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Preface

The subject of this thesis is highly relevant to many business managers
today. Most certainly in the Netherlands (synonymous for distribution
land) where it is on the agenda of many boards of directors. Bor-
ders that are disappearing, development of global markets, increasing
demand for flexible services, shifting competitive positions, growing im-
pact of information technology - these are but a few of the ingredients
of a highly complex matter. Add to that the decision-making proce-
dures that are often far from simple but must lead to sound decisions
of which the impact in time and money is often all but insignificant.
It is clear there is plenty of food for thought here.

The unique character of this thesis is that it not only presents a theo-
retical framework for approaching this matter. A sound and carefully
thought-out mathematical base provides a reliable set of instruments.
At the same time, the presented approach is full of the pragmatism
which is the result of the issue having been addressed so often in prac-
tice. That did not only occur in the environments of trade and industry
with their traditional focus on logistical optimization. It also occurred
at financial institutions and in the service sector where the whole range
of tools proved applicable. BSO/Advies, the consultancy organization
of BSO/Origin, that specializes in matters of strategy, organization and
information technology, was able to advise in a number of situations
for which it was happy to be able to make use of the knowledge and
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experience of Lorike Hagdorn. It is exactly the goal of providing prac-
tical advice that makes the approach presented here so useful.

Over the past few years. it was a pleasure for many colleagues at
BSO/Origin to work together with the author of this thesis. Many
inspiring discussions on logistics issues had a valuable effect on the
eventual proposals and implementations. It is therefor with great plea-

sure that I have agreed to writing the preface to this publication.

Drs A. Kornaat
Managing Partner Consulting group. Origin/IT Services Netherlands
March 1996
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Summary

Decision Support for Strategic Planning in Logistics
- concepts, tools and applications -

This thesis is concerned with the analysis and design of logistics net-
works for industrial firms. A logistics network is comprised of suppliers,
plants and warehouses which, by a systematic transfer of raw materials,
semi-finished and finished products, accomplish the delivery of the final
product to the customer at the right time and in the right place.

In the turbulent environment of today, in which new markets are emerg-
ing and customers are asking for high quality products, produced ac-
cording to customer specifications and delivered within short lead-times
with high reliability; in which technologies are evolving fast; and in
which environmental issues cannot be ignored, companies are looking
for new opportunities to enhance their competitive advantage. In this
context, a major contribution can be made by a logistics network that
provides flexibility under rapidly changing circumstances and that en-
ables swift delivery of products at the lowest possible cost.

This takes us to the central problem of this thesis: “How to design
a competitive logistics network for a specific industrial company?” In
addressing this question, special attention 1s paid to the selection of
the locations, the number and size of plants and warehouses, the choice



Summaryv

of suppliers and the product flows from suppliers via plants and ware-
houses to the customers.

The author has practical experience with several cases in which this
strategic and complex decision problem had to be solved. On the basis
of this experience. a case of a fictitious company is described in chap-

ter 2.

In logistics network design processes, often a large number of alter-
natives is developed, analyzed and compared. In selecting the most
appropriate logistics network a wide range of quantitative and qualita-
tive decision criteria play a role. Moreover. a large number of company
divisions and individual staff with differing functional backgrounds are
involved in the decision-making process. This results in a complicated
and often time-consuming process with many interruptions and feed-
back delays.

The aim of this thesis is to make this complexity manageable and, thus,
to enhance the efficiency and the effectiveness of the decision-making
process. which should ultimately result in improved logistics networks.
To this end, a framework is developed for designing logistics networks.
In this framework. the often applied concept of scenario planning (chap-
ter 3) is refined and strengthened by integrating it with the use of a
Decision Support System (SLAM) in which a quantitative optimisa-
tion (MILP) model is incorporated (chapters 2 and 4). Also an analy-
sis is made of the stages in the decision-making process and the roles
played by the different participants. The framework is described in gen-
eral terms and applied to two real-life situations (chapter 4). Figure 1
presents a simplified overview of the framework.

In view of the strategic importance of the logistics network, the initia-
tive for redesigning the existing network is usually taken by a company’s

top management. Often a project team (or “task force’) is established

X1



Sumrmary

to develop alternative logistics networks and to communicate and co-
ordinate this process with other internal and external parties involved.
The first step in the framework consists of analyzing relevant develop-
ments and uncertainties in the external environment. These are divided
into four categories: market developments: technological developments:
new organizational methods and techniques; and developments in the
labour market. The values of these external factors are combined into
consistent sets. Each set of consistent values represents a view of the
future and is defined as an external scenario. The top management
team and the task force are particularly involved in the development of
external scenarios, but often experts from company divisions or from

outside the company are also asked to bring in their specific know-how.

The external scenarios provide the basis for the top management’s
strategic choices concerning the logistics network. The task force sup-
ports the management team by elaborating these choices into alterna-
tive company scenarios. These are sets of mutually consistent values of
company factors, which are related to the external factors and which
can also be classified into four categories: entrepreneurial elements,
technological elements. administrative clements and human resource
elements in the logistics network.

In practice sometimes a many as 20 external scenarios are selected as
a starting point for company scenarios. On the basis of each external
scenario, several company scenarios are developed, which may result
in over 60 alternative company scenarios. ach company scenario in-
cludes an outline of the corresponding logistics network is outlined. A
valuable tool in the development of such large numbers of logistics net-
works is SLAM. Starting from the strategic choices made with respect
to the market, products and service levels, SLAM calculates a logistics
network that fulfils the market requirements against lowest possible

variable logistics costs.

X1i1
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Figure 1: Overview of the framework and the corresponding concepts
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This part of the development of company scenarios is usually coor-
dinated by the task force. which cooperates with the business units.
SLAM proves its added value by swiftly providing insight into the con-
sequences of changes in the logistics network for the logistics costs. the
customer service level and the utilization of plants and warehouses.
Groups of four, five of six alternative logistics networks are analyzed
and evaluated in terms of financial aspects. operational feasibilit v. time
schedule for reorganization. staffing consequences. political feasibility
and their flexibilit v to adapt to changing external circumstances. These
analyses show the competitive advantage of each of the alternative lo-
gistics networks.

Finally, a selection of the two, tree or four most promising logistics net-
works is presented to the top management team. which makes the final
choice. The logistics network that is selected is often one that produces
satisfactory results under most external scenarios.

During the process from external scenario to logistics network. it is not
uncomimon to return to a previous phase in the framework. for instance
to elaborate a particular external trend in greater detail or to recon-
sider a particular market strategy. The framework helps structure this

stepwise process.

The framework is not only useful for large-scale restructuring processes.
imvolving a complete redesign of a company’s logistics network: it can
also be used for the regular evaluation of the existing network and
the elaboration of small adjustments to the logistics network. In these

projects., SLAM is particularly a powerful tool.

Redesigning a logistics network requires large quantities of data con-
cerning markets, products. costs, etc. Often it is a very time-consuming
process to gather these data at a detailed level. Moreover, in many sit-
uations detailed data are not desirable. In these cases. often use is

XVl
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made of aggregated data, especially where the input data for SLAM
are concerned. Options for data aggregation and the inaccuracy that
may be the result are discussed in chapter 5.

A description is given of experimental findings, showing the impact of
increasing levels of customer data aggregation on the outcomes of the
MILP model of SLAM.

The choice of a particular level of aggregation depends on the stage in
the design process. It may be based on the experimental findings re-
ferred to above, but also on upper bounds on the errors in the outcomes
of the MILP model caused by different aggregation levels. Since the
total variable logistics costs are an important decision criterion, several
types of upper bound on the total cost error are derived. Two existing
bounds are extended and two new types of bound are introduced.
These upper bounds are not only used to select the appropriate aggre-
gation level at an early stage in the design process, but also to check
whether the error does not increase too much in the course of this pro-
cess. They are also valuable to check whether errors do not differ too
widely across scenarios, for this may lead to incomparable results and

finally to a wrong decision!

The relevance of this dissertation lies in its contribution to improve-
ments of logistics networks that enhance a company’s competitive ad-
vantage. More generally, it contributes to the effectiveness and the ef-
ficiency of decision-making processes that are taking place in a rapidly
changing environment.

The thesis presents various new elements in the concepts and tools that

are used for these purposes:

- integration of the use of quantitative models and DSSs into strate-

gic decision-making processes through the use of scenarios,

_ extension of existing structured approaches to strategic decision

xXVvil
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making, resulting in an approach involving multiple participants,

- deepened insight into the possibilities of aggregating unwieldy
numbers of detailed data into more easily managable sets of ag-

gregated data.

The thesis concludes by suggesting some interesting areas for further
research, aimed at improving the framework, further clarifying the ef-
fects of data aggregation and advancing the integration of goods flows
and information flows into the design of logistics networks.

XViil
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Chapter 1

Introduction

1.1 Problem description

This thesis is concerned with the analysis and design of logistics net-
works for industrial firms. A logistics network comprises the facilities
(plants, warehouses, suppliers, etc.) and the goods flows that enable
the primary process (from the supply of raw materials to the delivery
of final products to the market), as well as the return flows used for re-
cycling, repair, remanufacturing, etc. Various trends and developments
are challenging companies to reconsider the structure of their logistics
network:

New markets are emerging, both in the unified European market and
in other parts of the world. Companies are eager to serve these inter-
national and intercontinental markets. Some develop their own inter-
national activities, others expand their business through mergers and
takeovers. In both cases, the new international logistics network is of
vital importance for successful expansion.

Current and prospective customers are asking for high quality products,
produced according to customer specifications and delivered within
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short lead times with a high level of reliability. The logistics network
should enable the company to adapt flexibly to these high customer
service requirements. The goods flows are related to transportation,
production and storage processes (see figure 1.1).

e 0ptions for goods flows [- I ey
S \ m
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(=3 (=3 r
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(=) <
§ t
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S plants L

suppliers production lines  storage areas warehouses customers

Figure 1.1: Diagram of a logistics network.

Strong competition with regard to the above-mentioned aspects of cus-
tomer service, in combination with price battles in several branches,
compel companies not only to anticipate their customers’ wishes, but
at the same time to reduce their costs.

Besides customer service levels for existing products, the rapid in-
troduction of new products is also an important area of competition.
Computer-aided product design, combined with advanced marketing
technologies and flexible automated production technologies. enable

companies to introduce new products at short intervals. This creates

(8]
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short product life cycles. The structure of the logistics network should
be adaptable to these rapidly changing flows of new products.

Other technological developments, such as automated warehousing and
transportation systems, computer-integrated manufacturing and ad-
vances in telecommunications, such as Electronic Data Interchange
(EDI) and multimedia communication, enable faster and more reli-
able flows of goods and information. Moreover, with the help of these
new technologies, new products can be introduced and new customers
reached. The logistics network should enable the company to capitalise
on these powerful technological developments. Advanced technological
production processes drive companies towards cooperation in so-called
‘Global Network Corporations’ (see Maljers, 1995). These corpora-
tions cooperate in the production of parts of technologically complex
products, such as cars, electrical appliances, robots etc. A competitive
logistics network is a key element for their success.

In addition to improving quality and efficiency, technological innova-
tions may also contribute to the environmental tmprovements desired
by companies and customers. The use of clean production methods
and the recycling and remanufacturing of components and materials
are not only enforced by legislation, but also constitute a major issue
in competition: e.g. the image of the so-called ‘green company’ (see
Cairncross, 1992).

The above-mentioned developments are creating opportunities that chal-
lenge industrial companies to enhance the structure of their logistics
network in order to improve their competitive advantage (see also Bow-
ersox, 1992, 1995). It will be clear that support in the complex process
of creating competitive logistics networks is of vital importance, both
for industrial companies and for research in the field of business admin-

istration.
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When designing a competitive logistics network for a specific company,
the first question that needs to be answered is to determine the number
of echelons and the type of facilities needed. In addition, the number,
location and role of each type of facility has to be decided on (see also
Geoffrion and Powers. 1995). For example, if a logistics network is
considered that fits into the structure presented in figure 1.1, one is
forced to address several questions of the following type:

- How many plants and warehouses are needed?
- What are the best locations for the plants and the warchouses?
- What should be the size of the plants and the warehouses?

- Which suppliers are needed and which parts should be purchased
from which supplier?

- Which products should be produced by which plants?

- Through which warehouses should the products flow from the
plants to the customers?

To answer these questions, one has to take account of trends and devel-
opments such as the ones described above, which inevitably lead to a
complex design process. The vital importance of the logistics network
that is designed during this process brings us to the central problem of
this thesis: “How to design a competitive logistics network for a specific

industrial company?”

1.2 Research objectives

In the logistics network design (LND) processes in which we have been
involved, a range of alternative networks needed to be developed, an-
alyzed and compared. This comparison was based on a wide variety

4
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of quantitative and qualitative criteria, in order to arrive at the most
suitable logistics network for a specific company. Moreover, several
parties with differing functional backgrounds (board members, staff
departments, operational managers, etc.) and from differing disciplines
(logistics, marketing, finance, etc.) were involved in the design process.
The result was a complex and often time-consuming process with many
interruptions and feed-back loops. We have experienced that the use of
a framework for LND enhances the quality of the design process as well
as the quality of the resulting network. Such a framework can provide
a sound basis for structuring the decision process, developing scenarios
and gaining insight into relevant decision criteria. One of the main
objectives of this thesis is “to construct a framework for the design of
a competitive logistics network for a specific industrial company”.

In the literature several authors have described a framework for LND,
often with a specific focus (see table 1.1). If we combine our experience
gained from real-life cases with the descriptions found in the literature,

we can make a number of observations:

- Logistics focus
In the classical logistics approach, production and distribution
are considered separately. From the point of view of an integrated
supply chain, production and distribution are closely connected.
Table 1.1 shows that in most existing frameworks the main em-
phasis is either on production or on distribution.

- Organization of the design process
The design of a logistics network is a complex process. Look-
ing at the design process as a decision-making process may offer
additional insights that may improve the design of the logistics
network. Table 1.1 shows that existing frameworks do not provide
a detailed explanation of the LND in terms of the decision-making
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Bender Cohen, Cook, Fine, Rushton, Ven, Vos Mourits
Fisher, Burley hax Saw Ribbers
Jaikumar
(1985) (1989) (1985) (1985) (1992) (1993) (1993) (1995)
Logistics focus
Production yes yes
Distribution yes yes
Organization of the design process
Considered no no no no no yes: not yes: not yes: not
as a decision in detail in detail in detail
process
Different no no no no no yes; not no yes; ot
parties and in detail in detail
disciplines
distinguished
Development of alternatives
yes; not no no no yes; not yes: not no yes; not
in detail in detail in detail in detail
Evaluation criteria
Qualitative some no yes yes yes yes some some
aspects
Quantitative || yes; focus yes: focus yes; focus no yes yes yes yes: focus
aspects on costs on costs on costs on costs
Support by DSS
Models yes; yes, yes; yes; not
optimization simulation, simulation in detail
and but not
simulation in detai!
DSS yes; not a no no no 6o
specific one
Use of aggregated data
yes: only no no no no i3 no yes; in
mentioned case-
as a topic example
Framework based on cases
a small one | no no yes yes yes yes one on
distribution

A shaded area shows the main topic of the corresponding framework

Table 1.1: Comparison of frameworks for LND.
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process.

As mentioned earlier, there are many parties, with different types
of functional backgrounds, involved in the LND process. Incor-
porating this aspect into the LND framework may also produce

additional insights. Van de Ven and Ribbers (1993) and Mourits
(1995) comment briefly on this aspect.

Development of alternatives

In each of the LND processes in which we were involved, several
alternative networks were designed, analyzed and compared. The
need for a structured approach to developing these alternatives
and integrating them in scenario development is reflected by four
of the frameworks in table 1.1, but is not worked out in detail.

FEvaluation criteria

During the LND process, a range of evaluation criteria, both
quantitative and qualitative, are applied. Nearly all frameworks
in table 1.1 take some criteria of both types into consideration.

Support by DSS

A Decision Support System (DSS) is very helpful in specifying
the values of the quantitative evaluation criteria. Although the
frameworks in table 1.1 enable the development of several quan-
titative models for simulating or optimizing logistics networks,
only Bender (1985) considers how these can be incorporated in
a DSS and how a DSS can support the decision-making process.
Although most of the frameworks in table 1.1 pay little attention
to the potential role of DSSs in the design of logistics networks,
several DSSs for LND exist (see appendix A for an overview).

Use of aggregated data
Often huge amounts of data on markets, products, production
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and distribution facilities are needed in order to develop accurate
alternative logistics networks. Gathering all this information is
often a time-consuming and costly process. Little is known about
the quality of LNDs that are based on less detailed, aggregated
data. Bender (1985) and Mourits (1995) refer to this problem,
but they do not provide a solution.

It will be clear that there are many questions in the field of LND that
are waiting to be answered. In this thesis we hope to provide an answer
to some of them or to improve the solutions proposed by other authors.
In our framework, we will try to:

- Focus simultaneously on production and distribution.
- Analyze the design process as a strategic decision-making process.

- Take account of the involvement of different parties and disci-

plines.

- Structure the process of scenario development, in which both
qualitative and quantitative evaluation criteria are used.

- Specify the valuable role of a DSS in the design process.

Additionally, we will offer an insight into the effects of the use of ag-
gregated data on the quality of the logistics network. As customers
often constitute the largest set of data in an LND problem, we will
focus on the effects of the use of customer groups, instead of individual

customers.
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1.3 Outline of the thesis

The framework for LND presented in this thesis is developed step by
step. In chapter 2 we describe a case of a fictitious international Eu-
ropean company which manufactures, sells and distributes consumer
electronics products. This case description is based on a combination
of several real-life situations in which we participated over the years.
We describe the LND problem as a problem concerning both produc-
tion and distribution. With the help of a specially designed mathemat-
ical programing model we specify what exactly we mean by an LND
problem. Of course, this mathematical model only covers quantitative
aspects of the design problem. Nevertheless, it is a useful instrument
to illustrate the type of decisions that must be made. Moreover, it
provides a basis for the DSS which is discussed in chapters 3, 4 and 5.
Chapter 3 focuses on the development of alternative logistics networks
with the help of scenarios. We use Broekstra’s Consistency Model for
Organizational Assessment and Change (1984, 1989) to structure sce-
nario elements and to classify scenarios. For the evaluation of scenarios
and the selection of the scenario which yields the most competitive
logistics network for a specific company, we consider both qualitative
and quantitative criteria. The support of a DSS in the development
and evaluation of scenarios is also described in chapter 3.

Chapter 4 describes our framework for the design of a logistics network.
The frameworks for strategic decision-making problems of Mintzberg et
al. (1976) and Simon (1977) serve as guidelines for our description of
the design of a logistics network as a strategic decision-making prob-
lem. We take account of the different parties and disciplines involved
in the decision process by incorporating into our model elements of the
framework for strategic planning proposed by Chakravarthy and Lor-
ange (1991). Our framework also includes the use of scenarios and the

support of the DSS developed in chapter 3.



Chapter 1

In the framework developed in chapter 4, reference is made to the issue
of data gathering and the necessary level of detail of data. This issue
is the main concern of chapter 5. Building on the findings of Geoffrion
(1975, 1976, 1977) and Zipkin (1980a, 1980b, 1980c, 1982) on the ef-
fects of customer aggregation, we derive upper bounds on the error in
total costs that is introduced by using aggregated data on customer
groups instead of data on individual customers. These upper bounds
are defined for solutions of the mathematical programing model devel-
oped in chapter 2. Several experimental results show that these new
upper bounds work well in practice and that they give decision makers
confidence as to the level of detail needed for the data they use in their
scenarios and analyses.

Chapter 6 presents the main conclusions of this thesis and suggests
some interesting topics for further research.

10



Chapter 2

A Logistics Network Design
problem

2.1 Introduction

In this chapter we introduce a case description of a multinational Euro-
pean company that manufactures, sells and distributes consumer elec-
tronics products, such as faxes. printers, copiers, personal computers,
etc. Within its logistics network, the company wishes to reorganize the
supply of semi-finished products, the manufacturing of final products,
warehousing, transshipment and delivery to customers. The case is a
combination of several real-life situations in which we participated over

the years.

The goal of this case description is to illustrate the challenges in LND
and to show the complexity of the problem. Another aim is to offer
some guidelines on how best to structure the decision process and how
to support decision-making from a quantitative point of view. In chap-
ters 3 and 4 these guidelines are elaborated into a framework for LND.



Chapter 2

The case concerns the logistics network of a manufacturing company in
Europe which consists of four echelons. The limitations of a four-layer
network, a particular geographical area and a manufacturing company
do not limit the scope of the LND problem. The framework, the models
and the DSS we will discuss can also be applied to logistics networks
with more or fewer than four layers and in other geographical areas.
The restriction to a manufacturing company is also artificial, since sim-
ilar approaches can be used for designing networks for other types of
companies, for instance, logistics service providers.

Table 2.1 gives an overview of the dimensions of the logistics networks
of several companies in Europe. In each of these ‘cases’ there is a
remarkable focus on consumer products.

The majority of these logistics networks were considered in the contract
research and consultancy projects in which we were involved. The
case of logistics network for medical supplies in the Netherlands was
described by Mourits (1995), the case of the logistics network for beer in
the Netherlands was described by Gelders et al. (1987). The European
consumer electronics firm with 3,000 customers is the fictitious case
that is described in detail in this chapter.

2.2 Case description

The fictitious company in our case description has customers in nearly
all European countries. Its clientele includes services centers, whole-
salers, dealers, etc. The customers are served by operating companies,
some of which serve more than one country; nevertheless we will refer
to them as nationally operating companies.

FEach nationally operating company is responsible for its own sales, mar-
keting, order handling, invoicing, deliveries to customers and after-sales

12
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number of number of | number of number of number of number of 4_ number of

Region type of custcmers product semi- suppliers plants production | warehouses
products types products lines |

Europe food 3,000 200 60 120 100 280 25

Europe food 415 1006 15 40 50 750 45

Europe beverages 2,400 50¢C 80 5 15 300 60

Europe hospital 1,100 i2 4 20 5 40 13
supplies

Europe stationary 1,069 125 10 33 10 100 14
products

Europe consumer 600 180 150 30 3 140 15
electronics

Italy food 1,500 30 5 12 30 90 20

Greece food 85 24 4 5 35 110 9

The Netherlands high value 2.100 10 - - 5 20 20
products

The Netherlands retail 650 10 - - 1 1 21
products

The Netherlands medical 180 3,000 - - 1 1 3
supplies

Belgium beer 24,000 1 - - 2 2 20

Case example

Europe consumer 3,000 200 100 50 5 75 12

electronics

tice.

in prac

tics networks

5

Dimensions of some log

Table 2.1
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service. They receive their products from the finished product storage
areas of five European production plants. In all, some 200 different
types of products can be distinguished. The products are stored at the
national warehouses, which are managed by the nationally operating
companies. Each of the five plants has its own distribution organization
for transporting the finished products to the national warehouses. This
results in numerous goods flows across Europe, from all five plants to
all twelve national warehouses.

Each plant produces a specific range of products; some products are
produced at only one plant, others are produced at three or four plants.
In all, 75 production lines are available.

Some semi-products that are used in the production process are pur-
chased from external suppliers, others are produced by suppliers owned
by the multinational company itself. In all, about 50 suppliers and
100 types of parts are involved in the multinational’s logistics net-
work. Some suppliers supply parts to just one plant, others serve several

plants.

The managing board of the multinational company anticipates a range
of opportunities and threats in the near future. For instance, some na-
tional companies are reporting Jost sales, as a result of the long delivery
times to the customers (72 hours on average). Some competitors are
already advertising a guaranteed 48 hours’ delivery time! Of course de-
livery times may be reduced by maintaining higher stock levels at the
national warehouses, but this results in higher inventory costs. As there
is also a price battle going on in consumer electronics products, increas-
ing stock levels is not the preferred solution. Moreover, the customers
are asking for products made according to customer specifications. Due
to technological improvements and changing customer behavior, the life
cycles of products grow shorter. This increases the risk of having stocks
of products with outdated designs or technology.

14
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S  main suppliers
u plants
|- warehouses

[ ]

main customer areas

Figure 2.1: An overview of the goods flows in the existing logistics

network.
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Given these trends, the managing board is seeking to reduce delivery
times as well as the total logistics costs in the chain from supplier to
customer. Figure 2.1, which provides a schematic representation of the
goods flows in the existing logistics network, shows there may be ample
opportunities for improvement. During some brainstorming sessions,
various ideas for alternative logistics networks are proposed.

For example, there is a proposal for a network with fewer suppliers and
flexible co-makerships with the suppliers. These co-makerships would
focus on just-in-time deliveries to the production lines, with lower stock
levels as a result.

Another proposal, inspired by the gradual disappearance of trade and
transport barriers in Europe, is to cut down the number of national
warehouses, which would reduce inventory levels and at the same time
reduce delivery times and handling costs, as a result of economies of
scale. This would result in a network with only a few large Furopean
warehouses which would keep stock for a limited number of transna-
tional regions in Europe, instead of the twelve national warehouses
which keep stock for separate countries.

In another proposal the distribution flows from the plants to the ware-
houses are combined by introducing inter-plant goods flows. Each plant
would become a distributor to the warchouses in a specific region of
Europe. In the logistics process, plants would not send their products
intended for a specific region to the warehouses in that region, but to
the plant supplying these warehouses.

A fourth proposal is to introduce customer delivery direct from a fin-
ished product storage area of a plant. Only customers located far away
from a plant would be served by one of the European warehouses, as
long distances render the delivery time guarantee unrealistic.

Figure 2.2 depicts the goods flows in a situation where all these propos-
als have been combined: fewer suppliers, fewer warehouses, inter-plant
flows and direct delivery from plants to customers. The structure of

16
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main suppliers
plants

warehouses

° iEm

main customer areas

Figure 2.2: Ezample of an alternative logistics network: fewer sup-
pliers, European warehouses, inter-plant flows and direct delivery to

customers from plants (compare figure 2. 1).

17



Chapter 2

the logistics network can be further improved by reallocating produc-
tion between plants, resulting in changed product flows.

A comparison with the goods flows in the existing situation, in fig-
ure 2.1, shows that the proposals should be of high interest to the com-
pany. Not only would they reduce logistics costs and delivery times;
they would also result in a simplified, and therefore more effective and
flexible organization.

The managing board commissions an investigation into the possibili-
ties of reducing logistics costs and delivery times by restructuring the
European logistics network - while taking advantage of the developing
European market -, by realizing economies of scale and by reducing the
number of parties involved in the goods flows. On the one hand, the
board is interested in a further elaboration and evaluation of the sug-
gested proposals; on the other hand, they want to be informed about
alternative logistics networks which may be of interest to the company.

In this chapter we will discuss in detail the complex decision-making
problems involved in LND. To understand the questions to be addressed
and the degree of freedom in the decision-making, we will develop a
quantitative model of the problem. In chapter 3 we will also look at
the qualitative aspects of the LND problem and we will show the role
of the quantitative model in the strategic decision-making process.

2.3 What decisions need to be made?

The existing situation as well as the alternative proposals presented
in the previous paragraph can be described schematically in a repre-
sentation of a logistics network as given in figure 1.1. It enables the
specification of actual and potential suppliers and of optional delivery

18
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from suppliers to plants. It takes account of several options for the
plants and warehouses: they can be closed down or enlarged and new
warehouse locations can be introduced. International deliveries from
the warehouses to actual and potential customers are represented by
the warehouse-customer connections. The inter-plant flows are repre-
sented by the connections between the production lines and the storage
areas at different plants. Direct deliveries from plants to customers are
shown by the storage area-customer connections. Note that we do not
consider return flows.

In our approach, we define a set of potential suppliers, plants, ware-
houses and customers in advance. This set includes the existing facil-
ities as well as possible locations for new facilities. As it will not be
clear in advance which facilities will be selected for the final LND, the
number of possible locations for new facilities can be relatively large.
On the basis of this set of potential suppliers, plants, warehouses and
customers, we now have to answer the questions raised in chapter 1
about the appropriate locations and sizes of the facilities, the allocation
of products to plants, of suppliers to lines, of customers to warehouses,

etc.

It will be clear that some of these questions are closely related. In
fact, to some extent they overlap: once the questions concerning the
optimal goods flows between suppliers. production lines, storage areas,
warehouses and customers have been answered, the corresponding op-
timal locations, product allocations to facilities and facility sizes can
be deduced.

In the process of designing a strategic network one has to realize that
the designed network should be able to cope with fluctuations in the
operations. Moreover, the design should be suitable for both peak peri-
ods and low demand periods. Of course bottlenecks in the network will

19
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occur during peak periods, so in many cases the design will be based
on demand during these periods. In some cases a period of one week
was chosen. In other cases the design was based on the yearly demand
of the customers, as in the case of our multi-national company.
Although in practice several multi-period problems were studied, and
although the models used in this thesis can be extended without difficul-
ty!, for the present moment we will consider a single-period problem.
This means that stock levels are considered at a global level.

We can now reduce the problem of LND for the multinational company
to determining values for the following decision variables:

TSLssi = quantity of semi-finished product sp to be delivered
from supplier s to production line .
TLPfp1, = quantity of finished product fp to be produced
at production line [ and shipped to the finished
products storage area of plant p.
TLWipiw = quantity of finished product fp to be produced at
production line [ and shipped to warehouse w.
T'PWyppw = quantity of finished product fp to be stored at the
plant storage area p for distribution to warehouse w.
APC,. = 11if customer c is supplied direct from
the storage area of plant p,
0 otherwise.
AWC, . = 1if customer c is supplied from warehouse w,
0 otherwise.

In this notation, sp, fp, s, p, I, w and ¢ represent respectively the
optional semi-finished products and parts, finished products, suppliers,
plant storage areas, production lines, warchouses and customers.

'see for instance Duran (1987) and Haq et al. (1991).
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The decision variables of type TSL, TLP, TLW and TPW repre-
sent the quantities that are supplied or produced on a yearly basis.
The decision variables of type APC and AW reflect the allocation
of customers to storage areas of the plants or to warehouses. For each
customer, the allocation holds for the whole product range demanded
by this customer. For customer service and administrative reasons, this
is often a requirement that has to be fulfilled by the logistics network,
as is the case for the multinational company we consider. If this re-
quirement is not needed, APC and AW can also be transformed to
product dependent allocations:

AFPPCy,,. = Lifproduct fpis delivered to customer ¢ direct
from the storage area of plant p,
0 otherwise.

AFPWC;pw. = Lif product fpis delivered to customer ¢ from
warehouse w,
0 otherwise.

Note that, by determining values for the above variables, quantities
such as the number of products fp produced at line [ in the period
considered (Y-, T LPsp1p + 2w TLW;,,.) are also known.

We now have defined all the options for production and distribution in
the logistics network for all existing and optional parts, semi-finished
products, finished products, suppliers, plants, production lines, ware-
houses and customers. Of course, there are several requirements to be
met by the logistics network. For instance, the ‘optimal’ values for the
six types of decision variables have to meet the requirement that all
customers receive all the products they have ordered.

Moreover, decisions as to what quantities of goods need to flow between
which locations in the optimal logistics network can only be made if
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we clarify what evaluation criteria concerning the alternative logistics
networks are important in the decision process. The requirements and
the criteria for this decision problem will be discussed in the following
paragraphs.

2.4 Requirements to be fulfilled

The facilities and goods flows of each alternative logistics network that
is proposed should have the capability to guarantee delivery of all the
products the customers have ordered. This ‘complete delivery’ require-
ment can be denoted using the decision variables of type TSL, TLP,
TLW, TPW, APC and AWC as defined. We use several types of

constraints to fulfil the ‘complete delivery’ requirement.

The first set of constraints concerns the requirement that all customers
should be supplied either by a warehouse or direct from a plant storage

area:

Complete assignment of customers:

ST AWC, + Y APC,. =1 for all c.
w p

To supply the customers, the warehouses and the plants should have
sufficient finished products to fulfil customer demand. This is repre-
sented by the ‘input-output balancing constraints’ that must be met by
the warehouses and the storage areas for each type of finished product:

Input-output balancing at the warehouses:

DT LW+ 3 TPWyyp =S dgy AW, for all fp,w.
l P c
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Input-output balancing at the finished product storage area of the plants:

S TLPppp = STTPWippuw+ Y dipcAPCy for all fp,p.
! w c

To complete the complete delivery requirement, the production lines
should receive sufficient semi-products from the suppliers, to be able to
produce the necessary quantity of finished products to supply the plant
storage areas and the warehouses:

Input-output balancing at the production lines:

S TS Lot = 3 preonve, (3 TLW i + DT LPppp) for all sp,L.
s fp w p

where

dipe = the total demand for products fp ordered by
customer ¢ during the time period of one year.

pPreonvsy fp = the number of units of semi-product of type sp

that are needed for the production of one unit of
finished product of type fp.

Each set of values for the decision variables that takes account of these
complete delivery requirements generates a logistics network that is able
to fulfil customer demand. However, there may be capacity constraints
on the size of the plants, warehouses, etc. Moreover, we have not yet
formulated criteria for determining the optimal values for the decision
variables. This will be done in the following paragraphs.

2.5 Decision criteria

In chapter 4 we will discuss a range of quantitative and qualitative crite-
ria that can be considered decisive in selecting the optimum alternative
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logistics network for the multinational company. In this paragraph we
will first look at a major criterion in deciding whether or not a logistics
network (or, rather, a set of values for the defined decision variables)
is ‘optimal’, viz. the total variable logistics costs of the operations of
the logistics network in the future. Besides the variable costs, the fixed
costs as well as the costs involved in reorganizing of the existing logis-
tics network are also important decision criteria. These costs will differ
for each logistics network. It is a highly complicated, time-consuming
and, therefore, costly process to determine the fixed costs and reorgani-
zation investments for each possible combination of facilities and goods
flows we are considering. In fact these costs can only be determined
for a limited number of concrete alternative logistics networks. That
is why we will first develop these concrete networks and then calculate
the fixed costs for operations and the costs of reorganizing. We will
take these costs into account in the final evaluation and selection of the
alternative logistics networks that will be designed (see chapter 4).

In the sections 2.5.2, 2.5.3 and 2.5.4 we will pay attention to three other
important decision criteria: (a) customer order lead time, (b) utiliza-
tion of facilities and (c) feasibility of the proposed logistics networks
and their sensitivity to future change.

2.5.1 Total variable operational logistics costs

The variable logistics costs show the potential savings in operational
logistics costs when a new logistics network is implemented. Because of
the importance of this criterion, we will incorporate it in the model we
are developing as the objective of finding a set of values for the decision
variables that meet customer demand as defined earlier.
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Minimize total variable logistics costs in operations (Z):
7 =

Purchasing costs:
Z (pcssp,s + teslsp satreonvspsy ) TS Lsp 51+

sp,s,l

Production costs:

S pelppa(3TLPrpip+ D TLW i)+

fpil P w

Costs for transportation from lines to plants and warehouses :

Z(Z tclpf,,,lyptrconvfpprLprylyp—{-

fold P

> telwgp pwtreonv fpp T LW pp 1)+

w

Costs for handling and stock keeping at storage areas of plants:

Z hepsppT LPypipt

foilip

Z icpfp,p(z intstockpg, T PWip powt

fpp w

> thrputpgppdpc APCpc)+

Costs for transportation from plants to warehouses and customers:

Z(Z tcpwfp,p,wtrconvfpprPWfp,p,w-l-

frp ¥

Z tcpcfp,p,ctrconvfpfpdfp,CAPCp,c)+

Costs for handling and stock keeping at warehouses:

> (hewspw + icw p wthrputwp )dsp AW Cy ot

fpaw,e
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Costs for transportation from warehouses to customers:

> tewegy dtreonv fp,ds, AWC,, .

fpaw,c

where

PCSsp.s =
teslsy s =
treconvsps, =
pelsp =

treconv fps, =

telwip ., =

thfp.p =

iCpr»p =

intstockpy, =

purchasing costs of one unit of semi-product sp from
supplier s.

costs for transportation of one transport unit of
semi-product sp from supplier s to production line /.
number of transport units needed to transport one
unit of semi-product sp.

production costs of one unit of finished product fp
at production line .

costs for transportation of one transport unit of
finished product fp from production line [

to the storage area of plant p.

number of transport units needed to transport

one unit of finished product fp.

costs for transportation of one transport unit of
finished product fp from production line [ to
warehouse w.

costs for handling one unit of finished product fp
in the storage area of plant p.

inventory costs for one unit of finished product fp
in the storage area of plant p during

one time period.

intermediate stock time, representing

the number of periods needed to combine the goods
flows from the various production lines (also from
other plants) for distribution to the warehouses.



thrputpys, »

tepwppw

tepespp,c

hewgp

LCW fp

thrputwyy., =

tewcp w,e

A Logistics Network Design problem

throughput time, representing the number of periods
of stock that are needed to meet the demand for
product fp of customers who are served direct {from
plant p (i.e., without an intermediary warehouse).
costs for transportation of one transport unit of
finished product fp from plant p to warehouse w.
costs for transportation of one transport unit of
finished product fp from plant p

direct to customer c.

costs for handling one unit of finished product fp

in warehouse w.

inventory costs for one unit of finished product fp

in warehouse w during one time period.

throughput time, representing the number of

periods of stock that are needed to meet the demand
for product fp by customers who are served by
warehouse w.

costs for transportation of one transport unit of
finished product fp from warehouse w to customer c.

All cost elements that have been defined are supposed to be linear in

the quantities of parts, semi-products or finished products that are con-
sidered. Note that the cost components do not necessarily have to be
linear in, for instance, distance; only each specific tcweyp . should be
linear with the quantity of finished product fp transported from that
specific warehouse w to that specific customer ¢! So the cost compo-

nents may depend on finished product, customer and/or warehouse.
This line of reasoning holds for all cost elements defined above. This
requirement is valid or can be approximated very closely in most real-

life situations.
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All the logistics networks that can so far be generated by the model
meet customer demand against minimum total variable operational lo-
gistics costs. A second important evaluation criterion - customer order

lead time - is described in the next section.

2.5.2 Customer order lead time

Market requirements and the marketing campaigns of the competitors
may force the board to decide on a logistics network that can guarantee
delivery of orders within 48 hours or even within 24 hours.

This decision criterion can be considered from two angles: as an evalu-
ation criterion for each alternative logistics network, or as a constraint
ensuring that all alternative logistics networks proposed by the model

meet a predefined level of maximum customer order lead time.

For the company in the case example, customer order lead time is an
issue of such strategic importance that it is not enough just to evaluate
alternative networks by lead time performance; the factor needs to be
included in the model as a constraint. To ensure that all alternative
logistics networks developed with the help of the model meet the re-
quirement of, sav. 24 hours delivery time. we will exclude some of the
decision variables of tvpe AP(" and AW (" as follows.

Deliveries to customers will take place from a warehouse or direct from
a plant. This means that the order cycle time, which includes order
registration, handling etc. plus the maximum time for transport to the
customer, must not exceed 21 hours. This can be modelled by exclud-
ing a decision variable APC, . or AWC,, . if the transport time from
plant p or warehouse w to customer ¢ exceeds 24 hours minus the time
needed for order registration. handling etc. In other words, the value

of these decision variables APC, - or AW (', . is set at zero.
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The requirement of 24 hours lead time may entail high total operational
logistics costs. It is also possible to design logistics networks with other
customers service levels (for instance. 36 or 48 hours). This is done as
follows. Different sets of APC, . and AW (), . are defined in which spe-
cific variables APC), . and AW, . are set at zero in case of potential
lack of customer service (more than 36 or 48 hours, respectively). This
exclusion can be based on market-specific requirements and is often
determined by geographically factors. The total operational logistics
cost differences related to the different values of these variables can be
used in the decision-making process.

All alternative logistics networks that can be generated by the model
at this stage meet customer demand within the guaranteed lead time
against minimum total variable operational logistics costs. We will now
turn to a third important decision criterion for the multinational: the

use of the facilities.

2.5.3 Use of facilities

Evaluation of the use of facilities in a proposed alternative logistics net-
work may give rise to discussions about the size of plants, the need for
economies of scale. the need for a warchouse in a specific country, etc.
As a result of these discussions, it may be desirable to set requirements
for the logistics network with respect to the capacity of a plant or a

warehouse.

Delivery from facilities

If one of the connections represented by a decision variable of the type
TSL, TLP, TLW, TPW, APC or AWC is of low interest or even

unacceptable, the value of the corresponding decision variable can be
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set at zero a priori. This is not only true for the earlier mentioned
deliveries from warehouses to customers which exceed the guaranteed
delivery time of 24 hours. It also holds for suppliers’ deliveries to the
production lines: depending on the existing contracts or options for
new contracts with the suppliers, some of the decision variables of type
TS L have to be set at zero.

Capacities of facilities

Besides the issues related to managing the goods flows to the customers
(i.e., the complete delivery requirements, the 24 hours customer service
level and the options for deliveries between the facilities), major issues
that need to be considered are the number, location and size of facil-
ities necessary for manufacturing, shipping, storing and delivering the
products.

The main decisions to be taken by the managing board with respect to
the facilities concern closing down, opening or modifying (reducing or
enlarging) the size of plants and warehouses. These decisions are influ-
enced by a range of factors. For example, investments recently made
in a particular facility will deter the board to close down this facility.
Moreover, environmental legislation or local circumstances may encour-
age or discourage the establishment of new plants or warehouses. In
some cases it may be impossible to enlarge a warchouse simply because
there is no space available. This could be a reason to build another
warehouse elsewhere or to close the warehouse and to enlarge another
one, or to rebuild it somewhere else. As a consequence of decisions of
this type, it may be necessary to lay off personnel. This is an unattrac-
tive option in most cases, because of the social consequences, the risk of
strikes, ete. So. qualitative arguments play a role in evaluating network
designs which involve closing or slimming down facilities. Such aspects
also play a role when facilities are expanded or new facilities opened,
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since it may be difficult in some areas to find new employees with the

required skills.

In short, there are many factors that affect the possibilities for changing
the size of facilities or setting up new facilities. These factors constitute
a set of capacity constraints that have to be taken into account when
determining the ‘optimal’ values for the goods flows:

Capacities of warchouses and storage areas at the plants:

For the warehouses and the storage areas at the plants there may be
lower bounds on the utilization and capacity limits. For consumer elec-
tronics the technical conditions for storage are similar for all types of

finished products.

The capacity limits of the warehouses can be denoted as follows:

locapw,, < Z(stconvwfp,wthrputwfp‘w(Z TIWipiw+ > TPWeppw))
P

fp !
< upcapw,, for all w.

where
locapw,, = minimum number of storage units (e.g. square

metres, pallets) to be used in warehouse w.
stconvwy,,,= number of storage units needed by one unit of

product fp in warehouse w.
upcapw,, = maximum number of storage units available

in warehouse w.

The capacity limits of the storage areas of the plants can be denoted

similarly:
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locapp, < }: stcon'npfplp(z TPWyy pintstockpys, ,+

I w
Z APC, dy, thrpulpi, ) < upcapp, for all p.
where
locapp, = minimum number of storage units (e.g. square
metres, pallets) to be used at the finished product
storage area of plant p.
stconvps,, = number of storage units needed for one unit of
product fp in the storage area of plant p.
upcapp, = maximum number of storage units available

at plant p.

Capacity of the production lines at the plants:

The capacity of a production line is defined as the maximum number
of products it is able to produce in the time period considered. The
production lines in our case description can be used for different types
of products. so the total capacity of each line has to be shared by dif-
ferent products. The number of products that can be produced by a
line within a particular time period differs per product. because of the
varying complexity of the products.

Not only does each production line have a maximum capacity, it may
also be necessary, on account of economic considerations, to set a re-
quirement for a minimum utilization rate of each production line.

The bounds on the utilization of the production lines can be denoted

as follows:

locapl; < Z( 2o
S

,'1114 [/pr,l.u: _+_ Zp FIj [‘ [)fp,l,p

caply,

) < upcapl for all [.
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where

locapl, = minimum fraction of the total capacity of the
production line [ that must be used;
locapl; € [0, upcapl,).

caplyp = maximum quantity of finished products fp that can
be produced by production line [ in the considered
time period, when it is used completely for
producing finished products of type fp.

upcapl, = maximum fraction of the total capacity of the

production line [ that can be used:
upcapl) € [locapl, 1].

Capacities of the suppliers:

There are also constraints on the maximum or minimum number of
products that may be or must be ordered from one supplier. For ex-
ample, on the one hand, a supplier’s production capacity may be lim-
ited to a maximum number of semi-products; on the other hand. the
multinational company may be obliged to order a minimum number of
semi-products under an existing contract. This capacity constraint can
he denoted with the help of the decision variables T'SLg, .

locapsp s < ZTSLS,)‘S,I < upcapssy,s for all sp.s.
]

where

locapssys = smallest total quantity of semi-products sp that must

be ordered within the considered time period
by all plants from supplier s.
upcapssps = maximum total quantity of semi-products sp that can
be delivered within the considered time period
to the plants by supplier s.
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The above-mentioned constraints are semi-product dependent. Some-
times a producer and a supplier have a product independent contract
that guarantees, for instance, a minimum or maximum value for the to-
tal contract. In these cases the capacity constraints can be formulated

as follows:
locaps,; < Zvconvsp,s,gTSLsp,s,g < upcapss for all s.
sp,l

where

locaps; = smallest total value of semi-products that must be
ordered from supplier s by all plants within the
considered time period.

veonvg, s; =  the value of semi-product sp when it
is purchased from supplier s to production line /.

upcaps, = maximum total value of semi-products that can be

delivered within the considered time period
to the plants by supplier s.

The constraints on the use of facilities complete the mixed integer linear
programing (MILP) model for LND we have developed in this chapter.
In chapters 3 and 4 we will discuss how other quantitative and qual-
itative decision criteria are related to the quantitative aspects in this

MILP model.

2.5.4 Feasibility and sensitivity

The total variable operational logistics costs, customer order lead times
and use of facilities are major indicators for the board’s evaluation of
possible LNDs. However, the board will not opt for a specific logistics
network before a thorough investigation has been made of its feasibility

34



A Logistics Network Design problem

at the tactical and operational level. Also the risk and uncertainty that
follow from its sensitivity to uncertain future developments in markets,
demand levels, cost levels, competition, economies of scale levels, flex-
ibility in production etc., is an important evaluation criterion. The
MILP model we have developed in this chapter helps to provide an
insight into the risks and rewards related to these uncertainties.

Moreover, the model facilitates the evaluation of proposals for modifi-
cations to a logistics network - modifications that may be put forward
by departments, business units, operating companies or other parties
within or outside the company. It enhances insight into the costs and
benefits of modifications to the network and the quality of proposed

new alternatives.

In chapters 3 and 4 we will demonstrate how the issues of feasibility
and sensitivity can be incorporated into the decision process.

2.6 Evaluation

In the preceding sections, we described the problem of LND for a multi-
national company. For this company, existing logistics network is re-
designed. The quantitative model we have described and the approach
for LND we will describe in the following chapters, can also be applied
to the design of new or partly new logistics networks, for instance when
an American company is considering entering the European market.

In the case description we focused on several quantitative aspects of the
problem. We developed an MILP model that supports the design of
logistics networks with minimal total variable logistics costs and that
takes account of customer order lead time requirements and options
for the utilization of facilities. Note that, although we focused on an
MILP model, many other types of quantitative models for LND can be
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developed (for overviews. see Aikens, 1985, Brandeau and Chiu, 1989,
Current et al.. 1990 and Sridharan. 1995).

In appendix B, the MILP model we described is summarized. To make
the MILP model operational for decision support, we incorporated it

in a DSS called SLAM (see also appendix A).

We have made a number of implicit assumptions and simplifications in
our MILP model. As mentioned in section 2.5, we did not take account
of the fixed costs in operations and the costs for the reorganization pro-
cess. Moreover, we constructed a single-period model (see section 2.3),
whereas in real situations a multi-period model will often be more ap-
propriate. for instance in case of a seasonal demand pattern. Also, we
have not considered the return flows used. for instance. for recycling,
repair or remanufacturing?. Furthermore. the routing aspects of the
deliveries to the customers have not been worked out in detail®>. The
model allows for the inclusion of multiple transport modes, although
per delivery only one transport mode has been modeled. Finally, we
assumed that all the data are available or can be gathered and that the

model can be solved.

The problem of the availability of the data for the MILP model and,
more specifically, the required level of detail of the data, will be dis-
cussed in chapter 3.

The assumption of the solvability of the MILP model is related to the
computational complexity of the MILP model. The size of a specific
model instance and the number of integer variables are two major de-

terminants of this computational complexity.

?see Bloemhof et al. (1994), Thierry et al. (1995) and Salomon et al. (1996) for
examples of models that do consider these return flows.

3see Beulens et al. (1988) and Drezner (1995) for examples of models that do
consider routing aspects.
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Number of decision variables

Number of constraints

Type of non-integer 0-1 capa- | balan- | assign-

Region products variables | variables total cities cing ment total

Europe food 8,550,000 375,000 8,925,000 15,150 | 40,000 3,000 58,150

Europe food 7,800,000 39,425 7,839,425 2,890 20,750 415 24,055

Europe beverages 11,835,000 180,000 12,015,000 1,650 | 64,500 2,400 68,550

Europe hospital 12,620 19.800 32,420 276 376 1,100 1,752
supplies

Europe stationary 350,500 24,000 374,500 908 4,000 1,000 5,908
products

Europe consumer 1.091,700 10.800 1,102,500 9,316 | 24,240 600 34,156
electronics

Ttaly food 158,400 75,000 233,400 400 1,950 1,500 3,850

Greece food 125,920 3,740 129,660 348 1,496 85 1,929

The Netherlands | high value 6,000 52,500 58,500 90 250 2,100 2,440
products

The Netherlands | retail 130 14,300 14,730 46 220 650 916
products

The Netherlands | medical 21,000 720 21,720 10 | 12,000 180 12,190
supplies

Belgium beer 84 528,000 528,084 48 22 24,000 24,070

Case example

Europe consumer 642,000 51,000 693,000 10,184 10.900 3,000 29,084
electronics

ions of the MILP model instances for lo-

gistics networks in practice as presented in table 2.1.

tmens

d

tmum

Max

Table 2.2
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Table 2.2 shows the maximum dimensions of the MILP model for the
real-life logistics networks presented in table 2.1. Clearly, some of these
model instances are of enormous size, which inevitably leads to a huge
increase in the time needed for data gathering and for finding an optimal
solution. The maximum numbers increase when optional new products,
customers, suppliers or facilities are incorporated in the MILP model.
However, the number of decision variables (especially the integer vari-
ables of type AW C and APC') and constraints can be reduced by crit-
ically considering the model instance. for instance by fixing in advance
the values of decision variables that have already been decided on or
by eliminating {or setting at zero) decision variables that are not ex-
pected to be included in the optimal solution. The number of decision
variables of type APC and AW can also be reduced by aggregating
individual customers into customer groups. This topic will be discussed
in chapter 5. Aggregation of products into product groups will reduce
both the number of decision variables and the number of constraints.

To further reduce the time needed for finding an optimal solution, we
can use the relaxation of the integer 0-1 variables of type AW (C and
APC'. This means that these decision variables may be given values in
the interval [0,1]. The model then becomes a linear programing model,
which can be solved much faster. Benders and Van Nunen (1983) and
Van Nunen et al. (1984) showed that the solutions of the relaxation
of an assignment type MILP model give very useful solutions for the
MILP model itself*. In Appendix B, we prove that this also holds for
the MILP model defined in this chapter.

We conclude this chapter with the observation that the case situation

“In the sequel of this thesis we consider the relaxation of the MILP model. We
will also name it an MILP model.
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illustrates the challenges and the complexity of the LND problem. The
MILP model we have developed makes it possible to consider many dif-
ferent requirements and objectives for a competitive logistics network.
The model facilitates the construction of alternative logistics networks
and allows consideration of the company’s expectations with respect to
future demand, new products, new markets, development of cost lev-
els, etc. Moreover, with the help of the model it is relatively easy to
investigate the sensitivity of a logistics network to unexpected future

developments.
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Chapter 3

Steps towards an LND

3.1 Introduction

In this chapter we will discuss the strategic decision making process
involved in the design of a logistics network for a company such as the
multinational company introduced in chapter 2.

The time period for a strategic planning process should correspond to
the time horizon of the most important investment decisions (Porter,
1985). For strategic logistics plans in general, the planning horizon
ranges from three to twenty years (Cooper et al., 1992). Referring to
the design processes of logistics networks in which we were involved,

we will consider a time horizon of about ten years.

In chapter 1 we already indicated that the complex process of designing
a logistics network for a company centers around eight types of ques-
tions, concerning the type of echelons, the type, locations and sizes of
facilities, the allocation of products and the way in which the products
are supplied to the customers. Moreover, in chapter 2 we formulated
an MILP model that can be used to determine the values of the defined
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variables. We also showed that some of the required input data depend
on decisions that are based on the company’s view of future develop-
ments and its planned response to these developments. This means
that a structured process has to be organized to answer the eight fairly
general questions and to determine certain options for the required in-
put data.

In fact, two types of decision have to be made: decisions related to vari-
ous aspects of the facilities, such as type, number, location and size and
decisions related to the flows of parts and products within and between
the facilities. In other words, the decisions concern both the activities
within the facilities and the transportation flows between them. Using
this distinction between types of decisions, we denote a specific LND

as follows:
LND = {Draciities, Driows }
where
Drgcitities represents the decisions on various aspects of the
facilities:
diypes = decisions w.r.t.
the types of facilities that are needed
(e.g., plants, warehouses).
drumber = decisions w.r.t.
the number of each type of facility that is needed.
diocations = decisions w.r.t.
the locations to be used for the facilities.
dszes = decisions w.r.t.

the sizes of the facilities that are needed.
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DFiows represents the decisions on the flows of the parts and
products within and between the facilities:

dyetivities = decisions w.r.t.
which actions should be performed on which parts
or products and at which facilities (e.g., supply.
production, packaging, inventory).

diransport = decisions w.r.t.

which parts or products should flow between which

facilities and by which mode of transport.

Some of the decisions to be taken will be based on qualitative argu-
ments. For example. the decision as to whether or not to build a plant
in eastern Europe will depend on expectations regarding market de-
velopments in that area. Other decisions may be computed from a
solution of an MILP model as described in chapter 2. In fact, the first
type of decision determines the input data (parameters) for the MILP
model, such as the presence of a particular variable, the potential set
of customers or the upper capacity of a warehouse.

As illustrated in chapter 2, there are many uncertainties related to the
future that need to be considered when taking the above mentioned
decisions. Figure 3.1 shows the various steps in a structured approach
to dealing with such uncertainties. The first step 1s to construct several
different views of the external environment. In the second step, each
of these views is explicated into business choices, which describe how
the company will interpret and respond to the uncertainties in the ex-
ternal environment in terms of its own business situation. As a third
step, concrete alternative logistics networks are designed. This trans-
lation of what are usually globally formulated business strategies into
specific, alternative plans for a company has received little attention in
the literature (Schoemaker, 1993).
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Sclected Logistics Network Design

Figure 3.1: Process of the design of a logistics network.

In real life, it is fairly uncommon for business strategies to be elabo-
rated into concrete plans (Wilson. 1982). As a fourth and final step in
the process depicted in figure 3.1, the most competitive LND is selected.

In chapter 4 we will expand this process into a framework for LND. In
addition to the four steps described of the present chapter, the frame-
work presented in chapter 4 includes the loops in the design process,
the selection of the most competitive LND and the roles of the various
players in the different steps of the design process.
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3.2 Developments, uncertainties and sce-

narios

3.2.1 Classification of developments

In this section we will classify the developments and uncertainties that
represent the external environment and influence the business choices
referred to above. To this end, we will use Broekstra’s Consistency
Model for Organizational Assessment and Change (1984, 1989) depicted
in figure 3.2. This model divides the developments and uncertainties
into an external category, related to the environment, and an internal
category, related to the company. It also shows the links between these
two categories. Several other models exist for analyzing developments
and uncertainties (see Aaker, 1984, Wheelen and Hunger, 1995), but
these do not show the relationships between external and internal de-
velopments and uncertainties as clearly as Broekstra’s model.

Broekstra’s Consistency model allows us to classify the developments
and uncertainties into four subcategories with each an external compo-
nent and a company component. Within each of these four categories
we will define factors. For each factor a range of potential values can
be defined, representing different views of the development represented
by that factor. At a later stage, we will use these factors and some
specific potential values to define scenarios.

The four categories distinguished by Broekstra. as well as the corre-

sponding factors, are discussed below:

{. The ‘Market Developments’ factors represent the external devel-
opments with respect to markets, customers, suppliers, competition,

governmental policies, regulations and economics.
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External Cultural System

TR OFDON Tz

feedback

Figure 3.2: A Consistency Model for Organizational Assessment and
Change (Broekstra, 198/, 1989).

These external developments determine to a large extent the potential
internal options of a company regarding ‘Entreprencurial Elements’.
Broekstra’s entrepreneurial aspect system basically refers to product-
market combinations. It also covers the options of a particular com-
petitive strategy, for example, differentiation in cost leadership or in
customer valued items (see Porter, 1985). The entrepreneurial choices
reflect important requirements that must be fulfilled by the logistics
network that is being designed.

2. “Technological Developments’ factors concern innovation in prod-
ucts, production methods, distribution methods, computer facilities,
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electronic data interchange, multi media applications, etc. How a com-
pany can take advantage of these innovations is expressed by Broekstra
in the business options regarding ‘Technological Elements’. Broekstra’s
technological aspect system refers to the company’s production and
distribution ‘hardware’, i.e. its primary conversion process. It also
includes the tools for daily operations, such as automation of manu-
facturing or warehousing processes, flexible manufacturing processes,
techniques for remanufacturing or recycling used products, appropriate
transportation facilities, tools for information processing within the lo-
gistics network like EDI, etc.

3. ‘New Organizational Methods and Techniques’ factors refer to devel-
opments and new insights in organizational structures, for instance cen-
tralization versus decentralization, product-oriented approaches versus
market-oriented approaches, mergers, take-overs, co-makerships, etc.
New management control techniques, changing accounting methods.
etc., also belong to this category of external changes. In the company’s
administrative aspect system, these external developments are evalu-
ated and options for their implementation in the organizational struc-
ture developed in terms of distinct ‘Administrative Elements’. With
respect to this aspect system, the logistics network needs to consider
such options as national or international structure, local plants for local
production or special purpose plants for international production, co-
makerships with suppliers and transport companies, centralized versus
decentralized activities, etc.

This aspect system also includes the systems that administer and con-
trol the activities of the technological and human resources (socio-
technical) system. This means that it also includes the options for
logistics planning concepts, such as MRP 11, JIT, OPT, DRP II, ERP,
the cost accounting method, management information at the various
control levels, decision-making processes, etc.
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4. ‘Labour Market and Educational System Developments® factors il-
lustrate the changes and developments in the labor market with re-
spect to the available labor force. its educational level, wage rates,
developments in the flexibility of the labor force. etc. These external
developments are reflected in the company by Broekstra’s internal as-
pect system of ‘Human Resource Elements’. This aspect system refers
to the organizational ‘software’. the characteristics of employees (age,
skills, knowledge, turnover, motivation, satisfaction, leadership styles,
flexibility, etc.) and the nature and quality of the social relations (the
socio-psychological system). Human resource elements are, for exam-
ple, training of employees in order to benefit from changed technology,
and control concepts. It also includes the dismissal, recruitment and
transfer of employees in case of closure. reduction or expansion of plants

or warehouses.

Note that the elements of Broekstra’s Consistency Model are closely
related to the elements of systems. style, skills, staff, strategy, struc-
ture and superordinate goals in the famous 7-S framework for effective
organizational change of Waterman et al. (1980).

Figure 3.3 gives an impression of relevant external developments that
could be taken into account in the process of designing a logistics net-
work for a multinational company such as the one described in chap-
ter 2. The factors are grouped in accordance with Broekstra’s Con-
sistency model. Figure 3.3 also shows the enormous variety of aspects
that can influence the LND.

Overviews of external developments are provided, for example, by the
Central Planning Bureau (1992). which considers the world economy
and industry-specific scenarios in Furope, by Cooper et al. (1991), by
O’Laughlin et al. (1993), who focus on industry branches. by Van der
Hoop (1992) and by the European Trends” journal.
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Political changes in F%\el‘ taxes Globalization “ /
Fastern Europe Limited driving hours Increasing computer power L
Increasing affluence in raad transport F_ur(?pean Harmonization T'elecommunication
i Product standards L,abomge } Artificial intelligence
Economic growth Customs
Envi tal Taxes
c;‘):r(:i):z:e‘s: z‘\\g Monetary policy Te(‘ Technical inventions
. ) )
Higher customer e“e\& Disappearance of Iogi"al
requirements exo trade and transport  / Inf . De"ej Robotics
. / nfor 1
W barriers // formation Op"le,,
: : rocessin
Hngher transportation costs t} P g G
New markets E - Flexible and automated

production and

Stronger competition |
warehousing techniques

service i
. r
price o -
7 - T —
. e n ~—
- - m S
e - S Y
n ) Outsourcing,
A t ( Co-makerships
bOQr ’j “0&
. M
Ty, Total supply chain A%
Flexible working e d, , o™ o board level
hours e,,EI \ managemem g0 Logistics 10 board level
() 1& position
Increasing levels of eql;q o 0& Mergers. take-overs,
education We partnerships
(De-)centralization
Increasing unemplovment Think global, act local
Back to core business Benchmarking

Figure 3.3: Some relevant external developments for the consumer elec-
tronics industry, in line with Broekstra’s Consistency Model for Orga-
nizational Assessment and Change (Broekstra, 1984, 1989).

According to Broekstra, awareness of external developments can help a
company identify many of the threats and opportunities for its business.
In the following paragraphs we will show how the concept of scenar-
ios can be used to deal systematically with the many different views
of external developments and to translate these views into alternative

business strategies and especially LNDs.
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3.2.2 Definition of scenarios
Scenarios in general

Different views on uncertainties in developments determine different
possible futures which may require different logistics networks. We de-
fine each future that is represented by an internally consistent view of
the factors described in the previous paragraph as a scenario. This
definition is in accordance with the definitions found in the literature.
Porter (1985) defines a scenario as “an internally consistent view of
what the future might turn out to be.” Leemhuis (1985) is more spe-
cific: “a scenario is a description of a possible future in which social,
political, economic and technological developments evolve in an inter-
nally consistent order.”

Scenario planning is a well-known phenomenon and a powerful aid in
strategic decision-making, as the successful pioneers in scenario plan-
ning - Royal Dutch/Shell - have emphasized. Wack (1985) states:
“By listening to planners’ analysis of the global business environment,
Shell’s management was prepared for the eventuality - if not the tim-
ing - of the 1973 oil crisis”. In the case of Shell, scenarios help to
develop strategies to deal as effectively as possible with uncertainties
in the future. Another reason for using scenarios is the pace of tech-
nological and competitive change, which makes it inevitable to speed
up strategic decision-making processes. The simultaneous development
of multiple scenarios and alternative strategies enables fast decision-
making (see also Eisenhardt, 1990) and facilitates consensus in decision-
making (Linneman and Klein, 1985). Porter (1985) and Schoemaker
(1993) stress that the development of scenarios strongly contributes to
creativity in strategic planning and to widening the range of alterna-
tives considered. Mason (1994) illustrates that scenario-based planning
is a useful decision model for the learning organization, provided that
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scenarios are developed in an interactive process involving the manage-
ment teams in the company. We will incorporate this interactivity in
our framework for LND in chapter 4.

In their survey of the Fortune 1000 companies, Linneman and Klein
(1985) found that approximately half of these companies said to use
scenario analysis, and in a similar survey of large European companies
by Malaska et al. (1984), the percentage of scenario users was 36%, a
figure which by 1985 had risen to 40% (Malaska, 1985, Meristo, 1989).

We will now make our definition of ‘scenario’ more concrete by intro-

ducing the following notation:

S = {’\flv)‘fw)‘fs’ ) )‘fF}

where
A;, = a value of factor f; (forz=1,2....., F)

13

and
Afrs Afyy Afysooes Afp are mutually consistent

At a later stage the factors f; will be connected to the factors e and ¢
as defined in section 3.2.1.

Note that this notation shows that a scenario is not a series of single
independent forecasts for the factors f1, f2, f3y -y fr, which however
results in one possible, credible future. as guaranteed by the mutual
consistency of the factors (see also Bunn and Salo, 1993. Porter, 1985).
Schnaars (1987) also emphasizes the mutual consistency of these factors
by stating that: “A scenario provides a more qualitative and contextual
description of how the present will evolve into the future, rather than
one that seeks numerical precision. It is based on the assumption that
the future is not merely some numerical manipulation of the past, but
the confluence of many forces, past, present and future.” Factors that
are included in a scenario are, for example: demand for consumer elec-
tronics and availability of technically skilled labor. If a high demand
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for consumer electronics coincides with a poor supply of skilled labor.
an inconsistency may arise if the production technology cannot be im-
proved. This example shows that in the development of a scenario. it
is not only the values of the individual factors that are important, but
also. if not more so, the interactions between the {actors.

During the development of a scenario, the mutual consistency of the
Aj,’s is reached step by step. However, we will consider a set {\,. \y,.
Afysn App} a scenario even if the scenario is not finished. i.e. the As’s

are not vet mutually consistent.

External and company scenarios

As we have defined two types of factors (external and company factors),
we will now also define two tvpes of scenarios: the external scenario and

the company scenario.

In the literature, external scenarios are often subdivided into macro sce-
narios and industry scenarios (see Linneman and Klein. 1985, Porter,
1985 and Schoemaker, 1991). Macro scenarios represent developments
in the world, the continent and the country. Industry scenarios focus
on one specific industry. analysing the developments and uncertain-
ties in macroeconomic. political, technological and other relevant arcas
and probing their implications for competition in the industrial sector
concerned. In this thesis we will mainly be concerned with external
scenarios of the industry type.

To define an external scenario. we introduce a notation for the external

factors e:
The external market factors of class ¢™ are represented by eM. M.
¢yl ey, where M s the number of external market factors that

are considered.

T
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The external technological factors of class ¢ are represented by el el
eI .., eby, where ET is the number of external technological factors

that are considered.

@]

The external organizational factors of class ¢? are represented by e?,

€9, €9, ..., %o, where EO is the number of external organizational fac-
tors that are considered.

L

L are represented by ef, €5,

The external labour market factors of class e
ek, .., ek, where EL represents the number of external labour market

factors that are considered.

According to this notation of the external factors and the notation of

a general scenario, we denote an external scenario Sez; as :

Scu = /\EM U Aefl‘ U 1\50 U 1\5,1,

where

Ao = {Aom Aoy, A }
1 2 EM

Ar = {)\BT//\CT, ,/\67}
1 2 ET

Ao = {Ao, Ao s Ao},
1 2 EO

A = {)\ef,,/\ﬁé,....,/\cﬁl}

Ao Ao Ao, Ao internally and mutually consistent

A, = avalue of the external factor €]

An example of an external factor for the consumer electronics industry
is the development of new markets in Europe, denoted as eM  arkets-
Interesting aspects of these potential new markets are the geographical
areas and the potential turnover in each area. They are represented by

the value of this factor Am , where:

new—markets '’

Aem € {(ac,t.) | ac € {European areas},
t. € [0, 150] billion EURO},
where a, represents a geographical area and

t. represents the potential turnover in this area.
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If for a specific external scenario a new market is expected to develop
only in Eastern Europe, with a potential turnover of 10 billion EURO,
then )‘F;Yw_mmm = (Eastern Europe, 10 billion EURO).

A company scenario as defined by Schoemaker (1991) is a scenario for a
company in which an external scenario has been translated into a view
of the company’s future development. This view is an internal view of
persons in the company. We denote a company scenario S, along

the same lines as the external scenario:

Seomp= Az UA T UAAUAux

where

A = {)\ {;,/\CE,...,)\CEE},

Ar = {/\ClT‘/\C

ACA = {/\Ciq,/\C 7"'1)‘04 },

Aw = {/\C{I,/\Céf,...,)\ch}

Ace A, Aia. Ae internally and mutually consistent
Aer = a value of the company factor ¢}

where

¥ represents the class of the ('E entrepreneurial company

146 C5 o, Co g

¢ represents the class of the C'T technological company

factors ¢, &, ef', ..., L.

¢ represents the class of ('A administrative company

A A A A
factors cf', g, ¢4, ..., 2.

" represents the class of ('/H human resource company

vdare oH H O H H
factors i’ eff, el . cHy.

factors ¢

c
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It will be clear that there is a close connection between external sce-
narios and company scenarios. In line with Broekstra’s Consistency
model (see figure 3.2), the external market developments will be trans-
lated into choices for the entrepreneurial system, the external techno-
logical developments will be translated into options for the company’s
technological system, new organizational methods and techniques will
be translated into alternative administrative systems and the devel-
opments on the labor market and in the educational systems will be
translated into options for the future human resource system. In our
notation, this means that the values of the factors in A e are a transla-
tion of the values of the factors in A.» and the same type of reasoning
holds for the other three types of factors. For instance, the external
factor €M ... we discussed earlier, with its value )"ffiw_mmkm:
(Eastern Europe, 10 billion EURO) can be translated into company fac-
tors as follows:

Eager to take advantage of the developing market in Eastern Europe,
a specific company has to decide whether or not to enter this new
market and in case it decides to do so, it will also have to define a de-
sirable turnover. In our notation, this could result in a company factor
with value

(.E )
“new—market—in—FEastern— Europe®

AE € [0, 10] billion EURO.

new—market—in—FEastern— Europe

For different company scenarios, the value of A s

new—market—in—Eastern—FEurope

can be for instance 0, 4, 8 or 10 billion EURO.

Note that the translation of the various external factors into company
factors is not a series of independent processes; ultimately, Ace, Acr,
A.4, Az must be internally and mutually consistent!

In the translation process, some factors e and their values A. of the
external scenario will be converted into factors ¢ and their values A.

of a corresponding company scenario without change (e.g. ‘interest

bb)
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rates will increase by 25%’). External factors can also be converted

into company factors with values representing business choices. This
M

‘new—-markets:®

is the case of the external factor which is translated into
the company factor cfm*m,kE,_in_Easm,L_Eumpﬁ. Besides the company
factors that are derived direct from the external factors, there will also

be many new factors in the company scenario, for example the factors

(’product—Ta'nge—in—Easff:rn —europe?
¥ p
Cservice—level—in—Eastern—eu rope and

Csales—prices—in—Eastern—europe .

Note that a logistics network is part of a company scenario. This means
that the set of decisions {Dpqcisities- Driows} has to be represented by

values of company factors in a company scenario.

3.3 Towards an LND, using scenarios

In this paragraph. the LND process shown in figure 3.1 will be ex-
tended by incorporating external and company scenarios. Moreover.,
as the process of designing a logistics network is a strategic decision-
making process. the phases in this process will be distinguished with the
help of frameworks for strategic decision-making defined by Mintzberg
et al. (1976) and Simon (1977). This chapter will only consider the
separate phases in the process. The loops and interruptions. as well
as the various participants involved in the process. will be discussed in
chapter 4. Figure 3.4 depicts the different phases we will discuss in this

section.

According to Simon and Mintzberg, every strategic decision-making
process begins with an dentification phase. in which the problem area
is identified. and the first diagnoses are made. “Opportunities, prob-
lems or crises are recognized and the evoking stimuli are comprehended”
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Figure 3.4: Process of the design of a logistics network, using scenarios

and characterized as a strategic decision-making process.
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(Mintzberg et al., 1976). Often the existing situation with regard to
the topic on which decisions have to be taken needs to be investigated
in more detail. Starting points and targets for the desired situation are
set.

For the LND decision process, we divide the identification phase into
two major components: the analysis of the external environment and
the analysis of the business choices.

In the first four steps of the analysis of the external environment (see
figure 3.4), the factors e as defined in the previous section, are inves-
tigated. Two valuable ways of investigation are distingnished. One is
to search for uncertainties that may affect the logistics network from
the point of view of the existing logistics network. This method is sug-
gested by Porter (1985) in his description of the process of constructing
external scenarios. The other method starts from a general view of the
external environment and addresses at a later stage developments and
uncertainties that may affect the logistics network. Bunn and Salo
(1993) refer to the two different types of scenario resulting from these
methods as exploratory scenarios and anticipatory scenarios. They sug-
gest to combine both methods.

The next step is to address a range of possible values A, for the exter-
nal factors e. A discussion of each factor and its range should result in
one or more specific values for each factor. The final step is to synthe-
size the specific values of the different external factors into consistent
combinations, which yields external scenarios S..;. In section 3.4 this
process is worked out for the case example presented in chapter 2.

By making business choices, a start is made with the translation of each
of the external scenarios into one or more company scenarios Seomp-
This is the second part of the identification phase. First the factors of
the external scenario that is being considered are translated into com-
pany factors. When these company factors and their related external
factors are discussed. business choices are made by assigning ranges of
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values or even specific values to these company factors. Often the focus
is first on the factors cF, which represent the entrepreneurial choices
for product-market combinations, customer service levels, etc..

It is also possible to define other important factors ¢ that are not nec-
essarily a direct translation from an external factor e.

Following the identification phase of the strategic decision-making pro-
cess, a range of alternative ‘solutions’ to the identified problem are
developed. As a first step, suggestions for improving the existing situ-
ation are made and constraints for the new situation are set.
Mintzberg refers to this phase as the development phase, with the de-
sign phase being a part of it. Simon calls it the design phase, with
development being a part of it! Besides the difference in names, there
is also a significant difference between the two frameworks: in Simon’s
framework, the analysis of the alternatives is a part of the design phase,
whereas in Mintzberg’s framework this is part of his next phase: the
selection phase. On the basis of our own experiences, we have decided
to opt for Mintzberg’s approach.

In the development phase, then, the company scenarios are extended
by the construction of LNDs. Each LND that is developed should be
consistent with the business choices made in the identification phase.
In section 3.4 the process of constructing LNDs will be worked out in
detail. Special attention will be paid to the support of the quantitative
model developed in chapter 2.

As the development phase of a strategic decision-making process often
results in a large number of options, these options need to be screened
and evaluated by a range of qualitative and quantitative aspects and a
choice has to be made on the basis of a combination of analysis, bar-
gaining and assessment.

As stated above, we prefer Mintzberg’s approach, which combines the
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analysis of the alternatives and the selection of the best solution in one
phase: the selection phase.

As far as the LND decision process in concerned, in this phase the alter-
native company scenarios that have been developed so far are evaluated,
with special attention being given to the LND part. In chapter 4 the
evaluation criteria are discussed. These evaluation criteria may intro-
duce new company factors in the scenario or may lead to ranges of
values or specific values for factors that did not yet have a value (often
factors of type ¢, c? or cf'). So, the evaluation of the LND leads to
factors ¢ and values A.. which completes the company scenario. Note
that the values of all factors in the company scenario should be mutu-
ally consistent!

Finally, the selection of the most appropriate LND has to be made. In
chapter 4 several selection approaches for the choice of the optimum

LND are considered.

In the authorization phase, the final approval for the implementation
of the selected LND should be reached. Simon does not mention an
authorization phase. In Mintzberg’s framework, it is the final part of
the selection phase (and also the final part of his entire framework).
Because of the importance of this phase and because of the involve-
ment in the decision process of several participants inside and outside
the company (see chapter 4), we consider this phase as a separate one.

Following the authorization phase. a start can be made with the de-
tailed preparations for the implementation of the selected LND. Ackoff
et al. (1984) present useful guidelines for this preparation process. The
preparation ends with the start of the implementation process of the
selected LND.

By reviewing the implemented LND, the choices made previously are
assessed (Simon, 1977). This may lead to adaptations in the LND.
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3.4 Creation of scenarios for the case ex-
ample

3.4.1 External scenarios

In this paragraph we will illustrate the creation of external scenarios
for the company introduced in chapter 2.

Following the procedure suggested in figure 3.4, we will present some
examples of external factors, their potential values and the construction

of external scenarios.

Factors and ranges of values

We will first discuss some important external factors for the consumer
electronics industry, the multinational company’s area of activity (see

also figure 3.3):

Factors ‘new market in Eastern Europe’and ‘new market in Southern
Europe’, e iern—Burope 304 €8uthern—Europe:

Given the changed political situation in Eastern Europe, the disap-
pearance of trade barriers in the European Union and the economic
growth in both Eastern and Southern Furope, it is anticipated that a
new market may develop in Eastern Europe with a turnover of up to
10 billion EURO and that a substantial growth of up to 100% may take
place in the Southern European market. Like the example on page 53,

this can be represented by the values of the factors /\elg . and
astern—Europe
M , where:
Southern—Europe
AeM € [0, 10 billion EURO],
Eastern—Europe
Aom € [0, 100%)]

eSou.thern—Europe
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For the construction of external scenarios, interesting values are for in-
stance:

- ey ; M _
/\]lg]astern—Europe =10 billion E[JR’O and /\Southern—Europe - 100%> repre-
senting the extreme situation where in Eastern Europe a new mar-
ket with a 10 billion EURO turnover will emerge and in Southern
Europe — 0 and
= 0, representing another extreme situation where no

Europe a growth of 100% will take place, AM ...
M

Southern—Europe
new market in Eastern Europe develops and no growth takes place in
the Southern European market, AY, ...._purope = 2 billion EURO and
MY ihern—Europe = D0%, representing ‘in between’ alternatives in which
in Eastern Europe a market of 2 billion EURO develops and in South-

ern Europe the market grows by 50%.

Factor ‘transport time’, €)%, o0 time

Due to the rapid disappearance of trade and transport barriers be-
tween European countries, international transport and distribution at
all levels of the logistics network are becoming less time-consuming.
Theoretically, a time reduction ranging from 0% to 100% may occur.
A more realistic value, which is expected by Cooper et al. (1991), is
an average reduction in time of 50%. This results in A m =

tranzport—time

50%, where A m represents the time reduction in international

transport—time

transport and distribution.

Factor ‘lead times’, e}, . -

As described in chapter 2, several companies in the same line of in-
dustry are already advertising a guaranteed 48 hours delivery time. It
depends on the success of the competitors and the demands of the mar-
ket whether or not lead time really becomes an issue in competition.
Therefore we take as a range for the lead time 24 to 72 hours. Using

our notation, A m € [24. 72 hours], where A u represents

lead—times lead—times

the lead time to be guaranteed to the customers.
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€{24, 48, 72

. . M
hours} are examples of interesting values for the factor €y , _jimes-

For the construction of external scenarios, A.m

lead—times

Factor ‘price’, €M, .:
Besides the competition in customer order lead time, there is also com-
petition in the sales price of the products. The expected reduction in

sales prices in the industry ranges between 0% and 20%. So, A, €
P

TICES

[-20, 0%)], where A,m  represents the change in the level of sales prices
prices

in the consumer electronics industry.

For the construction of external scenarios, interesting values for the

factor eM. _ are for example 0%. -10% or - 20%.

prices
Factor ‘fuel rates’, e%el_mtes:
Due to policy developments prompted by overcrowded roads and in-
creasing environmental awareness, especially in Western Europe, it is
very likely that fuel rates will increase, maybe even up to 100%. This
€ [0, +100%], where A u represents the

fuel—rates

means that )\e%el_mes
change in the fuel rates.
The two extreme values 0% and 100% are options that may be inter-
esting as values for the factor e}’ ,_ ., . in an external scenario. As a

third value, an increase of 25% is suggested by O’Laughlin et al. (1993).

Factor ‘telecommunication and information management’,

Ctelecommunication

Developments in telecommunication and information management will

affect the future role of plants, warehouses, ordering processes, cus-

tomer service levels etc. The range of values A r of this fac-
ommunication

tor can be defined for example as {slow (S]), moderate (M), fast (F)}.
It is expected that these developments will move forward fast.
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Factor ‘flezible production and warehousing techniques’,

T .
eflerible—production—and—urarehousing——techniques‘
This development also affects the future role of warehouses and plants.
Its value A, 7 ~ can be qualified for in-

’fle:rzble—pT'oductcon\—an(.i——u/arehou.szng—techntques .

stance as ‘stabilizing’ (St), ‘improving’ (Im) or ‘breaking through’ (B).
It is expected that Im is a realistic value.

Factor ‘outsourcing, co-makership’, €9, .+ cino—and—co—makership®
As a consequence of increasing competition, many production compa-
nies are focusing (or refocusing) on their core business. This creates
an opportunity for transport agencies to extend their services by trans-
forming themselves into “logistics service providers” that also offer such
services as warehousing. order processing, packaging and even assembly
activities. These services may remain on the same level (Rs) or increase

considerably (Ic). It is expected that Ic is a realistic value for the factor
0

eoutsourr‘ing-and-—co—m akership®

Factor “fotal quality management’, €9,.1_ 0 arity—management:

To enable the reduction of logistics costs and the improvement of the
customer service level, concepts of total quality management have been
developed. The attention for this concept may increase (I), remain con-
stant (C) or reduce (R). The expected value /\etootal—quauty—-managemcnz is C.
Table 3.1 gives an overview of these examples of factors that are impor-
tant for the industry. For each factor, a range of values is shown, as well
as some interesting values for the development of external scenarios.
For some factors, only one single value for the development of external
scenarios is selected. Following Porter (1983), we classify these factors
as ‘predetermined’, arguing that these factors represent developments
which are apparent and to a large extent predictable. From table 3.1
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Factor Class Range of values Values for
external scenarios

New market East. Europe eM [0,10 billion EURO] | 0, 2, 10 billion EURO

New market South. Europe | eM [0,100%] 0, 50, 100%

Lead time eM [24, 72 hours] 24, 48, 72 hours

Price eM [-20, 0%) -20, -10, 0%

Fuel rates eM [0, 100%)] 0, 25, 100%

Transport time eM [0, 100%] 50%

Telecommunication and eT SI, M, F F

information management

Flexible production and el St, Im, B Im

and warehousing techniques

Outsourcing and e© Rs, Ic Ic

co-makership

Total quality management e© ILC,R C

etc.

Table 3.1: External factors and their values for the case example.

it will be clear that the factors transport time, telecommunication and
information management, flexible production and warehousing tech-
niques, outsourcing and total quality management are predetermined,
but in a very qualitative way. The other factors - new markets, lead
time, price and fuel rates - are classified as ‘uncertain’, which means
that their value can differ per scenario.

To some factors, quantitative values can be assigned (e.g., lead time,
fuel rate, price); other factors are only represented by mainly qualita-
tive descriptions (e.g., outsourcing, total quality management).

In the next paragraph we will show how external scenarios can be con-

structed by eliminating the inconsistent combinations of the values of
the external factors that are shown in table 3.1.
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Construction

In accordance with the definition on page 53, an external scenario for
the multinational company can be denoted as:

Seet = Aev UAcr UAco UAcr

where

Ao = {Mu A A, o
Eastern—FEurope Southern— Europe lead—time ’ price

Ay Ao i

fuel—rates transport—time

AeT = {AeM )  y NeM
telecommunication flexible—prod.—and—wareh.—techniques

Ao = {Ae s Ao

¢ e outsourcing etotul-—qualzty—management}’
Ao =10

Aov,Aor, Ao, A internally and mutually consistent

[t will be clear that the differences in the external scenarios described
above are mainly determined by the values of the ‘uncertain’ factors
new markets, lead time, price and fuel rates and that the ‘predeter-
mined’ factors are part of every scenario.

Although our simplified case example has only five factors represent-
ing ‘uncertain’ elements, with three or five different options for each
of them, a total of at least 3° =243 different combinations of values of
external factors can be made. We are only interested in the consistent
combinations, which form an external scenario.

To identify consistent sets of values of factors, several methods and
techniques are available (see for instance, Schwartz 1991, Reibnitz 1988,
Godet 1987, Huss and Honton 1987, Schnaars 1987, Porter 1985). We
will follow almost the same route as the one proposed by Porter (1985),
combining potential values of different factors and considering their con-

sistency.

Let us start by looking at how consistencies and inconsistencies can
be detected in the elements of competition we are considering: the
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customer order lead time and the sales price of the products.

It is not sure whether the competition will focus on sales price or on
lead time. Extreme reductions in both seem unrealistic. However, it is
certain that the market, encouraged by the competitors, will demand
lower prices or shorter lead times. Table 3.2 shows five combinations
which represent realistic developments in the industry.

Lead time
Sales price 72 hours I 48 hours l 24 hours
0% i i
-10% i ¢
-20% c c i

Table 3.2: Consistencies (c) and inconsistencies (i) in competitive ele-
ments ‘lead time’ and ‘sales price’ in external scenarios.

As a next step, we combine these five consistent combinations with the
factor ‘fuel rates’.

The development of the fuel rates affects the potential reduction of the
sales price. An increase of fuel rates makes substantial sales price re-
ductions unrealistic. This means that we can consider the combination
of a fuel rate increase by 100% with any sales price reduction incon-
sistent. The same holds for the combination of a fuel rate increase by
25% and a sales price reduction of 20%.

In the case of a 24 hours delivery time, the frequency of transport is
high and, consequently, the transportation costs will constitute a larger
part of the sales price. So a sales price reduction and an increase of the
fuel rates is again an unrealistic option.

The results are represented in table 3.3.

The fourth and fifth uncertain factors in our case example are the de-
velopment of a new market in Eastern Europe and the growth of the
existing market in Southern Europe. The determining trends related
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Elements of competition Fuel rates
Lead time l Sales price || same | +25% [ + 100 %
24 hours 0% c c c
-10% c i i
48 hours -10% c c i
-20% c i i
72 hours -20% ¢ i i

Table 3.3: Consistencies (c¢) and inconsistencies (i) in factors ‘lead

time’, ‘sales price’ and ‘fuel rates’ in external scenarios.

to these factors (i.e. harmonization in the European Union, economic
growth in the South of Europe and political changes in the Eastern
part of Europe) may lead to all nine possible combinations of these two
factors. Moreover, these trends are virtually independent of the factors
‘sales price’, ‘lead times’ and ‘fuel rates’. This means that we can com-
bine each of the nine options of the market developments in Southern
and Eastern Europe with the eight internally consistent combinations

of ‘fuel rates’, ‘lead time’ and ‘sales price’.

We have now combined the possible values of all uncertain factors and
have selected 9x8=72 consistent combinations out of 243 possible com-
binations. This means that we still have 72 external scenarios!!

3.4.2 Company scenarios

The company has to select external scenarios as a basis for its company
scenarios?. To illustrate the construction of company scenarios. we
select one single external scenario ‘High service against high cost rates,

INote that in all 72 scenarios, the ‘predetermined’ factors (see table 3.1) are of

major importance.
2How to deal with the high number of 72 external scenarios in the LND process

will be discussed in chapter 4.
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“ Factor l Class ﬂ Value ”
New market in Eastern Europe eM 10 billion EURO
New market in Southern Europe | eM 100%

Lead time eM 24 hours
Price eM 0%
Fuel rates eM +100%
Transport time eM 50%
Telecommunication and eT F
information management

Flexible production el Im
and warehousing

techniques

Outsourcing e® Ic
Total quality management e® C

Table 3.4: External factors and their

values for the external scenario

‘High service for expanding markets against high cost rates’.

while markets expand’ (see table 3.4). This specific external scenario

describes the future as follows:

In the existing markets for consumer electronics, the cus-
tomer order lead time will be reduced to 24 hours, while the
sales price level will remain constant. A new market in East-
ern Europe will develop with a turnover of 10 billion EURO
and a growth of 100% will occur in the Southern European
market. The fuel rates are expected to double and, in con-

sequence, transport costs will increase substantially. Interna-
tional transport and distribution will become 50% less time-
consuming. The developments in telecommunication and infor-
mation management will move forward fast, flexible production
and warehousing techniques will improve gradually, outsourcing
and co-makerships will increase considerably and the attention
for total quality management will remain constant.

The construction of company scenarios is to some extent comparable
to the construction of external scenarios. The MILP model developed
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in chapter 2 plays an important role, as will be explained. In the trans-
lation of an external scenario into a company scenario, we distinguish
three types of factors and values:

- The factors and values that are input for the MILP model.
These factors are related to products, markets, demand forecasts,
cost rates, optional types, locations and sizes of facilities, lead
times, etc. Many of these factors belong to the class c. We
denote this set of values as Ajnput—rND-

- The factors and values that are the outcome of the MILP model.
In fact, these values are the choices for the Dyjoys and Dgcitities
defined in section 3.1. They concern the type, number, locations
and activities of facilities and the transport flows between the fa-
cilities. We denote this set of values as Agpecify—LND-

Note that the value of an input factor for the MILP model, for
instance a fixed customer warehouse allocation, may also be ele-

ment of Agpecify—ILND-

- The factors and values that are determined otherwise.
These are factors and values that are not related direct to the
calculations of the MILP model, but that are nonetheless very
important in the development of and LND. These are mainly the
factors that represent technological, administrative and human
resource aspects (factors of the classes ¢, ¢4, ¢). The values of
these factors are often globally set when an external scenario is
translated into company scenarios. Sometimes the values of these
factors generate values of the factors in Ajppue—rLnp, €.8. techno-
logical developments that lead to maximum or minimum sizes of
plants. When calculations are made with the MILP model, the
values of these factors are often specified in greater detail and

used as evaluation criteria for the LND proposed by the MILP
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model, e.g. the type of personnel that is needed. We denote this
set of factors and values as Acyaiuate— LND-

In addition to the definition of a company scenario on page 54, the
following definition may also be used:

Scomp = Ainput—LND U Aspecify—LND U Aevaluate—LND
where

Ainput—LNDs Mspecify—LND s Mevatuate—LND internally and
mutually consistent.

Figure 3.5 illustrates the construction of a company scenario as a step
by step procedure, using this distinction between two sets of values of
factors. We will explain each of the steps in this process for the case

example:

Step 1. Determine factors and values that are input for the MILP
model:

The values of the external factors e}, .. Europer €Southern—Europes
M i vimes €Micer €el_rates @A €oripor—time Of the external scenario
‘high service against high cost rates’ provide information for the com-
pany factors of class ¢®. The factors e}l .., and €M i nsport—time 3T€
predetermined. So, the values of the related company factors B el _rates
and cZ ., ori_t1ime are respectively +100% and 50%.

On the basis of the values of the external factors €Y, ic.n_purope a0d
e e Europe> the company has to decide whether or not to enter the
Eastern European market and to expand its business in the Southern
European market. For example, the company may decide to enter the
Eastern European market and aim at a market share of 50%; at the
same time, it decides to increase its market share in the Southern Eu-

ropean market, aiming for an increase in turnover of as much as 200%.
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Step 1. Determine factors and values that are input for the MILP model.

- Determine interesting factors. Start with the company factors
that can be translated direct from the external scenario. Focus especially
on the entrepreneurial factors.

- Determine ranges of values for each of the individual

factors.

- Select specific mutually consistent values for each of these individual factors.

Result: A set Aipput—LND-
Step 2. Determine factors and values that specify an LND.

- Determine factors that represent {Dy5y, Dyacitities}-
- Determine ranges of values for each of the individual factors.

- Select specific mutually consistent values for the individual factors,
based on A;ppui— 1. np. The MILP model of chapter 2 will be very
helpful.

Result: A set Agpecify—LND-
Step 3. Evaluate the LND.

- Determine interesting factors. Start with the company factors that
can be translated direct from the external scenario. Focus
especially on the technological, administrative and human resource

factors.
- Determine ranges of values for each of the individual factors.

- Select specific mutually consistent values for each of these
individual factors, based on A pecify—LND-

Result: A set Aeyaiuate—LND-
Step 4. Evaluate the mutual consistency of values.

- Combine the values assigned in the steps 1, 2 and 3 into
consistent combinations. This completes the company scenario.

Figure 3.5: Procedure for the development of a company scenario.
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For the existing market, too, the company has to decide on the turnover
target figures. These entrepreneurial decisions are represented by the

following company factors and ranges of values®:

Ceruttng—European—market with value

A E € [0, 15%], representing
ezxisting—European—market
the expected increase in the company’s turnover in the

existing European market,
E .
CEastern— European—market with value
A E € [0, 5 billion EURO], representing
FEastern—European—market
the company’s expected turnover in the

Eastern European market,

E .
CSouthern— European—market with value

A.E € [0, +200%)], representing
Southern—European—market
the expected increase in the company’s turnover in the

Southern European market.

Table 3.5 shows these factors and some examples of specific values that
are interesting for the construction of company scenarios.

Besides the decisions concerning entering the market and targeted turn-
over, for each market decisions need to be taken concerning product
ranges, sales prices and lead times to be offered.

In order to determine the appropriate product range for each market
area, it will be necessary to conduct research on the consumers, com-
petitor behavior, etc.

At this stage we specify that the values for each of the factors

ck - ck . ck
products—ezisting—markets> products—FEastern—Europe) products—Southern— Europe
must be a subset of the set {existing, new}, where ‘existing’ repre-

sents the set of the existing products and ‘new’ the set of new products

(see table 3.5).

3Note that a value 0 represents the company’s decision not to enter this specific
market.
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In order to set suitable sales prices and lead times for each poten-
tial market area and product range, more detailed investigations are
needed. For the sake of simplicity, we will only discuss sales prices
and lead times for the three market areas distinguished so far. For
ecach of these, the values of the factors related to sales prices and lead
times depend strongly on the competitive strategy adopted for the area
concerned. In general, there are two options for a competitive strat-
egy (Porter, 1985): competition by differentiation in customer-valued
items or competition in cost leadership. For example, if a company
opts for competition in customer-valued items for the existing market,
a lead time reduction to 24 hours or even to 12 hours may be required.
Moreover, this reduction would ideally have to be realized before the
competition becomes aware of it. On the other hand, if a company
decides to compete for cost leadership, customer order lead time may
have to be reduced to, say, 36 hours only. The same line of reasoning
holds for the markets in Eastern and Southern Europe. This results in
the following factors:

E .
Csales—price—ezisting—markets with value
A E € [-30, 0%)], representing

sales—price—eristing—markets

the expected change in sales price the company
will offer in the existing markets,

E .
Clead—time—existing—markets with value

. € [12, 36 hours], representing
lead—time—existing—markets

the expected lead time the company will offer
in the existing markets,

1 >
csales—prica—Eastern—European—ma.rket with value

AE € [-50, +30%)], representing
sales—price—Eastern—European—ma rket
the sales price level the company will offer

in the Eastern European market. The level is
specified in comparison with the sales price offered
in the existing markets,
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C!ead—t:me—Eastern—-European—marker with value

AE € [2, 7 days], representing
lead—time—FEastern—European—market

the expected lead time the company will offer
in the Eastern European market,

E .
Csales —price—Southern—European—market with value

AE € [-20, 0%)], representing
sales—price—Southern—European—market

the expected change in sales price the company
will offer in the Southern European market,

E .
Clead—time—Souther n—FEuropean—market with value

AE € [24. 72 hours], representing

lead—time—Southern—European—market

the expected lead time the company will offer
in the Southern European market.

The factors and values that represent the decisions discussed above. are
summarized in table 3.5.

Note that, if we combine each of the specific values of the fourteen
company factors in table 3.5, this already results in 3'2= 0.5 billion

potential company scenarios!*

Step 2. Determine the factors and values that specify an LND:

In section 3.1, we stated that a specific LND has been created when
the decisions Dyjons and D geiities have been made. So, the company
factors and their values should represent these decisions, focusing on
type, number, locations and activities of facilities and the transport
flows between the facilities. A detailed specification of these company
factors is provided by the set of decision variables of the MILP model
developed in chapter 2. The DSS SLAM (see also appendix A) and the
MILP model can be used to determine specific values for these factors.
Figure 3.6 provides a detailed picture of the contribution of the MILP
model and the DSS to the design of alternative logistics networks.

*In chapter 4 we will discuss how to deal with large numbers of scenarios.
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Minimum:
683 products, markets, demand forecast
) number and types of echelons
optional locations and types of facilities,
cost rates of activities
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Figure 8.6: Contribution of DSS SLAM and MILP model.
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The minimum information needed for the DSS and the MILP model is
information on products, markets, demand forecasts, optional number
and types of echelons in the logistics chain, optional types and loca-
tions of facilities and cost levels of the activities (figure 3.6, la). If
more details on the business choices are available, information on cus-
tomer service levels (represented by lead time and inventory levels),
fixed locations and activities of facilities, minimum and maximum sizes
of facilities and transportation flows between facilities can be added as
input for the DSS and the MILP model (figure 3.6, 1b).

On the basis of this information, the DSS and the MILP model deter-
mine the values of the factors concerning the facilities and the flows in
an LND with the lowest possible level of total variable logistics costs
(figure 3.6, 2 and 3).

The values concerning the facilities and flows constitute a logistics net-
work structure, which is reported by the DSS on a range of quantitative
aspects (figure 3.6, 4), such as number and sizes of facilities, customer
deliveries, lead times and logistics costs.

Step 3. Evaluate the LND:

In this step the LND suggested by the MILP model in the previous
step is evaluated and its consequences are worked out. The factors and
values in the external scenario that have not yet been translated into
company factors (or only to generate input for the LND in step 1.)
are: ‘Telecommunication and information management’, ‘Flexible pro-
duction and warehousing techniques’, ‘Outsourcing’ and ‘Total quality
management’. These are external factors of the classes e? and €9,
which can be translated into company factors of classes ¢7, ¢4 and pos-
sibly c#. We will briefly illustrate the translation of the external factor
‘Telecommunication and information management’ into company fac-
tors. The value of this factor in the external scenario is F (‘develop-
ments move forward fast’). Examples of these developments are: multi-
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media communication, EDI, interorganizational information systems,
Internet, etc. All these developments contribute to ‘moving the right
information to the right place at the right moment’. As this is done
electronically, a tremendous speed of information processing may be the
result. This means that for instance the information of an order can be
available at a plant at any location in the world within seconds after
the order is placed. This opportunity will enable to reduce customer
order lead times and inventories tremendously and enables worldwide
cooperation. Moreover, the customer may have product specifications
at his disposal within seconds, too, which increases the sales potential.
If the company in our case example considers reducing lead times and at
the same time reducing costs and maybe also entering the new Eastern
European market and increasing turnover in the existing market and in
Southern Europe, these developments in telecommunication and infor-
mation management are both a challenge and a necessity. Of course,
in order to benefit from these developments, investments in technology,
people, organization, procedures, standardization, etc. are required.
These investments are represented for example by the following com-

pany factors:

- Chusiness—procedures
which represents the degree to which business procedures In gen-

eral and administrative procedures in particular are redesigned.
Potential values of this factor are alternative levels of redesign.

CA ;
European—cooperation

representing logistics cooperation in Europe. Potential values of
this factor are for instance alternative types of cooperation be-
tween plants by supporting each other in dealing with fluctua-
tions in demand.
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- cz;mputer—inf'rastructure
which represents the hardware and software needed to fulfil in-
formation processing needs. Potential values of this factor are

alternative plans for the hardware and software infrastructure.

H

Cpersonnel

representing the skills, knowledge and attitudes that are needed
to reap the benefits of the developments. Potential values of this
factor are an alternative composition of the workforce, manage-
ment and staff needed.

Of course, only a few examples of potential factors are given. Moreover,
during the process of developing a company scenario, they need to be
narrowed down into more detailed factors.

Step 4. Evaluate the mutual consistency of values:

As a final step, the mutual consistency of all the values of factors in
the company scenario must be checked. This means that the internal
and mutual consistency of each of the three sets of values Ainput—LND,
ANspecify-LND and A paiyate—np has to be examined. These consistent
combinations can be found with the help of the same method as the one
used for the construction of external scenarios (see paragraph 3.4.1).
Moreover, when fixing the values in the set Ainput—LND, the company
is in fact making strategic entrepreneurial choices, which usually lead
to consistent combinations. For example, if the company decides to
compete in customer-valued items in Europe. the lead times need to
be set at a minimum level: 12 hours in the existing markets, 2 days in
the Eastern European market and 24 hours in the Southern European
market. In this strategy, the sales prices in the existing markets might
follow the general trend in industry, meaning that they would remain
the same. For the Eastern Furopean market the company might decide
to introduce the same sales prices as in the existing markets, while the
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Southern European market would be offered a reduction in sales prices
of about 10%.

Although this is a rather rough description of how business choices are
made, it illustrates the line of reasoning which ultimately leads to an
internally consistent set of values of factors based on entrepreneurial
choices.

The values in Aspecify—LND are usually mutually consistent, because
they are based on an optimal solution of a MILP model. The values
are also consistent with the information used as input for the MILP
model, i.e. the values in Aipui—LND- In fact, the inconsistencies can
be created by Acvaiuate—LND- This may lead to changes in the LND or
changes of the values in Ainput—LND OT Aevaluate—LND- Lhis often causes
a return loop in the scenario development process. This issue is dealt

with in chapter 4.

3.5 Evaluation

In this chapter, we discussed some elements of the process and the tools
for the development of an LND for a company:

We discussed the external environment, developed an external scenario,
and showed how a company scenario and its LND can be developed.
In fact, each external scenario can be translated into several company
scenarios. As part of each company scenario, a logistics network is de-
signed. The LNDs are developed with the help of a DSS and an MILP
model.

Scenario development, especially the construction of company scenar-
ios, is a process in which different insights of management teams and
experts in functional areas are combined. It will be clear that the fac-
tors, the factor values and, in consequence, the company scenarios and
its LNDs, will differ for each group of scenario developers. Nevertheless,
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the procedure discussed may well improve the quality and the speed of
scenario development.

We described the process of developing a company scenario and, more
particularly, its LND as a straightforward, technical process. Of course,
a large number of people, from various departments and business units
at various organizational levels, will be involved in the design process:
to initiate the process, to gather the necessary information, to develop
scenarios, to gain insight into the merits and disadvantages of the pro-
posed alternatives, to make proposals for improvements, to select the
best alternative, to authorize the decisions, etc. Due to the complexity
of the problem and the involvement of many actors at many organi-
zational levels, many loops and cycles will occur in the development
process.

The overall process for defining the most competitive LND for a com-
pany will be discussed in the next chapter in a framework for the design

of logistics networks.
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A

framework for LND

4.1 Introduction

In chapter 1 we compared eight existing frameworks for designing a
logistics network, concluding that the following elements could be im-

proved or added:

Focusing simultaneously on production and distribution.

Analyzing the design process as a strategic decision-making pro-

Cess.

Taking account of the involvement of different parties and disci-

plines.

Structuring the process of scenario development, in which both
qualitative and quantitative evaluation criteria are used.

Specifying the valuable role of a DSS in the design process.

In this chapter we will develop a framework that meets these criteria.
The basis for the framework has been explained in section 3.3, which
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described designing a logistics network as a strategic decision process,
using scenarios.

The simultaneous focus on production and distribution in the frame-
work is achieved by using external and company scenarios, which con-
sider the company and its environment as an integrated whole, includ-
ing production factors as well as factors related to distribution. In
addition, the MILP model developed in chapter 2 and discussed in
some detail in section 3.4.2, covers both production and distribution
decisions.

In this chapter we will explain how the various participants that play
an important role are integrated in this framework. We will specifi-
cally look at their interaction during the decision-making process, the
so-called return loops. In addition, we will further discuss the use of
scenarios and the support of DSSs.

For the development of the framework we used several real-life case
studies in which we were involved. We combined this experience with
existing frameworks and with theoretical concepts related to decision-
making and strategy formulation.

4.2 Participants in the framework

In our framework we distinguish three types of participants: top man-
agement, the task force and the field (see figure 4.1). In specific situa-
tions more categories of participants may be involved. In those cases,
the framework may be adapted. However, in the majority of the cases
in which we were involved, three parties played a role. In one national
case only two parties were involved.

We will discuss the roles of the participants below.

Chakravarthy and Lorange (1991, sce figure 4.2) also distinguish several
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parties in the strategic decision-making process. The conceptual frame-
work they have developed describes the management of developing a
business strategy for a multi-business firm. Although our framework
does not specifically focus on multi-business firms, there are several
similarities between the frameworks.

We will now describe the roles of the participants in our framework and
relate them to the framework of Chakravarthy and Lorange.

The top management

The top management plays a major role in the process of designing a
competitive logistics network for the company: they initiate the process
of developing a LND, often on the basis of suggestions from the field;
they determine the strategic directions of the firm and possibly develop
some ideas for the design of the logistics network; they establish a task
force to elaborate their ideas and to develop alternative LNDs; and
they take the final decision as to the LND that will be implemented.
In the framework of Chakravarthy and Lorange, the top management
plays a similar role. In their framework, the top management concen-
trates on objectives setting. In this phase the firm’s strategic direction
is determined. The vision of the chief executive officer and his or her
management team should be embedded in these objectives. For each
division and business unit in the firm, the top management team nego-
tiates goals that are consistent with these objectives.

The stage of objectives setting is part of the phase of making business
choices (particularly the entrepreneurial choices) in our framework.

The task force

The ultimate responsibility of the task force is to develop alternative
LNDs, which involves providing support to the top management in
working out their objectives and ideas, as well as communicating and
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coordinating the process with the business units (the field).

The task force is usually made up of logistics, finance and marketing
experts. In addition to corporate experts, the task force often includes
representatives from the field, to facilitate coordination with the field.
Depending on the phase of the design process, other specialists may
be involved in the work of the task force. Within the task force often
several working groups are appointed whose task it is to explore new
options and side constraints for an LND, such as standardization of
products and packaging materials and the introduction of EDL
Sometimes the task force is embedded in the existing organization (e.g.,
the European logistics department), sometimes a special working group
s established which is allocated to the top management team for this
special purpose. In paragraph 4.6 we will show two examples.

The phase of ‘development of alternative LNDs’ in our framework is
related to the phase of ‘strategic programing’ of the framework of
Chakravarthy and Lorange. In the phase of ‘strategic programing’,
the strategies identified in the objectives setting stage are developed,
the action programes proposed and the expected contributions to the
strategic plans evaluated. In their framework, the ‘strategic program-
ing’ is conducted at the levels ‘division’, ‘business unit’ and ‘function’ of
a company, whereas in our framework a specially appointed task force
is the main actor in the phase of ‘development of alternative LNDs’.
Note that the task force often includes a representative of a division or

a business unit.

The field

The field consists of all actors involved in the operations. Sometimes
the field induces the top management to improve the logistics perfor-
mance and usually the field is involved in the process of designing a
new logistics network. They provide the task force with data on cost
rates, demand forecasts, customer locations, etc. Moreover, they assist
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in the evaluation of the operational feasibility of the LND, by inves-
tigating the requirements for its implementation. This concerns not
only budget needs. but also the need for human resources, information
technology, administrative processes, etc.

In the case of a multi-business firm, the field can be seen as a com-
bination of the categories ‘division’, ‘business unit’ and “function’ in
the framework of Chakravarthy and Lorange. The ‘budgeting’ phase
in their framework deals with the budgets required for realizing an
LND within the business units and their operational functions. This
1s comparable to our phase of "operational feasibility’, although we do
not focus solely on the financial requirement for implementing an LND.

Both frameworks need to address the issue of communication at the
interface between top-down and bottom-up developed proposals, where
the strategic decisions are made (Leemhuis, 1985). According to
Chakravarthy and Lorange, the purpose of the 'strategic programing’
phase is twofold: (1) to forge an agreement between divisional, busi-
ness unit, and functional managers on the strategic programs and (2)
to deepen the involvement of functional managers in the elaboration of
the strategies that were tentatively selected in the first stage. Moreover,
they see proper communication as a key challenge for both divisional
and business managers, although day-to-day tasks can be so demand-
ing that it is difficult to pick up this challenge. In our framework, we
introduce the task force as an actor that might solve this problem.

4.3 Scenarios in the framework

Before we embarking on a detailed description of the steps in the new
framework, we need to discuss two more topics related to the use of

scenarios.
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In chapter 3 we saw that the number of external or company scenarios
that can be developed may be extremely high. We will now show how
to deal with this. Another matter we will discuss is the presentation
of scenarios. In chapter 3, we described the scenarios in terms of sets
of values of factors, just to illustrate the process of construction. We
will now look at how scenarios may be presented as a basis for decision-

making.

4.3.1 Number of scenarios

As each scenario is defined by a set of values of factors, it will be
clear that a large number of factors and potential values results in
a large number of different scenarios. The number of external and
company scenarios should be large enough to represent the different
futures and to identify an appropriate LND. On the other hand, in
order to avoid scenario development from becoming a time-consuming
process, resulting in a confusing number of alternative futures with
little variation between them, the number should not be too large.

Wack (1985) and Simpson (1992) suggest that an appropriate number of
scenarios is achieved by focusing on the few key variables in the strategic
issue that is being considered. Of course, only the scenarios in which
consistent sets of values of these factors occur, should be considered,
but as we have seen in chapter 3, this may still result in a large number

of scenarios.

External scenarios

Although in practice relatively large numbers of scenarios need to be
studied, it appears that managers generally are able to handle only a
limited number of different scenarios at the same time. Different ideas
exist as to the number of external scenarios that can be dealt with si-
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multaneously. Referring to his experience with the development of ex-
ternal scenarios for Shell, Wack (1985) states that “six is far too many”.
The general consensus is that two, three or at most four external sce-
narios should be considered at the same time. Simultaneous analysis
of a larger number of scenarios becomes ‘unmanageable’, according to
Schnaars (1987), and creates ‘confusion’ among decision makers (Lin-
neman and Klein, 1985). Analysing only two, three or four scenarios
at the same time, also has its disadvantages: in the case of two scenar-
10s, a good-bad discussion may result; in the case of three scenarios,
the “middle” one is likely to be selected as the most promising one,
or managers may be tempted to compromise by planning towards this
‘middle’ scenario as suggested by Bell (1982); four scenarios seems to
be an appropriate number to consider simultaneously.

In order to be able to handle a much larger number of relevant scenarios!,
Porter (1985) proposes to start by the polar, or most widely separated
scenarios; they typically result in maximally different alternatives and
thus will provide insight into the range of relevant strategic options that
are available. Then, step by step, groups of two, three or four other
scenarios can be analyzed.

Company scenarios

The literature offers little insight into what would be an appropriate
number of company scenarios. In principle, the recommendations re-
garding the number of external scenarios to be considered simultane-
ously can also be applied to company scenarios. However, the number
of company scenarios may be quite high?. So, it will be necessary to
structure the process of selecting the company scenarios that will be de-

'In the real-life cases we considered, 15 to 25 external scenarios were developed.
*In the real-life cases in which we were involved, some 60 alternative logistics
networks were designed and compared.
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veloped in detail. Again, we will follow Porter’s (1985) advice to start
by the polar, or most widely separated, scenarios. Although Porter
suggests to continue by developing, step by step, groups of two, three
of four scenarios, it is our experience that it is also possible to use some-
what larger groups of four, five or six scenarios. This view is supported
to some extent by Eisenhardt (1990), who argues for the simultaneous
development of multiple alternatives. Her main argument is that it
is easier to analyze multiple alternatives, because comparisons can be
made and comparing alternatives sharpens preferences. She also argues
that using multiple alternatives speeds up the decision-making process,
because it takes less time to make a comparative analysis of a range of
alternatives than of just a few. She states that this is related to the
difference between fast and slow decision makers in dealing with alter-
natives: fast decision makers will usually make a quick comparative
‘breadth-not-depth’ analysis of the alternatives, whereas slow decision
makers are more likely to opt for in-depth analyses.

In strategic decision-making concerning a competitive logistics network,
too, a fast decision process is preferred. Nevertheless, a ‘breadth-not-
depth’ analysis of the alternatives is unacceptable, on account of the
strategic importance of the decision. The MILP model and the DSS
SLAM (see also appendix A) which we use in the development of sce-
narios enable a relatively fast development and thorough ‘in-depth’
analysis of the important LND part of a company scenario. So, groups
of four, five or six company scenarios can be developed in depth si-
multaneously, which makes it possible to analyze a large number of
company scenarios within the limited time available for the decision-
making process. In the real-life cases in which we were involved, only
a short list of LNDs was selected for final decision-making by the top

management.
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4.3.2 Presentation of scenarios

The literature also provides few guiding lines for the presentation of
scenarios. Simpson (1992) states that “a scenario should be presented
in either a qualitative or a quantitative format and may be of varying
length ranging from a few paragraphs to 50 pages”, which still provides
little solid information on which to base the presentation.

Most of the company scenarios with which we dealt in real life cov-
ered about six pages. One or two pages would give a brief overview
by presenting the factors and factor values of the specific external and
company scenario. The next four or five pages would be used for a
summary of the external scenario on which it was based, followed by a
description of the business choices that had been made and of the pro-
posed LND. The last part would focus on the evaluation of the LND.
In section 4.4 we will discuss these topics in greater detail.

In order to distinguish different scenarios they have to be labelled. This
is often done hierarchically. The titles of the company scenarios are re-
lated to the external scenario on which they are based and refer to the
most salient aspect of the LND. For example, we gave the company sce-
narios based on the external scenario ‘United Europe’ names such as
‘Nationally oriented distribution’ (for a scenario in which the logistics
network would use a national warehouse in each country) and ‘Interna-
tional oriented distribution’ (for a scenario with only a few Luropean
warehouses in the LND). A group of related scenarios that take the
unification of Europe as a starting point might get the label ‘United
Europe’. Specific scenarios within this group could be labelled ‘United
Europe, large growth in Southern Europe, nationally oriented distribu-
tion’ or ‘United Europe, medium growth in Southern Europe, interna-
tionally oriented distribution’. The literature provides some remarks
and guidelines with respect to labelling scenarios. Linneman and Klein

(1985) stress the importance of the scenario label: “it often determines
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how the scenario will be perceived, regardless of the intent”. Simpson
(1992) argues for the use of provocative yet meaningful scenario titles
that create mental pictures all by themselves like ‘Star Wars’, ‘The
Empire Strikes Back’, etc. Schnaars (1987) advises against the use of
probabilities for the labels of scenarios: “Scenarios are possibilities, not
probabilities. It is probably best not to assign probabilities to scenar-
ios, but give them labels referring to the main ‘theme’, which dominates

the scenario.”

4.4 Steps in the framework

In this section we will work out the global view of the new framework
as shown in figure 4.1.

This will be done by distinguishing several phases in the framework,
corresponding to the phases of a strategic decision-making process as
discussed in chapter 4.4. Figure 4.3 shows the new framework in detail.
We will describe the steps in the framework depicted in figure 4.3 by
integrating the use of scenarios, the roles of the participants and the
contribution of the DSS SLAM and its MILP model. The ultimate goal
of the framework is to create the most competitive LND for a company.
This is achieved by developing alternative external scenarios, translat-
ing them into company scenarios, evaluating and comparing these sce-
narios (especially their LNDs), and selecting the most competitive LND
for implementation. Besides the development and comparison of new
LNDs, the existing LND and its underlying business choices are also
described and used as a reference for the new LNDs and their under-
lying business choices. The existing LND is the starting point for the
reorganization process. It gives insight into the business improvements
that can be made and it shows which investments are needed to achieve
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these improvements.

Although the existing LND and its underlying business choices are well
known to the top management, in the framework they are described in
detail, step by step, just as the alternative new LNDs and their under-
lying business choices.

Below, the steps of the framework are described. Although this is a
rather formal description, we emphasize that the factors and values are
usually developed incrementally, from a rough idea into very detailed,
specific factors and values.

The numbers between brackets in the descriptions of the steps refer to

the numbers of transitions in figure 4.3.

Why redesign the LND?

The process of designing an LND usually starts with the identification
of opportunities, problems or crises related to the existing logistics net-
work. Top management starts the LND process, prompted by signals
from the field (1) or external signals.

In this phase, management information systems are often useful tools
to identify and specify the motives for redesigning the logistics network,
such as a declining market share, competitors’ innovations, increasing

costs, declining returns on investments, etc.

External environment

At this stage external scenarios S.,; are developed (see chapter 3) (2).
The top management gives a preliminary idea of the factors and the
ranges of factor values that willi play a role in the external scenarios.
Information is needed on such issues as market developments, techno-
logical innovations, interest rates and political developments. On the
basis of this information, experts may extend the required factors and
values to describe alternative external scenarios S.,; in detail. At this
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stage in the process. the task force, of which these experts are members,
is installed (3).

To gather the required information, the task force can use executive
information systems, research companies and other sources such as in-

formation available on the World Wide Web.

The outcome of this phase is a set of external scenarios and a selection
of two, three or four widely diverging external scenarios as a starting
point for the development of company scenarios.

Business choices

Through business choices, a start is made with the translation of each
of the selected external scenarios into one or more company scenarios
Seomp (4a,c). The focus is on the entrepreneurial choices Ainpui—LND
in which several objectives are set regarding cost reductions, customer
service improvements, time limits for the reorganization, etc. (see chap-
ter 3).

Note that also a thorough investigation of the existing situation is
needed to gain insight into the starting points for the reorganization
process. In this stage, the focus is on the entrepreneurial choices that
were made and are still valid in the current situation, denoted by

A?
“Xinput—LND*

Often the top management and the task force first discuss the busi-
ness choices and especially the entrepreneurial choices in fairly general
terms (5a,b). Following this, the task force is asked to elaborate these
global settings. To prepare the proper entrepreneurial choices, the task
force also cooperates with the field. Together, they investigate the sig-
nals from the field (if any) regarding the redesign of the existing LND
and they gather data on the existing business situation and options for
future entrepreneurial choices (6a,b). Sometimes additional investiga-
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tions on the external environment are needed (4b,d).

The information needed in this phase concerns existing and forecasted
market shares, lead times, cost rates, etc. Again, information systems
may help to generate the necessary data.

The result of this phase is a description of previous business choices
that led to the existing business situation. A7 ;v . In addition, for
each of the selected external scenarios, one to four sets Ainput—LND are
developed. This means that a start is made with as many as two to

sixteen company scenarios.

Development of LNDs

In this phase (7a), alternative LNDs, specified by Agecify_rnp, are
developed. Moreover, a detailed specification of the present LND,
Agpecipy—rnps 18 made. A . np is the reference for all the alterna-
tive LNDs that will be developed.

The task force elaborates the top management’s guidelines for LNDs.
They cooperate with the field, especially in gathering additional data
on the existing and potential future LNDs (8a). Sometimes, the field
also provides suggestions for alternative LNDs (9a,b).

Note that the top management team does not play a role in these phases
of detailed development and evaluation of LNDs. This shows that de-
sign of the logistics network is largely delegated to the task force, which
underlines the importance of its supportive role.

In the development phase of the framework, the DSS SLAM fulfils
an important role. [Its first task is to help determine the values in
Agpec,-fy_LND as a reference for the comparison of the Aspecify—ILND'S
that specify the alternative LNDs. Using the information provided by
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A\

A O
Nnput—L
the existing logistics network, the lead times and the utilization of the

vp- the MILP model determines the variable logistics costs of

facilities. These figures should reflect the real-life situation. If this is
not the case, the data in A9, ,,_;vp should be checked. or adjustments
may have to be made to the model. This results in Afyp_ g ocify-
Now. the DSS SLAM and its MILP model can help define the sets
Aspecify—np for the alternative LNDs, on the basis of the Aypui—rxD
that are the outcome of the previous phase in the framework. Agpecify-rnD
is developed step by step. The values in {D t10ws, Dfacitities } are not de-
termined at once, but in a reiterative process. The MILP model takes
into account the values in Agpeeify—rvp that have been specified by the
task force and provides suggestions for the values of the remaining fac-
tors. This process was discussed in detail in section 3.4.2.

In case a set \jnpue—rnp generates an unfeasible solution of the MILP
model, changes are needed in the business choices made in the previous
phase of the framework (7b, 8b).

Two alternative LNDs that are often developed are the ‘green field” al-
ternative and the ‘optimized’ existing LND. The green field alternative
shows an LND which sets no limits on the capacities of the facilities
and which does not fix flows of goods or allocations of customers in
advance. From the costs perspective, this is often seen as the ideal
LND. The ‘optimized’ existing LND is based on Af,,._rnp without
the existing quantities of semi-products and finished products flowing
between the facilities and without the existing allocation of customers
to warehouses. This alternative LND represents the capacities of the
existing plants and warehouses.

In the next step (11a), an alternative LND is evaluated. If the evalua-
tion gives rise to modifications, a reiteration of the development phase
(10b, 11b) will take place to improve the LND. After several reiterations
the LND fits the corresponding Aipui—znvp and meets the evaluation

criteria.
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The result of the development phase is that the existing logistics net-
work is described by A7 .., np as a reference for the alternatives
Aspecify—rnp developed in this phase. For cach of the sets A, pu—nD
several sets (1 to 4) Agpeeisy—rnvp are defined. So, as many as 2 to 64
‘set-ups’ for company scenarios S.,.,, are developed. These scenarios
are evaluated in the next phase: a return-loop to the development phase
may be needed to improve them until they meet the evaluation criteria

specified in the evaluation phase.

Evaluation of LNDs

In this phase, the Ag,ccify—rnp’s and their corresponding Ajpue—Lnp’s
developed in the previous phases are evaluated by the task force, often
supported by the field (12a,b). Also the existing situation, described

0 0 te
by Afpui—rnp and AS,...ry_pnp is evaluated.

Figure 4.4 presents the evaluation criteria specified in Acyaiuate—LND-
The first criterion is the operational feasibility of the LND. Here, the
need for human resources. technological concepts, administrative pro-
cesses and management control activities of the logistics network and
its implementation are investigated (see Ackoff et al., 1984, Anthony,
1992). This results into values of company factors of type ¢’ ¢ and /.
A second criterion, based on Broekstra’s Consistency Model for Orga-
nizational Assessment and Change (1984, 1989: see section 3.2), is the
political feasibility of a scenario. Broekstra describes the ‘political as-
pect system’ of a company as the distribution and use of power and
influence across the organization. The feasibility of a proposed LND
with respect to this political system is important for its success.

A third aspect of the realization of an LND is the time schedule. If the
time path set for the implementation is too long, changes in the LND

are required.
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Figure {.4: Criteria for the evaluation of an LND.

While the operational, political and time aspects are related to the
internal implementation aspects of an LND. Porter (1985) focuses on
the sources of competitive advantage in an LND (e.g.. cost advantage,
buyer value, technology. first mover advantage) and the competitors’
reactions to each alternative. These criteria can be seen as belonging
to Broekstra’s concept of ‘organizational health’, which in fact is the
main evaluation criterion. This concept is often explained as return on
investments. Expectations concerning the financial returns on invest-
ments are based on expected future operational costs of the suggested
LND, the long-term investments that are necessary (like new technolo-
gies. new buildings etc.) and the costs of the reorganization process.

Besides this “hard’ performance, Broekstra also includes soft” perfor-
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mance (or social effectiveness) in his concept of organizational health.
Social effectiveness refers to the complex of the firm’s value system, mis-
sion, philosophy, behavioral norms, belief systems, climate, etc. This
internal cultural system is crucial in attaining effectiveness.

The final evaluation criterion we propose is risk. Risk is a function of
how poorly an LND will perform if a ‘wrong’ external scenario occurs
(Porter, 1985). Risk also depends on the degree to which a company is
tied up, once it has committed itself to an LND by setting its product
line, customer service levels, facilities and so on. This means that
risk is closely related to the sensitivity of an LND to uncertain future
external developments (see chapter 2). In addition, risk depends on
the relative probability of the external scenarios: betting on the best
external scenario may be the most risky approach. In the evaluation
of the risk of an LND, the external scenarios that were not selected for
the development of LLNDs are also used.
As aresult of this evaluation it may be necessary to solve inconsistencies
in A's (see page 81):

- investigate the LND and adjust A,pecisy—rvp (10b,11b)

7

- investigate the business choices and adjust Ninpui—np (13, 14,
15) or

- Investigate the external environment and adjust S, (15)

This process of adjustment continues for each of the alternative LNDs
until the inconsistencies are solved and the evaluation criteria are met.

The evaluation phase is supported by the DSS and its MILP model, es-
pecially as regards the evaluation of variable operational logistics costs,
use of facilities, deliveries to customers, lead times, etc. Moreover, the
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DSS and the MILP facilitate the analysis of the sensitivity of an LND to
future changes, for instance in interest rates, transport rates, demand,
product ranges, etc.

To assess the operational feasibility of the selected alternatives, field ac-
{ors are often asked to examine the alternatives and to propose changes.
The DSS can assist in this process by showing the effects of the pro-
posed changes and suggesting further adjustments. These suggestions
are gathered by the task force and incorporated into the alternatives.
Again, the DSS and the MILP model play an important role in com-
bining the field suggestions, showing their effects and evaluating new
alternatives. This shows the close relationship between the phases of
‘development of LND’ and ‘evaluation of LND".

The outcome of the evaluation phase is a series of 2 to 64 company
scenarios. that contain LNDs that may be selected for implementation.
In this phase, A pnp and Afciry1np have also been evaluated,
resulting in S2,,. The existing situation, described by 5S¢, and its

LN D? is used as a reference for comparison in the selection phase.

Selection of the final LND

When for each external scenario several company scenarios (and incor-
porated LNDs) have been developed, finally one specific LND has to
be selected (16, 17). In the previous step, a range of evaluation criteria
were presented. In this multi- criteria decision-making problem. the
decision dilemma is. according to Porter (1985): “A company does not
know which scenario will occur, so it must choose the best way to cope
with uncertainty in selecting its strategy, given its resources and ini-
tial position”. In this strategic decision-making problem, the theory of
multi- criteria decision-making, in which all criteria are measured quan-
titatively, does not apply (see Korhonen et al.. 1992). Porter (1985)

describes five main approaches to the selection of a scenario. We apply
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them to the selection of an LND:

- Bet on the most probable LND
Select the LND that is based on the external scenario that is
considered to be the most probable.

- Bet on the ‘best” LND
Choose the LND in which the most sustainable long-term com-

petitive advantage is established.

- Hedge
Choose a LND that produces satisfactory results under all exter-

nal scenarios.

- Preserve flexibility
Select the LND that preserves flexibility until it becomes more

apparent which external scenario will actually occur.

- Influence
Select a desirable LND that can be brought about by using com-

pany’s resources.

To these five policies, Mintzberg (1994) added a sixth one:

- Contingency planning
The creation of alternative LNDs to deal with different external

scenarios.

In fact this comes close to a mixture of Porter’s ‘Preserve flexibility’
and ‘Hedging’ approaches.

In the real-life cases in which we were involved. only the ‘Bet on the
most probable scenario’ and ‘Contingency planning’ approaches were

used.
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At this stage, a shortlist of about four most- preferred alternative LNDs
is made by the task force, sometimes in cooperation with the field (18).
The final selection is made by the top management (19).

The DSS SLAM and its MILP model are used in the discussions with
the top management team as well as in the cooperation with the field.
Using the report facilities. the DSS shows the structure of the designed
networks and enables comparison of the evaluation of each LND by
the quantitative criteria. The DSS is often used to provide objective
information on the alternative strategies. Sometimes, improvements in
an LND are needed (20), or reconsiderations of business choices, or in-
vestigations in the external environment (21).

If small changes are needed in an LND. the DSS is often used in meet-
ings (even in the top management meetings) to show the effects of the

changes instantly.

The 2 to 64 alternative LNDs have to be compared among each other
and with LN D°. They may be compared simultaneously, according to
Eisenhardt (1990), or they may be divided into smaller groups. In the
cases in which we were involved, the LNDs were often grouped accord-
ing to the external scenario and the business choices Aypui—rnp they to
which they were related. We selected two to four external scenarios and
two to sixteen ALy p—inpur o0 Which to base the LNDs, with a minimum
of two groups and a maximum of sixteen LNDs per group.

At the end of this phase of the framework, the final selection of an LND

is made.

Authorization

While the final decision with respect to the selection of an LND is
often prepared by the task force, the authorization of the decision is
usually given by the top of the organization (22). Often the proposal
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should be approved by several parties that have the power to enforce
modifications or to influence the acceptance process (e.g., trade unions,
consumer organizations). Note that a preliminary acceptance by the
field 1s often partly ensured by the composition of the task force and
by the interaction with the field during the process.

By approving the final selection of the LND, authorization is given for
the implementation of the complete LND. or part of it (23). The se-
lected LND 1s often first set up for one country or one business unit by

way of experiment.

Implementation and Review

On the basis of the experience gained during the implementation, minor
or major modifications may be made to the new LND, or the reorgani-
zation process may be suspended. In the case of a pilot implementation,
the review phase is important for making any changes needed in the
LND before further implementations are started. In case of major mod-
ifications this may be the start for a new loop in the framework (24).
The review may also focus on the decision process. On the basis of
the review, lessons can be learned and future decision processes can be

improved.

4.5 Loops in the framework

Mintzberget al. (1976) distinguish three simultaneously occurring driv-
ing forces that affect the routing of the decision-making process through
the described steps in the framework:

- The decision control procedures guide the way in which the de-
cision process evolves and the allocation of the organizational

resources.
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- The decision communication procedures determine the exchange
of information during the decision process. These procedures
range from general scanning (exploration) and focused searches
for information (investigation) to the distribution of information

among the involved parties.

~ The political proceduresrepresent the way a decision process evolves

in an environment of influencing and sometimes hostile forces.

The influence of these three types of procedures on the decision process
manifests itself in the form of interruptions. scheduling delays. feedback
delays. timing delays and speed-ups, comprehension cycles and failure
cycles.

In terms of Mintzberg’s “driving forces’, the three parties involved in
our framework, their tasks and their interactions belong to the decision
control procedures: the management of information exchange during
the decision process belongs to the decision communication procedures:
the influence of the field, trade unions and consumer organizations may

lead to political procedures.

The sequence and number of loops and cycles in the framework strongly
depend on the decision situation. Sometimes a large number of devel-
opment and evaluation steps are needed by the task force to develop a
first set of interesting LNDs. In other situations. the field has all kinds
of suggestions, ideas or political objections, resulting in several loops
between the task force and the field before a compromise is reached on
proposals for LNDs that are ready for evaluation by the top manage-
ment. Sometimes the top management is closely involved in the process
and asks for frequent feedback from the task force. Interaction between
the task force and the top management may also be prompted by new
insights presented by the task force that compel the top management to
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reconsider its objectives. In paragraph 4.6 we will show some examples

of the loops and cycles in the framework, based on real-life cases.

4.6 Applications of the framework

So far we have presented our new framework in very general terms,
although it will be clear that it can be applied to the fictitious case
of the multinational described in chapter 2. In this paragraph we will
show how the framework can be applied to a specific European company
in the food industry and a specific European company in the business
electronics industry. Both companies are considering a rationalization
of their production and distribution strategies in Europe.

4.6.1 An application in the food industry

The company is a large European company producing food products
at several locations in the world and selling them worldwide. We will
consider the situation in Furope. Forced by shortages in production
capacity at some locations and overflows at others, the board has estab-
lished a task force. named ‘European Production Coordination’. This
is a multi-disciplinary, cross-organizational task force with no respon-
sibility for operations. Its mission is to show the way towards cost re-
duction through rationalization of the European production and distri-
bution structure and standardization of products and packaging types.
In the design of a new logistics network for this company, 20 plants
with a total of 100 production lines, 16 existing and about 25 potential
warehouses, 500 customer groups, 15 types of purchased products and
50 different finished product groups are involved. The task force has
organized itself in four working groups, focusing respectively on sales
forecasting, product standardization, packaging standardization and a
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new production and distribution structure. We were especially involved
in the latter one. The four working groups are coordinated by a coordi-
nation team, which reports to the board. Figure 4.5 shows an overview

of the framework that emerged from this project.

Numbers of loops and cycles

The start of the process was initiated by the field. The board, the task
force and its working groups considered the complete logistics network,
whereas each field party considered only their geographical region and
product groups of the logistics operatious. Several members of the
working groups were representatives of the field.

The external scenarios and the business choices were developed simul-
taneously in three cyvcles in which the board and the task force were
involved.

In the development and evaluation phase, our working group, which
dealt with the new production and distribution structure, reported
eight times to the tasks force’s coordination team. Both in the phase
of making business choices and in the evaluation phase. our group con-
sulted with the field twice. The proposals for a new LND were discussed
by the board and the task force in four cycles. In our working group,
each time the board had suggestions for improvement, we made about
three return-loops from the evaluation phase to the development phase.
In this loops, not only the LND was improved, but also business choices
were adapted or worked out into greater detail.

As a result of the organization of the task force in four working groups,
there was a great deal of communication between the coordination team
and each of the working groups, among the working groups and between
each working group and the field. The coordination team of the working

groups met about 15 times.
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Figure 4.5: Framework for an application in the food industry.

Time needed

The total process from problem identification until authorization of
the new LND by the top management took about 18 months. In our
working group, we used the DSS SLAM and its MILP model intensively.
We needed one month to gather raw data from eight countries and 36
locations and, at a later stage, two months to gather the detailed data
we needed. When the data collection was finished, the eight cycles of
scenario development that followed took about two weeks each.
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Results

The result of this project was a strategy to realize product standard-
ization and packaging standardization for all European countries and a
plan for a new production and distribution structure. In this new struc-
ture, production and warehousing capacities were reallocated, several
plants and warchouses were closed down, a few new warehouses were
built. and the product flows from plants to customers were reallocated.
The project is expected to lead to a reduction of total variable logistics

costs by about 15% on an annual basis.

4.6.2 An application in the business electronics
industry

This company produces and sells business electronics products in most
parts of the world. In this description, we will consider the FEuropean
market and the Furopean production and distribution facilities. A re-
quest for a large investment in one of the European production plants
was the motive for the board to ask the European Logistics Department
(ELD) to reconsider the LND in Europe. The ELD’s mission was to
reduce the total logistics costs by 30% and to reduce the order-to-install
lead times from 72 to 24 hours for as many products and markets as
possible. We were asked to support the ELD, which is responsible for
the operations in Furope, in developing a new LND which would con-

tribute to these objectives.

The company serves about 500 market areas in Europe. which demand
five types of products. As the production facilities at three Furopean
locations (three plants with each about seven production lines) were
fairlv new, no new production locations were considered. The company

had 16 national warehouses for distribution. A reduction to a few Furo-
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pean warchouses was considered and about 10 new potential locations

were selected.

Given the complexity of the design problem and the fact that the board
had to react soon to the investment request of one of the plants, we
discussed with the board the possibility to divide the design process
into two phases:

Phase 1: Focusing on cooperation between the three plants with respect
to their production and the distribution tasks, while also considering
(globally) the deliveries to the customers in the 500 market areas. This
should result in a ‘top structure’ of the LND.

Phase 2: On the basis of the selected ‘top structure’, redesigning the
distribution structure.

This division proved to be very useful, because the top structure turned
out to be independent of the alternative distribution structures we con-
sidered.

Figure 4.6 shows how the framework was worked out for these two

phases of the project.

Number of loops and cycles

After the request of one of the plants for investments in production
capacity, the board started the process of designing a new LND. It
selected some external trends that should be considered, such as in-
ternationalization in transport, increasing transport rates, etc. The
board also set the objectives for the total LND in terms of cost reduc-
tions and customer service levels. The ELD was asked to work out an
LND. They started by designing a ‘top structure’. For this part, the
framework shows a simple process. In about four loops between devel-
opment, evaluation and selection a few scenarios were selected. Finally,
the board decided on one of these proposals and the implementation
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Figure /.6: Framework for an application in the business electronics
industry.
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started. There was virtually no involvement of the field in this process,
except in some questionnaire surveys to gather data on sales forecasts
and cost rates.

The implementation of the ‘top structure’ and the designing of the dis-
tribution structure were started simultaneously. The decision process
for the distribution structure was similar to the decision process for the
design of the ‘top structure’, although at the end of the third cycle of
designing alternatives by the ELD, extensive checks for feasibility and
suggestions for improvement were developed in cooperation with the
field. After one more loop between development and selection by the
ELD, in which the field suggestions were combined, the final selection
and authorization by the board took place.

The ‘top structure’ and the resulting distribution structure were re-

viewed in one review process.

Time needed

The total process, from the initiation by the board, which formed the
basis for the design of the top structure, to the authorization of the de-
sign of the distribution structure took about nine months. The design
of the ‘top structure’ took about three months; the design of the dis-
tribution structure about six months. The amount of time needed for
data gathering was one month for the global data for the top structure
and another two months for the more detailed data for the distribution
structure. The development of scenarios took two weeks for each of
the eight cycles. The checks for feasibility in the field took about one

month.

Results

The result of this project was a plan for a rationalized production and
distribution structure: product flows between the three plants were in-
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troduced. plants were given responsibility for distribution related in a
specific geographical area and the number of warehouses was reduced
from 16 national to five European warehouses. The original request for
a large investment. needed to double the capacity of one of the plants.
was not granted. In fact, it was decided to reduce this plant by half!

The final result of these changes was a reduction of the order-to -install
lead time from 72 to 24 hours and a variable logistics cost reduction
of 10% per vear. The other 20% cost reduction that was needed, was
achieved through a strong reduction of fixed costs. realized mainly by

reducing the number of warehouses.

4.6.3 Evaluation of the applications

In both applications, the framework was utilized, although in widely
different ways. In the food company, the top management and the field
were strongly involved. In the consumer electronics company. board
involverment was low, although it was the board that took the main de-
cisions. without checking in advance the ideas of the field (in the case
of the top structure). In this company, the ELD was responsible for the
operations (unlike the task force in the first case) and therefore took
responsibility for the scenarios theyv developed. In the first case, there
was no centralized operational responsibility and therefore the decision

process was much more complicated than in the second case.

In both applications. the data gathering process was time-consuming:
it took about one month to gather the raw data for the identification
and some initial analyses and another two months to collect detailed
data for the most important elements of the new logistics network. In
the next chapter we will discuss the issue of data gathering, with a

particular focus on the level of detail needed.
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4.7 Evaluation

In this chapter we completed our framework for LND.
We will now make some concluding remarks on the use of the DSS in
the framework. Moreover, we will consider the framework in the light

of some theoretical views of strategy development.

4.7.1 DSS in the framework

In this chapter and in chapter 3 we discussed the support of the DSS
SLAM and its MILP model in the development of company scenarios
and, especially. alternative LNDs. Moreover, several times we referred
to the support of management information systems in general. Ta-
ble 4.1 gives an overview of this support. These results largely fit
in with the findings of Sabherwal and Grover (1989), extending them
however with the support for scenario development and comparative

analyses.
Decision-making Computer-based Support Dimensions
” phase “ Scope | Form ] Level of support l Data/Model U
Identification Broad, superficial Qualitative, soft Decision Data retrieval
structuring and analysis
Development Narrow, specific Specific qualitative, Set-up and Model based
also quantitative improvement
data of alternatives
Evaluation Narrow, specific Quantitative Assessing Model based,
information per alternatives data retrieval and
alternative analysis
Selection Narrow, specific Quantitative Comparing Model based,
information per alternatives data retrieval
evaluation criterion and analysis

Table §.1: Computer-based support in the three phases of decision-

making in the framework.

In this chapter we showed that the DSS SLAM and its MILP model

are used intensively by the task force. The top management uses the
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reports prepared with support of the DSS. In the field, the DSS is
mainly used to show the effects of proposed changes.

4.7.2 The framework as a strategic planning tool

Mintzberg (1990) distinguishes ten schools of thought for strategy for-

mation. These schools fall into three groupings:

- Prescriptive schools
These schools are more concerned with how strategies should be
formulated than with how are formulated in practice.

- Descriptive schools
The main focus of this type of school 1s how companies formulate

strategies in practice.

- Configurational school
This school clusters the strategy-making processes, the contents
of strategies, and the structures or contexts. In fact, this school

is a combination of the other two schools.

In our view, the use of scenarios and the different possible flows through
the framework show the episodic character of the framework, which
would miean that it belongs to the configurational school of strategy

formation.

Velberda (1992) also presents an interesting classification of modes of
strategy (see figure 4.7). He suggests that. due to high environmental
turbulence, planning activities become less comprehensive, but organi-
zational activities extend in order to get more strategic mileage out of

the organization in case of strategic surprises (see also Wack, 1985).

116



A framework for LND

. strategic
high issugl strategic
\ p contingency plannin;
management gency p g
—_— T
strategic . ‘ preparedness
comprehensiveness prograpring ‘ strategies
of '
planning activities '
low
" T -
low W ‘ ' eeeeee—3  high
T~ : . environmental .
~ . turbulence
extent
of

organizational activities

\4
high
Strategic programing : extrapolation of trends without changing the organization
Strategic issue management  : besides programs, also focusing on relevant issues and

initiating activities in line with these issues
Strategic contingency-planning : developing plans for every possible change and transforming
the organization in order to anticipate possible developments
Preparedness strategies : decreasing planning activities, and increasing organizational
activities in order to get more strategic mileage out of the
organization in case of strategic surprises

Figure 4.7: Different modes of strategy (Volberda, 1992).

The tools we used and developed have their roots in strategic program-
ing, strategic issue management and strategic contingency planning,
but we think they are very useful in preparedness strategies because of
their power to analyze thoroughly many scenarios for their results.
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Aggregation of data

5.1 Introduction

In the previous chapters. the question of the appropriate level of detail
of data needed in LND decision support was raised several times. For
many vears, the use of aggregated data was defended on the grounds
that the optimization models used in the decision support systems could
not be solved with detailed data, on account of the size of the mod-
els. Moreover, in many cases detailed data were simply not available.
Today, detailed data are more generally available, even electronically.
Also, major improvements have been made in the procedures for solving
optimization models. However, there are situations where the above-
mentioned reasons for using aggregated data are still valid. We will
discuss the reasons for aggregating data in section 5.2.1.

In this chapter we will consider the problem of finding the appropri-
ate level of detail of data needed for the design of a logistics network.
The main categories of data qualifying for aggregation are products
and customers. Large quantities of data are needed to specify these
individually (see tables 2.1 and 2.2). In the MILP model developed in
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chapter 2, we have already aggregated the demand of each customer by
the criterion ‘time’: the demand d;, . of a customer was defined as ‘the
total demand of customer ¢ for products fp during a time period of
one year’. In this chapter we will also aggregate individual customers
into customer groups and see how several levels of aggregation affect
the quality of the information provided by the optimal solutions of the
MILP model presented in chapter 2.

As may be expected, information loss occurs if. instead of detajled
information, aggregated data are used. On the other hand, Mirchan-
dani and Francis (1990) argue that “due to the statistical law of large
numbers, the more aggregated the customer representation. the more
accurate the estimates of the aggregated customer demands”.

This chapter will focus on the development of upper bounds on the
error in the minimum total variable logistics costs that may be intro-
duced by aggregating customers. These upper bounds are very helpful
in deciding, at an early stage of the decision process, on the appropri-
ate level of aggregation of customers needed for the design of a logistics
network.

5.2 Main concepts and previous research

5.2.1 Main concepts in aggregation

The concepts presented in this paragraph are not only valid for LND
processes, but more generally for decision processes supported by the
use of optimization models. In these processes, the support of the opti-
mization models can be divided into three steps (see figure 5.1). In the
first step, the relevant data available within the company are gathered,
which results either in detailed data or aggregated data. In the next
step, model calculations are made, yielding solutions for the mathe-
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matical problem formulations. Finally, these solutions are translated
into reports for use in decision support. In this process, aggregation or
disaggregation can take place prior to or after the model calculations.
This results in seven alternative concepts of aggregation, as shown n
figure 5.1. We will now discuss these concepts, focusing on the main
reasons for using aggregated data and showing under which circum-
stances a concept is appropriate:

Availability of data as a motivation for aggregation

When starting a decision-making process, the level of detail of available
or easily accessible data differs for each problem situation. The scenar-
ios developed in our framework, which were described in chapter 3, are
often based on data representing future expectations regarding, for in-
stance, markets, demand and cost rates. These data are usually not
available at every level of detail.

Even historical data are not always available at a detailed level. For
example, Magee et al. (1985) state that recognizing individual cus-
tomers is unfeasible in many companies and that this alone constitutes
a valid reason to aggregate customers into customer groups. In the last
decade the intensive use of electronic information systems in admin-
istrative environments has improved the availability and accessibility
of detailed data. On the other hand, it is increasingly uncommon for
companies to standardize these data. as a consequence of decentraliza-
tion trends whereby responsibilities for information management are
devolved. Moreover, in electronic information systems detailed data
are often stored only for a few months, after which they are replaced by
aggregated data. So, in practice it often remains a time-consuming and
costly process to gather valuable detailed data to support the decision-
making process. Eisenhardt (1990) also refers to this aspect when she
states that the search for detailed data slows down the decision process.
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Figure 5.1: Main concepts in aggregation.

On the basis of these arguments, we conclude that the lack of casily
accessible data is often an important reason for gathering data at an
aggregated level (see concepts 4. 5, 6 and 7 in figure 5.1).
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Solvability of optimization models as a motivation for aggre-
gation

A second reason for using aggregating data is that it reduces the size of
an optimization model. Ballou (1992) states that the use of aggregated
data reduces the amount of computer memory required, as well as the
amount of time and effort needed to find a solution. As computer hard-
ware and software are getting cheaper and more powerful by the day,
this statement would seem to lose some of its relevance. Moreover, im-
proved methods and the invention of new solution procedures enhance
the possibilities for solving larger optimization problems (Geoffrion and
Powers, 1995). On the other hand, however, as we discussed in chap-
ter 3, there is a trend to develop increasing numbers of scenarios. This
requires shorter computation times, which lends support to Ballou’s
argument for using aggregated data. According to Zipkin (1994), an
ongoing process in taking place, in which computers become more and
more powerful, while the models they are required to support become
more and more complicated. These models will require more computer
memory and will take more time to be solved. This trend, too, supports
Ballou’s argument.

Bender (1983) and Ananthanarayanan (1987) give another reason to
make the model calculations with the help of aggregated data: “the
limitations on the ability of humans to understand large complex sys-
tems”.

So, the classical reasons for using aggregated data in order to reduce
computation times and the required amount of computer memory, are
still valid (see concepts 1, 3, 4 and 3 in figure 5.1).

Level of decision-making as a motivation for aggregation

The required level of detail of information is often related to the level
of decision-making. For example, the board level in our framework will
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generally be more interested in aggregated information on the outcomes
of a scenario (see concepts 2. 3, 4 and 6 in figure 5.1). At the field level,
however, line managers base their decisions on more detailed informa-
tion (see concepts 1. 5 and 7 and ‘no aggregation” in figure 5.1). As
for the task force, the level of detail they are interested in generally de-
pends on the level of detail of the scenarios they are considering. When
a company scenario is evaluated on the basis of aggregated reports, the
changes in scenario factors and input data of the model are often also
described at an aggregated level (see concepts 4 and 6 in figure 5.1).

In addition, the choice for a particular level of detail of data to work
with 1s based on personal preferences, which are often related to the

position one holds in a company.

Table 5.1 presents an overview of the relationships between the reasons
for using aggregated data and the use of aggregation concepts presented

in figure 5.1.

Motivation for aggregation Concept for aggregation
(see figure 5.1)

tl2]3]als]le]|7

No detailed data available / accessible r |||
Model, based on detailed data, cannot be solved T T
- lack of computer memory
- too time-consuming

Level of decision-making rir|lz |z |z |z |

Table 5.1: Relation (x) between motivations for aggregation and the use

of concepts for aggregation.

In the LND decision processes in which we were involved. we often
found that it was very time-consuming to gather detailed data and that
many scenarios had to be developed under high time pressure. More
specifically. in the cases we discussed in chapter 4, we used aggregation
concept 4 in the food industry project and also in the design of the top

124



Aggregation of data

structure of the business electronics logistics network. For the design
of the distribution structure for the business electronics company, we
needed more detailed analyses, especially at the customer level, so we

used aggregation concept 1.

5.2.2 Previous research on aggregation

A great deal of research has been conducted on aggregation concept 1 in
figure 5.1. The objective pursued in this research is to solve the model
on the basis of detailed data, by first optimizing the model using aggre-
gated data, and then disaggregating the results into an approximation
of the solution of the original problem (see Shapiro and Heskett (1984),
Ananthanarayanan (1985), Shetty and Taylor (1987), Aderohunmu and
Aronson (1991), Rogers et al. (1991), etc.).

We will consider the following question with respect to aggregation:
What is the appropriate level data aggregation for the calculations of
the optimization model, if decision support is solely based on the results
of this aggregated model?

We will determine the appropriate level of aggregation by balancing
the availability of the data or the time needed to gather data and the
potential errors in the information used for decision-making.

Several authors provide indications as to the appropriate aggregation
level of customers into customer groups for LND problems (see ta-
ble 5.2), without explaining, however, what criteria they use to deter-
mine this level. Moreover in most of the examples in table 5.2 neither
the type of problem, nor the dimensions of the logistics network are
described.

Ballou and Masters (1991) extended the insights into the appropri-
ate aggregation level by conducting several experiments, taking into
account the sizes of the shipments and the number of potential ware-
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Region Type of Number of | Number of Proposed
Products | customers | customer groups | by

USA hospital unknown 127 Geoffrion and
supplies Graves (1974)

USA food unknown 121 Geoffrion (1974)

USA consumer | unknown 120 House (1985)
products

USA consumer | unknown 80 - 150 Bender (1985)
products

USA consumer | unknown 200 + Ballou (1992)
products

Canada consumer | unknown 20 - 40 Bender (1985)
products

Western Europe | consumer | unknown 60 - 120 Bender (1985)
products

USA industrial | unknown 30 - 50 Bender (1985)
products

Canada industrial | unknown 10 - 20 Bender (1985)
products

Western Europe | industrial | unknown 20 - 40 Bender (1985)
products

Belgium beer 24,000 650 Gelders et al. (1987)

several several unknown 100 to 200 Ballou and Masters (1991)

unknown unknown | unknown 200 Klincewicz (1985)

Table 5.2: Overview of examples of aggregation levels in LND problems.

houses in the logistics network. Their findings indicate that is generally
appropriate to use between 100 and 200 customer groups. They con-

clude:

... In general. 100 clusters is too few for only a few facilities
The use of 200 clusters is reasonable
Above that number, the

number of clusters in a location analysis should be increased

in a network ....
for locating up to 25 facilities.

substantially. ...

However, in 1992, Ballou reported a study in the USA in which cus-
tomers of consumer goods had to be allocated to warehouses. This
time, he found that the appropriate number of customer groups was
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200 or more. Note that this conclusion also differs from the aggrega-
tion levels recommended by Bender (1985) and House (1985) for LND
for consumer products in the USA. Bender recommends 80 to 150 cus-
tomer groups; House suggests 120.

It will be clear that, on the basis of these examples, it is difficult to
draw conclusions as to the appropriate aggregation level of customers.

Up to now, all insights into the appropriate level of aggregation of cus-
tomers in the design of logistics networks, have come from emperical
studies. However, most of these studies fail compare results reached
through calculations based on aggregated data and results based on
detailed data.

In order to determine the appropriate aggregation level, the examples
do not make use of indicators for the difference in total costs to be ex-
pected when customer groups are used instead of individual customers.
Nevertheless, many researchers have worked on the development of up-
per bounds on this difference (see Geoffrion (1976), Evans (1979), Zip-
kin (1980a,b) and Ballou (1992)). The upper bounds they provide are
theoretical; unfortunately, no emperical evidence is available on their
quality. In section 5.4 we will discuss this previous research, extend the
theoretical error bounds and show some experimental results.

5.3 Criteria for and effects of customer

aggregation

5.3.1 Criteria for customer aggregation

When aggregating customers into groups, there are several factors to
consider. A logical approach is to aggregate customers into one group,
if they are located in the same geographical area.
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Within these geographical areas, several criteria for aggregation can be
used (see also Bender, 1985):

- Sales volume
Analysis of the contribution to the total sales volume can identify
those customers that account for the bulk of the volume shipped.
This indicates a first aggregation level (i.e. demand level) sepa-
rating the customers into ‘small’ customers and ‘large’ customers,
on the basis of their individual sales volume. Now we can aggre-
gate the small customers into groups in at least two ways: within
each geographical area, the small customers are aggregated into
one group, or each small customer is aggregated into a group

together with the nearest large customer.

- Products
The products demanded by a customer can also be used as a crite-
rion for aggregation. Customers demanding a highly comparable
set of products are eligible for aggregation into the same group.
This can be a useful criterion if, for instance, there are safety reg-
ulations for transporting certain products or if products are only
supplied from a few locations.

- Service requirements
[n chapter 3, we already discussed the close relationship between
an LND and the level of customer service (especially the customer
order lead time) that can be offered. From this point of view it
is often useful to group customers according to the service level

to be offered.

- Transport modes
If the decision on the appropriate transport mode for supplying
the customers is an important issue in the design of the logistics
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network, then the options to supply the customers by different
types of truck, train, plane or ship become an important aggrega-
tion criterion: customers that can be supplied by the same trans-
port mode, can be aggregated into one customer group. It will be
clear that customers that cannot be supplied by the same trans-
port mode should not be aggregated into one customer group.

- Marketing distribution channels
If different customers are served through different distribution
channels (e.g., agencies, importers, wholesalers, retailers, deal-
ers), then in principle aggregation is only meaningful within each
channel.

It will be clear, that combinations of these criteria are also possible.
In this thesis we focus on the clustering of customers located within the
same geographical area and with a total sales volume below a certain
level. In most of the cases in which we were involved, we did not ag-
gregate small customers into a group together with the nearest largest
customer, due to distribution requirements: within each geographical
area, the small customers were often supplied by one truck driving one
route from one warehouse. The large customers were usually supplied
individually with full truck loads.

We define the differentiating demand level as the aggregation level,
denoted by a. To investigate the effects of customer aggregation, de-
tailed data on individual customers (d, . and 7, ., .) are needed. For the
fictitious consumer electronics company presented in chapter 2, these
detailed data are not available, but in a specific case study concerning
the production and distribution of food in Italy we had access to these
detailed data (see also table 2.1). In this chapter we will use this case
study for the analysis of the effects of customer aggregation.
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Figure 5.2: Analysis of sales volumes of a food production and distri-
bution company in Italy.

Figure 5.2 shows an analysis of the sales volumes for this case.

Table 5.3 shows the number of customer groups at several levels of
aggregation for this case and also for a case concerning the production
and distribution of hospital supplies in Europe (see also table 2.1).
Note that at aggregation level 628 for the food products and 98 for the
hospital supplies, the number of customer groups equals the number of
commercial regions. Therefore a higher aggregation level will give the
same results.

In the next paragraph we will explain this aggregation procedure in
detail.
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Food products Hospital supplies
Italy Europe
No. of individual customers 1509 1092
No. of commercial regions 44 15
Total demand 80747 4576
Average demand level 54 4
Maximum demand level 628 98
Aggregation Number of | Aggregation Number of
criterion customer | criterion customer
groups groups
Demand < 12.5 1348 | Demand < 0.5 841
Demand < 20 1049 | Demand <1 683
Demand < 30 781 | Demand < 2 477
Demand < 60 409 | Demand < 4 291
Demand < 100 241 | Demand < 8 164
Demand < 150 149 | Demand < 15 93
Demand < 200 109 | Demand < 30 37
Demand < 628 44 | Demand < 98 15

Table 5.3: Examples of aggregation levels in practice.

5.3.2 MILP model, based on customer aggrega-

tion

To clarify our ideas on aggregation, we will use a simplified version of
the MILP model developed in chapter 2'. We will consider a three-level
logistics network with production lines, warehouses and customers in

which:

- Production and inventory costs at the plants are not considered

separately.

- No inter-plant transport can take place.

- No direct deliveries from plant to customer are allowed and no

storage areas on the plants are considered.

In the present chapter we use the relaxation of the MILP model discussed in

section 2.6.
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- No lower capacities are considered.

- All conversion factors and throughput-times are set equal to 1.
This implies that volumes, costs and capacities are expressed in
the same transport unit (e.g., cubic metres, kilograms, litres).

However, we expect that the results achieved by using these simpli-
fications can be extended more or less straightforwardly to the more
general specification of the MILP model presented in chapter 2. For
example, the costs for purchasing, supply, production and inventory
at the plants for each finished product can be incorporated into the
cost rates of supplying a warehouse from a production line. The direct
deliveries from plant to customer can also be dealt with by defining a
plant twice, once at the plant level and once at the warehouse level,
where the transport costs between that plant and its representation at
the warehouse level include internal transportation, handling and in-

ventory costs at the plant.

Taking these simplifications into account, we will now introduce the
MILP model based on customer groups, instead of individual cus-
tomers:

Let us assume that in the detailed problem we have R commercial re-
gions and that there are n customers ¢ for which y°,d,. > a. In the
aggregated problem, corresponding to aggregation level a, the small
customers ¢ within one region and with a demand Y, d,. < a are
grouped into one customer group g. The n large customers each consti-
tute one single-customer group ¢. So, in the aggregated problem, there
will be R + n customer groups.

The demand d, . of a customer group g for product p is defined as the
sum of the demand of the individual customers ¢ in this group ¢ (see
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also Evans, 1983):
quQ = Zcég dp,(: for all p and g.

The costs of transporting product p from warehouse w to customer
group g are related to the costs of transportation 7, . to the individual

customers ¢ in customer groups ¢ as follows:

Tpaw,g = er,ch,w,c for all p, w and g¢.
cEyg
where 7, is the transportation costs ratio representing the contribu-
tion of transportation costs 7,,. of product p to customer ¢ to the
transportation costs of product p to customer group g. We use fixed
weight aggregation to define the transportation costs ratio:
dp,c
Tpe = T for all p and ¢, where ¢ € g.
.9
These relationships between detailed and aggregated data are exten-
sions of the relationships used for the single- product problem defined
by Geoffrion (1976), Evans (1979) and Zipkin (1980a, 1982) and the
relationships for the multi- product situation defined by Evans (1983).
Evans defines the transportation costs between warehouses and cus-

tomers as product-independent.

We will denote the MILP model related to aggregation level a as M L P®.
Note that the MILP model based on individual customers is M 1L P°.
We define M ILP? as follows:

Minimize the total variable logistics costs in operations (Z°*):

a mna a
AR Z tptwd piw + Z Tp,w,gdp,gAw,g
p,w,g

pyl,w
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subject to

Input-output

balancing at the warehouses:

Y dy AL =D T2 for all p and w.
g ]

Complete assignment of all customer groups:

DA

g, =1 for all g.

Capacities of the warehouses:

215,
p,l

w S upcapw,, for all w.

Capacities of the lines:

> 15,

pyaw

where

a
plw

As, =

w,g

tp,l,w =

Tp,w,g =

134

w S upcapl; for all 1.

amount of product p to be produced at line [

and shipped to warehouse w, T}, > 0;

based on the former T LWy, .

fraction of customer group g supplied from

warehouse w, A3 € [0, 1]; based on the former AWC,, .
costs of producing one transport unit of product p at
line /[, transporting it from line [ to warehouse w and
handling and storing it at warehouse w;

based on the former pcly,; + telwyp 1w + hewsp o + tcwy, .
costs for transportation of one transport unit of

product p from warehouse w to customer group g;

based on the former tcweyy o .

the total demand for product p of customer group g
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during the time period considered (in transport units);
based on the former dy, .

upcapw,, = maximum number of transport units that can be stored
in warehouse w; based on the former upcapw,.

upcapl, = maximum part of the total capacity of line [ that
can be used; upcapl; € [0,1].

In this notation a, p,/,w and g represent, respectively, the optional ag-
gregation levels, products, production lines, warehouses and customer

groups.

5.3.3 Effects of customer aggregation

In this section we will discuss the effects of aggregating individual cus-
tomers into groups on the optimal solution of the MILP model. We
will do this by comparing the optimal solution of MILP° to optimal
solutions of MILP® for several aggregation levels a. This compari-
son should reflect the decline in quality of the information provided by

MILP®

One way of comparing the solutions of M/ LP® and MILP?is to look at
the difference in total variable logistics costs. This difference Z*" AT
named the total cost error. Figure 5.3 shows some experimental results
for several instances of the LND problem in the case of the production
and distribution of food products in Italy.

As expected, this figure shows that the total cost error increases with
the aggregation level. In paragraph 5.4 we will prove that this holds
true in more general terms. The increase in the total costs error is
explained by the extra costs resulting from assigning customers to a
warehouse as a group, instead of assigning them individually, because
this may direct a customer to be assigned to another warehouse. Fig-
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Figure 5.3: Experimental results on the total cost error.

136




Aggregation of data

ure 5.3 also shows that in this problem instance the total cost error can
rise to a level of 8%. In the situation concerned, this meant about 1
million EURO per year.

The graphs indicate that the total cost error is higher for multi-product
problems than for single-product problems. Moreover, in this example
the total cost error is the highest in the case of ‘capacitated warehouses’.
Besides the total cost error, we also investigated the cost errors at the
different echelons of the logistics network. It turned out that these er-

rors could rise up to a level of 18%!

A second way to compare the solutions is to consider the structure of
the logistics networks. Indicators for the error in the structure are, for
example, the utilization of the production facilities and the warehouses
and the allocation of customers to the warehouses. Some experimental
results on this type of error at different aggregation levels are shown in
figure 5.4.

This figure shows that, although the total cost error only indicates a
maximum error of about 8%, the changes in the allocations of the cus-
tomers to the warehouses and the changes in delivery from the ware-
houses, can increase up to 30%. Moreover, at high aggregation levels,
9 of the 20 warehouses are utilized for different quantities of products.
At a specific aggregation level, the MILP model even suggests that one
warehouse should be made twice as large as in the solution based on
the non-aggregated data!

In other words, not only the cost errors at the different levels of the
logistics network, but also the errors in the structure of the logistics
network can be more serious than the total cost error indicates. This
means that, if the total cost error is used as the only indicator for the
aggregation error, one should realize that this may give a too optimistic
view of the changes caused by aggregation.
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structure (multi-product situation with limited warehouse capacities as
well as limited line capacities).
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A third approach is to compare the sensitivity of the optimal solutions
of MILP® and MILP* to changes in the input data, such as customer
demand, cost rates and capacities of warechouses and production lines.
These changes may be caused by the variations in the factor values in
the company scenarios (see also section 4.4) or by unreliabilities in the
input data, such as errors in the demand figures or cost rates.

It may turn out that aggregation problems are generally more sta-
ble than models based on detailed information. A first insight may
be obtained from the information provided by the solutions of several
problem instances MILP?® with respect to reduced costs and shadow
prices for the parameters and decision variables of the optimal solution.

On the basis of the experimental findings we presented, we conclude
that customer aggregation causes errors in cost levels as well as in the
proposed structure of the logistics network. However, in the remainder
of this chapter we will only focus on the effect of aggregation on the
total cost error. We will develop some tools that provide insight into the
expected level of the total cost error and that will help us to determine

the appropriate aggregation level.

5.4 Upper bounds on the total cost error

5.4.1 Introduction

In section 5.3 we discussed some insights into the potential errors caused
by customer aggregation. We will now focus on the development of
several upper bounds on the error in total costs due to customer aggre-
gation.

Before starting to discuss the different types of upper bounds, we will
define the total cost error and introduce some notations and properties
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that we will need in the derivation of the various upper bounds.

In section 5.3.2 we described MILP®, where ¢ > 0 is the aggregation
level. Note that M/LP? is the MILP model based on individual cus-

tomers.
With respect to MILP*, we will use the following notations:

(T3 .- An,) s a feasible solution of M[LP* and

Splwe

VA is the corresponding value of the objective function,
(T2, A%,) is an optimal solution of MILP?* and

A is the corresponding value of the objective function.

These notations, together with the aggregation definition of d,, and
Tpaw,g given in section 5.3.2, will be used in the proof of the following
lemma:

Lemma 5.1 For each aggregation level a, the total cost error
7% — Z° is non-negative.

Proof. We show that for each feasible solution of M ILP?. there exists
a feasible solution of M 1L P, with the same value of the objective func-

tions Z% and Z°. The optimal solution of M 1L P% is a feasible solution
of MILP°. This implies that Z%" > Z°°, which proves the lemma.

Let the set (T3, .. A} ) be a feasible solution of MILP*. Define the
set (17, . A2 )by

Tpdwr wyg

170, =15, for each p.l. w
o .— Aa y o
AL, =A%, for each w and each ¢, where

customer group ¢ is such that ¢ € g.

It is obvious that this set (
So, (T

Moreover. the corresponding values Z° and Z¢ are equal:

01w A% ) satisfies all constraints of MILP°.

A¢ ) is a feasible solution of ML P°.

0
plaws “lw,e
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For a specific type of aggregation procedure, the total cost error even
increases monotonously with the aggregation level. This holds for ag-
gregation procedures with the following property:

Property 5.1 ‘Eztending group property’

Let us consider an aggregation procedure with the aggregation level
as parameter. Let a,b (a < b) be two aggregation levels. If for each
customer group ¢° there exists one g° such that for all ¢ € g* holds
that ¢ € ¢°, then the aggregation procedure has the extending group

property.

Note that this property holds for the aggregation procedure we selected

in section 5.3.1.

The monotonous increase of the total cost error as a function of the
aggregation level a, as suggested in figure 5.3, follows from the following

lemma:

141



Chapter 5

Lemma 5.2 For an aggregation procedure with the ‘cxtending group
property’, a > b implies that Z*" > Z*" | where a and b are aggregation

levels.

The proof follows from exactly the same line of reasoning as the proof

of lemma 5.1.

Lemma 5.1 provides the following insight. Suppose we have an upper
bound K B(a) on the total cost error for a specific aggregation level a.
So, Z*" — Z°" < EB(a). If Z%" is known, then Z°" is an element of the
interval [Z%* — EB(a), Z*"]. If Z°" is known, then Z%" is an element of
the interval [Z°*. Z°" + E B(a))].

In the following section we will derive several types of upper bounds
which can help us to estimate Z°*, without solving MILP° or to es-
timate Z", without solving MILP®. An estimation of Z° or Z*,
combined with the values of the upper bound £ B(a) for several ag-
gregation levels a. offers an insight into the total cost error caused by

customer aggregation.

We denote the types of upper bounds we will distinguish by EB3(a),
where

s represents the type of solution needed to calculate the upper
bound: an optimal solution of MILP* (A), an optimal solution
of MILP® (O) or no optimal solution (N).

d represents the type of data needed: detailed data (det) or aggre-
gated data (agg).

a represents the aggregation level for which the upper bound is
calculated.

We will first discuss two classical bounds and extend them in sec-
tion 5.4.4.
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5.4.2 The classical bound EBj,(a)

For each aggregation level a, EBY,(a) can be calculated without solving
MILP° or MILP*. Only detailed data on the demand d,. of the
individual customers and the delivery costs 7., from the warehouses
to the individual customers are needed. Moreover, data on the delivery
costs tp 1, from lines to warehouses are needed. Since no solution of an
MILP problem is needed to calculate this bound, this bound is called
an a priori bound.

The result of this bound is an absolute value. This value becomes

meaningful if it is related to Z°" or 24" (see figure 5.5):

%k

a |
Z is known :
k

«— interval for Z0 —

I |

* ! I

a N a
7Z -EB det(a) 7

ES

O,
7 i1s known : "

) a
«— interval for 2 —
| |
| I

%k
o o*

N
7 Z°+EBy_ (a)

Figure 5.5: Insights from bound EBY (a).

if 72" is known, an interval for Z°" is determined by EBY,(a), which
gives bounds on the total cost error caused by aggregation; if Z° is
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known, an interval for Z*" is determined by EBY,(a), which also pro-
vides insight into the error that may be caused by aggregation.

Note that these values Z°" and Z*" were not needed to calculate EBY,(a).
so at least one of them must be calculated additionally.

Talking about bounds when the solution Z°* is known might not seem
very relevant at first sight. However, we will discuss the practical rele-
vance of these types of bounds in section 5.5.

A point of reference other than 7°" or Z%" might be the level of total
costs in the existing logistics network of the company.

The bounds developed in this section are extensions of the bounds de-
veloped by Zipkin (1980a) and Geoffrion (1976). The nature of the
extensions lies in the fact that we consider the multi-product situation

and three echelons in the logistics network (see table 5.4).

Theoretical results on EB&!t(a) —”

Type of problem

Logistics network design
with customer aggregation
Capacitated warehouses and capacitated lines sp, 3 level, Geoffrion 1976
mp. 3 level, lemma 5.3
Capacitated warehouses and uncapacitated lines sp. 2 level, Zipkin 1980a
sp, 3 level. Geoffrion 1976
mp, 3 level, lemma 5.4
Uncapacitated warehouses and capacitated lines sp. 3 level, Geoffrion 1976
mp, 3 level, lemma 5.3
Uncapacitated warehouses and uncapacitated lines | sp, 3 level, Geoffrion 1976
sp, 2 level, Zipkin 1980a
mp, 3 level. lemma 5.3
mp, 3 level, lemma 5.4
LP in general Zipkin 1980c¢

Shetty 1987

Table 5.4: Overview of research on K BY,(a)
(‘sp’= single-product situation, ‘mp’= multi-product situation;
the number of levels refers to the number of echelons in the

logistics network considered).
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Zipkin (1980c) and Shetty (1987) considered the effects of aggregation
of constraints in linear programing models; we consider aggregation of

customers, which implies aggregation of both constraints and variables.

Lemma 5.3 shows an extension involving limited capacity of both ware-
houses and production lines. Lemma 5.4 shows an extension involving
limited warehouse capacity and unlimited production line capacity. It
will turn out that these bounds are generalizations of the corresponding
single- product bounds of Geoffrion (1976) and Zipkin (1980a).

Lemma 5.3 Given the multi-product LND problem MILP? defined in
section 5.3.2 with limited warehouse capacity as well as limited produc-
tion line capacities, an a priori upper bound EBY,(a) on the total cost

|

error caused by customer aggregation is described by:

2 z” <05 Z Inu?X (tpnu Z Z Zp' dpl’c cheg deC'
14

chleg Zpll dp”,C”

- dp,c

g c€g

+ E E d, . max Yereg 2opt Aot o/ Tot w,e! _
p,c Ma d Tpw,e
CIIEg pll pI”CH

P.g c€g

where for each p and w:

thw = max{tyruw —tpiw | | produces p}

Proof. The structure of this proof is in line with Geoffrion’s proof for
the bound EBY, (a) for the single-product problem with only limited
warehouse capacity.

Let us now consider an optimal solution (129}, A% ) of MILP°, with
7°" as the corresponding value of the objective functlon. On the basis
of this solution, we construct for a given aggregation level a, a feasible
Ay ) of MILP® with Z¢ as the corresponding value of

solution (1%, .
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the objective function.

Since Z%" < Z*, an upper bound on the total cost error Z%" — Z°" is
given by Z¢ — 7",

The proof ends with finding an expression for this upper bound Z2—2Z7°".

A solution (T, ., A% ) of MILP? can be found that meets the follow-

w,g
ing characteristics:

ZcEg Zp dPyC‘AZJ,c

Al = Ses S o for all w and g¢.
2l = dequif,g for all p and w.
9
and
Z Tow = Z T;;,w for all /.
pw Py

Note that in this solution of MILP*, the total production of line I
(Xpw T31.) equals the total production of line [ in MILP°. In com-
parison to (T . A% ), only a reallocation of the deliveries from the
lines to the warchouses is needed to ensure that 5, 15, = ,dy0A%,
for all p and w.

A solution (7

p,lw?

tion of ML P¢:

A3, ) that fits these characteristics is a feasible solu-

The complete assignment of all customer groups follows from:

Z Aa . Eceg Zp dp,CAz;,c
” w,g = ZC'EQ Zp' dplﬁcl

Zcﬁg Zp dp.c Zw A’Z/:C
cheg Zp’ dp’,c'

=1 for all ¢.
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Input-output balancing constraints al the warehouses are fulfilled for all

p and w, as follows directly from the way we chose T7'; .
Capacity constraints of the warchouses are fulfilled:

Z Tow = de,gA

p,l P9

frm Z d Zceg ZP d AO‘
P9 cheg ZP" ", et

= Z z d Z"leg Zp’ dp’«C’Az;,C’
- p,c
ECIIEg ZPII

P.g c€g

dpll ,C”

= > dp,CAZ;C < upcapw, for all w.
P,C

Capacity constraints of the production lines are fulfilled:

paw

The fulfilment of the constraints proves that the
solution (T2, A% ) is a feasible solution of MILP®.

D, w,c

Now, the upper bound Z¢" — Z°" can be estimated as follows:

70—zt < 7v -7

-\ a a
- L th!u}]p,l,w + Z Tp$w7gd g 4’(_L,g

plw pw,g
ol
_thlu, plaw Zprcd~CAw,c
p,lw D,W,C
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We first show how 37,1 tp 1w i) = Xpiw tpiwl’?) . can be expressed
. ) 0' a o*
in A}, . and then we show how 3~ Tp,w,gd,,‘gAw.g = paee Toaelp e AL

can be expressed in A°" . The final step is to combine these two ex-
w,c

pressions and to eliminate AS .. which gives an upper bound EBY,(a).

The difference 32, . Lo 1wl — Spiwtpial ), represents the extra
costs for deliveries from the lines to the warehouses in M 1L P? in com-
parison with M TLP?. These extra costs are caused by the reallocation
of line-warehouse deliveries in the aggregated solution. These extra

costs can be estimated as follows:

ma o*
Z tpvl,'l.b'jp,l,w - Z tPquTp,l,w

plow plaw

— a O‘
= Z tp,l,w (Tp,l,w - Tprw)

pilow

2205 tpw | (Tpa,z,w - T;,},w)

pyw l

(&1

~ /d ! CAO,‘ *
3 - 0 Z tp,w Z Z d o Zueg ZP P wye ZZdPYCAloU’C
psw

9 c'eg Loeneg 2opy dprcn g c€g

_ 0.5 Z /»p‘w Z Z AZ. Zp’ dp’,(- ZC/Eg dp.c' . Z Z dp,(‘AZ:C
pow

> Ceg ), C ZC”EQ Z}’?” dp”,c" g CE{]

o = max{ty o — tpg .} for each p.w. tpw represents the highest possible
increase in delivery costs in case a product p is delivered to a warehouse w by a
different line.

S T =17 w)l represents the changes in product flows in the line-warehouse
dw /|
deliveries. In this sum. each change is counted twice. This clarifies the factor (0.5.

Suse the definitions of d, , and A¢ .
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* d ! d !
05y [y (S Renthe
, Zc"eg Zp" dpll’cll

pw g cegg

The second part can be estimated as follows:

a o*
Z Tp,w,gdp,gAw,g - Z Tp,w,f‘dp,cAw,c

p,w,g p,2w,C

d, .
4 _ p.cTpw.e a o
- Z Z d degAuag Z TP»wacd ,CAw,c
2%

pyw,g \c€g paw,C

L

5 dp.ch,w,cd Zc’eg Zp’ dp’.c’Auw,Cl d

- Z Z d p.g E Z d - Z Tp,w,c PsC

p.w,g cEg p.g ceg Lap' Up'tic! Pw,c
*

_ d Zc’éy Zp’ dP’-,C’Afu,c' o*
- Z Z 'p.cTpwe - Z Tp,wstPvCAw,c

paw,g cEg Zc"eg Zp” dp”,c” paw,C

— d. A° ZC'Eg Zp’ dp',C’Tp',w,C’ d. A
- Z Z ¢ tw, e - Z PyC w,cTP»wyc

paw,g c€g EC”EQ ZP” dp”@ paw,c

_ d Aot ZC'Eg Z‘p/ dl)’,C’Tp’,w,C’
=2 2 dpe ~ o

w,c
pyw,g c€g Zc”Eg an dp”,c”

Now, we can determine an upper bound on the total cost error:

A AN
. vl oS ey oy o
S 0'5th,w ZZ A?U’C ZP PC c'eg “pct dpyc
p,w g ceE&g ZC“Eg Zp/l dpll)cll

4use definition of 7,y 4-
Suse definition of A ,.
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| Ao* Zc’Eg Zp’ dp’,c’ Tplw,e! .
+ Z Z Up,c My e — Tpaw.c (5.1)
p,w,g cEg EC”Eg Zp” Clpu'cu

Zpl dp',c ZC’EQ dP,C’ . d
chleg Zp” dp”.c” pee

< 0.5 Z max (tp,u, Z Z
P

g c€g

+Y Y dyomax Yoes Ly bt Ty
P, ,w,C
Pg ceg ¢ u Zc“ég Zpll dp”,c” P

Lemma 5.4 (iiven the multi-product LND problem MILP° defined in
section 5.3.2 with limited warehouse capacity and with either unlimited
production line capacity or exactly one production line for each product.
an a priori upper bound EBY . (a) on the total cost error caused by
customer aggregation s deseribed by:

AR AR

o o d 1N\ Tpt ! + ln}zg .
szp’c ITIE}X (Z €g Zp P, ( p ', ) . (Tp,w,c + tmm))

pow
p.g cEg ZC”Eg Zpu dp”,c”

where for each p and w:
f;’fff =min{t, ., | [ produces p }

Proof. The proof of this lemma shows is very similar to the proof of
lemma 5.3. We will focus on the differences:
Let (77 ,.AS.) be an optimal solution of MILP°. Then a feasible

solution (T%, . A% ) of MILP* can be defined as follows:

p.lows “hwyg
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Afvg same definition as in lemma 5.3
= Zd,,,, g forall p,wand

where [ is the line corresponding with

"ZIIT = min{t, . | | produces p}

0 else.

This solution (17

Az ) is a feasible solution of MILP":

The complete assignment of all customer groups can be proved in the

same way as in lemma 5.3.

Input-output balancing constraints at the warehouses are fulfilled for all
p and w as follows directly from the way we defined T, ..

The fulfilment of the capacity constraints of the warehouses can be
proved in the same way as in lemma 5.3.

The fulfilment of the constraints proves that the defined solution
(T2 A% ) is a feasible solution of MILP*".

In the derivation of the upper bound Z% — Z°, only the first part is

different from lemma 5.3:

thlw plaw lelw p,lw

plaw plow

Z tmm Z dp ; Z tmm Z dp,

6In the optimal solution of M ILP°, each warehouse is supplied by the cheapest
production line.
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ZC’G Z v dy "AO‘ / *

_ min g pt P e min A0

- Z tp w Z Z deC Z ve Z . dp// . - Z tp w Z Z dP-CAw,C
cl'ey Lap <

pw g c€yg pw g c€g

=Dty Loreg Lp by Ay > mefr
. Zc”EQ Zpu dp”.g‘” Lp,ct ’C

paw.g ceg paw,g c€

nn
— d 10 ZC ‘€9 ZP P w p*cl - d tmzn
- o e p,(' w,chpaw
D " sor i DP D

pw,g c€g p,w.g c€g

min
= Z Z d Ao* ZC’ES ZP' tP’»de"‘* tmm
Pt twe Zc”eg Zp“ dp”,c” pow

pyw,g ceg

Now. we can determine an upper bound on the total cost error:

7(1" _ 70‘
< o* ZC’EQ Z'P’ t;r'L;L‘L’ZdP'vC' min
= Z Z deCAur,c d tp w
p,w,g ceg ZC”GQ Zp” p!! el
{ 20’69 Zp’ dp’wc’ Tp w,e! 5.9
+ZZ‘P~‘wr d — Tpw,c ( . )
paw,g cEy ZC”EQ Zp“ p!' .
A Lees Ty dp e (T + 10
< d, . max Ty + 1717
p.g c€g v Zc”Eg Zp” dp“m”
a

The bounds of lemma 5.3 and 5.4 can also be used for multi-product

situations with unlimited warehouse capacity.

Of course, the derived bounds £ B}, (a) for the multi-product situations
can also be applied to single-product situations. In the single-product
situation. the derived bound EBY,(a) of lemma 5.4 also holds in case of
limited production line capacity, since the single-product version of this
bound is independent of the capacity and costs of the line-warehouse

trajectory:
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Lemma 5.5 Given the single-product version of the LND problem
MILP? defined in section 5.3.2 7 with limited warehouse capacity and
limited production line capacity, an a priori upper bound EBY, (a) on
the total cost error caused by customer aggregation is described by:

* * ’ le !
7at _ go SZchmj}x (Z_Cu_myc)

g CGQ ZC"EQ dcll

Proof. The proof of lemma 5.4 also holds for this lemma, except the
index p is left out and T}*, can be specified differently:

Choose 17, = T¢,, and define A% , in the same way as in lemma 5.4. It
is easy to see that (17, Aj, ) is a feasible solution of the single product

version of M ILP*®
In the derivation of the upper bound in the proof of lemma 5.4, the

part Zl,w(Tl(,lw - l?:u) =0. .

Intuitively, this bound can be understood by realizing that, for each
customer, the maximum increase in transportation costs caused by ag-
gregation is calculated. This increase is expressed in lemma 5.5 as the

maximum difference between the transportation costs Lo ; d”:’f”cl from
a warehouse to a customer if this customer is supplied as aereliar;lber of a
customer group and the transportation costs 7, . from the same ware-
house to the same customer if the customer is supplied individually.

Figure 5.6 shows some experimental results on the bound EBY,(a)
for a multi-product and a single-product situation. In figure 5.3, the
specific situation of food production and distribution in Italy with lim-

ited warehouse capacity and unlimited production line capacity shows a

"The notation used in section 5.3.2 can easily be translated into a single-product
notation by omitting the index p. In this lemma we use the single-product notation.
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9 - - e

)
T
\

|

Change in total costs
(% of 7°
%
1‘
i
|
?
|

S ]
n

// /l/
b i - | £

3 _

—
* ./

0 e

1509 1348 1049 781 409 241 149 109 44

Numrber of customer groups in aggregation

No
aggregation

N
- Total cost error —+— Bound EB; _of Lermuim 5.4

Figure 5.6: Experimental resulls on error bound EBY,(a) for a situ-
ation with limited warehouses capacity and unlimited production line
capacity.
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high total cost error caused by customer aggregation. For this situation,
we calculated the corresponding upper bound EBY (a) and related it
to Z°". Morecover, we show the total cost error (also as a percentage
of 7Z°"). The graphs show that for these specific problem instances,
EBY (a) provides a loose upper bound on the total cost error.

As we have argued in this section, sometimes Z%" or Z° is needed to
obtain useful insights from EBY,(a). so MILP* or MILP? has to be
solved. This gives the opportunity to use the solutions of MILP* or
MILP° to determine tighter upper bounds than EBY (a). This will

be done in the next sections.

5.4.3 The classical bound EBZ,(a)

To calculate this bound, an optimal solution of MILP® is needed.
Moreover, detailed data on the demand d,, . of the individual customers
and the delivery costs 7,,.. from the warehouses to individual cus-
tomers are needed. Since a solution of an MILP problem is needed,
this bound is called an a posteriori bound. This bound makes it easier

to estimate Z° as shown in figure 5.7.

*

7, is known : N

. .0
~—interval for 7 —

| |
YA 'EBdet,(d) V4

Figure 5.7: Insights from bound EBZ,(a).
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The a priori bound £ B}, (a) and the a posteriori bound EBZ,(a) are
existing types of bounds. which were introduced in the 1970s by Geof-
frion (1976) and Evans (1979) respectively. At that time. these bounds
were used to find the solution of very large linear programing models.
which could not be solved within a reasonable time at that time. A
framework of Rogers et al. (1991) shows how these bounds can be used

to find a solution for the original detailed problem (see figure 5.8).

"Solve" for
Solve original
Aggregation aggregated Disaggregation objective
analysis model analysis function
o . R L : .
| e | | |
‘ ;‘ | i Estimated |
\ l | Solution Disaggregated | objective |
|Original Aggregated i 1 for the solution ! function
— —_— — . | — ‘
! model ‘&, model ! | aggregated |. j for the 1 | value i
1 ' | ‘ model | \" original model | . forthe |
: ‘i ! ; | original |
1 | i ' model |
' | T S [ _ ! i |
N LA
EB d EB
et det

Figure 5.8: Framcwork for aggregation to find a solution for the original
detailed problem (Rogers et al.. 1991).

Evans (1983) and Zipkin (1982) extended the work of Evans (1979)
on the a posteriori bound B3}, (a) as shown in table 5.5. They con-
sider a transportation problem and a network flow problem with limited

transportation capacity. The logistics network we consider is a three-
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level problem. Moreover, we have constraints of the assignment type
for the delivery to customers by one single warehouse. Note that for
the single-product situation these allocation variables are similar to the
flow variables in a network flow problem.

Zipkin (1980b and 1980c¢) also studied a posteriori bounds, based on
optimal solutions of an aggregated problem. He derived upper bounds
for general linear programing models using aggregation of either vari-
ables or constraints. In our linear programing model of the logistics
network problem with customer aggregation, we aggregate constraints
and variables simultaneously.

In this section, we will develop EBil,(a) for our three-level, multi-
product, capacitated LND problem. The method we will use will be
similar to those of Evans (1979). Shetty (1987) and Zipkin (1980a,
1982).

To derive EBJ (a), we use the optimal dual solution of MILP* (Up,

Us, Us . U2), which is defined as:

Up := the value of the dual variable related to
the capacity constraint of line [
in the primal problem formulation
(non-negative for all lines /).

Uf = the value of the dual variable related to
the capacity constraint of warehouse w
in the primal problem formulation
(non-negative for all warchouses w).

Ug ., = the value of the dual variable related to

the input-output constraint of warehouse w and
product p in the primal problem formulation
(unrestricted in sign for all warehouses w).
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Ug = the value of the dual variable related to
the assignment constraint of customer group g
in the primal problem formulation

(unrestricted in sign for all customer groups g).

Theoretical results on KB (a) “

Pype of problem

Logistics network design

with customer aggregation
Capacitated warehouses and capacitated lines | mp, 3 level,lemma 5.6
Capacitated warehouses or capacitated lines sp, 2 level, Evans 1979

Uncapacitated lines and warchouses sp, 3 level, Zipkin 1982
mp, 2 level, Evans 1983

mp, 3 level, lemma 5.6

LP in general Zipkin 1980b,c

Table 5.5: Overview of research on EBg,(a)
(‘sp’ = single-product situation, ‘mp’ = multi-product situation:
the number of levels refers to the number of echelons in the

logistics network considered).

Lemma 5.6 Given the multi-product LND problem MILP® defined in
section 5.3.2, with limited warchouse and production line capacttics,
an a posteriori upper bound EBZ,(a) on the tolal cost crror caused by

customer aggregation is desciribed by:

AR A S Z dP,C Hllle (_Tp.w.c - ('"/rltz ) + Z lr;
p,c g9

Proof. Let ([/f". U8, U2 . U&") be an optimal dual solution of MILP".

paw?
First. we will express the unknown value 79" corresponding to the un-
known optimal solution (7", A°%) of the original problem, in terms of
this optimal dual solution of the aggregated problem. Based on this

*

expression for Z¢°. we will derive an upper bound on VANESY AN
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z° = Z tP,l w T;l w + Z Tp,uv,c/li d

pylaw paw,C
O
Z prlw plu+ E Tpu/CAwC
plw Jw,e

+ Z i (Z ]p Lw ~ UPCGPZI)
!

+y Ur (Z Ao d upcapww)
IIUAES M
9 g
= - Z upcapl, U™ — 3" upcapw, U + Y uE (5.3)
w 9

+ Z Tp Lw ( plaw + Ula‘)

plow

+ 3 AL e (T + UL)

p,w,<

-2 Uy
g

Note that (5.3) represents the value of an optimal dual solution of
MILP?*. Since this value equals Z%". an upper bound can be derived

as follows:

A AN DY SN C N

p.lw
o* ra* ra*
+ Z Aw,cdpyc (—prw‘c - bw ) + Z (/g
p,w,c g

IN

ra* at
S dyemax (~ e — U2) + 30
p.e P
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The bound of lemma 5.6 also holds for situations with unlimited ca-
pacity on production lines or warehouses. The proof follows with slight

adaption from the proof of lemma 5.6

Bound £ B3, (a)is expected to be tighter than I B3 (a). due to the use

of an optimal solution of MILP" as additional information.

5.4.4 Alternative bounds EB (a) and EBY,(a)

(a) and E B3, (a). detailed data

and 7, are needed. As discussed earlier. in many practical sit-

To calculate the classical bounds F BY

det
dy.

uations data are only available at an aggregated level. A new type of
1A

bound LB,

an optimal solution of MTLP*.

EB ,(a) can be used to estimate Z° in the same way as £ Bz, (a) (see

figure 5.9). although it is expected to be a less tight bound, as it uses

(a) can be introduced by using only aggregated data and

less detailed data.

A
7. is known :
oF
«—interval for7Z, —
| |
Ao A A
7 -EB._ (a) 7
agg

%

Figure 5.9: Insights from bound Equg((z).

This bound EB;‘(J{]((J,) is derived in the following lemma:
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Lemma 5.7 Given the multi-product LND problem MILP° defined in
section 5.3.2, with limited warchouse and production line capacities, an
a posteriori upper bound EBZ (a) on the lotal cost error caused by
customer aggregation is described by:

7a* _ rzo* ra*
AN ARSI SN U
g

Proof. The upper bound £ BA

29s(@) can be derived easily from E B2 (a):

* *

27 =7 < Y dyemax (= — US) + U
pyc g

S
g

]

The bound of lemma 5.7 also holds for situations with unlimited ca-
pacity on production lines or warehouses.

To calculate the a posteriori bounds discussed so far, each time an
M1ILP*® problem has to be solved. To gain insight into the appropriate
aggregation level, bounds need to be calculated for several aggregation
levels a. An alternative way is to calculate M 1L P° and use its optimal
solution (and detailed data d,. and 7,,.. and data {,,.,) to calculate
upper bounds on the total cost error for several aggregation levels a.
The new type of upper bound is named EBY, (a) (see figure 5.10).
Following this procedure, estimations for Z%* can be made for several
aggregation levels a. See again section 5.5 for the practical relevance of
these types of bounds.
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Figure 5.10: Insights from bound EBS (a).

The bound EBZ,(a) is derived for several situations in the following

lemma’s:

Lemma 5.8 Given the multi-product LND problem MILP° defined in
section 5.3.2 with limited warchouse capacity as well as limited produc-
tion line capacity, an a posteriori upper bound EBS.(a) on the total
cost error caused by customer aggregation is described by:
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where for each p and w:

tpms = max{ly . — tpiaw | [ produces p }

Proof. This bound follows directly from the proof of lemma 5.3. Ex-
pression 5.1 in this proof is the last expression that uses A2 . So. it
can be used as a bound of type EBS,(a). 0
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Lemma 5.9 Given the multi-product LND problem M1LP° defined in
section 5.3.2 with limited warehouse capacity and with either unlimited
production line capacity or for cach product exactly one production line,
an a priori upper bound EBS,(a) for the total cost error caused by
customer aggregation is described by:

AEA

ZCIeg ZPV dp’ <! (TP’ wyel T t"/”n') .
i N Al v p ,11/ r
S Z Z dpycAZu,(: ( . (Tp’w’c + t;,f;?)
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where for each p and w:

t;n,gz — min{t'p,l,u' | l pT’()dUCﬁS p}

Proof. This bound follows directly from the proof of lemma 5.4. Ex-
pression 5.2 in this proof is the final expression using A% .. So. it can
be used as a bound of type EBS. (a). a

The bounds of lemma 5.8 and 5.9 can also be used for multi-product
situations with unlimited warehouse capacity.
A similar bound for the single-product situation is:

Lemma 5.10 Given the single-product version of the LND problem
MILP® defined in section 5.3.2% with limited warehouse capacity and
limited production line capacity, an a priori upper bound EBSY,(a) on
total cost error caused by customer aggregation is described by:

* * * cheg d(;l Tw.cl )
79— 7 < P E=Ci R
—_ Z Z M ( ZC”GQ dC” T

g ce&g

3The notation used in section 5.3.2 can easily be translated into a single-product
notation by omitting the index p. In this lemma we use this single-product notation.
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Proof. Just as in the proof of the previous lemmas in this section, this
bound, too, follows directly from the proof of the corresponding bound

SN . e
EBy,(a) in lemma 5.5. O

Figure 5.11 shows experimental results on the bound EBY,(a) as a
percentage of Z". Moreover. the graphs show the total cost error as a
percentage of Z°". The experimental results on B}, are also listed in
figure 5.11. The graph shows that for these problem instances EBS,(a)

provides a tight upper bound on the total cost error.

5.5 The use of bounds in LND

During the design process of a logistics network, many alternatives have
to be evaluated: there may be a substantial number of scenarios to be
considered and for a specific scenario several sensitivity analyses need
to be performed.

In a situation where detailed data are available and a large number of
closely related input sets Ainput—1np have to be calculated in a short
period of time. it may be too cumbersome to calculate an optimal solu-
tion of M 1L P for each input set. In that case, a useful approach could
be to determine in advance one aggregation level for all related input
sets. This aggregation level can be based on an analysis of one or a few
representative input sets Ay, - vp. This level would be expected to
be valid for the other related input sets. For this approach. bounds of
the type E'BY (a) can be used, although this type is expected to give a
loose upper bound. The bound EBZ,(a) is assumed to be more accu-
rate, but in order to calculate £B2,(a) for different aggregation levels,
cach time a problem instance of MILP® has to be solved. By putting
some effort into solving M 1L P once for the few representative input
sets, the bound £ BS),(a) can be calculated for each specific aggregation

det
level that is being investigated. B, (a) is expected to be the tightest
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upper bound.

As mentioned before, often only aggregated data are available. In those
situations one wants to be sure that the use of aggregated data does not
lead to network designs that are far from optimal at the operational,

more detailed level. In these situations, the bound £ B4

iyel@) may give

insight into the potential size of error.

If this bound shows a high error bound, one may decide to estimate de-
tailed data. Such estimates may be based on an investigation of a spe-
cific geographical region or on information gained from experts within
the organization. such as sales managers or transport managers. On
the basis of these estimated detailed data. the upper bounds EBY,(a),
EBZ (a) and FBZ,(a) can be used as explained above for the situation
where detailed data are available.

Figure 5.12 summarizes the use of the different type of bounds.
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Figure 5.12: Use of different types of upper bounds.
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All four types of bounds on the total cost error can be used at the
beginning of the development phase of the LND decision process, in
order to determine an appropriate aggregation level for the calculations
with the MILP model used in the DSS SLAM. On the basis of the
calculations of the bounds on several aggregation levels and for several
sets Aipput—LND» @ particular level of aggregation 1s chosen. This level 1s
often used for the development of several alternative LNDs. but it may
need to be changed during the development process, because a higher
level of detail is needed for more specific analyses, for instance, for the
distribution in a specific geographical region. When the aggregation
Jevel needs to be changed, again the bounds on total cost error are
helpful.

Another reason to use the bounds during the development phase 1s
that the selected aggregation level is based on error bounds calculated
for only a few sets Aipui—LND- During the development process, it
‘s worthwhile to check whether these error bounds still hold for the
Ainput—rnp that is being considered at a particular moment. If not, the

aggregation level may have to be adjusted.

5.6 Evaluation

In this chapter. we discussed the effects of customer aggregation on the
optimal solutions of MILP? and MILP®. Since experimental results
show that customer aggregation may lead to a high total cost error, we
discussed how to select the appropriate aggregation level. For the se-
lection of the appropriate aggregation level, it is often not sufficient to
focus on the total cost error alone, because this may conceal high cost
errors at specific levels in the logistics network. Moreover, high errors
may occur in the utilization of facilities and the supplying of customers.
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We developed several types of upper bounds on the total cost error
that may be useful in determining the appropriate aggregation level.
We presented extensions on two classical bounds, introduced two al-
ternative bounds and discussed their added value in determining the

appropriate aggregation level.

This chapter offers many opportunities for further research.

To gain insight into the quality of the different types of bounds. more
empirical data are needed for the bounds EB, and EBfgg. as well
as for B}, (a) and EBS (a). especially for the situation with limited
capacities on both warehouses and production lines.

Moreover, empirical data are needed on a large number of data sets
Ninpui—np- I section 5.5, it was stated that the error bound cal-
culated from a specific data set Ainput—1.nD may represent an upper
bound on the total cost error for other sets Ninput—np that are needed
for the development of an LND, but this has to be checked during the
LND development process. Empirical data on a large number of sets
of Aispur—Lap’s may provide insight into the influence of characteris-
tics of Ajppw—rvp (e.g. capacitated or uncapacitated warehouses, the
proportion between the delivery costs from lines to warehouses and the
delivery costs from warchouses to customers), on the tightness of the
bound.

Finally, the effects of aggregation on the utilization of facilities and the
allocation of customers to warchouses should be investigated in greater

detail.

Clearly, this chapter is a call for further research on data aggregation
in strategic LND decision problems as well as research into the con-
sequences of data aggregation for other types of decision problems in
strategic decision making.
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Conclusions

6.1 Summary of findings

In this thesis we addressed several issues related to the central ques-
tion of “How to design a competitive logistics network for a specific
industrial company?” A logistics network is comprised of the flows of
products and the facilities needed to deliver the products to the cus-
tomers at the required service levels.

Challenged by new markets, globalization, mergers, technological in-
novations. environmental consciousness etc. companies inevitably need
to adjust their logistics networks. However, redesigning a logistics net-
work may entail a complex strategic decision process involving many
alternatives, many participants, many decision criteria and huge num-
bers of data.

In this thesis we offered several insights to facilitate this complex pro-
cess. We presented a framework that structures the decision process on

the design of a logistics network. These are the main contributions of
the thesis:
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- Integration of the use of quantitative models and DSSs into strate-

gic decision-making processes through the use of scenarios

- Extension of existing structured approaches to strategic decision

making. resulting in an approach involving multiple participants

- Deepened insight into the possibilities of aggregating unwieldy
numbers of detailed data into more easily managable sets of ag-

gregated data

Our findings are based on various theoretical concepts and on obser-
vations and applications from real-life situations in several industrial
companies.

The concepts for strategic decision making we used come from Mintzberg
et al. (1976) and Simon (1977). We elaborated Porter’s (1985) ap-
proach to scenario development, drawing on the Consistency Model of
Organizational Assessment and Change developed by Broekstra (1984,
1989). The multi-participant aspect of strategic decision making was
brought in from a framework proposed by Chakravarthy and Lorange
(1991). To extend existing insights into the possibilities of aggregat-
ing huge numbers of detailed data into smaller numbers of aggregated
data, we mainly built on the findings of Geoffrion (1975, 1976, 1977)
and Zipkin (1980a, 1980b, 1980c, 1982).

A blend of the real-life logistics network design processes in which we
were involved is reflected in the case description in chapter 2. the ap-
plications of the scenario approach in chapter 3. the applications of the
framework developed in chapter 4 and the experimental results on the
aggregation of customers presented in chapter 3.

In chapter 1 we promised to deal with a number of specific topics in the
field of LND. Let us now briefly look at how successful we have been:
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- The integration of production and distribution into a total sup-
ply chain instead of focusing on either distribution or production
networks as subject of the decision process. In chapter 2 we de-
scribed a logistics network design problem of a fictitious Euro-
pean company selling, producing and distributing a wide range
of consumer electronics products on the European market. The
company has to take decisions on the number, locations and sizes
of plants, suppliers and warchouses: 1t also has to allocate the
flows of the semi-products and finished products to the various
echelons of the logistics network and to settle the allocation of
the customers to the warehouses. While considering the decision
situation in detail. we developed an MILP model to support the
development and evaluation of alternative logistics networks (see
chapters 3 and 4). The MILP model focuses on minimization of
total variable logistics costs while also taking account of other

aspects, such as customer service.

_ The structured development of external and company scenarios
(chapter 3). Given the strategic character of the design of a logis-
tics network. we showed how external trends can be represented
‘1 external scenarios and how these external scenarios can be
translated into company scenarios offering different views of a
company’s future development. Each company scenario includes
an alternative design of a logistics network. This design is pre-
pared with the support of the MILP model that we developed and
incorporated into a DSS. The company scenarios are evaluated on
the basis of their potential for competitive advantage, costs, sensi-
tivity to future change and internal aspects, such as political and
operational feasibility needed to implement the new network. The
structured approach to building these scenarios makes it easler to
concentrate on the development of the most important scenar-
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i0s. By adopting this approach it is less likely that scenarios with
interesting aspects or alternatives are overlooked.

- The development of a stepwise approach to decision processes in-
volving multiple participants (chapters 3 and 1). The classical
approach to strategic decision making distinguishes several use-
ful phases (identification, developments, selection and authoriza-
tion). We extended this approach, based on the observation that
many strategic decision processes, such as the design of a logistics
network structure, involve several parties at different stages in the
decision process. This multi-participant approach makes the deci-
sion process more transparent and contributes to its effectiveness

and 1ts efficiency.

- The support of a DSS in the various phases and for the various
participants in the decision process (chapters 3 and 4). Since
many scenarios and alternative logistics networks are elaborated
during the design process and since various parties have to deal
with these alternatives, a DSS is very helpful in supporting the
development, evaluation and analysis of the alternatives. The
DSS we developed does not only focus on distribution or produc-
tion aspects of the logistics network, but also takes account of the
total supply chain from supplier to customer.

- Bounds offering insight into the effects of aggregation of data
(chapter 5). As a consequence of the complexity of logistics net-
work design and the number of parties that are involved in the
design process, huge quantities of data from different departments
in the company are needed to design reliable alternative logistics
networks. It is often too time-consuming and economically ineffi-
cient to gather all these data at a detailed level for each possible
scenario. Moreover. the level of detail required may depend on
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the stage of the design process.

We used mathematical concepts and insights in data aggregation
which were originally developed to solve large optimization prob-
lems with very detailed data. Using a simplified version of the
MILP model developed in chapter 2, we made some first steps
in applying these concepts to real-life situations where insight 1s
sought into the potential total cost error caused by data aggrega-
tion.

We developed some upper bounds on the total cost error to de-
termine the appropriate level of aggregation of customer data.
When these upper bounds have been calculated for several levels
of aggregation, a trade-off can be made between the potential to-
tal cost error introduced by each aggregation level and the effort
needed to gather and process the corresponding detailed data.
The upper bounds we developed improve the intuitive approach
common in practice to choose an aggregation level for customer
data.

The framework developed in this thesis enables logistics networks to
be designed more effectively and more efficiently, which enhances the
competitive advantage of the companies for which the logistics network
is created. In the practical situations we were involved in, it turned
out that this could result in savings in the total variable logistics costs
amounting to about 10% to 15% annually, while improving customer
service. This results are in line with the results Geoffrion and Powers

(1995).
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6.2 Topics for further research

6.2.1 Improvement of the framework

The framework we developed is based on several theoretical concepts.
combined with experiences and observations from real-life logistics net-
work design processes.  As illustrated in chapter 4. the framework
worked quite well in some practical situations. However. in order to
further improve the framework, it should be applied to other real-life
case studies in different branches, to other sizes of companies, to non-
European companies, etc. Also. other new theoretical concepts could
be incorporated to refine the framework. We distinguish three main

areas for improvement:

Steps and participants

Based on insights gained from more real-life case studies, refinements
may be made with respect to the steps and the participants in the
framework. Maybe this will result in a differentiation of the framework,
for instance per branche, per size of company, per decision culture of a
company or per geographical region. In each of these frameworks. de-
pending on the specific situation, the number of steps may differ. Also
the number of participants may vary and their roles can be defined
or adjusted in accordance with their field and level of expertise. On
the basis of these further studies, new insights may emerge and more
precise guidelines for the steps and participants in logistics network de-
velopment constructed.

Scenarios

With respect to the use of scenarios. the factors that are considered
may differ per branche, per size of company, per decision culture of a
company or per country. A specification of these factors for each cate-
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gory of companies will help to improve the use of scenarios.

One aspect in the development of scenarios that needs to be improved
is the description of the incremental growth of scenarios. Scenarios
are developed step by step, from a global level at the outset to a de-
tailed level at the end. During this process. new factors in the scenarios
emerge, existing factors are described at a more detailed level or are
split into new factors. A formal description of this incremental growth

may also help to improve the use of scenarios.

Integration of tactical and operational aspects

In this thesis we dealt with logistics network design as a strategic prob-
lem. To validate proposals for alternative logistics networks, we recom-
mended cooperation with people at the operational level (the field) to
determine the feasibility of alternatives in daily operations. Often sim-
ulation models are useful tools to provide insights into the operational
feasibility of the suggested logistics network designs.

An interesting topic for research would be to investigate the possibility
of integrating the strategic. tactical and operational aspects of the lo-
gistics network design problem into quantitative models and to examine
how DSSs containing these hierarchical models can further improve the
decision process.

Examples of topics we did not cover in the MILP model developed
in this are: return flows, multi-transport modes, fixed costs, routing,
production scheduling, stock levels, capacity planning of machines and
human resources, multi-period planning. technological concepts, ad-
ministrative processes, control activities, etc.

Some of these elements might be integrated into our MILP model,
others might be incorporated into separate models. Of course it is
also possible to use quantitative models other than MILP models. If
separate models are used, they should be clearly connected and pro-
duce consistent outcomes. Mourits (1995) and Van Bruggen et al.
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(1993) made some first steps towards such an integration of separate
models for logistics network design. Also. some general guidelines on
the integration of strategic, tactical and operational aspects in strate-
gic planning have already been developed (Radford. 1988. Hax and
Majluf, 1991). A combination of the optimization models and the
general guidelines may lead to new opportunities to further improve
strategic decision making supported by 1DSSs.

In addition to rescarch aimed at the further refinement of our LND
framework. we believe it would also be worthwhile to investigate the
added value of the framework if applied to other problem areas in strate-
gic planning and decision making (of course in combination with other
quantitative models).

6.2.2 Improvements in data aggregation

Aggregation criteria

In this thesis we focused on the aggregation of customer data. How-
ever, it would also be interesting to look at the effects of aggregation of
product data (see Remijnse, 1995) and the aggregation of both product
and customer data.

With respect to the aggregation of customers. we focused on the clus-
tering of small customers into one group. while the large customers each
constituted one single customer group. Investigations on other proce-
dures such as clustering of small customers into a group together with
the nearest large customer seem worthwhile. Comparison of the errors
resulting from this new aggregation procedure and the procedure we
used would be of particular interest. Moreover. within the aggregation
of customers not only their total demand, but also their demand per
product, their service requirements. the transport modes and the mar-
keting distribution channels that can be used are interesting criteria for
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grouping customers.

Experimental results on the effects of aggregation

We have conducted some experiments to explore the effect of customer
aggregation on the total cost error and on changes in the logistics net-
work structure. These experimental results were based on six problem
‘nstances of one case study. It will be clear that extensions are needed.
Also, experimental results on the sensitivity of the optimal solution of
MILP° and MILP® to changes in the input data may provide new
insights in the effects of aggregation.

Bounds on the total cost error

The bounds on the total cost error we developed are based on an MILP
model that is a simplification of the MILP model developed for the
case of the consumer electronics company in chapter 2. Eliminating
the simplifications will change the formulas for the upper bounds we
developed. The suggestions made in section 6.2.1 regarding extensions
of our MILP model of chapter 2 will also affect the upper bounds we
developed. Both these aspects offer new research opportunities.

Since the experimental results on the bounds EBY,(a) and EB,,(a)
were based on only two problem instances from one case study, an-
other topic for further research would be to extend the experimental
results on the bounds we developed. Also, it would be worthwhile to
investigate experimental results on the bounds EBY,(a) and EBZ,(a).
This could solve the question as to which relationships exist between
the quality of the different types of bounds and the problem instance
that is used (e.g., capacitated warehouses or lines, levels of customer
demand, geographical spread of customers, etc.).
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6.2.3 Integration of goods flows and information
flows

In chapters 2 and 3 we discussed some trends that challenge companies
to redesign their logistics networks. One major development is the cus-
tomization of demand. This asks for a flexible, but well-planned and
well-controlled process from the ordering stage through production and
distribution to delivery. Planning and control strongly depend on the
information flows within the logistics network. This starts with the
orders placed by customers, for instance in a traditional shop, through
tele-shopping or at a call center. This information should be distributed
efficiently among the participants in the logistics network. in order to
ensure that the right activities are initiated at the right moment. Fi-
nally the product should be delivered according to the customers’ spec-
ifications.

In this thesis we assumed that the information processes ran smoothly,
without causing delay in the process from ordering to delivery. How-
ever, we implicitly dealt with problems in the information processes.
For example, one criterion used in the evaluation of an LND was its
operational feasibility; if problems, for instance in information process-
ing, were expected. the LND could be adjusted. The lead times incor-
porated in our MILP model are particularly useful to take account of
any extra time that might be needed for information processing.

We also dealt with information aspects at a global level in the factors
of the external and the company scenarios.

The framework we developed provides a structure for the design of logis-
tics networks in which information aspects are incorporated. although
refinements are needed. Extensions of the framework with respect to
the integration of goods flows and information flows may lead to new
challenges and requirements for LNDs - a promising area for further
research.
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Appendix A

Software for LND

This appendix gives an overview of eleven well-known DSSs for LND.
These DSSs present an optimized network (several criteria are possi-
ble), taking account of the data and constraints defined by the decision
maker. SLAM is the DSS we developed and used for the real-life LND
projects in which we were involved (see Boumans, 1991 and Van Nunen
and Benders, 1981). We also used SLAM to obtain the experimental
results on data aggregation presented in chapter 5. For a more de-
tailed comparison and explanation of the DSSs we refer to Hagdorn
and Warffemius (1995). The comparison is based on the information
the software suppliers were able or willing to give to us.

The eleven DSSs we consider are strongly structured for the design of
logistics networks. We will not consider the new generation of software
developments tools, such as AIMMS. which provide meta languages to
develop optimization models and data structures in a very efficient and
effective manner. Given the rapid development of these tools, they may
well become a serious competitor for the strongly structured DSSs we
are considering.

We will compare the eleven DSSs by the following criteria:



Appendix A

o Logistics focus
— Layers
Which layers (e.g., customers, plants, warehouses, suppliers)
in the logistics networks does the DSS distinguish?

— Customer service requirements
Can the DSS handle customer service requirements (e.g.
maximum delivery times, delivery frequencies)?

— Modes of transport
Can the DSS deal with different modes of transportation
(e.g., truck, train, vessel, plane)?

— Route planning
Is route planning part of the LND problem considered by
the DSS?

o Applicability
— Maximum problem size
How many different suppliers, production plants, products,
warehouses and customers can be defined?

— Capacity constraints
Can the DSS deal with constraints on maximum capacities
of plants, warehouses etc.? Can it deal with minimum uti-

lization requirements?

e Scenarios
— Comparison of scenarios
Does the DSS facilitate comparison of alternative LNDs?
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e Fvaluation criteria
— Costs
What kind of cost factors (e.g., transportation costs, han-
dling costs, inventory costs, production costs) can be han-

dled by the DSS? Can the DSS deal with fixed costs?

— Otbher criteria than costs
Does the DSS present evaluation criteria other than costs
(e.g., utilization rates)?

— Presentation of results
How does the system present the results (e.g., numerical re-
ports, text reports, graphs or maps)? Are the reports stan-
dardized or does the system allow for the definition of cus-
tomized presentations?

o Model
— Optimization
Which optimization methods does DSS use? What are the
possible objectives of optimization?

— Heuristic methods
What heuristic methods does the DSS use? What are the
possible objectives of the heuristic methods?

e Data
— Types of data needed
What kind of input-data are needed for the DSS?
— Aggregation
Is it possible to create product groups or customer groups
and what are the selection criteria for such a classification?

— Storage
Are the data stored in a (relational) database?

193



Appendix A

Characteristics Logistics focus
DSS Dccision support Customer scrvice Modes of transport Route planning
CAPS Number, size, location and Maximum delivery time Truck A route planning software
mission of plants and Assignment restrictions Train package can be integrated
warchouses Minimum stock level Plane into the system
Regional boundarics Vessel
LOCATE Number. size, location and Customer service Several modes Not included
mission of plants and restrictions can be placed of transport
warchouses in the model can be treated
Inventory policies
LOPTIS Number, size, location and Delivery options Not considered Not included
mussion of plants and Minimum stock levels
warchouses Single sourcing (experimental
version)
NETWORK Number, size, location and Maximum driving distance Mixed transport modes | Not included
mission of all facilities for deliverics can be treated
betwceen sourcing and Preassignments for
demand warchouse to customer
deliveries
OPTISITE Location and mission of Who 1s allowed to deliver Several modes Not included
warchouscs who of transport
Maximum driving distance can be treated
for deliveries
PHYDIAS Number. size, location and Dclivery times Truck Route planning software
mission of plants and Order completeness Train packages arc separate, but
warchouses Plane can communicate with the
Vessel DSS
SAILS Number, size. location and Unique sourcing Truck Not included
mission of plants and Preferred sourcing Train
warchouses Plane
Vessel
SITELINK Number, size, location and Dclivery times Twelve modes Not included
mission of all facilities of transport
between sourcing and can be defined
demand
SLIM Number, size, location an Forced sourcing Scveral modes Not included
mission of all facilities of transport
between sourcing and can be treated
demand
STRADIS Location of production Optional deliveries Truck Not included
Size, resourcing and siting Minimum stock level Train
of depots Maximum delivery times Vessel
Fleets size
Vchicle mix

Figure A.1: Comparison of {{ 1555 for LND (part 1 of 4).
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Characteristics Applicability Scenarios
DSS Maximum problem size Capacity constraints Comparison of scenarios
CAPS S0 products yes, upper and lower bounds | yes, via several charts
500  sources/plants for facilities
500 warchouscs
5000 demand centres
LOCATE 60  products yes, upper and lower bounds | yes. via several charts
35 sources’plants for
unlimited nr of warchouses facilitics and transportation
200 dcmand centres
LOPTIS No limits yes, upper and lower bounds | no
for
facilitics and transportation
NETWORK 60 products yes, only upper bounds for no
30  plants/vendors facilities and transportation
20  regional warchouscs
40  ficld warchouses
200 customers / demand
centres
OPTISITE 60 products yes, upper and lower bounds | no
50  plants/sources for warchouscs
50  warchouscs
unlimited number of
demand centres
PHYDIAS No limits yes, upper and lower bounds | yes, via several
for facilities standard reports
SAILS 75  products yes, upper and lower bounds | yes, via several
25 plants/sources for facilities standard reports
100 warchouses
275 demand centres
SITELINK 234 products yes. upper and lower bounds | yes, via a standard
99  suppliers /vendors + for facilities and report
production plants + transportation
plant warchouses +
distribution centres +
local warchouses
P]
suppliers + plants for facilities charts and tables
99  warchouses
999 markets
STRADIS No limits no yes, via several
standard reports

Figure A.2:

Comparison of 11 DSSs for LND (part 2 of 4).
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Transportation
Production
Purchasing
Handling and inventory
Fixed costs for facilities
Costs for reorganization of
Selling prices of products

Characteristics Evaluation criteria
DSS Costs l Other criteria than costs Presentation of results
CAPS Transportation Goods flows Text and numerical
Production Utilization of facilitics Tables
Purchasing Delivery times Charts
Handling and inventory Graphs
Fixed costs for facilities Maps
Taxes It is possible to customize the reports
LOCATE Transportation Goods flows Numerical
Production Utilization of facilitics Graphs
Purchasing Delivery times Maps
Handling and inventory
Fixed costs for facilitics
LOPTIS Transportation Production volumes Several types of standard reports
Production Shipping volumes It is possible to create user-defined
Purchasing Warehousc utilization reports
Handling and inventory Customer service
Fixed costs for facilitics
Sclling price for products
NETWORK Transportation Goods flows Numerical
Production Utilization of plants Graphs
Purchasing Utilization of warchouses Maps
Handling and inventory Inventory levels
Fixed costs for warchouscs Customer service
Sclling price for products
OPTISITE Transportation Goods flows Text and numcrical
Production Utilization of facilitics Tables
Purchasing Customer service Bar charts
Handling and inventory Graphs
Maps
It is possible to add custom-made reports
PHYDIAS Transportation Goods flows Text and numerical
Production Utilization of facilitics Tables
Purchasing Delivery times Charts
Handling and inventory Graphs
Fixed costs for facilitics Maps
Selling price for products It is possible to create user-defined reports
SAILS Transportation Goods flows Text and numerical
Production Utilization of facilitics Tables
Purchasing Delivery times Histograms
Handling and inventory Graphs
Fixed costs for facilitics Maps
It is possible to customize the reports
SITELINK Transportation Goods flows 16 standard reports
Production Utilization of facilities Export to spreadsheet software
Purchasing Delivery times Export to mapping softwarce
Handling and inventory The standard reports can be customized
Several types of fixed costs

OS OWS

Text and numerical

Tables

Charts

Graphs

Maps

It is possible to customize the reports

STRADIS

Transportation
Production
Handling and inventory

Goods flows
Utilization of facilities

Text and numerical

Graphs

Maps

It is possible to customize the level of
detail in the reports

Figure A.3: Comparison

of 11 DSSs for LND (part 3 of 4).
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Charactcristics Model Data
DSS Optimization ] Heuristic methods || Types of data needed I Aggregation l Storage
CAPS A mixture of optimization and heuristic Customers Products Relational
methods are usced to minimize time, distance, Orders Customers: databasc
total costs or a combination. Vchicles Criteria arc defined by
Sources the user
Cost rates
LOCATE Minimization of total costs off n.a. Customer demand Products Package
maximization of total profit Locations specific
using lincar optimization Capacities databasc
methods Cost rates
LOPTIS Minimization of total costs o n .a. Raw matenal costs No aggregation functions | Hierarchical
maximization of total profit, and availabilities database
using mixed integer and Production ratcs
linear programming Bills of material
Cost rates
Customer demand
Inventory requirements
NETWORK Minimization of total costs na. Allocation of vendors Customers Relational
or maximization of total to plants database
profit, using lincar Capacitics
programming Cost rates
Product values
Customer demand
OPTISITE A mixturc of optimization and heuristic Customer demand No aggregation functions | Package
methods are used fo minimize total costs Warchousc data specific
Source data database
Geographic barriers
PHYDIAS Maximization of profit or n.a. Customer demand Products Relational
market share of Cost rates Customers: database
minimization of total Constraints Critena are
costs is rcached by Distances defined by the user
linear, non-lincar and
mixed integer
progi ing models
SAILS Cost minimization by n.a. Cost ratcs Products: Package
using mixed integer Customer service limits | Criterion is stock codes | specific
programming Customer demand Customers: databasc
Shipments history data Criterion is geographical
Socio economic indices | arca
SITELINK Minimization of total costs o] n.a. Customer demand Products: Relational
maximization of total profit, Cost rates User assigns products to | database
using mixed integer and Geographical barricrs product familics
lincar Customers:
programming User specifies the
clusters: maximum
demand, maximum
number of customers

making trade-offs

between production
warchousing.
transport and
inventory costs and
service levels

characteristics,

distribution channel
Customers:

Criteria are geographical

area and service

TCqul‘CanlS

; k
SLIM Minimization of total cos Customer demand Package
o maximization of Products specific
revenue, using mixed integer Cost rates database
programming
STRADIS na. Heuristics are used |[ Customer demand Products: Package
to find low total Cost ratcs Critcria arc location of specific
cost solutions, production, handling databasc

Figure A.4: Comparison of 11 DSSs for LND (part 4 of 4).
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Appendix B
An MILP model for LND

This appendix summarizes the MILP model for LND developed in chap-
ter 2. It also explains in detail the property of a solution of the LP re-
laxation of the MILP problem, that only a small number of non-integer
values for decision variables may occur (Benders and Van Nunen, 1983).

B.1 Description of the model
Decision variables

TSLss: = quantity of semi-finished product sp to be delivered
from supplier s to production line [.

TLPj,1, = quantity of finished product fp to be produced
at production line { and shipped to the finished
products storage area of plant p.

TLW;, 1. = quantity of finished product fp to be produced at
production line { and shipped to warehouse w.

TPW;ppw= quantity of finished product fp to be stored at the
plant storage area p for distribution to warehouse w.
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APC,. = 1if customer ¢ is supplied direct from
the storage area of plant p,
0 otherwise.

AW, = 1if customer ¢ is supplied from warehouse w.
0 otherwise.

In this notation. sp. fp, s, p, [, w and ¢ represent respectively the
optional semi-finished products and parts. finished products, suppliers,
plant storage areas, production lines. warehouses and customers.

The decision variables of type T'SL, TLP, TLW and TPW repre-
sent the quantities that are supplied or produced on a yearly basis.
The decision variables of type APC and AW (' reflect the allocation
of customers to storage areas of the plants or to warchouses. For each
customer, the allocation holds for the whole product range demanded
by this customer.

Objective

Minimize total variable logistics costs in operations (7):
A =

Purchasing costs:
Z (pessp.s + leslsp satreonvsps ) TS Ly o1+

sp.s,l

Production costs:

Do pelppi(3 T LPyp+ Y TLW )+

fpil p

Costs for transportation from lines to plants and warehouses :

Z(Z telpgpiptreono fp, T LPs, ;1 ,+

fpd P
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Z tclwfp,l'wtrconvfpprLWfp,l,w)—i—
w

Costs for handling and stock keeping at storage areas of plants:

Z hcpfpypTLpr‘l‘p-}—

nyl,P
Z icpr,p(Z intStOCkap,pTPWfp,p,w'*'
fpp w

Z thrputpfp,pdfpycAPC'p,c)-{—

Costs for transportation from plants to warehouses and customers:

Z(Z tcpwfp,p,wtrconvfpprPVpr,p,u,—l-

fpp W

Z tcpcfpyp,ctrconvfpfpdfp,cAPCp,c)+

Costs for handling and stock keeping at warehouses:
> (hewspuw + 1ewpp pthrputwyp u)dpp AW Cy o+

fpw,.c
Costs for transportation from warehouses to customers:

Z tcwcfp,w,ctrconvfpfpdfp,cAWCw,c

fpaw,e

Subject to

Complete assignment of customers:

Y AWy + Y APC,. =1 for all c.
w p
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Input-output balancing at the warehouses:

ST IWiptw + > TPWippo =3 dpp AW, for all fp,w.
! P ¢

Input-output balancing at the finished product storage area of the plants:

ST LPy =S TPWyypw+ S dgy  APC,, for all fp.p.
[ w c

Input-output balancing at the production lines:

Z TSLsps) = Z prconvsp’fp(z TLWpi0+ Z TLPys,;,) for all sp,l.
s fp w p

Capacities of the warehouses:
locapw,, < Z(stconvwfp,wthrputwfp,w(Z TLIWgpiw+ Z TPWspow))
3

I l
< upcapuwy, for all w.

Capacities of the storage areas of the plants:
locapp, < Z stconvpfp’p(z TPW;y, ,wtntstockpy, ,+

fr w

Y APC, dsp thrputpy,,) < upcapp, for all p.

Capacities of the production lines:

T LW, TLP
locapl;, < Z(Zw Wiptw + 2.4 fp’l’p) < upcapl, for all [.
= caply,
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Capacities of the suppliers:

locapssy,s < Z TS Lgpsi < upcapsgps for all sp,s.
]

Explanation of the abbreviations (in alphabetical order)

caplyp =

dipe =
hepgp,p =
hewyp v =
LCPfpp =
LW fp =

intstockpyp =

locapl, =

locapp, =

maximum quantity of finished products fp that can
be produced by production line [ during the time
of one vear, when it is used completely for
producing finished products of type fp.

the total demand for products fp ordered by
customer ¢ during the time period of one year.
costs for handling one unit of finished product fp
in the storage area of plant p.

costs for handling one unit of finished product fp
in warehouse w.

inventory costs for one unit of finished product fp
in the storage area of plant p during one time period.
inventory costs for one unit of finished product fp
in warehouse w during one time period.
intermediate stock time, representing

the number of periods needed to combine the goods
flows from the various production lines (also from
other plants) for distribution to the warehouses.
minimum fraction of the total capacity of the
production line { that must be used;

locapl; € [0, upcaply].

minimum number of storage units (e.g. square
metres, pallets) to be used at the finished product
storage area of plant p.
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locapss, s = smallest total quantity of semi-products sp that must
be ordered within the time period of one year
by all plants from supplier s.

locapw,, = minimum number of storage units (e.g. square
metres. pallets) to be used in warehouse w.

pclp = production costs of one unit of finished product fp
at production line /.

PCSsps = purchasing costs of one unit of semi-product sp from
supplier s.

preonvg, 5, = the number of units of semi-product of type sp
that are needed for the production of one unit of
finished product of type fp.

stconvps,, = number of storage units needed for one unit of
product fp in the storage area of plant p.

stconvwy, . = number of storage units needed by one unit of
product fp in warehouse w.

telpspip = costs for transportation of one transport unit of
finished product fp from production line [
to the storage area of plant p.

telwyp i = costs for transportation of one transport unit of
finished product fp from production line [ to
warehouse w.

tepeyppe = costs for transportation of one transport unit of
finished product fp from plant p
direct to customer c.

tcpwys, pw = costs for transportation of one transport unit of
finished product fp from plant p to warehouse w.

teslsy su = costs for transportation of one transport unit of
semi-product sp from supplier s to production line /.

teweypp e = costs for transportation of one transport unit of



thrputpypp

thrputwyp .

trconv fpyp

treconvspsy

upcapl;

upcappy

upcapSsp,s

UPCAPW,,

Il

An MILP model for LND

finished product fp from warehouse w to customer c.
throughput time, representing the number of periods
of stock that are needed to meet the demand for
product fp of customers who are served direct from
plant p (i.e., without an intermediary warehouse).
throughput time, representing the number of

periods of stock that are needed to meet the demand
for product fp by customers who are served by
warehouse w.

number of transport units needed to transport

one unit of finished product fp.

number of transport units needed to transport one
unit of semi-product sp.

maximum fraction of the total capacity of the
production line [ that can be used;

upcapl; € [locapl;, 1].

maximum number of storage units available

at plant p.

maximum total quantity of semi-products sp that can
be delivered within the considered time period

to the plants by supplier s.

maximum number of storage units available

in warehouse w.

B.2 Property of the relaxation of the model

It usually takes a long time to find an optimal solution for an instance
of the MILP model defined above. This is especially caused by the large
number of integer 0-1 variables of type APC and AW C'. Benders and
Van Nunen (1983) showed that for generalized assignment problems,
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an optimal solution of the linear programing relaxation of this problem
contains only a small number of non-unique assignments. This means
that the solutions of the relaxed LP model, which can be solved much
faster, are very useful for the MILP model itself.

We will show that the result of Benders and Van Nunen (1983) can be
translated to the MILP model we defined.

The linear programing relaxation of the MILP model as described in
chapter 2 and summarized in the first part of this appendix, is obtained
by redefining the decision variables of type AW and APC' as follows:

APC,. = fraction of the demand of customer ¢ for each product
to be shipped from plant p to customer ¢. The fraction
is a value in the interval [0,1].

AWC, . = fraction of the demand of customer ¢ for each product
to be shipped from warehouse w to customer ¢. The
fraction is a value in the interval [0,1].

Using the results of Benders and Van Nunen (1983) the following lemma
holds:

Lemma B.1 For any basic feasible solution of the relazation of the
MILP problem described in appendiz B.1, in which every warchouse or
plant storage area stores every finished product and every line produces
every finished product, the number of non-unique assignments is less
than or equal to the total number of fully occupied warehouses, plant
storage areas, production lines and suppliers plus the total number of
exactly satisfied lower bounds on the capacity of warehouses, plant stor-
age areas, production lines and suppliers.

Proof. Consider any basic feasible solution of the relaxed problem in
which every warehouse or plant storage area stores every finished prod-
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uct and every line produces every finished product.

Let Oy, Cy be the number of uniquely and non-uniquely assigned cus-

tomers respectively.
Clearly, C1+C, = C, where C represents the total number of customers.

Let k be the average number of warehouses and plant storage areas
over which a non-uniquely assigned customer is splitted.

Denote by UW,, LWy, UPy, LPy, ULy, LL,, US,, LS, the number of
non-zero slack activities for the exactly satisfied upper bounds on the
capacities of the warehouses, plant storage areas, production lines and

the suppliers.

Let UWQ, LWz, UPQ, LPQ, ULQ, LLQ, USQ., LSZ be the number of
exactly satisfied lower bounds on the capacities of the warehouses, plant

storage areas, production lines and suppliers.

Clearly,
W - (JWl + UW2
W = LW, + LW,
P =UP+UP;
P =LP+LP
L =UL +UL,
L =LL+LL,
S =US; +US;
S =LS +LS

where

W, P, L, S represent the total number of warchouses, plant storage ar-

eas, production lines and suppliers respectively.
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Let F'P. SP represent the total number of finished products and semi-
products respectively.

If every warehouse and plant storage area stores every product. then
at least

FP«W + I'P % P variables TLWy,, . T'PWyyp0 and TLP;,,, are
non-zero.

Moreover. if every production line produces every product. then at least
SP x L variables T'S Ly, ,; are non-zero.

So, in the situation where every warehouse and plant stores every prod-
uct and every production line produces every product, the number of
non-zero activities is at least

FP«xW+ FPxP+SPx L+

UWi + IWL+UP + L+ ULy + LLy + US, + LS, +

Ci + kCy

which is less than or equal to the maximum number of non-zero ac-
tivities in any basic feasible solution that equals the total number of
constraints:

Ci+ Co+2W +2P 4+ 2L +2S + FP+x W + FPx P + SPx [,

So, FPxW + FPx P+ SPx L+

UWi+ LW, +UP, + LPy+ ULy 4+ LL, + US, + LS, +
Ch + kCy

<

Cr+Co+2W 2P 4 2L +2S+ FP+«W + FP+x P+ SPx [,

or
02 < UWot LWy +UP,+LPy+ULy+LLo+US,+L S,

K—1

Since £ > 2, we have

Co SUW, + LWy + UPy + LPy+ ULy + LLy, + USy + .S, O

208



Samenvatting

Beslissingsondersteuning
voor Strategische Planning in de Logistiek
- concepten, hulpmiddelen en toepassingen -

Dit proefschrift behandelt het analyseren en ontwerpen van logistieke
netwerken voor industriéle bedrijven. Een logistiek netwerk bestaat
Uit de toeleveranciers en de produktie- en distributiecentra, die er voor
zorgen dat via onderlinge beleveringen van grondstoffen, halffabrikaten
en eindprodukten, de klant uiteindelijk het door hem bestelde produkt
op het overeengekomen tijdstip op de juiste plaats geleverd krijgt.

In de turbulente omgeving waarin nieuwe marktgebieden ontstaan en
klanten steeds hogere eisen stellen aan de produkten, hun beschik-
baarheid en hun levertijden, waarin bovendien de technologie in hoog
tempo nieuwe uitdagingen biedt en het milieu grote aandacht verdient,
zoeken bedrijven naar mogelijkheden om hun concurrentiepositie te ver-
sterken. Een belangrijke bijdrage hieraan wordt geleverd door een lo-
gistiek netwerk te creeren dat fexibel in kan spelen op de snel wijzigende
omgeving, waarbij uiteindelijk de klant snel en tegen zo laag mogelijke
kosten de gewenste produkten ontvangt.

De centrale vraag van dit proefschrift luidt dan ook: “Op welke wijze
kan een logistiek netwerk worden ontworpen vOOT €€ specifiek indus-
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trieel bedrijf. zodat haar concurrentickracht vergroot wordt?”  Hierbij
wordt vooral aandacht besteed aan de keuze van de locaties, de aan-
tallen en de omvang van de produktie- en distributiecentra, aan de
keuze van de toeleveranciers en aan de produktstromen van toelever-
anciers. via produktie- en distributiecentra naar de klanter.

Met dit strategische en complexe beslissingsvraagstuk is door de auteur
ervaring opgedaan in vele praktijksituaties. In hoofdstuk 9 wordt een
fictieve case beschreven die gebaseerd is op deze praktijkervaring.

Gebleken is dat tijdens het proces van het ontwerpen van logistieke
netwerken vaak een groot aantal alternatieven ontwikkeld, geanalyseerd
en vergeleken wordt. Bij de besluitvorming over het meest geschikte
logistieke netwerk voor een bedrijf spelen vele, zowel kwalitatieve als
kwantitatieve criteria een rol. Daarnaast zijn een groot aantal bedrijfs-
onderdelen en vele individuen met verschillende functies in het bedrijf
bij dit proces betrokken. Dit alles resulteert in een complex en vaak
langdurig traject met vele interrupties en terugkoppelingen.

Het doel van dit proefschrift is om deze complexiteit hanteerbaar te
maken en daarmee de efficiéncy en de effectiviteit van het besluit-
vormingsproces te verhogen, hetgeen uiteindelijk resulteert in verbe-
terde logistieke netwerken. Hiertoe wordt een framework ontwikkeld
voor het ontwerpen van logistieke netwerken.

In dit framework wordt het door veel bedrijven gehanteerde concept
van scenarioplanning uitgediept (hoofdstuk 3) en versterkt door de
integratie met het gebruik van een Beslissings Ondersteunend Sys-
teem (SLAM), met daarin een kwantitatief optimalisatie (MILP) model
(hoofdstuk 2 en hoofdstuk 4). Daarnaast wordt een analyse gemaakt
van de fasen in het besluitvormingsproces en de rol van de verschil-
lende partijen daarin. Het ontwikkelde framework wordt in algemene
termen opgebouwd en in twee praktijksituaties toegepast (hoofdstuk
4). Figuur 1 geeft een vereenvoudigd overzicht van dit framework.

210



Summary in Dutch

Glezien het strategisch belang van het logisticke netwerk, wordt het ni-
tiatiel voor het herstructureren van het huidige logistieke netwerk door-
gaans genomen op hoog niveau in een organisatie: het topmanagement.
Voor het bedenken en uitwerken van alternatieve logisticke netwerken
wordt vaak een projectgroep in het leven geroepen: de task force. Deze
task force zorgt ook voor de afstemming met de verschillende bedrijfs-
onderdelen.

In het framework wordt gestart met het in kaart brengen van de externe
omgeving. Hierbij worden de van belang geachte trends en ontwik-
kelingen weergegeven in vier categorieén van externe factoren: markt-
ontwikkelingen, technologische ontwikkelingen, nieuwe organisatievor-
men en arbeidsmarktontwikkelingen. De waarden die aan deze factoren
worden toegekend worden gecombineerd tot consistente combinaties.
Jedere reeks van consistente waarden representeert een visie op de toe-
komst en vormt een extern scenario. Bij het ontwikkelen van externe
scenarios zijn vooral het topmanagement en de task force betrokken,
waarbij ook vaak experts uit de bedrijfseenheden of van buiten het
bedrijf worden gevraagd om hun kennis van een specifiek onderwerp in

te brengen.

Deze externe scenarios vormen het uitgangspunt voor de strategische
keuzes die betrekking hebben op het logisticke netwerk. Het top-
management is hier de belangrijkste partij, waarbij de task force onder-
steunt door het uitwerken van deze keuzes tot bedrijfsscenarios. De
keuzes van het topmanagement zijn onder te verdelen in vier categorieén
bedrijfsfactoren die gerelateerd zijn aan de vier categorieén externe fac-
toren en hebben betrekking op de markt, de technologie, het manage-
ment van de operationele processen en de personele aspecten van het
logistieke netwerk. De reeksen van onderling consistente waarden van

deze factoren, vormen de alternatieve bedrijfsscenarios.
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Stappen

Alternatieve Logistieke Netwerken

7R
Het Geselecteerde Logistieke Netwerk
Zie ook

hoofdstukken 3 en 4
(figuur 3.4 en 1.3)

Betrokkenheid van

top task force  bedrijfs-
management eenheden
++ + o
++ + o
- ++ +
++ + o
Zie ook

hoofdstuk 4
(figuur 4.3)

Figuur 1: Overzicht van het framework en de bijbehorende concepten
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Concepten en Hulpmiddelen

Externe scenarios

Produkten, Markten
Service niveaus
Kosten factoren
Bedrijfs scenarios, deel 1

Optimale goederen stromen
Minimale variabele logisticke kosten
Bezettingsgraden van produktielijnen

cn distributiccentra

Operationele
haalbaarheid ?

Politicke
haalbaarheid ?

Risico ?

Bedrijfs scenarios, deel 2

Tijds schema ?

Sociale
haalbaarheid ? Concurrentie

voordeel ?

Rendement van .
Reacties van

investeringen? concurrenten ?
Zie ook Zie ook
hoofsdtuk 3 hoofdstuk 3 (figuur 3.2)
(figuur 3.4) hoofdstukken 2 en 3 (figuur 3.6)

hoofdstuk 4 (figuur 4.4)

en hulpmiddelen voor het ontwerpen van een logistiek netwerk.
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In de praktijk blijkt dat soms wel 20 externe scenarios geselecteerd wor-
den als mogelijk uitgangspunt voor bedrijfsscenarios. Bij ieder extern
scenario worden vervolgens enkele bedrijfsscenarios geformuleerd, het-
geen kan resulteren in meer dan 60 alternatieve bedrijfsscenarios.

In ieder bedrijfsscenario worden ook de keuzen met betrekking tot de
structuur van het logisticke netwerk vastgelegd. Fen waardevol hulp-
middel bij het ontwikkelen van dit grote aantal logistieke netwerken is
SLAM. dat op basis van de strategische keuzen over de markt, de pro-
dukten en het gewenste serviceniveau, een logistiek netwerk berekent
dat met zo laag mogelijke variabele logistieke kosten aan de marktvraag
voldoet. Dit gedeelte van het maken van de bedrijfsscenarios wordt
doorgaans door de task force geleid, waarbij frequente afstemming met
de bedrijfseenheden plaatsvindt. SLAM bewijst hierbij zijn waarde
door snel inzicht te geven in de consequenties van wijzigingen in het
logistieke netwerk voor de logistieke kosten, de customer service en de
bezettingsgraad van fabrieken en distributiccentra.

Deze alternatieven voor een logistiek netwerk voor het bedrijf worden
stuk voor stuk, vaak in clusters van vier, vijf of zes geanalyseerd en
geévalueerd op financiéle aspecten, de operationele haalbaarheid, het
tijdsschema voor de reorganisatie, de personele consequenties, de poli-
tieke haalbaarheid en de flexibiliteit om in te spelen op wijzigende
externe omstandigheden. Hiermee wordt ecen beeld gekregen van het
strategische voordeel dat behaald kan worden met het betreffende lo-
gisticke netwerk. Een selectie van de twee. drie of vier meest interes-
sante logistieke netwerken wordt uiteindelijk voorgelegd aan het top-
management, zodat zij de definitieve keuze kunnen maken. Vaak wordt
gekozen voor een logistiek netwerk dat bevredigende resultaten biedt
onder zoveel mogelijk externe scenarios.

[n het proces van extern scenario tot logistiek netwerk wordt regelmatig
teruggekeerd naar voorliggende stappen om bijvoorbeeld een externe
ontwikkeling meer gedetailleerd te beschrijven of een marktstrategie te
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heroverwegen. Het ontwikkelde framework biedt een helpende hand bij
het structureren van dit proces in deelstappen.

Behalve dat het framework met de bijbehorende concepten en hulpmid-
delen gebruikt wordt voor grootschalige herstructurering van logistieke
netwerken, is het ook te gebruiken om regelmatig het bestaande lo-
gistieke netwerk te evalueren en kleinere aanpassingen uit te werken.
Met name SLAM bewijst hier zijn waarde.

Tijdens het proces van het ontwerpen van cen logistiek netwerk is zeer
veel informatie nodig over markten, produkten, kosten, etc. Het is vaak
tijdrovend en in veel situaties ook niet wenselijk, om deze gegevens op
een gedetailleerd niveau beschikbaar te krijgen. Er wordt dus vaak met
geaggregeerde gegevens gewerkt, met name als het de invoergegevens
voor SLAM betreft. Mogelijkheden hiervoor en de eventuele onnauwkeu-
righeid die hierdoor ontstaat, zijn onderwerp van hoofdstuk 3.

Er worden resultaten van experimenten beschreven die aangeven hoe
de uitkomsten van het MILP model van SLAM wijzigen naarmate meer
klanten geaggregeerd worden tot klantgroepen.

Het kiezen van het juiste aggregatieniveau kan. behalve op basis van
deze experimentele resultaten, ook gebaseerd worden op bovengren-
sen van de fouten in de uitkomsten van het MILP model, die veroor-
zaakt worden door de verschillende aggregatieniveau’s. Omdat de totale
variabele logistieke kosten een belangrijk beslissingscriterium vormen,
worden een aantal bovengrenzen voor deze fout afgeleid. Twee reeds
bestaande bovengrenzen worden uitgebreid en twee nieuwe bovengren-
zen worden geintroduceerd.

Deze bovengrenzen worden niet alleen gebruikt om in een vroeg sta-
dium van het ontwerp proces een geschikt aggregatieniveau te kiezen,
maar ook om tijdens besluitvorming te controleren of de aggregatie fout
niet te ver toeneemt en niet te veel verschilt per scenario. Dit kan im-
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mers leiden tot slecht vergelijkbare resultaten en daardoor een foutieve

beslissing!

De bedrijfskundige relevantie van het proefschrift is gelegen in de bij-
drage die het levert aan het verbeteren van logistieke netwerken en
daarmee aan het versterken van de concurrentiepositie van bedrijven.
In meer algemene termen is de bijdrage gelegen in de verhoging van de
effectiviteit en de efficiency van besluitvormingsprocessen die plaatsvin-
den in een snel veranderende, complexe omgeving.

Nieuwe elementen in de concepten en hulpmiddelen die hiervoor worden

aangedragen zijn:

- Deintegratie van het gebruik van kwantitatieve modellen en beslis-
sings ondersteunende systemen in het strategisch besluitvorm-
ingsproces door middel van het gebruiken van scenario’s

- De uitbreiding van bestaande gestructureerde benaderingen voor
strategische besluitvorming naar een benadering waarin meerdere

partijen een rol spelen

- De verdiepte inzichten in de mogelijkheden van aggregatie van
gegevens.

Het proefschrift sluit af met een aantal interessante onderwerpen voor
vervolgonderzoek die zich richten op het aanbrengen van verbeterin-
gen in het framework, op het uitbreiden van inzichten in de effecten
van data-aggregatie en op het verder integreren van goederen- en infor-
matiestromen in de ontwerpen van logistieke netwerken.

216



Curriculum Vitae

Lorike Hagdorn was born on April 9. 1960. in The Hague, the Nether-
lands. In 1978 she obtained her pre-university certificate ('Gymna-
sium 3’) at the Rijnlands Lyceum in Oegstgeest. She went on to study
Applied Mathematics at the University of Leiden. Her master’s thesis
was concerned with queuing theory and job scheduling and was written
under the supervision of Professor Arie Hordijk. During her studies,
she took a subsidiary course in Business Administration at the Univer-
sity of Delft. There she also worked as a research assistant and taught
students the basic principles of Calculus, Linear Algebra, Operations
Research and Statistics.

After graduating in 1984, she continued this work as an assistant pro-
fessor. She also supervised students writing their master’s theses and
conducted research on Decision Support Systems. Research projects in
several companies inspired her to switch to a consulting firm in the field
of quantitative methods and business informatics in 1986. She started
as a consultant and became a project manager and a member of the
management team.

In 1989 she started to write her doctoral thesis under the supervision
of Professor Jo van Nunen at the faculty of Business Administration
of the Erasmus University. She continued her job as a consultant on a
part-time basis, now working for Origin and specializing in information

management and information technology in logistics. At the Erasmus



Curriculum Vitae

university. she became an assistant professor in Information Svstems
and Computer Science, lecturing on Management Support Systems,
Logistics and Project Management to first degree students and MBA
students. She also supervised students working on their master’s the-
ses.

Within the NGI (a Dutch association in the field of informatics), she
founded a working group on "The role of IT in logistics planning and
control concepts’. She was an International Logistics representative in
the Community of European Management Schools (CEMS). In 1995
she set up a part-time masters program in Business Administration.
Her current research interests focus on the contribution of information
management and information technology in logistics networks to the
competitive advantage of companies.

218



