled as long as a right product is supplied to the 
right customer at the right time, no matter what route this product followed 
through the structure. 
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• DRP-I can not efficiently cope with related products. 

According to the DRP-I-planning philosophy, each item is planned inde
pendently. Often, however, the distribution of products may be related to 
one another. Items may be related due to the fact that they use the same 
distribution capacities. From an economic perspective, it may thus be 
beneficial to combine shipments of different types of products. DRP does 
not recognise this relation, shipment dates are only dependent upon net 
requirement need dates. Products may also be related to one another in 
case they are part of a machine that needs to be assembled at a customer 
location (such as components for switchboards). DRP does not recognise 
this connection and is hence not able to adjust the total planning of the 
parts supply process in case some components arrive later than planned, 
thereby delaying the progress of the installation of the machine. Due to 
the convergent structure of the system, DRP is not suited to deal with in
stallation processes. 

3.4 Base Stock Control 

3.4.1 Inherent assumptions ofBSC 

BSC differs from the two techniques discussed previously on the aspect of the 
type of information used. As discussed in Chapter 2, BSC uses echelon stocks 
instead of local (installation) stocks. BSC only determines the replenishment 
from an upstream echelon; the allocation to the downstream echelon(s) is not 
defined within BSC. As opposed to SIC systems, BSC assumes that customer 
demand is not only demand for end products but also a for half manufactured 
products and raw materials. BSC therefore considers every product as a single 
independent product with independent customer demand [Timmer et al., 
1984]. 

In BSC (see Timmer et al. [1984]) lot sizing is furthermore assumed to be ap
plied. Second, the end product demand is assumed to be relatively stable, 
which is a result of the fact that reorder levels are used as in SIC. Thirdly, it is 
assumed that the production structure (the Bill Of Material) is not very com
plex. 

3.4.2 The application of BSC: strong and weak points 

Clark and Scarf [1960] already showed that for serial systems, BSC type of 
policies lead to optimal solutions in terms of inventory costs and performance. 
Luyten [1987] comes to similar conclusions. Contrary to SIC, the replenish
ment is based on the end user demand and not on the demand of the next 
echelon. This avoids the amplification of demand variations. Safety stocks are 
furthermore calculated for the total chain and not per link in the chain. BSC is 
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a rather simple technique that does not require such an elaborate handling of 
data as in DRP. Nervousness as may occur in DRP-1 techniques is not present 
due to the fact that replenishments are based on end customer demand data. 
However, BSC calculation rules are more difficult than DRP-1 calculation 
rules. 

3.5 Line Requirements Planning 

3.5.1 Inherent assumptions of LRP 

LRP combines the use of integral demand and stock information with time 
phased reordering. As discussed in Chapter 2, LRP is based on MRP/DRP, 
with the main difference that integral stock norms are used instead of local 
norms and that independent demand is used in the calculation of replenish
ment orders. LRP is especially designed for environments where the MRP
l/DRP-1 technique performs poorly. The use of LRP thus supposes stochastic 
demand. 

3.5.2 The application of LRP: strong and weak points 

The literature on LRP is quite scarce. The most in depth work in this area is 
done by Van Donselaar [1989], which will be primarily used in this discussion. 

Van Donselaar et al. [1987] and Van Donselaar [1989] mention the following 
advantages of LRP: 

• LRP leads to a transparent plan, as non-processed customer demand is 
used for the calculations; there is no loss of information due to the lack of 
lot sizes and safety stock norms in the net requirements calculation; 

• Integral stock norms lead to lower stocks in convergent and serial sys
tems; in divergent systems, this generally depends on the imbalance risk; 

• LRP can be applied in systems where different techniques need to be 
used, due to the fact that LRP only determines the replenishment deci
sion; the allocation decision is not restricted to specific calculation rules 
as with MRP/DRP; 

• Capacity checks and checks on the availability of critical materials for 
specific items are relatively more easy to make due to the fact that LRP is 
able to translate end customer demand into net replenishment require
ments in one step; in MRP/DRP demand per item is calculated per level 
in the production/distribution structure; 

• LRP uses lot sizing different than MRP/DRP - lot sizes are not used in the 
net requirements calculation - leading to less nervous behaviour of the 
system (and consequently less rescheduling). 
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There is at least one significant disadvantage involved in the application of 
LRP (see Van Donselaar et al. [1987] and Van Donselaar [1989]). In divergent 
systems, LRP results in a wrong reorder advise in case of imbalance in the lo
cal stock levels. Imbalance occurs when one or more stocking points have ei
ther excess or too little inventory12. In that case, large differences in run out 
times of the inventory can be observed. An example will be used to clarify this. 
Consider a two echelon system as depicted in Figure 3-2. Y and Z are supplied 
by X, Y has significantly more inventory than Z. 

Stock= 1000 

demand = 100/wk 

demand = 80/wk 

Figure 3-2. Imbalanced inventory in a two echelon distribution system 

Total system stock for the item considered is 1060 which is enough to cover 
demand for nearly 6 weeks. As LRP calculates replenishment orders based on 
the total (echelon) stock levels, there seems to be no reason for X in this case to 
generate a replenishment order. However, a replenishment order is needed as 
location Z only contains 10 units, which is hardly enough stock for one day of 
demand. A replenishment order is not generated, whereas it should have been 
generated. 

One method to resolve this problem [Van Donselaar et al., 1987; Luyten, 1987; 
Van Donselaar, 1989] is to omit excess stock in the calculation reorders in the 
system. Another is to apply net requirements calculation in LRP without lot 
sizing in the net requirements calculation (which equals the net requirements 
calculation from DRP, but without lot sizing). This does not mean, however, 
that the transportation of items to the local stocking points is done without lot 
sizing; the information aspects and the physical aspects of the net require
ments calculation are separated. Using netting in LRP implies, however, that 
it is not possible to calculate net requirements of items in one step . A third 
method is to use transhipments in the distribution system, but this might not 
always be cost effective (see Diks & De Kok [1995] for a discussion on tran
shipments). 

11 Imbalance at DCi is defined as Ii - Imean. 
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3.6 Comparative studies 

3.6.1 Production control studies 

A study by Axsiiter and Rosling [1994] reports that in many circumstances, 
MRP outperforms any reorder point technique in the sense that any reorder 
point technique can be replaced by an equally performing MRP system. Simu
lation research by Jacobs and Whybark [1992], which is discussed later in this 
section, essentially supports these theoretical findings. The research findings 
by Axsiiter and Rosling are in line with the findings by Fortuin [1981], who 
used a simple analytical model to analyse the differences between MRP-I and 
SIC. Fortuin showed amongst others that identical safety stocks in MRP-I and 
SIC lead to higher service levels in MRP-I. 

Axsiiter and Rosling [1994] have researched MRP-systems, SIC systems and 
echelon stock policies (i.e., BSC). They assume serial and assembly systems 
with no cycles in the structure (i.e., loops from one point to other points back to 
the starting point) in the goods flows and demand only for final items. The lot 
size for a stage is an integer multiple of the lot size of the previous stage (i.e. 
Q; = n*Q;.1 with i = echelon number and n an integer) and lead times are as
sumed to be zero. Given these conditions, they rank MRP at the first position 
and the SIC at the last position based on logical reasoning with relatively 
simple analyses. MRP does not dominate echelon stock policies, nor do these 
policies dominate MRP. Echelon stock policies are therefore positioned in be
tween MRP and SIC [Axsiiter & Rosling, 1994]. Their conclusions can not be 
extended to more general (divergent) systems due to the stock imbalance risk. 
The assumptions made in the analysis would not hold anymore. 

Axsiiter and Rosling [1994] state that a Kanban technique can be identified 
with a restricted type of (Q, r)-technique with reorder level r a multiple of Q 
(i.e. the transportation container size). They leave this assumption in later re
search as Kanban actually incorporates more than only a reorder point type of 
replenishment, but also a philosophy of working. 

Jacobs and Whybark [1992] have done a similar study into the effect ofMRP-I 
versus SIC, based on simulations. Two factors were varied in their experi
ments: the coefficient of variation and the uncertainty in gross requirements. 
Their results show that the MRP logic is valuable whenever there is lumpiness 
in the gross requirements, as long as the demand information is valid. De
mand information is defined to be valid by Jacobs and Whybark if the pro
jected gross requirements and actual demand are correlated (i.e. if the pro
jected gross requirement is greater than average demand, actual demand is 
also likely to be greater than the average demand). Only under difficult un
stable circumstances - i.e., no valid information and high levels of uncertainty 
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in both the quantity and the timing of the demand - SIC starts to perform bet
ter than MRP-I. 

Striekwold [1988] came to similar conclusions based on a simulation study. 
His work is based on a simulation of a simple production system. He ranks 
SIC, BSC and MRP in the same order as Axsater and Rosling [1994]. He men
tions, however, that it is hard to indicate to what extent this rank can be at
tributed to the material co-ordination between the stages (Striekwold calls this 
upstream co-ordination13). Other differences between the control techniques 
might be responsible for this as well. Differences between BSC and SIC were 
not found to be significant. Luyten [1987], however, states that echelon based 
techniques outperform all alternatives in serial and assembly systems based 
on his simulation research. It is unclear to what extent this difference is a re
sult of differences in the types of systems analysed. 

3.6.2 Comparative distribution control studies 

One of the very few studies on the topic of comparing distribution control 
techniques has been performed by Reid [1987]. Similar to Striekwold, Reid 
uses a large simulation model to investigate the effect of different replenish
ment and allocation policies in a three echelon system, consisting of a capaci
tated plant, a central DC and four local DC's. Demand occurs only at the local 
DC's, and there are no transhipments permitted between the local DC's. Reid 
modelled three systems: a reactive SIC (pull) system, a DRP system and a 
push approach. The push approach used by Reid essentially resembles a DRP
approach, but differs from it with regard to the lot sizing strategy. DRP de
termines lot sizes at the local level and explodes the lot sized planned orders, 
the push approach does the lot sizing at the central level and distributes fair 
shares (i.e., the amount needed at the local level to equalise the expected run 
out time 14). Table 3-1 summarises his findings. 

Reid's findings suggest that the type of control technique can significantly af
fect the operating performance. DRP and the "push" approach provide visibil
ity, which may reduce system inventory levels while maintaining good service. 
They also require less frequent stock review than the "pull" approach. Inven
tory levels and the distribution of inventory also appeared to be significantly 
affected by the type of technique, the lot size magnitude and the (plant) capac
ity. The "push" approach maintained most of its inventory at the RDC level, as 
opposed to the "pull" approach. DRP was in between these extremes. The im
pact on shipments was not considered. The "push" approach provided good cus-

13 Striekwold [1988] defines upstream coordination as the coordination used to tune the avail
ability of a product to the requirements of its successors. 

14 Run out time is the time needed until a stockout occurs. 
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tamer service with minimal inventory, the "pull" approach needed much inven
tory for this. DRP again was in between the other two. The impact of the serv
ice of the central DC to the local DC was minimal. 

Table 3-1. Distribution control comparison: summary of findings (Reid, 1987} 

Statement 

The inventory planning system signifi
cantly affects the total system's average 
inventory level. 

The inventory planning system affects the 
distribution of inventory and thereby af
fects the holding costs. 

The inventory planning system determines 
the impact of the master scheduling tech
nique 

Increased production capacity diminishes 
the differences in inventory planning sys
tems 

The lot size magnitude and the manufac
turing capacity affect customer service 

Reason 

The push approach uses the central DC for immediate redistri
bution, thus eliminating a stocking level and the associated 
inventory; the pull approach with higher safety stock require
ments and poor system visibility has significantly higher in
ventory levels. 

The "push" approach provides more inventory at the local 
level, thus providing good customer service with minimal in
ventory; the "pull" approach had the lowest factory inventory 
level due to its lack of visibility. 

DRP and the "push" approach provide visibility into future 
system requirements; these approaches require more empha
sis on the shop loading technique. 

If sufficient slack capacity is available, visibility into future 
requirements seems to offer little advantage; the visibility from 
DRP and the "push" approach helps system performance 
when capacity is tight. 

Large lot sizes and low slack capacity have a negative impact 
on the customer service at the central DC; large lot sizes per
formed better service at the local DC's, which is due to the fact 
that large lot sizes concentrated inventory at the local DC's and 
small lot sizes at the central DC. 

Luyten [1987] also reports results on comparative studies between distribution 
control techniques. Luyten has investigated these systems using a set of sim
ple problems (i.e., a small Bill of Material/ Bill of Distribution with serial or 
convergent structures, stationary demand with only a limited range of values) 
and mainly looked at cost consequences. In very restricted problem settings, 
echelon (s,S) policies (i.e., BSC policies) appeared to be near optimal. In distri
bution systems, as opposed to serial and assembly systems, an echelon control 
technique appeared to be outperformed by a standard DRP-technique or a fair 
shares-based technique. The reason for this difference is that the echelon con
trol technique cannot cope efficiently with excess stock at the local level, 
whereas DRP and the fair shares-based approach can deal with that. Luyten 
[1987] therefore proposes a revised echelon control technique that can take ex
cess stock into account at the local DC levels. This approach is a combination 
of LRP and DRP: it incorporates netting but lot sizing is only applied when the 
products are shipped, it is not applied to the net requirements calculation. Van 
Donselaar (1989] proposes a similar technique. 
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Luyten's simulation furthermore shows that the shipment of all available 
products available to local DC's without leaving central stock is not effective. 
The reason for this is that Luyten assumes that product costs rise as soon as 
they are shipped to the retailers. 

3.7 Application of control techniques in practice 

The arguments we discussed above are based on strengths and weaknesses of 
techniques, but it is the question whether companies use these types of argu
ments for the selection of control techniques. A poll among some companies on 
the reasons for applying DRP-1 [De Leeuw, 1994] showed that the main reason 
to apply DRP-I consists of the fact that it gives visibility into the stock of a dis
tribution system. A first argument for this is the fact that companies often 
have a desire to centralise inventory responsibility, which necessitates central 
overview of local stocks. This central overview also enables the use of re
scheduling messages generated by DRP-I. In case of demand or forecast 
changes, DRP-1 generates rescheduling messages to advice on delaying or ex
pediting scheduled receipts. DRP-1 is the only viable and available alternative 
to SIC control techniques that can provide this support. Second, DRP-I gets a 
lot of attention and it is often advocated as the solver of many distribution con
trol problems. The choice for DRP is then a result of on the one hand a desire 
to centralise power and on the other hand the restricted availability of central
ised distribution control techniques in information systems. 

The number of applications of BSC and LRP are considerably smaller than 
those of SIC and DRP. One of the main reasons for this might be that standard 
distribution control software nearly always incorporates either SIC or DRP 
nowadays, but not BSC nor LRP. For a company, this often limits the selection 
of distribution control techniques to a choice between only two techniques. The 
question whether BSC and LRP can be applied in a company is therefore often 
omitted by practitioners. 

3.8 Summary 

From the studies on production control, we can conclude that there is a general 
preference for time phased control techniques. Furthermore, techniques that 
use material co-ordination in multi-stage systems seem to outperform the in
stallation stock techniques under quite general circumstances. Echelon stock 
techniques are often positioned in between SIC and MRP, except by Luyten 
[1987], who argued that echelon techniques outperform the other two. It is 
therefore difficult to draw univocal conclusion on the use of echelon stock 
techniques based on this literature. We recognise furthermore that although 
there are many elements from production control research which can be ap
plied to distribution control, the mathematical modelling of divergent distri-
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bution systems is much more difficult than that of serial or convergent pro
duction systems. The results of analyses of serial and convergent systems may 
therefore not always be translated to divergent distribution systems. 

Distribution control research is scarce. Some use survey studies to report on 
industry practice, but recommendations from these studies are not very de
tailed. Others use simulation models, in which the effect of different tech
niques is compared. Studies in BSC and LRP are very scarce. Two comparative 
studies report that DRP outperforms SIC, but a "push" approach can outper
form both. Also here, it is difficult to draw univocal conclusions. 

The discussion in this chapter indicates that it is difficult to judge one system 
as the best in a specific environment. Distribution systems are hard to model 
in a quantitative way due to the divergent character of the distribution struc
ture. In reality~ decision takers in companies often do not take the literature 
findings on strengths and weaknesses into account when deciding on the se
lection of a distribution control technique. Often, only issues such as centrali
sation of control and the availability of standard software are considered in 
practice. 

This chapter has indicated that each distribution control technique has its 
strong and weak points, which should be considered in the selection of a distri
bution control technique. Based on these points, it is attempted to summarise 
literature findings on application criteria for the control techniques discussed 
in Table 3-2. 

Table 3-2. Literature summary of application criteria for four control techniques 

SIC DRP BSC LRP 
stable demand demand predictable stable demand dynamic environment 

lot sizes not very large considerable lot sizes no imbalance no imbalance 

cheap products many echelons 

frequent stock review many SKU's 

no long lead times 

Table 3-2 shows for example that in order to apply SIC, the environment 
should be relatively stable and simple. Only if demand is stable and if the lot 
sizes are small, and if stock is reviewed frequently, a dynamic and lumpy reor
der pattern can be avoided. SIC is especially suited for cheap products as the 
potential inventory savings to be obtained by more complex techniques are not 
expected to outweigh the costs of more complex techniques. The reader is re
ferred to earlier sections for a detailed explanation of the other three columns. 
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CAPACITY ASPECTS IN DISTRIBUTION CONTROL 

In Chapter 3, we have discussed distribution control from the inventory point of view. In this 
chapter, the incorporation of the capacity aspect in distribution control decisions is discussed. 
The objective is to identify the factors that influence the significance of capacity considerations 
in distribution c01itrol decisions and to investigate how these factors should be taken into ac
count in, distribution control decisions. 

In this chapter, two types of capacities are distinguished: physical and financial capacities. The 
incorporation of physical capacity aspects will be discussed first. To our knowledge, the integra
tion of capacity and inventory aspects has only been investigated for SIC and DRP, not for BSC 
and LRP. After an introduction of capacity aspects in distribution control in Section 4_J, SIC 
techniques are discussed in Section 4.2 and 4.3, both for single arid for multi-item models. Sec
tion 4. 4 gives an overview of Distribution Resources Planning (DRP- II), which has been intro
dnced as a time phased distribution control technique where both inventory and capacity as
pects are explicitly taken into account. In Section 4.5, the effects of having limited financial 
capacity is discussed. 

4.1 Capacity aspects in control decisions 

4,1.l Capacity costs in physical distribution 

Distribution control problems are often only focused on the inventory aspect of 
the control decisions (such as inventory costs and the service level). In litera
ture, the models presented do often not allow for making control decisions 
based on both inventory and capacity aspects in a mutual dependence [Van 
Eijs, 1994; Russel & Krajewski, 1991]. In practice, inventory and transporta
tion decisions are hardly made jointly either, although in many practical 
situations the joint determination of inventory and capacity decisions may lead 
to considerable cost savings [Constable & Whybark, 1978]. One of the reasons 
is that inventory related decisions and capacity (transportation) related deci
sions are often made in different departments within companies [Constable & 
Whybark, 1978]. 

Capacity costs in a physical distribution system consist of the costs of trans
portation, handling and storage (see Chapter 2). Besides these physical ca
pacities, there is often financial capacity involved in distribution control as 
well, in the form of a budget for purchasing decisions or a restriction on the 
amount of capital invested in inventory (see Flapper [1989], Goodwin [1992]). 
Section 4.5 will further elaborate on this topic. 
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There are several ways to incorporate capacity aspects into distribution con
trol. One way is to take into account both inventory and capacity aspects in es
tablishing reorder quantities and intervals for each item_ Another possibility is 
to co-ordinate the replenishment of more items concurrently. In the latter, so 
called co-ordinated or joint replenishment systems, the replenishment of each 
item available from a common supplier or DC is co-ordinated in such a way 
with the replenishment of other items that the total costs of the replenish
ments of all the items are minimised [Russel & Cooper, 1992]. Co-ordinated 
replenishment relies on freight consolidation, i.e., the combination of single 
item orders into one single order. Freight consolidation influences the item's 
inventory carrying charges, the ordering costs and stock out costs and it can be 
accomplished according to three methods [Brennan, 1981]. Spatial consolida
tion deals with the selection of consolidation points and the assignment of de
mand to these consolidation points. Product consolidation refers to grouping 
different products and/or different transport classification categories into 
shipments. Temporal consolidation involves aggregating shipments over time. 
An extensive overview of literature about freight consolidation for both single 
and multi-item literature is provided by Min and Cooper [1990]. 

In this chapter, the current literature on the incorporation of capacity aspects 
in distribution control is investigated for Statistical Inventory Control and 
Distribution Requirements Planning. The discussion of capacity aspects in 
Base Stock Control and Line Requirements Planning is omitted. To our knowl
edge, there are no publications discussing capacity consideration in either of 
these techniques. First, SIC techniques will be discussed. This discussion is 
split into two sections: one dealing with single item models, and the other with 
multi item (joint replenishment) models. Secondly, DRP-II will be discussed. 

4.2 SIC: single item models 

4.2.1 Introduction 

A classic method to take a specific type of costs into account in distribution 
decisions is the Economic Order Quantity calculation. Capacity costs are typi
cally represented in these EOQ approaches as a part of a constant that meas
ures reorder cost [Blumenfeld et al., 1985; Tersine & Barman, 1991]. Initially, 
the EOQ approach has been used to evaluate cost interdependencies. Several 
EOQ based models have been developed in the past years that can also take 
factors into account such as for example back orders costs, storage costs and 
transportation costs. Their dependence on network characteristics such as 
travelled distance is generally neglected. The EOQ is still used as a basis for 
the development of models that incorporate capacity aspects. Examples are 
Blumenfeld et al. [1985], Tersine and Barman [1991] or Joshi [1990]. For an 
early discussion on different types of EOQ based batch size models, we refer to 
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Van Hees and Monhemius [1972]. We will not go into the detail of EOQ calcu
lations. 

4.2.2 Transportation considerations 

Transportation and inventory costs are related to each other through the re
plenishment quantity. Buying more may lead to lower purchase prices and 
transportation rates but also to higher inventory costs. A potential approach to 
take transportation aspects into account in the replenishment quantity is to 
use basic reorder periods and to calculate replenishment quantities for each 
item and each review period. Following this approach, Russel & Krajewski 
[1991] and Tersine & Barman [1991] present an EOQ based approach to find 
optimal order quantities while minimising total purchase costs. Anily and 
Federgruen [1990, 1993] provide an approach which calculates both vehicle 
routes and replenishment strategies each time a retailer receives a delivery. 
Parameters taken into account are the vehicle capacity, sales volume per re
tailer, the number of retailers, transportation frequency constraints, inventory 
costs and fixed costs per route driven. Unfortunately, comparative research be
tween models that do and that do no incorporate capacity aspects is scarce. 

Another possibility is to apply so called can-order techniques (see Silver [1974, 
1981); Van Eijs [1993]). The basic idea of these techniques is that each item 
belonging to a family of items has both a normal reorder point (a 'must-order' 
point) and a 'can-order' point. As soon as the inventory position of one item 
drops below its reorder point, all items that are below their can-order point are 
included in the replenishment as welL The inventory position of all items with 
stock level below their can-order point is subsequently raised to their respec
tive order-up-to levels. Silver [1974, 1981) reports cost savings of at least 15% 
as compared to independent control. Factors found to increase the cost savings 
of this co-ordinated control are summarised in Table 4-L 

Table 4. I. Factors inflitencing the effect of a can-order technique (source: Siluer [1974}) 

Factor found to increase cost savings Positive influence on cost savings if factor ... 

Ratio between (line) costs per item involved in a replen- Increases 
ishment and fixed item independent reorder costs 

Desired service level 

Number of items 

4.2.3 Handling considerations 

Decreases 

Increases 

Holt et al. [1960] have developed aggregate models consisting of linear decision 
rules. These rules are based on a linear decision function of inventory costs 
(interest over capital invested and back order costs) and capacity costs (regular 
payroll costs, over time costs, hiring and layoff costs). In an overview of roe-
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dium range production planning Silver (1972] discusses simple approaches 
(based on turnover only, for example), linear programming and simulation ap
proaches. Daganzo and Newel (1993] discuss a model for the total logistics 
costs associated with shipping different items between a central DC and a 
store. They develop a cost function containing transportation costs, handling 
costs and inventory costs, and develop a solution of the problem by identifying 
the total costs for a fixed reorder interval as a sum of (nearly) independent 
costs of individual items. However, the cost function is too complex to deter
mine an optimal strategy for each item. 

4.2.4 Storage considerations 

Rosenblatt and Roll [1988] have studied the elements that affect the required 
storage capacity in warehouses. They subsequently studied the extent to which 
the so called nominal capacity requirement10 is a good indicator for actual ca
pacity requirements. Results of their study are summarised in Table 4-2. It 
depicts the factors on which the ratio between the actual capacity require
ments and nominal requirements depend (factors with only a small signifi
cance have not been incorporated in this table). 

Table 4-2. Dependency of the ratio between actual capacity requirement and nominal capacity 
require1nent 

Ratio proportionally related to 

Order quantity 

Daily demand 

Ratio inversely related to ... 

Number of different items 

Their research indicates that the required storage space can be approximated 
by the nominal capacity requirement as long as the average demand is low, 
the reorder quantities are small, or the number of different items is large. 

Storage space constraints should especially be taken into account in case of 
bulky inexpensive items. Especially for these items, the reorder quantities that 
result from the normal EOQ formula are often too high: inventory costs for 
these items are normally very low, which results in a large reorder quantity. 
Large reorder quantities are not recommendable for these types of items due to 
the high storage space requirements. Joshi [1990] developed a revised EOQ 
formula to incorporate storage constraints. Factors included are the number of 
pallets, the storage height, the number of items per pallet, and the storage 
costs. 

15 The nominal storage capacity requirement is defined as the reorder level plus half a reorder 
batch size. 
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Bookbinder and Chen [1992] present three multi criteria optimisation models 
to determine reorder quantities, incorporating both warehouse and vehicle ca
pacity. They calculate exchange curves based on the models, which depict the 
effect of the change of one parameter on another. In fact, these curves are gen
eralisations of the exchange curves used by Brown [1967]. Brown has derived 
two-dimensional exchange curves between workload and investment in inven
tory on the one hand, and customer service on the other. Unfortunately, 
Bookbinder and Chen present their models, but do not compare them to others. 

4.2.5 Conclusions on single item models 

Most of the models and approaches discussed provide an answer to questions 
such as transportation frequencies or inventory levels. The discussion when 
these models may be beneficial is omitted in most cases. There is furthermore 
hardly any comparative research into the strong and weak points of these 
types of models. 

All the models discussed are oriented towards the calculation of reorder quan
tities and review moments. The factors incorporated in single item models con
cern the number of retailers, demand patterns (sometimes deterministic for 
calculation purposes), ordering costs, fixed and variable transportation costs 
and vehicle capacity. However, single item models neglect potential interde
pendencies between different items. We will therefore examine multi-item 
models in the next section. 

4.3 SIC: multi-item models 

4.3.1 Introduction 

The larger part of inventory management literature is focused on single item 
models [Van der Duijn Schouten et al., 1994]. Savings that can be achieved by 
ordering two or more items together - co-ordinated replenishment - are often 
neglected. These savings may consist of savings in freight costs, handling 
costs, or of quantity discounts, and can be quite considerable. For different 
situations, savings from 20% to 50% have been reported (see Russel & Kra
jewski [1992], Russel & Cooper [1992], Van Eijs [1993]). Co-ordination of re
plenishments may also entail in a reduction of joint reordering costs, which is 
the most often used reason for using co-ordinated replenishment decisions 
[Van Eijs, 1994]. 

Multi-item models are predominantly confined to transportation models. 
Models that incorporate handling and storage asp..- - ~s are discussed by Book
binder et al. [1989]. They analyse the effect of o.,,: ·ent positions of stock in a 
distribution system with 4 DC's on transportation and storage costs. Their 
conclusions are mainly case specific and oriented towards the usefulness of 
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simulation or optimisation approaches. Other research in this area is scarce. 
The discussion of multi-item models will here be limited to models that incor
porate transportation aspects. 

Two situations can be discerned with regard to the co-ordination of replenish
ments. The first is the single link case, which deals with shipping a certain 
number of items from one origin to one destination. Both the origin and the 
destination are common for all considered items. Speranza and Ukovich [1994] 
discuss solutions in case of a limited set of transportation frequencies. Factors 
taken into account are demand volume, interest rate based inventory costs per 
transportation link and the lump sum transportation costs per carrier per link. 
Blumenfeld et al. [ 1985) use a single link approach for more complex networks 
by splitting a network into a set of independent sub-networks, each with one 
origin and many destinations. Factors taken into account are similar to those 
in the work of Speranza and Ukovich [1994]. 

The second situation is the multi-link case, where the replenishment of a 
group of items in a network of sources and destinations is determined jointly. 
In the remainder, we will concentrate on these types of models. The term joint 
replenishment will be used to refer to these types of models. So far, literature 
on joint replenishment has been largely restricted to environments where 
savings are mainly obtained from lower ordering costs [Van Eijs, 1994; Van 
der Duijn Schouten et al., 1994). Russel & Krajewski [1992] conclude that 
there has been little prescriptive litera ture that could be of help to determine 
which items should be ordered jointly at a supplier, which order intervals 
should be employed, and what shipment volumes are most economical. An 
overview of joint replenishment techniques is provided by Aksoy and Erenguc 
[1988], by Goyal and Satir [1989] and by Van Eijs [1993]. These joint replen
ishment models assume similarity in (basic) review periods. Assuming periodic 
reordering, there are two approaches to the joint replenishment problem 
[Russel and Krajewski, 1992]. 

The first is to determine a base period, derived from a set of real numbers, 
which need not correspond with any practical planning period. The reorder in
terval of an item is a multiple of this base period, see for example Buffa 
[1986b; 1987) and Buffa and Mun [1990) . Buffa [1986a,b] has investigated the 
potential of inbound consolidation of freight based on a data base of demand 
data. Buffa used a grouping procedure in which items are grouped based on 
similarity of replenishment moments. He found that consolidation of freight is 
beneficial when the total annual value - i.e., the product unit value multiplied 
by the annual requirements - is high. Buffa [1987) distinguishes four factors 
that determine whether consolidation is a beneficial strategy, see Table 4-3. 
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Table 4-3. Factors influencing the advantage of freight consolidation (source: Buffa [1987}) 

Factor Relative advantage of consolidation 
increases if factor ... 

Average transit time penalty for Less Than Truckload shipments increases 

Freight rate per mile increases 

Shipping rate per kilo for minimum full truck load weight increases 

Full truck load rate fraction 16 decreases 

As indicated by the table, the relative advantage for consolidation increases if 
one of these factors increases, except for the full truck load rate. In case of LTL 
shipments, it is obvious that the benefits of co-ordinating replenishments be
come bigger when the freight rates per mile and transit time penalties are 
high, or if there is a large shipping rate per kilo for the minimum full truck 
load weight. If the truck load rate increases, the potential decreases as more 
effort is needed to attain the full truckload rate. 

The second approach is to consider a set of managerially practical review peri
ods, for example based on an integer multiple number of weeks. Russel and 
Krajewski [1992] adhere to this approach. The costs considered consist of the 
costs of including an item within a group order, the costs of ordering an item 
independently and the fixed costs of placing a group order at a given interval, 
comprising the costs of placing an order and the costs of over declaring an or
der. Russel and Krajewski [1992] conclude that the largest savings from joint 
replenishments occurs when the number of items is large and demand rates 
are low. If the number of items is high, there are more opportunities to com
bine shipments. Low demand rates are preferable because if demand rates 
would be high, shipment volumes per item are already high. As a result, the 
marginal savings from combining the shipment of different items decrease and 
more items will be ordered independently_ Russel and Cooper [1992] draw 
similar conclusions. This seems to contradict Buffa's conclusions, who states 
that annual product turnover need not be low in order to attain significant 
benefits. The reason for this contradiction may be that Buffa assumes that for 
items with a high turnover, co-ordinating replenishments may further increase 
the reorder frequency of these items, thus leading to considerable savings in 
inventory costs. Furthermore, Buffa concludes that high item weights and a 
low attractiveness of price and quantity discount also lead to large savings. 
Adding heavy items to a load leads quicker to cheaper tariff categories than 
adding a light weight item, especially if the items face low demand. To achieve 
benefits from co-ordinated replenishment, price, and quantity discounts should 

•G The full truck load rate fraction is the fraction of the total load capacity at which a full truck 
load tariff applies. 
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be low as high discounts may lead to over ordering of one type of item and thus 
to more independent orders. This especially holds for highly priced items. The 
higher the prices, the relatively higher the benefits from quantity discounts as 
compared to the benefits from co-ordinated replenishment. These findings also 
comply with the research results of Russel and Cooper [1992]. 

4.3.2 Conclusions on multi-item models 

The literature on co-ordinated replenishment techniques indicates that sav
ings can be obtained from incorporating capacity aspects under specific cir
cumstances. Table 4-4 summarises the findings of the research discussed 
above. 

Table 4-4. Factors positively influencing the advantage of freight consolidation 

Factors that may lead to joint replenishment ... 

Low value of product 

Low price/quantity discount attractiveness 

Low demand and many items 

High item weight 

High transit time penalty for L TL shipments 

High total freight rates or high freight rates per mile 

High shipping rate per kilo for minimum full truck load weight 

Low full truck load rates 

Low full truck load rate fraction 

As with single item models, multi-item models incorporate capacity aspects by 
accounting for capacity costs in the calculation of reorder quantities and re
view moments. The decision on batching items in shipments therefore seems 
the core decision for the incorporation of capacity aspects in distribution con
trol. The factors which favour the use of batching of items into shipments -
being similar or different items - are summarised in Table 4-4. 

4.4 Distribution Resources Planning (DRP-11) 

4.4.1 DRP-II's relative: Manufacturing Resources Planning (MRP-11) 

DRP-11 is the logical sequel to DRP-I, just as MRP-1 was followed by MRP-II. 
MRP-I has been extended with capacity planning features into MRP-II in the 
beginning of the seventies. Research indicates, however, that the number of 
companies applying capacity planning techniques in MRP systems is still 
rather limited [Burns et al., 1991]. One of the main reasons for this might be 
that it is doubtful whether a realistic capacity plan is attainable within a rea
sonable time. MRP-II first calculates the material requirements on all levels in 
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the BOM and then translates the resulting production plans into capacity re
quirements via techniques such as Capacity Requirements Planning (see 
Berry et al. [1982) for an explanation). MRP therefore first plans against infi
nite capacity based on a Master Schedule and then calculates capacity re
quirements. The Master Schedule can be calculated on different levels of de
tail, but the capacity planning used at this level is often restricted to a rough 
trial and error process [Gelders & Van W assenhove, 1985]. In case the Master 
Schedule appears to be not feasible, the process of adjusting the Schedule and 
replanning capacity should be repeated until the Master Schedule is feasible. 
However, a large MRP-run may still require quite some calculation time, 
which makes such an iterative procedure cumbersome to use. As a result, it 
may take long before a realistic capacity plan has been developed. 

4.4.2 The use of DRP-11 

Many textbooks and articles discuss the contents of DRP-II (see for example 
Ballou [1992)). Martin [1993) discusses DRP-II but only gives some examples 
of how capacity planning could be performed within DRP-II. Martin shows for 
example how the number of trucks needed can be calculated from product vol
ume and shipment quantities, but the examples he uses are still rather simple. 
In many other articles and text books that discuss DRP-II, only the contents of 
DRP-II are introduced but the actual use of it is omitted in the discussion. The 
DRP-II framework is depicted in Figure 4-1 and will be discussed below. 
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Figure 4-1. The DRP-11 frameworh [Martin, 1993} 
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The heart of DRP-II is the DRP-1 control technique. The DRP-1 module uses 
market information - forecasts and realised sales - on Stock Keeping Unit 
(SKU)-level17 to calculate net requirements. Other inputs to the DRP-1 module 
are the Bill Of Distribution (BOD), stock level data and open planned orders. 
After the DRP-I calculations, the proposed plans are used to calculate the 
transportation and resource requirements to check the feasibility of the plans. 
If the goods flow plans are realistic, they are accepted. Subsequently, the net 
requirements data may be used to establish a Master Production Schedule 
(MPS). Although it is often advocated to use DRP net requirements informa
tion for an MPS, the usefulness of this depends on the stability of the plans. 
However, the use of net requirements data for the MPS might lead to an un
stable MPS if the proposed DRP goods flow plans are vulnerable to changes in 
terms of total volumes. 

Some authors also introduce a "Master Distribution Schedule" (MDS), see for 
example Van Goor et al. [1996]. This MDS represents the shipments plans over 
a period of time, per SKU or per article group per location. As long as the MDS 
is used for rough cut capacity planning only and not for fixing distribution 
plans over a significant horizon similar to the way the MPS fixes production 
plans, introduction of an MDS may be beneficial. 

The capacity aspect of DRP-II is divided into short term and a long term 
planning. The short term planning is the test of the goods flow plans proposed 
by DRP-1 against currently available capacity. The long term planning is the 
test whether the proposed long goods flow plans are feasible in terms of aggre
gate capacity available. In MRP-II, this is called Rough Cut Capacity Planning 
(RCCP). If goods flow plans are not feasible, either the capacity or the plans 
need to be adjusted. Feasible short goods flow plans should result in inventory 
plans (where to stock what), transportation plans (where to distribute what to) 
and warehousing plans (when to handle what). 

Research indicates that the application of DRP-11 is not very widespread [La 
Londe et al., 1992; De Leeuw, 1994]. Besides, there are hardly any software 
packages available that support DRP-II [Berenschot, 1993; Andersen, 1996]. 
This might be part of the reason why applications of DRP-II are hardly found 
in practice. To give yet some idea about the application of DRP-11 and the way 
it can be operated, the following example describes one of the few applications 
of DRP-11 in the Netherlands. The company described is Edisco, a subsidiary of 
Abbott Laboratories, one of the pioneers of DRP (for an elaborate description of 
this case, see Huizinga [1994]). 

17 A Stock Keeping Unit (SKU) is an item in a specific stock location 
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Example: the application of DRP-llat Edisco 

Edisco is a subsidiary of Abbott Laboratories and is responsible for the distribution 
of hospital disposables, nutritionals and pharmaceuticals from the plants via one 
central warehouse in the Netherlands to affiliates in 54 different countries and to· 
third party agents world-wide. Figure 4-2 depicts Edisco's distribution structure, 

Abbott 
plants 

Third party 
sources 

EDIS CO 

Figure 4-2. Distribution structure of Edisco. 

Third party 
agents 

Most of the goods distributed by Edisco are manufactured in three European Ab
bott plants (two in Ireland and one in the Netherlands) . The total prciduction of 
these plants is distributed by Edisco. A small part of the goods flow consists of 
products from third party suppliers or Abbot plants outside .Europe. The planned 
orders for the three European Abbott plants are generated via a DRP system. 
These planned manufacturing orders are a result of a DRP-netting process at 
Edisco. 

The input for the DRP planning process consist of disposal forecasts 18, the inven
tory status and of parameter settings per affiliate. This is used to calculate planned 
orders per affiliate. The data are put in the system by the affiliates and can be up
dated daily until about three days before the actual shipment of the planned order. 
These three days are needed to make the necessary documents and plan the activi
ties needed for the shipment. 

Transportation and warehousing are outsourced. _As far as capacity planning in the 
distribution system is concerned, Edisco has established fixed transportation 
schedules between DC's in its distribution system, instead of performing rough cut 
and detailed capacity planning each time a new distribution plan is made. These 
schedules are set up in such a way that the arrival and departure times of the 
trucks at the DC's are equally spread over time, which balances the handling re
quirements in the DC's. The schedules are revised every 6 months based on the fu
ture shipment. plans generated by the DRP-system. As a result, a detailed trade off 
between goods flow control and capacity planning is not necessary as long as the 
proposed goods flows can be arranged via the regular schedules. 

is A disposal forecast includes customer demand and inventory scrap . Scrap also includes for 
example damaged products. 
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One of the potential methods to cope with capacity planning is to introduce a 
fixed shipment schedule as Edisco. The advantages of such a system are: 

• if transport is outsourced, carriers may find back haul loads more easily 
due to the certainty of making shipments at specific dates; freight costs 
may be lower as a result of the higher utilisation of the equipment; 

• the use of regular shipments enables the balancing of DC handling capac
ity requirements; 

• the fixed dates can be used to simulate the effect of putting shipments 
forward or of delaying them, which is enabled by the DRP's time phased 
requirements planning. 

There are also drawbacks involved in having fixed schedules. Two important 
drawbacks are: 

• strictly adhering to fixed shipping schedules may increase the average in
ternal lead times. If an item is needed, its shipment needs to wait until 
the next shipping opportunity according to the schedule; 

• if shipping frequencies are low, due to for example low sales volumes, lo
cal inventory must be relatively high as local inventory needs to cover the 
transportation lead time plus the review period. 

4.5 Financial restrictions in distribution control 

Distribution control decisions are not only influenced by the scarce availability 
of physical capacities but may also be influenced by the (lack of) availability of 
money. Investments in inventory tie up capital which is often limitedly avail
able. There may even be budgets for the level of inventory investment. Al
though it is not the primary objective of our research to investigate the influ
ence of availability of money on distribution control decisions, some viewpoints 
on the incorporation of financial aspects will be reviewed briefly below for rea
sons of completeness of the capacity overview. Three approaches will be dis
cussed: the Open To Buy systems, cash flow diagnosis and MRP/DRP based 
cash flow planning. 

4.5.1 Open To Buy systems 

Given a limited amount of money available to a company, the selection of mer
chandise and its control are critical to profit objectives of retailers. A system 
often used in this respect is the Open To Buy (OTB) system, which is aimed at 
keeping the investment and sales in harmony so that financial objectives are 
met [Goodwin, 1992]. In an OTB system, the purchase is controlled so that in
ventory is kept at the levels planned in the merchandise budget. Table 4-5 
summarises the calculation rules to obtain the OTB level. 
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Table 4-5. Contents of the OTB systems [Goodwin, 1992] 

OTB = budgeted closing stock 

+ budgeted sales 

+ budgeted reductions (mark-downs, thefts) 

- opening inventory 

- purchases already received 

- purchase orders placed but not yet received 

-67-

The traditional OTB system heavily depends on the accuracy of the sales fore
casts incorporated in the OTB calculation [Arnold et al., 1983]. If the sales 
forecasts are conservative, buyers will have difficulty to maximise their per
formance. Based on case study research, Goodwin [1992] even argues that 
keeping to the sales budgets of the OTB systems deteriorates sales and profit. 

4.5.2 Cash flow diagnosis 

Instead of the impact on costs, Theeuwes and Adriaansen [1994] use the im
pact on cash flows as a criterion for decision making in manufacturing sys
tems. Whether a decision is also economically desirable is dependent upon the 
amount of money that can be earned through the change. The relative differ
ence in earning power of different alternatives determines the choice. This can 
be measured by means of the operations cash flows (see for example Corbey 
and Jansen [1993]. Theeuwes and Adriaansen [1994] have developed a frame
work to support the operational decision making process. This framework is 
based on an evaluation of the consequences of activities on resource spending 
and sales income. 

4.5.3 DRP/MRP based cash flow planning 

A time phased approach to dealing with financial restrictions in distribution 
systems is to use cash flow planning techniques that are based on the 
DRP/MRP principle of planning. The difference with the OTB system is that 
OTB systems normally use sales value to establish a financial budget. 
DRPIMRP based systems use the proposed goods flow as the basis for financial 
planning. Due to the time phased character they are also able to incorpora te 
credit and debit lead times in the planning. The proposed goods flows are first 
translated into cash flows (cash required for buying the materials and cash 
that is generated from sales). The total cash requirements are compared to the 
amount available. Schollaert [1994] refers to this as Money Requirements 
Planning (MRP-III). 

These DRP/lVIRP based systems suffer from the same problems as the goods 
flow based DRP/MRP control techniques . For example, forecasts and other 
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data should be reliable. We refer to Flapper [1989) and Schollaert [1994) for 
more details. 

4.6 Summary 

This chapter has discussed physical and financial capacity aspects in distribu
tion control techniques. The physical aspects were discussed for SIC and DRP. 
For SIC, the integration of capacity aspects is predominantly associated with 
the problem of batching shipments by setting lot sizes and review moments. A 
number of factors have been identified which favour the incorporation of capac
ity aspects in calculating lot sizes and review moments. The incorporation of 
capacity aspects in DRP has focused on the use of Distribution Resource 
Planning (DRP-II). It is difficult to judge the applicability of DRP-II due to the 
fact that there are hardly any software packages available that support DRP
II. Besides, there are only a few applications of DRP-II. A possible method to 
take account of capacity aspects in DRP has been discussed: the implementa
tion of fixed truck schedules. Using this method may be advantageous from the 
viewpoint of a potential cost reduction per shipment due to the fact that ship
pers can account for the shipment, but it may increase the lead times and de
crease truck utilisation. Last, financial aspects in distribution control have 
be.en discussed, but this will not be taken into account in the remainder of this 
dissertation. 



CHAPTER 5 

DISTRIBUTION CONTROL AND CONTINGENCY 

CHARACTERISTICS 

The preuious chapters haue indicated that the successful application of currently auailable con
trol techniques is restricted to a limited number of situations. This supports the statement made 
in the first chapter that a method is needed that companies can use to make proper selection 
choices between the techniques for physical distribution control. This chapter is aimed at estab
lishing an oueruiew of characteristics that are important in the process of selecting a control 
technique. An approach to the case study selection and research is also presented. 

In Chapter 2, the need for segmentation has been discussed briefly. In this chapter, we will first 
discuss the problem of segmenting a distribution system into families of products - the distribu
tion control situations - in Section 5.1. Sections 5.2 to 5.4 discuss typologies in production and 
distribution to extract characteristics that influence the selection of distribution control tech
niques. Sections 5. 5 and 5. 6 discuss the literature on characteristics influencing the distribution 
control decisions introduced in Chapter 2. Section 5. 7 presents how case studies are selected 
and Section 5.8 discusses a framework of analysis for the case study research. 

5.1 Segmentation: the concept of a distribution control situation 

Segmentation of a distribution system for control purposes is the process of 
dividing a system into parts (segments) that each require a unique distribution 
control technique. Such a segment will be called a Distribution Control Situa
tion (DCS). The information needed to control a DCS is depicted in Figure 5-1. 

Goals; ·;- 1 Internal (j) 
constraints data 

External info C§)j . --- Distribution control External actions@ 

L__------~~ 
Internal 
actions · '.2) 

Internal @ 
info 

Distributed products Products 1 ·--· - -------•""I Physical distribution 
+- capacities 

I 

Capac1t1es J 
- · -- ----------- -----

Figure 5-1. Distribution Control Situation (based on De Leeuw [ 1974), Van Rijn [1985}) 
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The contents of the two boxes in Figure 5-1 have been defined in Chapter 1 
and 2. The lower part of Figure 5-1 represents the execution of physical distri
bution activities and the upper part the activities needed to control the execu
tion process. The numbers used in this section refer to the numbers in Figure 
5-L The figure shows that distribution control activities are influenced by ex
ternal goals and constraints such as competition or seasonality of supply (see 
no. 1). Companies set strategic goals, such as attaining a specific degree of cus
tomer service, while taking account of these constraints. These goals are then 
translated into goals and constraints for the different disciplines within the 
company. Physical distribution is one of these disciplines. Within the distribu
tion control function, the corporate goals and constraints are translated into 
objectives for the individual distribution entities - i.e., the individual DCS's 
discriminated. This ultimately leads to internal actions (no. 2) and in case ac
tivities are outsourced to external actions towards third parties (no. 6). 

Figure 5-1 also shows that information about the state of the company and the 
distribution process - the internal information (no. 3) - is necessary for goal 
oriented decision making. This information may consist of overviews of the ac
tual performance of the physical distribution system, for example in terms of 
the percentage of deliveries on time or the average delivery lead time. This in
formation is aggregated and reported to higher level management (internal 
d~ta, no. 4). Furthermore, information about the state and development of the 
environment is necessary, the external information (no. 5). External informa
tion deals with information about elements in the environment which may in
fluence the performance of a distribution system, such as the availability of ex
ternal transportation capacity. Additionally, (external) information about the 
potential consequences of actions is necessary as an input for future control 
activities. 

The previous description is only an abstract and theoretical representation of 
the concept of a DCS. In production control, control situations are equal to 
visible production units. These production units may for example be depart
ments in a manufacturing plant, such as the drilling or machining depart
ment. Distribution systems can be segmented according to visible units as 
well, an example being the segmentation into transportation activities, ware
housing activities and stock control [Van Goor, et al., 1996]. However, defining 
distribution control situations in this way and looking at these units as seg
ments that should be controlled independently may lead to sub-optimisation 
and does not contribute to integrated goods flows control in a supply chain. 
Distribution systems are segmented into families of logistically similar prod
ucts. Such families will be referred to as a distribution control situations. Rib
bers and Verstegen [1992] use a similar approach and call these families logis
tic product combinations. 
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Distribution control situations should be constructed on the basis of similari
ties and differences between products on characteristics that affect distribution 
control. Often, these characteristics are summarised in a typology. In the past, 
several typologies in the area of production and physical distribution have been 
developed. To investigate whether (parts of) these typologies can be used in 
this research, typologies in production and distribution will be discussed in 
Section 5.3. Before these typologies are discussed, the boundaries for the ty
pologies to be included in the investigation are set first in Section 5.2. 

It should be noticed that it is not our objective to develop a typology. Only the 
company and environmental characteristics that are relevant to the selection of 
distribution control techniques are subject to our research. This research is not 
aimed at developing standard types of objects. As a step in the process of devel
oping the set of these relevant characteristics. existing typologies are examined 
to investigate whether these characteristics are already available. 

5.2 Typology research 

According to Van Rijn [1985], a typology is: 

''.A collection of mental processes and results which structures the manifes
tations of a research area with regard to a specific research goal by means 
of abstraction and differentiation" 

This definition implies that the main typology characteristics are established 
by abstracting them from characteristics of secondary importance [Van Rijn, 
1985]. A typology can be described in terms of three aspects [Van Rijn, 1985]: 

• The viewpoint, as a model is set up from a specific viewpoint. This view
point determines the interpretations of the observations; only those ele
ments are incorporated that are important to the specific situation. 

• An objective, as a typology is a collection of ideal models; a model always 
needs to be set up with a specific objective. 

• The domain, which defines the boundaries of a collection of elements that 
need to be typified. Two questions need to be asked in this respect: 

- Which objects need to be typified. 

- Based on which characteristics and values is the collection of types con-
sidered extracted from the total collection of objects. 

In the next sections, we investigate typologies in the area of production and 
physical distribution. To enable an assessment of these typologies, the view
point the objective and the domain (i.e. the objects and the characteristics) for 
this research need to be established first, in accordance with the research ob
jectives formulated in Chapter 2. These will be used to judge the usefulness of 
standard typologies and their characteristics on. 
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5.2.1 Viewpoint 

The viewpoint in the research project is that of distribution logistics, while 
taking interfacing logistics systems within one company into account. The 
characteristics of physical supply and the effects of a specific distribution con
trol technique on physical supply are therefore explicitly accounted for in this 
research. Other aspects such as financial aspects are omitted. 

5.2.2 Objective 

The objective in the broad sense is the development of a method for the diag
nosis of the distribution system of companies to help them select distribution 
control techniques in a quick and adequate way. 

5.2.3 Domain 

The domain defines the boundaries of the typology and is established by the 
objects of research and the characteristics used to discriminate between the 
main types. In this dissertation, the objects of research consist of distribution 
control situations. The characteristics aimed at are those that influence the 
determination of the distribution control decisions presented in Chapter 2. 

5.3 Typology summary and assessment 

5.3.1 Summary of typologies 

In the past, a number of typologies have been developed in the area of indus
trial engineering. Woodward [1959] or Harvey [1968] and their contemporaries 
use typologies mostly based on a single parameter. Botter [1988] introduces 
two parameters for his typology. These typologies were predominantly oriented 
towards helping companies in making strategic decisions. Tactical and opera
tional decisions could not be supported with it. These typologies are not fur
ther incorporated in this discussion. More recently developed typologies also 
focus at tactical and operational decisions . Table 5-1 gives an overview of such 
typologies, classified on the aspects discussed in Section 5.2 (this table is par
tially based on the work of Melles and Wamelink [1993]). The right column 
presents the typology characteristics. 



Table 5-1. Overview of typologies in production and in distribution logistics 

Source Viewpoint Objective 

Wild structure of production situations distinguish between types of pro-

[1977] duction situations 

New decisions pertaining to production gain insight in consequences of 

[1977] control production control methods 

Schomburg control and information aspects indicate criteria for selecting pro-

[1980] duction control methods 

Picard [ 1980] distribution systems relation of environmental character-
istics to type of distribution struc-
tu re 

Van der Linden and production control aspects assessment of production control 
Grunwald technique based on a typology of 

[1980] control techniques 

Hoekstra and Romme production control aspects ascertaining the position of the 

[1985] customer order decoupling point 

Van Rijn [1985] decision and information aspects diagnosis tool for finding combina-
lion of production control and in-
formation system 

Ploos van Amstel distribution systems relation of product characteristics to 
[1986] the physical distribution strategy 

Melles and Wamelink decision and information aspects framework in which different types 

[1993] related to production control in of construction orders can be iden-
construction tified 

Objects 

operating systems (i.e. production 
situations) 

production situations 

Characteristics 

functions, inventory location, flows 
of materials 

product and production characteris
tics, key performance variables and 
operating problem areas 

production situations in mechanical process and product related charac-
engineering industry teristics 

physical configurations of distribu- economic, environmental and organ-
tion systems isational characteristics 

production control situations market aspects, technology aspects, 
production organisation, chain con
trol 

production systems 

production situations 

product groups in companies 

construction orders within context 
of a construction company 

characteristics of product, process, 
market 

product and process related charac
teristics 

product characteristics 

traditional methods, market, avail
able capacity and company culture 
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The next sections discuss three typologies that are the most applicable to this 
research in greater detail. These are the typology by Hoekstra and Romme as 
their objective is partly related to distribution control (their customer order 
decoupling point is related to the central stock decision) and the typologies by 
Picard and by Ploos van Amstel as these have distribution systems as their 
viewpoint. 

5.3.2 Hoekstra and Romme 

Hoekstra and Romme start from the observation that there are two basic order 
types in logistic systems: customer orders and non-customer orders (i.e., the 
stock orders). Logistics activities are performed according to customer orders 
only up to a specific point in the supply chain. Beyond that point upward in 
the supply chain towards the raw material supplier (i.e., upstream), activities 
are performed on a planning basis, without concrete customer orders tagged to 
activities. From that specific point in the supply chain towards the customers 
(i.e. downstream), orders are customer tagged and activities are therefore cus
tomer driven. Hoekstra and Romme [1992) call this specific point the Customer 
Order Decoupling Point (CODP). CODP is the place where the customer order 
oriented part of the organisation is separated from the planning based part of 
the organisation. Generally, the CODP is equal to the main stocking point. 
Hoekstra and Rom me distinguish five positions of the CODP, see Figure 5-2. 
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Figure 5-2. Feasible combination of the Customer Order Decoupling Point (source: Hoellstra & 
Romine {1992]) 
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The explanation of the five positions is as follows: 

• Make and distribute to stock 

Products are produced and distributed to the retail outlets. An example of 
this is the conventional food retail process. Products are made and subse
quently distributed to the retail outlet where customers buy them; cus
tomers have no direct influence on the production and distribution proc
ess. 

• Make to stock 

End products are kept in stock at a distribution centre or at the factory 
from where they are sent to the customers. An example of this is the pro
duction of standard types of bread at a small bakery. 

• Assemble to order 

In this situation, end products are composed of system-parts or sub
systems, which are held in stock. The end products are assembled to cus
tomer order according to customer specifications. Assemble to order oc
curs for example in the computer industry, where PC's are assembled to 
customer order from stored modules such as mother boards, hard disk 
units and cases. 

• Make to order 

In a make to order situation, each customer order is a specific project. 
Due to the large variety of end products, only raw materials and parts are 
kept in storage; each customer order is a specific project. This occurs for 
example in the case of the production of packaging machines, which are 
made to customer specification (within specific guide lines) from standard 
raw materials and components such as screws, motors and frames. 

• Engineer to order 

In engineer to order, the purchase of parts and materials as well as the 
completion of the total project is done completely for one customer. No 
stock of any parts or raw materials is kept. The products in this category 
are generally large one of a kind projects that are engineered and built to 
customer order, such as the building of an oil refinery installation. 

Which of the 5 positions of the CODP discussed above should be used, is pri
marily determined by weighing the required delivery times against the 
throughput times and needs to be assessed for each product/market combina
tion. The determination of the position essentially is a weighing of the risk of 
investing in inventory on the one hand and the risk of not attaining the deliv
ery requirements of the customer on the other. For most of the products, the 
CODP should be shifted so far upstream that there is a significant cost de
crease (mainly in inventory costs) without detrimental effects on the customer 
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service. If the required delivery times are short compared to the throughput 
times, the decoupling point will tend to shift downstream (to the right in 
Figure 5-2). If on the contrary, delivery times are relatively long and demand 
is irregular, there will be a tendency to shift the decoupling point upstream (to 
the left in Figure 5-2). 

Customer service requirements or constraints because of a difficult or lengthy 
product process, generally have a downstream influence on the position of the 
CODP of a product. Requirements imposed on the level of costs or constraints 
on forecast accuracy on the other hand, tend to shift the position of the CODP 
upstream. Requirements and constraints with regard to the position of the 
CODP are summarised in Figure 5-3. This figure indicates the influence of 
performance aspects, of process, product and markets characteristics and of 
costs on the position of the CODP. 

Upstream Downstream 

Process Delivery performance 

Long lead times . . . . . Short delivery time 
and high setup costs 
Process difficult Accurate delivery 
to control · · · · · · performance 

ProducUmarket Inventory 

Irregular marke~ . Low stock 
demand levels 

Specific, high Decrease risk of 
valued products" obsolescence 

Constraints Requirements 

Figure 5-3. Influences on positioning the CODP (source: Hoekstra & Romme [1992]) 

5.3.3 Picard 

Picard [1980] has developed a typology of physical distribution systems for 
companies with sales subsidiaries abroad. Based on interviews among 40 
multi-nationals, four basic models of physical distribution were distinguished: 

• The classical system, which is characterised by slow movement from the 
factory to the subsidiary, which serve as a stock location. 

• The transit system, where subsidiaries serve as a transit centre only (they 
do not hold stock). 
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• The direct system, in which the merchandise is sent from production to 
the final user without going via the subsidiary. 

• The multi-country warehouse system, in which a few countries with sub
sidiaries are served by one central DC; either of the three previously dis
cussed systems may be used between the central DC and the subsidiaries. 

Picard distinguishes four main types of factors that influence the decision for a 
specific type of distribution system (see Table 5-2). 

Table 5-2. Factors for the design of distribution systems /Picard, 1980] 

Type of factor 

Economic 

Environment 

Organisational 

Factor 

Type of product (value per cubic measure, perishability, product life cycle) 

Proliferation of products 

Nature of demand 

Order size and type of customer 

Level of customer service required in the market 

Routing constraints 

Host government regulations and actions 

Cost of inland distribution 

Other elements of the logistics system 

Costs of carrying inventory 

Intra-subsidiary traffic 

Final checking at subsidiary level 

For each of the four systems, Picard discusses the dominant value of each of 
the factors. He furthermore indicates advantages and disadvantages of each 
structure. The domain of the typology of Picard consists of companies that 
have sales subsidiaries abroad. The objective is to describe physical distribu
tion systems, available to international companies and the factors that influ
ence their use. The viewpoint is physical distribution systems of companies. 

5.3.4 Ploos van Amstel 

Ploos van Amstel [1986] discusses a typology of product characteristics which 
influence the choice for a distribution strategy. The typology of Ploos van Am
stel is especially defined for advising companies on their physical distribution 
strategy and the production and stock allocation policy. Ploos van Amstel dis
criminates between product characteristics in a broad sense and in a narrow 
sense. The product characteristics in a broad sense have an indirect relation 
with the product. Product characteristics in a na rrow sense are characterised 
by a direct relation with the product and can be expressed in measurable 
units. Table 5-3 summarises the characteristics discriminated by Ploos van 
Amstel [1986]. 
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Table 5-3. Product characteristics [ Ploos van Amstel, 1986]) 

Narrow sense: 

Value density (value/m3) 

Durability 

Package density (# units/m3) 

Appearance 

Volume/weight ratio 

Broad sense: 

Product life cycle 

Market strategy 

Market form 

Production inventory system 

Direction of goods flow 

Chapter 5 

For a sub-set of the product characteristics of Table 5-3 - the value density 
and the package density18 - the distribution strategy is worked out in detail. 
The relation between the distribution strategy and the value of these product 
characteristics is depicted in Figure 5-4. Products with a high value density 
have relatively high inventory costs, whereas the capacity costs (handling 
costs on the one hand or transportation and storage costs on the other hand) 
are dominant in case of low value density products. 

100.000 

10.000 

1.000 

100 

Focus on 
interest 

Focus on 
transport and 
storage 

10 

Focus on 
handling 

100 

Package density (carlonslm'J 

Figure 5-4. Product characteristics and physical distribution strategy (source: Ploos van Amstel 
[1986}) 

The products are first clustered into separate groups based on their respective 
value density and package density and then positioned in the matrix of Figure 
5-4. In this way, a physical distribution strategy can be proposed for each 
product group. The domain of the typology of Ploos van Amstel consists of 
product groups in companies. The objective of the typology is to give directions 

i s Value density is the value of a product per m3 and package dens ity the number of ca r tons 
per m3; value density should be based on the purchasing costs of a product plus all the costs 
added up to the point where the product is located (we also refer to Picard [1980] for a discus
sion on the product value per cubic measure in a distribution system) 
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to the physical distribution strategy based on the product characteristics. The 
viewpoint is the physical distribution aspects of a company. 

5.4 Evaluation of typologies 

5.4.1 Viewpoint 

The viewpoint aimed at is distribution logistics, while taking account of inter
faces with other elements of the logistic system. Only Ploos van Amstel and 
Picard take distribution system aspects as a viewpoint in their typologies. The 
other typologies are mostly oriented at production aspects such as Wild [1977] 
and New [1977] or decision and information aspects such as Schomburg [1980] 
and Van Rijn [1985]. Physical distribution aspects are incorporated indirectly 
in the typology of Hoekstra and Romme [1993] as physical distribution in a 
make to stock situation (for example in automotive parts production) is expec
ted to be different from physical distribution in engineer to order companies 
(for example in ship building). 

5.4.2 Objective 

The objective aimed at in this research is to develop a method for the diagnosis 
of the distribution system of companies to help them select distribution control 
techniques in a quick and adequate way. None of the typologies discussed 
above fully meets this objective. The typologies of Wild [1977] and New [1977] 
aim at improving the insight in the way in which production situations must 
be controlled. Schomburg [1980] formulates requirements for information sys
tems for production control, depending on the character of the type of produc
tion situation. Picard [1980] tries to relate environmental characteristics to the 
type of distribution structure. Van Rijn's [1985] typology is aimed at creating a 
diagnostic tool that can be used in companies to quickly find a satisfactory and 
fitting combination of a production control system and an information system. 
The typology of Ploos van Amstel [1986] is directed at strategic decision mak
ing in physical distribution. Melles and Wamelink [1993] have set up a frame
work for the identification of types of construction orders. The typology of 
Hoekstra and Romme [1993] aims at ascertaining the position of the main 
stocking point. 

5.4.3 Domain: objects 

As defined in Section 5.2, the object aimed at is the distribution system of 
manufacturing and trade companies. Concerning the domain, the typologies of 
Ploos van Amstel [1986] and Picard [1980] are applicable. The typologies of 
Wild [1977], New [1977], Van der Linden and Grunwald [1980] and Van Rijn 
[1985] all consider production control situations in manufacturing systems. 
Melles and Wamelink [1993] use construction companies as their domain. The 
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typology of Schomburg [1980] only considers the building of machines. Al
though in principle the typology of Hoekstra and Romme [1993] is used for 
production systems, it partly considers distribution systems, as they differen
tiate between systems with and without local outlets. 

5.4.4 Domain: typology characteristics 

The characteristics used in the typologies discussed above show overlap. 
Schomburg [1980] and Van Rijn [1985], for example, are very detailed in de
scribing these (production oriented) characteristics. Van Rijn [1985] takes for 
example the structure of the operations on products as a characteristic 
(number of operations necessary on a product). This has no influence on distri
bution control aspects. The classification by Schomburg is not applicable for 
the same reason. 

The characteristics of the typology of Ploos van Amstel [1986], of Hoekstra and 
Romme [1985], and of Picard [1980] may have an influence on distribution 
control and should therefore be taken into account. These typologies all com
prise characteristics of either the products distributed or the processes used for 
distributing the products or both influence the object of the typology. 

5.5 Characteristics influencing distribution control 

5.5.1 A systems view on distribution logistics 

Based on the previous sections it can be concluded that none of the typologies 
mentioned above fully meets the requirements formulated in the beginning of 
this section. In this section, we discuss the characteristics used for our re
search. 

Distribution logistics as a process is located in the physical supply and the 
market. Products are obtained from suppliers or an internal production de
partment and are delivered to the market. This market contains third party 
(i.e., external) customersl9. Information that is obtained from the market is 
sent back in the opposite direction (see Figure 5-5). 

ID All departments belonging to the same legal and economic entity are part of the distribution 
system; internal customers such as national s~les organisations are hence not part of the mar
ket 
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Figure 5-5. Distribution logistics as a black box between suppliers and market 
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As the distribution process is located in between these two processes, its func
tioning will be influenced by both. The market imposes requirements on the 
distribution process and the physical supply side only has a limited flexibility 
to react to these requirements. The design of a distribution control technique is 
therefore dependent on the characteristics of the physical supply process and 
on the requirements of the market. Distribution processes are also influenced 
by characteristics of the product, as discussed by Ploos van Amstel [1986]. 
Characteristics of the physical supply processes, the products distributed and 
the requirements of the market are therefore the characteristics that will be 
used for the selection of distribution control techniques. 

Other authors use similar characteristics or a sub-set of them. Picard [1980] 
uses product factors in the design of distribution systems. Hoekstra and 
Romme [1993] indicate that the position of the CODP in production systems is 
influenced by characteristics of the processes used, the products distributed 
and the markets served. Ribbers and Verstegen (1992] also use these charac
teristics for the segmentation of companies into logistic product combinations. 

The characteristics of the processes, products and markets that will be used in 
this research are discussed in the next sections. We will first discuss determi
nation of the factors that will be taken into account. For sake of simplicity, the 
term Process, Product and Market characteristics will be abbreviated to PPM
characteristics in the remainder of this dissertationzo_ 

5.5.2 The determination of the relevant characteristics 

It has been discussed in Chapter 2 (Section 2.5) that the distribution control 
techniques introduced in that chapter can be expressed in terms of a set of con
trol decisions. Table 5-4 summarises these control decisions once more. 

20 It should be noticed that PPM is not used as an abbreviation of Parts Per Million. 
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Table 5-4. Distribution control decision 

Control decision Deals with ... 

Type of reorder planning The ability to incorporate a pattern in the planning of the independent demand 
and the dependent demand 

Status information The use of local or integral information for reorder purposes 

Central stock function Having both central stock and local stock or only local stock 

Allocation co-ordination Having a centrally co-ordinated or a locally co-ordinated allocation 

As discussed in Chapter 2, this framework will be used to describe the cur
rently used distribution control techniques in the case studies and to propose 
improvements. To determine the relevant characteristics for the decisions of 
this framework, the first step is to investigate in the literature which charac
teristics are reported to influence a control decision. In the Sections 5.5.3 to 
5.5. 7, the results of this literature study are presented. Section 5.6 summa
rises the PPM-characteristics that influence distribution control decisions ac
cording to the literature. The next step is to investigate case studies and to re
search whether this list of characteristics needs to be elaborated (see Chapters 
6, 7 and 8 ). 

5-'.>-3 Replenishment: type of reorder planning 

As indicated in Chapter 2, the question on the type of reorder planning essen
tially comes down to two questions: how to deal with dependent demand and 
how to forecast independent demand. 

As described in Chapter 2, dependent demand consists of the net requirements 
from the local DC's as faced by the central DC The question how to deal with 
dependent demand has been researched by Van Donselaar [1989] . He has 
shown that a time phased dependent demand calculation is beneficial in case 
of strong and stable patterns in the demand from the local DC at the central 
DC. These patterns may be the result of for example large distribution batch 
sizes or of large customer orders. Time phased dependent demand planning is 
useful if there are spikes in the dependent demand from the local DC's at the 
central DC. If this is the case, time phased dependent demand planning calcu
lates the dates a replenishment is needed to satisfy these dependent demand 
spikes, while accounting for lead times (see figure 2-7 for a graphical explana
tion). In the remainder of this discussion, we will mainly concentrate at the 
second question - the type of forecasting technique for the independent de
mand. 

Independent demand deals with the demand of the independent customer. In 
Chapter 2, two types of forecasting techniques have been distinguished: tech
niques that cannot incorporate patterns - the constant techniques - and tech
niques that can - the dynamic techniques. A potential advantage of the ability 
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to incorporate patterns in the forecast is that changes in demand may be bet
ter anticipated, hence leading to lower inventory and a better capacity use. 
However, this form of forecasting is not the best in every situation. It may not 
be possible to forecast demand patterns at all. 

Whether it is possible to forecast demand is generally understood to be related 
to the size of the forecast error. The presence of forecast errors is amplified by 
five aspects [1\.1akridakis, 1988]: special occasions (like machine break downs), 
unexpected special (promotional) actions by customers, cycles, fashion and 
technological and environmental changes. All these aspects make that pat
terns in demand change unexpectedly, which deteriorates the precision of the 
(statistical) forecast. The performance of forecasting techniques is dependent 
on the circumstances under which they are used. Makridakis and Hibon [1979] 
and Armstrong [1985] draw the conclusion that the use of simple techniques 
often outperformed the more sophisticated ones. However, what they judge to 
be simple methods, may be relatively complex methods for practitioners. 

Many articles judge the performance of forecasting models on forecast accuracy 
(see Makridakis and Wheelwright [1978, 1979], Makridakis [1986, 1988], 
Makridakis and Hibon [1979], Armstrong [1985]). However, there does not 
seem to be a consensus on a good measure of forecast accuracy [Armstrong, 
1985]. 

Assuming that there is enough data available for forecasting purposes, the 
possibility to forecast will generally become a problem if demand gets non
stationary - i.e., the mean and standard deviation of demand are changing in 
the course of time. Jacobs and Whybark [1992] conclude that if demand has 
become non-stationary, a constant forecasting technique using SIC outper
forms a more complex approach with MRP. The dynamic forecasting technique 
used for MRP deteriorated when demand became less stable. Makridakis 
[1988] states based on a literature overview that more sophisticated forecast
ing techniques do not necessarily lead to a better forecasting accuracy. This is 
supported by Alstmm and Madsen [1994], who have investigated the effect of 
different types of exponential smoothing forecasting techniques by means of 
simulation. 

Ritzman and King [1993] have investigated the effects of forecast errors and 
concluded that when the objective is to have low inventories, the effect of hav
ing a good forecast is less important than the effect of having small lot sizes. 
Silver and Peterson [1985] argue that for cheap items and slow moving items, 
forecasts are not useful. The reason for this is that it is hard to achieve any 
sizeable absolute savings in the costs of these items. The guideline for these 
types of items should therefore be to keep procedures simple. 

The question whether a specific forecasting technique is useful is not only re
lated to forecast accuracy but also to the question whether it is beneficial to 
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use that specific forecasting technique. It can be argued that if some form of 
forecasting is possible, it is always useful to apply forecasting, but this argu
ment leaves out the costs involved with forecasting. Makridakis and Wheel
wright [1978, 1979] give an overview of forecasting techniques and their costs. 
They indicate which forecasting techniques can be applied for which horizons 
and what the complexity and the costs incurred are. They state that the best 
forecasting technique for a situation is dependent on the pattern of the data, 
the time horizon of the forecast, the cost, and the ease of application. They also 
report that exponential smoothing methods have generally been found to be 
superior in short term forecasting to other techniques. 

It is known that both the length of the lead time and the variance in lead time 
influence the usefulness of time phased distribution control techniques such as 
DRP negatively [Huizinga, 1994; Ho, 1992]. However, long and varying lead 
times also deteriorate the performance of SIC techniques because of nervous
ness (called 'industrial dynamics' [Forrester, 1961]). Which type of forecasting 
is preferred in case of varying and long lead times is unclear. 

Literature conclusion 1: 

Regarding the dependent demand, time phased planning of dependent demand is 
beneficial if there are spikes in the dependent. demand as a result of for example 
large distribution batch sizes. 

Regarding the independent demand, dynamic forecasting techniques hardly outper
form constant forecasting techniques - especially if demand is not stationary; for 
cheap and slow moving items, simple and constant techniques are preferable. 

5.5.4 Replenishment: integral or local information 

Clark and Scarf [1960] showed the optimality of integral stock norms in serial 
systems without central stock. However, serial systems can not face stock im
balance, whereas divergent systems can. As imbalance in stock is ignored by 
integral stock norms [Van Donselaar, 1989], the question whether integral or 
local information should be used in the replenishment of items is closely re
lated to the topic of stock imbalance. Stock imbalance is related to demand un
certainty and lot sizing. Stock imbalance influences the performance in the 
following cases [Van Donselaar 1990]2l: 

• For a system with a central depot, if the variance of imbalance is consid
erable due to a large time between orders (i.e . large lot sizes) and the 
variation of (the forecast error of) demand is small (i.e . small cr/µ); under 
these circumstances, safety stock is relatively small due to the small 

21 Imbalance at DCi is defined as Ii - I mean. 
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variation in demand, while the imbalance is significant due to the lot 
sizes. 

• For a system without a central depot (i.e. everything is allocated to the 
local DC's as soon as it arrives at the central depot), if there are large lot 
sizes and a large variation of (the forecast error of) demand). 

The question whether imbalance is a problem is also influenced by the possi
bility of making transhipments between the local DC's. According to Rosenfield 
and Pendrock [1980], the use of transhipments to resolve imbalance problems 
is beneficial in case it is relatively inexpensive to tranship items. It is expected 
that transhipments are worthwhile if the costs of capital tied up in inventory 
are relatively high - i.e., in case of expensive products - and/or if the products 
are characterised by a high obsolescence risk. Product characteristics may 
therefore be important in the transhipment decision. Diks and De Kok [1995] 
further discuss the topic of transhipments_ 

Literature conclusion 2: 

Integral norms are applicable if the stock imbalance risk is small; integral norms 
may also apply in case the stock imbalance risk is large but product characteristics 
economically justify transhipments between the local DC's. 

5.5.5 Allocation: central stock or no central stock 

Zinn and Bowersox [1988] conclude that demand uncertainty is the most im
portant factor to keep central inventory instead of keeping stock only in the 
local DC's. According to their analyses, keeping central stock - thus postpon
ing the allocation of items - is important in case of products with a high value 
and a distribution network with many local DC's and highly fluctuating de
mand. Arnold (1989] argues that central stock is not necessary in case of low 
variations in demand and a small number of DC's (Arnold calls this the 'ship 
all policy'). If the demand variability or the number of DC's increases, more 
shipments are needed. As a result, central stock becomes necessary. If lead 
times are long, central stock is needed as well. Luyten [1987] reports that 
shipping all items available in a central DC is not meaningful. Differences be
tween his results and those of Arnold [1989] may be due to differences in the 
types of models used. 

The question of having central stock is closely related to the imbalance prob
lem discussed in the previous Section 5.5.4. If the imbalance risk is high, it 
will be beneficial to have central stock to correct the inventory imbalance from 
central stock [Van Donselaar, 1990]. If transhipments can be economically 
justified - because of a high product value density - central stock may be omit
ted [Rosenfield & Pendrock, 1980]. 
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Literature conclusion 3: 

Central stock is beneficial in case of many local DC's, high demand uncertainty, 
products with a high value or if there is a high stock imbalance risk (except if tran
shipments can be economically justified). 

5.5.6 Allocation: type of reorder planning 

The allocation decision for a central DC equals the replenishment decision for 
a local DC. The type of reorder planning for the allocation is therefore depend
ent upon the same aspects as discussed in the replenishment. As a result, the 
arguments used here are similar to the arguments used in the type of reorder 
planning in the replenishment. 

5.5. 7 Allocation: central or local co-ordination 

The degree of centralisation of the allocation co-ordination in distribution sys
tems is related to the question whether the allocation quantities need to be de
termined by the local DC's (i.e., locally co-ordinated allocation) or by a central 
authority (i.e., centrally co-ordinated allocation). Christopher [1985] identifies 
this question with the difference between centrally determined allocation 
(which Christopher calls 'push') and locally determined allocation (called 'pull' 
by Christopher)22. He states that there are arguments in favour of both ap
proaches but he does not give these arguments. Reid [1987] has done a simu
lation study on the effects of different distribution control strategies. He shows 
that central control certainly has advantages in terms of customer service and 
in terms of costs, but does not draw other conclusions than that central control 
(which he also calls 'push') provides more inventory at the local level, thus 
providing good customer service with minimal inventory. A major drawback of 
a centrally co-ordinated system, however, is that it is inherently more difficult 
to apply [Spearman & Zazanis, 1992]. 

Yu So [1991] analysed the difference between a centralised and a decentralised 
order policy. For the centralised policy, he used integral stock norms with fair 
shares allocation23 and continuously updating of stock (i.e., review period =0). 
For the decentralised order policy, an FCFS24 allocation rule was used. His 
conclusion is that a centralised policy nearly always outperforms the decen
tralised policy in terms of inventory costs. If the number of local DC's is large 
and the demand variation is considerable, the benefits of a central policy di
minish if central stock is reviewed only at the moment on which the local DC's 

22 As indicated in chapter 2, the terms non-co-ordinated and co-ordinated allocation will be 
used. 

23 This implies that the run out time of the local inventory is equalised, see section 3.3.3. 

24 FCFS =First Come First Served. 
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place an order at the central DC. This is probably due to the stock imbalance. 
If stock is reviewed continuously, the centralised policy always outperforms 
the decentralised policy. Yu So [1991] assumes that suppliers can immediately 
make a shipment to the central DC upon receiving orders with a constant lead 
time and he does not allow for lateral transhipments. 

Literature conclusionA: 

Centrally co:ordinated allocation may ·render better service · than locally· ~o~ · 
ordinated allocation but leads to relatively more stock localiy; ~n cases of .~aJiy 16- . 
cal DC's and considerable demand variations, advantages.of'.centrally_ co;Ot:dinated · 
allocation diminish; locally co-ordinated allocation is eften simpler to apply~ 

5.6 PPM-characteristics 

5.6.1 Summary of characteristics according to literature 

In the discussion above, several product, process and market (PPM)
characteristics and their effect on the control characteristics have been dis
cussed. Table 5-5 summarises these PPM-characteristics. 

Table 5-5. Influence of PPM-characteristics on control decisions (literature summary) 

PPM-characteristic Type of Central stock Status in- Allocation co-
reorder planning function formation ordination 

High product Integral 
value density 

Low product Forecast without pattern No 
value 

Large distribution Time phased dependent Local 
batch size demand 

Long supply Central 
lead time 

Large amount Yes Local 
of local DC's 

High customer Central 
service 

High demand Forecast without pattern Yes Local Local 
uncertainty 

High demand variation Time phased dependent 
demand 

Low demand Forecast without pattern 
rate 

Seasonal Forecast with pattern 
demand 
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It will be researched in the case studies to what extent these characteristics 
influence the selection of distribution control techniques and whether addi
tional PPM-characteristics are needed to explain control technique choices25. 
The argument for adding additional PPM-characteristics to the theory is that 
they need to influence the costs of capacity or inventory and the customer 
service in the physical distribution system. If PPM-characteristics do not in
fluence the capacity and inventory costs and the customer service, they are not 
important for the selection of distribution control techniques. The case studies 
will furthermore show whether the PPM-characteristics have an influence on 
more control characteristics than those mentioned in Table 5-5. 

5.6.2 Segmentation and PPM-characteristics 

The amount of research into clustering products into families for the purpose 
is limited. Several methods have been proposed in literature to obtain groups 
of products for control purposes. Buffa (1986), Crouch and Oglesby [1978] and 
Chakravarty [1981] developed grouping methods for the purpose of transpor
tation consolidation and joint ordering strategies. These grouping studies are 
mainly oriented at establishing common order cycles and not on the selection 
of control techniques. Cohen and Ernst have developed a clustering procedure 
for defining general parameter settings based on a SIC control technique 
[Ctihen & Ernst, 1988; Ernst & Cohen, 1990]. Also here, the research does not 
deal with the selection of distribution control techniques. 

In the previous sections, we have discussed that distribution control tech
niques are selected dependent on the characteristics of the products distrib
uted, the processes used, and the markets served. These characteristics are 
also used for the segmentation of the discrimination of control situations, in 
line with Ribbers and Verstegen [1992]. A distribution control situation or is 
hence defined as: 

"A group of products with homogenous characteristics of the products 
themselves and the processes used, and with homogenous requirements of 
the markets served" 

As a result, process, product and market characteristics differ between prod
ucts that are a member of different distribution control situations. To develop 
these control situations, an analysis of the variance of the PPM-characteristics 
is necessary. It should be noted, however, that those characteristics that are 
most likely to serve as segmentation criteria are not necessarily those PPM-

zs As discussed in chapter 1, the research method in this dissertation deals with building new 
theory based on literature and on observations; as such, it has characteristics of a grounded 
theory approach (see Glaser and Strauss [1967) for a discussion on grounded theory). 
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characteristics that vary most. It is possible that a small variance on one as
pect is more important than a large variance on another. 

5. 7 Selection of case study projects 

5.7.1 Approach to selecting case study companies 

For the purpose of this research, different types of case studies are needed as 
discussed in Chapter 1. The cases need to be selected in such way that the 
spectre of potential types of companies is covered as good as possible. As a re
sult, case studies selection is crucial to the ability to draw conclusions. 

It can easily be observed that the potential number of combinations of PPM
characteristics is enormous, which would make it impossible to research all 
possibilities. Other criteria, that are based on the PPM-characteristics but in a 
'condensed' form, are thus needed, set up in such a way that at least a signifi
cant and identifiable sub-set of the collection of types is covered. 

The case studies should comprise both manufacturing companies and trade 
companies (such as wholesalers or department stores). Trade companies nor
mally differ from manufacturers with respect to the number of products in the 
assortment and the number of outlets. The size of the control problem is there
fore different from that of most manufacturers (who normally operate in envi
ronments with far less products and outlets). Besides, it is sometimes subject 
of discussion whether DRP is applicable in trade companies at all (see Martin 
[1993]). 

In Chapter 2, a differentiation is made between inventory and capacity aspects 
in distribution control. It is expected that distribution control within compa
nies where inventory costs play an important role differs from distribution 
control within companies where capacity costs are dominant. It is therefore 
proposed to select at least one case study where inventory costs are important 
and another where the costs of capacity are more important. The typology of 
Ploos van Amstel [1986) - see Figure 5-4 - is used for this. This typology dis
criminates between situations where the physical distribution strategy should 
be oriented towards inventory reduction or towards a reduction of capacity 
costs. Inventory reduction is for example dominant in case of products with 
high obsolescence risk or high interest costs (high value density). In case of for 
example low value density products, capacity costs are expected to be more 
important. 

5.7.2 Description of the companies researched 

The first company researched is a company manufacturing and distributing 
exhaust systems, Walker Europe Inc. Inventory costs comprise only a few per
cent of the total logistics costs. Production is inflexible, and due to the charac-
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teristics of the product (low value density of exhausts) it is expected that ca
pacity costs are dominant for many items. As production batch sizes are rela
tively high, this may be different for slow movers. 

The second company is also a manufacturing company, EMI Compact Discs 
(Holland) BV. EMI is the opposite of Walker in terms of production flexibility, 
production is extremely flexible . Product value density is high, which means 
that inventory costs will generally be more important than capacity costs. Es
pecially the old items and the short life cycle items are expected to have a high 
emphasis on inventory costs. 

The third company researched is Vroom and Dreesmann Warenhuizen bv, a 
department store, as an example of a trade company. It was decided to re
search a department store due to the high diversity in products in this type of 
company. As a result, a department store is expected to cover situations where 
the inventory and where the capacity aspect is dominant for the trade compa
nies. Two product groups will be researched, one where product value density 
is relatively low and the other where this is relatively high. 

5.8 Framework of analysis for the case studies 

To allow for a comparison of the case studies, a structured method to analyse 
the studies is proposed. The method is summarised in Figure 5-6 and is briefly 
discussed below. In terms of the research method followed (see figure 1.3), 
Figure 5-6 gives a more detailed interpretation of the phase in which the 
available distribution control theory is applied. 

2 

situations 

Select distribution 
5 control technique 

per control situation 

Figure 5-6. Method for selecting distribution control techniques 

3 

Analyse current 
distribution control 

• Phase 1: Analysis of logistics objectives and current performance 

The first phase of a study consists of the establishment of the objectives of 
distribution control: is it cost reduction (which costs) or service improve
ment (and what is service)? The logistics objectives of the company should 



Segmentation and typology characteristics -91-

be expressed in measurable terms of costs and service (see the discussion 
on performance indicators in Chapter 2). 

• Phase 2: Analysis of characteristics of processes, products and markets 

When the objectives and the performance are known, the analysis of the 
current distribution system can start. In this phase, an overview of the 
company is given in terms of the relevant PPM characteristics itself and 
its environment. An elaborate overview of PPM-characteristics is used in 
this phase to avoid the chance that relevant characteristics are not incor
porated. It is established based on discussions about which characteris
tics might be of influence. The relevant characteristics are extracted from 
this elaborate overview in Chapter 9. 

• Phase 3: Analysis of current distribution control method 

A control technique is uniquely defined by a set of control decisions, see 
Chapter 2 and Section 5.5.2. In this phase, it is described how these deci
sions have been made in the current company situation. This enables a 
quick comparison between the current and the proposed situation. 

• Phase 4: Discrimination of control situations 

One of the premises of the research presented here is that a distribution 
system of a company needs not to be controlled in only one standard way. 
Distribution control may be different between control situations. In this 
phase, the product assortment is split into distribution control situations. 
A segmentation approach has been discussed earlier in Section 5.6.2. 

• Phase 5: Selection of control techniques per control situation 

In the design phase, a design for a distribution control framework is pro
posed, while accounting for the performance indicators discussed in 
Chapter 2. The four control decisions as discussed in Chapter 2 are used 
for this. Per distribution control situation, it is indicated how each of 
these decisions should be made. 

It should be noted that the main objective of the selection phase in the case 
study research is to investigate the dependence of the control decisions on 
PPM-characteristics. The selection process in the case studies is therefore pre
dominantly aimed at investigating on which characteristics a control decision 
depends. This investigation will be used to discuss and elaborate the theory 
base as defined in Sections 5.5 and 5.6. The actual outcome of the selection is 
of secondary importance. 

Figure 5-7 depicts again the development of knowledge followed in this disser
tation. The area marked grey in Figure 5-7 - theory development - has been 
discussed in this chapter. The next chapters will deal with the theory applica
tion (white areas). 
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Figure 5- 7. Development of knowledge 

5.9 Summary 
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In this chapter, the available literature on characteristics which influence the 
determination of distribution control decisions has been discussed. For this 
purpose, the concept of a distribution control situation has been introduced. 
Typologies in the area of distribution and of production have been reviewed to 
extract characteristics that influence the selection of distribution control 
techniques. Characteristics of products, processes and markets - the PPM
characteristics - will be used as the primary criteria for selecting distribution 
control techniques. The theory available in the area of the control decisions 
has been investigated to establish a theory base for the case studies. Further
more, an approach to selecting case studies has been presented together with a 
framework of analysis for the cases. 

The next three chapters discuss the case studies. In these case studies, the in
fluence of PPM-characteristics on the control decisions is researched by means 
of the approach presented in Section 5.8. Chapter 9 will subsequently summa
rise the findings from the cases. 



CHAPTER 6 

CASE STUDY: WALKER EUROPE INC. 

6.1 Company description 

Walker Europe lnc.26 is a company manufacturing and distributing exhaust 
systems and has 5 manufacturing locations in Europe and 5 DC's to supply 
customers. Each manufacturing location produces a limited and unique range 
of products. There is hardly any overlap in types of products produced by dif
ferent locations. The DC's are located near the plant and have two functions: 

• Local DC, a stocking point to provide the domestic market with products; 
in these DC's, nearly the full product range is available. 

• Plant DC, a central stocking point for the products made by the affiliated 
plant; the plant DC replenishes the local DC's. 

Although these two functions are administratively separated, they are physi
cally integrated. The current exhaust system catalogue contains about 6500 
items. Walker mainly operates on the After Market (i.e. the market of custom
ers buying new exhaust systems to replace broken ones). Its customers are im
porters and distributors of exhaust systems. Figure 6-1 depicts the basic dis
tribution structure of Walker (each DC depicted is a plant DC and a local DC). 

Fig1ue 6-1. Basic distribution structure Walker 

2G This chapter has been published in revised form in the International Journal of Physical 
Distribution and Logistics Management [De Leeuw, 1996]; the Master's thesis of Kees van der 
Snel served as the basis for this chapter (see Van der Snel (1994]). 
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6.2 Logistics objectives and analysis of performance 

Walker's competitive strategy is to be a leader in customer service and to have 
low logistics costs at the same time. More specifically, Walker set the following 
objectives [Van der Snel, 1994]: 

• 98% order fill rate overall for all items. 

• Delivery within 24 hours in most of the cases; in specific cases, a delivery 
time of 48 or 72 hours is allowed. 

• Minimal logistics costs within the customer service constraints. 

Figure 6-2 shows the distribution costs of Walker Europe_ The largest parts of 
distribution costs consist of costs of freight to customers (40%) and of handling 
and storage costs (also 40%). This is largely due to characteristics of the prod
uct (low value density, high product volume). 

Handling 
+storage 

Inventory 
Overhead 

Obsolescence 

customer 

Figure 6-2. Distribution costs Walker Europe 

Figure 6-3 depicts the performance on the order fill rate objective in 1994. 
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Figure 6-3. Fill rate of Walker company wide in 1994 

Figure 6-3 shows that the order fill rate suddenly decreased around March. 
One of the main reasons for this is stock imbalance in the distribution system. 
Figure 6-4 gives an example of this imbalance for a randomly chosen item . It 
shows that although the aggregate inventory level was sufficient to fill total 
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demand at all moments (it is continuously positive), stock outs occurred in lo
cal DC's, as a result of a wrong stock balance in the distribution system. 
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Figure 6-4. Stock imbalance at Walker for a randomly chosen item 

One of the characteristics of the automotive industry is the vast difference in 
turnover per type of end product. The sales per item may deviate between 100 
pieces per year for slow movers and 70000 pieces per year for fast movers. 
Figure 6-5 presents a cumulative sales ranking to illustrate this turnover dif
ference. It also presents the cumulative stock according to the sales rank. It 
appears from this figure that there is a small group which accounts for a large 
amount of total sales (about 10% accounts for nearly 90% of the sales). It is 
also shown that where sales volumes hardly increase anymore (above rank 
number 3000), the stocks still increase with a significant amount due to the 
relatively large size of the minimum production batch. This indicates that 
there is a relatively large amount of stock for the items with low sales. 
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Figure 6-5. Ranking of cumulative sales and stoclls at Walker (company wide) 
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6.3 Description of current distribution control techniques 

Customer demand is fulfilled from the DC which is located nearest to the cus
tomer. Therefore, nearly the complete range of products must be available in 
every local DC. Stock replenishments for local DC's - the inter company orders 
- are filled by the plant DC which stores the product ordered. Inter company 
transport of the products takes place in stillages (large bins used to transport 
and store the exhaust systems). Currently, there are daily shipments between 
the local DC's. The transportation batch size is 10 items. 

Demand information used for distribution control is processed as follows: local 
DC's first calculate net requirements based on their forecasts of customer de
mand. The procedure used for this is comparable to Distribution Requirements 
Planning: demand forecasts are made at local DC level and netted against in
ventory to obtain (lot sized) net requirements. The actual production is 
pla nned based on these net requirements. These net requirements are not yet 
final orders, however . They only form a n indication of the amount to be or
dered and they are only used for production planning purposes. The actual al
location of products from the plant DC's to the local DC's is based on a Statisti
cal Inventory Control technique (an (r,s,S) technique with a reorder level s 
equal to two weeks average demand with a daily stock review) . Every day, it is 
checked whether the stock is sufficient to cover 2 weeks demand. If not, the 
stock is replenished up to this level of 2 weeks demand. 

6.4 Description of PPM characteristics 

The characteristics of processes, products and markets are discussed below 
and subsequently summarised in Table 6-1. Ranges of values are also specified 
if applicable. 

Product characteristics 

Exhaust systems have typical characteristics from a distribution point of view. 
They are durable and voluminous items and are almost as long as the car they 
are designed for. They stay in the assortment for a long time, resulting in vast 
differences in the phase of the life cycle between the items in the assortment. 
An exhaust system largely consists of air, which results in a low value density. 
Exhaust systems are therefore relatively expensive to store and to transport. 

Process characteristics 

The average production lead time from plain steel to the final product is about 
4 weeks. Due to capacity constraints as a result of long set up times, la rge 
batch sizes are needed to use production capacities efficiently. Tight produc
tion capacity and the need to sequence production in a specific order according 
to the pipe diameter lead to a low flexibility in production output. In distribu-
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tion processes, batch sizes are considerably smaller and lead times shorter 
than in production. Lead times between plant DC and local DC vary, however, 
due to the fact that trucks do not depart from a DC until they are completely 
filled. The distribution lead time is on average 2 days. It is necessary to ship 
Full Truck Load quantities between DC's to save on transportation costs. 
Shipments between all DC's take place daily. 

Market characteristics 

The final consumer in the after market is the consumer who just lost his ex
haust system. Most of the market characteristics are derived from this. The 
market of Walker consists of distributors, wholesalers and retailer outlets of 
the companies that replace the broken exhaust systems. Short lead times are 
therefore required. Customer demand and order size may vary largely per 
product. It was an explicit management requirement to have equal customer 
service and required delivery times equal for all types of products. 

Table 6-1. Characteristics of products, processes and markets at Walker 

Product 

Process 

Market 

PPM-characteristic Value 

Product value 

Value density; 

Phase product life cycle 

Length product life cycle 

Product volume 

Uniqueness of product 

Production lead time 

Production flexibility 

Production frequency 

Production batch size 

Distribution batch size 

Assortment size 

Type of supply used 

Customer service require
ments 

Demand per prod
uct/customer 

Demand uncertainty 

Demand seasonality 

About Dfl.40 per piece 

About Dfl.1200 per cubic meter 

Different phases; fast movers are generally mature items 

Very long 

Large (on average 25-30 products per cubic meter} 

No unique products 

4 weeks 

Hardly any flexibility in production (10% mix changes in the 
production schedule are allowed} 

From once per week to once per year 

Minimal 350 units 

Minimal 10 units 

6,500 items, 5 local DC's 

Bulk 

Fill rate objective 98%; lead time to customer: 1 day in most 
cases 

From 100 units/yr to 70,000 units/yr per product; customer 
order sizes between 1 and 100 pieces per item 

On European wide product level reasonable for all products, 
on SKU level bad for slow movers but good for fast movers; 

Slight season with peak around summer 
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6.5 Discrimination of control situations 

The basic proposition of discriminating between control situations is that if 
there is a large difference between products in characteristics of processes, 
products and/or markets, a differentiation in control is needed in some way. 
The degree of variation of these characteristics is qualitatively analysed below. 

Customer service requirements are equal for all products. There is no possibil
ity to differentiate service between different product groups. Process character
istics (such as lead times and batch sizes) are also comparable between prod
ucts, as well as the product characteristics value per product, value density per 
product and length of the life cycle. After investigating the characteristics from 
Table 6-1 and after discussions with the management of Walker, a significant 
difference appeared to exist between product groups on the following aspects: 

• Demand per product (from 100 to 70000 pieces a year). 

• Phase of the life cycle (new to 25 years old). 

As differences on the two aspects mentioned above are large, it was decided to 
set up control situations based on a differentiation between fast, medium-fast 
and slow moving products and new vs. old products with the following reasons: 

• Fast, medium-fast and slow movers 

Fast moving items have a relatively small obsolescence risk and are pro
duced relatively frequently due to high volumes. Slow movers on the con
trary have a high obsolescence risk and are produced relatively infre
quently. The medium-fast movers are situated in between these groups. 

• New vs. old items 

New items have a low obsolescence risk compared to old items. As a re
sult, potential stock imbalance for new items may be solved by supplying 
extra items, whereas this is undesirable for old items. 

In general, old items will also be slow moving items. Both types of items have 
a high obsolescence risk and will therefore be part of the same category. Figure 
6-6 depicts the control situations discriminated . 

. ------ - ----;-------,-

i Fast 
1 movers 
: (A-items) 

I 

!Medium-fas~ Slow 
movers I movers i 
(B-items) (C-items) ; 

New items 

Figure 6-6. Control situations discriminated 
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The discrimination between control groups is also advocated by Silver and Pe
terson [1985], though they do not give specific rules for the discrimination of 
the groups. They state that important items - which they call the A-items -
should get most managerial attention and parameter setting should be very 
accurate for these items. In our study, the discrimination into A, B and C 
items does not only deal with managerial attention and parameter setting, but 
also with differentiation of distribution control techniques. 

The precise determination of the categories has not been discussed yet. It was 
decided to define the first 200 items as A-items. For these items, demand is 
large (more than 200 per week) and amounts to more than 80% of total de
mand. Furthermore, these 200 items can still be monitored closely by hand. C
items were defined as items for which demand is less than 1000 units per year 
(around 20 per week), implying that they are produced at most 3 times per 
year (i.e., rank no. 1500 and upwards, see Figure 6-5). B-items are in between 
these items (rank no. 200 to 1500). The discrimination between these catego
ries not only appeared to relate to demand per unit but also to the variation in 
demand. Figure 6-7 depicts the relation between sales per week and the coef
ficient of variation (CV) of demand27_ 
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Figure 6-7. Coefficient of variation vs. sales per week (source: Van der Snel [1994}) 

6.6 Distribution control for A-items 

A-items are mature items that are characterised by large demand volumes and 
a relatively low variation in demand (see Figure 6-7). The relevant control 
characteristics that follow from this are summarised below: 

• Items form a large part of company turnover, high local availability is 
therefore absolutely required. 

21 CV is defined as the standard deviation a divided by the mean µ; a large value of the CV in

dicates large variations. 
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• The obsolescence risk of A-items is low. 

• Imbalance risk is small due to the high and relatively stable demand (the 
CV = 0,40; see Figure 6-7). As a result, forecasts can be made relatively 
accurately. 

6.6.1 Type of reorder planning 

Independent demand of A-items is relatively stable due to the low demand 
variation (see Figure 6-7). This holds both on the European level (demand ag
gregated over the countries) and on the country level. There is furthermore a 
slight seasonal pattern in the demand. Because of both aspects, the use of fore
casts with a pattern is preferred. In this way, demand patterns can be followed 
relatively accurately. 

The dependent demand needs not to be planned time phased. The distribution 
batch sizes are not large compared to average demand and distribution takes 
place frequently. As a result, there are no spikes in the dependent demand. 

6.6.2 Central stock function 

For A-items, central stock can be abolished. The reason for this is that A-items 
are characterised by low demand variability and distribution batch sizes are 
not extremely large. As a result, the imbalance risk is low. If stock imbalance 
occurs, it can be corrected quickly as production takes places frequently 
(weekly or biweekly). By eliminating the presence of central stock, the total 
amount of stock in the system and the required storage space can be reduced. 
Roughly estimated, the stock could be reduced with about 1 week of demand, 
which saves about 60,000 items [Van der Snel, 1994]. With an interest rate of 
10% and a cost price of 25 US$ per unit, this entails in savings of around 
75,000 US$. Omitting central stock also implies that handling costs can be re
duced enormously due to the fact that the handling of goods at the central DC 
is omitted. This entails in much higher savings than the savings on the inven
tory costs. Based on an analysis of the average number of times an item is 
handled, it has been calculated that A-items are handled only once according 
to this proposal due to the fact that they are not put in central storage. In the 
current system, A-items are handled on average 1.5 times before they arrive at 
the local DC [Van der Snel, 1994]. Less handling leads to a reduction of about 
7% of the handling costs, i.e., 0.2 million US$ savings, which is considerably 
higher than the reduction in inventory costs. 

6.6.3 Co-ordination of the allocation 

To ensure that all items from the production batch are shipped without any 
central stock left, central co-ordinated of the allocation is preferred. If locally 
co-ordinated allocation were applied, it is not guaranteed that the local orders 
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precisely match the total stock centrally available. If locally co-ordinated allo
cation is applied, central stock may therefore be left as a result. 

Shipping all available products in one time entails in the lowest handling and 
shipping costs [Arnold, 1989]. For this reason, the production batches are im
mediately shipped to the local DC's storage as soon as they are available from 
production, instead of first being taken into central stock. As production takes 
place frequently, distribution schedules from plant to local DC's are stabilised 
because of this as well. 

6.6.4 Integral or local status information 

As discussed above, the imbalance risk for A-items is small and potential im
balance can be corrected quickly. As a result, integral status information can 
be used. 

The effects of integral and local norms on the average inventory level can eas
ily be shown by means of a simple calculation of inventory norms. For the local 
inventory norms, an existing simulation model is used, which uses an (r,s,Q) 
reorder technique with reorder level s, lot size Q and a stock review each pe
riod r (based on work of De Kok [1996]). For the integral norms, an approxi
mation formula by Van Donselaar [1990] is used. Appendix 2 gives more de
tails on the precise calculations. Lead times and batch sizes are set according 
to the real values (the supply batch size is 350 units with 20 days lead time, 
the distribution batch size 10 units with 2 days lead time). The fill rate objec
tive of the local DC is 98%. The output of the calculation is summarised in 
Table 6-2. 

Table 6-2. Results integral and local norms for A-items (demand: 37500 units / year) 

Total average physical stock norm (local; using 
simulation) 

4053 

Total average physical stock norm (integral; 
using Van Donselaar {1990]) 

3805 

Although it is only a very rough analysis, it shows that there is not very much 
difference between the integral and local norms. The difference is at most 5%, 
and only for the fast moving items with relatively stable demand. If the distri
bution batch sizes had been larger, the difference might have been larger (in 
favour of the integral norms). It should be noticed however, that although the 
savings per item are not very large, the total amount of A-items is high. The 
absolute savings may therefore still be large, especially in storage space (due 
to the low product value density, the inventory savings are marginal). 

Table 6-3 summarises the distribution control decisions for the A-items. 
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Table 6-3. Control decisions for A-items 

Value of control decision Reason for choice 

Forecast with a pattern CV of demand low; small seasonal effect in demand 

Non time phased dependent demand No significant spikes expected in dependent demand 

Integral status information Low demand variability and low imbalance risk 

No central stock Frequent production and stable demand 

Centrally co-ordinated allocation No central stock kept; long production lead lime 

Figure 6-8 graphically depicts the A-item control technique. 
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Figure 6-8. Distribution control technique for A-items 

6. 7 Distribution control for B-items 
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B-items are characterised by medium sales volumes with less stable demand 
than A-items (see Figure 6-7). Products are mature and are produced less fre
quently than A-items. The production frequency is once a month or less and 
the size of the CV is larger than with A-items. 

6. 7.1 Type of reorder planning 

Demand for B-items is less stable than for A-items, which favours a forecast 
without a pattern. As far as capacity costs are concerned, transportation costs 
can hardly be influenced by smoothing capacity use as transportation already 
takes place in full truck loads. Handling nor storage space is expected to be 
influenced either as the distribution batch size is not influenced by the fore-
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casting decision. Due to the relatively large amount of items . 2,000 items . ex
tensive human forecasting effort is difficult. 

The dependent demand should be planned in a non-time phased manner. The 
reason for this is that the independent demand is relatively uncertain, but 
there are no peaks, and the distribution batches are not extremely large. 

6.7.2 Central stock function 

As opposed to the A-items, central stock is necessary for B-items. If only local 
stock were used, imbalance risk would be high as a result of the lower produc
tion frequency of the B-items and the relatively long production lead time. Be
cause of the low production frequency, the period a production batch needs to 
cover is long. Due to the uncertainty during this period, it is difficult to allo
cate all items to the local DC's without stock outs. Furthermore, the long pro
duction lead time does not enable a quick reaction to market changes. Central 
stock is thus necessary. 

Due to a slightly seasonal demand pattern, production capacity stock is neces
sary. B-items should be used for this capacity stock. Capacity stock should not 
be kept in A-items due to the large demand volumes for these items. For C
items this is not recommendable either due to the high obsolescence risk of 
these items. This capacity stock should be kept in the central DC. Production 
capacity available for B-items can be calculated very simply: all the capacity 
available that is not used for A or C-items. 

6.7.3 Allocation co-ordination 

For B-items, a locally co-ordinated approach is preferable. To ensure efficient 
handling and transportation, the distribution batch size should be relatively 
large . To avoid imbalance, however, the batch size stock should not become a 
significant part of the local stock. Furthermore, the amount of B-items is rela
tively large. The human input can therefore be only very limited. In case of lo
cally co-ordinated allocation, the amount of human input needed is relatively 
small. The allocation should be co-ordinated only in case of scarce supply, i.e. 
local DC demand is larger than the central stock available. 

6. 7.4 Integral or local status information 

For B-items, integral status information is recommendable . Although the B
items are produced not so frequently as A-items (about 6 to 12 times each 
year) , the potential imbalance can be corrected quickly due to the fact that 
central stock is available and that shipments between DC's are made daily. 
Furthermore, the distribution batch size is not extremely large as the demand 
volumes are quite considerable. Similar to the A-items, integral information 
results in lower stock levels. The effect of using integral information is ex
pected to be smaller than with A-items due to higher demand variations. 
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Table 6-4 summarises the considerations for choosing these specific control 
technique for B-items. Figure 6-9 depicts the control technique for B-items. 

Table 6-4. Control characteristics for B-items 

Value of control decision Reason for choice 

Forecast without a pattern CV of demand moderate 

Non-time phased dependent demand 

Central stock 

Relatively high demand uncertainty without peaks; small batch size 

Infrequent production and long lead time 

Integral status information 

Locally co-ordinated allocation 

Low imbalance risk 

Large amount of items 

Market infonnation 
Production ..,. . . ... .... . 

decision 
Local goods flow + 
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Figure 6-9. Distribution control technique for B-items 

6.8 Distribution control for C-items 
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C-items compose a relatively vast group of items which have a low turnover 
per year. C-items often have yearly sales volumes equal to the minimum pro
duction batch size - 350 items. As a result, the production frequency of C-items 
is at most three times per year. The CV of these items is higher than 1 (see 
Figure 6-7), which results in a high imbalance risk. 

6.8.1 Type of reorder planning 

The independent demand for C-items is relatively unstable and uncertain. 
Besides, the production batch is fixed - equal to the minimum manufacturing 
quantity - and is relatively large as compared to average demand. This im
plies that the batch size stock composes a relatively large part of the total 
stock. The effect of accurate forecasting, which may reduce the safety stock, is 
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therefore small. Furthermore, there is no clear (downward) trend in the de
mand of C-items, indicating that there are no patterns that can be incorpo
rated by forecasting techniques that can incorporate a pattern. A forecast 
without a pattern is therefore proposed. 

Dependent demand should be planned non-time phased due to the high de
mand uncertainty. 

6.8.2 Central stock function 

Due to the infrequent production and the high CV of demand, central stock is 
necessary. The imbalance risk is too high if central stock is abolished and only 
local stock is used. If a local DC runned out of stock and central stock is not 
available, either the items will have to be transhipped from other DC's, which 
is expensive due to the product characteristics, or a new batch will need to be 
produced, which takes at least one month lead time. 

6.8.3 Allocation co-ordination 

Centrally co-ordinated allocation is recommended to reduce imbalance risk. 
The handling costs are minimal if all items available are distributed to the lo
cal DC's as soon as they are available [Arnold, 1989]. However, due to the high 
imbalance risk, pushing a complete production batch is not recommended. 
Only a part of the batch should be sent to the local DC's and the other should 
be retained in a central DC. This procedure is known in the literature as the a
policy [Erkip, 1984]). In the a-policy, the first batch (for example 70% of the 

total production batch) is pushed through to the local DC's by means of a spe
cific allocation rule. The rest, i.e., (1-a) part of the production batch, is kept 
back in the central DC. As soon as one of the DC's is running out of inventory, 
the remaining inventory is allocated to all DC's. This rest is allocated in one 
time to enable the use of large batch sizes. In this way, delaying the allocation 
decision leads to the ability to balance inventory in the distribution system. 
Furthermore, the first part of each production batch does not need to be kept 
in central stock, which saves handling costs. 

It is also possible to use a locally co-ordinated allocation with two allocations 
by reviewing the local stock only twice. In this case, the batch size would be 
determined based on local information. The distribution batch sizes are fixed, 
as opposed to when the allocation is centrally co-ordinated. Given 5 local DC's 
and 2 allocations and assuming that the batch sizes are equal for all local 
DC's, the batch size per DC would equal about 10% of the production batch, 
counted in weeks of demand (5 locations * 2 allocations). As a result, both the 
first and the second allocation equal 50% of the total production batch, 
whereas the a-policy uses 70% of the total amount available in the first and 
30% in the second allocation. This implies that the period that should be cov-
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ered by the second allocation is shorter in case of the a-policy. As a result, the 

chance that the stock is imbalanced is smaller for the a-policy. The use of 

flexible batch sizes and a centrally co-ordinated allocation therefore better en
sures balanced inventories and decreases the imbalance risk. 

6.8.4 Integral or local status information 

The replenishment decision should be based on integral status information. 
The inventory should be kept at a minimum level because of the high obsoles
cence risk. Furthermore, low inventory levels are needed to reduce the amount 
of required storage space. Imbalance is avoided through the use of an a-policy 

and central co-ordination (see Section 6.8.2). If an item is out of stock and 
there is no central stock left, it is always possible to tranship an item as trucks 
drive daily between all DC's (although it should not be the objective to tran
ship items constantly). If transhipments take place too often, the number of 
allocations in the a-policy should be increased from two to three (for example 
first allocation 70% and the second and third allocation both 15% of the origi
nal supply batch). 

Figure 6-10 graphically depicts the control technique. Table 6-5 summarises 
the considerations for the selection of the technique. 

Production _. ... . .... . . 
Market information 

decision Local goods flow + 
First capacity information 

allocation• · · · S~cond ! decision allocation..,.: 

~-PLA_N_T_~ ·~v . I·-~.....-..-_____...., -= 
L__J,.............. 

Plant Central DC Local DC 

Figure 6-10. Distribution control technique for C-items 
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Table 6-5. Distribution control decisions for C-items 

Characteristic 

Forecast without a pattern 

Non-time phased dependent demand 

Integral stock norms 

Central stock 

Centrally co-ordinated allocation 

Reason for choice 

Demand unstable; high batch size stock; no trend 

High demand uncertainty 

High obsolescence risk; central co-ordination to protect against 
imbalance risk 

Infrequent production and high obsolescence risk 

Ensures balanced stock 

6.9 Distribution control for new items 

New items are introduced once a year when the new product catalogue is pub
lished. As soon as the item is available in the catalogue, customers tend to ask 
them in rather high quantities to fill their own distribution system. However, 
the precise moment and amount of this demand peak is unknown. First, there 
is a peak when the item is released to fill the pipeline of the customer. It is 
important to have stock available in the local DC's to cover this peak in de
mand. After this peak, there is a period where demand of the end customer is 
increasing gradually and demand at Walker is low as their customers still 
have stock. Subsequently, demand of the customers supplied by Walker will 
gradually grow as well. 

As there is no direct historical demand information available, other sources of 
information need to be used, such as demand of predecessors and the number 
of cars for which the exhaust system will be used. Therefore, a co-ordination 
meeting is necessary to set up plans and to co-ordinate the allocation of items 
towards the local DC's. Due to the presence of a clear demand pattern and the 
availability of information on related items, a forecast with a pattern will per
form best. As demand is relatively uncertain, dependent demand should be 
planned in a non-time phased manner. 

The allocation of goods is furthermore done similar to C-items with both cen
tral and local stock. Central stock is necessary to be able to rebalance the in
ventory (the imbalance risk is high). To avoid handling inefficiencies, the dis
tribution batch sizes should also be relatively large. As opposed to C-items, 
however, obsolescence risk is relatively small due to the fact that items are 
new. The amount of inventory available at the local DC's needs to be high, as 
it is important to fill the first customer demand for these new items. The first 
allocation is centrally co-ordinated, subsequent allocations take place as soon 
as one or more local DC's are running out of stock. If enough demand informa
tion about an item is available (for example, after one year), the new items can 
be allocated to one of the other categories. 
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Table 6-6 summarises the considerations for the selection of this technique and 
Figure 6-11 depicts the control technique. 

Table 6-6. Control characteristics new items 

Characteristic Reason for choice 

Forecast with a pattern 

Non-time phased dependent demand 

Integral stock norms 

Indirect information used from other sources 

Uncertain demand 

Central co-ordination reduces imbalance risk; frequent trans
portation possibility 

Central stock 

Co-ordinated allocation 

Fast reaction times needed 

Ensures balancing of inventory 

Additional information Markel information 

Production : · 
decision 

Coordination 
meeting 

First 
allocation 
decision 

Local goods flow + 
Later capacity informatirJn 

a/location 
decision 

' • l _ 
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Plant Central DC Local DC's 

Figure 6-11. Distribution control technique for new items 

6.10 Integration of control situations 
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So far, we have defined A, B, and C items based on their European demand, 
implicitly assuming that if an item is a fastmover, it is a fastmover in every 
market it is sold in. It is an unrealistic to assume that an exhaust system can 
be defined as fastmover or a slowmover in every market and for every local 
DC. An item may be a fast mover in one market and a medium fast mover or 
even a slow mover in another. For example, exhaust systems for French cars 
will be sold in large amounts in France as there are many French cars in 
France. The amount of French cars in the UK, on the contrary, is very small, 
and so will be the demand for exhaust systems for French cars. Such items will 
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be produced in France as it is the policy of Walker to produce items as close to 
their largest market as possible. 

In many publications on ABC-analyses, the difference between overall 
(European) rank and local rank is omitted. It is the combination of the Euro
pean and the local rank, however, that determines the control technique. As a 
result, the same item may be controlled differently in different markets. Be
low, we briefly discuss the combinations of European and local ranks. We omit 
the new item in this discussion, as new items are new at the same time for all 
markets. 

A-item on European level 

For items that are A-items on European level, solutions to resolve the problem 
of the difference in the European and the local rank are most straightforward. 
Products are produced every week, so central stock is not necessary. Due to the 
relatively high production frequency, all items can be directly shipped from 
production to the local DC's via a push system. If the A-item (European level) 
is a B or C-item locally, the shipments from the plant to the local DC's need to 
take place less frequently to maintain relatively large distribution batch sizes 
for reasons of handling efficiency. 

B-item on European level 

For B-items, there is central stock. If a European B-item is an A-item in a 
country, production of this item is assigned to the plant located nearest to that 
country. In this case, stock is as close to the market as possible. Between two 
production runs, the local DC's can reorder from the central stock rule as well 
(for example: reorder if the local stock is below a pre-specified number of weeks 
of demand). The procedure used is therefore a combination of centrally and lo
cally co-ordinated allocation. For items that are C-items locally, it is first 
checked whether the C-countries have sufficient inventory until the next pro
duction run each time the products are produced. If this is not the case, stock 
needs to be allocated to these local DC's. Between two production runs, the in
ventory retained in the central DC for allocating stock to the B-countries can 
also be used for C-items in case of too low stocks in C-countries. However, this 
needs to be determined centrally. The system used is a hybrid system. After 
each production run, product allocation to the local DC's is centrally co
ordinated. This is done in such a way that it is attempted to cover at least the 
local demand during two production runs. If stock falls below a pre-set level 
between two production runs, stock may be pulled by the C-item countries 
based on the local inventory position. 

C-item on European level 

If an item is a C-item on European level, research indicated that it will never 
be an A-item locally [Van der Snel, 1994]. Ifit is a B- or a C-item locally, the a-
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policy can still be used because total demand volumes are still small (it is still 
a C-item on European level). 

6.11 Conclusions 

In this case study, the selection of distribution control techniques at Walker 
Europe has been discussed. This study is the first of three studies discussed in 
this dissertation. The conclusions that can be drawn from this case study are 
summarised below. 

• ABC classifications are also useful for the selection of control techniques 

ABC classifications are predominantly used in inventory control for de
termining which items should get managerial attention and for parame
ter setting. This study has shown that this classification can also be a 
very useful tool for the selection of control techniques in physical distri
bution systems. 

• It is recommendable for the selection of appropriate distribution control 
techniques to define clusters of the products in the assortment 

To be able to take account of the specific characteristics of the products 
distributed, the processes used and the markets served, it is generally not 
recommendable to have only one distribution control technique for all 
products produced and distributed by a company. A differentiation in dis
tribution control between clusters is therefore desirable. This clustering 
should be performed in such a way that the characteristics of the products 
distributed, the process used and markets served within such a cluster 
are similar among the members of the cluster and differ between prod
ucts from different clusters. In the case study discussed, two criteria have 
been used for the clustering, product sales volume and product life cycle 
phase, entailing in four different control situations. No process character
istics were used as a clustering criterion, as these characteristics were 
similar among the products 

• The question whether central stock should be kept depends to a large extent 
on the production frequency. 

Items with a large demand are produced frequently (once per week). This 
combined with the fact that the Coefficient of Variation of demand is 
relatively small leads to the possibility to skip central stock for these 
items. The items produced are therefore immediately shipped to the local 
DC's, resulting in a reduction in handling activities. Especially for prod
ucts with a low value density such as exhaust systems, handling activi
ties are relatively expensive. As a result, the savings are significant for 
these items. 
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• The ABC classification of an item on European level may differ from its 
classification on local level. 

When a classification is used that is based on sales volume, such as the 
ABC classification, it should be taken into account that the classification 
of an item on European level may differ from its classification on local 
level. As a result, an item which is a fastmover on European level, may be 
a slowmover at one of the local levels. This difference should be taken 
into account in the selection of distribution control techniques. 

• The use of an appropriate control techniques may reduce handling costs 
significantly. 

For products with a low value density such as exhaust systems, it is de
sired to reduce the handling costs. This reduction can be obtained by 
minimising the number of allocations to the local DC's should be mini
mised. For A-items, a control technique has been selected in which each 
production batch is completely allocated to the local DC's without leaving 
any central stock. However, for items where the stock imbalance risk 
plays an important role, some central stock is needed. To resolve the 
problem of stock imbalance while still keeping handling costs relatively 
low, the production batch should be allocated only partly to the local 
DC's. Part of the batch should be kept in central stock. This central stock 
should be allocated to the local DC's completely at the moment there is a 
need for stock. In this way, only two allocations are needed which keeps 
handling costs low while stock imbalance is avoided. 



CHAPTER 7 

CASE STUDY: EMI COMPACT DISC (HOLLAND) BV 

7.1 Company description 

EMI Compact Disc (Holland) bv is a manufacturer and distributor of Music 
Cassettes (MC's), records and Compact Discs (CD's) . It is part of Thorn EMI 
Music Industries Ltd. In Europe, EMI has three CD manufacturing plants: in 
the UK (Swindon), Italy (Milan) and in the Netherlands (Uden), see Figure 7-
1. This case study focuses on the production and distribution of CD's manufac
tured in the Uden plant. Uden is the biggest CD plant of the three and pro
duced 121 million CD's and 10 million MC's in 1994. The plants deliver prod
ucts to national distribution centres (NDC's). National Sales Organisations 
(NSO's) are responsible for most of the NDC's. In Europe, nearly every country 
has an NDC. These NDC's are supplied by the manufacturing plants. 

Figure 7-1. Manufacturing plants in Europe 

7.2 Logistics key figures 

The scope of the data analysis would be too large if the total distribution net
work is researched . The data analysis has therefore been confined to two coun
tries, the Benelux and the UK Popular albums will be subject ofresearch. 



-114- Chapter 7 

Despatch from the plant in Uden amounted to 121 million CD units in 1994 
(equal to 110 million sets)2B and 10 million MC's. Nearly 9 million sets went to 
the Benelux. These items have been distributed all over the world. Figure 7-2 
summarises distribution costs figures for these 9 millio.n sets of CD's. 

Inventory Overhead 

customer 

Figure 7-2. Distribution costs for CD's manufactured and distributed in the Benelux 

These figures do not include the costs for despatching and transporting goods 
from the plant to the NDC's, as these costs are negligible for the Benelux (the 
Benelux DC is in the same building as the manufacturing plant). Information 
systems costs are also excluded to keep costs comparable with the other cases. 

Interest costs over capital tied up in inventory costs in Figure 7-2 comprise 
about 12% of the logistics costs. Inventory costs should be split into two parts: 
the central inventory and the local inventory. Only local inventory is included 
in Figure 7-2. A rough estimate indicates that the amount of central stock is 
about 25% of the total amount of local inventory29. Total inventory costs 
amount to more than 30% of the total logistics costs (including central stock) 
which makes the inventory component significant. The target order fill rate 
from NDC to retailer is set at 95%, and is attained constantly3o. Furthermore, 
in more than 99% of the cases, the items that are available in the NDC are de
livered in time to the retailers. 

7.3 Description of currently used distribution control techniques 

7.3.1 The replenishment of CD's 

Before production plans can be made, it needs to be determined first which 
plant will manufacture which orders. This sourcing decision is, amongst oth-

zs A set is a complete CD box which may contain more than one CD; a unit is one CD so a set 
may consist of more than one unit; on average, 1 set equals 1.1 units. 

29 Based on company figures. 

30 Based on interviews; it should be noted that the order fill rate is not always used as a crite
rion because not all products need to be delivered directly from stock; products that are not in 
stock may yet be delivered in time because they are being manufactured in the meantime. 
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ers, based on transportation and production capacity. For each plant, produc
tion plans are based on forecasts of demand of the NDC. Only for new items, 
independent demand is used as a basis for production plans. For other items, 
these demand forecasts concern the expected supply needed from the plant. 
These forecasts are made each month at an aggregate level in a two months 
rolling schedule and they are used for production capacity sizing purposes. The 
monthly forecasts (i.e., predicted supply to NDC) and the actuals (i.e ., actual 
NDC orders) are checked with the annual budget to keep track of deviations. 

Due to the fact that it is often hard to predict whether a release will be a suc
cess or not, setting the first forecast remains difficult in this type of industry. 
Forecasting new items is somewhat alleviated as third party customers (i.e. 
the retailers) often pre-order items that are about to be released. These num
bers can be used in establishing more reliable forecasts for new items. 

Example: dynamics in the music market 

At the moment of release of the album "De smurfen", 25000 items of this album 
were expected to be sold during its life time. Against expectations, sales went ex
tremely well, resulting in the fact that the album sales amounted .to. more than 
125000 items within a few weeks after release. 

Lead times of the production differ between the types of products. CD single 
supply takes on average 3 days, rush orders for CD singles can be manufac
tured within 2 days. The production of CD albums normally takes about 5 
days, a rush order can be manufactured within 4 days. Time to market is criti
cal in the CD business, especially for the popular CD's. Short reaction times 
are required, as many albums are hits only during a very short period. For ex
ample, singles are sold during a period of only two months on average . The re
tail market can be characterised as relatively stock insensitive: losing a sale is 
much more costly than the inventory costs of having many CD's in stock. Re
tailers therefore generally prefer high stock levels. 

CD's are manufactured based on orders of the NDC's. The manufacturing 
strategy is therefore predominantly make to NDC order, apart from the pro
duction of capacity stock (for high volume sellers and for large releases). As a 
result, NDC's normally need to order a manufacturing batch quantity of at 
least 350 units. If this amount is too large, there is a possibility to put the 
NDC order in back order at the plant and to wait until it can be combined with 
orders from other NDC's to attain the minimum manufacturing quantity of 
350 units. 

7.3.2 The allocation of CD's 

Initial production quantities of new popular albums are based on NDC esti
mates of sales. The initial shipment quantities for a new item, however, are 
based on locally determined NDC orders, which may deviate from the initial 
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estimates. After CD's have been released in the market, reorders for these 
items are based on a system comparable with Statistical Inventory Control. A 
stock objective is set per item and allocations are calculated based on the dif
ference between the actual stock level and this stock objective. This stock ob
jective is stated in number of weeks inventory. In most cases, replenishments 
are generated by inventory planners, not by an automated system. 

Classical item distribution takes place in a slightly different way. Classical 
items are all stored in a central DC in Germany. As a result, they can be reor
dered by the NSO's in very small quantities, as opposed to the non-classical 
items (production currently is make to order). Many of the classical items are 
not kept in storage by retailers nor by the ND C's. If the items are not kept in 
stock by retailer nor by the NDC, the customer order is sent via the NDC to 
the central DC in Germany. The distribution of classical items is therefore to a 
significant extent driven by third party customer orders. Replenishment of 
central inventory of classical items is initiated by the central DC for classical 
albums and takes place according to the same rules as in the NDC's. In the 
remainder of this case study, we will omit the classical items due to the differ
ent distribution system and the fact that they represent only a small part of 
the turnover. We mainly concentrates at the popular CD's. 

Transportation from the plant to the NDC's takes place according to fixed 
truck schedules and is outsourced to third parties. Trucks departs from Uden 
to each of the NDC's in Europe at least once daily. The truck schedule is es
tablished yearly based on the marketing budget. The planning bucket of this 
budget is one month. These monthly budgets are used to make contracts with 
the external transportation companies about the type of transportation 
(groupage, direct line) and the frequency. 

7.3.3 Inventory and sales analysis 

In this section, the inventory and sales of the Benelux and the UK are further 
analysed. In the Benelux and the UK, a statistical analysis of a 12 months his
tory of sales data, combined with marketing intelligence is used for establish
ing a monthly rolling plan. For best sellers, this supply plan is made per item. 
For other items, this is determined per item group. The reorder level for sin
gles is set at about two weeks local demand. For the albums, this level is set at 
the demand during the manufacturing lead time with a maximum of 4-8 weeks 
demand. The reorder level is reviewed daily for popular items and weekly for 
classical and jazz items. Table 7-1 summarises the basics of the distribution 
control technique used in the Benelux (which are comparable to those of the 
UK), according to the control decisions of Chapter 2. 
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Table 7-1. Distribution control in the Benelux 

Control decision Current state 

Type of reorder planning Marketing forecast; no time phased dependent demand planning 

Status information Only local information about demand and stock is used 

Central stock function Central stock only for new items and some high volume mature items 

Allocation co-ordination The allocation is locally co-ordinated; the allocation is triggered if the stock 
objective is lower than the forecast during the manufacturing lead time and for 
singles if it is lower than 2 weeks demand) 

There are large differences in demand and stock levels per item. Table 7-2 
quantifies data on stock coverage and on the percentage of sales and stock of 
the 500 best selling items. This top 500 changes quickly: on average, an item 
remains in the top 500 during 4 to 6 weeks. 

Table 7-2. Average ratio top 500 sales to total sales and top 500 stock to total stock 

Top 500 sales/ total sales Top 500 stock/total stock Stock excl. top 500/total stock 

Benelux 

UK 
95% 

95% 

45% 

35% 

55% 

65% 

For the top 500 of the items, the total amount of stock available (measured in 
units) is quite stable. Demand, on the other hand, is quite erratic due to fluc
tuations and due to the influence of new releases. The quantities sold per week 
per item often differ more than 100%. It is furthermore typical that the top 500 
- measured in units sold - accounts for about 95% of total sales very steadily 
over the period measured, both for the Benelux and the UK. Looking at the 
stock profile, we notice that the top 500 accounts for only about 45% of total 
stock in the Benelux and even only 35% in the UK. This implies that that 55% 
resp. 65% of total stock is held for only 5% of the turnover. 

Figure 7-3 shows an ABC-analysis of the sales to retailers in the UK. Due to 
lack of data, it was not possible to use all items for this graph, neither was it 
possible to plot cumulative stock data in it. 
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Figure 7-3. ABC-analysis of sales per item in the UK (based on a sample of items) 
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This ABC analysis showed that about 15% of the assortment generates 80% of 
the retail sales. It is already at about 30% of the total number of items that 
97% of overall retail sales is generated, which indicates that there are many 
low selling items. Table 7-3 summarises the results of an ABC-analysis for the 
1995 production quantities in Uden plant. 

Table 7-3. Division of production quantities over assortment (source: internal EMI) 

Cum. % of annual volume Turnover per item Cum. % of total no of items 

66% > 100.000 units/year 5% 

85% > 20.000 units/year 16% 

99% > 2000 units/year 75% 

Given the short period in the top 500, the large amount of stock for the non-top 
500 items and the long tail in the ABC analysis with slow moving items, stock 
in the system quickly grows old and often even obsolete. 

It was furthermore found that the first shipments for new items are relatively 
large. Figure 7-4 shows the number of shipments needed to attain at least 90% 
of the cumulative retail sales and allocations of an item during the first half 
year of its life cycle. It shows that for 30% of a sample of 100 newly released 
items in the UK, the initial shipment was so high that the initial stock level 
was sufficient to ensure that at least to 90% of the total retail demand in the 
UK within the first half year after release was covered. 
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Figure 7-4. Number of allocations needed until the NDC stock is sufficient to cover 90% of the 
total retail demand (UK) 

Currently, the objective is to cover 4 weeks of demand with the initial ship
ment. However, many initial shipments are more than enough to cover retail 
demand over a relatively long time - longer than the 4 weeks aimed at. The 
size of the initial shipments is therefore relatively large, especially because 
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there is often (capacity) stock available in the central DC, which can be deliv
ered to the NDC's within 24 hours. 

7.4 Characteristics of products, processes and markets 

7.4. 1 Product characteristics 

For all items, the ex factory selling value is about Dfl 3.5031 (royalties for the 
artist not included). The value density - i.e., the value per m3 of packaged 
products - is based on the ex factory selling value and adds up to Dfl. 35,000. 

The phase of the product life cycle differs significantly between products. 
There are about 700 to 800 new releases each year, but there are also many 
items in the assortment that have been in it for years. The length of the life 
cycle also differs strongly. For popular items, the life cycle tends to be shorter 
than for classical items, although there are exceptions. Normally, singles have 
the shortest life cycle. They are sold during a period of about 6 to 8 weeks. Af
ter this period, excess singles stock is often scrapped. 

The assortment is oriented towards both the internationally released albums 
and albums that are released in only one country (local releases). The assort
ment size per country is about 10,000 different items. 

7.4.2 Process characteristics 

The production lead time for CD-singles is on average 3 days and only 2 days 
for CD single rush orders. Normal orders for albums take 5 days to manufac
ture and rush orders for albums have a lead time of 4 days. To attain these 
lead times, the components (booklet, trays, raw material) need to be available. 
If there are no components available, component purchase lead time may delay 
the production lead time with some days in case of standard components. This 
delay can grow up to several weeks in case of special components. Flexibility of 
purchasing is therefore different for standard and non-standard materials. 
However, we assume that there are enough components available in time to 
fill production demand32_ 

The distribution network used is a two echelon network. Central stock for the 
non-classical items is located in Uden. A primary function of the central stock 
is production capacity stock. The classical CD's are stocked in Germany in a 
central DC. Because each NDC place orders at the plant independently, the 
minimum distribution batch size for an NDC order equals the minimum batch 
size for production (350 units). The NDC order can also be combined with or
ders from other NDC's, but the production lead time is then increased. 

''' This number is based on an industry average (source: Bletz [1996]). 

"' The customer order decoupling point currently is at component level. 
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7.4.3 Market characteristics 

Customer service requirements are a delivery within 24 hour from NDC stock 
(although this is less strict for old items). Demand per product differs strongly 
and may face seasonality. The seasonality in demand is dependent on the type 
of item. Some items are for example special event items (for example: a 
Christmas CD or a tribute to a deceased person). Demand uncertainty depends 
on the type of item as well. For new releases, demand is difficult to predict, but 
after a specific period of time, it tends to stabilise and become better predict
able. Demand may also vary per type of customer. Table 7-4 summarises the 
characteristics of the products distributed, the processes used and the markets 
served. 

Table 7-4. Characteristics of products, processes aiid markets 

Product 

Process 

Market 

PPM-characteristic 

Product value33 

Value density 

Length product lite cycle 

Phase product life cycle 

Product volume 

Uniqueness product 

Production lead time 

Production flexibility 

Production frequency 

Production batch size 

Distribution batch size 

Assortment size 

Type of supply used 

Customer service requirements 

Value 

Dfl. 3.50 

Dfl. 35,000/m3 

Some weeks (CD singles) to some years (CD albums) 

All phases available; many new items 

About 10,000 CD's perm' 

International release vs. country specific release 

3 to 5 days 

Large tor standard materials, small tor special materials 

Once per week to once per year 

350 units 

350 units 

10,000 items per country 

Bulk 

24 hours delivery 

Demand per product/per customer Strongly fluctuating 

Demand seasonality Peak around Christmas 

Demand uncertainty Large uncertainty 

7.5 Segmentation criteria 

7.5.1 Current segmentation 

The segmentation of the product assortment currently used is based on both 
sales volume and the genre of the music. The first criterion is the sales vol
ume. Currently, high volume releases are planned separately as these large 

33 lndustry average; based on Bletz [1996]. 
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amounts may disturb production significantly. Items that generate high sales 
should be monitored carefully because they represent a large part of total com
pany turnover. The second criterion, genre of music, is based on the assump
tion that different types of music have different types of sales patterns (i.e., 
classical, popular, compilation; we mainly concentrate at popular albums). 

7.5.2 Segmentation based on PPM-characteristics 

The segmentation has been predominantly established using qualitative 
analyses and a discussion with the management. Below, we will discuss the 
segmentation criteria. 

Process characteristics were found to be roughly comparable among the items. 
The difference in production lead times is only very small. 

With regard to product characteristics, CD's mainly differ with regard to the 
phase of the life cycle. The length of the product life cycle also differed between 
products, but this is related to the phase of the life cycle. For example, items 
with a short life cycle such as singles are not expected to have a maturity 
phase. The uniqueness of the item - i.e., whether the item is a local release or 
an international release - only influences the location of inventory and not the 
distribution control technique. Local releases should be stored in local DC's 
only, there is no need for central stock for items that are released locally. 
Uniqueness is therefore omitted as a discriminative factor for control situa
tions. The other product characteristics differ not significantly among items. 

Regarding market characteristics, customer service requirements were found 
to be comparable between popular CD's (24 hrs. delivery, though this was less 
strict for old and slow moving items). Sales patterns appeared to be relatively 
independent of the music type34 . Figure 7-5 shows a typical sales pattern. 
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Figure 7-5. Typical (cwnnlative) sales pa.ttem new item (release in week 10) 

3 '1 This has been investigated by plotting charts of cumulative sales and checking together with 
the management whether sales patterns can be distinguished, but this appeared to be difficult; 
subsequently, the stability of demand has been calculated for a sample of items, but there was 
no clear pattern. 
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The only two conclusions that could be drawn with regard to sales patterns is 
that first, classical music tends to sell less than popular music_ Secondly, sales 
of compilations35 of popular music tend to be predominantly concentrated into 
the first weeks after release and quickly goes down subsequently, whereas 
classical music demand grows steadily after an initial release peak. This may 
imply that there are other criteria than genre that account for these effects. 
Within the category of popular albums, patterns could hardly be distinguished. 

Analyses furthermore revealed that a differentiation based on demand uncer
tainty is hardly possible as all items have a quite high level of demand uncer
tainty and therefore a low degree of forecastability. This analysis has been 
made by calculating the coefficient of variation of demand, which is defined as 
the standard deviation divided by the mean. Figure 7-6 depicts the relation be
tween the CV of the sales per week and the mean sales per week, from 15 
weeks after release onwards. 
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Figure 7-6. Relatiori between CV and mean sales per week 

This graph clearly shows that the expected relation between the average sales 
and the CV is not present - the CV was expected to decrease significantly be
low 1 as the mean sales increase similar to Walker. Uncertainty is expected to 
be related to the age of the item. The demand uncertainty becomes less if the 
items grow older, the CV is lower if we look at a period of 20 weeks after re
lease instead of 15 weeks. Furthermore, research on CD demand in the USA 
also revealed that the older the item gets, the better predictable its demand 
becomes (source: internal EMI). Uncertainty of demand is therefore not explic
itly used as a discriminatory factor. Seasonality is also omitted as it is nor
mally dealt with in the same way for all items. NDC inventory is increased be
fore the demand peak is expected (which could be for example the Christmas 
period). Besides, the main problem of seasonality is the production of the 
product and not the distribution. Demand volume may differ strongly as well. 

"A compilation is a collection of songs of different artists. 
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However, it is often difficult to predict whether an item will be a success or 
not. The demand volume is therefore not incorporated as a primary segmenta
tion criterion but as a secondary criterion. 

Based on the discussion above, we will use the life cycle phase as the primary 
criterion to discriminate distribution control situations. The influence of the 
level of demand will be taken into account as well, but not as a primary pa
rameter due to the fact that it is often difficult to determine whether an item 
will be a success or not. Below, new items will be discussed first, then the ma
ture items and last the old items. Before we go into the details of distribution 
control per control situation, we will first discuss the boundaries of the control 
situations. 

7.5.3 When are items new or old? 

To investigate the boundaries of the distribution control situations, sales pat
terns of different types of items have been studied. Based on analyses of sales 
patterns, the conclusion was drawn that for the major part of the items, a sig
nificant amount of their total lifetime sales is generated during the first 10 
weeks following on the release. At this point, there seems to be a breakpoint in 
demand. In the first 10 weeks, demand is unpredictable due to high peaks in 
the initial demand and the fact that there is no demand history available. Fur
thermore, music is like all fashionable items: it is sometimes very difficult to 
predict whether an album will be a success or not. Due to this lack of predict
ability, the first 10 weeks following on the release should be based on local 
NDC input only. Forecasting based on historical data does not seem to be use
ful due to a lack of reliable data, on the one hand as a result of the short sales 
history available, on the other because of the highly fluctuating demand. 

Old items are characterised by relatively low and stable sales. The moment 
when an item becomes old differs per item. For some, this moment comes rela
tively quickly, for others it may take years. It is not possible to distinguish old 
items from the other items based on the age. Old items should therefore be de
fined based on their turnover. As such, they are comparable to the slow movers 
in an ABC classification, as in the Walker case (see Chapter 6)36 . Using Table 
7-3 and Silver and Peterson [1985]. we define old items as items that are not 
new and that do not sell more than 2000 sets per year measured over all 
NDC's. 

·16 Silver and Peterson [1985] call an item the first 5% to 10% of the ranked items an A-item; 
these are responsible for about 50% of the turnover; B-items are the middle 50% of the items 
that are responsible for another nearly 50% of the turnover; C-items comprise the rest and 
represent only a small percentage of the total turnover. 
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7 .6 Distribution control for new items 

7.6.1 Type of reorder planning 

For new items, there is already some market information available because 
retailers already order CD's before the release date. However, this should be 
completed with marketing information to establish a forecast. This informa
tion needs to be obtained from the local marketing organisations as they have 
a better view on the market than the people at the plant. Information of re
lated products - such as an older version of a product - is not available due to 
the fact that the success of one CD of a band does not imply that another CD of 
that band will be a success as well. It is difficult to predict whether an item 
will be a success or not. As a result, forecasts with a pattern hardly add any 
value in this case. 

Furthermore, the margin on the product is relatively high as compared to the 
inventory costs, which implies that lost sales are expensive. As the obsoles
cence risk of new items is small, the investment in some surplus inventory is 
preferred to making more efforts in forecasting demand given the volatile 
character of demand. However, currently the forecasts are sometimes too op
timistic given the fact that about 30% of the items are only allocated once to an 
NDC (see Figure 7-4). For items with low demand, a surplus should therefore 
be avoided as much as possible. 

The dependent demand should be planned non-time phased. The independent 
demand is relatively uncertain, but the distribution batch sizes are flexible 
and the production lead time is relatively short. This leads to a short reaction 
time. 

7.6.2 Central stock function 

To answer the question of having central stock or not, a decision should be 
made concerning the question whether new items need to be made to stock or 
made to order. This decision is related to the uniqueness of the product and the 
degree to which products need to be customised for one specific country in the 
manufacturing plant. For some products, other trays or booklets than standard 
are required due to marketing requirements. The resulting product can there
fore be sold in only one country. The products that need to be customised in the 
plant to comply to local marketing requirements need to be made to (NDC) or
der. The country specific genre is also made to local NDC order. The other 
items need to be made to stock as much as possible, preferably in a generic 
form (without add-ons such as stickers or shrink wraps). 

One exception to this is the period before Christmas time, in which the larger 
part of the new items is released. In this period, it is necessary to produce all 
items to stock due to production capacity constraints. However, as NDC's are 
responsible for the stock levels (which was an explicit constraint in the re-
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search), the plant can not decide to send more than requested by the NDC's. 
Due to these organisational constraints, items can not be sent already to the 
NDC's before they need it. These items therefore need to be kept in central 
stock. 

Central stock is not only needed for production reasons but also for distribu
tion reasons. Most importantly, it is often not sure whether a CD will be a suc
cess or not. As reaction times need to be fast for new items, it is recommend
able to keep relatively much of the inventory in central stock. The stock can 
still be used for different countries. Lead times from central stock to NDC are 
so short that reaction time is still short enough to distribute the stock to the 
retailers in a reasonable time. Make to order might lead to problems in this 
respect as the production lead time still comprises at least 3 days_ 

Furthermore, new CD's may sometimes be kept in central stock until just be
fore the official release date for security reasons. In this way, it is avoided that 
they are being sold and broadcasted before the official release date. 

7.6.3 Allocation co-ordination 

The timing of the initial allocation of new items need to be centrally deter
mined to ensure an efficient handling in the central DC. This is especially im
portant if the allocation quantities are relatively large. Furthermore, it is bet
ter possible to plan the release of an item in this way and to adjust the pro
duction moments to the shipment dates. The allocation quantities are co-ord
inated locally. 

All subsequent allocations should also be locally co-ordinated. In this way, re
orders are only triggered if there is a need for it. It has been discussed before 
that local forecasts are needed for manufacturing purposes, but these forecasts 
are relatively unreliable. Given the market dynamics and other influences on 
sales, it is therefore difficult to determine the allocation at a central depart
ment. In addition, the fact that the NDC's have stock responsibility prohibits 
the allocation of more than the immediate NDC needs (which might happen if 
the allocation if centrally co-ordinated). Furthermore, the amount of work 
needed for central allocation co-ordination would be rather large due to the 
large amount of local DC's. Central co-ordination of the allocation is only 
needed in case of scarce supply of products. Centrally determined priority rules 
are then needed to allocate the scarce items while avoiding imbalance. 

7.6.4 Type of status information 

For new item replenishment, local norms should be used. The market is very 
erratic in the first weeks after release and the success of a new item may be 
different in different markets. As a result, the stock imbalance risk is rela
tively high. The replenishment should therefore be based on local status in
formation. However, actual information on local stock levels and retail demand 
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should also be centrally available to avoid the production of products that are 
not (yet) needed. Based on this central overview of local stock and retail de
mand, it can be decided to produce extra items for central capacity stock or to 
deploy the central stock and to stop production of an item. 

Table 7-5summarises the considerations for selecting this technique. Figure 7-
7 summarises the control technique graphically. 

Table 7-5. Summary of control decisions and reasons for choice for new items 

Value of control decision 

Forecast without pattern 

Non-time phased dependent demand 

Central stock 

Locally co-ordinated allocation 

Local status information 

Production 
decision 

Reason for choice 

Demand is uncertain 

Demand is uncertain, distribution batch sizes are small 

Short reaction time needed; ensures stabilised production plan; 
alternative use of central stock due to uncertainty of success 

Allocations are all locally co-ordinated due to amount of work 
(many local DC's) and volatile demand 

Imbalance risk is high due to market dynamics 

4······· ···· 
Market information 

Local reorder 
information :· . n 
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Plant 

Items made to 
order of local DC 

Central DC 

Figure 7- 7. Control technique for new items 

7.7 Distribution control for mature items 

Local DC's Retail 

About 10 weeks after release, the lumpy retail sales pattern of the first few 
weeks is expected to be stabilised somehow. This does not mean, however, that 
sales have already become (statistically) predictable. For some types of al
bums, sales remain somehow steady at a fixed level, for others, sales decrease, 
flatten out and gradually become zero. There will be no singles in the maturity 
phase, as the life cycle time of singles is generally less than 10 weeks. After 
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this period, sales have dropped to a such a low level that they actually have 
become old items. 

7. 7.1 Type of reorder planning 

For mature items, demand forecastability still remains poor. Figure 7-6 al
ready depicted the relation between the Coefficient of Variation and the aver
age sales, and showed that the CV for sales 10 weeks after release is still high 
- many items have a CV larger than l. It showed furthermore that the CV de
creases slightly if the mean sales increase, but it does not come below the criti
cal level of 1. The CV of demand decreases in the course of time, which may 
indicate that the possibility to forecast sales gets better in the course of time. 
Research on CD distribution in the USA showed that the demand gets much 
better predictable some months after the release of the item (source: internal 
EMI). 

The production lead time and the distribution lead time are currently rela
tively short (3 to 5 days for production and 1 day for distribution), which 
means that safety stocks can be small. The effect of forecasts with a pattern is 
therefore minimal. The use of simple forecasting techniques which can not in
corporate a pattern is thus preferred. To assure a high customer service level, 
investment in some extra safety buffers is preferred to putting more efforts in 
good forecasts. This is especially recommended for the high demand volume 
items. For these items, the obsolescence risk is small and yet the total storage 
space required is small due to the small product volume. 

The dependent demand can be planned in a non-time phased manner. The in
dependent demand is relatively uncertain but the distribution batch sizes are 
small. 

7. 7.2 Central stock function 

For the mature items, central stock is needed. The imbalance risk is relatively 
high because of unstable and uncertain demand. Furthermore, the aggregate 
demand is fluctuating quite strongly as well (especially because of peaks such 
as Christmas), which necessitates capacity stock. Besides, due to organisa
tional constraints, there is currently no possibility to put items in NDC stock 
before the local marketing organisations actually want to have the stock -
which is often shortly before a demand peak. All capacity stock and anticipa
tion stock should therefore be kept centrally. 

7. 7.3 Allocation co-ordination 

The allocation of mature items needs to be locally co-ordinated. The amount of 
mature items is considerable and given the many stocking locations, the 
amount of work involved in co-ordinating the allocation centrally would be 
very large. Furthermore, given the organisational structure, it is difficult to 
have a central authority determine the allocation quantities. Local marketing 
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organisations currently are primarily responsible for attaining the required 
level of customer service. 

7. 7.4 Type of status information 

The imbalance risk is still relatively high due to the demand uncertainty and 
the fact that there may be a difference in the success of a CD between coun
tries. Local stock norms and demand information are hence recommended. 
However, central overview over all local stock is needed to protect against un
necessary reordering. This also enables a reallocation of inventory in case of 
severe stock imbalance. For that purpose, a maximum stock level is needed to 
indicate which location is overstocked and which is not. 

Table 7-6 summarises the considerations for choosing the specific control char
acteristics as discussed in the previous sub-sections. Figure 7-8 shows the dis
tribution control technique graphically. 

Table 7-6. Summary of control decisi.ons and reasons for choice for mature items 

Value of control decision 

Forecasts without pattern 

Non-time phased dependent demand 

Central stock 

Locally co-ordinated allocation 

Local status information 

Reason tor choice 

Uncertain demand 

Uncertain independent demand and small batch sizes 

Needed because of imbalance risk and organisational restrictions 
(location of capacity and anticipation stock) 

Many items involved; organisational restrictions 

Imbalance risk high due to market dynamics 

Market information 
Production ~ ... . .. . 'f .... . 

decision 
. ... 

PLANT 

Plant 

Central stock: 
information ; 

Local stock : 
information ; 

Items with internal 
adjustment 

Central DC Local DC's 

Figure 7-8 .Distribution control technique for mature items 
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7 .8 Old items 

Old items are items that are in the last phase of their life cycle._ Typical for old 
items is that their sales are low (i.e. <2,000 units per year in total). First, this 
category contains the items that are at the end of the life cycle phase. Sec
ondly, it contains the old singles. Single sales have dropped significantly 10 
weeks following on the release date due to their short life cycle length. 

7.8.1 Type of reorder planning 

Although demand per NDC is relatively low, the total yearly demand still 
comprises some manufacturing batches each year. The production batch size is 
relatively large as compared to average demand, which implies that the use of 
forecasting techniques which can incorporate a demand pattern does not con
tribute significantly to a reduction of stock. However, forecasts on NDC level 
are difficult to make due to the small amount of demand. As a result, forecasts 
without a pattern are needed. The dependent demand should be planned non
time phased as the distribution batch sizes are relatively small. 

7.8.2 Central stock function 

For old items, central stock is necessary. Fully allocating the production 
batches to the local NDC's without maintaining central stock is not recom
mendable. The imbalance risk would be high if central stock were not avail
able. The use of central stock combined with the high value density of the 
items enables the use of small distribution batch sizes and low local stock 
norms, which reduces the imbalance risk. 

7.8.3 Allocation co-ordination 

Central co-ordination of the allocation is not necessary. Small allocation 
quantities and low local stock norms. A technique which orders items as soon 
as they are sold is then sufficient. It is then possible to react quickly to local 
demand changes, which may occur if for example an old CD gets a sales boost 
in one specific country because of a local promotional action. The central stock 
can then be used to cover (part of) this sales peak. As a result, transhipments 
and abundant production of new batches of these items are avoided. Only in 
case of scarce supply, the allocation needs to be centrally co-ordinated. 

7.8.4 Type of status information 

The imbalance risk is small as inventory is mainly retained in central stock, 
local stock norms are low (only a small number of items per NDC), and the dis
tribution batch sizes are small. Delivery lead times to the NDC's are short 
enough to ensure a quick delivery (each NDC is supplied daily by the plant), so 
potential stock-outs can be corrected quickly. Furthermore, retailers are ex
pected to be prepared to wait longer for the delivery of old items. As a result of 
the low imbalance risk, integral stock norms can be applied to old items. 
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Figure 7-9 shows the distribution control technique graphically_ The reasons 
for choosing this specific control technique are summarised in Table 7-7. 

Table 7- 7. Summary of control decisions and reasons for choices for old items 

Value of control decision Reason for choice 

Forecasting without pattern Production batch size large 

Non-time phased dependent demand Small distribution batch sizes 

Central stock Batch size stock is relatively large; low local stock norms 

Locally co-ordinated allocation Small distribution batch sizes and low local stock norms; effect of 
local promotional actions on local sales 

Integral stock norms Low imbalance risk due to low local stock norms 

Market information 
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~~~ . . : 

' 
~P_LA_N_T~~ 

Plant 

Local stock: 

• A/loca7!jtion • decision o · :·: 
~v-u 

Central DC Local DC's 

Figure 7-9. Distribution control technique for old items 
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7.9 Integration and implementation of control situations 

The life cycle stage of an item is expected to be similar in all the countries 
given the fact that the release dates in the countries are similar most of the 
times. If that is the case, the items are new in the first 10 weeks after the re
lease. After that period, they are mature until the total sales level drops below 
the 2,000 units per year; from that period onwards, they are considered old. 
The control techniques described above are therefore useful for all new and 
mature items given that the release dates are similar in all DC's (which holds 
for at least the European countries).- A sales level of 2000 units for the old 
items in total does not imply that sales are low in all countries. It may occur 
that -sales are higher in one country and very low in others. In that case, only 
the stock level should be set higher for the country with high sales. The old 
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item technique can still be used: the forecasting technique is not influenced by 
this, central stock is still necessary because of the central placement of the 
batch size stock. The allocation can still be made in a locally co-ordinated way 
and integral stock can be used as the stock in only one country is relatively 
high (the imbalance risk is not expected to rise significantly). 

7.10 Conclusions 

As compared to the first case study at Walker Europe, this second study has a 
somewhat different character, which is a result of the environment EMI oper
ates in and of the characteristics of the product. There are some conclusions we 
can draw from this study with regard to the selection of control techniques. 

• Market dynamics and a high product margin have a significant impact on 
distribution control decisions. 

One of the important characteristics of the music market is the dynamic 
behaviour of demand. It is often hard to predict whether a new CD will 
become a hit or not. As a result, the use of statistical forecasting tech
niques is very difficult. Because of the market dynamics and of the short 
reaction time required and the relatively high contribution margin on 
each product, it is worthwhile to invest in extra stock as a means to cope 
with the demand fluctuations. The marketing organisations prefer over
stocking as a means to avoid the risk of not having the product. This 
strategy may be worthwhile for the fast moving new items_ However, 
overstocking should be applied with care to avoid obsolescence. 

Furthermore, because of the need to have short reaction times, the high 
value density and the high contribution margin, capacity costs are of sec
ondary importance. The first reason is that transportation costs are rela
tively fixed due to the fact that there are fixed (daily) transportation 
schedules. Secondly, handling is not very expensive due to the fact that 
CD's are small. The products can thus be stored in a relatively small area 
and distribution batch sizes can be small. 

• The organisation structure can significantly influence stock decisions. 

Within EMI, the local marketing departments are relatively powerful. 
This is one of the main reasons that a centrally co-ordinated allocation is 
not a viable alternative within EMI. The local marketing departments 
currently have the main responsibility for the stock levels. It may be dif
ficult to reduce stock levels as a result, even if there is relatively much 
stock in the as in the current situation system (especially in slow movers). 
This implies that stock made for production capacity reasons as well as 
the production batch size stock should be kept in a central facility. 



CHAPTER 8 

CASE STUDY: VROOM & DREESMANN WAREN

HLllZEN BV 

8.1 Company description 

The third case study considers distribution control at Vroom and Dreesmann 
Warenhuizen bv. Vroom and Dreesmann (V&D abbreviated) is a Dutch de
partment store chain with 63 outlets, all located in the Netherlands. Turnover 
in 1993 was Dfl. 1. 7 billion. The assortment consists of consumer goods and is 
very broad, amounting to around 500.000 different products. The products are 
classified in main product groups: clothing and fashion accessories, drug store 
products and perfumes, household goods and interior products, office supplies 
and books, electronic products and sound media, toys, sports, and do-it
yourself. Each main product group consists of several product groups. Outlets 
are supplied with products by 5 DC's, which are spread over the country (see 
Figure 8-1). 

Figure 8-1. Distribution structure of V &D 
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Each DC stores a unique product assortment, and takes care of the distribu
tion of all the items of the complete assortment - including those kept by the 
other DC's - to the outlets within the delivery region (called destination zone, 
DZ)_ As a result, a DC is a stock point for a limited assortment of goods and a 
cross docking point for the goods stored in the other DC's. Figure 8-1 shows 
that goods stored in Utrecht with destination Roermond are first transported 
to St. Oedenrode and subsequently cross docked to Roermond. Some products 
such as books and CD's are not cross docked via other DC's but directly trans
ported to the outlets. 

Suppliers deliver the goods to the DC's in two different ways: in bulk and 
prepicked. Bulk deliveries are deliveries where the products still need to be 
allocated to outlets upon receipt in the DC. Bulk products may be either com
pletely allocated to the outlets without central stock or they may also be kept 
in central stock. Prepicked deliveries are deliveries which are ordered per out
let. They are delivered at the DC already picked and packed per outlet. Upon 
receiving and checking these deliveries, goods only need to be distributed 
(cross docked) to the outlets. The advantage of using prepicked deliveries is 
that the amount of work in the DC is considerably less than with bulk deliver
ies. The amount of work is less due to the fact that some of the handling ac
tivities are already performed by the supplier - such as sorting out and pack
ing goods per outlet. Furthermore, there is no central inventory for prepicked 
deliveries, whereas there may be central inventory for bulk deliveries. 

8.2 Logistics performance figures 

One of the key logistics figures used within V &D is distribution costs. Figure 
8-2 depicts these costs. Distribution costs in Figure 8-1 comprise the costs of 
DC operations, transportation from DC to the outlets and the costs of capital 
tied up in inventory(in the DC and the outlet) . 

Overhead 

Storage+ 
handling DC 

Figure 8-2. Distribution costs of V&D 

Handling in 
outlets Inventory 

DC's 

Transport DC
outlet 

Inventory 
outlets 

Costs of transportation from supplier to DC are not incorporated as nearly all 
goods coming from within Europe are supplied CIF, implying that transporta-
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tion costs are included in the purchasing prices. Products from outside Europe 
are transported FOB37. 

Within V&D, there is no information on logistics performance measures such 
as the fill rate available at the outlet level. The only logistics performance 
measure that is currently used is the total amount of goods that is not avail
able in the DC to fill the outlet reorders of an item. However, if an item is not 
available in the DC, it does not yet mean that it is not available to the cus
tomer. We will therefore not discuss this performance measure . 

A department store is characterised by a high diversity of products, with low 
and high turnover. Figure 8-3 depicts an ABC-analysis of the sales and the in
ventory from a sample of drugstore products. The sales in this picture concern 
a period of 1 month. It is remarkable that for these high volume sellers, the 
curve is not as steep as for the high volume sellers from the other case studies. 
Figure 8-3 furthermore indicates that there is a considerable amount of stock 
for these items. 
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Figure 8-3. ABC-analysis for a sample of drugstore items on item level 

8.3 Distribution control techniques currently used 

Due to the diversity in the assortment, three distribution control techniques 
are used within V&D. The first method is called the pull technique. According 
to this technique, items are automatically reordered based on Statistical In
ventory Control for each outlet. The second is called a push technique within 
V &D. According to this technique, the allocation of goods to the outlets is de
termined by a central department using historical sales data. This technique is 
predominantly applied during promotional actions. The third is also called a 
push technique in V &D terms, but according to the latter, goods are supplied 

37 CIF and FOB are incoterms. CIF means Cost, Insurance and Freight, FOB means Free On 
Board. 
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to outlets based on sales plans instead of a sales history. This technique is 
mainly used for fashion items. The three techniques are explained below. 

8.3.1 Pull distribution control 

The pull control technique is an (r,s,S) control technique. Both for the outlet 
and for the DC, a reorder level and a reorder frequency are set. The review 
frequency of the inventory levels is once per week for nearly all items. The 
stock level of each main product group is reviewed on a fixed day in the week. 
In this way, not all items are reviewed at the same day. It is not possible to 
review all items on one day in a week due to the excessive handling capacity 
required in the DC. There are two exceptions to this weekly review. The first 
exception concerns products with a value of more than Dfl. 300,· each, such as 
audio/video equipment. For these items, inventory levels are reviewed every 
day and reorder levels are set low - often 1 or 2 units only - due to the rela· 
tively high costs of having inventory of these items. The second exception con
cerns products in promotional action periods. During these action periods, the 
inventory is also reviewed daily. 

The reorder level s consists of two parts: 

• A minimum presentation quantity; in retail environments, it is important 
to be able to show the product to potential customers in relatively large -
but not too large - amounts to give the impression that there is a broad 
supply in terms of quality and quantity; this minimum is specified by the 
marketing department. 

• A quantity to cover demand during lead time plus review period; this lead 
time concerns the time it takes to get the item from the DC or a supplier. 

There is no formal safety stock calculation incorporated in the stock level cal
culation. The minimum presentation quantity serves as safety stock. The or
der-up-to-level Sand the reorder level s are related to each other by means of a 
standard rule: the reorder level s is 80% of the order-up-to level S. If the DC 
stock is insufficient to supply all outlets with the desired amount of products, a 
so called "pyramidal" allocation38 system is used. 

The items that are delivered prepicked are not kept in central stock. These 
items are characterised by short supply lead times. The items with a long 
supply lead time are not kept in central stock. Table 8-1 summarises the char
acteristics of this type of distribution control. 

3B This implies that products are allocated to the outlets in phases; each phase, one unit is allo
cated to each outlet. This continues until either there are no more items available for alloca
tion or until the outlet demand has been satisfied. 
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Table 8-1. Distribution control for pull distribution in the current situation 

Control decision 

Forecast 

Dependent demand 

Status information 

Central stock 

Allocation co-ordination 

Decision value 

Without a pattern 

Non-time phased 

Local 

Only for items with short supply lead time 

Local 

8.3.2 Push distribution control: promotional actions 
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For product oriented promotional actions, a push control technique is used. 
These actions are organised throughout the year. Twice per year, there is a 
special promotional action period of 1 week, which is called the "Prijzencircus" 
("Price Circus"). In this Price Circus, many products are on sale. In a promo
tional action period, products need to be available in the outlets from the start 
of the promotional action in large quantities. There are two reasons for this: 

• In case of a promotional action, inventory needs to be available for pres
entation purposes (customers must have the idea that there is enough). 

• Sales in these promotional action periods are often concentrated in the 
beginning of the period (in the "Price Circus", up to 40% of the total sales 
in this period is sold the first day of the action week). 

In most cases, items are purchased especially for a discount action. The replen
ishment quantity is established based on expected sales quantities. For the 
allocation, sales data is used to develop a code that indicates what percentage 
of the supply batch is allocated to which outlet. The resulting allocation quan
tities per outlet may be adjusted manually to attain at least a minimum pres
entation norm in each outlet . The function of this norm is comparable to the 
minimum presentation norm in pull control technique. The outlet allocation 
percentages equal the outlet sales for a product divided by the total Price Cir
cus sales in the previous Price Circus period. In many cases, central stock is 
kept to enable the rebalancing of outlet stock during the action period. Table 8-
2 summarises this control technique. 

Table 8-2. Distribution control for ''push" distribution (1wn-(ashion products) 

Control decision 

Forecast 

Dependent demand 

Status information 

Central stock 

Allocation co-ordination 

Decision value 

Without a pattern 

Non-time phased 

Local 

Mostly (dependent on product type and purchasing process) 

Central 
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8.3.3 Push distribution control: fashion products 

For fashion items, a third control technique is used, which is also called push 
within Vroom and Dreesmann. Although this technique is similar to the previ
ous "push" technique in its basics, the calculation of the allocation is slightly 
different. For this reason, it is discussed as well. 

Fashion items are characterised by the fact that they are often purchased far 
away and hence supplied only once. This implies that there is no direct de
mand history for these items. The purchasing officer makes a sales plan which 
is detailed per sub-group per outlet. A sub-group is a group of items which is 
described in terms of generic characteristics such as product colour, size and 
price level (for example, black lady gloves). The sub-group sales plans are used 
as a yardstick for the allocation of items to the outlets. The sub-group plans 
per outlet are established by calculating the relative part of the outlet sales of 
the sub-group to the total sub-group sales. The allocation quantity of an item 
for an outlet is based on the relative need of the outlet. The relative need of an 
outlet is defined as: 

Salesplan i - stock i - pipeline stock between DC and outlet i 
Relative need outlet i = 100 

Salesplan i 

Allocations to the outlets are calculated in such a way that the relative need 
for all outlets is equalised. This means that the outlet is not supplied based on 
actual sales but on planned sales. In most of the cases, central stock is kept for 
these items. 

Table 8-3 summarises the control characteristics. 

Table 8-3. Distribution control for push distribution (fashion products) in the current situation 

Control decision 

Forecasting technique 

Dependent demand 

Status information 

Central stock 

Allocation co-ordination 

8.3.4 Capacity planning 

Decision value 

Constant 

Non-time phased 

Local 

In most cases 

Central 

Transportation from the DC to the outlets is performed by means of company 
owned trucks. Each day, each outlet is visited by a truck coming from the DC 
in the destination zone in which the outlet is located. Apart from a few excep
tions, each product group has a fixed shipment day in the week. Transporta
tion planning from the DC's to the outlets therefore mainly deals with deter
mining which truck drives which route. Furthermore, all freight is delivered 
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CIF to the DC's. This operational planning is not incorporated in our research, 
so truck planning will be omitted in the analysis. 

DC personnel is planned based on historical figures on throughput of the DC. 
The logistics budget is used as a basis for this by expressing the personnel 
budget in terms of the FTE's available. Throughput figures of the previous 
year are used for this translation, as well as monthly purchasing plans for the 
current year. This results in a capacity budget which is on average sufficient to 
cover about 85% to 90% of the actually needed capacity (this covers the full
time, part-time and contract personnel). The rest of the capacity needed is 
filled with temporary employees. The resulting plan is detailed per week per 
team of workers by dividing the monthly plan by the number of weeks in
volved. At the end of each week, a detailed daily plan for the next week is de
rived from the weekly plan by accounting for the future supply of products to 
the DC (which is provided by the purchasing officers). A future distribution 
plan from the DC to the outlet is not incorporated in this planning. 

8.4 Segmentation within V&D 

8.4.1 Segmentation currently used within V&D 

Within V &D, an overview is currently used to help employees with choosing in 
which situation pull and in which push distribution control should be applied. 
The choice between the two types of "push" is not further detailed in this 
overview, it applies to both types distinguished, see Table 8-4. 

Table 8-4. Criteria for selecting "pull" or "push" at V&D (sozirce: internal V&D) 

Characteristic Push if ... Pull if ... 

Seasonality Seasonal products No seasonality involved 

Reorder possibility No reorders possible Reorders possible 

Possibility to store items Items cannot be stored Items can be stored 

Type of costs Many pick order lines in case of Not many pick order lines in 
supply from DC case of supply from DC 

Availability sales history None Available 

Fashionability of items Highly fashionable Standard items 

Composition of collection Not part of standard collection Part of standard collection 

Purchasing frequency One time ordering Items can be reordered 

Purchasing lead time Long Short 

Number of items purchased Large amount per item Small amount per item 

Obsolescence risk Large Small 

Development process Developed with supplier Standard items 

Total purchase quantity Large Small 
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The table is not completely unambiguous and clear in its directions. It is not 
indicated what should be done in case the directions are not univocal. In the 
remainder of this study, a segmentation of two product groups will be intro
duced with directions on the type of control technique to be used. This will be 
partly based on Table 8-4. 

8.4.2 Product groups researched 

V&D consists of a large number of product groups, which can not all be dis
cussed in detail. As indicated previously in Chapter 5, the choice of case stud
ies has been based on the (expected) difference in importance of inventory and 
capacity costs. One of the primary parameters in this respect was the value 
density of the products. Other characteristics also influence this balance, such 
as the product volume (influences the storage space), the lead time (influences 
the stock level) and the batch size (influences the stock level, handling costs, 
transportation costs and storage costs). Two families of products have been 
selected, which will be discussed in the next sections: suitcases and drugstore 
products (such as shampoo or soap). The reason for selecting these groups is 
that it is expected that these groups are different on inventory and capacity 
costs39. Furthermore, many types of distribution are currently used for these 
groups. Table 8-5 summarises the main differences in PPM-characteristics be
tween these products. 

Table 8-5. Characteristics of the product groups researched 

Characteristic 

Selling value density 

Supply lead time 

Batch size supply 

Product volume 

Suit cases 

Dfl. 300,-/m3 to Dfl. 500,-/m3 

1 week to 25 weeks 

1 unit to 1 container 

8-15 units/m3 

Drugstore 

Dfl. 20,000,-/m3 to Dfl. 50,000,-/m3 

3 days to 4 weeks 

1 unit to 1 pallet 

1000-2000 units/m3 

In the following sections, the selection of distribution control techniques within 
V&D is discussed. Before we discuss the details of distribution control for each 
of the product groups, some general remarks about distribution control that 
hold for all product groups within V&D will be made first. 

8.4.3 Some general remarks about distribution control within V&D 

In this section, general remarks about the type of reorder planning and the use 
of status information are discussed, holding for most of the V &D products. 

39 Unfortunately, this can not be supported by financial data, as the data needed are not avail
able per product group 
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Type of reorder planning 

Two aspects are discussed: the type of forecasting for allocation purposes and 
the type of dependent demand planning. The use of forecasts for allocation 
purposes is first restricted by the characteristics of demand and secondly, by 
the amount of Stock Keeping Units (SKU's)40 within V&D. 

With regard to the first aspect, analyses revealed that the demand pattern per 
item per outlet is generally so erratic that statistical forecasting per outlet be
comes difficult (CV> 1 for most of the cases). This holds both for the outlet level 
and for the aggregate level. The use of causal forecasting models that explain 
the relation between factors is also difficult as there are many factors involved 
that influence the buying behaviour of people. For example, the weather 
strongly influences the buying behaviour of the consumers. If it is warm dur
ing a longer period, overall sales are relatively low due to the fact that people 
do not go shopping. If it is rainy weather, garden chairs or swimming suits are 
hardly sold. The consumers' buying behaviour is furthermore influenced by 
price competition. If for example a competitor has a discount for a specific 
item, as opposed to V&D, the sales on that item for V&D will be below aver
age. If there is a promotional sale on a substitute item within V&D, the sales 
of that item tend to be low the first weeks after that action period due to the 
fact that people have stocked up on that specific item. 

Regarding the second aspect, making a forecast often requires human effort to 
judge the value of the forecast and to adapt it if necessary (see Makridakis & 
Hibon [1979]; Armstrong [1985]). Given the enormous amount of items in the 
assortment of V &D and even within one product group, and given the fairly 
limited capacity in terms of people available, frequently making forecasts at 
the outlet level would entail in a undesirable increase in the human workload. 
This does not always hold: if "push" distribution control is applied, a forecast is 
made of the sales per outlet, but this is generally a very simple forecast based 
on historical sales. Forecasting for replenishment purposes will be dealt with 
below when discussing distribution control for each of the product groups. 

Regarding the planning of the dependent demand, the demand per outlet is 
relatively uncertain and the distribution batch sizes used are small. As a re
sult, the dependent demand planning should be non-time phased for all prod
ucts. 

Status information 

Integral status information is not well applicable within V&D as the risk of 
imbalance in outlet stock is relatively high. Demand is highly fluctuating and 
is often unregularly spread over the outlets, which may lead to unbalanced 

40 A Stock Keeping Unit is an item in a stock point. 
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stocks. For example, it occurs sometimes that items sell well in one part of the 
country and not in another. As a result, outlets may run out of stock in the 
North of the Netherlands and are overstocked in the South. Local status in
formation is thus preferred. 

In the next sections, the selection of distribution control techniques will be dis
cussed for the product groups introduced in Table 8-5. 

8.5 Case 1: distribution of suit cases 

8.5.1 Characteristics of products, processes and markets 

We start the discussion with a more elaborate overview of the relevant PPM
characteristics of suit cases. Table 8-6 summarises these characteristics. 

Table 8-6. Process, product and market characteristics suit cases 

Product 

Process 

Market 

PPM-Characteristic Value 

Product value 

Value density 

Phase product life cycle 

Product volume 

Length product life cycle 

Uniqueness of product 

Supply lead time 

Supply flexibility 

Supply frequency 

Supply batch size 

Distribution batch size 

Assortment size 

Type of supply used 

Customer service required 

Demand per 
produ<;Vcustomer 

Demand uncertainty 

Demand seasonality 

Dfl. 25,- to Dfl. 300,- per product 

Dfl. 300,-/m3 to Dfl. 500,-/m3 

Varies; limited number of new products 

8 to 15 products per m3 

Some years; no large mutual differences 

Most products are sold in every outlet 

1 week to about 6 months 

Relatively large for European suppliers, small for the rest 

Once per week to once per year 

1 unit for European suppliers (via cross docking) to 1 con
tainer(> 1,000 units for Far East supply) 

1 unit 

500,000 items, 63 outlets 

Bulk for deliveries from Far East suppliers, prepicked for de
liveries from European supplies 

Off the shelf 

1 to 50 pieces per week per item per outlet (fluctuating) 

Generally high 

Strong seasonality 

8.5.2 Distribution control techniques currently used 

In the current situation, suitcases are controlled with the "pull" technique de
scribed in Section 8.3.1, except during promotional action periods. Normally, 
central stock is kept for the items that are purchased far away (items with 
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long lead times and large supply batch sizes). Central stock is omitted for the 
products supplied by suppliers in France, who deliver the suitcases prepicked. 
These are subsequently cross docked at the DC and transported to the outlets. 

During promotional actions, a "push" control technique as described in Section 
8.3 .2 is used for the initial allocation of 70% of the supply batch. The remain
ing 30% of the suitcases is kept in central stock for rebalancing the outlet stock 
during the action period. After this initial allocation, a "pull" technique is ap
plied. The order up to level of an item in an outlet is set equal to the initial 
supply quantity. The remaining 30% of the supply batch is allocated to the 
outlets based on the sales during the action period. The control technique used 
is summarised in Table 8-7. 

Table 8- 7. Distribution control currently applied for suitcases 

Control decision Normal selling period Promotional action period 

Forecast Without pattern Without pattern 

Dependent demand Non-time phased Non-time phased 

Status information Local Local 

Central stock Yes, except for some short lead time items In most cases 

Allocation co-ordination Local Central for initial allocation 

8.5.3 Segmentation 

Currently, we can observe a difference in distribution control between items 
that have a long supply lead time and a short supply lead time . Supply quan
tities and frequencies and supply flexibility are different between these types 
of items. Both aspects influence the use of a central stock function. The type of 
allocation co-ordination is influenced by the length of the sales period. Short 
sales periods - in case of promotional actions - as well as periods with for ex
ample seasonal demand peaks require a relatively high availability of items in 
the beginning of the sales peak. Suitcases show a demand pattern with high 
peaks. Normally, demand is low but in a few periods, demand shows high 
peaks4I. There is a peak around Christmas time because suitcases are often 
bought around Christmas time as a gift. Furthermore, there is a peak around 
the holiday season and they sell well during promotional action periods. 

Demand volumes also differ between items, but it is generally difficult to pre
dict which item will sell well. Furthermore, due to the changes in product 
sales, today's fast movers may be tomorrow's slow movers. As a result, if the 
demand volume would be used as a segmentation criterion, there is a fairly 

41 In 1994, 6 container loads of suit cases were especially bought for these action periods, 
whereas on average only 2 containers are needed to cover demand for the rest of the year. 
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high chance that products would change between segments very quickly, 
which is undesirable. 

Based on the variation in PPM-characteristics and the current differences in 
distribution control within V&D, the PPM-characteristics summarised in 
Table 8-8 have been determined as segmentation criteria. 

Table 8-8. Segmentation criteria for suit cases 

Characteristic 

Supply lead time 

Type of sales period 

Range of values 

Within Europe: some days; Far East: some months 

Promotional actions or normal selling season 

In Sections 8.6 and 8.7, the supply lead time will be used as the main criterion, 
the findings will be differentiated to the length of the sales period. The supply 
lead time will be discriminated into long and short. Long supply lead times 
apply to suitcases that are purchased in the Far East (the supply lead time is 
several months). Normally, there are only a few shipments per year. These 
items are always purchased in large batches (container quantities) to save 
transportation costs. The European suppliers generally have short supply lead 
times (about 1 week) and purchasing lot sizes are small. The type of sales pe
riod is distinguished into a short selling period with promotional actions as an 
example, and a normal selling period. 

8.6 Distribution control for suitcases with a long supply lead time 

8.6.1 Forecasting the replenishment 

For the normal selling period, the number of deliveries per year of suitcases 
with a long lead time is restricted to only a few. The high transportation costs 
necessitate the use of large supply batch sizes (full containers are shipped). 
Inventory will therefore largely consist of batch size stock. The safety stock 
only composes a small part of the total stock. As a result, the effect of forecast 
accuracy on inventory costs is expected to be small. Furthermore, it is difficult 
to make a precise forecast due to the long supply lead time and the large de
viations in demand (compare the difference between forecasting the weather 
for tomorrow and for next month). The use of forecasts that can incorporate 
demand patterns is therefore not expected to add value. 

For promotional actions, there are often special deliveries from suppliers with 
special action items. As the purchasing quantities are relatively large cbm

pared to demand, batch size stock is also significant in this case. Inventory 
costs are therefore hardly influenced by a forecasting technique. Furthermore, 
the success of the action is hard to predict. Although there is a pattern in the 
sales during the promotional action period - much is sold in the first days of 
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the action - it is difficult to use this pattern for forecasting. The replenishment 
quantities are so large and lead times so long that it is not possible to spread 
the receipt of the replenishments during the action period to account for these 
effects. As a result, forecasting techniques that can incorporate demand pat
terns hardly add value in the replenishment process for the promotional ac
tions either. 

8.6.2 Central stock function 

In the normal season outside the promotional action periods, suitcases should 
be retained in the central DC as much as possible, as storage space in the out
lets is limited42. Outlet inventory norms should therefore be set low, which 
implies that the batch size stock is kept in the DC. 

As indicated previously, quite large amounts of suit cases are sold during pro
motional actions periods. For the purpose of these actions, a quite high stock 
levels is needed in the outlets to enable a presentation of the product to the 
customers (action products should be abundantly available). As a result, the 
outlets need to be supplied with quite large amounts of goods. During these 
promotional sales action periods, a fraction of the supply batch should be re
tained in the DC to correct potential imbalance. The potential imbalance is 
high due to the fluctuations in demand. Retaining a fraction of a supply batch 
in a central DC was referred to as the a-policy in Chapter 6 (a is the fraction of 
the purchasing batch that is distributed to the outlets and (1-a) the fraction 

that is retained in the DC, see Erkip [1984]). The central rest can be used to 
correct the inventory balance in the distribution system after the first ship
ment to the outlets. The value of a should not be too high to enable the correc
tion of the inventory balance. It should not be too low either, otherwise outlet 
inventory is low, resulting in out of stocks if the inventory cannot be distrib
uted to the outlets in time. Low values of a might also result in a high han

dling and transportation capacity demand during the action period (see Sec
tion 8.8 for a discussion on the value of a). 

8.6.3 Allocation co-ordination 

In the normal season, the allocation of suitcases with a long lead time should 
be co-ordinated locally as inventory in the outlet are set low. In this way, in
ventory is only allocated to an outlet if goods have been sold. Although the ca
pacity costs may rise due to this, the local storage space reduction is more im
portant. 

42 Storage space in the outlets is limited due to the objective to maximise turnover per m2 in 
the outlets; restricted storage space is especially a problem for voluminous items such as suit
cases. 
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In promotional sales periods, the initial allocation need to be centrally co
ordinated. During these periods, the initial quantity allocated needs to be 
relatively high for reasons mentioned in Section 8.3.2. In this way, the re
quired handling and transportation capacity can be spread over time as much 
as possible. The second and further allocations in a promotional sales period 
need to be locally co-ordinated to ensure that stock is only allocated if there is 
a need for extra inventory. In this way, it is avoided that items that are allo
cated to the outlets during a promotional action period without being sold in 
this period. As the goods that are left over by the end of an action period are 
often returned to the DC, high outlet stock levels would entail in extra - un
necessary - handling and transportation efforts. In case of a scarce availability 
in the DC, the allocation also needs to be centrally co-ordinated to ascertain a 
fair distribution of the available stock over the outlets43. 

Table 8-9 briefly summarises the control decisions for long lead time suit 
cases. The reasons for these decisions are summarised between brackets 

Table 8-9. Distribution control for suit cases with a long lead time 

Decision 

Forecast 

Central stock 

Decision value for normal selling period Decision value for promotional actions 

Without pattern (large batch size) Without pattern (large batch size) 

Yes (small local storage space; long lead time) Yes (imbalance; reduction of return flow) 

Allocation co- Decentral (reduction of amount of local stock) Initial batch central; rest decentral 
ordination (reduction of return flows) 

8. 7 Distribution control for suit cases with a short supply lead 
time 

8. 7.1 Forecasting the replenishment 

Items with a short lead time have a lead time of about 1 week. For the normal 
selling season, the incorporation of patterns in the forecast is not expected to 
add value. The period between ordering and delivery is too short to make it 
useful to incorporate demand patterns (reaction times to demand changes are 
fast enough). Inventory costs nor capacity costs are expected to be positively 
influenced by forecasts that can incorporate patterns. 

Also for the promotional action period, a technique which can incorporate de
mand patterns is not expected to be of extra value. The purchasing volumes 
are high, which implies that the batch size stock is large (see suitcases with a 
long lead time). Furthermore, spreading the receipt of the replenishments 

; 3 In case of scarce supply, co-ordination of the allocation is recommendable to avoid stock im· 
balance. 
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during the action period is of no use because of the large supply quantities and 
the short duration of the action period. 

8.7.2 Central stock 

In the normal season, central inventory can be eliminated because of the short 
supply lead time . The outlet orders can be directly sent to the supplier, who 
can deliver the items prepicked. The reaction time from the supplier is fast 
enough to correct potential imbalance in outlet inventory quickly. Outlet stock 
should now cover the internal distribution lead time plus the supplier lead 
time instead of only the internal distribution lead time. However, the absolute 
outlet inventory is expected to increase hardly, because the average sales for 
suit cases in the low season and outside action periods is relatively low. As a 
result, the central inventory can be eliminated without increasing the local 
stock significantly. The capacity costs are decreased significantly as the use of 
prepicked delivery and cross docking of goods saves an enormous amount of 
handling and storage space. Handling costs are decreased by using prepicked 
deliveries as some handling activities that used to be done by V &D will now be 
performed by the supplier. 

During promotional sales actions, central stock is needed to enable a fast re
action to changes. The promotional sales periods only last one or two weeks 
which is too short compared to the supply lead time of about 1 week to put the 
outlet order through to the supplier without having central stock. 

8.7.3 Allocation co-ordination 

In the normal sales period, locally co-ordinated allocation can be applied using 
prepicked deliveries. As indicated in Section 8.7.2, outlet norms hardly in
crease by doing so, but handling costs can be reduced enormously. 

During promotional sales periods, central co-ordination of the allocation via an 
a-policy is recommended for the same reasons as which apply to the suitcases 
with a long supply lead time (see Section 8.6.3). 

Table 8-10 briefly summarises control characteristics of suitcases with a short 
supply lead time. The reason for decisions are summarised between brackets. 

Table 8-10. Distribution control for suit cases with a short lead time 

Control decision 

Replenishment 
forecast 

Central stock 

Decision value for normal selling period 

No patterns (no added value for advanced 
forecasts due to short lead time) 

No (reduce handling costs) 

Allocation co-ordin- Decentral (allocation based on sales; 
ation cross docking) 

Decision value for promotional actions 

No patterns (large batch size; uncertain 
success of action) 

Yes (supply lead time not short enough 
for promotional sales period) 

Central only for the initial quantity 
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8.8 Capacity aspects in distribution control of suit cases44 

Capacity costs for suitcases are relatively high because of the large storage 
space they require due to their large product volume. Besides, suitcases are 
relatively uneasy to handle as a result of their size. Suitcases that come from 
the Far East often require extra handling activities. The suitcases arrive 
nested (the small suitcases are packed in the large suitcases), which implies 
that they need to be unpacked before they can be allocated to the outlets. 

To investigate the importance and the effect of capacity aspects in distribution 
control for suitcases, the effect of distribution control decisions on the capacity 
needed in a DC has been investigated. As the larger part of the yearly suitcase 
sales is generated during a Price Circus action, the distribution of suitcases 
during the Price Circus action period of March 1995 was subject of this study. 

8.8.1 Problem description and approach 

Suitcases are purchased especially for the Price Circus in large amounts. Pre
vious to 1995, a policy was used were 100% of the purchased batch was allo
cated to the outlets before the beginning of the Price Circus. There was no cen
tral stock left for potential reorders during the action period. This appeared to 
lead to highly unbalanced stocks and to large return flows at the end of the 
Price Circus. For this purpose, it was decided not to allocate the total pur
chased quantity to the outlets but to use an a-policy for the March 1995 Price 

Circus, with a equal to 0.7. This meant that 70% of the purchased batch was 

immediately allocated to the outlets and 30% was kept in central stock. The 
initial allocation quantity was calculated as follows (see Equation 8-1): 

. . Sales product j year t - 1 outlet i 
% allocated to outlet i product J in year t = 0. 7 *purchase batch * l l . 

tota sa es year t - 1 product J 

Equation 8-1. Initial allocation quantity for the allocation of suitcases during a Price Circus 

The remaining 30% of the purchased batch was kept in the central stock and 
allocated to an outlet if the stock was lower than the reorder level s. The 
amount allocated is the difference between s and S. The order-up-to-level S 
was set equal to the initial allocation quantity from Equation 8-1 (the order up 
to level and the reorder level within V&D are related to each other via the re
lation S = 1.25 * s). The review frequency r was once daily. 

For suitcases, the Price Circus of March 1995 resulted in an excessive capacity 
demand at the DC during the action period. Furthermore, the amount of suit 
cases returned at the end of the period was relatively large. A simulation tool 
in a spreadsheet was built (see Fontein [1995]) to investigate the reasons for 

44 This section is based on the Master Thesis work of Joost Fontein (see Fontein (1995]). 
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this and to indicate solutions to resolve these problems. In this spreadsheet, 
the effects of different levels of a, of s and of S were simulated. Three perform

ance indicators were used: the total fill rate at the outlet level, the outlet in
ventory level by the end of the action week (the higher this is, the more prod
ucts need to be returned) and the amount of suit cases handled in the DC. 
Transportation from the DC and to the outlets is not taken into account as 
fixed shipment schedules are used, nor is the supply to the DC. 

8.8.2 Results 

With regard to the level of a, it was found that the current level (0.7) was op
timal. The use of an a of 0.9 or 1.0 - implying that the purchased batch is 
(nearly) completely allocated to the outlets just before the start of the action -
leads to a high service in the beginning of the week, but to lower levels at the 
end of the week. This is due to the fact that the stock is not balanced anymore 
by the end of the action period. A decrease of a to 0.3 - 0.6 leads to the opposite 

effect: the service level is higher in the second part of the week due to the bet
ter balance of stock. The service levels during the beginning of the week are 
much worse because the reaction time from the DC to the outlets is too long to 
avoid stock outs. 

As discussed earlier, the order up to level was set equal to the initial allocation 
quantity and the reorder level was 80% of this value. Figure 8-4 shows the ef
fect of setting the order up to level equal to the initial allocation quantity. It is 
clear that if this would represent a short action period, that there is still rela
tively much stock left at the last review moment. 
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moment moment moment moment moment 

Time 

Figure 8-4. The effect of setting the order up to level equal to the initial order quantity 

It appeared that the value of the reorder and order up to level could be de
creased significantly. The order up to level S could be set at 50% of the value 
used, while having a high service level, less returns and a better smoothed ca
pacity use in the DC. In that case, the average capacity peak level during the 
action period is only 25% of the level in March 1995. The reason for this is that 
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if the inventory level passes the reorder level in the beginning of the week, the 
stock does not need to be brought up again to its original level as it is not sure 
whether the total stock will be sold during the week. 

Figure 8-5 depicts what happens if the order up to level is decreased. The stock 
at the last review moment is significantly lower than in that in Figure 8-4 

Initial allocation quantity 

I 

Order up to level = 
50% of initial allocation quantity 

review review review review review 
moment moment moment moment moment 

Time 

Figure 8-5. The effect of decreasing the order up to level 

I 
~Reorder 

level 

If the reorder level is decreased, it lasts longer until an outlet places a reorder 
for a product. This explains the fact that the capacity demand pattern is better 
spread out over the week (some items or outlets sell so much that they imme
diately need a reorder, but for many others it takes longer to reach this low re
order level). The total amount of reorders foam the outlets decreases as well, 
as products and outlets that do not sell very well do not get a reorder. Fur
thermore, the outlet fill rate level is higher as the central stock is not com
pletely consumed in the beginning of the week but there is still stock left at the 
end of the action period. 

8.8.3 Conclusions 

Conclusions that can be drawn from this discussion is that first, the level of a 

has a significant influence on the capacity needed in a DC. A too high level of a 
leads to stock outs as a result of imbalance that can not be corrected because of 
lack of central stock. A too low level of a leads to high stock outs in the begin

ning of the action period as the outlet inventory can not be refilled in time. 
Furthermore, a low level of a leads to high capacity demand during the action 

period. Besides this, the stock norms appeared to play an important role as 
well. Too high stock norms entailed in too early reorders during an action pe
riod. Therefore, the setting of the level of a should also be seen in relation to 
the stock norms. 

The discussion above shows that the parameters of a distribution control 
technique have a significant effect on the level of capacity needed in a system. 
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The discussion above shows that the parameters of a distribution control 
technique have a significant effect on the level of capacity needed in a system. 
To ensure an efficient and effective use of capacity, it is therefore of high im
portance to set the parameters at the right level. Selection of distribution con
trol techniques without the right levels of the parameters will eventually lead 
to suboptimal solutions if the parameters are not set right. 

8.9 Case 2: distribution of drugstore items 

Drug store products are items such as shampoo, soap and body-care products. 
The PPM-characteristics for this product group are summarised in Table 8-11. 

Table 8-11. Product, process and market characteristics drug store product group 

PPM-Characteristic Value 

Product Product value 

Value density 

Phase product life cycle 

Length product life cycle 

Product volume 

Uniqueness of product 

Process Supply lead time 

Supply flexibility 

Supply frequency 

Supply batch size 

Distribution batch size 

Assortment size 

Market 

Type of supply used 

Customer service required 

Demand per 
product/customer 

Uncertainty in demand 

Demand seasonality 

On average Dfl. 8.- per product (between Dfl. 1,- and Dfl. 25,-) 

Between Dfl. 20,000,-/m3 and 50,000,-/m3 based on selling 
value 

Varies.only small amount of new items 

Some years; no big differences among products 

About 1000-2000 units per m3 

Products sold in nearly every outlet 

Some days to some weeks dependent on supplier 

Relatively large 

Once per week or month 

1 unit to 1 box of 12 or 24 units 

1 unit 

500,000 items, 63 outlets 

Bulk and prepicked 

Off the shelf 

1 tot 1200 units per week (varies and changes strongly in time) 

Sometimes large 

Strong, especially with more luxurious products 

8.9.1 Distribution control techniques currently used 

In the current situation, the pull control technique described in Section 8.3. l is 
used for the control of both the outlet inventory and the DC inventory. Outlet 
inventory is reviewed weekly and the DC inventory monthly. A number of 
suppliers located in the Netherlands supply the orders prepicked. During pro
motional sales periods, a supply driven control technique is used, similar to 
that described with the suitcases. Also in this case, goods are especially pur-
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chased for the purpose of these actions. During these promotional action peri
ods, the supply batch is often completely distributed to the outlets, without 
leaving stock in the DC. The control decisions are summarised in Table 8-12. 

Table 8-12. Distribution control currently applied for drugstore items 

Control decision Normal selling period 

Forecast Without patterns 

Status information Local 

Central stock Sometimes 

Allocation co-ordination Local 

8.9.2 Segmentation 

Promotional action period 

Without patterns 

Local 

Sometimes 

Central only for initial allocation 

As far as the product characteristics are concerned, all drugstore products 
have a relatively high value and small product volume. There is not a signifi
cantly large variation on these characteristics. 

Concerning the process characteristics, there is a difference between items in 
supply lead time. Furthermore, two types of sales periods can be discrimi
nated: a normal sales period and a short sales period with high sales. A pro
m9tional sales period is an example of the second category. There is not much 
variation in the minimum supply batch size, although supplied quantities may 
vary in size. It is often box quantities that need to be ordered (often containing 
12 or 24 units) but these quantities are not extremely large as compared to the 
average demand. Other process characteristics are relatively similar between 
the products. 

The market characteristics are relatively similar between the products, al
though demand per product may strongly vary between products. However, 
the demand level per product is not used as a segmentation criterion as it may 
strongly vary from week to week. For example, sun milk only sells well in 
times of sunny weather. If the demand level would be used as a segmentation 
criterion, products might frequently change segments. Table 8-13 summarises 
the segmentation criteria for drugstore items45. 

Table 8-13. Segmentation criteria for drugstore items 

Characteristic 

Supply lead time 

Type of sales period 

Range of values 

Within the Netherlands: some days; within Europe: some weeks 

Promotional actions of one or two weeks or normal selling season 

45 The segments of suit cases and drugstore products are based on the same criteria; this does 
not mean, however, that distribution control will be similar as well. 
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8.10 Distribution control of drugstore items with a long lead time 

8.10.l Forecasting the replenishment 

For many drugstore items, there is a strong seasonality in the demand. This 
seasonality could be coped by using a forecasting technique which can incorpo
rate demand patterns, if it were not that the demand is influenced by a large 
amount of unpredictable factors. These unpredictable factors are for example 
the weather (sun milk) and the activities of competitors (if competitors have a 
promotional action on an item, sales on that item will be low for V&D). Fur
thermore, the substitution effect applies, which means that there is a negative 
influence on the sales of an item if there is a rebate on a comparable 
(substitute) item. Last, due to the long lead time, the purchase batch size is 
relatively high. As a result, batch size stock is considerable, which decreases 
the potential effect of having a more accurate forecast. Demand can therefore 
be better coped with by a simple forecasting technique without patterns, sup
ported by a slight increase of the inventory levels in the central DC for protect
ing against fluctuations. 

8.10.2 Central stock 

Items with long lead times should be kept in stock in the DC both in the nor
mal and in the promotional action selling periods. If stock were placed in the 
outlets only, outlet stock norms would need to be increased due to the fact that 
the outlet stock needs to cover the total lead time. An increase in the outlet 
stock is not preferred due to the restricted availability of storage space. Fur
thermore, central stock is needed to protect against stock imbalance. 

8.10.3 Allocation co-ordination 

During the normal season, the central stock should be consumed by means of 
outlet orders as in the current system. Central co-ordination of the allocation 
would cost much human effort. Besides, central allocation co-ordination is not 
expected to influence the capacity costs positively. 

In case of promotional actions, the initial allocation to the outlets needs to take 
place in a centrally co-ordinated way (via an a-policy). This ensures that 
handling and transportation capacity are used efficiently. Second and later 
allocations need to be co-ordinated locally to avoid the need to return items at 
the end of the action period due to remnant stock. It is in this respect impor
tant to set the order up to level at a low level during the action period after the 
initial shipment has been sent to the outlets. If the norms remain too high, 
this would result in too early shipments from the DC to the outlets and in the 
need to return items to the DC after the promotional action period (see Section 
8.8 and Fontein [1995]). 
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Table 8-14 summarises the main findings for the control of items with a long 
lead time. 

Table 8-14. Distribution control for long lead time drugstore items 

Control decision 

Forecast 

Central stock 

Decision value for normal selling period 

Without patterns (demand unpredictable 
due to many influences) 

Yes (long lead time) 

Allocation co-ordin- Local (many items; fast reaction) 
ation 

Decision value for promotional action 

Without patterns (large batch sizes 
needed; success of the action uncertain) 

Yes (long lead time) 

Initial quantity central (large initial ship
ment); rest local 

8.11 Distribution control of drugstore items with a short lead 
time 

8.11.l Forecasting the replenishment 

Items with a short lead time have a lead time of less than 1 week. The incorpo
ration of demand patterns is not expected to add value for the normal selling 
season due to the very short period between ordering and delivery. This period 
is .too short to incorporate demand patterns. Inventory costs nor capacity costs 
are expected to be positively influenced by more complicated forecasting tech
niques. 

For promotional actions, it is also recommended to use a forecast without de
mand patterns. The volumes purchased for the action period are relatively 
high, which implies that the batch size stock is large (see suitcases with a long 
lead time). The lead time is still too long to use the pattern of sales in the ac
tion period for spreading the receipt of the replenishments during the action 
period. 

8.11.2 Central stock 

During the normal selling period, central stock can be omitted due to the short 
lead times and prepicked deliveries can be used. The reaction time to market 
changes is judged short enough to enable a fast reaction. However, these 
prepicked deliveries are beneficial only for slow moving items. For fast moving 
items, the amount of outlet stock would be too high due to the fact that the 
outlet inventory is increased too much (outlet inventory should cover the de
mand during supply lead time, which is quite considerable in case of fast 
moving items). Fast moving items therefore need central stock [Fontein, 1995]. 

For promotional action periods, central stock is needed for all the items to en
able a fast reaction to outlet sales. Although the supplier lead time is short, it 
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is too long to put outlet orders directly through to suppliers in case of short ac
tion periods. 

8.11.3 Allocation co-ordination 

During the normal sales periods, locally co-ordinated allocation is recom
mended. This enables the use of prepicked deliveries for the slow moving 
items. As a result of this, the handling costs are decreased due to a reduced 
amount of handling activities, whereas the inventory levels are not increased 
considerably. The amount of items would also be relatively high to co-ordinate 
the allocation centrally. 

For promotional actions, centrally co-ordinated allocation by means of an a

policy is recommendable. This ensures an efficient use of handling and trans
portation capacity. The rest of the stock is drawn from central stock by means 
of locally co-ordinated allocation to avoid high return flows at the end of the 
action period. 

Table 8-15 summarises distribution control for drugstore items with a short 
lead time. 

Table 8-15. Distribution control for short lead time drugstore items 

Control decision 

Forecast 

Central stock 

Allocation co-ordin
ation 

Normal selling period 

Without pattern (no information added 
during a short supply lead time) 

For slow movers only (outlet stock 
does not increase) 

Local (reaction time from supplier 
short for normal selling periods) 

8.12 Conclusions 

Promotional action period 

Without pattern (large purchasing 
quantities; uncertain success) 

Yes (reaction time from supplier too 
long for short action periods) 

Central for initial quantity; rest local 
(reduction of return flows) 

The previous two case studies discussed distribution control in manufacturing 
companies. This case study concerns a trade company. Some differences in dis
tribution control can be observed between the two types of companies. Below, 
these differences are discussed and the conclusions of this case study are 
summarised. 

• a-policies are useful for promotional action periods. 

Promotional actions are characterised by a short lasting but relatively 
high peak in demand. Promotional action periods are different from nor
mal sales periods as they require high levels of inventory at the start of 
the period. This is to present the product to the customer. Furthermore, 
the larger part of the sales is generated in the beginning of an action pe-
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riod. The initial allocation in action periods needs to be centrally co
ordinated to ensure efficient handling and transportation. 

Allocating the complete batch is not possible due to imbalance risk and 
the amount of goods that may need to be returned by the end of the pro
motional action. Due to this imbalance and the very short length of the 
period, central stock is needed during action periods. An a-policy is useful 

in this respect. The (I-a.)% of the supply batch that is kept in central 

stock should be allocated during the action periods in a locally co
ordinated way. Locally co-ordinated allocation with a frequent stock re
view is needed to balanced the outlet stock and to avoid overstocking. Al
locating the second batch in a centrally co-ordinated way - as proposed in 
the Walker case - could lead to a situation where stock is allocated that is 
actually not needed in the action period. Furthermore, locally co
ordinated allocation may avoid large return flows by the end of the week. 

• The restricted storage space affects distribution control decisions strongly. 

Typical for the retail environment is the restriction to keep inventory low 
at the outlet level due to storage space constraints in the outlets. The 
storage space is limited because of the objective to maximise outlet sales 
per square meter of outlet surface. Distribution control decisions are in
fluenced by this restriction. Prepicked deliveries are not possible for items 
with a high demand as the outlet inventory would be too high (outlet in
ventory should cover the demand during supply lead time). 

• Centrally co-ordinated allocation is also necessary in retail environments. 

In discussions on topics such as Quick Response and Efficient Consumer 
Response (see Mercer [1995]) it is often advocated to allocate products to 
outlets only if products have been sold (locally co-ordinated allocation) . 
However, centrally co-ordina ted allocation is also necessary in some cir
cumstances. The allocation should be centrally co-ordinated if sales peri
ods are relatively short as compared to the replenishment lead time 
(promotional action periods) and if there is a need for inventory in the 
outlet for commercia l reasons (to have a minimum presentation of the 
products in the outlets; mainly for fashion products). Given the impor
ta nce of action periods and of fashion products in ret ail environments, it 
is possible that the role of central allocation co-ordination becomes more 
important in these environments. 

• The size of the product assortment makes forecasting per outlet difficult. 

Forecasting at outlet level is not recommendable for department stores. If 
forecasts would be made at this level, the human effort needed to check 
and correct the forecasts would be enormous due to the amount of prod
ucts and the amount of outlets. Furthermore, it is questionable if this can 
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entail in reliable forecasts. The extra investment to obtain accurate fore
casts at the outlet level currently seems to be too restricted to enable the 
use of it. 

• Capacity is strongly influenced by parameter setting. 

To ensure an efficient use of distribution capacity, it is not sufficient to 
look only at selecting the right control technique, but also at setting the 
parameters right. Capacity use is strongly influenced by decisions with 
regard to the level of the logistics parameters (i.e., the reorder level, the 
amount of stock kept in central stock, the order up to level, but also the 
batch sizes used and the review frequency applied). 



CHAPTER 9 

CASE STUDY CONCLUSIONS 

The previous chapters have discussed the selection of control techniques in three case studies. In 
this chapter, the conclusions from the case are discussed. Section 9.1 shortly reviews the four 
distribution control decisions. In Sections 9.2 to 9.5, the case study results are discussed for 
each of the four control decisions and conclusions are drawn. Sections 9. 6 resp. 9. 7. discuss ca
pacity aspects in distribution control resp. the interface between supply/production and distri
bution. 

9.1 Overview of the four control decisions 

Four control decisions have been distinguished in Chapter 2. Chapter 5 has 
discussed the literature on the question which PPM-characteristics are rele
vant for the determination of each of the control decisions. It was also dis
cussed how these characteristics influence the determination of the control 
decisions (see Table 9-1 for a summary and Sections 5.5 and 5.6 for a detailed 
discussion.). The control decisions are summarised in the top row of Table 9-1 
(the type of reorder planning is split into its two sub-decisions). The left col
umn represents the relevant PPM-characteristics. 

Table 9-1. Influence of PPM-characteristics on control decisions (literature summary) 

PPM-characteristic Type of Central stock Status in- Allocation co-
reorder planning function formation ordination 

High product value density Integral 

low product value Forecast without pattern No 

large distribution batch Time phased dependent local 
size demand 

long supply lead time Central 

large amount of local DC's Yes local 

High customer service Central 

High demand uncertainty Forecast without pattern Yes local local 

High demand variation Time phased dependent 
demand 

low demand rate Forecast without pattern 

Seasonal demand Forecast with pattern 
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It should be noticed that this table does not include the effects of interaction 
between characteristics on a control decision. As such, it can not be used to de
termine the control decision but only to establish the direction of influence of a 
PPM-characteristic. In the following sections, it is discussed which character
istics need to be added to this list. The type of reorder planning is dealt with 
first. 

9.2 Type of reorder planning 

As indicated in Chapter 5, the type of reorder planning deals with two aspects: 
the method of dealing with the dependent demand from the local DC's and the 
technique used to forecast the demand of the independent customer. 

The type of dependent demand has been researched by Van Donselaar [1989] 
and deals with the question whether time phased dependent demand planning 
is beneficial. The use of time phased dependent demand is predominantly de
termined by the lumpiness of the dependent demand. If the dependent demand 
is characterised by high spikes, which may be a result of large batch sizes or 
uncertain and lumpy independent demand, the use of time phased dependent 
demand planning is preferred. The type of dependent demand planning has 
not been investigated in greater detail in this research. 

This research is focused at the techniques used to forecast independent de
mand. Two types of forecasting techniques were distinguished in Chapter 2: 
forecasting techniques with a pattern, which can incorporate demand patterns 
in the forecast, and techniques without a pattern, which generate a constant 
level of a forecast. 

In Chapter 5, it was argued that the choice for a forecasting technique is pre
dominantly influenced by the variability of the demand. Furthermore, it was 
stated that simple forecasting techniques without patterns are preferable in 
case of cheap and slow moving items. Lead times were also found to influence 
the forecasting decision (Table 9-1 summarises these literature findings). The 
next sections summarise the case study findings. The relevant PPM
characteristics are printed in italics the first time they are introduced. 

9.2.1 Case study summary 

In the Walker case study, the relatively low demand uncertainty together with 
the presence of a seasonal demand pattern are key factors for the selection of a 
forecasting technique which can incorporate demand patterns. A forecasting 
technique with a pattern is also preferred for the new items as they have a 
relatively stable demand pattern. For the B-items, the less stable demand and 
the relatively high amount of Stock Keeping Units (SKU's) lead to the selection 
of a forecasting technique without a pattern. For C-items, the use of dynamic 
forecasts is less useful due the relatively large production batch size, which re-
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sults in a large batch size stock. As a result, improved accuracy of forecasting 
techniques and hence lower safety stock levels only has a minor effect on the 
total stock level. A technique without a pattern is thus preferred. 

Within V &D, the number of SKU's is relatively high. For this reason, a fore
cast without a pattern is preferred for the allocation decision. For the suitcase 
replenishment decision, the decision to select a forecasting technique without a 
pattern is predominantly determined by the large supply batch size. Also dur
ing promotional action periods, such a forecasting technique is preferred for 
both the replenishment and the allocation decision. Due to the short term of an 
action period, it is often not meaningful to take demand patterns in an action 
period into account in the replenishment decision. If the lead time is short -
about 1 week or shorter - it is preferred to use a constant forecasting tech
nique. The ability to incorporate demand patterns during these short lead 
times is not expected to add value, as it is difficult to discern a pattern during 
such a short time period. 

The sales pattern of new items at EMI is too unpredictable to use a forecasting 
technique that can incorporate patterns. For this reason, a forecast without a 
pattern has been selected. For mature items, a simple technique is preferred 
as well due to the unpredictable sales pattern. For the old items, the large 
production batch size is an important reason to select a forecast without a pat
tern. The high value density and the low demand rate enables the use of small 
distribution batches for the old items. As a result, the local stock norms can be 
low and the allocation can simply equal the quantity sold. 

The relevant PPM-characteristics and their effect on the forecasting decision 
are summarised in Table 9-2. 

Table 9-2. PPM-characteristics and their effect on the type of reorder planning (only the type 
of forecasting technique is discussed; W=Walker, V=Vroom and Dreesmann, E=EMI) 

PPM-characteristic Effect on forecasting Type of forecast Case study 

Lead time Short lead times Without a pattern v 
Production batch size Large batch sizes Without a pattern W,E 

Amount of SKU's Large amount of SKU's Without a pattern V,E 

Demand uncertainty Low uncertainty With a pattern w 
Demand rate Low demand rate Without a pattern E 

Demand pattern Seasonal demand pattern With a pattern w 

9.2.2 Discussion and conclusions 

Forecasting techniques predominantly influence the inventory costs, the cus
tomer service and the control costs (see next sub-sections). Capacity costs and 
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customer service are affected indirectly by the forecasting technique and hence 
not discussed. 

1. Inventory costs I customer service 

A key question in the effect of forecasting techniques is the incorporation of 
demand patterns in a forecast may yield in terms of inventory reduction, with
out a decrease in customer service. If supply or distribution series are large, 
the batch size stock will be the dominant stock type in the total stock level. In 
that case, the effect of a reduction in the safety stock as a result of a reduced 
forecast error is small. The benefits of using forecasting techniques with a pat
tern, which may potentially reduce the forecast error and hence the safety 
stock, is thus limited. 

If the lead time is very short, it is difficult to take a demand pattern into ac
count. The additional demand information that can be generated by means of 
dynamic techniques is small compared to constant techniques. As a result, the 
effect of incorporating demand patterns in the forecast is small. If the lead 
time is very long, it depends on other PPM-characteristics which type of fore
casting technique is best applicable (such as the batch size and the uncertainty 
in demand). 

As a result, techniques that can incorporate demand patterns are expected to 
have the largest positive effect if they are applied in situations in which there 
are patterns in demand, such as a season or a trend, combined with somehow 
predictable demand. In addition, lead times should not be very short. 

2. Control costs 

The costs of making a forecast are dependent on the number of Stock Keeping 
Units (SKU's) involved. If the number of SKU's is large, it is more difficult to 
establish reliable forecasts due to the difficulty to use human input in the fore
casting process. It is also more expensive to establish forecasts per SKU than 
to forecast per aggregate product group due to the larger amount of forecasts 
that need to be generated. Especially if demand is very uncertain and the 
product margin is high - in case of for example CD's - an investment in extra 
inventory may be more worthwhile than to put efforts in making accurate fore
casts. However, inventory costs should not rise too much because of this. 

In case of completely new products with hardly any historic sales data avail
able - such as with new CD's or highly fashionable items in retail - it is hardly 
possible to set up a good forecast. A forecast should then be based predomi
nantly on the personal judgement of the planner. 
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9.3 Central stock function 

According to the literature (see Chapter 5 and Table 9-1), the use of central 
stock is beneficial if there is a high stock imbalance risk. It is furthermore ad
vantageous in case of many local DC's, high demand uncertainty and products 
with a high value (except if transhipments can be economically justified). The 
case studies showed the following aspects. 

9.3.1 Case study summary 

In the Walker case, central inventory is not kept for the A-items due to the 
stable demand and the high production frequency. Furthermore, abolishing 
central stock implies a reduction in handling activities. This reduction is sig
nificant for products with a low value density and a high product volume such 
as exhaust systems. B- and C-items, on the contrary, are faced with much less 
stable demand and less frequent production and a relatively high production 
batch size. As a result, central stock is needed for these items. Furthermore, 
capacity stock is made for B-items, because of a seasonality in demand. This 
stock should be kept centrally. For new items - but also for B-items - some 
form of capacity stock is needed, which is best retained centrally to have it 
available for all local DC's. 

The large number of outlets within V&D necessitates central stock. Central 
stock can only be abolished if the supply lead time is relatively short. The 
supply lead time must be short to ensure a quick reaction to the market. De
mand needs to be low to ensure that the local stock levels do not rise signifi
cantly. The total lead time increase for the outlet resulting from abolishing the 
central stock raises the outlet inventory. If the central inventory is skipped, 
the outlet stock needs to cover the demand during the total supply lead time 
instead of during the lead time from the DC to the outlet. This may entail in 
more local stock. As the local storage space is small, which prohibits the local 
storage of a large amount of items, central stock is needed. Short lasting pro
motional action periods necessitate central stock to avoid a large return flow of 
products by the end of the action period. 

For EMI, central stock is needed for all items, except for the unique items that 
are produced for one country only. A main reason for keeping central stock is 
the large number of local DC's. Furthermore, for new items, capacity stock is 
needed, which should be stored centrally because of organisational restrictions 
and high customer service requirements. The uncertain demand necessitates 
central stock for the mature and the old items. For old items, the batch size 
stock is large. The batch size stock needs to be kept centrally to minimise the 
obsolescence risk. The infrequent production of old items furthermore necessi
tates the use of central stock. 
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Table 9-3 summarises the PPM-characteristics and the influence on the cen
tral stock decision. 

Table 9-3. PPM-characteristics and their effect on the use of central stock (W=Walker, V = 
Vroom and Dreesmann, E =EM!) 

PPM-characteristic Value of characteristic(s) Direction of decision Case study 

Product volume High volume Central stock v 
Uniqueness of product Country specific product No central stock E 

Obsolescence risk High obsolescence risk Central stock E 

Product value density Low product value density No central stock w 
Type of sales period Promotional action period Central stock v 
Local storage space Small local storage space Central stock v 
Production frequency Frequent supply No central stock w 
Supply lead time Short supply lead time No central stock v 
Production batch size Large batch size Central stock W,E 

Amount of local DC's High number of local DC's Central stock V,E 

Customer service required High customer service Central stock E 

Demand uncertainty High uncertainty Central stock w 
Demand seasonality High demand seasonality Central stock w 

9.3.2 Discussion and conclusions 

The aspects mentioned in the table above can be translated into more general 
conclusions with regard to the necessity to have central stock. It is difficult to 
determine the influence of central stock on the control costs and on the trans
portation costs, so these costs will be omitted in the discussion. The conclu
sions are summarised below per indicator: 

Customer service considerations 

If there is a high imbalance risk, customer service may be increased through 
the use of central stock. The imbalance risk is large if: 

• Demand per DC fluctuates strongly. 

• Distribution batch sizes are relatively large (local demand is small com
pared to the batch size). 

• Replenishment frequencies are low. 

The imbalance can be restored by allocating the remaining central stock to the 
local DC's. Central stock is also recommendable when the supply or production 
lead time is long compared to the length of the sales period. The time needed 
to replenish stock is rela tively long, which reduces the ability to react quickly 
to changes in the market. This occurs for example with promotional action pe
riods in retail companies or with products that are purchased far away (which 
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often implies that they can be purchased only once). Central stock can also be 
omitted if products are country specific (sold via only one local DC). 

Inventory considerations 

The first inventory aspect considered is obsolescence risk. If the obsolescence 
risk for an item differs between the local DC's, it is recommendable to keep 
most of stock for this item in the central DC. This may avoid transhipments 
between local DC's and return flows from the local DC's to the central DC. 

The second aspect considered is the costs of capital tied up in inventory. Safety 
stock costs are especially high for products with a high value density (which 
implies high inventory costs), combined with uncertain demand (which implies 
high safety stock levels). The centralisation of stock may result in savings on 
safety stock costs46. 

Storage space considerations 

In retail environments, there is a strong management pressure to decrease the 
buffer storage space in the outlets. The reason for this pressure is the desire to 
maximise the outlet sales per square meter outlet space. Central stock can 
only be abolished in retail companies if the lead times are so short that the lo
cal stock levels do not rise significantly as a result of the lead time increase. 
Product volumes should preferably be small if central stock is abolished. 

Handling costs considerations 

Omitting the central stock point often implies a reduction of handling activi
ties. Goods are not taken into storage anymore in the central DC but they are 
only cross docked. As a result, the goods only need to be stored and handled in 
a local DC, instead of both in the central and in a local DC. To avoid handling 
activities, low value density products with a high supply frequency or a short 
supply lead time should be shipped directly to the local stock point without 
being stored in the central stock. 

9.4 Status information 

The decision to reorder goods can be based on local or integral status informa
tion. Status information is defined as the information about stock levels and 
demand in the distribution system. Local status information consists of infor
mation about the stock level in one specific location and the demand faced by 
this location. Integral information is information about the total cumulative 

46 The centralisation of stock results in a reduction in safety stock only in very specific circum
stances; most important, demand should be non-correlated, see Eppen [1979]; large batch size 
stock may complicate the calculation of the reduction of the safety stock if stock is centralised. 
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stock level in a system and about the demand of the third party customer of 
the company (see Chapter 2). 

In Chapter 5, we discussed the literature on the requirements when integral 
stock norms apply (see Table 9-1 for a summary). The stock imbalance risk is 
crucial in this respect. The conclusion of Van Donselaar [1990] is that as long 
as the stock imbalance risk is not high, integral stock norms may be applied. 
The severity of the stock imbalance risk is dependent on the (distribution) 
batch size and demand characteristics (the variation of demand). In case of a 
lack of central stock and large batch sizes, erratic demand leads to a high im
balance risk. The imbalance is furthermore significant in case of a central 
stock function with large distribution batch sizes and low demand uncertainty 
(which results in low local safety stocks) [Van Donselaar, 1990]. 

Imbalance risk can be neglected if transhipments between the local DC's can 
be justified economically [Rosenfield and Pendrock, 1980]. Transhipments are 
cost effective if the extra cost of transhipping an item are less than the extra 
benefits gained from transhipping an item. This predominantly holds for prod
ucts with a high value density or obsolescence risk (both result in relatively 
high inventory costs). 

9. 1,t 1 Case study summary 

In the Walker case, integral information is preferred for all items. The stock 
reduction that may be attained by using integral information is particularly 
relevant for exhaust systems because of their high product volume. Storage 
space reduction can thus be considerable. Furthermore, the imbalance risk is 
limited (either because of the low demand uncertainty or because of the use of 
central allocation co-ordination). In the EMI case, integral information is rec
ommendable for the old items. The local stock norms can be relatively low, re
sulting in a small absolute imbalance risk. 

Table 9-4 summarises the considerations for a decision on the type of status 
information. 

Table 9-4. PPM-characteristics and their effect on the type of status information (W=Walker, 
V=Vroom and Dreesmann, E=EMI) 

PPM-characteristic Value of characteristic(s) Direction of decision Case study 

Product volume High product volume Integral norms w 
Product value density High value density Integral norms E 

Obsolescence risk High obsolescence risk Integral norms E 

Distribution batch size Large batch size Local norms E 

Demand uncertainly High uncertainly Local norms E 
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9.4.2 Discussion and conclusions 

The case studies have hardly provided additional information on the use of in
tegral or local status information. The companies researched did not have any 
experience with using integral stock norms, nor is there much standard soft
ware available that can support integral norms. The considerations for apply
ing integral stock norms have therefore been based on theory already available 
in literature. In order to yet give guidelines on the use of integral information, 
the application of local and integral norms has been discussed from a quanti
tative point of view in the Walker case study (see Chapter 6). The conclusions 
of this discussion are summarised below. 

In the Walker case, the relative stock level difference between using local and 
integral norms appeared to be relatively small (see Chapter 6). This is proba
bly due to the use of small distribution batch sizes. If the relative savings are 
small, the absolute savings can still be significant if the costs of capital in
vested in inventory are high. This holds for products with a high product value 
density. The savings may also be considerable if the storage costs are high, 
which holds for voluminous products (such as exhausts). A requirement for 
using integral information is thus not only that demand is relatively stable but 
also that considerable inventory savings are possible. 

The use of integral norms will only result in storage costs savings if the costs 
for storage space are variable, so that out of pocket expenses can be reduced. 
This is predominantly the case with outsourced warehousing activities. If the 
DC's are company owned, savings on out of pocket expenses are only achiev
able if the available storage space can be used for other purposes. This space 
could for example be used for other products in case oflimitedly available stor
age space or it might for example be rented out to another company. However, 
investments in DC's have a long term character, so potential savings on out of 
pocket expenses are expected to be relatively small. 

Summarising, if the imbalance risk is low, the use of integral norms may lead 
to inventory cost savings and storage cost savings. Handling and transporta
tion costs are not expected to be influenced significantly by the use of integral 
information. The use of local or integral status information does not lead to 
significant differences in the total number of shipments. Only the inventory 
levels are influenced. The effect of integral or local information on the control 
costs is difficult to ascertain given the limited experience with using integral 
information in the companies researched. 

9.5 Allocation co-ordination 

Allocation co-ordination deals with the degree to which the allocation is de
termined centrally. Centrally co-ordinated allocation implies that both the 
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timing and the quantity of the allocation are determined centrally. In case of 
locally co-ordinated allocation, this is done by the local locations. 

9.5.1 Case study summary 

In the Walker case, central allocation co-ordination is applied to the A-items to 
avoid stock in the central DC. Because no central stock is kept for A-items 
(demand uncertainty is low and the production frequency high, see Section 
9.3), a production batch should be completely allocated to the local DC's_ This 
is best attained by means of centrally co-ordinated allocation. If locally co
ordinated allocation is applied, it would be a coincidence if the local reorders 
exactly match the supply batch. The B-items are allocated by means of local 
allocation co-ordination. Distribution capacity costs can hardly be influenced 
by centrally co-ordinating the allocation of B-items. The imbalance risk is 
relatively low as distribution batch sizes are not extremely high. The B-items 
are also kept in central stock because their stock serves as production capacity 
stock. As this stock is made because of production constraints, it should be lo
cated at the plant until it is needed locally. C-items, on the contrary, need to 
be allocated by means of central allocation co-ordination. Distribution batch 
sizes of C-items are relatively high, which may increase the imbalance risk. To 
avoid imbalance, central allocation co-ordination is preferred because of the 
lack of fixed batch sizes. 

In the V&D case, the initial allocation is centrally co-ordinated in case of pro
motional actions. Promotional actions are characterised by a relatively short 
period of sales in which large amounts of items are sold. Good planning of the 
handling activities in the DC - by smoothing the use of order pick capacity -
and of the transportation capacity - by planning round trips - is crucial be· 
cause of the high goods flow volumes that need to be shipped. Later allocations 
in a promotional action period are locally co-ordinated to ensure that an item 
is only reordered when sales have been generated for this item. This avoids 
high return flows by the end of the action period. Also during the normal sell
ing season, the allocation is locally co-ordinated. The local storage space is 
small due to the objective to maximise the turnover per square outlet meter. 
Local stock levels can be kept low by only allocating stock for an item if sales 
have been generated for that item. The use of locally co-ordinated allocation in 
the normal selling season would furthermore imply much effort to co-ordinate 
every allocation because of the large amount of Stock Keeping Units involved. 
The allocation should also be locally co-ordinated in case of very short supply 
lead times. The period between ordering and receipt is too short to generate 
additional demand information that may improve the allocation. It is then 
easier to put the outlet orders directly through to the supplier. 

At EMI, the allocation is locally co-ordinated for all items. The number of 
SKU's is large because of the large quantity of local DC's is large . This makes 
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it difficult to follow every market centrally - market demand is strongly influ
enced by for example local actions. Furthermore, the production has a short 
lead time. The reaction time to market changes is therefore short. Besides, the 
market is very uncertain, which necessitates the use of relatively small distri
bution batch sizes and frequent allocations to follow market changes. For the 
old items, the local stock levels are low and distribution batch sizes small. It is 
then possible to allocate items to the local DC's each time they have been sold. 

The PPM-characteristics are summarised in Table 9-5. 

Table 9-5. PPM-characteristics and their effect on allocation co-ordination (W=Walker, 
V=Vroom and Dreesmann, E=EMI) 

PPM-characteristic Value of characteristic{s) 

Type of sales period Promotional action (initial allocation) 

Type of sales period Promotional action (subsequent allocations) 

Local storage space Small local storage space 

Distribution batch size Large distribution batches 

Supply lead time Long lead time 

Amount of SKU's Large number of SKU's 

Demand uncertainty High demand uncertainty 

9.5.2 Discussion and conclusion 

Direction of decision Case 

Central co-ordination 

Local co-ordination 

Local co-ordination 

Central co-ordination 

Central co-ordination 

Local co-ordination 

Local co-ordination 

study 

v 
v 
v 
w 
v 
V, E 

W,E 

Allocation co-ordination influences the costs of handling and transportation 
because it influences the quantity and the timing of shipments . It furthermore 
influences the costs of storage by keeping stock centrally or locally and it con
sequently influences the customer service level. The influence on the control 
costs is difficult to determine. 

Customer service 

Customer service may be influenced positively by central allocation co
ordination. In the following cases, central allocation co-ordination is preferred 
because of customer service reasons: 

• Scarce supply (central allocation co-ordination ensures that the local in
ventory is balanced). 

• High imbalance risk (central allocation co-ordination attempts to avoid 
imbalance). 

• The first allocation of goods for promotional actions in retail companies 
(there is a high demand peak during these action periods). 

• The first allocation of new or fashionable items that have not been in an 
assortment before; however, if demand is extremely unpredictable, it is 
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better to use input of a local marketing organisation then to co-ordinate 
the first allocation centrally. 

Inventory costs 

If demand is uncertain, and if distribution batch sizes are large and fixed, lo
cally co-ordinated allocation may lead to infrequent and large orders from the 
local DC's. This in turn may lead to replenishment orders from the central DC 
which might not yet have been necessary. If the allocation is centrally co
ordinated, batch sizes can be applied flexibly (only the total allocation quantity 
is fixed, not the allocation batch sizes). The quantity available is then used as 
a basis for the allocation and not a locally determined quantity. The use of 
flexible batch sizes may therefore lead to better balanced stock levels. As a re
sult, allocation co-ordination of the allocation is a good remedy against stock 
imbalance. Furthermore, central co-ordination may avoid unnecessary replen
ishments. 

Storage costs 

From a storage perspective, locally co-ordinated allocation is preferable if the 
local storage space is restricted. In retail, the local storage space is restricted 
due to the objective to maximise the local turnover per square meter outlet 
space. In that case, allocations only take place after a product has been sold. 
Local inventory levels are thus kept low. 

Handling costs 

Handling costs at the central DC can be reduced if it is possible to co-ordinate 
the shipping moments from the central to the local DC's centrally. Because of 
this co-ordination, it is possible to smooth the use of the handling capacity in 
the DC's. Peaks in the handling capacity requirements can thus be avoided. 

Transportation costs 

Transportation costs are influenced by co-ordinating the allocation through the 
ability to set up round trips for trucks. This is only beneficial if the distribu
tion structure is very dense and rather small and the transportation is not 
outsourced (as in case of V &D) . By planning round trips, the utilisation degree 
of the trucks can be increased. 

9.6 The relation between capacity and inventory in distribution 
control 

Distribution control decisions are often predominantly focused at the inventory 
consequences. Capacity consequences are hardly taken into account. Although 
the interrelation between capacity and inventory aspects has not been investi
gated explicitly in the case studies, the effect of PPM-characteristics on control 
decisions has been discussed from both an inventory and a capacity costs point 



Case study conclusions -171-

of view. This section is predominantly focused at highlighting the effect that 
capacity costs may have on distribution control decisions. The interrelation be
tween capacity and inventory in distribution control will thus be discussed 
from the viewpoint of how capacity aspects may influence distribution control 
decisions. 

Below, it is investigated in which situations and in which way the distribution 
control decisions are influenced by capacity costs. We discuss the case studies 
where capacity costs are relatively significant (Walker Europe and Vroom and 
Dreesmann). Based on this, conclusions will be drawn. 

9.6.1 Case study summary 

In the Walker case, capacity costs were relatively high. These high costs have 
been accounted for by adapting distribution batch sizes. For slow moving 
items, a large distribution batch size was necessary to ensure efficient han
dling. The reason that handling should be efficient and hence distribution 
batch sizes relatively large can be explained from the fact that exhaust sys
tems are large and voluminous products, which are difficult to handle. With 
regard to transportation costs, it was not necessary to strive for a high utilisa
tion degree of trucks at Walker as most of the shipments were already full 
truck load shipments. 

At Vroom and Dreesmann, research showed that during action periods, DC ca
pacity problems occurred in the distribution of suitcases (see Chapter 8). One 
of the main reasons for this appeared to be the fact that the outlet stock norms 
and reorder levels were set relatively high during action periods. As a result of 
this, large reorders were generated by the outlets already at the first day of 
the action period, resulting in an enormous capacity demand at the DC. A de
crease of the outlet stock norms by 50% appeared to be possible while retain
ing a high level of customer service. This entailed in a reduced DC workload 
during the action period and in reduced return flows from the outlet to the DC. 
For the items researched, the use of an a-policy led to an optimal combination 
of capacity demand, outlet stock level and fill rate level. The level of a was set 
at 70% and the remaining part (=30%) was subsequently allocated to the out
lets based on outlet sales. 

9.6.2 Discussion and conclusions 

In the two cases summarised above, high capacity costs were taken into ac
count in distribution control decisions by adapting the batch size and the stock 
review frequency. Small batch sizes and short review periods lead to stock and 
storage space reductions but also to less efficient handling and more transpor
tation costs. 
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In Chapter 2, capacity costs were split into three types: storage, handling and 
transportation costs. Below, the effect of the relative level of these costs on the 
distribution control decisions is discussed briefly. In Table 9-6, it is summa
rised which control decision are influenced by which type of capacity costs. An 
"x" indicates that there is an influence of a cost category on the control deci
sion. The type of reorder planning is influenced only indirectly by the capacity 
costs. If for example batch sizes should be large for capacity reasons, the type 
of reorder planning might be influenced by this. As this influence is indirect, 
no influence indicated for this decision in Table 9-5. 

Table 9-6. Influence of capacity costs on control decisions (x =influence, empty= no influence) 

Capacity cost 
type 

Storage 

Handling 

Transportation 

Reorder 
planning 

Central 
stock function 

x 

Status 
information 

x 

Allocation 
co-ordination 

x 
x 
x 

The storage costs may influence the central stock decision through the avail
ability of local storage space. If local storage space is limitedly available, cen
tr\)-l stock is necessary, especially for voluminous products. This will predomi
nantly occur in retail environments. Buffer sizes in the retail outlets are small 
as retail companies want to maximise the profit per square meter. 

Storage costs may also influence the allocation co-ordination decision. If local 
storage space is limited, local stock levels need to be low. Locally co-ordinated 
allocation is preferable as this ensures that products are only allocated to the 
local stock point if a product has been sold. 

The storage costs may furthermore influence the status information decision. 
In case of products with high storage costs - i.e., voluminous products - the 
potential decrease in inventory levels resulting from the use of integral infor
mation is relatively significant 

The transportation and handling costs predominantly influence the allocation 
co-ordination decision. The transportation costs have an influence because if 
the allocation is centrally co-ordinated, round trips or back hauls can be 
planned. This is recommendable if transportation costs are high and the truck 
utilisation low. If handling costs are high, it is meaningful to co-ordinate the 
moment and the quantity of the allocation centrally. The handling activities 
can then be scheduled in such a way that the capacity use is smoothed. If cen
trally co-ordinated allocation is used, the batch sizes may also be relatively 
high to ensure efficient handling. 
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9.7 Interface of supply/production and distribution control 

As discussed in Chapter 2, the interface of supply/production and distribution 
control has been delimited to the mutual adjustment - or co-ordination - of the 
replenishment decision and the allocation decision in a distribution system. 
Two questions need to be answered to determine the need for this co-ordin
ation: 

• Are the replenishment and the allocation coupled or decoupled? 

• Who determines the timing and the quantities of the goods flows? 

The answer to the first question is dependent on the presence of a central stock 
point. If there is a central stock point, the replenishment and the allocation are 
decoupled. The allocation quantity and timing need not necessarily be equal to 
the replenishment quantity and timing vice versa. Co-ordination of both deci
sions is therefore only useful if there is no central stock point. The discussion 
is therefore confined to situations without central stock. 

The determination of the quantity and the timing of the allocation is often de
ferred as long as possible. By deferring the allocation moment, the latest in
formation on demand and local stock levels can be used to determine the allo
cation quantities. The determination of the quantity and timing of the alloca
tion is similar to the determination of the type of allocation co-ordination. The 
characteristics which influence the co-ordination of supply and distribution are 
therefore expected to be equal to the factors that influence the allocation co-o
rdination decision. 

In Section 9.7.1, we will shortly discuss the results from the case studies where 
central stock is abolished - Walker Europe and Vroom and Dreesmann. After 
that, the implications on the co-ordination of the replenishment and the allo
ca tion decision are investiga ted in Section 9.7.2. 

9.7.1 Case study summary 

At Walker, A-items are not kept in central stock. The replenishment quantity 
for A-items is determined based on market information and integral stock lev
els. At the moment of determining the replenishment quantity, the allocation 
is not yet established. The allocation decision is taken a t the moment that the 
goods are manufactured and are ready for distribution. The allocation decision 
is deferred because the plant is inflexible and the production lead time long. 
Due to this long lead time, more recent and accurate information is available 
at the moment that products have been produced and are physically available 
for allocation. 

At Vroom and Dreesmann, items with a short lead time are not kept in central 
stock. Because of a short order lead time, the allocation decision for these 
items can determine the timing and the quantity of the replenishment deci-
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sion. The extra demand information that can be generated in the time between 
ordering and receiving the goods is limited. Outlet order quantities can then be 
counted up to obtain the replenishment quantity. 

9. 7.2 Discussion and conclusions 

The determination of the quantity and the timing of the replenishment and 
the allocation decision can be discriminated into two elements. The first is 
whether the allocation needs to be established at the moment the supply or 
production batch arrives at the central DC or at the moment of ordering at the 
supply or production source. The answer to this question depends on the 
length of the supply/production lead time. In case of a short lead time, the allo
cation quantities and the replenishment quantities can be established at the 
same moment. The amount of additional demand information that can be gen
erated in the time between the moment of ordering the replenishment quan
tity and its delivery at the central DC is minimal. On the contrary, if the lead 
time is long, additional demand information can be generated during the lead 
time. As a result, it is preferred to establish the allocation quantities at the 
moment the batch is received at the central DC. 

The second question deals with the echelon at which the allocation quantity 
and timing are determined. Again, this is related to the supply or production 
lead time. The sum of the allocation quantities should match the total supplied 
amount of stock as central stock is abolished. If the lead time is long, the allo
cation should be determined centrally at the moment the supply batch is 
available. Because of the long lead time, the allocation should not be estab
lished earlier than this moment for reasons discussed in the previous para
graph. This allocation is best determined centrally. It would be a coincidence if 
the sum of the locally determined allocation quantities - which are based on 
new information - exactly match the replenishment quantity - which is based 
on relatively old information. In case of short lead times, the allocation can be 
determined locally. The projected demand and inventory position during the 
order lead time will not significantly differ from the realisations. The alloca
tion quantities can thus be established with the same information as the de
termination of the replenishment quantities. 

9.8 Summary and conclusions 

In this chapter, the case studies have been analysed. Conclusions have been 
drawn with regard to the influence of the relevant process, product and market 
characteristics on the four control decisions. These control decisions comprise 
the type of reorder planning, the central stock function, the status information 
and the allocation planning. The case study findings on the integration of ca
pacity aspects and the interface between supply/production and distribution 
have also been discussed. The conclusions drawn are summarised in Table 9-7. 
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The dependent demand planning is not incorporated in the reorder planning 
decision in Table 9-7 as this has not been researched in greater detail in the 
case studies. The differences with the literature findings presented in Table 9-
1 are represented in italics. 

Table 9-7. PPM characteristics and their influence on the distribution control decisions 

PPM- Type of Central Status Allocation 
characteristic reorder planning stock function information co-ordination 

High product vol- Yes Integral 
ume 

Unique product No 

High obsoles- Yes Integral 
cence risk 

High value density Yes Integral 

Promotional ac- Yes Central (initial 
tion sales period a/location) 

Restricted local Yes Local 
storage space 

High supply fre- No 
quency 

Large distribution Local Central 
batch size 

Short supply lead Forecast without No Local (if no central 
time pattern stock) 

Large supply Forecast without 
batch size pattern 

Large amount of Yes Local 
local DC's 

Large amount of Forecast without Local 
SKU's pattern 

High customer Yes Central 
service required 

High demand un- Forecast without Yes Local Local 
certainty pattern 

Low demand rate Forecast without 
pattern 

Seasonal demand Forecast with pat- Yes 
tern 

All relevant PPM-characteristics and their effects as found in the literature 
were also found in the case studies, except for product value. Product value is 
not incorporated as product value density contains more information. It is a 
relative measure, which can express the relative importance of cost categories. 
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The case studies have been used to identify the characteristics for the selection 
of distribution control decisions. The way in which these characteristics influ
ence the control decisions has also been indicated, see Table 9-7. However, the 
question which characteristics have the most significant effect on the control 
decisions can not be determined yet. The effect of the interaction between dif
ferent characteristics could neither be investigated in the cases. It has been 
indicated, for example, that the large production or supply batch sizes de
creases the need of forecasts with a pattern due to the large size of the batch 
size stock. A simple, forecast without a pattern is then sufficient. However, it 
was not possible to indicate the effect of having both large batch sizes and sea
sonal demand. 

Case studies are not well suited to investigate the significance of the PPM
characteristics and the effects of interaction between PPM-characteristics. A 
suitable instrument for this investigation is simulation. Simulation is now use
ful as opposed to in the exploratory phase of this research as a limited set of 
relevant characteristics has been defined in the cases. In the next chapter, a 
simulation experiment is discussed to investigate significance and interaction 
effects of relevant process, product and market characteristics. The control de
cision selected was the technique to forecast the independent demand. The 
reasons for selecting this decision are practical: it was not necessary to build 
the simulation model from scratch as many parts of the simulation model were 
already available in some form . 



CHAPTER 10 

FORECASTING TECHNIQUES IN LOGISTICS 

The case study research focused at exploring the relevant PPM-characteristics and their influ
ence on distribution control decisions. Case study research is not well suited to analyse the rela
tive importance and the effect of the PPM-characteristics. Interaction effects between PPM
characteristics can neither be researched by means of case studies. A simulation study into the 
effects of di( ferent settings of the PPM-characteristics would be better suited for this. 

This chapter discusses a simulation study into the effect of one of the control decisions: the type 
of forecasting technique. The objective of this simulation is to get a first indication of the sig
nificance and the interaction of the PPM-characteristics. Section 10.1 shortly discusses the 
background of this experiment. Section 10.2 discusses the approach to assessing the usefulness 
of forecasting techniques and Section 10.3 explains the simulation model that has been devel
oped. Subsequently, the results of the simulation model are discussed, on an aggregate level in 
Section 10.4 and more detailed in Sections 10.5 and 10.6. Last, conclusions on this experiment 
are drawn in Section I 0. 7. 

10.1 Background 

Quantitative forecasting techniques are commonly applied in production and 
inventory systems [Fildes & Beard, 1992]. Although the evaluation of forecast
ing techniques has received much attention in the literature, the discussions 
are mainly oriented towards the evaluation of forecasting techniques by means 
of statistical criteria [Alstr0m & Madsen, 1994]. However, there seems to be a 
lack of agreement on the question which statistical criterion should be used as 
the measure of forecast error [Armstrong, 1985]. 

Fildes & Beard [1992] argue that forecasting techniques in production and in
ventory control should be chosen in line with data characteristics. Unfortu
nately, demand data often have little structure and a relatively high level of 
randomness. A further characteristic is the low stability of the forecasting per
formance over time [Fildes & Beard, 1992]. The benefits of matching a fore
casting technique to a homogeneous subset of data may therefore yield sub
stantial accuracy benefits. This chapter examines these data characteristics 
and their relation to the choice of a forecasting technique. However, as opposed 
to most previous forecasting research, we do not use statistical measures of 
forecast errors as a primary criterion to assess the performance of a forecasting 
technique. The forecasting problem will be approached from a logistical point 
of view by investigating the effect of forecasting techniques on logistical as
pects. 
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10.2 Characteristics incorporated in the research 

As said earlier, forecasting techniques should be selected dependent on the 
data characteristics. It is not only the characteristics of the demand data -
such as the mean and the variance - that are expected to have an influence. 
Also characteristics of the processes used - lead time and batch size - are ex
pected to have an effect. For example, the larger the lead times are, the more 
difficult it may be to make a reliable forecast. 

The previous chapter has discussed which characteristics influence the deci
sion on the type of forecasting technique (see Section 10.1). The following 
characteristics will be used in the simulation experiment: 

• The length of the inventory review period. 

• The size of the supply batch. 

• The length of the supply lead time. 

• The presence of a trend in the demand. 

• The presence of seasonality in the demand. 

• The coefficient of variation of the forecast error of the demand. 

In, distribution, control activities may be assessed on their effect on inventory 
levels and capacity costs (see Chapter 2, Section 2.5). An assessment of fore
casting techniques on both aspects is relatively complex and would be beyond 
the scope of getting a first indication of the usefulness of forecasting tech
niques under different circumstances. In this experiment, the effect of different 
forecasting techniques will be compared on inventory effects only. The average 
level of physical stock, measured in units, will be used for this (comparable to 
Alstrnm and Madsen [1994], although they also incorporate capacity aspects in 
their performance measures). 

10.3 Description of the simulation model 

Two forecasting techniques have been distinguished: techniques that can in
corporate demand patterns and techniques that can not. Given the practical 
orientation of this dissertation, the forecasting techniques researched should 
be used in practice. The Holt Winters exponential smoothing technique 
(abbreviated HW), as described by Silver and Peterson [1985] has been se
lected to serve as an example of a technique that can incorporate demand pat
terns. Moving average (abbreviated MA) and single exponential smoothing 
(abbreviated Exp) are selected to serve both as an example for a technique tha t 
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can not incorporate demand patterns. The formulae for updating the forecasts 
are presented in Table 10-147. 

Table 10-1. Forecast update formulae (ft =forecast in period t for the next period, d1 =actual 
demand in period t; a, ayw, and N are forecast parameters which determine the length of the 
data history; F, is the estimated seasonal index, P the length of the season and b1 represents the 
estimated trend level) 

Forecasting technique 

Holt Winters 

Moving Average 

Single Exp. Smoothing 

Forecast update formula 

f1 =a 8 w *(d, I F1_p)+(l-a 8 w)*(f,_1 +b1_1 ) 

N 

f, = Ldt-i-1 IN 
i=l 

The objective of this simulation experiment is to get a first insight into the ef
fects of different forecasting techniques_ As we mainly look at the effect de
mand characteristics and supply process parameters, a single echelon system 
has been used (see Figure 10-1). 

Supply Market 

-B-at-ch-s-iz_e _ _,,~""d m d•m'"d 

Lead time Seasonality in demand 
Review period Demand variation 

Figure 10-1. Single echelon system and relevant PPM-characteristics 

As a result of the short life cycles, products are often phased out before there is 
enough data available to establish a stable forecast. The use of long simulation 
runs, where forecasts can be based on a large amount of data, is therefore 
judged inapplicable. To account for the effect of shortening life cycles, many 
short runs are used in the experiment (runs of 2 years of 48 periods each with 
an initialisation period of 96 periods for setting the parameters). It is assumed 
that demand can be backordered as this is often possible in practical situa
tions48. The average demand used is Gamma distributed and is on average 100 
units per period. Different situations of demand stability have been re
searched, ranging from stable demand with a coefficient of variation (CV) of 
0.2 to uncertain demand with a CV of 1. Each period, the reorder level R is cal
culated according to Equation 10-1: 

47 See Silver and Peterson (1985] for an explanation. 

48 Only in environments where the same products can be obtained from different suppliers -
such as in retail environments - this assumption may be invalid. 
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LT+I LT+ST+ 1 
R= Lf;*---

i=I LT+I 

Equation 10-1. Determination of the reorder level (f; is the forecast for period i, LT= Lead Time, 
ST= Safety Time) 

Equation 10-1 shows that the reorder level is adjusted based on the average 
forecast during the lead time. To ensure that the results of the simulation ex
periments are comparable, the simulation runs are stopped if a fill rate of 95% 
has been reached. The parameter varied to attain this fill rate is the level of 
safety time. In the simulation, the safety time is adjusted in such a way that 
the resulting fill rate equals 95% (+/- 0.01 %). For this adjustment, a simple 
procedure is used which starts with a safety time value, calculates the fill rate 
and adjusts the safety time based on the fill rate value49. This adjusted safety 
time is used for subsequent simulation runs and recalculated after each run. 

To cover a broad range of possibilities, each PPM-characteristic has different 
settings. These settings are summarised in Table 10-2. 

Table 10-2. Settings of the forecast parameters used 

Characteristic Values researched 

Review period 1 x per period or 1 x per 4 periods 

Batch size Lot For Lot (LFL), 400 and 1600 units 

Lead time 4 and 16 periods 

Trend Trend (demand increase of 50% per year) and no trend 

Seasonality Season or no season50 

CV of the forecast error 0.2, 0.5 and 1 

For each forecasting technique, two settings have been used: one which uses a 
long history of data and the other which uses a short history. For Moving Av
erage, a history of N=48 resp. N=8 periods is used. Comparable values for the 
forecasting parameters of the other two techniques have been calculated using 
Silver and Peterson [1985} . These authors present a relation between the pa
rameter a of Single Exponential Smoothing, the N of Moving Average an the 

49 If the fill rate is lower than 95%, the safety time is adjusted upward, otherwise it is adjusted 
downward. If a safety time entailing in a fill rate higher than 95% and one with a fill rate 
lower tha n 95% have been found, interpolation between those two points is used to estimate 
the safety time which is renders a fill rate closer to the desired fill ra te. This interpolated 
safety time is used in a subsequent simulation run and recalcula ted each run. 

50 The total length of the season is 1 year of 48 periods with the peak equal to 175% of the av
erage demand and the lowest point equal to 25% of the average demand. 
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aHw, ~Hw and YHw of the Holt Winters forecasting technique. The following set
tings have been used (see Table 10-3). 

Table 10-3. Settings of forecasting parameters (based on Silver and Peterson ( 1985}, pp. 126) 

Setting: Moving Average (MA) Single exp. Smoothing (Exp) Holt Winters exp. Smoothing (HW) 

N a UHW ~HW YHW 

1st setting 8 0.22 0.38 0.13 0.35 

2°d setting 48 0.04 0.08 0.02 0.06 

10.4 Aggregate simulation results 

The total number of simulation experiments that need to be performed to cal
culate the influence of all aspects amounts to nearly 900 (3 forecasting tech
niques, 2 settings, 144 different combinations of characteristics). The simula
tion of this many different situations makes it difficult to compare the data of 
each simulation experiment. To alleviate the problem of comparing this many 
results, an aggregate measure is needed. 

To deal with the large amount of data, we introduce a hierarchical form of 
analysis. This analysis starts with aggregate numbers to get an indication of 
the main differences between the experiments. Based on this analysis, more 
detailed data analyses are performed. The average overall physical stock level 
is calculated per forecasting technique and summarised in Table 10-4. 

Table 10-4. Average overall physical stock level (HW =Holt Winters smoothing, MA =moving 
average, Exp =single exponential smoothing) 

HW1 HW2 MA 1 MA2 Exp 1 Exp2 

Physical stock: 7218 2836 1525 1112 1418 1175 

The first thing that can be noticed is that the stock levels are much higher for 
HW, especially in the first setting. The cause for this can not yet be established 
as this result is influenced by the fact that performance is a composite of the 
performance of HW for different PPM-characteristics (Section 10.5.1 will show 
tha t HW is extremely sensitive to demand uncertainty). Second, compared to 
HW, .MA and Exp generate relatively low levels of physical stock, especially if a 
long history of data is used. The reason for this might be that in case of heavy 
demand swings, .MA and Exp are more stable, leading to relatively stable in
ventory levels and low safety stocks. Third, is seems that using data over a 
long period generates better results on average than using only a short history 
of data. This may be the result of the fact that the demand pattern used does 
not suffer from large changes in the average level of demand (it does not suffer 
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from so called random walk). As a result, the forecast will be more stable if a 
longer data history is used to generate a forecast . 

In the next section, the results will be analysed in greater detail. The influence 
of each of the PPM-characteristics will be discussed separately. 

10.5 Simulation results per characteristic 

10.5.1 The effect of the coefficient of variation 

To compare the results at a more detailed level, the effect on the average 
physical stock of each parameter has been investigated separately. The first 
parameter investigated is the Coefficient of Variation (CV). The effect of differ
ent levels of the CV are summarised per forecasting technique in Table 10-5. 

Table 10-5. The effect of the Coefficient of Variation on the average physical stock level 

CV HW1 

CV= 0.2 675 

CV= 0.5 1701 

CV= 1 19280 

HW2 

575 

975 

6958 

MA 1 

1100 

1400 

2074 

MA2 

826 

1029 

1482 

Exp 1 

1048 

1303 

1904 

Exp2 

895 

1098 

1532 

The first conclusion that can be drawn is that the amount of physical stock in
creases if the CV increases. Because of higher demand variability, a higher 
safety stock level is needed, which increases the inventory level. 

Secondly, it can be concluded that the techniques that use a longer data his
tory - HW 2, A1A 2 and Exp 2 - have lower stocks than the techniques that do 
not, especially in case demand is uncertain. 

The third conclusion that can be drawn is that for low demand uncertainty 
(i.e., a low CV), the HW technique generates the best forecast. If the demand 
uncertainty is low, HW is better able to follow the patterns in demand. In case 
of a large CV, A1A and Exp generate better forecasts. As soon as demand un
certainty increases, HW tries to translate all small (random) demand changes 
into a pattern (especially if there is a seasonal pattern in the demand, see 
Section 10.5.3). The 'noise' in the demand may thus result in large fluctuations 
in the forecast. A1A and Exp generate a more stable forecast, due to the fact 
that data is simply averaged over the length of the data history. 

Fourth, Exp performs better than A1A if there is only a short period of data his
tory used. A1A performs better than Exp if a long period of data history is used. 
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The reason for this may be the fact that Exp gives a relatively higher weight to 
recent numbers than .AfA5I. 

10.5.2 The effect of batch sizes 

Table 10-6 summarises the results of changing the batch size from Lot For Lot 
(LFL) to 400 and to 1600 units. 

Table 10-6. The effect of batch sizes on the average physical stock level 

Batch size HW1 HW2 MA 1 MA2 Exp 1 Exp2 

Lot For Lot 8063 3050 1474 998 1343 1061 

Q = 400 7432 2835 1445 1017 1334 1082 

Q = 1600 6161 2623 1656 1321 1578 1382 

Table 10-6 shows again that using a longer period for forecasting data is better 
than using a short period, which has been discussed in Section 10.5.1. To ex
plain the effects shown in Table 10-6 further, we will go into the details of 
these results by analysing the combined effect of batch sizes and the coefficient 
of variation. Table 10-7 summarises the physical stock level for different batch 
sizes and different values of the CV. 

Table 10- 7. The effect of different coefficients of variation and different batch sizes on the physi
cal stock level 

CV Batch size HW1 HW2 MA 1 MA2 Exp 1 Exp2 

LFL 509 375 959 660 894 734 

vc = 0.2 400 548 442 981 709 934 784 

1600 966 907 1362 1109 1315 1166 

LFL 1735 887 1345 908 1221 979 

vc = 0.5 400 1640 874 131 7 927 1210 998 

1600 1727 1163 1539 1250 1477 1319 

LFL 21944 7887 2119 1426 1914 1471 

vc = 1 400 20106 7188 2038 1416 1857 1464 

1600 15789 5798 2067 1603 1941 1660 

Table 10-7 shows that for low values of the CV, the HW forecasting technique 
consistently outperforms the other two on both settings, independent of the 
batch size used. If demand gets unstable, HW is worse than the others, inde
pendent of the batch size, which is in line with the discussion in Section 10.5.1. 

s1 The relative weight give to MA demand data is l/N; if Exp is used, demand data have a 
weight of a*(l-a)"; if N = 8 and a= 0.22, the weight is 0.125 (i.e., 118) for each of the 8 data 
numbers used in MA; for Exp, the weights of historical data are in a row 0.22, 0.18, 0.13, 0.10 ... 
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Table 10-7 again shows that the second setting of the techniques consistently 
performs better than the first (as discussed in Section 10.5.1). 

For a low or a moderate demand variability, we can observe an increase in 
stock levels if the batch sizes grow. This is the result of an increase in the 
batch size part of the total stock. In case of a large CV, stock levels decrease if 
the batch size increases. The reason for this is that the number of replenish
ments decreases when the batch size increases. This implies that the number 
of times that mistakes can be made in the replenishments decreases as well. 
Batch sizes may dampen forecast fluctuations. This does not seem to hold for 
.MA 2 and Exp 2, which is probably caused by the fact that average stock levels 
are relatively small compared to the batch size. 

10.5.3 The effect of seasonality in demand 

Seasonality is expected to lead to differences in performance between HW on 
the one hand and MA and Exp on the other. Only HW is able to incorporate 
demand patterns for the next t+i periods forecasting periods. Table 10-8 sum
marises the results of seasonality in demand on the performance of the fore
casting techniques. 

Table 10-8. The effect of seasonality in demand on the average physical stock level 

Seasonality 

No season 

Season 

HW1 

1189 

13248 

HW2 

866 

4806 

MA 1 

949 

2101 

MA2 

800 

1424 

Exp 1 

890 

1946 

Exp2 

788 

1562 

This table shows that in case of seasonality, the HW forecasting technique has 
a significantly worse overall performance than the other two. As this seems to 
contradict our assumption, we analyse the data one level deeper and detail the 
numbers for different coefficients of variation. Table 10-9 summarises the ef
fect of the forecasting techniques on the physical stock level for different val
ues of the CV in case there is only a seasonal pattern in the demand. 

Table 10-9. The effect of different coefficients of variation on the physical stock level for demand 
with only a seasonal pattern 

CV HW1 HW2 MA 1 MA2 Exp 1 Exp2 

CV= 0.2 765 627 1668 1123 1567 1261 

CV= 0.5 2315 1171 1938 1329 1802 1477 

CV= 1 36665 12619 2698 1820 2469 1948 

The HW technique only performs better than the others in case of low and 
moderate demand variation (see Section 10.5.1). 
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Table 10-10 summarises the results if there is no seasonality involved in the 
demand. 

Table 10-10. The effect of different coefficients of variation on the physical stock level if there is 
no seasonality in the demand 

CV HW1 HW2 MA 1 MA2 Exp 1 Exp2 

CV= 0.2 584 523 533 529 529 529 

CV= 0.5 1087 778 862 728 804 720 

CV= 1 1894 1296 1451 1143 1339 1115 

If there is no seasonality involved, there is not much difference in the perform
ance of the techniques for low and moderate values of the CV. Again, only in 
case of a high CV, HW performs worse than the other two, although not as ex
treme as in the case of seasonality. This shows that the performance of HW is 
heavily dependent on the combination of a presence of a seasonal pattern and 
of uncertainty in the demand. 

10.5.4 The effect of a trend in demand 

A trend in demand is another type of pattern that may occur. The HW tech
nique is also expected to lead to lower stock levels if a trend applies, as it may 
be able to filter out this pattern. Table 10-11 summarises the aggregate physi
cal stock levels if there is a trend in the demand and if there is no trend. 

Table 10-11. The effect of a trend in demand on the average physical stock level 

Trend 

No trend 

Trend 

HW1 

4723 

9714 

HW2 

1849 

3822 

MA 1 

1320 

1730 

MA2 

961 

1263 

Exp 1 

1217 

1620 

Exp 2 

1012 

1338 

Table 10-11 shows that HW performs less than the others if a trend is present. 
As these results are expected to be influenced by the coefficient of variation, 
Table 10-12 presents a breakdown of the physical stock level for different coef
ficients of variation in case a strong demand pattern is present, using the case 
with the strongest pattern - both a trend and seasonality - as an example. 

Table 10-12. The effect of different coefficients of variation on the physical stock level in case 
there is a trend but no seasonality 

CV HW1 HW2 MA 1 MA2 Exp 1 Exp2 

CV= 0.2 659 559 570 572 566 574 

CV = 0.5 1336 872 955 798 891 792 

CV= 1 2355 151 7 1644 1286 1528 1261 
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This table shows that if there is a trend and no seasonality, the differences be
tween the forecasting techniques are not as extreme as with demand seasonal
ity. This reinforces the remark that HW is especially vulnerable to the combi
nation of demand seasonality and uncertain demand. 

10.5.5 The effect of the lead time 

A longer supply lead time is expected to entail in higher stock levels in the sys
tem as the stock needs to cover the average demand and the variation in de
mand during a longer time. 

Table 10-13. The effects of lead time on average physical stock 

Lead time HW1 HW2 MA 1 MA2 Exp 1 Exp2 

LT= 4 4348 1716 967 857 919 856 

LT= 16 10089 3956 2083 1367 1918 1493 

Overall, HW generates the highest level of physical stock. The differences are 
very large if the lead time is long. This is again somehow blurred because of 
the effect of the coefficient of variation. The differences between .MA and Exp 
are small, but Exp is still better for looking back short periods and .MA for long 
periods. 

10.5.6 The effect of the review period 

A decrease in the review period is expected to increase the amount of safety 
stock needed and hence the total stock level. Table 10-14 summarises the ef
fect of changes in the review period. 

Table 10-14. The effect of the review period on average physical stock 

Review period 

p = 1 

P=4 

HW1 

10484 

3953 

HW2 

4455 

1216 

MA 1 

1479 

1571 

MA2 

1058 

1166 

Exp 1 

1451 

1386 

Exp2 

1178 

1172 

As can be seen in the table, the decrease of the review period does not lead to 
an increase in stock but to a decrease. This again contains the effect of the de
mand uncertainty. Table 10-15 shows the effect of different values of the CV 
and the review period on the average physical stock levels. 
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Table 10-15. The effect of the reuiew period and the coefficient of uariation on physical stock 

CV Review period HWI HW2 MA 1 MA2 Exp 1 Exp2 

vc = 0.2 1 541 466 1019 747 986 854 

4 808 684 1182 905 1110 936 

vc = 0.5 1 1575 931 1343 968 1304 1090 

4 1827 1018 1458 1089 1301 1107 

VC = 1 1 29336 11969 2075 1458 2062 1590 

4 9224 1946 2074 1505 1746 1473 

For a low and a moderate CV, the stock level increases if the review period is 
increased but for a high CV, the stock level decreases. The cause of this is 
similar to the effect of large batch sizes (the quantities are larger, which de
creases the number of times to order; as a result, there are less possibilities to 
make mistakes in the order; see Table 10-15). 

10.6 Detailed simulation analysis 

The analysis above shows that not every characteristic has an equal influence 
on the level of physical stock, given the effect of a characteristic on the average 
physical stock level. The CV has a very significant impact on the stock level, as 
well as the presence of a demand pattern - especially demand seasonality but 
also a trend - and the lead time. The batch size and the review period have a 
less profound influence on the physical stock level. As a concluding overview, 
the full results on these 4 parameters are presented in Table 10-16. The occur
rence with the lowest stock level in a row is marked grey for each combination 
of characteristics. We can draw the following conclusions from the pattern of 
grey areas: 

First, the Holt Winters technique performs best in environments with low to 
moderate demand variation (CV < 0.5), especially if there is a season in the 
demand (see Section 10.5.1) and if the lead time is short. If there is no season 
in the demand, the differences between the techniques are small, independent 
of the demand uncertainty. If the lead time is long and there is a season, the 
performance of HW quickly deteriorates when the CV increases. 

Second, in case of a high demand variation, MA performs better than Exp if 
there is seasonality in the demand, but Exp performs better than MA if there 
is no season. The reason that Exp performs worse in case of a season is proba
bly due to the fact that Exp gives extra weight to recent data as opposed to the 
old data. This may lead to instability in case of uncertain and seasonal de
mand. However, Exp is only a few percent better than MA if there is no season, 
but MA is around 10% better than Exp if there is a season. 
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Table 10-16. Physical stock levels: detailed analysis (Se =season, Tr = trend, L = lead time, CV 
= coefficient of variation) 

Se L Tr CV HW1 HW2 MA 1 MA2 Exp 1 Exp2 

Yes 4 per Yes 0.2 610 582 938 928 905 932 

0.5 1508 901 1175 1079 1133 1083 

1.0 29286 9380 1802 1442 1675 1434 

No 0.2 525 510 775 741 749 742 

0.5 954 694 957 868 925 880 

1.0 14196 4290 1430 1145 1316 1152 

16 per Yes 0.2 1315 869 2880 1686 2686 1973 

0.5 4779 2012 3266 1965 3014 2304 

1.0 70365 26229 4367 2739 4050 3074 

No 0.2 611 546 2080 1138 1928 1395 

0.5 2017 1077 2355 1404 2135 1640 

1.0 32815 10579 3193 1954 2836 2133 

No 4 per Yes 0.2 558 537 540 538 538 538 

0.5 885 695 740 674 709 671 

1.0 1468 1083 1184 997 1106 988 

No 0.2 484 478 480 478 479 478 

0.5 666 592 630 583 604 579 
1.0 1034 849 949 815 885 801 

16 per Yes 0.2 759 581 601 607 595 610 

0.5 1788 1050 1170 922 1074 913 

1.0 3242 1952 2103 1575 1951 1533 

No 0.2 534 495 511 492 503 491 

0.5 1011 777 910 734 828 717 

1.0 1834 1302 1567 1186 1413 1139 

Third, the more 'easy' the demand is, the smaller the differences between the 
forecasting techniques are. Under these circumstances, there is no technique 
which makes large mistakes in the forecasts, leading to consistently low levels 
of physical stock. 

Fourth, using data over a long period of time is consistently better than using 
only a limited data history. The reason for this is that it leads to more stable 
demand forecasts if a long period of data is used. Temporary swings in demand 
do not have a large influence on the forecast . In this way, the mistake is rela
tively small on average. 
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10. 7 Discussion and conclusions 

From the analyses above, we can draw the following overall conclusions: 

J. The CV has a significant impact on the forecasting performance 

If the CV increases, the performance of the HW technique quickly deteriorates. 
The HW forecast quickly becomes inaccurate due to the property that all noise 
is translated into a pattern, especially in combination with seasonal demand. 
The performance of the HW technique deteriorates further if long lead time 
apply as well. The HW forecasting technique only outperforms the other tech
niques if the CV is low and if there is season and/or a trend in demand in
volved. HW is then better able to follow the pattern in demand. A technique 
without a pattern such as moving average is preferable in that case due to the 
better stability of the forecast. It is also beneficial in case of a high CV to use 
data over a long period to establish a forecast. This reinforces the stability of 
the forecast as well. If there is no trend nor a season and if the CV is low, the 
differences between the forecasting techniques are small. It is then preferable 
to look back over a long period. 

2. Large batch sizes and long review periods dampen the variation of demand 

For a large CV, the stock levels decrease if larger batch sizes or long review 
periods are used. The reason for this is that the number of reorder moments 
decreases; as a result, the number of occasions where forecast mistakes can 
have an influence on the stock level is smaller. If the demand variation is 
rather large, the use of large batch sizes or long review periods stabilises the 
forecast. Therefore, if the CV is large (>0.5), it is preferable to use large batch 
sizes or a long review period with forecasts with a pattern. 

3. It is nearly always preferred to use a long data history 

The use of data over a relatively long history reinforces the stability of the 
forecast and can hence result in lower stock levels. The second setting of the 
forecasting parameters nearly always outperforms the first setting, especially 
if the environment gets 'complex', because of factors such as demand variation, 
long lead times or a pattern. It should be noticed, however, that this is proba
bly due to the type of demand pattern used in the simulation model (this does 
not contain changes in the average level due to for example a random walk). 

4. Mouing average nearly always outperforms exponential smoothing if there is 

a season 

As opposed to conclusions in forecasting literature (see for example Alstr0m 
and Madsen [1994]), single exponential smoothing does not always outperform 
moving average. MA performs better than Exp in case of seasonality, espe
cially in case of high demand variations. The reason for this difference is 
probably that the moving average technique leads to more stable forecasts, re-
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sulting in lower stocks. Exp is more vulnerable to demand changes as it tends 
to emphasise the latest demand realisations. However, if there is no season, 
Exponential Smoothing is preferable, though only slightly. 

5. A forecast without a pattern is often the best to choose 

The HW forecasting technique performs well in only a limited region (i.e., no 
uncertainty combined with seasonality). Under these specific circumstances, 
the use of HW generates significant savings, with stock levels of about 30% of 
the stock levels of the other techniques. However, if the environment gets 
complex (i .e., the CV > 0.5 and seasonality in demand), the good performance 
of HW quickly deteriorates and turns much worse than the performance of the 
other techniques. It is possible that HW generates up to 25 times as much 
stock as the others. 

Real life is often relatively uncertain as the case studies have shown and de
mand shows large variations. but Because of the vulnerability of HW to uncer
tainty, especially if combined with seasonality and long lead times, the use of 
techniques without patterns as l\1A or Exp is often preferable . Batch sizes may 
dampen the negative effect of HW, but it is then still preferable to apply a 
simple technique. 

10.8 Summary and implications for the research 

This chapter has presented the results of a simulation experiment into the ef
fect of 6 PPM-characteristics on the level of physical stock for 3 different types 
of forecasting techniques, each with 2 settings. Although the setting of the ex
periment was very simple - only one echelon - results show that it does not 
always pay off to use forecasting techniques that can incorporate demand pat
terns. On the contrary, in many occasions simple techniques without a pattern 
outperform more the sophisticated ones that can incorporate demand patterns. 

The effect of the coefficient of variation, the lead time, the seasonality and the 
trend had a highly significant effect on the average level of physical stock 
needed. The use of techniques that can incorporate demand patterns appeared 
to be confined to situations which are characterised by a low demand variation 
and a demand pattern - such as a trend or a season. If there is uncertainty in
volved, especially in case of a demand pattern, techniques which cannot incor
porate demand patterns - such as l\1A or Exp - are preferred. 



CHAPTER 11 

CONCLUSIONS AND RECOMMENDATIONS 

In this chapter, the main conclusions of the research are summarised. Conclusions are organ
ised according lo the research questions discussed in Section 1.4. After discussing of the pri
mary research questions in Section 11.1 and the secondary research questions in Section 11.2, 
we will reflect on the implications of these findings on the standard distribution control tech
niques in Section 11.3. The generalisation of research findings is reviewed in Section 11.4 and 
recommendations for potential future research projects are idenlif ied in Section 11. 5. 

11.1 Primary research questions 

The research objective and primary research questions in this dissertation are 
summarised as follows: 

Research objective: 

Investigate which characteristics of a company and its relevant environment are 
crucial for the selection of distribution control techniques and in which way they in
fluence distribution control 

Main research questions: 

Which distribution control techniques should be applied in which situation? 
How can physical distribution control techniques be selected? 

The second main research question will be dealt with first. The selection of 
distribution control techniques is based on the following three principles: 

• The selection of distribution control techniques depends on characteristics 
of processes used, products distributed and markets served. 

The characteristics of processes used, products distributed and markets 
served (the PPM-characteristics) are the characteristics on which the se
lection of distribution control techniques depends. Differences in these 
characteristics may lead to different control techniques. 

• Distribution should be controlled per distribution control situation. 

The distribution of products should not be controlled in one way in a com
pany. Distribution control should be differentiated to the characteristics 
of logistically homogeneous groups of products - the distribution control 
situations. The products in a distribution control situation are character-
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ised by homogenous PPM-characteristics . The products in different con
trol situations have different PPM-characteristics. 

• Distribution control can be decomposed into four control decisions. 

To enable the explanation of essential differences between distribution 
control techniques, distribution control has been decomposed into four 
control decisions. The graph of decision options is depicted in Figure 11-1. 
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The distribution control decisions are further explained in Table 11-1. 

Table 11-1. Classification of distribution control decisions 

Control decision Deals with .. 

Type of reorder planning The ability to incorporate a pattern in the planning of the independent demand 
and the dependent demand 

Status information The use of local or integral information for reorder purposes 

Central stock function Having both central stock and local stock or only local stock 

Allocation co-ordination Having a centrally or a locally (i.e., in the local OC's) co-ordinated allocation 

By means of the three principles discussed above, distribution control tech
niques can be selected. In the next sections, we will concentrate at the ques
tion which techniques should be applied in which situation. For this purpose, 
the main conclusions are summarised per distribution control decision. The 
order of taking these control decisions is also discussed. 

11.1.1 Type of reorder planning 

The type of reorder planning deals with the question whether patterns can be 
distinguished in the dependent and the independent demand. Dependent de
mand planning is distinguished into time phased and non-time phased plan
ning. The independent demand planning considers the type of forecasting 
technique used and is discriminated into techniques with patterns and without 
patterns. 

Dependent demand planning has been researched by Van Donselaar [1989]. 
Whether time phased or non-time phased planning should be used depends on 
the lumpiness of the dependent demand. Time phased dependent demand 
planning is preferred if there are high spikes in the dependent demand. These 
spikes can be the result of large distribution batch sizes or uncertain and 
lumpy independent demand. The type of dependent demand planning has not 
been investigated in greater detail in this research. 

This research has instead mainly focused on the type of technique to forecast 
independent demand. Two options were identified: forecasting techniques that 
cannot incorporate a demand pattern and forecasting techniques that can. The 
dominant factor in the choice between these techniques appeared to be the 
demand uncertainty combined with the demand pattern and the lead time. 
Techniques which can incorporate a pattern are only preferable if demand is 
relatively certain, containing clear and predictable patterns. Simulation 
showed that the coefficient of variation of the forecast error should be smaller 
than 0.5. If demand is uncertain, and if the demand contains a seasonal pat
tern, forecasts with a pattern can lead to excessive stock levels, especially if 
the lead time is long. Because techniques which can incorporate a pattern at-
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tempt to recognise seasonal patterns, they also react to changes in the demand 
caused by random noise. This may result in frequent and high forecast fluc
tuations and thus high stock levels. Large batch sizes and short lead times can 
dampen the effect of demand fluctuations. 

As a result, a forecast with a pattern is often a good choice, especially if de
mand is uncertain. Techniques that can incorporate demand patterns may 
only lead to significant savings in environments with relatively certain de
mand and seasonal demand patterns. The performance of forecasts with a pat
tern can quickly deteriorate with increasing environmental, resulting in ex
tremely high stock levels. 

11.1.2 Central stock function 

The central stock function addresses whether the central DC has a stocking 
function or only a transhipment function. Central stock can be necessary for 
the following reasons. 

First, central stock is needed to protect against imbalance. From this perspec
tive, the need for central stock is predominantly dependent on the frequency 
and the lead time of supply or production, and on uncertainty in demand. If 
the frequency of supply or production is high and demand relatively certain, 
the number of opportunities to restore the inventory balance is large and cen
tral stock need not be present. If supply lead time is short, central stock can be 
abolished for the same reason. However, during short promotional actions in 
retail companies, central stock is necessary to enable a correction of the imbal
ance and to avoid large return flows by the end of the action period. 

Secondly, central stock is at times required to store excess batch size or capac
ity stock - especially if there are many local DC's. Central stock is necessary 
when there is no place for the stock in the local DC's, which can be due to for 
example organisational constraints. The lack of local storage space can also be 
the result of the objective to maximise sales per square outlet meter, which for 
example occurs in retail environments. Central stock then accommodates for 
restricted local storage space. This holds especially for high volume products. 

11.1.3 Status information 

Status information deals with the question which type of stock and demand 
information should be used - integral information or local information. The 
use of integral status information primarily depends on the imbalance risk in 
a system and the possibility to restore imbalance by means of transhipments. 
Integral information may be applied if the imbalance risk is negligible or if 
balance can be restored by means of transhipments. Integral information 
should therefore predominantly be considered in situations either with rela
tively high inventory costs or with relatively high storage costs. Inventory 
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costs are relatively high for products with a high product value density. Stor
age costs are high for very voluminous products. 

If the imbalance risk is high, integral norms can still apply if transhipments 
can be economically justified. Transhipments can be economically justified if 
transportation is relatively inexpensive as compared to inventory costs. This 
holds for products with a high value density. Reordering extra products at a 
supplier instead of transhipping items would then result in relatively high in
ventory levels. 

11.1.4 Allocation co-ordination 

Allocation co-ordination deals with the question whether the allocation is de
termined centrally or locally. Local allocation co-ordination by means of fre
quent allocation in small quantities based on sales is often advocated as pref
erable - for example in the discussion on Efficient Consumer Response (see for 
example Kurt Salmon [1993]; Mercer [1995]). However, central allocation co
ordination is advantageous in many situations, even in retail companies. 

From a customer service and inventory point of view, central allocation co
ordination is preferable in cases of scarce supply, high imbalance risk, and for 
the first time allocation of promotional action goods and fashion items. Central 
allocation co-ordination results in better balanced local stock than the use of 
locally co-ordinated allocation. 

If central stock is not present and the supply lead time is long, central alloca
tion co-ordination is also recommended. Using locally co-ordinated allocation, 
local orders exactly match the amount available by coincidence. Some stock 
may then be left in the central DC. Central allocation co-ordination ensures 
that no stock is left because the amount available is completely allocated to 
the local DC's. If the lead time is short but there is no central stock, local allo
cation co-ordination can be applied (see Section 11.2.3). The replenishment 
quantity can then be the sum of the allocation quantities. 

Handling costs can be reduced by means of central allocation co-ordination if it 
is possible to co-ordinate the shipment moments to the local DC's. In such a 
way, handling in the DC's may be smoothed. If the goods flows are very large, 
such as in case of promotional actions in retail companies, central allocation 
co-ordination may also enable better planning of the handling capacity. This is 
predominantly advantageous for voluminous products. 

From a transportation point of view, central allocation co-ordination is benefi
cial facilitates improved planning of round trips, increasing the utilisation de
gree of trucks. This especially applies to dense and small distribution systems 
as it is more easy to plan round trips in dense and small distribution systems 
than in large systems. It also applies to temporarily large goods flows, through 
for example the initial allocation of new items or of promotional action items. 
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11.1.5 Order of the decisions in the framework 

It is not possible to completely determine the order in which the distribution 
control decisions should be handled because the decisions are mutually de
pendent. The central stock decision seems to be the first to deal with. This de
cision sets the boundaries for the decisions on the allocation co-ordination and 
the status information. The latter two decisions are dependent on imbalance 
risk, which can be dealt with better if central stock is available. The type of 
status information and allocation co-ordination must be jointly determined. 

However, the type of reorder planning seems to be an independent decision, 
which is predominantly dependent on the_ characteristics of demand and proc
esses used, and not on the other control decisions. 

11.2 Secondary research questions 

11.2.1 Secondary research question 1 

Secondary research question 1: 

Which criteria. can be used to segment a distribution system for distribution control 
purposes? 

Often, segmentation remains restricted to the well known turnover based ABC 
classifications. The approach presented in this dissertation enables the use of 
more criteria in a segmentation. Segmentation of the assortment into families 
of logistically similar products -referred to as distribution control situations -
enables the tailoring of distribution control techniques to the specific logistics 
characteristics of a family. Segmentation has been done in such a way that 
products within a distribution control situation are roughly similar with re
gard to their relevant product characteristics, and with regard to the relevant 
characteristics of the processes used and markets served. The approach has 
not been tested in this research, but according to the case study companies it 
appeared to provide a clear and simple guide to segmentation. 

11.2.2 Secondary research question 2 

Secondary research question 2: 

What is the interrelation between capacity and inventory decisions in distribution 
systems? 

As discussed in Chapter 9, the interrelation between capacity and inventory in 
distribution control is discussed from the viewpoint how capacity aspects in
fluence distribution control decisions. The capacity costs level predominantly 
influences distribution control decisions on central stock, status information, 
and allocation co-ordination. 
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The central stock decision is influenced by the availability of local storage 
space. For example, in retail companies, local storage space is often limited for 
reasons of maximising the turnover per square outlet meter. Thus, central 
stock is required. 

Storage costs play a role in the status information decision. If storage costs are 
relatively high - because of a low product value density and a high product 
volume - and imbalance risk is low, the reduction in inventory levels using in
tegral stock norms can be worthwhile. 

The handling and transportation costs influence the decision on allocation co
ordination. If these costs are very high, central co-ordination of the allocation 
is preferred. In this way, handling activities can be scheduled better and round 
trips or back hauls can be taken into account. This may lead to a higher utili
sation degree of facilities . Handling costs may also be reduced by abolishing 
the central stock. If central stock is not present, less handling activities are 
needed (storage and picking activities in the central DC are not needed). 

Thus, distribution control decisions influence the efficiency of capacity use in 
the distribution system via the setting of control parameters. Parameters that 
have a significant influence on control decisions are batch size and stock re
view frequency. Small batch sizes andlor frequent stock review lead both to a 
decrease in stock levels and to storage space reductions, but also to less effi
cient handling and higher transportation costs. 

11.2.3 Secondary research question 3 

Secondary research question 3: 

How do we need to take the interfaces of distribution logistics with other logistics 
systems into account in the selection of distribution control.techniques? 

The interface between supply/production and distribution has been confined in 
this research to the mutual adjustment of replenishment and allocation deci
sions. This adjustment is particularly relevant if central stock is not present. 
Two types of adjustment are distinguished if central stock is abolished. Accord
ing to the first type, the replenishment decision is determined first and alloca
tion is established subsequently; according to the second, the allocation is de
termined first, and replenishment secondly by adding up allocation quantities. 

If the replenishment lead time is short, allocation quantities can be deter
mined first. They are subsequently aggregated by counting up the allocation 
quantities to obtain the replenishment quantities. The amount of new demand 
information that can be collected in the time between the moment of ordering 
the replenishment quantity and its delivery at the central DC is minimal. On 
the contrary, if the supply or production lead time is long, allocation quantities 
must be established at the moment of batch arrival at the central DC because 
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updated demand information will be available at that moment. As a result, it 
is preferable to first establish the replenishment quantity if supply lead time is 
long. Allocation then is determined upon arrival of the supply batch at the cen
tral DC. 

11.3 The application of the four distribution control techniques 

Earlier in this dissertation, four standard distribution control techniques were 
identified (SIC, DRP, BSC and LRP, see Chapter 2). A main impetus initiating 
this research was the question of what the criteria are for the application of 
distribution control techniques, and more specifically for the application of 
DRP. To investigate application criteria, literature on the application criteria 
for each of these control techniques has been reviewed, both from an inventory 
perspective (in Chapter 3) and from a capacity perspective (in Chapter 4). 

In this section, the application criteria for the four standard control techniques 
are further defined. We will predominantly concentrate at the inventory con
sequences of these four control techniques. The four standard control tech
niques can be classified in terms of the four control decisions depicted in Table 
11-1. Table 11-2 depicts this translation. The knowledge on these control deci
sions from the cases and the simulation study further defines application cri
teria of the four control techniques. In Sections 11.3.1 to 11.3.3, the application 
criteria of the four control techniques are discussed based on the research 
findings presented in the previous chapter and in Section 11.1. 

Table 11-2. Summary of characteristics of control techniques 

Control tech- Type of reorder planning Type of status Central stock Co-ordination of 
nique information tunction52 a/location 

SIC Non time phased, forecast Local Yes Local 
without a pattern 

DRP Time phased, forecast with Local Yes Local 
or without a pattern 

BSC Non time phased, forecast Integral Yes Free to determine 
without a pattern 

LRP Non time phased, forecast Integral Yes Free to determine 
wiih or without a pattern 

52 It is possible to use all techniques without central stock, hut according to the standard way 
of operating the technique, central stock is assumed to be available. 
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11.3.1 Statistical Inventory Control (SIC) 

According to the literature, SIC is predominantly suitable for application in 
environments with stable demand, lot sizes that are small, low value products 
and frequent stock review. 

As SIC uses forecasts without a pattern, it is expected to be suitable to envi
ronments with uncertain demand as well. The simulation study showed that 
demand forecast without a pattern are predominantly suitable to environ
ments with high levels of demand uncertainty combined with seasonal pat
terns (see Chapter 10). This is one of the reasons why SIC is applied in retail 
environments. These companies are confronted with uncertain and sometimes 
highly seasonal demand. 

In SIC, lot sizes should not be large and the independent demand may fur
thermore not be characterised by large spikes. Because of the use of non-time 
phased dependent demand planning in SIC, large lot sizes and high spikes in 
the independent demand would lead to an unstable distribution system with 
high stock levels. 

SIC has the characteristics of a control technique that is well applicable in re
tail environments. SIC uses local status information, the allocation is co
ordinated locally and the planning is non time phased. In retail environments, 
the allocation should be locally co-ordinated because outlet storage space is re
stricted. Status information is local in retail due to the imbalance risk and 
time phased planning is not useful because of relatively small distribution 
batch sizes and the low demand per SKU. SIC is furthermore preferable in re
tail because it is a relatively simple control technique. Complicated techniques 
are then not desirable due to the large amount of SKU's. In retail, SIC is not 
useful for situations which favour a centrally co-ordinated allocation. Exam
ples are the initial allocation of products to outlets in promotional action peri
ods and in case of new products (there are no stock norms available yet). 

In non-retail environments, SIC is preferable if stock norms are low, distribu
tion batch sizes small, and stock can be reviewed frequently. SIC can for ex
ample be applied in the distribution of high value density products with low 
demand, such as Compact Discs that are in the last phase of their life cycle. In 
these environments, it is important that stock is replenished in small quanti
ties as soon as items have been sold. 

11.3.2 Distribution Requirements Planning (DRP) 

According to the literature, DRP is applicable in relatively complex environ
ments with many echelons and relatively large distribution batch sizes. De
mand should be relatively predictable and lead times short. 
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One of the advantages of DRP is that it can incorporate patterns in the fore
cast. Demand should be relatively predictable to benefit from forecasts that 
can incorporate patterns, as discussed in Chapter 10. Large benefits from fore
casts with a pattern can be obtained if demand is predictable, but also sea
sonal and if the supply lead time is long. As opposed to what the literature on 
the application of DRP indicates, DRP might be applicable in case of long lead 
times, as long as the independent demand is relatively certain. 

DRP is also able to use forecasts without a pattern. If forecasts without a pat
tern are applied, DRP emulates a SIC system. The net requirements generated 
by the local DC's in DRP are then similar to the reorders generated by SIC. 
Because of this characteristic, DRP seems to be always preferable to SIC. 
However, DRP may be more expensive to use than SIC, which is one of the 
reasons why SIC may still be preferable for low value products. 

DRP uses time phased dependent demand planning. Time phased planning 
enables estimation of the moment when new local DC orders are generated, 
which is beneficial when spikes in the dependent demand are large and irregu
lar. Spikes occur if distribution lot sizes are large and/or if the independent 
demand is lumpy. In this situation, non-time phased planning leads to distor
tion of demand information. The reason for this distortion is that the higher 
echelons in a distribution system react to the demand of the local DC's. The 
higher echelon DC's only see the orders of the local DC's one for one and not 
time phased. These higher echelons DC's can thus not see whether an increase 
in demand will continue in the future or is just temporary. Time phased net 
requirements information can therefore be very useful to plan the replenish
ment orders of the higher echelon DC's. 

If demand is relatively unpredictable, the spikes in the dependent demand are 
difficult to estimate. In DRP, the estimated need date for the net requirements 
will then change each time a new forecast is calculated and the net require
ments are updated. The use of large distribution batch sizes together with 
highly uncertain demand in DRP will therefore result in highly fluctuating de
pendent demand at the higher echelons. These dependent demand fluctuations 
can even be reinforced in DRP if they also lead to fluctuations in the net re
quirements of higher echelons. The reinforcement of fluctuations is particu
larly a problem when there are many echelons in the distribution system 
combined with large lot sizes. The usefulness of DRP in complex environments 
with many echelons and with large lot sizes is therefore expected to be limited, 
as opposed to what was indicated in the literature. 

The situations in which DRP is beneficial - large distribution batches with 
fluctuating and predictable demand - may also be resolved by means of central 
allocation co-ordination, which attempts to resolve potential imbalance by 
means of the application of flexible batch sizes. The use of central allocation 
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co-ordination takes the availability of central stock into account and is better 
aimed at resolving imbalance because of the flexible batch sizes. DRP is not 
able to resolve imbalance effectively, because it is not able to apply batch sizes 
flexibly. DRP is furthermore not able to cope with situations where the amount 
of goods available in the central depot is limited. Central allocation co-ordin
ation is then preferred as well. 

One of the capabilities of DRP mentioned only shortly in Chapter 3 is the abil
ity to generate rescheduling messages to reschedule receipts. If a scheduled 
receipt can be delayed or if it should be expedited, a message is generated by 
DRP, advising to which period the receipt should be rescheduled. In combina
tion with the system wide overview of stock levels in DRP, a planner can use 
these messages to change the scheduled receipts generated by DRP. In this 
way, stock outs or abundant stocks may be avoided. The ability to generate 
these messages together with the central overview over stock levels are advan
tages of DRP. Another advantage of DRP compared to central allocation co
ordination is that DRP is widely available in software packages, similar to 
SIC. These three aspects can be important reasons to select DRP. 

Summarising, DRP is useful if distribution batch sizes are large and if there 
are predictable patterns in independent demand. The number of echelons may 
not be too large to avoid instability. In these situations, however, it is often 
more advantageous to use central allocation co-ordination, particularly if the 
supply quantity is limited. The main reason for yet selecting DRP in such 
situations is that it provides an overview over system wide stocks and it is 
relatively widely available in software. 

1 L3.3 Base Stock Control (BSC) and Line Requirements Planning 
(LRP) 

According to the literature, BSC and LRP are suitable to environments with a 
low imbalance risk. BSC requires stable demand and LRP is effective in dy
namic environments. 

BSC is relatively similar to SIC, but differs on the use of status information 
and on the type of allocation co-ordination. As opposed to SIC, BSC uses inte
gral status information and the allocation co-ordination is free to determine. 
LRP is similar to BSC but is able to incorporate forecasts with a pattern. 

The suitability of both BSC and LRP depends on the usefulness of integral 
status information. This usefulness depends on the uncertainty of demand, the 
distribution batch size and on whether it is economically justified to resolve 
imbalance by means of transhipments. If the imbalance risk is low or the stock 
can be balanced economically by transhipping, integral information is appli
cable. The advantages of using integral information are highest for products 
that require much storage space (i.e., voluminous products) or high inventory 
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investments (i.e., products with a high value density). BSC and LRP can then 
be applied. 

In BSC and LRP, no assumptions are made with regard to the allocation 
technique used. If the allocation is centrally co-ordinated in BSC and LRP, the 
use of BSC and LRP may lead to improved capacity use because of the ability 
to co-ordinate handling and transportation activities and the ability to smooth 
capacity use. 

The essential difference between LRP and BSC is that BSC uses demand fore
casts without a pattern and LRP is able to use forecasts with a pattern. The 
choice between BSC and LRP is therefore mainly dependent upon the useful
ness of incorporating demand patterns into the forecast_ If it is advantageous 
to incorporate demand patterns, LRP is preferred. LRP is therefore preferable 
to BSC in environments with some but not much demand uncertainty, com
bined with a pattern in demand, particularly when lead times are long. 

11.4 Reflections on the generalisation of conclusions 

To judge the value of the aforementioned conclusions, the ability to generalise 
the conclusions is discussed in this section. For this purpose, the research 
methodology is summarised first. Second, the generalisation of the results is 
discussed in relation to the research methodology. 

11.4.1 Methodology used 

In this research, it has been attempted to develop a theory on the selection of 
distribution control techniques. The contribution of this research is first, an 
integration of existing literature on the application of dis tribution control 
techniques and second, an approach to the selection of distribution control 
techniques. 

In this research, distribution control is decomposed into four distribution con
trol decisions first. Secondly, the literature on the application of four standard 
distribution control techniques is investigated. Thirdly, the literature on the 
determination of the distribution control decisions is investigated and litera
ture conclusions are formulated. Fourthly, case studies are described with the 
objective to elaborate the knowledge on the determination of the distribution 
control decisions. In each of the cases, a proposal for the discrimination of dis
tribution control situations (families of logistically similar products) is dis
cussed. For each distribution control situation, the distribution control deci
sions of the framework are worked out. The improvement proposals are judged 
qualitatively on their effects on capacity costs, inventory costs, control costs 
and customer service. Fifthly, a simula tion for one control decision is dis
cussed. The objective of this simulation study is to analyse which characteris
tics have the most significant influence on this particular control decision and 
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to investigate the interaction between the characteristics. Sixthly, the knowl
edge on the distribution control decisions is used to review the application of 
the four standard distribution control techniques referred to earlier. 

11.4.2 Generalisation of conclusions 

The research methodology used determines the ability to generalise the con
clusions. The previous sections shows that three main research methods have 
been applied. The first is literature research. The ability to generalise litera
ture findings is often indicated in literature and therefore not subject to dis
cussion. Besides, literature is only used to develop a basic theory in this re
search. 

The generalisation of findings is more important for the second research 
method, the case study research. Case study research is well suited for ex
ploratory research. The research is exploratory because of the objective to in
vestigate which characteristics influence the selection of distribution control 
techniques in which way. By means of case studies, it can be investigated 
which characteristics play a role in the process of selecting a distribution con
trol technique. The following two aspects improve the ability to generalise the 
findings from the case studies: 

• It is the objective to generalise findings about the way relevant character
istics influence control decisions; only the direction of influence was sub
ject of investigation in the cases, not the dominance or the interaction be
tween characteristics. 

• Multiple case studies in different environments have been used; the se
lection cf the case studies has been planned. 

• Distribution control is decomposed into four decisions; explanation 
building has been applied by stipulating the causal links between control 
decisions and relevant characteristics. 

Case study research is well suited to investigate which characteristics influ
ence the selection in which way, but it is difficult to indicate the significance of 
these characteristics and the interaction between the characteristics. If enough 
case studies were available, a statistical analysis is possible for investigating 
this significance and interaction. For this study, however, simulation was 
judged to be a suitable instrument, which is the third research method used. A 
simulation study has been performed for one control decision - the type of 
forecasting technique for the independent demand. By means of this simula
tion, the significant PPM-characteristics can be indicated. 

The strength of the research approach followed in this study is that multiple 
sources of evidence are used - theory in literature, case studies, and simula
tion - which enhances the generalisation of the research findings. The findings 
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can then be cross checked. However, it is not guaranteed that all relevant 
characteristics have been captured in this research. Other case study envi
ronments might reveal other relevant characteristics or additional relations 
between PPM-characteristics and control decisions. 

A potential weakness in the approach followed is the determination of control 
decisions in the case studies. The determination of these decisions has been 
based largely on qualitative judgements, on the one hand because quantitative 
data were lacking, on the other because a quantitative approach was too 
complicated to be applied because of the large amount of potential factors in
volved (the relevant factors were not yet known at the moment the case stud
ies were performed). As indicated before, the net effect of two 'counteracting' 
PPM-characteristics on a control decision can not be determined in a case 
study. Furthermore, it is difficult to indicate the significance of the character
istics. The selection of control decisions in the case studies is therefore merely 
aimed at the discussion which characteristics are relevant for a control deci
sion and the way they influence a control decision. 

11.5 Recommendations for future research 

11.5.1 Quantitative analysis PPM-characteristics 

This dissertation has predominantly focused on the question which character
istics need to be considered in the distribution control decisions. However, the 
significance of the PPM-characteristics is not similar. Some have more influ
ence on a control decision than others. Therefore, a weight should be attached 
to each of the characteristics. A quantitative approach is needed to investigate 
the interaction between these characteristics and the significance of the char
acteristics. In this research, a preliminary quantitative analysis is already per
formed in a basic form for one of the control decisions - the type of technique 
used to forecast the independent demand. It is recommended that this forecast
ing research be elaborated (see Section 11.5.2) and that similar research be 
performed for the other distribution control decisions. The selection distribu
tion control techniques can thus be supported by cost-benefit trade-offs. 

11.5.2 Application of forecasting techniques 

In Chapter 10, a simulation model on the effect of different types of forecasting 
techniques is presented. This model is designed for one echelon only. It is rec
ommended that the effect of forecasting techniques be analysed in more com
plicated multi-echelon environments, with extremely short product life cycles 
(one or two years). It is also recommended that the model be extended in terms 
of capabilities to include the possibility to aggregate the forecast over products 
and to adjust settings of the safety factor. The setting of the safety factor was 
merely a trial and error process in this study. Furthermore, the effect of fore-
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casting techniques on (distribution) capacity use should be incorporated as 
well. The sensitivity of the findings for other parameter settings of the models 
should be investigated for different circumstances, taking into account both 
inventory and capacity effects. The research should also focus on the way in 
which forecasts should be made and used in a supply chain. 

11.5.3 Supply chain integration 

In the retail environment, the use of cross docking and pre-picked deliveries 
has become quite common. The distribution activities may be more and more 
the driving force behind the supply and production activities in the future, via 
for example Efficient Consumer Response techniques. From a retailer's per
spective, such developments are advantageous as long as the cost price of the 
products does not rise much. The effect on the logistics system of the supplier 
or manufacturer is unclear, however. It is therefore recommended that the ef
fects of these developments be investigated from a supply chain perspective. It 
should also be investigated in which situation the logistics costs of both the 
supplier/manufacturer and the customer are optimal. Topics of research should 
be the way in which the supply chain parties should co-operate in goods flow 
planning and who should initiate the goods flows in a supply chain (is sup
ply/production dominant - which frequently occurs - or should it be the trade 
partners). To realise potential savings of supply chain integration, efficient 
support by information systems is desirable. New information systems with 
more capabilities than systems that are oriented towards one part of the sup
ply chain are therefore necessary. 

11.5.4 The process of implementing a distribution control technique 

This study focuses on the selection of distribution control techniques. The 
process of implementing a distribution control technique has not been topic of 
research. It is recommended to investigate the implementation process of dis
tribution control techniques to get a better understanding of relevant factors in 
this implementation process. In this way, implementation related factors that 
hamper or reinforce the successful application of distribution control tech
niques can be investigated. This research should be focused on more industry 
sectors than only the ones researched in this dissertation. 

11.5.5 Development of models on integration of inventory and capac
ity aspects 

In literature, the amount of mathematical models that incorporate both inven
tory and capacity aspects in reorder decisions is relatively scarce. Often, the 
incorporation of capacity aspects is restricted to the introduction of specific 
terms in an Economic Order Quantity formula. Furthermore, goods flow con
siderations often seem leading in the operational control decisions. The consid-
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eration of inventory and capacity aspects in distribution control is mostly ap
proached partially. It is questionable whether this is always desirable. The de
velopment of mathematical models on the integration of capacity and inven
tory aspects is required. 

11.5.6 Development of a segmentation tool for logistics purposes 

In this dissertation, a method for the segmentation of products into families of 
logistically similar products was proposed. This segmentation method was 
applied qualitatively during the study. The use of more quantitative segmen
tation analyses was impossible due to the lack of quantified data on the rele
vant characteristics. A more quantified approach based on the approach of di
viding products into families with coherent characteristics is needed. It is rec
ommended that tools for the support of the segmentation problem be devel
oped, based on the approach presented in this dissertation. 



APPENDIX 1 

DESCRIPTION OF CONTROL TECHNIQUES 

In this appendix, the basics of the standard distribution control techniques 
discussed in this dissertation - SIC, DRP, BSC, and LRP - are illustrated by 
means of an example. A two echelon system is considered with 1 central DC in 
the Netherlands and two local DC's, one in Spain and one in France. Custom
ers only order at the local DC's (see Figure 1) 

~ 
Netherland/ 

Supply ___ \7 
source ' V 

~9 
Figure 1. Two echelon distribution structure 

The local DC's are both supplied with goods by the central distribution centre 
in the Netherlands. Demand at the local DC's in Spain and France is assumed 
to be at a constant level of 10 units per period. Demand is deterministic for 
sake of simplicity. An horizon of 7 periods (weeks) is considered. 

The distribution batch sizes is set at 40 units, the replenishment batch size in 
the Netherlands is 80 units. The distribution lead time between the central 
DC and the local DC's is one week and the replenishment lead time from the 
supply source two weeks. Safety stock levels are set at one week demand for 
both the local and the central DC's (if applicable). For sake of simplicity, it is 
assumed that demand of the local DC's can always be filled by the central DC. 

Statistical Inventory Control (SIC) 

According to Statistical Inventory Control (SIC), also called Reorder Point 
(ROP), a batch is ordered as soon as the stock level is below a pre-set level at 
the review moment. This level is set per DC, and is dependent upon amongst 
others the average and deviation of demand and the average (and sometimes 
also the deviation) of the supply lead time. The following main types of SIC-
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techniques are often distinguished [Silver & Peterson, 1985; Van Hees and 
Monhemius, 1972]: 

• (s,Q) systems with fixed reorder quantity Q and continuous review of the 
inventory levels. Items are reordered in batch size Q as soon as the inven
tory level has dropped below level s. 

• (s,S) systems with variable batch size ("order-up-to-level") and continuous 
review. Items are reordered up to level S as soon as the inventory has 
dropped below level s. 

• (r,S) systems with an order-up-to-level and periodic review. Items are re
ordered every review period up to level S. 

• (r,s,S) systems with a reorder level, an order up to-level and periodic re
view. Items are reviewed every review period and reordered up to level S 
if the inventory has dropped below level s. 

• (r,s,Q) systems with a reorder level, fixed batch sizes and periodic review. 
Items are reviewed every review period and a quantity Q is reordered if 
the stock level is below level s. 

The last type will be used in the example below. 

T4e reorder level is equal to the demand during lead time plus review period 
(lead time= 1, review period= 1), accumulated with the safety stock of 1 week. 
As a result, the reorder level equals 3 weeks of demand (i.e., 30 units with µ = 
10 per week). Table 1 shows the planning of the goods flows for the local DC's 
during the horizon of 7 periods. 

Table J. Planning at the DC in Spain according to SIC 

DC Spain 0 2 3 4 5 6 7 

Requirements 10 10 10 10 10 10 10 

Available 45 35 25 55 45 35 25 55 

Order release 40 40 

Order due 40 40 

Table 2. Planning at the DC in France according to SIC 

DC France 0 1 2 3 4 5 6 7 

Requirements 10 10 10 10 10 10 10 

Available 55 45 35 25 55 45 35 25 

Order release 40 40 

Order due 40 



Description of control techniques -211-

According to SIC, each RDC places two orders at the central DC. In Table 3. 
the planned orders of these RDC's are represented in the requirements of the 
CDC. The reorder level of the central stock is four weeks of demand, with µ 

now equal to 20 units per week. The starting balance equals 85 units. 

Table 3. Planning at the central DC in the Netherlands according to SIC 

DC Netherlands 0 2 3 4 5 6 7 

Requirements 40 40 40 40 

Available 85 85 45 5 85 85 45 5 

Order release 80 80 
Order due 80 

According to SIC, two replenishment orders would be generated at the central 
DC. Below, the same example will be used to show the replenishment orders 
generated by the other techniques. At the end of each of the sections, the dif
ferences with the previous techniques will be discussed. 

Distribution Requirements Planning (DRP) 

The basics of DRP have been discussed in literature quite extensively (see for 
example Martin [1993]). The basics of DRP are similar to Materials Require
ments Planning (MRP). In DRP, it is calculated how many and which products 
need to be distributed to which place, based on a time phased demand forecast. 
For this calculation, a Bill of Distribution (BOD) is used. This BOD represents 
the relation between DC's in terms of who supplies who and how long supply 
takes. Products flow through the distribution system according to this BOD. 
The core elements of DRP are: 

• Time phase representation of demand or forecasts on SKU53 level. 

• Time phased representation of stock levels per smallest unit (SKU). 

• Time phased representation of planned orders per smallest unit consid
ered (SKU). 

In DRP, items are reordered as soon as the projected inventory is below the 
safety stock norm. The safety stock is one week of demand (i.e., 10 units for the 
RDC's), and is included in the amount available. This means that as soon as 
there is less than 10 units available, a new batch must be available to increase 
stock above the safety stock level. In terms of the example, the CDC supplies 
both local DC's with a lead time of 1 week. The lead time for the supply of the 
central DC is two weeks. 

53 Stock Keeping Unit, defined as an item in a stock point 
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Table 4. Planning according to DRP in the RDC in Spain 

DC Spain 0 2 3 4 5 6 7 

Requirements 10 10 10 10 10 10 10 

Available 45 35 25 15 5 -5 -15 -25 

Order due 40 

Order release 40 

Table 5. Planning according to DRP in the RDC in France 

DC France 0 2 3 4 5 6 7 

Requirements 10 10 10 10 10 10 10 

Available 55 45 35 25 15 5 -5 -15 

Order due 40 

Order release 40 

It appears that DRP plans exactly match the SIC plans at the RDC level. This 
is the result of the fact that the forecasts are assumed to be constant and per
fect. As a result, DRP is able to emulate a SIC system if constant forecasts are 
used. This also indicates that one of the main benefits of DRP is the ability to 
use of demand patterns. 

The consequences for the central DC are depicted below in Table 6. No safety 
stock is kept at this level. According to DRP, safety stock is only positioned at 
the lowest level where there is independent demand [Martin, 1993]_ 

Table 6. Planning according to DRP in the central DC 

DC Netherlands 0 2 3 4 5 6 7 

Requirements 40 40 

Available 85 85 85 45 5 5 5 5 

Order due 

Order release 

According to DRP, no supply order is released, whereas SIC proposed the re
lease of 2 supply orders. This is due to the fact that in DRP, it can be calcu
lated that the amount needed during the next 7 periods exactly equals the 
amount currently available. The release date of the orders can be calculated 
backward by off-setting the need date with the lead time. In this way, DRP 
tries to keep the stock level at the safety stock level. SIC, on the contrary, does 
not account for future demand and attempts to keep the stock level above the 
reorder level (which equals 80 units). SIC plans forward from the date a stock 
deficiency is noticed. 
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Base Stock Control (BSC) 

Base Stock Control combines the use of SIC with integral stock levels and is 
described by amongst others Magee [1958], Timmer et al. [1984] and Silver 
and Peterson [1985]. In BSC, goods are replenished in each stocking point 
based on actual end item customer demand rather than on replenishment or
ders from the next level downstream. One of the key elements in BSC is the 
echelon stock. The echelon stock at level j is the number of units in the system 
that are at or have passed through level j but have not yet specifically been 
committed to external customers. The echelon stock of an item at level j is 
therefore the sum of the stock quantities of this item at every place where it is 
stored downstream from levelj. 

To explain the use of echelon stocks, we use the following example. Consider a 
linear distribution process with two DC's distributing exhaust systems. I 1 and 
I2 are the exhaust system inventories on hand plus on order of respectively the 
central DC and a local DC. The demand of exhaust systems equals µ per period 
and each process of distribution has its specific lead time 'A 1 or A.2 (Figure 2). 

Figure 2. Linear two stage system with central and local warehouse 

For the final stage (no. 2), the reordering policy of BSC is equal to SIC. The re
order level is based on the demand µwith lead time A.1 . According to the origi

nal definition of BSC [Magee, 1958], historical demand information should be 
passed to higher echelons as quickly as possible and reordering should take 
place as soon as the echelon inventory drops below the base stock level. Origi
nally, each stage in the system should buffer against variations. Timmer et al. 
[1984] suggest a redefinition of BSC by using joint buffer norms instead of lo
cal buffer norms. The buffer norm for the exhaust system in the total process 
would therefore be [Timmer et al., 1984]: 

R1 = (A.1 + A.2 + 1) * µ 

The echelon stock for the product at stage 1 consists of the stock in the entire 
process from the central to the local DC. The echelon inventory therefore 
equals I1 + h 

Most distribution systems are, however, not linear structures. For the diver
gent structures, such as depicted in Figure 1, the integral inventory of an item 
is defined as the total amount of stock available in the distribution system 
(both in the central and local DC's). The replenishment quantity is determined 
by offsetting the total independent demand of the item in the RDC's against 
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the scheduled receipts and the integral inventory. The requirements are com
posed of the independent customer demand, not the demand of the local DC' s. 

As the planning of BSC at the local level is similar to that of SIC, we will only 
discuss the planning at the central DC. The reorder level at the central DC 
equals the integral reorder level, i.e., the supply lead time plus distribution 
lead time plus review period (4 periods) plus safety stock (1 period). Demand is 
20 units per period, which leads to a reorder level of 100 for the system stock. 
The system stock at period 0 is the sum of the stock in the RDC's and the CDC. 

Table 7. Planning for the central DC according to BSC 

DC Netherlands 0 2 3 4 5 6 7 

Requirements 20 20 20 20 20 20 20 

Available 185 165 145 125 105 85 145 125 

Order release 80 

Order due 80 

From Table 7, we can observe that BSC releases only 1 reorder during the 7 
periods, whereas SIC generated 2 orders and DRP zero. The number of reor
ders is less than with SIC as the total stock level is taken into account instead 
of local levels only. As long as the total level of stock - no matter where it is 
located - is sufficient to fill the independent demand, no orders are generated. 
The number of reorders is more than with DRP as DRP attempts to keep the 
stock level in the CDC at zero. BSC attempts to keep the integral inventory 
above the reorder level, which may imply that reorders are generated at the 
central level. 

Line Requirements Planning 

Van Donselaar et al. [1987] have suggested to use BSC as the basis for a time 
phased planning technique. This technique , called Line Requirements Plan
ning (LRP), is a combination of DRP and BSC. The integral inventory for a 
particular product in a particular DC is its inventory on hand in that DC and 
the inventory on hand plus on order for that product in all downstream stages. 
The planned orders determined by LRP are based on an available balance. 
This available balance in period tis defined as the integral inventory in period 
t plus the cumulative scheduled receipts in period t minus the integral re
quirements (forecasts of the independent demand) in that period. 

The local plan in LRP is similar to a DRP plan. Differences again occur at the 
central level. The safety stock equals 1 week of demand (i.e ., 20 units). Table 8 
illustrates the use of LRP in the example discussed earlier. 
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Table 8. Planning of the central DC according to LRP 

DC Netherlands 0 2 3 4 5 6 7 

Requirements 20 20 20 20 20 20 20 
Available 170 150 130 110 90 70 50 30 

Order release 

Order due 

Similar to DRP, LRP attempts to keep the stock level at the CDC equal to the 
safety stock. As with DRP, no replenishment orders are generated at the sup
ply source during the time horizon considered, as opposed to BSC. This is due 
to the fact that LRP calculates that there are no reorders necessary during the 
horizon considered. 
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THE EFFECT OF INTEGRAL STATUS INFORMATION 

In this appendix, the calculation of the effect of integral status information in 
the Walker case study is discussed. The distribution structure used for this is 
consists of 1 central DC and 5 local DC's. The production lead time is 20 days 
with a production batch size of 350 units, the distribution lead time 2 days 
with a distribution batch size of 10 units. The fill rate aimed at in the local 
DC's is 98%. The fill rate set in the central DC is 80% and Normally 
distributed demand is assumed. The average and standard deviation of 
demand per day are summarised in Table 1. The data are based on the 
relation between the average demand and its variation that was found in the 
case study (see Figure 6-7). 

Table 1. Demand per day used for the calculation of integral and local stock norms 

A-item (demand: 37500/year) 

DC no. Average Standard Deviation 

1 60 20 

2 40 14 

3 20 12 

4 20 12 

5 10 10 

The formula used for integral stock norms has been derived by Van Donselaar 
[1990] (see Equation 1) 

Equation I. Integral stock norm [Van Donselaar, 1990} (r= reorder level, Lprod =production lead 
time, l = distribution lead time, µ = average demand, Qprnd = production batch size, cr = 
standard deviation demand, cr;,,.b =standard deviation of imbalance) 
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The standard deviation of the imbalance is defined as [Van Donselaar, 1990]: 

Equation 2. Standard deviation of imbalance {only holds if the number of local DC's > 2; Q = 
distribution batch size) 

For the calculation of the local norms, a simulation model has been used, 
which has been built at the Eindhoven University of Technology. In this 
simulation model, the norms are calculated for multi-echelon systems, using a 
SIC technique with periodic review and batch sizes. 

The results of the simulation are summarised in Table 2. 

Table 2. Results of the calculation of integral and local 11.Drms. 

A-item 

Total average physical stock norm (local; 
using simulation) 

4053 

Total average physical stock norm 
(integral; using Van Donselaar [1990]) 

3805 
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SUMMARY 

This dissertation discusses the selection of physical-distribution control tech
niques. Distribution control is defined as all activities taking place to co
ordinate the place and timing of demand over a finite horizon with the supply 
of products and capacities, in such a way that the objectives of the distribution 
process are met, given the characteristics of the product and the requirements 
of the market. An essential element of this definition is that the effects of dis
tribution control are differentiated into effects on the inventory levels and on 
the (distribution) capacity need. Commercial distribution aspects are omitted 
in this dissertation. 

Several standard distribution control techniques are known from the litera
ture, including Statistical Inventory Control and Distribution Requirements 
Planning. Little is known about the criteria for successful application of these 
techniques. A small part of the distribution control literature consists of re
search results of company surveys. The larger part deals with mathematical 
research. This research, however, is predominantly oriented towards setting 
parameters such as review frequency and batch size. 

Main research question 

The main question dealt with in this research is that of determining which 
characteristics influence the selection of distribution control decisions and the 
way in which they influence decision outcomes. The objective has been to build 
a theory on the selection of distribution control techniques. 

A set of distribution control decisions has been developed to answer this re
search question. Every distribution control technique can be uniquely identi
fied by means of these decisions. The four control decisions distinguished are: 

• The type of reorder planning. 

This deals with the question whether or not patterns can be incorporated 
in planning independent and dependent demand; 

• The type of status information. 

Status information deals with information about stock levels and the de
mand in the distribution system. It can be either local (i.e., dealing with 
demand and stock for one location) or integral (i.e., dealing with demand 
and stock information for a stock location and all stock locations down
stream of that stock location); 
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• The availability of a central stock function. 

This deals with the question whether a central DC is used as a stock 
point or only as a cross docking point. 

• The allocation co-ordination. 

Allocation co-ordination deals with the question of who initiates the allo
cation decision - the central DC or the local DC's. 

Firstly, literature has been investigated in the area of application criteria for 
four well known distribution control techniques: Statistical Inventory Control 
(SIC), Distribution Requirements Planning (DRP), and Line Requirements 
Planning (LRP). Each of these techniques has been classified in terms of the 
four control decisions discussed above and the application has been discussed 
with regard to both inventory and capacity effects. Discussion results have 
been used to determine how distribution control decisions should be made in 
different situations. Based on this and on additional literature research more 
specifically geared towards the control decisions, it was investigated how rele
vant characteristics influence the determination of the control decisions. The 
relevant characteristics are those of the processes used, the products them
selves and the markets served - abbreviated as the PPM-characteristics. In 
addition, control techniques and potential improvement of distribution control 
have been investiga ted in three case studies in terms of the distribution con
trol decisions. 

Based on the literature and case studies, an overview of the relevant PPM
characteristics has been presented. Table 1 indicates the influence of these 
relevant characteristics on distribution control decisions. What has been added 
to the literature findings is printed in italics. It should be noted that the table 
only indicates direction of influence. Decision outcome can not yet be deter
mined with it. This outcome depends on effects of interaction between PPM
characteristics. 
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Table I. PPM characteristics and their influence on the distribution control decisions 

PPM
characteristic 

High product vol
ume 

Unique product 

High obsoles
cence risk 

High value density 

Promotional ac
tion sales period 

Restricted local 
storage space 

High supply fre
quency 

Large distribution 
batch size 

Short supply lead 
time 

Large supply 
batch size 

Large amount of 
local DC's 

Large amount of 
SKU's1 

High customer 
service required 

High demand un
certainty 

Low demand rate 

Seasonal demand 

Type of 
reorder planning 

Forecast without 
pattern 

Forecast without 
pattern 

Forecast without 
pattern 

Forecast without 
pattern 

Forecast without 
pattern 

Forecast with pat
tern 

Simulation experiment 

Central 
stock function 

Yes 

No 
Yes 

Yes 

Yes 

Yes 

No 

No 

Yes 

Yes 

Yes 

Yes 

Status 
information 

Integral 

Integral 

Integral 

Local 

Local 

A/location 
co-ordination 

Central (initial 
a/location) 

Local 

Central 

Local (if no central 
stock) 

Local 

Local 

Central 

Local 

To facilitate determination of the effects of interaction between PPM
characteristics on control decisions, a simulation experiment has been per
formed. In this experiment, the influence of relevant PPM-characteristics (as 
found in literature and case studies) on the decision of forecasting independent 

1 An SKU (Stock Keeping Unit) is an item in a specific stock location. 
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demand has been investigated. Effects on physical stock level have been in
vestigated for different values of the characteristics. The experiment has been 
done for a single echelon system. The PPM characteristics investigated are: 

• The length of the inventory review period. 

• The size of the supply batch. 

• The length of the supply lead time. 

• The presence of a trend in the demand. 

• The presence of seasonality in the demand. 

• The coefficient of variation of the forecast error of the demand. 

Demand uncertainty in combination with demand seasonality appeared to 
have a strong negative effect on the performance of all forecasting techniques. 
Techniques which could not incorporate a demand pattern in the forecast pro
vided the best results in these situations. Long review periods and large batch 
sizes appeared to dampen the negative effect of high demand uncertainty, but 
long lead times increased this negative effect. 

Secondary research questions 

Besides the aforementioned main question, dealing with the characteristics 
influencing the selection of distribution control techniques, three secondary 
questions have been defined. The first of these investigates which characteris
tics should be used to distinguish families of logistically similar products. 
These families are called distribution control situations throughout the disser
tation. It is not always advisable to have one control technique for a whole 
company. The definition of control situations is therefore important. 

Characteristics used to segment the distribution system are those on which the 
selection of a control technique depends - i.e., the characteristics of products, 
processes and markets. Every control situation consists of a collection of items 
with relatively homogeneous product, process and market characteristics. A 
control situation could be for example a group of products in the same life cycle 
phase. Products from different control situations are characterised by hetero
geneous characteristics. Subsequently, control decisions can be determined per 
control situation based on the expected effects on inventory, capacity (i .e., 
transportation, storage and handling) and control costs. 

The second question dealt with in this research considers the relation between 
capacity and inventory decisions in a distribution system. Capacity usage is 
predominantly determined by the setting of control parameters such as review 
frequency and batch size. Too high or too low values of these parameters lead 
to structurally too high capacity or inventory costs. The allocation co-
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ordination decision furthermore influences capacity costs through the ability to 
co-ordinate shipping moments and quantities centrally. 

The third question was how the interface between distribution and sup
ply/production should be taken into account in distribution control. This was 
limited to considering where the replenishment of a distribution system and 
the allocation of stock in a distribution system should be co-ordinated. Co
ordination is meaningful if there is no central stock; all available products 
then need to be allocated to local DC's. As a result, supply and distribution 
need to be co-ordinated. Two co-ordination methods were distinguished. Ac
cording to the first, the replenishment decision is established first and the al
location decision is determined subsequently. This is preferred in situations 
with long supply lead times. The amount of additional demand information 
that can be generated to improve the allocation decision between ordering and 
receiving the supply batch is significant. The value of this additional informa
tion is only limited if supply lead times are short. In that case, the allocation 
decision is established first (this is the second co-ordination method). The re
plenishment decision is equal to the sum of all allocations. 

Application of standard distribution control techniques 

Research on the control decisions could then be related to application criteria 
for the four standard distribution control techniques introduced earlier - SIC, 
DRP, BSC and LRP. As indicated, it is possible to classify these techniques in 
terms of control decisions. Based on this, their application criteria can be de
fined in greater detail. 

SIC is a relatively simple technique using constant forecasts and local status 
information. For this reasons, SIC is applicable in relatively simple environ
ments, with relatively few peaks in the demand, short supply lead times and 
small batch sizes. Particularly in retail companies, SIC can be of value. In 
these types of companies, demand is low and uncertain and batch sizes are 
small. Furthermore, local storage space is restricted, which necessitates low 
stock levels and small batch sizes. Allocation to the outlets based on quantities 
sold is then preferred. 

DRP performs well in distribution systems with only a few echelons (instead of 
what has been indicated in literature), large batch sizes in the dependent de
mand and independent demand with a predictable pattern in it. Instability in 
DRP through strongly fluctuating dependent demand is small under these cir
cumstances. The number of SKU's should not be very large to avoid a large 
amount of rescheduling messages. In these environments, central allocation 
co-ordination may be preferred to the use of DRP as batch sizes can then be 
applied flexibly. The main advantage of DRP is, however, the central overview 
on stock in the distribution system. As DRP is abundantly implemented in 
software, this argument could be an important argument to select DRP. 
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BSC and LRP can be used if integral status information can be applied. Inte
gral information can be applied if the stock imbalance risk is small. This risk 
is small in case of small distribution batch sizes and/or a stable independent 
demand. Integral information may also be applied if transhipments can be 
used between the local DC's. LRP is preferred to BSC if patterns in demand 
can be distinguished. 

Future research 

The selection method and selection guidelines discussed in this dissertation 
can be used by companies in the selection of distribution control techniques. 
The guidelines are mainly qualitative. Future research should be oriented to
wards more quantitative research of the relation between the PPM
characteristics and the control decisions. A first step in this direction has been 
set in this study. Future research should furthermore not only be oriented to
wards distribution control within one company, but also to the integration of 
control in a chain of independent companies. 



SUMMARY (IN DUTCH) 

In dit proefschrift staat de selectie van fysieke-distributiebesturingstechnieken 
centraal. Commerciele distributie-aspecten komen niet aan de orde. 
Distributiebesturing betreft alle activiteiten die plaats vinden om de plaats en 
de timing van de vraag naar artikelen en capaciteiten met de aanvoer van 
artikelen en capaciteiten af te stemmen over een eindige horizon. Deze 
afstemming client zodanig te zijn dat aan de doelstelling van het 
distributieproces wordt voldaan, gegeven de kenmerken van het produkt en de 
eisen van de markt. Essentieel is dat distributiebesturingtechnieken invloed 
hebben op zowel de hoogte van voorraden als op de behoefte aan 
(distributie)capaciteiten. 

Uit de literatuur zijn verschillende standaard besturingstechnieken bekend, 
zoals Statistical Inventory Control en Distribution Requirements Planning, 
maar er is weinig bekend over de toepasbaarheidsgrenzen van deze 
technieken. Een klein deel van de literatuur op het gebied van 
distributiebesturing betreft survey onderzoek onder bedrijven. Het grootste 
deel betreft echter mathematisch onderzoek. Deze mathematisch georienteerde 
literatuur is hoofdzakelijk gericht op het optimaal instellen van parameters in 
het distributiesysteem, zoals de seriegrootte en de reviewfrequentie van de 
voorraad. 

2.1.1 Hoofdvraag 

De hoofdvraag van dit onderzoek betreft het achterhalen van de 
karakteristieken die de selectie van besturingstechnieken bei:nvloeden en de 
wijze waarop zij deze selectie beinvloeden. De doelstelling van dit onderzoek is 
om gebruik makend van de literatuur enerzijds en van bevindingen in case 
studies anderzijds te komen tot een theorie op het gebied van de selectie van 
besturingstechnieken. 

Om de onderzoeksvragen te kunnen beantwoorden is een raamwerk van 
distributiebesturingsbeslissingen opgezet. Een distributiebesturingstechniek 
is op unieke wijze weer te geven in termen van deze besturingsbeslissingen. 
Deze vier besturingsbeslissingen zijn: 

• het type bestelplanning 

dit betreft de vraag of er wel of geen patronen kunnen worden 
meegenomen in de voorspelling van de onafhankelijke klantenvraag en de 
(afhankelijke) vraag van de lokale distributiecentra (DC's); 

• het type statusinformatie 

statusinformatie betreft de informatie over de voorraden en de vraag in 
het distributiesysteem; dit kan lokaal zijn - i.e. betrekking hebbend op 
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een voorraadpunt - of integraal - i.e. betrekking hebbend op een lokaal 
voorraadpunt en alle voorraadpunten stroomafwaarts in de richting van 
de klant; 

• de aanwezigheid van een centrale voorraadfunctie 

dit betreft de vraag of een centraal DC als voorraadpunt wordt gebruikt 
of alleen als overslagpunt; 

• de coordinatie van de allocatie 

de allocatiecoordinatie heeft betrekking op de vraag wie de 
allocatiebeslissing aanstuurt - de lokale DC's of het centrale DC. 

Om aan de onderzoeksdoelstelling te voldoen is de literatuur onderzocht op het 
gebied van de toepasbaarheid van vier standaard besturingstechnieken: 
Statistical Inventory Control (SIC), Distribution Requirements Planning 
(DRP), Base Stock Control (BSC) en Line Requirements Planning (LRP). Elk 
van deze technieken is geclassificeerd in termen van de hierboven genoemde 
besturingsbeslissingen. De toepasbaarheid van deze vier technieken is 
vervolgens belicht vanuit zowel het voorraad- als het capaciteitsperspectief. Op 
basis hiervan en op basis van op de besturingsbeslissingen toegespitste 
literatuur is vastgesteld welke karakteristieken op welke wijze de 
besturingsbeslissingen beinvloeden. De relevante karakteristieken zijn 
geclassificeerd naar karakteristieken van proces, produkt en markt, afgekort 
de PPM-karakteristieken. In een drietal case studies is vervolgens onderzoek 
gedaan naar de huidige wijze van distributiebesturing in termen van het 
hierboven gepresenteerde raamwerk van distributiebesturingsbeslissingen en 
naar de mogelijkheden tot verbetering hierin. 

Aan de hand van literatuurbevindingen en de case studies is een overzicht 
verkregen van relevante karakteristieken. Tabel 1 geeft weer welke 
karakteristieken van invloed zijn op de besturingsbeslissingen. Tevens is 
aangegeven hoe elk van deze karakteristieken invloed uitoefent op de 
betreffende besturingsbeslissing. Deze tabel geeft overigens alleen de 
krachtenrichtingen weer en geeft geen informatie over de uiteindelijke 
uitkomst van een besturingsbeslissing. Deze beslissing is afhankelijk van de 
interactie tussen karakteristieken. 



Tabel 1. PPM-karakteristieken en hun invloed op de besturingsbeslissingen 

PPM
karakteristiek 

Groot product
volume 

Uniek product 

Hoog veroude
ringsrisico 

Hoge waarde
dichtheid 

Promotionele 
actie 

Beperkte lokale 
opslagruimte 

Hoge aanvoer
frequentie 

Grote distributie 
series 

Korte aanvoer 
doorlooptijd 

Grote 
aanvoerseries 

Grote hoeveelheid 
lokale DC's 

Grote hoeveelheid 
SKU's1 

Hoge customer 
service 

Hoge vraag
onzekerheid 

Laag vraagniveau 

Seizoensgevoelige 
vraag 

Type bestel
planning 

Voorspelling 
zonder patroon 

Voorspe/ling 
zonder patroon 

Voorspel/ing 
zonder patroon 

Voorspelling 
zonder patroon 

Voorspelling 
zonder patroon 

Voorspelling 
met patroon 

2.1.2 Simulatie-experiment 

Centrale 
voorraadfunctie 

Ja 

Nee 

Ja 

Ja 

Ja 

Ja 

Nee 

Nee 

Ja 

Ja 

Ja 

Ja 

Status
informatie 

lntegraal 

/ntegraa/ 

lntegraal 

Lokaal 

Lokaal 
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Allocatie 
coordinatie 

Centraal (initiele 
allocatie) 

Lok a al 

Centraa/ 

Lokaal (bij geen 
centrale voorraad) 

Lokaal 

Lok a al 

Centraal 

Lokaal 

Om toch een uitspraak te kunnen doen over de interactie van de PPM
karakteristieken bij een besturingsbeslissing is naast case study onderzoek 
tevens voor de besturingsbeslissing "bestelplanning" een simulatie-onderzoek 

1 Een SKU (Stock Keeping Unit) is een artikel in een voorraadlokatie. 
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gedaan naar het effect van verschillende waarden van PPM-karakteristieken 
op drie methoden van vraagvoorspelling. Dit effect is gemeten aan de hand 
van het gemiddelde fysieke-voorraadniveau voor elk van de simulatie
instellingen. Het onderzoek is uitgevoerd in een single-echelon systeem_ De 
PPM-karakteristieken die in dit experiment zijn onderzocht zijn: 

• de lengte van de review periode van de voorraad; 

• de grootte van de aanvoerserie; 

• de lengte van de aanvoertijd; 

• de aanwezigheid van een trend in de vraag; 

• de aanwezigheid van een seizoenseffect in de vraag; 

• de variatiecoeffi.cient van de voorspelfout van de vraag. 

Een sterke vraagonzekerheid in combinatie met seizoenspatronen in de vraag 
blijkt vooral een groot negatief effect te hebben op de prestatie van technieken. 
Technieken die geen patronen in de voorspelling mee kunnen nemen bleken 
het beste te presteren onder deze omstandigheden. Grote series en lange 
reviewperiodes blijken verder een dempende werking te hebben op de 
voorraadhoogte bij grote vraagonzekerheid. 

2.i.3 Nevenvragen 

Naast de hoofdvraag aangaande de karakteristieken die de selectie van 
besturingstechnieken beinvloeden zijn drie nevenvragen geformuleerd. De 
eerste nevenvraag is de vraag welke factoren nodig zijn om families van 
produkten - de zogenaamde distributiebesturingssituaties - te onderscheiden 
in het distributiesysteem. Het hebben van slechts een besturingstechniek voor 
een geheel bedrijf lijkt lang niet altijd zinvol. Het definieren van 
besturingssituaties binnen een bedrijf verdient daarom de voorkeur. 

De factoren die gebruikt zijn voor het segmenteren van distributiesystemen in 
deze besturingssituaties betreffen de karakteristieken van proces, produkt en 
markt. Iedere besturingssituatie bestaat uit een verzameling artikelen met 
homogene proces-, produkt- en marktkarakteristieken (bijvoorbeeld artikelen 
uit dezelfde fase m de levenscyclus) . Produkten uit verschillende 
besturingssituaties worden gekenmerkt door heterogene segmentatiefactoren. 
Per besturingssituatie kunnen er keuzes worden gemaakt op het gebied van de 
vier eerder genoemde besturingsbeslissingen aan de hand van een overweging 
van de effecten op voorraadniveaus, capaciteitskosten (opslagruimte, handling 
en transport) en de besturingskosten. 

De tweede nevenvraag in het onderzoek betreft de relatie tussen capaciteits
en voorraadbeslissingen in een distributiesysteem. In deze context kan worden 
geconcludeerd dat vooral de instelling van parameters zoals de seriegrootte en 
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de reviewfrequentie van het voorraadniveau sterk bepalend zijn voor het 
capaciteitsbeslag. Een te hoge of te lage waarde van deze parameters kan 
leiden tot structureel te hoge capaciteits- ofvoorraadkosten. 

De derde nevenvraag is hoe in distributiebesturing rekening moet warden 
gehouden met de interface tussen de aanvoer en de distributie. Er is onderzoek 
gedaan naar die situaties waar de aanvulling van de voorraad in een systeem 
en de allocatiebeslissing op elkaar dienen te warden afgestemd. Deze 
afstemming is noodzakelijk indien er geen centrale voorraad wordt 
aangehouden. Alle goederen moeten dan immers warden verdeeld over de 
lokale voorraadpunten. De aanvoer is dan niet meer ontkoppeld van de 
distributie maar moet er op zijn afgestemd. Er warden twee vormen van 
coordinatie onderscheiden. De eerste betreft de situatie waarin eerst de 
aanvullingsbeslissing wordt vastgesteld en dan de allocatie. Dit is aan te 
bevelen in situaties waar de leveringstijd lang is. De hoeveelheid extra 
vraaginformatie ten behoeve van het maken van de allocatiebeslissing die kan 
warden gegenereerd tussen het moment van bestellen en alloceren is relatief 
groot. Deze hoeveelheid extra informatie is slechts gering indien er sprake is 
van korte leveringstijden. In dat geval - de tweede vorm van coordinatie -
wordt eerst de allocatiebeslissing vastgelegd. De aanvulling is dan gelijk aan 
de som van alle allocaties. 

2.1.4 Toepasbaarheid standaard besturingstechnieken 

Tenslotte is er op basis van het onderzoek naar de besturingsbeslissingen een 
relatie gelegd naar de toepassingsmogelijkheden van enkele standaard 
besturingstechnieken - SIC, DRP, BSC en LRP. Zoals eerder aangegeven 
kunnen de vier technieken warden geclassificeerd in termen van de 
besturingsbeslissingen. Op basis hiervan kunnen de toepassingscriteria voor 
de vier besturingstechnieken nader warden beschreven. 

SIC is een relatief simpele techniek die gebruik maakt van constante 
vraagvoorspellingen en lokale voorraadnormen. SIC is daarom voornamelijk 
geschikt voor toepassing in relatief eenvoudige omgevingen, i.e. omgevingen 
die gekenmerkt warden door relatief weinig grote pieken in de vraag, korte 
leveringstijden en kleine seriegroottes. Vooral in retailomgevingen kan SIC 
van waarde zijn omdat daar sprake is van lage en onzekere vraag 
gecombineerd met kleine seriegroottes. Verder is de ruimte in de lokale 
vestigingen beperkt en moet een grote hoeveelheid verschillende artikelen 
warden bestuurd. Aanvulling van de vestigingsvoorraad op basis van 
gerealiseerde verkopen is dan aan te bevelen. 

DRP functioneert vooral goed in een omgeving met we1mg echelons, grote 
series in de afhankelijke vraag en een onafhankelijke vraag met een 
voorspelbaar patroon. Nervositeit - sterk in tijd en hoeveelheid fluctuerende 
afhankelijke vraag - die soms in DRP-systemen kan optreden is dan gering. 
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Het aantal Stock Keeping Units dient niet te groot te zijn omdat het aantal te 
behandelen uitzonderingsboodschappen zeer groot wordt. In deze omgevingen 
is echter allocatiecoordinatie meer geschikt om voorraden te verdelen over de 
voorraadpunten omdat het dan mogelijk is een flexibele seriegrootte toe te 
passen. Het grote voordeel van DRP is echter het centrale zicht op de voorraad 
in ketens. Aangezien DRP in software ruim beschikbaar is, is dit argument 
vaak van doorslaggevend belang voor de keuze voor DRP. 

BSC en LRP zijn bruikbaar als integrale statusinformatie kan worden 
toegepast. Dit is het geval bij een klein risico op voorraadonbalans of als er 
transshipments tussen lokale DC's mogelijk zijn. Het onbalansrisico is klein 
bij kleine seriegroottes en/of stabiele vraag. LRP heeft de voorkeur boven BSC 
als er herkenbare patronen in de vraag aanwezig zijn. 

2.1.5 Verder onderzoek 

De in dit proefschrift aangereikte selectiemethode en selectierichtlijnen 
kunnen door bedrijven worden toegepast m de selectie van 
besturingstechnieken. De richtlijnen in dit proefschrift zijn voornamelijk 
kwantitatief van aard. Toekomstig onderzoek op dit terrein dient te zijn 
gericht op meer kwantitatief onderzoek van de relatie tussen relevante PPM
karakteristieken en de besturingsbeslissingen. Een aanzet hiervoor is gegeven 
in de vorm van een simulatieonderzoek naar voorspeltechnieken. Toekomstig 
onderzoek zal zich niet alleen op de besturing binnen een bedrijf moeten 
richten maar ook op de integratie van de besturing in een keten van 
onafhankelijke bedrijven. 
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I 

De mathematisch georienteerde literatuur op het gebied van distributie
logistieke besturing is hoofdzakelijk gericht op het juist vaststellen van 
parameters van een besturingstechniek en veel minder op het achterhalen 
van de toepasbaarheidscriteria van een besturingstechniek . 

(Dit proefschrift) 

II 

De integratie van capaciteitsplanning m Distribution Requirements 
Planning (DRP) staat nog in de kinderschoenen. 

(Dit proefschrift, H4) 

III 

De implementatie van een DRP-systeem is meestal alleen om informatie
technische redenen aan te bevelen. 

(Dit proefschrift, Hll) 

IV 

Bet gebruik van simpele technieken die een constante voorspelling 
genereren voor het voorspellen van klantvraag, biedt soelaas in veel 
omgevingen. 

(Dit proefschrift, HlO) 

v 
Wanneer een Japanse autofabrikant niet alleen Kanban m het 
produktieproces maar ook in het distributieproces zou willen toepassen, 
clan zou de levering van auto's naar Europa stuk voor stuk moeten 
gebeuren met behulp van een speedboat en niet zoals nu in een grote 
veerboot met meer dan duizend auto's van een merk tegelijk. 

(Bron: Van der Weegen, 1989) 

VI 

Voordat kwantitatieve modellen in de logistiek kunnen warden toegepast 
client eerst in de praktijk te worden geanalyseerd welke k arakteristieken 
in die modellen moeten worden gebruikt. 

VII 

Het oplossen van fileproblemen door uitbreiding van de wegcapaciteit is 
een voorbeeld van symptoombestrijding. Echte probleembestrijding vindt 
pas plaats als de noodzaak tot reizen wordt weggenomen (bijvoorbeeld 
door mensen meer te verplichten dicht bij hun werk te gaan wonen). 



VIII 

Volgens Van Dale is een concept a ) een voorlopig ontwerp of b) een 
wijsgerig begrip. Een produktiebesturingsconcept in termen van Bertrand, 
Wijngaard en Wortmann kan een wijsgerig begrip zijn, maar clan heeft het 
geen bedrijfskundige relevantie. Als het geen wijsgerig begrip is moet een 
produktiebesturingsconcept dientengevolge we! een voorlopig ontwerp 
betreffen. 

(Van Dale, Woordenboek der Nederlandse Taal) 

IX 

De wereld is complex en multidimensioneel. Het streven van vele 
bedrijfskundige onderzoekers om haar veelal klakkeloos in simpele twee
dimensionale typologieen te vatten geeft vaak blijk van een gebrek aan 
realiteitszin. 

x 
Het verdient aanbeveling een AIO m zijn/haar eerste jaar gericht en 
enigszins sturend te begeleiden. 

XI 

Over problemen wordt we! gezegd: "Problemen heh je niet, die maak je"
Deze uitspraak duidt erop dat de term "probleemhebber" uit de 
bedrijfskundig methodologische theorie soms beter vervangen zou kunnen 
word en door "probleemmaker". 

XII 

Baron von Munchausen had een bedrijfskundige promovendus kunnen 
zijn . Hij was in staat met beperkte middelen - in zijn geval een 
kanonskogel - veel te reizen en moest zich in tijden van ellende zelf zien te 
redden - hij trok zichzelf aan zijn eigen kraag uit het moeras. Daarnaast 
wist hij de meest simpele zaken altijd geweldig voor te stellen. 

XIII 

Mensen die trouwfoto's in wissellijsten ophangen zijn kennelijk nog niet 
zeker van hun zaak. 

XIV 

Deze stelling wordt in de meeste gevallen als eerste gelezen. 




