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Preface to the Fifth Edition

More than 15 years have passed since we started working on the first edition of
this book. A lot has happened in the meantime. A dot-com bubble has grown and
burst. Another wave of lean management has rolled over the planning landscape.
Some people still seem to think that Advanced Planning and Lean Management
are exclusive philosophies although the automotive industry—as the prime father
to Lean—is the best example that both can and should complement each other
in a fruitful co-existence and synergy. New buzz words like profit velocity,
demand sensing and service oriented architecture have come and gone. Often they
disappeared even faster than they have risen.

During the 7 years since publishing our fourth edition consolidation on the
Advanced Planning Systems’ (APS) software market continued at an unabated pace.
Thus, we decided to do some historical research and inserted a sort of genealogical
tree of APS in Chap. 16—in addition to our traditionally updated and extended
overview of selected software systems in Chap. 18. The term “Sales & Operations
Planning” is actually known for more than 25 years in the scientific literature.
Nevertheless, during recent years it came up as a renewed concept on the software
and consulting market. We will discuss how this old idea is interpreted in a modern
software world within several chapters.

Chapters 6 on Strategic Network Design, 8§ on Master Planning and 12 on
Transport Planning partly show new authors. This gave reason to restructure and
revise their contents substantially. With a new case study of the specialty chemicals
industry (Chap. 26), we do not only welcome another new author, but also will have
a closer look at a “new” software suite and software vendor (at least as this book
is concerned). Of course a lot of further updates have been made—by far too many
to be mentioned in this preface. Finally, a new editor has been affiliated. He not
only was an author since the first edition, but also acted as an editor of the German
translation of “our” book in 2011. Thus, do not be surprised to find a third signature
below this preface.

We are grateful to Christian Seipl, who spent hours over hours of his spare time in
typesetting and debugging this fifth edition. Also, we are indebted to the authors of
this book, who contributed their written knowledge and also to all unnamed advisers,
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who contributed their unwritten knowledge. Last but not least, we would like to
thank the readers—the familiar ones, who are faithful since the first edition, but
also all new ones, who are warmly welcomed to dive into the world of Advanced
Planning.

Hamburg, Germany Hartmut Stadtler
Saarbriicken, Germany Christoph Kilger
Hohenheim, Germany Herbert Meyr
February 2014

Preface to the Fourth Edition

The hype is over—and this is fine!

Advanced Planning Systems (APS) have become a mature technology in the past
years. Investments in APS have to undergo the same standard software evaluation
and financial appraisal process as any other investment. It no longer suffices to argue
that “we have to be at the front edge of technology”.

And still there is a large number of rewarding applications for APS. Three of
these have become new case studies in this fourth edition. Unfortunately, a fourth
case study has been withdrawn in the last minute because the client company regards
its APS solution a key element of becoming the leader in its sector—expertise which
they do not want to share with their competitors.

A second development to mention is the tendency to avoid the term “System”
in AP“S”. Instead some prefer the term Advanced Planning Modules which better
reflects the capability to combine some of its modules with other software com-
ponents (e.g. for Supply Chain Event Management) to form an individual Supply
Chain (SC) solution. However, the information flows among modules described
in this book now even become more important for the quality of the SC solution
generated. Hence, there is no reason for us to refrain from the term APS or to change
the concept of our book.

Readers familiar with the third edition will realize that not only chapters have
been reorganized and updated to the state of the art but also that there has been much
fine-tuning of technical issues like for the index and the references. This is due to
Christian Seipl who took over the “burden” of administering the chapters. Many
thanks to him! We are also indebted to a number of consultants and practitioners for
providing advice and proofreading parts of the book, especially with respect to the
description of selected APS.

Now it is up to you, dear reader, to make the best use of this fourth edition!

Hamburg, Germany Hartmut Stadtler
Mannheim, Germany Christoph Kilger
June 2007
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Preface to the Third Edition

Four years have passed since the first edition of our book—and still its readership is
growing rapidly: You may even be able to buy a Chinese translation soon!

The field of Supply Chain Management (SCM) and Advanced Planning has
evolved tremendously since the first edition was published in 2000. SCM concepts
have conquered industry—most industry firms appointed supply chain managers
and are “managing their supply chain”. Impressive improvements have resulted
from the application of SCM concepts and the implementation of Advanced
Planning Systems (APS). However, in the last years many SCM projects and APS
implementations failed or at least did not fully meet expectations. Many firms are
just “floating with the current” and are applying SCM concepts without considering
all aspects and fully understanding the preconditions and consequences. This book
provides comprehensive insights into the fundamentals of SCM and APS and
practical guidance for their application.

What makes this book different from others in the field? First, the material
presented is based on our experiences gained by actually using and implementing
APS. Furthermore, we have tried to extract the essence from three leading APS and
to generalize the results—instead of merely reporting what is possible in a single
APS. Second, this book is not just a collection of papers from researchers who
have come together at a single conference and published the resultant conference
proceedings. Instead we have structured the area of SCM and Advanced Planning
into those topics relevant for turning APS successfully into practice. Then we have
asked prominent researchers, experienced consultants and practitioners from large
industry firms involved in SCM to join our group of authors. As a result, this
edition (product) should be the most valuable source of knowledge for our readers
(customers).

You may have observed that creating our team of authors has much in common
with forming a supply chain in industrial practice. This story can be expanded
even further: Several authors are also partners (contributors) in other supply chains
(author groups). It is the task of the steering committee (editors) to make our supply
chain work and make it profitable for every partner. This model not only worked for
the lifetime of a product’s life cycle but also twice for its relaunch. We hope that
our supply chain will stick together for some time in the future for the best of our
customers—YOU!

What is new in this third edition, apart from the usual update of chapters?

* A section on strategic issues in SCM has been added as a subsection of Chap. 1.
* The contents of Chaps. 2 and 3 are restructured with a greater emphasis on Supply

Chain Analysis.

* Latestissues and recommendations in Strategic Network Planning now have been

prepared by two authors (Chap. 6).

* A new chapter has been added showing how to generate production and
purchasing orders for uncritical items by utilizing the well-known MRP logic

(Chap. 11).
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* The chapters on the Definition of a Supply Chain Project (Chap. 15) and the
Selection Process of an APS (Chap. 16) have been rewritten in light of new
experiences and research results.

* Demand Fulfilment and ATP (Chap.9) now is based on several APS and thus
presents our findings in a more generalized form.

* There are two new case studies, one from the pharmaceutical industry (Chap. 25)
and one from the chemical industry (Chap. 20). Also, all case studies now follow
a common structure.

This edition would not have been possible without the advice from industry
partners and software vendors. Many thanks to all of them for their most valuable
help. This is also the last edition, where Jens Rohde has administered all the papers
and prepared the files to be sent to the publisher. Thank you very much, Jens, for
this great and perfect service and all the best for the future!

Darmstadt, Germany Hartmut Stadtler
Mannheim, Germany Christoph Kilger
April 2004

Preface to the Second Edition
Success Stimulates!

This also holds true when the first edition of a book is sold out quickly. So, we have
created this second edition of our book with great enthusiasm.

Attentive readers of the first edition will have realized an obvious gap between
the scope of Supply Chain Management (SCM), namely integrating legally sep-
arated companies along the supply chain and the focus of Advanced Planning
Systems (APS) which, due to the principles of hierarchical planning, are best suited
for coordinating intra-organizational flows. Now, collaborative planning is a new
feature of APS which aims at bridging this gap. Consequently, this new topic is the
most apparent addition to the second edition (Chap. 14).

But there are also many other additions which are the result of greater experience
of the authors—both in industrial practice and research—as well as latest APS
software developments. Examples of new materials included are:

» The different types of inventories and its analysis are presented in Chap. 2.
e The description of the SCOR-model and the supply chain typology have been

enlarged and now form a separate chapter (Chap. 3).

e There is now a comparison of planning tasks and planning concepts for the

consumer goods and computer assembly industry (Chap. 4).

e New developments in distribution and transport planning have been added

(Chap. 12).

» Enterprise Application Integration is explained in Chap. 13.
* Chapter 17 now presents implementation issues of APS in greater detail.
* Some case studies have been updated and extended (Part IV).
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* Rules of thumb have been introduced to allow users and consultants to better
estimate and control computational times for solving their decision models
(Part VI).

Like in the first edition we have concentrated on the three most popular APS
because we have realized that keeping up-to-date with its latest developments is a
very time-consuming and challenging task.

SCM continues to be a top management theme, thus we expect our readers to
profit from this update and wish them great success when implementing their SCM
solution.

Many thanks to all who contributed to the first and second edition!

Darmstadt, Germany Hartmut Stadtler
Mannheim, Germany Christoph Kilger
January 2002

Preface to the First Edition

During the late 1980s and throughout the 1990s information technology changed
modern manufacturing organizations dramatically. Enterprise Resource Planning
(ERP) systems became the major backbone technology for nearly every type of
transaction. Customer orders, purchase orders, receipts, invoices etc. are main-
tained and processed by ERP systems provided by software vendors—like Baan,
J. D. Edwards, Oracle, SAP AG and many more. ERP systems integrate many
processes, even those that span multiple functional areas in an organization, and
provide a consistent database for corporate wide data. By that ERP systems help to
integrate internal processes in an organization.

Mid of the 1990s it became apparent that focussing on the integration of
internal processes alone does not lead to a drastic improvement of business
performance. While ERP systems are supporting the standard business workflows,
the biggest impact on business performance is created by exceptions and variability,
e.g. customers order more than expected, suppliers deliver later than promised,
production capacity is reduced by an unforeseen breakdown of equipment, etc. The
correct reaction to exceptions like these can save a lot of money and increase the
service level and will help to improve sales and profits. Furthermore, state-of-the-
art planning procedures—for planning sales, internal operations and supply from the
vendors well in advance—reduce the amount of exceptional situations, helping to
keep business in a standard mode of operation and turning out to be more profitable
than constantly dealing with exceptional situations.

This functionality—powerful planning procedures and methodologies as well as
quick reactions to exceptions and variability—is provided by Advanced Planning
Systems. An Advanced Planning System (APS) exploits the consistent database and
integrated standard workflows provided by ERP systems to leverage high velocity in
industry. Due to these recent developments, software vendors of APS boost a major
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breakthrough in enterprise wide planning and even collaborative planning between
the partners along a supply chain.

Do APS hold the promises? What are the concepts underlying these new planning
systems? How do APS and ERP systems interact, and how do APS supplement ERP
systems? What are the current limits of APS and what is required to introduce an
APS in a manufacturing organization successfully?

These were the questions we asked ourselves when we started our project on
“Supply Chain Management and Advanced Planning” in summer 1998. Since we
realized that there were many more interested in this new challenging field, the idea
of publishing this book was born.

This book is the result of collaborative work done by members of four consul-
tancy companies—aconis, j & m Management Consulting, KPMG and PRTM—and
three universities—University of Augsburg, Darmstadt University of Technology
and Georgia Institute of Technology. Our experiences stem from insights gained by
utilizing, testing and implementing several modules of APS from i2 Technologies,
J.D. Edwards and SAP AG. Tests and evaluations of modules have been conducted
within several projects including students conducting their final thesis.

On the other hand, some members of the working group have been (and still are)
involved in actual APS implementation projects in several European enterprises.
The real-world experience gained from these projects has been merged with the
results from the internal evaluation projects and provided valuable insights into the
current performance of APS as well as guidelines how to set up and conduct an APS
implementation project.

Since summer 1998 our group has spent much time gaining insights into this
new fascinating field, working closely together with colleagues from academic
research, vendors of APS and customers of APS vendors. However, we are aware
of the fact that APS vendors are constantly improving their systems, that new
areas come into focus—Ilike supplier collaboration, Internet fulfilment, customer
relationship management—and that, because of the speed of developments, a final
documentation will not be possible. Hence, we decided to publish this book as a
report on the current state of APS, based on our current knowledge and findings,
covering the major principles and concepts underlying state-of-the-art APS.

This book will be a valuable source for managers and consultants alike, initiating
and conducting projects aiming at introducing an APS in industry. Furthermore, it
will help actual users of an APS to understand and broaden their view of how an
APS really works. Also, students attending postgraduate courses in Supply Chain
Management and related fields will profit from the material provided.

Many people have contributed to this book. In fact, it is a “Joint Venture” of
the academic world and consultancy firms, both being at the forefront of APS
technology. Hans Kiihn gave valuable input to Chap. 2, especially to the section on
the SCOR-model. Daniel Fischer was involved in the writing of Chap. 9 on Demand
Fulfilment and ATP. The ideas of the KPI profile and the Enabler-KPI-Value
Network, described in Chap. 15, were strongly influenced by many discussions with
Dr. Rupert Deger. Dr. Hans-Christian Humprecht and Christian Manf were so kind
as to review our view of software modules of APS (Chap. 18). Dr. Uli Kalex was



Preface Xi

the main contributor to the design of the project solutions, on which the computer
assembly case study (Chap. 23) and the semiconductor case study are based. Marja
Blomgvist, Dr. Susanne Groner, Bindu Kochugovindan, Helle Skott and Heinz
Korbelius read parts of the book and helped to improve the style and contents.
Furthermore, we profited a lot from several unnamed students who prepared their
master thesis in the area of APS—most of them now being employed by companies
implementing APS. Last but not least, we would like to mention Ulrich Hofling as
well as the authors Jens Rohde and Christopher Siirie who took care of assembling
the 24 chapters and preparing the index in a tireless effort throughout this project.

Many thanks to all!
We wish our readers a profitable reading and all the best for applying Advanced

Planning Systems in practice successfully.

Darmstadt, Germany Hartmut Stadtler
Mannheim, Germany Christoph Kilger
June 2000
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Since its creation in 1982 the term Supply Chain Management (SCM) has become
an indispensable element of today’s management practices. Often, a supply chain
consists of a number of (production) sites spread over several continents. Coordi-
nating material flows among these sites is a very complex task and generally exceeds
the “manual” capacity of an individual (manager). Here, a suitable software support
is required, which is provided by so called Advanced Planning Systems (APS). As
an appetizer, here are two results observed after implementing APS in industry:

* A large German computer manufacturer implemented APS modules for demand
planning, matching supply and demand, master planning and order promising
to improve its computer assembly operations. Special attention had to be paid
to both fixed and open configurations of computers and the availability of the
required components obtained from various suppliers. As a result of the project,
on time delivery increased from well below 80 to about 90 %. Furthermore, end-
to-end order lead time nearly halved from 10-22 days to 6-12 days.

* An Austrian oil company concentrates its business on refining crude oil and
marketing resulting products in eleven countries in Middle and Eastern Europe.
To find out which crude oil to buy in order to best match demand while
considering existing bottlenecks at the various refineries is a very difficult task.
The project team implemented modules taken from two different APS software
vendors and created a coherent planning suite. One great challenge was to model
production specifics, i.e. processing crude oil sorts with their different yields and
possible production procedures (distillation, conversion, treatment). The benefits
of the APS implementation project accounted for a two-digit million EURO
amount in net present value in total. In essence, the APS implementation led
to a considerable competitive advantage for the company.

These impressive gains show the potential of coordinating material and information

flows along a supply chain by means of an APS. Most managers would be proud to

present such substantial improvements of competitiveness! More details and further
case studies are presented in Part IV of this book.

While coordinating information, material and financial flows is already a
formidable task in a single company’s supply chain, further issues arise if flows have
to be aligned in a supply chain consisting of several legally separated companies.
These interorganizational supply chains resulted from companies concentrating
their business on those activities which they know best—their core competencies.
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This implies to outsource all other activities to suppliers, if possible. Consequently,
the quality and other characteristics of a product or service sold to a customer
now largely depend on several firms involved in its creation. This has posed new
challenges for the integration of legally separated firms and the coordination of
material, information and financial flows not experienced in this magnitude before.

Since there are several facets to look at, SCM is difficult to grasp as a whole.
While being aware of the broad area covered by SCM, this book will concentrate
on recent developments in coordinating materials and information flows by means
of APS. During the past 25 years progress in information technology (like powerful
database management systems or cloud computing), communication means (like
electronic data interchange (EDI) via the Internet), and methods to solve large
quantitative models opened up new perspectives for planning and controlling flows
along a supply chain. A customer’s order, demand forecasts or market trends may
be exploded into required activities and sent to all parties in the supply chain
immediately. Accurate schedules are generated, which secure order fulfillment in
time. Roughly speaking this is the task of APS. Unlike traditional Enterprise
Resource Planning (ERP) these systems try to find feasible, (near) optimal plans
across the supply chain as a whole, while potential bottlenecks are considered
explicitly.

It is our intention to provide insights into the principles and concepts underlying
APS. In order to better understand and remember the structure of our book a mind-
map has been created (Fig. 1). Part I of the book introduces the basics of SCM
starting with a definition of SCM and its building blocks. The origins of SCM can be
traced back into the 1950s, when Forrester (1958) studied the dynamics of industrial
production-distribution systems (Chap. 1).

As a first step of introducing APS in industry it seems wise to document and
analyze the current state of the supply chain and its elements (Chap. 2). A suitable
tool for analyzing a supply chain are (key) performance indicators. They can
provide valuable insights and guidance for setting targets for an SCM project. A
well-known tool for analyzing a supply chain—the SCOR-model—provides a very
valuable graphical representation with different levels of aggregation supplemented
by performance indicators. Often, inventories at different locations in the supply
chain are in the center of interest of management. Hence, we discuss potential
reasons for the existence of inventories.

Although APS are designed to be applicable for a number of industries, decision
problems may vary widely. A typology of supply chains (Chap.3) will help the
reader to identify which characteristics of a specific APS match the requirements of
the supply chain at hand, and which do not, thereby guiding the selection process
of an APS. Examples from industry illustrate different types of supply chains.
Chapter 4 introduces the basics of advanced planning by applying the principles
of hierarchical planning and explains the planning tasks along the supply chain by
means of the supply chain planning (SCP) matrix.

Part IT describes the general structure of APS (Chap. 5) and its modules in greater
detail following the SCP matrix. Part II, however, will not only concentrate on
functions and modeling features currently available in APS, but it will also describe
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ideas we regard to be good Advanced Planning and thus should be included in
future releases of an APS. The presentation of concepts underlying these modules
starts with strategic network design (Chap.6) followed by operational planning
tasks for procurement, production and distribution. The quality of decision support
provided by an APS largely depends on an adequate model of the elements of a
supply chain, the algorithms used for its solution and the coordination of modules
involved. Chapters 7—12 describe the many modeling features and mention solution
procedures available to tackle different planning tasks without explicitly referring
to specific APS. Although several modules have been identified, software vendors
claim to offer a coherent, integrated software suite with close links to ERP systems.
These linkages are the topic of Chap. 13.

In case a supply chain consists of several legally separated organizations, plan-
ning functions (usually) will not be controlled by a single, centralized APS. Instead,
each partner will perform its own decentralized planning functions supported by
an individual APS. Here, collaborative planning comes into play (Chap. 14) where
supply chain partners agree on the exchange of data and the coordination of planning
processes. The overall objective is that the supply chain works in the most effective
manner, i.e. ideally without interrupting the flow of information, materials and
financial funds.

Part I11 is devoted to the implementation of an APS within a firm or supply chain.
Obviously, this requires a lot more than modeling. Often a consultancy company is
hired to provide the expertise and manpower needed to introduce new, more efficient
processes, to customize the APS and to train personnel. Hence, we describe the tasks
necessary for introducing an SCM project (Chap. 15), the selection process of an
APS (Chap. 16) and its implementation in industry (Chap. 17).

Recalling the general structure of APS (Chap.5), Part IV considers specific
APS offered by Aspen Technology, JDA, OM Partners, Oracle and SAP. We
start by pointing out differences in architecture (Chap. 18), followed by nine case
studies. These case studies will demonstrate how concepts and ideas outlined in the
preceding chapters have been applied to industrial practice with the help of an APS.
Some characteristics, like type of industry, planning tasks tackled, and software
modules used are depicted in Table 1. It turns out that the chemical industry is a
major application area for APS. One reason is the limited planning functionality of
ERP systems. Especially material requirements planning (MRP) is of little use if
there are tightly coupled production stages, long production runs together with high
utilization rates of resources. Table 1 also shows that an APS project may range
from implementing just a single APS module to a complete software suite, and may
even be extended by modules of a further APS.

The first four case studies describe the implementation of just a single module
of an APS. These case studies range from (re-) designing the distribution network
of a large chemical company (Chap. 19), via demand planning of styrene plastics
(Chap. 20), master planning of food and beverages (Chap. 21) to detailed scheduling
for the production of synthetic granulates (Chap.22). The next four case studies
(starting with Chap.23) address several levels of a planning hierarchy and how
these can be supported by corresponding modules of an APS. Although extremely
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Table 1 APS case studies

No. Industry Planning tasks Software vendor Software modules
chap. implemented
19 Chemical  Strategic Network Design  PROLOGOS, PRODISI (no APS)
Germany
20 Chemical Demand Planning SAP, Germany SAP APO: DP
21 Consumer Master Planning (focus), ORACLE, USA; ORACLE: SNO
goods Scheduling, Demand Manugistics, USA? (focus), Production
Planning Scheduling Process;
JDA/Manugistics:
Demand
22 Chemical  Production Planning and SAP, Germany SAP APO: PP/DS
Scheduling
23 Electronic  Demand Planning, i2, USA® i2: Demand Planner,
Master Planning, Factory Planner,
Demand Fulfillment & Supply Chain Planner,
ATP, Production Planning Demand Fulfillment,
Rhythmlink
24 Oil Demand Planning, AspenTech, USA; Aspen: XPIMS,
Master Planning, SAP, Germany PPIMS, PIMS-SX;
Scheduling, Demand SAP APO: DP; gATP
Fulfillment
25 Pharma- Master Planning, SAP, Germany SAP APO: SNP,
ceutical Production Planning PP/DS
Detailed Scheduling
26 Speciality ~ All medium to short-term  OM Partners, OMP Plus suite; SAP
chemicals  planning tasks of the SC Belgium; SAP, ATP
Planning Matrix; focus Germany
on Demand Fulfillment
27 Chemical Demand Planning, SAP, Germany; SAP APO: SNP,
Master Planning, IBM, USA PP/DS, gATP; external
Production Planning and MIP solver (CPLEX)
Scheduling, Available to
Promise

4 Manugistics is now owned by JDA, USA
b i2 is now owned by JDA, USA

powerful, the functionality of an APS may not always suffice to adequately model
all the features required to solve a customer’s decision problem. Here, a combination
of both a standard APS and further individual software may be a means to an end,
which is the topic of the last case study (Chap. 27).

Part V sums up our experiences and gives an outlook of potential future
developments.

Finally, a supplement (Part VI) provides a brief introduction to major algorithms
used to solve the models mentioned in Parts IT and IV and should enable the reader to
better understand how APS work and where their limits are: Forecast methods relate
to Demand Planning (Chap. 29). Linear and mixed integer programming models are
the solution methods needed if optimal master plans or distribution plans are looked
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for (Chap.30). Last but not least, genetic algorithms are available as a solution
engine within the scheduling module for generating “near optimal” sequences of
jobs (orders) on multiple resources (Chap. 31).

Hamburg, Germany Hartmut Stadtler
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What is the essence of Supply Chain Management (SCM)? How does it relate
to Advanced Planning? In which sense are the underlying planning concepts
“advanced”? What are the origins of SCM? These as well as related questions will
be answered in this chapter.

1.1 Definitions

During the 1990s several authors tried to put the essence of SCM into a single
definition. Its constituents are
* The object of the management philosophy
* The target group
* The objective(s)
* The broad means for achieving these objectives.
The object of SCM obviously is the supply chain which represents a ... network
of organizations that are involved, through upstream and downstream linkages, in
the different processes and activities that produce value in the form of products and
services in the hands of the ultimate consumer” (Christopher 2005, p. 17). In a broad
sense a supply chain consists of two or more legally separated organizations, being
linked by material, information and financial flows. These organizations may be
firms producing parts, components and end products, logistic service providers and
even the ultimate consumer (synonym: customer) himself. So, the above definition
of a supply chain also incorporates the target group—the ultimate customer.

As Fig. 1.1 shows, a network usually will not only focus on flows within a (single)
chain, but will have to deal with divergent and convergent flows within a complex
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Fig. 1.1 Supply chain (example)

network resulting from many different customer orders to be handled in parallel.
In order to ease complexity, a given organization may concentrate only on a portion
of the overall supply chain. As an example, looking in the downstream direction the
view of an organization may be limited by the customers of its customers while it
ends with the suppliers of its suppliers in the upstream direction.

In a narrow sense the term supply chain is also applied to a large company with
several sites often located in different countries. Coordinating material, information
and financial flows for such a multinational company in an efficient manner is
still a formidable task. Decision-making, however, should be easier, since these
sites are part of one large organization with a single top management level.
A supply chain in the broad sense is also called an inter-organizational supply chain,
while the term intra-organizational relates to a supply chain in the narrow sense.
Irrespective of this distinction, a close cooperation between the different functional
units like marketing, production, procurement, logistics and finance is mandatory—
a prerequisite being no matter of course in today’s firms.

The objective governing all endeavors within a supply chain is seen as increasing
competitiveness. This is because no single organizational unit now is solely
responsible for the competitiveness of its products and services in the eyes of the
ultimate customer, but the supply chain as a whole. Hence, competition has shifted
from single companies to supply chains. Obviously, to convince an individual
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company to become a part of a supply chain requires a win-win situation for each
participant in the long run, while this may not be the case for all entities in the
short run. One generally accepted impediment for improving competitiveness is to
provide superior customer service which will be discussed in greater detail below
(Sect. 1.2.1). Alternatively, a firm may increase its competitiveness by fulfilling a
prespecified, generally accepted customer service level at minimum costs.

There are two broad means for improving the competitiveness of a supply chain.
One is a closer integration (or cooperation) of the organizations involved and the
other is a better coordination of material, information and financial flows (Lee and
Ng 1998, p. 1). Overcoming organizational barriers, aligning strategies and speeding
up flows along the supply chain are common subjects in this respect.

We are now able to define the term Supply Chain Management as the task of
integrating organizational units along a supply chain and coordinating material,
information and financial flows in order to fulfill (ultimate) customer demands with
the aim of improving the competitiveness of a supply chain as a whole.!?

1.2  Building Blocks

The House of SCM (see Fig. 1.2) illustrates the many facets of SCM. The roof stands
for the ultimate goal of SCM—competitiveness—customer service indicates the
means. Competitiveness can be improved in many ways, e.g. by reducing costs,
increasing flexibility with respect to changes in customer demands or by providing
a superior quality of products and services.

The roof rests on two pillars representing the two main components of SCM,
namely the integration of a network of organizations and the coordination of
information, material and financial flows. The figure also shows that there are many
disciplines that formed the foundations of SCM.

The two main components which incur some degree of novelty, will now be
broken down into their building blocks. Firstly, forming a supply chain requires
the choice of suitable partners for a mid-term partnership. Secondly, becoming an
effective and successful network organization, consisting of legally separated orga-
nizations calls for actually practicing inter-organizational collaboration. Thirdly,

'Our definition largely corresponds with that of the Council of Supply Chain Management
Professionals (CSMP) stating that “Supply Chain Management is an integrating function with
primary responsibility for linking major business functions and business processes within and
across companies into a cohesive and high-performing business model” (The Council of Supply
Chain Management Professionals 2013, p. 187).

2A definition of Supply Chain Management which is very close to the mission of logistics is
proposed by Simchi-Levi et al.: “Supply Chain Management is a set of approaches utilized
to efficiently integrate suppliers, manufacturers, warehouses, and stores, so that merchandise is
produced and distributed at the right quantities, to the right locations, and at the right time, in order
to minimize systemwide costs while satisfying service level requirements” (Simchi-Levi et al.
2008, p. 1).
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for an inter-organizational supply chain, new concepts of leadership aligning
strategies of the partners involved are important.

The coordination of flows along the supply chain can be executed efficiently
by utilizing the latest developments in information and communication technology.
These allow processes formerly executed manually to be automated. Above all,
activities at the interface of two entities can be scrutinized, while duplicate activities
(like keying in the data of a consignment) can be reduced to a single activity. Process
orientation thus often incorporates a redesign followed by a standardization of the
new process.

For executing customer orders, the availability of materials, personnel, machin-
ery and tools has to be planned. Although production and distribution planning as
well as purchasing have been in use for several decades, these mostly have been
isolated and limited in scope. Coordinating plans over several sites and several
legally separated organizations represents a new challenge that is taken up by
Advanced Planning (Systems).
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Subsequently, we will describe the house of SCM in greater detail, starting
with the roof, followed by its two pillars and ending with some references to its
foundations.

1.2.1 Customer Service

Customer service is a multi-dimensional notion. According to a survey conducted
by LaLonde and Zinszer (cited in Christopher 2005, p. 48) there are three elements
of customer service:

* Pre-transaction

» Transaction

» Post-transaction elements.

Some of these elements will be illustrated in the following text.

Pre-transactional elements relate to a company’s activities preceding a contract.
They concern customer access to information regarding the products and services a
firm offers and the existence of an adequate link between organizations involved.
Obviously, for standard products ordered routinely (like screws), an impersonal
purchase via the Internet may be sufficient. Large projects, however, like a con-
struction of a business building will require several, intense personal links between
the organizations involved at different levels of the hierarchy. Finally, flexibility to
meet individual customer requirements may be an important element for qualifying
for and winning an order.

Transactional elements are all those which contribute to order fulfillment in
the eyes of a customer. The availability of products (from stock) may be one
option. If a product or service has to be made on demand, order cycle times
play an important role. During delivery times a customer may be provided with
information on the current status and location of an order. The delivery of goods can
include several additional services, like an introduction into the use of a product, its
maintenance, etc.

Post-transactional elements mostly concern the service provided once the order
is fulfilled. This includes elements like repairing or exchanging defective parts and
maintenance, the way customer complaints are dealt with and product warranties
(Christopher 2005, p. 50).

For measuring customer service and for setting targets, key performance indi-
cators are used in practice, such as the maximum order lead time, the portion of
orders delivered within x days, the portion of orders without rejects or the fill rate
(for details see Sect. 2.3 and Silver et al. 1998, p. 243).

If a certain level or standard of customer service has been agreed upon, it must
be broken down so that each entity of the supply chain knows how to contribute
to its achievement. Consider order lead times offered to customers as an example
(Fig. 1.3).

Assume a delivery time of 9 days has to be offered to customers. Now,
following each activity upstream in the supply chain with its expected lead times
for information and material flows, it becomes clear, where the decoupling point
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Fig. 1.3 Order lead time and decoupling point

between the two options production-to-stock and production-to-order currently can
be located. Since the actual lead times for assembly totals 11 days, this would
require to assemble-to-stock.

Stocks held at the decoupling point incur costs and increase overall throughput
times. A decoupling point requires that no customized items or components have to
be produced upstream. Ideally, items produced on stock have a large commonality
so that they can be used within several products. This will reduce the risk of holding
the “wrong” stocks, if there is an unexpected shift in products’ demand.

If accumulated lead times of customer specific parts exceed expected delivery
times, the supply chain as a whole—perhaps including key customers—has to look
for either reducing lead times for material or for information flows (e.g. transferring
orders by electronic means may save 1 day while an additional day may be saved
by advanced scheduling techniques at the assembly plant, thereby allowing to
assemble-to-order while suppliers manufacture-to-stock).

1.2.2 Integration

As has been stated above, a supply chain in the broad sense consists of several
legally separated firms collaborating in the generation of a product or service with
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the aim of improving the competitiveness of a supply chain as a whole. Integration
refers to the special building blocks that cause these firms to collaborate in the long
term, namely

* Choice of partners

* Network organization and inter-organizational collaboration

* Leadership.

The choice of partners starts with analyzing the activities associated with generating
aproduct or service for a certain market segment (see also Chap. 2). Firstly, activities
will be assigned to existing members of a supply chain, if these relate to their core
competencies. Secondly, activities relating to standard products and services widely
available on the market and with no potential of differentiation in the eyes of the
ultimate customers, will be bought from outside the supply chain. Thirdly, for all
remaining activities, a partner to join the supply chain has to be looked for in the
course of a make-or-buy decision procedure (Schneider et al. 1994).

Selection criteria should not be based solely on costs, but on the future potential
of a partner to support the competitiveness of the supply chain. A suitable orga-
nizational culture and a commitment to contribute to the aims of the supply chain
will be of great importance. A possible partner may bring in specialized know-how
regarding a production process or know-how of products and their development.
In case of a global supply chain, additional criteria have to be considered (like taxes,
exchange rates, etc., see Chap. 6).

The assignment of activities to those members within the supply chain who can
perform them best as well as the ability to adapt the structure of a supply chain
quickly according to market needs are seen as a major advantage compared with
traditional hierarchies.

From the perspective of organizational theory, supply chains are a special form
of a network organization. They consist of loosely coupled, independent actors with
equal rights. Their organizational structure is adapted dynamically according to the
tasks to be performed and the aims of the network organization as a whole (Sydow
2005; Hilse et al. 1999, p. 30). A supply chain may be regarded as a single (virtual)
entity by its customers. The term virtual firm, however, is used for a network of
firms collaborating only in the short term, sometimes only for fulfilling a single
customer order.

Inter-organizational collaboration is a necessity for an effective supply chain.
A supply chain is regarded as a cross between a pure market interaction and a
hierarchy. It tries to combine the best features of the two. Ideally, each entity within
a supply chain will concentrate on its core competencies and will be relieved from
stringent decision procedures and administrative routines attributed to a large hier-
archy. Information and know-how is shared openly among members. Competition
among members along the supply chain is substituted by the commitment to
improve competitiveness of the supply chain as a whole. A risk still remains,
however, that collaboration is canceled at some time. These features are assumed to
enhance innovativeness and flexibility with respect to taking up new market trends
(Burns and Stalker 1961, p. 121).
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Although legally independent, entities within a supply chain are economically
dependent on each other. Obviously, the structure of a supply chain will remain
stable, only if there is a win-win situation for each member—at least in the long run.
If this is not achieved in the short term by usual price mechanisms, compensation
schemes must be looked for. To enforce the coherence of supply chain members
several types of bonds may be used. These are
* “Technical bonds which are related to the technologies employed by the firms
* Knowledge bonds related to the parties’ knowledge about their business
* Social bonds in the form of personal confidence
* Administrative bonds related to the administrative routines and procedures of the

firms
* Legal bonds in the form of contracts between the firms” (Hakansson and

Johanson 1997, p. 462).

An additional bond may be introduced by exchanging contributions to capital.
Bonds must be practiced continuously to build up a certain degree of trust—the basis
of a long-term partnership. In the case of a global supply chain special attention has
to be paid to inter-cultural business communications (Ulijn and Strother 1995).

Leadership, being the third building block of integration, is a delicate theme in
light of the ideal of self-organizing, poly-centric actors forming a supply chain.
At least some decisions should be made for the supply chain as a whole, like the
cancellation of a partnership or the integration of a new partner. Similarly, aligning
strategies among partners may require some form of leadership (as an example see
Rockhold et al. 1998).

In practice, leadership may be executed either by a focal company or a steering
committee. A focal company is usually a member having the largest (financial)
power, the best know-how of products and processes or has the greatest share of
values created during order fulfillment. In some cases, the focal company may also
be the founder of a supply chain. For these reasons, decisions made by the focal
company will be accepted by all members. On the other hand, a steering committee
may be introduced, consisting of representatives of all members of a supply chain.
The rules of decision-making—Ilike the number of votes per member—are subject
to negotiations.

Despite the advantages attributed to a supply chain, one should bear in mind that
its structure is vulnerable—the exit of one partner may jeopardize the survival of the
supply chain as a whole. Also, a member may run the risk of becoming unattractive
and of being substituted by a competitor once his know-how has been dispensed
within the supply chain.

Last but not least, the coordination of activities across organizations must not
exceed comparable efforts within a hierarchy. In light of the latest developments
in information and communication technology as well as software for planning
material flows, this requirement has now been fulfilled to a large extent.



1 Supply Chain Management: An Overview 1M

1.2.3 Coordination

The coordination of information, material and financial flows—the second main

component of SCM—comprises three building blocks:

 Utilization of information and communication technology

* Process orientation

* Advanced planning.

Advances in information technology (IT) made it possible to process information at

different locations in the supply chain and thus enable the application of advanced

planning. Cheap and large storage devices allow for the storage and retrieval of
historical mass data, such as past sales. These Data Warehouses may now be used
for a better analysis of customer habits as well as for more precise demand forecasts.

Graphical user interfaces allow users to access and manipulate data more easily.
Communication via electronic data interchange (EDI) can be established via

private and public nets, the most popular being the Internet. Members within a

supply chain can thus be informed instantaneously and cheaply. As an example,

a sudden breakdown of a production-line can be distributed to all members of a

supply chain concerned as a so-called alert.

Rigid standards formerly introduced for communication in special lines of
businesses (like ODETTE in the automotive industry) are now being substituted
by more flexible meta-languages (like the extensible markup language (XML)).

Communication links can be differentiated according to the parties involved
(Corsten and Gossinger 2008): business (B), consumer (C) or administration (A).
Two communication links will be discussed here:

Business-to-Business (B2B) communications allow companies to redesign pro-
cesses, like that of purchasing. Manual tasks, e.g. placing an order for a standard
item, can now be taken over by computer. It then controls the entire process, from
transmitting the order, order acceptance by the supplier and order execution,
until the consignment is received and checked. Finally, the amount payable
is transferred to the supplier’s account automatically. Automated purchasing
allowed the Ford Motor Company to reduce its staff in the purchasing function
drastically (Hammer and Champy 2003, p. 57). Other advantages stem from
increased speed and reduced errors.

Furthermore, firms can make use of Internet based marketplaces, also called e-

hubs (Kaplan and Sawhney 2000). These marketplaces can be distinguished by

four characteristics:

» The specificity of goods (either being manufacturing or operating inputs)

* The duration of the relationship (discriminated by systematic or spot sourcing)

* The pricing mechanism (with either fixed prices, e.g. an electronic catalog, or

price negotiations in the form of an auction)

* The bias of an e-hub, which may favor either the seller, the buyer or take a

neutral position.

Due to the global access to the Internet, not only strong competition and reduced

purchasing prices may result, but also new sales opportunities. Note that market
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places play a role especially at the interface between two or more supply chains

while the coordination of flows among different companies within a supply chain

is supported by collaborative planning (see Chap. 14).

Business-to-Consumer (B2C) communications aim at approaching the individ-
ual end user via the Internet. Several challenges have to be addressed here, like

a user-friendly access to information regarding products and services, securing

safety of payments and finally the transport of goods or services to the customer.

B2C opens up a further marketing channel to end users and offers a means for

incorporating end users within a supply chain.

The second building block, process orientation, aims at coordinating all the
activities involved in customer order fulfillment in the most efficient way. It starts
with an analysis of the existing supply chain, the current allocation of activities
to its members. Key performance indicators can reveal weaknesses, bottlenecks
and waste within a supply chain, especially at the interface between its members.
A comparison with best practices may support this effort (for more details see
Chap. 2). As a result, some activities will be subject to improvement efforts, while
some others may be reallocated. The building block “process orientation” has much
in common with business process reengineering (Hammer and Champy 1993);
however, it will not necessarily result in a radical redesign. As Hammer (2001, p. 84)
puts it, “streamlining cross-company processes is the next great frontier for reducing
costs, enhancing quality, and speeding operations.”

Advanced planning—the third building block—incorporates long-term, mid-
term and short-term planning levels. Software products—called Advanced Planning
Systems—are now available to support these planning tasks. Although an Advanced
Planning System (APS) is separated into several modules, effective information
flows between these modules should make it a coherent software suite. Customizing
these modules according to the specific needs of a supply chain requires specific
skills, e.g. in systems and data modeling, data processing and solution methods.

APS do not substitute, but supplement existing Enterprise Resource Planning
(ERP) systems. APS now take over the planning tasks, while an ERP system is still
required as a transaction and execution system (for orders). The advantages of the
new architecture have to be viewed in light of well-known deficiencies of traditional
ERP systems with regard to planning (Drexl et al. 1994). In essence, an ERP system
models the different planning tasks inadequately. Furthermore, these planning tasks
are executed sequentially, without allowing for revisions to upper-level decisions.
Some tasks, like bill of materials processing (BOMP), do not consider capacities at
all. Furthermore, lead times are used as a fixed input for the BOMP, even though it is
common knowledge that lead times are the result of planning. It is not surprising that
users of ERP systems complain about long lead times and many orders exceeding
dead lines. Also, production planning and distribution planning are more or less
separated systems. Last but not least, the focus of ERP systems has been a single
firm, while APS have been designed also for inter-organizational supply chains.

Although separated in several modules, APS are intended to remedy the defects
of ERP systems through a closer integration of modules, adequate modeling of
bottleneck capacities, a hierarchical planning concept and the use of the latest
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algorithmic developments. Since planning is now executed in a computer’s core
storage, plans may be updated easily and continuously (e.g. in the case of a
breakdown of a production line).

Planning now results in the capability to realize bottlenecks in advance and to
make the best use of them. Alternative modes of operations may be evaluated, thus
reducing costs and improving profits. Different scenarios of future developments
can be planned for in order to identify a robust next step for the upcoming planning
interval. Furthermore, it is no longer necessary to provide lead time estimates as an
input for planning. This should enable companies using APS to reduce planned lead
times drastically compared with those resulting from an ERP system.

A most favourable feature of APS is seen in its ability to check whether a (new)
customer order with a given due date can be accepted (ATP, see Chap.9). In case
there are insufficient stocks at hand, it is even possible to generate a tentative
schedule, inserting the new customer order into a current machine schedule where it
fits best. Obviously, these new features allow a supply chain to comply better with
accepted due dates, to become more flexible and to operate more economically.

We would like to add that proposals for a better integration of organizational units
cannot be separated from the notion of the coordination of flows and vice versa. The
choice of partners in a supply chain or the effectiveness of a postponement strategy
can best be evaluated by advanced planning. On the other hand, the structure of a
network organization sets up the frame for optimizing flows within a supply chain.

1.2.4 Relating SCM to Strategy

According to Porter (2008, p. 53) a “strategy is the creation of a unique and valuable
position, involving a different set of activities.” A company can obtain a unique
and valuable position by either performing different activities than its rivals or by
performing similar activities in different ways.

This can best be demonstrated by means of an example. The IKEA company
has focused on the home furnishing needs of a specific customer group. The target
group is price-sensitive and prepared to do its own pickup and delivery as well as
the final assembly. IKEA’s activities have been created according to these customer
needs, which also have influenced the products’ design and the structure of the SC.
For instance, IKEA’s showroom and warehouse are under one roof. A more precise
description of the activities relating to IKEA’s strategic position is given by the
following activity-system map (see Fig. 1.4).

Here, activities, like “self assembly by customers”, are exhibited as well as the
major links between dependent activities. For instance, “inhouse product design
focused on cost of manufacturing” together with “100% sourcing from long
term suppliers” directly contribute to “low manufacturing cost”. Shaded activities
represent high-order strategic themes. IKEA’s activity-system map also demon-
strates that there are usually many interacting activities contributing to an overall
strategy.
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Fig. 1.4 Activity-systems map describing IKEA’s strategic position (Porter 2008, p. 48)

Another important part of strategy is the creation of fit among a SC’s activities.
“The success of a strategy depends on doing many things well—not just a few—and
integrating among them” (Porter 2008, p. 62). A given strategy will be successful
only if all these activities will be aligned, or even better, if they reinforce each other.

The highest level of fit between all these activities—called optimization of
effort (Porter 2008, p. 60)—is reached when there is coordination and information
exchange across activities to eliminate redundancy and minimize wasted effort.

Now recall that SCM has been defined as integrating organizational units along
a SC and coordinating activities related to information, material and financial flows.
Hence, SCM is not a strategy on its own. Instead, SCM can and should be an
integral part of a SC’s strategy as well as the individual partners’ business strategies.
For example,

* SCM is an approach for generating competitive advantage by integrating organi-
zational units and coordinating flows.

* SCM comprises specific activities, especially those concerning the order fulfill-
ment process, which may be part of a SC’s strategy.

* SCM utilizes specific tools best suited to reach the aspired level of fit among all
strategic activities of a given SC.
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There are a number of excellent textbooks (e.g. Aaker 2001) on generating a strategy
for an intra-organizational SC (company), which we will not review in detail here.
In summary two main lines of thought prevail:

* The resource-based view

* The market-based view.

A resource can be “...all assets, capabilities, organizational processes, firm
attributes, information, knowledge, etc. , controlled by a firm that enable the firm to
conceive of and implement strategies that improve its efficiency and effectiveness”
(Barney 1991, p. 101). The focus here is on developing the resources’ potentials.

Considering the market-based view (Porter 2008, p. 2) an industry—usually
consisting of several markets—is looked for, where the company can best exist
against competitive forces given by
e Industry competitors
* Potential entrants
* Power of buyers and suppliers or
* New product or service substitutes.

As one might expect the two views are not antagonistic but rather complement
each other. For a deeper understanding the reader is referred to two case studies
describing the generation of SC strategies in the apparel (Berry et al. 1999) and the
lighting industry (Childerhouse et al. 2002).

Note, that creating and implementing a strategy within a single corporation
may already be a difficult task, but it will be even more challenging in an inter-
organizational SC. Namely, strategies of individual partners have to be aligned with
the SC’s overall strategy. In an inter-organizational SC further issues have to be
addressed. Some of these, like the fit of companies, have already been discussed
as part of the pillar “integration” of the House of SCM (see Sect. 1.2.2). Now,
when formulating a SC-wide strategy, aspiration levels for the different issues of
integration have to be added as well as (rough) paths for their achievement.

Even if contracts are binding SC partners, a SC is vulnerable and only created
for a limited period of time. Hence, it seems wise to take into account and prepare
“emergency plans” in case of separation. These may require
* Good relations to alternative suppliers and customers currently not part of the

SC, enabling a company (or SC) to become part of another SC
* The installation of flexible (production) capacities that may also be used in

another SC
» Engaging in several SCs to balance risks.

We would like to add that the discussion of strategies in the literature is
dominated by the premise of pure competition. In the area of SCM, strategies for
collaboration come into play. One of the difficulties is in finding a fair compromise
of the sometimes diverging interests among SC partners. As an example consider the
setting of fair transfer prices for products and services among SC partners. Given
a fixed sales price the ultimate consumer is willing to pay for the end-product an
increase of the transfer price granted to one SC member will incur a “loss” for
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Fig. 1.5 The impact of a SC’s strategy on the building blocks of SCM

the others. Furthermore, SC partners must be concerned that decentral investment
decisions are made for the benefit of the SC as a whole, which may require specific
subsidies, incentives or guarantees by the other SC partners.

Since generally applicable rules for calculating fair transfer prices or compensa-
tions are still missing (proposals for special situations can be found in Cachon and
Lariviere 2005; Dudek 2009; Pfeiffer 1999), negotiations come into play in practice.
These become even more delicate if SC partners are reluctant to reveal their (true)
cost structure and if the power of SC partners governs the outcome of negotiations.

Collaboration may also exist among competing SCs, e.g. in product distribution
to consolidate consignments for the same destination (as in the food industry
Fleischmann 1999) or in combining demands for standard parts to increase the
purchasing power (as in the automobile industry).

By now it should be clear that a favorable SC strategy always has to be specific
in considering a SC’s potentials. Copying recipes drawn from benchmarking studies
or an analysis of success factors (see e.g. Frohlich and Westbrook 2001; Jayaram
et al. 2004; Fettke 2007) may be a good starting point but will not result in a unique
and valuable position. In any case, a SC’s strategy will guide the specific design of
building blocks best serving a SC’s needs (see Fig. 1.5).

For those interested in learning more about the first ideas and publications having
influenced our current view of SCM, a section about its origins follows.
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1.2.5 Foundations

For operating a supply chain successfully, many more ingredients are needed than
those that have been reported in the literature in recent years in subjects like

* Logistics and transportation

e Marketing

* Operations research

* Organizational behavior, industrial organization and transaction cost economics
* Purchasing and supply

to name only a few (for a complete list see Croom et al. 2000, p. 70).

Certainly there are strong links between SCM and logistics, as can be observed

when looking at the five principles of logistics thinking (Pfohl 2010, p. 20):

* Thinking in values and benefits

e Systems thinking

* Total cost thinking

* Service orientation

 Striving for efficiency.

Thinking in terms of values and benefits implies that it is the (ultimate) customer
who assigns a value to a product. The value and benefit of a product can be improved
with its availability when and where it is actually needed. Systems thinking requires
examination of all entities involved in the process of generating a product or service
simultaneously. Optimal solutions are aimed at the process as a whole, while being
aware that optimal solutions for individual entities may turn out to be suboptimal.
All activities are oriented towards a given service level. Service orientation is not
limited to the ultimate customer, but also applies to each entity receiving a product or
service from a supplier. Efficiency comprises several dimensions. The technological
dimension requires the choice of processes, which results in a given output without
wasting inputs. Furthermore, decision-making will be guided by economical goals,
relating to current profits and future potentials. These two dimensions will be
supplemented by a social and ecological dimension.

Another subject, operations research, has contributed to the model building and
model solving required for coordinating flows along the supply chain. The basics
of model building have already been developed in the 1960s and 1970s. However,
only with the rise of powerful computers, large in-core storage devices and the
availability of adequate solution methods, like Mathematical Programming and
powerful meta-heuristics (e.g. genetic algorithms and tabu search), are these models
now solvable with reasonable computational efforts (see Part VI).

Note that the vast body of literature on SCM has concentrated so far on
the integration of inter-organizational supply chains. However, with regard to
the coordination of flows, efforts still concentrate on intra-organizational supply
chains. While it will not be too difficult to apply APS to an inter-organizational
supply chain with a central planning unit, new challenges arise in decentralized
planning (like the availability of data required for planning, coordinating plans,
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compensation schemes, etc.). Recalling that ERP systems only incorporate uncon-
nected, insufficient analytical models (like for single level, uncapacitated lot-sizing),
APS—even for intra-organizational supply chains—represent great progress. So,
the term advanced in APS has to be evaluated in view of the insufficient decision
support offered by ERP systems until now.

For those interested in learning more about the first ideas and publications that
have influenced our current view of SCM, a section about its origins will follow.

1.3 Origins

The term SCM has been created by two consultants, Oliver and Webber, as early as

1982. The supply chain in their view lifts the mission of logistics to become a top

management concern, since “...only top management can assure that conflicting

functional objectives along the supply chain are reconciled and balanced ...and

finally, that an integrated systems strategy that reduces the level of vulnerability

is developed and implemented” (Oliver and Webber 1992, p. 66). In their view,

coordinating material, information and financial flows within a large multi-national

firm is a challenging and rewarding task. Obviously, forming a supply chain out of

a group of individual companies so that it acts like a single entity is even harder.
Research into the integration and coordination of different functional units started

much earlier than the creation of the term SCM in 1982. These efforts can be

traced back in such diverse fields as logistics, marketing, organizational theory,

operations management and operations research. Selected focal contributions are

briefly reviewed below without claiming completeness (for further information see

Ganeshan et al. 1998). These contributions are

¢ Channel research (Alderson 1957)

* Collaboration and cooperation (Bowersox 1969)

* Location and control of inventories in production-distribution networks (Hanss-
mann 1959)

* Bullwhip effect in production-distribution systems (Forrester 1958)

* Hierarchical production planning (Hax and Meal 1975).

1.3.1 Channel Research

Alderson (1957) put forward channel research as a special field of marketing
research. He had already argued that the principles of postponement require that
“...changes in form and identity occur at the latest possible point in the marketing
flow; and changes in inventory location occur at the latest possible point in time”
(Alderson 1957, p. 424). Postponement serves to reduce market risk, because the
product will stay in an undifferentiated state as long as possible allowing to better
cope with unexpected market shifts. Also postponement can reduce transportation
costs, since products will be held back in the supply chain as far as possible
(e.g. at the factory warehouse) until they are actually needed downstream (e.g. at
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a distribution center) thereby reducing the need for the transport of goods between
distribution centers in the case of a shortage of goods or an imbalance in the
distribution of stocks. Thirdly, when examining the postponability of a (production)
step, it might be discovered that it can be eliminated entirely, i.e. “...if a step is
not performed prematurely, it may never have to be performed” (Alderson 1957,
p- 426). As an example, Alderson reported on the elimination of bagging wheat in
sacks. Instead, a truck with an open box body had been chosen.

The three principles of postponement are still applied today. With regard to
elimination, we can see that customers pick their goods directly from pallets thus
eliminating the need for the retailer to put the goods on shelves. Another example
are the customers of IKEA, who perform the assembly of furniture by themselves.

However, one should bear in mind that postponement in product differentiation
requires that a product has already been designed for it, i.e. modifying a product
to become customer specific should both be possible technically and economically
later on. The capability of assessing the effects of postponement in a supply chain
wide context is the achievement of advanced planning today. Thus, the different
alternatives of postponement had been analyzed and simulated before Hewlett
Packard introduced postponement successfully for its deskjet printer lines (Lee and
Billington 1995).

1.3.2 Collaboration and Coordination

Bowersox (1969) described the state of knowledge in marketing, physical distribu-

tion and systems thinking. There had already been an awareness that the individual

objectives of the different functional units within a firm may counteract overall

efficiency. For example (Bowersox 1969, p. 64):

* Manufacturing traditionally desires long production runs and the lowest procure-
ment costs.

* Marketing traditionally prefers finished goods inventory staging and broad
assortments in forward markets.

* Finance traditionally favors low inventories.

* Physical distribution advocates total cost considerations relating to a firm’s
physical distribution mission.

Long production runs reduce the setup costs per product unit while resulting

in higher inventory holding costs. Similarly, end product inventories allow short

delivery times, but increase inventory holding costs. On the other hand, raw

materials and parts used up in the production of end products may no longer be

used within other end products, thus limiting the flexibility to cope with shifts in

end product demands (see postponement).

Furthermore, Bowersox criticized the fact that physical distribution systems
mainly have been studied from the vantage point of vertically integrated organiza-
tions. “A more useful viewpoint is that physical distribution activities and related
activities seldom terminate when product ownership transfer occurs” (Bowersox
1969, p. 65). If the interface between two or more physical distribution systems
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is not properly defined and synchronized, this “...may well lead to excessive cost
generation and customer service impairment” (Bowersox 1969, p. 67).

Although arguing from the viewpoint of physical distribution, Bowersox had
already advocated a need for intra-organizational as well as inter-organizational
cooperation and coordination.

1.3.3 Location and Control of Inventories
in Production-Distribution Networks

Hanssmann (1959) was the first to publish an analytical model of interacting
inventories in a supply chain with three serial inventory locations. At each location
a periodic review, order-up-to-level inventory system is used. There are positive
lead times, which are integer multiples of the review period. Customer demands are
assumed to be normally distributed. Decision support is provided for two cases: the
location of inventory, if only one single inventory location is allowed in the supply
chain and the control of inventories if all three inventory locations may be used.
Shortage costs and inventory holding costs are considered as well as revenues from
sales which are assumed to be a function of delivery time. As a solution method,
dynamic programming is proposed.

The location and allocation of inventories in serial, convergent and divergent
supply chains is still an important topic of research today.

1.3.4 Bullwhip Effect in Production-Distribution Systems

The bullwhip effect describes the increasing amplification of orders and inventory
occurring within a supply chain the more one moves upstream. Surprisingly, this
phenomenon also occurs even if end item demand is fairly stable. This phenomenon
will be explained more deeply, since it is regarded as a classic of SCM.

Already in 1952 Simon (1952) discovered the bullwhip effect. A few years later,
Forrester (1958) analyzed the dynamic behavior of production control in industrial
production-distribution systems intensively. The simplest system studied is a supply
chain made of a retailer, a distribution center, a factory warehouse and a production
site (Fig. 1.6). Each entity can only make use of locally available information when
making its ordering decisions for coping with demands. Another important feature
are time delays between decision-making (e.g. ordering) and its realization (e.g.
receipt of the corresponding shipment). These delays are indicated in Fig. 1.6 as
numbers on top of respective arcs (measured in weeks). The assumption is that a
customer order comes in. Then the retailer requires 1 week to deliver it from stock.
The lead time between an incoming customer order and the decision to replenish
inventory is 3 weeks (including processing the order), while order transmission to
the distribution center takes another half week. The distribution center requires 1
week to process the order, while shipping the order to the retailer takes another
week. Thus, five and a half weeks pass from an incoming customer order until the
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Fig. 1.6 Supply chain modeled by Forrester (1961, p. 22)

replenishment of the retailer’s inventory (see Fig. 1.6: sum of bold numbers). Further
lead times for upstream entities can be derived in the same way from Fig. 1.6.

Forrester has shown the effects of a single, sudden 10 % increase in retail sales on
orders placed and inventory levels of each entity in the supply chain (see Fig. 1.7).
He concludes (Forrester 1961, p. 25) that ... orders at factory warehouse reach, at
the 14th week, a peak of 34 % above the previous December” and ... the factory
output, delayed by a factory lead time of 6 weeks, reaches a peak in the 21st week, an
amount 45 % above the previous December.” Obviously, these amplified fluctuations
in ordering and inventory levels result in avoidable inventory and shortage costs
and an unstable system behavior. Although the time unit of 1 week seems outdated
nowadays, replacing it by a day may reflect current practices better and will not
disturb the structure of the model. These so-called information-feedback systems
have been studied extensively with the help of a simulation package (DYNAMO).

In order to show the relevance of the work of Forrester on today’s topics in SCM,
we will add some newer findings here.

The introduction of the so-called beer distribution game, by Sterman (1989),
has drawn great attention from researchers and practitioners alike to study the
bullwhip effect again. Looking at an industrial production-distribution system from
the perspective of bounded human rationality, Sterman studied the ordering behavior
of individuals possessing only isolated, local information.

In such an environment, where an individual’s knowledge is limited to its current
inventory status, the actual amount ordered by its direct successors in the supply
chain and knowledge about its past performance, a human being tends to overreact
by an amplification of orders placed. Even worse, amplification and phase lags of
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Fig. 1.7 The bullwhip effect (along the lines of Forrester 1961, p. 24)
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ordering increase steadily the more one moves upstream the supply chain. This has
to be interpreted in light of a given, nearly stable end item demand with just one
(large) increase in demand levels at an early period of the game.

This behavior which is far from optimal for the total supply chain, has been
observed in many independent repetitions of the beer distribution game as well as in
industrial practice. Actually, the term bullwhip effect has been coined by managers
at Procter & Gamble when examining the demand for Pampers disposable diapers
(according to Lee et al. 1997).

Obviously, real world production-distribution systems are a lot more complex
than those described above. However, examining behavioral patterns and policies
often adopted by local managers, may amplify fluctuations even further. Studying
the causes of the bullwhip effect and its cures have become a very rich area of
research in SCM. Recently, Lee et al. (1997) divided recommendations to counteract
the bullwhip effect into four categories:

* Avoid multiple demand forecast updates

* Break order batches

 Stabilize prices

* Eliminate gaming in shortage situations.

Avoiding multiple demand forecasts means that ordering decisions should always
be based on ultimate customer demand and not on the ordering behavior of
an immediate downstream partner, since the ordering behavior of an immediate
downstream partner usually will show amplifications due to order batching and
possible overreactions. With the advent of EDI and the capability to input sales
made with the ultimate customer (point-of-sale (POS) data), accurate and timely
data can be made available to each entity in the supply chain, thus also reducing
the time-lag in the feedback system drastically. If ultimate customer demands are
not available, even simple forecasting techniques (see Chap. 7) will prevent human
overreactions and smooth demand forecasts.

In a more radical approach, one could change from decentralized decision-
making to generating procurement plans centrally. Even the ultimate customer may
be included in these procurement plans, as is the case in vendor managed inventory
(VMI). Here the supply chain, however, has to bear the responsibility that the
ultimate customer will not run out of stock. Finally, the downstream entity(s) could
even be bypassed by executing sales directly with the ultimate customer (a well-
known example are direct sales of Dell Computers).

Order batching is a common decision for cutting fixed costs incurred in placing
an order. Ordering costs can be cut down drastically by using EDI for order
transmission as well as a standardization of the (redesigned) ordering procedure.
Transportation costs can be reduced if full truck loads are used. This should not,
however, be achieved by increasing batch sizes, but rather by asking distributors to
order assortments of different products simultaneously. Likewise, the use of third-
party logistics companies helps making small batch replenishments economical by
consolidating loads from multiple suppliers that are located near each other and
thereby achieving economies of scale resulting from full truck loads. Similarly,
a third-party logistics company may use assortments to full truckloads when
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delivering goods. This may give rise to cutting replenishment intervals drastically,
resulting in less safety stocks needed without sacrificing service levels or increasing
transportation costs.

Since marketing initiatives, which try to influence demands by wholesale price
discounting, also contribute to the bullwhip effect, they should be abandoned.
This understanding has moved companies to stabilize prices by guaranteeing their
customers an every day low price.

The fourth category for counteracting the bullwhip effect intends to eliminate
gaming in shortage situations. Here, gaming means that customers order additional,
non-required amounts, since they expect to receive only a portion of outstanding
orders due to a shortage situation. This behavior can be influenced by introducing
more stringent cancellation policies, accepting only orders in proportion to past sales
records and sharing capacity and inventory information.

Many of the recommendations given above for counteracting the bullwhip
effect profit from recent advances in communication technology and large database
management systems containing accurate and timely information about the current
and past states of each entity in the supply chain. Many time delays existing in
production-distribution systems either are reduced drastically or even no longer
exist, thus reducing problems encountered in feedback systems. Furthermore, to
overcome cognitive limitations, a mathematical model of the supply chain may be
generated and used to support the decision-making of individuals (Haehling von
Lanzenauer and Pilz-Glombik 2000). This research also indicates that an APS, with
its modeling features and state-of-the-art solution procedures, can be a means to
counteract the bullwhip effect.

1.3.5 Hierarchical Production Planning

Although detailed mathematical models have been proposed for production plan-
ning much earlier, Hax and Meal (1975) have shown how to build hierarchically
coordinated, solvable models that provide effective decision support for the different
decision-making levels within a hierarchical organization. Although first presented
as a decision support system for a real world tire manufacturing firm, the versatility
of the approach soon became clear. In brief, hierarchical (production) planning is
based on the following five elements:

* Decomposition and hierarchical structure

e Aggregation

» Hierarchical coordination

* Model building

* Model solving.

The overall decision problem is decomposed into two or more decision levels.
Decisions to be made are assigned to each level so that the top level includes
the most important, long-term decisions—i.e. those with the greatest impact on
profitability and competitiveness. A separation into distinct decision levels is called
hierarchical if for each level a single upper level can be identified which is allowed
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to set the frame within which decisions of the subordinated level have to take
place (with the exception of the top level of the hierarchy). Note, there may be
several separate decision units (e.g. production sites) within a given decision level
coordinated by a single upper level.

Like decomposition, aggregation serves to reduce problem complexity. It also
can diminish uncertainty (e.g. of demand forecasts). Aggregation is possible in three
areas: time, products and resources. As an example, consider an upper level where
time may be aggregated into time buckets of 1 week and only main end products
are taken into account—irrespective of their variants, while available capacities at a
production site are viewed as a rough maximum (weekly) output rate.

Hierarchical coordination is achieved by directives and feedback. The most
obvious directive is target setting by the upper level (e.g. setting a target inventory
level for an end product at the planning horizon of the lower level). Another way is
to provide prices for utilizing resources (e.g. a price for using additional personnel).
A decision unit, on the other hand, may return a feedback to its upper level regarding
the fulfillment of targets. These now allow the upper level to revise plans, to
better coordinate lower-level decisions and to enable feasible plans at the lower
level. These explanations are illustrated in Fig. 1.8. Here, the object system can be
interpreted as the production process to be controlled.

For each decision unit a model is generated that adequately represents the
decision situation and anticipates lower level reactions on possible directives.
It also links targets set by the upper level to detailed decisions to be made at the
decision unit considered. Thereby the upper level plan will be disaggregated. If a
mathematical model is chosen, solvability has to be taken into account, too.
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Finally, a suitable solution procedure has to be chosen for each model. Here, not
only optimum seeking algorithms may be employed, but also manual procedures or
group decision-making may be possible.

Hierarchical planning has attracted both researchers and practitioners alike. Thus,
a large amount of knowledge has been accumulated so far (for more details see
Schneeweiss 2003). Since hierarchical planning represents an appealing approach
in conquering complex decision problems, while incorporating the experience of
human decision-makers at different levels of an organization, it is not surprising
that today’s APS are constructed along the principles of hierarchical planning (see
Chap. 4 for more details).
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Christopher Siirie and Boris Reuter

When starting an improvement process one has to have a clear picture of the
structure of the existing supply chain and the way it works. Consequently a detailed
analysis of operations and processes constituting the supply chain is necessary.
Tools are needed that support an adequate description, modeling and evaluation
of supply chains. In Sect.2.1 some general topics relating to the motivation and
objective of a supply chain analysis are discussed. Then, Sect. 2.2 presents modeling
concepts and tools with a focus on those designed to analyze (supply chain)
processes. The well known SCOR-model is introduced in this section. Building
on these concepts (key) performance measures are presented in order to assess
supply chain excellence (Sect.2.3). Inventories are often built up at the interface
between partners. As a seamless integration of partners is crucial to overall supply
chain performance, a thorough analysis of these interfaces (i.e. inventories) is very
important. Consequently, Sect. 2.4 gives an overview on inventories and introduces
a standardized analysis methodology.

2.1 Motivation and Goals

An accurate analysis of the supply chain serves several purposes and is more a
continuous task than a one time effort. In today’s fast changing business environ-
ment, although a supply chain partnership is intended for a longer duration, supply
chains keep evolving and changing to accommodate best to the customers’ needs.
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In the beginning or when a specific supply chain is analyzed for the first time in
its entirety the result can be used as a starting point for improvement processes as
well as a benchmark for further analyses. While the initial analysis itself often helps
to identify potentials and opportunities it may well be used for target-setting, e.g.
for APS implementation projects (see Chap. 15) to measure the benefit a successful
implementation has provided. On the other hand, the supply chain analysis should
evolve in parallel to the changes in the real world. In this way the associated
performance measures keep track of the current state of the supply chain and may
be used for supply chain controlling.

Many authors, researchers as wells as practitioners, thought about concepts and
frameworks as well as detailed metrics to assess supply chain performance (see e.g.
Dreyer 2000; Lambert and Pohlen 2001; Bullinger et al. 2002). In most concepts
two fundamental interwoven tasks play an important role: process modeling and
performance measurement. These two topics will be reviewed in detail in the
following two sections, but beforehand some more general remarks will be made.

Supply chains differ in many attributes from each other (see also Chap. 3 for a
detailed supply chain typology). A distinctive attribute often stressed in literature is
the division into innovative product supply chains and functional product supply
chains (see e.g. Fisher 1997; Ramdas and Spekman 2000). Innovative product
supply chains are characterized by short product life cycles, unstable demands,
but relatively high profit margins. This leads to a strong market orientation to
match supply and demand as well as flexible supply chains to adapt quickly to
market swings. On the contrary, functional product supply chains face a rather
stable demand with long product life cycles, but rather low profit margins. These
supply chains tend to focus on cost reductions of physical material flows and on
value creating processes. Naturally, performance measures for both types of supply
chains differ. Where time-to-market may be an important metric for innovative
product supply chains, this metric does only have a minor impact when assessing
performance of a functional product supply chain. Consequently, a supply chain
analysis does not only have to capture the correct type of the supply chain, but
should also reflect this in the performance measures to be evaluated. Supply chain’s
visions or strategic goals should also mirror these fundamental concepts.

Furthermore, a meaningful connection between the process model and the
underlying real world as well as between the process model and the performance
measures is of utmost importance. Although participating companies are often still
organized according to functions, the analysis of supply chains has to be process
oriented. Therefore, it is essential to identify those units that contribute to the joint
output. These units are then linked to the supply chain processes as well as to the
cost accounting systems of the individual companies. Therefore, they can provide
the link between the financial performance of the supply chain partners and the non-
financial performance metrics which may be used for the whole supply chain.

Finally, a holistic view on the supply chain needs to be kept. This is especially
true here, because overall supply chain costs are not necessarily minimized, if
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each partner operates at his optimum given the constraints imposed by supply
chain partners. This is not apparent and will therefore be illustrated by means
of an example. Consider a supplier-customer relationship which is enhanced by
a vendor managed inventory (VMI) implementation. At the customer’s side the
VMI implementation reduces costs yielding to a price reduction in the consumer
market which is followed by a gain in market share for the product. Despite this
success in the marketplace the supplier on the other hand may not be able to totally
recover the costs he has taken off the shoulders of his customer. Although some cost
components decreased (e.g. order processing costs and costs of forecasts), these did
not offset his increased inventory carrying costs. Summing up, although the supply
chain as a whole profited from the VMI implementation, one of the partners was
worse off. Therefore, when analyzing supply chains one needs to maintain such a
holistic view, but simultaneously mechanisms need to be found to compensate those
partners that do not profit directly from supply chain successes.

2.2  Process Modeling
2.2.1 Concepts and Tools

Supply chain management’s process orientation has been stressed before and
since Porter’s introduction of the value chain a paradigm has been developed in
economics that process oriented management leads to superior results compared to
the traditional focus on functions. When analyzing supply chains, the modeling of
processes is an important first cornerstone. In this context several questions arise.
First, which processes are important for the supply chain and second, how can these
processes be modeled.

To answer the first question, the Global Supply Chain Forum identifies eight core
supply chain processes (Croxton et al. 2001):

* Customer relationship management

» Customer service management

* Demand management

e Order fulfillment

e Manufacturing flow management

* Supplier relationship management (procurement)
* Product development and commercialization

¢ Returns management (returns).

Although the importance of each of these processes as well as the activi-
ties/operations performed within these processes may vary between different supply
chains, these eight processes make up an integral part of the business to be analyzed.
Both, a strategic view, especially during implementation, and an operational view
have to be taken on each of these processes. Figure 2.1 gives an example for the
order fulfillment process and shows the sub-processes for either view as well as
potential interferences with the other seven core processes.
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Fig. 2.1 Order fulfillment process (Croxton et al. 2001, p. 21)

Going into more detail, processes can be traced best by the flow of materials
and information flows. For example, a flow of goods (material flow) is most often
initiated by a purchase order (information flow) and followed by an invoice and
payment (information and financial flow) to name only a few process steps. Even
though several functions are involved: purchasing as initiator, manufacturing as
consumer, logistics as internal service provider and finance as debtor. Furthermore,
these functions interact with corresponding functions of the supplier. When ana-
lyzing supply chains the material flow (and related information flows) need to be
mapped from the point of origin to the final customer and probably all the way
back, if returns threaten to have a significant impact. Special care needs to be taken
at the link between functions, especially when these links bridge two companies,
i.e. supply chain members. Nonetheless, a functional view can be helpful when
structuring processes.

Furthermore, the process models can serve a second purpose. They may be
used to simulate different scenarios by assigning each process chain element
certain attributes (e.g. capacities, process times, availability) and then checking
for bottlenecks (Arns et al. 2002). At this point simulation can help to validate
newly designed processes and provide the opportunity to make process changes
well in time.

The by far most widespread process model especially designed for modeling of
supply chains is the SCOR-model which will therefore be presented in more detail.
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2.2.2 The SCOR-Model

The Supply Chain Operations Reference (SCOR-)model (current version is 11.0) is
a tool for representing, analyzing and configuring supply chains. The SCOR-model
has been developed by the Supply-Chain Council (SCC) founded in 1996 as a non-
profit organization by AMR Research, the consulting firm Pittiglio Rabin Todd &
McGrath (PRTM) and 69 companies. In 2012 SCC had close to 1,000 corporate
members (Supply Chain Council 2014).

The SCOR-model is a reference model. It does not provide any optimization
methods, but aims at providing a standardized terminology for the description
of supply chains. This standardization allows benchmarking of processes and the
extraction of best practices for certain processes. The relevance of the SCOR model
for current supply chain performance measurement has also been confirmed in a
literature review by Akyuz and Erkan (2010, p. 5152).

Standardized Terminology

Often in different companies different meanings are associated with certain terms.
The less one is aware upon the different usage of a term, the more likely
misconceptions occur. The use of a standardized terminology that defines and unifies
the used terms improves the communication between entities of a supply chain.
Thereby, misconceptions are avoided or at least reduced. SCC has established a
standard terminology within its SCOR-model.

Levels of the SCOR-Model

The SCOR-model consists of a system of process definitions that are used to
standardize processes relevant for SCM. SCC recommends to model a supply
chain from the suppliers’ suppliers to the customers’ customers. Processes such
as customer interactions (order entry through paid invoice), physical material
transactions (e.g. equipment, supplies, products, software), market interactions (e.g.
demand fulfillment), returns management and (since release 11.0) enable processes
are supported. Sales and marketing as well as product development and research are
not addressed within the SCOR-model (Supply Chain Council 2012, p. i.2).

The standard processes are divided into four hierarchical levels: process types,
process categories, process elements and implementation. The SCOR-model only
covers the upper three levels, which will be described in the following paragraphs
(following Supply Chain Council 2012, pp. 2.0.1-2.6.84), while the lowest (imple-
mentation) level is out of the scope of the model, because it is too specific for each
company.

Level 1: Process Types

Level 1 consists of the six elementary process types: plan, source, make, deliver,
return and enable. These process types comprise operational as well as strategic
activities (see Chap. 4). The description of the process types follows Supply Chain
Council (2012).
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Plan. Plan covers processes to balance resource capacities with demand require-
ments and the communication of plans across the supply chain. Also in its
scope are measurement of the supply chain performance and management of
inventories, assets and transportation among others.

Source. Source covers the identification and selection of suppliers, measurement
of supplier performance as well as scheduling of their deliveries, receiving of
products and processes to authorize payments. It also includes the management
of the supplier network and contracts as well as inventories of delivered products.

Make. In the scope of make are processes that transform material, intermediates
and products into their next state, meeting planned and current demand. Make
covers processes to schedule production activities, produce and test, packaging
as well as release of products for delivery. Furthermore, make covers the
management of in-process products (WIP), equipment and facilities.

Deliver. Deliver covers processes like order reception, reservation of inventories,
generating quotations, consolidation of orders, load building and generation of
shipping documents and invoicing. Deliver includes all steps necessary for order
management, warehouse management and reception of products at a customer’s
location together with installation. It manages finished product inventories,
service levels and import/export requirements.

Return. In the scope of return are processes for returning defective or excess
supply chain products as well as MRO products. The return process extends
the scope of the SCOR-model into the area of post-delivery customer service.
It covers the authorization of returns, scheduling of returns, receiving and
disposition of returned products as well as replacements or credits for returned
products. In addition return manages return inventories as well as the compliance
to return policies.

Enable. The enable processes support the planning and execution of the above
supply chain processes. Enable processes are related to maintaining and mon-
itoring of information, resources, compliance and contracts that govern the
operation of the supply chain. Therefore enable processes interact with other
domains, ranging from HR processes to financial processes and sales and support
processes.

Level 2: Process Categories

The six process types of level 1 are decomposed into 30 process categories, includ-
ing nine enable process categories (see Table 2.1). The second level deals with the
configuration of the supply chain. At this level typical redundancies of established
businesses, such as overlapping planning processes and duplicated purchasing, can
be identified. Delayed customer orders indicate a need for integration of suppliers
and customers.

Level 3: Process Elements

At this level, the supply chain is tuned. The process categories are further decom-
posed into process elements. Detailed metrics and best practices for these elements
are part of the SCOR-model at this level. Furthermore, most process elements can
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Table 2.1 Process categories

Process types

Process categories

Process types
Process categories

Plan Source

sP1: sS1:

Plan supply Source stocked

chain product

sP2: sS2:

Plan source Source
make-to-order
product

sP3: sS3:

Plan make Source
engineer-to-order
product

sP4:

Plan deliver

sP5:
Plan return

Return

sSR1:

Source return defective product
sDR1:

Deliver return defective product
sSR2:

Source return MRO product
sDR2:

Deliver return MRO product
sSR3:

Source return excess product
sDR3:

Deliver return excess product

Make

sM1:
Make-to-stock

sM2:
Make-to-order

sM3:
Engineer-to-order

Enable
sEl:
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Deliver

sD1:

Deliver stocked
product

sD2:

Deliver
make-to-order
product

sD3:

Deliver
engineer-to-order
product

sD4:

Deliver retail
product

Manage business rules

sE2:

Manage performance

sE3:

Manage data and information

sE4:

Manage human resources

sES:
Manage assets
sE6:

Manage contracts

sE7:

Manage networks

sES:

Manage regulatory compliance

sE9:
Manage risk

be linked and possess an input stream (information and material) and/or an output
stream (also information and material). Figure 2.2 shows an example for the third
level of the “sP1: Plan supply chain” process category. Supply Chain Council (2012,
pp- 2.1.2-2.1.11) gives the following definitions for this process category and its
process elements:

“sP1.

The development and establishment of courses of action over specified time

periods that represent a projected appropriation of supply chain resources to
meet supply chain requirements for the longest time fence constraints of supply

resources.
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(Customer) Customer requirements
(sD1.3,sD1.11, sD2.3, sD3.3) Order backlog
(sD1.3, sD1.11) Shipments

(sP2.1, sP3.1, sP4.1, sP5.1)
P11 Supply chain Supply chain plans
- requirements
Identify, prioritize,
and aggregate
supply chain
requirements sP1.3 Workflow sP1.4
Balance supply chain - 5 Establish and
resources with supply Wmm““}““
sP1.2 chain requirements supply chain plans
Identify, prioritize,
and aggregate supply
chain resources —T

Supply chain
T resources

(sE7.1) Supply chain capacity requirement

(sP2.4) Sourcing plans

(sP3.4) Production plans

(sP4.4) Delivery plans

(sS1.4,5S2.4,83.6, sM1.2, sM2.2, sM3.3, sD1.8) Inventory Availability

Fig. 2.2 Example of SCOR-model’s level 3 (based on Supply Chain Council 2012)

sP1.1. The process of identifying, aggregating and prioritizing, all sources of
demand for the integrated supply chain of a product or service at the appropriate
level, horizon and interval.

sP1.2. The process of identifying, prioritizing, and aggregating, as a whole with
constituent parts, all sources of the supply chain that are required and add value
in the supply chain of a product or service at the appropriate level, horizon and
interval.

sP1.3. The process of identifying and measuring the gaps and imbalances be-
tween demand and resources in order to determine how to best resolve the
variances through marketing, pricing, packaging, warehousing, outsource plans
or some other actions that will optimize service, flexibility, costs, assets, (or other
supply chain inconsistencies) in an iterative and collaborative environment.

sP1.4. The establishment and communication of courses of action over the
appropriate time-defined (long-term, annual, monthly, weekly) planning horizon
and interval, representing a projected appropriation of supply-chain resources to
meet supply chain requirements.”

The input and output streams of a process element are not necessarily linked to input

and output streams of other process elements. However, the indication in brackets

depicts the corresponding supply chain partner, process type, process category or

process element from where information or material comes. Thus, the process

elements are references, not examples of possible sequences.
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Table 2.2 SCOR’s level 1 metrics (Supply Chain Council 2012, p. 1.0.2)

External, customer facing Internal facing

Reliability Responsiveness  Agility Cost Asset
management
efficiency

Perfect order Order Upside Total cost to Cash-to-cash

fulfillment fulfillment flexibility serve cycle time

cycle time
Upside Return on fixed
adaptability assets
Downside Return on
adaptability working capital
Overall

value-at-risk

Table 2.3 SCOR'’s level 3 metrics—example “sS1.1: Schedule product deliveries” (Supply
Chain Council 2012, p. 2.2.5)

Metric

% schedules changed
within supplier’s lead time
(RL.3.27)

Average days per engineering
change(RS.3.9)

Average days per schedule
change(RS.3.10)

Average release cycle of
changes(RS.3.11)

Schedule product deliveries
cycle time(RS.3.122)

Definition

The number of schedules that are changed within the sup-
pliers lead-time divided by the total number of schedules
generated within the measurement period

# of days each engineering change impacts the delivery
date divided by the total # of changes

# of days each schedule change impacts the delivery date
divided by the total number of changes

Cycle time for implementing change notices divided by
total # of changes

The average time associated with scheduling the shipment
of the return of MRO product

The process elements are decomposed on the fourth level. Companies implement
their specific management practices at this level. Not being part of the SCOR-model,
this step will not be subject of this book.

Metrics and Best Practices
The SCOR-model supports performance measurement on each level. Level 1 met-
rics provide an overview of the supply chain for the evaluation by management (see
Table 2.2). Levels 2 and 3 include more specific and detailed metrics corresponding
to process categories and elements. Table 2.3 gives an example of level 3 metrics
that are corresponding to the “sS1.1: Schedule product deliveries” process element.

The metrics are systematically divided into the five categories reliability, re-
sponsiveness, agility, cost and asset management efficiency. Reliability as well as
agility and responsiveness are external (customer driven), whereas cost and asset
management efficiency are metrics from an internal point of view.

In 1991 PRTM initiated the Supply Chain Performance Benchmarking Study
(now: Supply-Chain Management Benchmarking Series) for SCC members (Stew-
art 1995). Within the scope of this study all level 1 metrics and selected metrics of
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levels 2 and 3 are gathered. This information is evaluated with respect to different
lines of business. Companies joining the Supply Chain Performance Benchmarking
Study are able to compare their metrics with the evaluated ones. Furthermore,
associated best practices are identified. Selected best practices, corresponding to
process categories and process elements, are depicted in the following paragraph.

An example of an identified best practice for the “sP1l: Plan supply chain”
process category is high integration of the supply/demand process from gathering
customer data and order receipt, through production to supplier request. SCC
recommends performing this integrated process by using an APS with interfaces to
all supply/demand resources. Moreover, the utilization of tools that support balanced
decision-making (e.g. trade-off between service level and inventory investment)
is identified as best practice. To perform process element “sP1.3: Balance supply
chain resources with supply chain requirements” (see Fig. 2.2) effectively, balancing
of supply and demand to derive an optimal combination of customer service and
resource investment by using an APS is recognized as best practice (e.g. BP.086—
Supply Network Planning, Supply Chain Council 2012, p. 3.2.70).

A Procedure for Application of the SCOR-Model

Having described the elements of the SCOR-model, a procedure for its application

will be outlined that shows how the SCOR-model can be configured for a distinct

supply chain (adapted from Supply Chain Council 2007, pp. 19-21). This configu-
ration procedure consists of seven steps:

1. Define the business unit to be configured.

2. Geographically place entities that are involved in source, make, deliver and return
process types. Not only locations of a single business, but also locations of
suppliers (and suppliers’ suppliers) and customers (and customers’ customers)
should be denoted.

. Enter the major flows of materials as directed arcs between locations of entities.

4. Assign and link the most important source, make, deliver and return processes
categories to each location (see Fig. 2.3).

5. Define partial process chains of the (modeled) supply chain (e.g. for distinct
product families). A partial process chain is a sequence of processes that are
planned for by a single “sP1” planning process category.

6. Enter planning process categories (“sP2”—“sP5) using dashed lines to illustrate
the assignment of execution to planning process categories (see Fig. 2.3).

7. Define a top-level “sP1” planning process if possible, i.e. a planning process
category that coordinates two or more partial process chains.

The result of step 4 is a map that shows the material flows in a geographical
context, indicating complexity or redundancy of any nodes. The result of step 7 is a
thread diagram that focuses on the level 2 (process categories) to describe high-level
process complexity or redundancy. After configuring the supply chain, performance
levels, practices and systems are aligned. Critical process categories of level 2 can
be detailed in level 3. At this level the most differentiated metrics and best practices
are available. Thus, detailed analysis and improvements of process elements are
supported.

(O8]
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Fig. 2.3 Example results of steps 4 and 6 (adapted from Supply Chain Council 2007, pp. 19-21)

The implementation of supply chain processes and systems is, as already
mentioned, not part of the SCOR-model. However, it is recommended to continue
to use the metrics of the SCOR-model. They provide data for internal and external
benchmarking studies to measure and document consequences of change processes
within a supply chain.

2.3 Performance Measurement

Having mapped the supply chain processes it is important to assign measures
to these processes to evaluate changes and to assess the performance of the
complete supply chain as well as of the individual processes. Thereby it is crucial
not to measure “something”, but to find the most relevant metrics. These not
only need to be aligned with the supply chain strategy (see Sect. 1.2.4), but also
need to reflect important goals in the scope and within the influence of the part
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of the organization responsible for the individual process under consideration.
Furthermore the identification of changes in the structure or the type of the supply
chain (see Chap.3) has to be supported. In the next two subsections, first some
general topics related to performance measurement within a supply chain setting
will be discussed, and afterwards key performance indicators for supply chains will
be introduced.

2.3.1 General Remarks

Indicators are defined as numbers that inform about relevant criteria in a clearly
defined way (see e.g. Horvath 2011 for a comprehensive introduction to indica-
tors and systems of indicators). Performance indicators (measures, metrics) are
utilized in a wide range of operations. Their primary application is in operational
controlling. Hardly a controlling system is imaginable that does not make use of
performance measures regularly. In fact, the utilization of a wide variety of measures
(as necessary) to model all business processes of a company enables the company
to run its business according to management-by-exception.

Three functions can be attributed to indicators:

Informing. Their main purpose is to inform management. In this function,
indicators are applied to support decision-making and to identify problem areas.
Indicators can therefore be compared with standard or target values.

Steering. Indicators are the basis for target setting. These targets guide those
responsible for the process considered to accomplish the desired outcome.

Controlling. Indicators are also well suited for the supervision of operations and
processes.

The main disadvantage inherent to indicators is that they are only suited to
describe quantitative facts. “Soft” facts are difficult to measure and likely to be
neglected when indicators are introduced (e.g. motivation of personnel). Still, non-
quantitative targets which are not included in the set of indicators should be kept in
mind.

When using indicators, one key concern is their correct interpretation. It is
essential to keep in mind that variations observed by indicators have to be linked to a
causal model of the underlying process or operation. A short example will illustrate
this. To measure the productivity of an operation the ratio of revenue divided by
labor is assumed here as an appropriate indicator:

ductivit revenuel[$] @.1)
roductivity = ————= .
P y labor[h]

Revenue is measured in currency units ($), whereas labor is measured in hours
worked (per plant, machine or personnel), where the relevance of the different mea-
sures for labor depends on the specific product(s) considered. Supposed productivity
is 500$/h in one period and 600$/h in the next period, there is definitely a huge
difference. In fact, when calculating productivity a causal link between revenue
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and labor is assumed implicitly. On the other hand, there are many more rationales
that could have caused this increase in productivity. These have to be examined too
before a final conclusion can be derived. In this example price hikes, changes in
product mix, higher utilization of resources or decreased inventories can account
for substantial portions of the observed increase in productivity. Therefore, it is
essential to find appropriate measures with clear links connecting the indicator and
the causal model of the underlying process (root causes).

Furthermore, indicators have to be evaluated how they translate to the strategic
goals of the supply chain. If indicators and strategy are not aligned, it may well
happen that one supply chain entity pursues a conflicting goal. For example, one
partner increases its inventory turn rate by reducing safety stock, which negatively
affects the downstream delivery performance of its partners.

When choosing supply chain performance metrics it is essential to keep in
mind the cross-functional process-oriented nature of the supply chain. Functional
measures may be to narrow-minded and should be substituted by cross-functional
measures, therefore helping that not individual entities optimize only their func-
tional goals (e.g. maximizing capacity utilization), but shared goals (e.g. a superior
order fill rate compared to a rival supply chain).

Historically, indicators and systems of indicators have been based on financial
data, as financial data have been widely available for long. Improvements in terms
of superior financial performance that are caused by the successful application of
SCM can be measured by these indicators. Nevertheless some additional, more
appropriate measures of supply chain performance should be derived, since the focal
points of SCM are customer orientation, the integration of organizational units and
their coordination.

The transition to incorporate non-financial measures in the evaluation of business
performance is widely accepted, though. Kaplan and Norton (1992) introduced
the concept of a balanced scorecard (BSC) that received broad attention not only
in scientific literature but also in practical applications. In addition to financial
measures, the BSC comprises a customer perspective, an innovation and learning
perspective as well as an internal business perspective. These perspectives integrate
a set of measures into one management report that provides a deeper insight into
a company’s performance. The measures chosen depend on the individual situation
faced by the company. Figure 2.4 gives an example of a BSC used by a global
engineering and construction company.

An increasing number of contributions in the literature is dealing with the
adaptation of BSCs to fit the needs of SCM (see e.g. Brewer and Speh 2000;
Bullinger et al. 2002; Richert 2006). Adaptations are proposed within the original
framework consisting of the four perspectives introduced above, but also structural
changes are proposed. For example, Weber et al. (2002) propose a BSC for supply
chains consisting of a financial perspective, a process perspective and two new
perspectives relating to cooperation quality and cooperation intensity. In addition
to the supply chain BSC they propose individual company BSCs on a second
hierarchical level. In contrast to the supply chain BSC these still might comprise
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Financial Perspective

Return-on-Capital Employed
Cash Flow

Project Profitability

Profit Forecast Reliability

Sales Backlog
Customer Perspective Internal Business Perspective
Hours with Customers on NewWork
Pricing Index Tender Success Rate
Customer Ranking Survey 4 > Rework
Customer Satisfication Index Safety Incident Index
Market Share Project Performance Index

Project Closeout Cycle

Innovation and Learning
Perspective

% Revenue from New Services
Rate of Improvement Index
Staff Attitude Survey

# of Employee Suggestions
Revenue per Employee

Fig. 2.4 Example of indicators used by a balanced scorecard (Kaplan and Norton 1993, p. 136)

of a customer perspective (for the most downstream supply chain partner) and a

learning perspective.

Non-financial measures have the advantage that they are often easier to quantify
as there is no allocation of costs necessary for their calculation. Moreover, they turn
attention to physical processes more directly. An instrument providing connections
of root causes and financial performance measures via non-financial/logistical key
performance indicators are the Enabler-KPI-Value networks presented in Chap. 15.

Specifically when assessing supply chain performance it is important to bear in
mind the following:

Definition of Indicators. As supply chains usually span over several companies
or at least several entities within one company a common definition of all
indicators is obligatory. Otherwise the comparison of indicators and their uniform
application can be counterproductive.

Perspective on Indicators. The view on indicators might be different consider-
ing the roles of the two supply chain partners, the supplier and the customer. A
supplier might want to calculate the order fill rate based on the order receipt date
and the order ship date, as these are the dates he is able to control. From the
customer’s point of view the basis would be the request date and the receipt date
at customer’s warehouse. If supplier’s and customer’s dates do not match, this
will lead to different results with respect to an agreed order fill rate. This is why
both have to agree on one perspective.

Capturing of Data. Data needed to calculate the indicators should be captured in
a consistent way throughout the supply chain. Consistency with respect to units
of measurement and the availability of current data for the supply chain partners
are essential. Furthermore, completeness of the used data is obligatory, i.e. all
necessary data should be available in adequate systems and accessible by supply
chain partners.
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Relevance of Indicators. Due to the enormous number of indicators available the
identification of a most selective subset is important to control the specific object
or situation at best without wasting a lot of effort in analyzing useless data.

Big Data. “Big data refers to datasets whose size is beyond the ability of typical
database software tools to capture, store, manage, and analyze” (Manyika et al.
2011, p. 1). The amount of data is exponentially increasing and changing over
time thus analyzing e.g. forecast accuracy comparing several years of granular
sales data compared to monthly released rolling sales forecasts leads to billions
of data records. Combining the structured data from data bases with unstructured
data like comments explaining a specific situation becomes a challenge.

Confidentiality. Confidentiality is another major issue if more than one company
form the supply chain. As all partners are separate legal entities, they might not
want to give complete information about their internal processes to their partners.
Furthermore, there might be some targets which are not shared among partners.
Nevertheless, it is widely accepted that supply chain integration benefits from

the utilization of key performance indicators. They support communication between

supply chain partners and are a valuable tool for the coordination of their individual,
but shared plans. Additional findings related to the problems with today’s perfor-
mance management systems, requirements for performance measurement metrics,
the importance of the balanced scorecard approach and the SCOR model and the
importance of the “concept of fit” in supply chain performance measurement can be
found in the literature review by Akyuz and Erkan (2010).

2.3.2 Key Performance Indicators for Supply Chains

A vast amount of literature has been published suggesting performance indicators
for supply chains (e.g. Lapide 2000; Gunasekaran et al. 2001; Bullinger et al. 2002;
Hausman 2003). A supply chain benchmarking study undertaken with 148 supply
chain managers in Germany, Switzerland and Austria from different industries
analyzed the importance of SCOR’s performance attributes and several KPIs used to
measure supply chains’ performance. The sorting of attributes shows that a majority
of the participants put reliability on the first position, followed by agility/flexibility,
responsiveness and costs (see Fig.2.5). Assets are considered to be less important.
Apart from the “typical” metrics supporting SCOR’s performance attributes the
study also analyzed the importance of metrics related with supply chain risks (e.g.
security of supply, bad debt, cancellations) and sustainability (e.g. carbon footprint,
renewable energies). Disasters like Fukushima in 2011 might have an impact on a
changed perception but the ranking of the metrics shows that both categories are of
minor relevance (Reuter 2013, p. 50).

Although each supply chain is unique and might need special treatment, there
are some performance measures that are applicable in most settings. In the
following paragraphs these will be presented as key performance indicators. As they
tackle different aspects of the supply chain they are grouped into four categories
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Relevance of KPIs

Overview of all KPI categories
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Fig. 2.5 KPIs and categories—comparison based on Reuter (2013, p. 50)

corresponding to the following attributes: delivery performance, supply chain
responsiveness, assets and inventories, and costs.

Delivery Performance

As customer orientation is a key component of SCM, delivery performance is an
essential measure for total supply chain performance. As promised delivery dates
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may be too late in the eye of the customer, his expectation or even request determines
the target. Therefore delivery performance has to be measured in terms of the actual
delivery date compared to the delivery date mutually agreed upon. Only perfect
order fulfillment which is reached by delivering the right product to the right place
at the right time ensures customer satisfaction. An on time shipment containing
only 95 % of items requested will often not ensure 95 % satisfaction with the
customer. Increasing delivery performance may improve the competitive position
of the supply chain and generate additional sales. Regarding different aspects of
delivery performance, various indicators called service levels are distinguished in
inventory management literature (see e.g. Tempelmeier 2005, pp. 27-29 or Silver
etal. 1998, p. 245). The first one, called -service level (P, cycle service level), is an
event-oriented measure. It is defined as the probability that an incoming order can be
fulfilled completely from stock. Usually, it is determined with respect to a predefined
period length (e.g. day, week or order cycle). Another performance indicator is
the quantity-oriented f-service level (P,), which is defined as the proportion of
incoming order quantities that can be fulfilled from inventory on-hand. In contrast to
the a-service level, the B-service level takes into account the extent to which orders
cannot be fulfilled. The y-service level is a time- and quantity-oriented measure.
It comprises two aspects: the quantity that cannot be met from stock and the time it
takes to meet the demand. Therefore it contains the time information not considered
by the B-service level. An exact definition is:

mean backlog at end of period

y-service level = 1 — 2.2)

mean demand per period

Furthermore, on time delivery is an important indicator. It is defined as the
proportion of orders delivered on or before the date requested by the customer.
A low percentage of on time deliveries indicates that the order promising process is
not synchronized with the execution process. This might be due to order promising
based on an infeasible (production) plan or because of production or transportation
operations not executed as planned.

Measuring forecast accuracy is also worthwhile. Forecast accuracy relates
forecasted sales quantities to actual quantities and measures the ability to forecast
future demands. Better forecasts of customer behavior usually lead to smaller
changes in already established production and distribution plans. An overview of
methods to measure forecast accuracy is given in Chap. 7.

Another important indicator in the context of delivery performance is the order
lead-time. Order lead-times measure, from the customer’s point of view, the average
time interval from the date the order is placed to the date the customer receives the
shipment. As customers are increasingly demanding, short order lead-times become
important in competitive situations. Nevertheless, not only short lead-times but also
reliable lead-times will satisfy customers and lead to a strong customer relationship,
even though the two types of lead-times (shortest vs. reliable) have different cost
aspects.
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Supply Chain Responsiveness

Responsiveness describes the ability of the complete supply chain to react according
to changes in the marketplace. Supply chains have to react to significant changes
within an appropriate time frame to ensure their competitiveness. To quantify
responsiveness separate flexibility measures have to be introduced to capture the
ability, extent and speed of adaptations. These indicators shall measure the ability
to change plans (flexibility within the system) and even the entire supply chain
structure (flexibility of the system). An example in this field is the upside production
flexibility determined by the number of days needed to adapt to an unexpected 20 %
growth in the demand level.

A different indicator in this area is the planning cycle time which is simply
defined as the time between the beginning of two subsequent planning cycles.
Long planning cycle times prevent the plan from taking into account the short-term
changes in the real world. Especially planned actions at the end of a planning cycle
may no longer fit to the actual situation, since they are based on old data available
at the beginning of the planning cycle. The appropriate planning cycle time has to
be determined with respect to the aggregation level of the planning process, the
planning horizon and the planning effort.

Assets and Inventories

Measures regarding the assets of a supply chain should not be neglected. One
common indicator in this area is called asset turns, which is defined by the division
of revenue by total assets. Therefore, asset turns measure the efficiency of a
company in operating its assets by specifying sales per asset. This indicator should
be watched with caution as it varies sharply among different industries.

Another indicator worthy of observation is inventory turns, defined as the ratio
of total material consumption per time period over the average inventory level of
the same time period. A common approach to increase inventory turns is to reduce
inventories. Still, inventory turns is a good example to illustrate that optimizing the
proposed measures may not be pursued as isolated goals. Consider a supply chain
consisting of several tiers each holding the same quantity of goods in inventory.
As the value of goods increases as they move downstream the supply chain, an
increase in inventory turns is more valuable if achieved at a more downstream entity.
Furthermore, decreasing downstream inventories reduces the risk of repositioning
of inventories due to bad distribution. However, reduced inventory holding costs
may be offset by increases in other cost components (e.g. production setup costs)
or unsatisfied customers (due to poor delivery performance). Therefore, when using
this measure it needs to be done with caution, keeping a holistic view on the supply
chain in mind.

Lastly, the inventory age is defined by the average time goods are residing in
stock. Inventory age is a reliable indicator for high inventory levels, but has to
be used with respect to the items considered. Replacement parts for phased out
products will usually have a much higher age than stocks of the newest released
products. Nevertheless, the distribution of inventory ages over products is suited
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perfectly for identifying unnecessary “pockets” of inventory and for helping to
increase inventory turns.

Determining the right inventory level is not an easy task, as it is product- and
process-dependent. Furthermore, inventories not only cause costs, but there are also
benefits to holding inventory. Therefore, in addition to the aggregated indicators
defined above, a proper analysis not only regarding the importance of items (e.g.
an ABC-analysis), but also a detailed investigation of inventory components (as
proposed in Sect. 2.4) might be appropriate.

Costs

Last but not least some financial measures should be mentioned since the ultimate
goal will generally be profit. Here, the focus is on cost based measures. Costs of
goods sold should always be monitored with emphasis on substantial processes
of the supply chain. Hence, an integrated information system operating on a joint
database and a mutual cost accounting system may prove to be a vital part of the
supply chain.

Further, productivity measures usually aim at the detection of cost drivers in the
production process. In this context value-added employee productivity is an indica-
tor which is calculated by dividing the difference between revenue and material cost
by total employment (measured in (full time) equivalents of employees). Therefore,
it analyses the value each employee adds to all products sold.

Finally, warranty costs should be observed, being an indicator for product
quality. Although warranty costs depend highly on how warranty processing is
carried out, it may help to identify problem areas. This is particularly important
because superior product quality is not a typical supply chain feature, but a driving
business principle in general.

2.4 Inventory Analysis

Often claimed citations like “inventories hide faults” suggest to avoid any inventory
in a supply chain. This way of thinking is attributed to the Just-In-Time-philosophy,
which aligns the processes in the supply chain such that almost no inventories are
necessary. This is only possible in some specific industries or certain sections of a
supply chain and for selected items.

In all other cases inventories are necessary and therefore need to be managed
in an efficient way. Inventories in supply chains are always the result of inflow
and outflow processes (transport, production etc.). This means that the isolated
minimization of inventories is not a reasonable objective of SCM, instead they have
to be managed together with the corresponding supply chain processes.

Inventories cause costs (holding costs), but also provide benefits, in particular
reduction of costs of the inflow and/or outflow processes. Thus, the problem is to
find the right trade-off between the costs for holding inventories and the benefits.
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Table 2.4 Stock components, determinants, and benefits

Stock component Determinants Benefits
Production lot-sizing  Setup frequency Reduced setup time and costs
stock
Transportation Shipment quantity Reduced transportation costs
lot-sizing stock
Inventory in transit Transportation time Reduced transportation costs
Seasonal stock Demand peaks, tight capacity Reduced costs for overtime and for
investments
Work-in-process Lead time, production plan- Increased utilization, reduced in-
ning and control vestments in additional capacity
Safety stock Demand and lead time uncer- Increased service level, reduced
tainty, process uncertainties  costs for emergency shipments and
lost sales

Inventory decomposes into different components according to the motives for
holding inventory. The most important components are shown in Table 2.4 and will
be described in detail in the following paragraphs.

The distinction of stock components is necessary for

» The identification of benefits
* The identification of determinants of the inventory level
» Setting target inventory levels (e.g. in APS).
The inventory analysis enables us to decompose the average inventory level in a
supply chain. It shows the different causes for inventories held in the past and
indicates the relative importance of specific components. The current inventory of
certain stock keeping units (SKUs) on the other hand might be higher or lower
depending on the point in time chosen. Thus, the current inventory is not suitable
for a proper inventory analysis.

In an ex-post analysis it is possible to observe whether the trade-off between
the benefits and the stock costs has been managed efficiently for each component
and SKU (inventory management). In the following paragraphs we will show the
motives, the benefits, and determinants of some important components (see also
Chopra and Meindl 2007, p. 50).

2.4.1 Production Lot-Sizing or Cycle Stock

The cycle stock (we use ‘production lot-sizing stock’, ‘lot-sizing stock’ and ‘cycle
stock’ synonymously) is used to cover the demand between two consecutive
production runs of the same product. For example, consider a color manufacturing
plant, which produces blue and yellow colors, alternating between each bi-weekly.
Then, the production lot has to cover the demand in the current and the following
week. Thus, the production quantity (lot) equals the 2-week demand and the
coverage is 2 weeks. The role of cycle stock is to reduce the costs for setting up
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Fig. 2.6 Inventory pattern for cycle stock calculation

and cleaning the production facility (setup or changeover costs). Finding the right
trade-off between fixed setup costs and inventory costs is usually a critical task, as
this decision may also depend on the lot-size of other products. An overview on the
problems arising here is given in Chap. 10.

For the inventory analysis of final items in a make-to-stock environment it is
mostly sufficient to consider a cyclic production pattern with average lot-sizes g”
over a time interval that covers several production cycles. Then, the inventory level
follows the so-called “saw-tooth”-pattern, which is shown in Fig. 2.6. The average
cycle stock CS is half the average lot-size: CS = ¢? /2. The average lot-size can be
calculated from the total number of production setups su and the total demand d?
during the analysis interval: g” = d” /su. Thus, all you need to analyze cycle stock
is the number of production setups and the total demand.

2.4.2 Transportation Lot-Sizing Stock

The same principle of reducing the amount of fixed costs per lot applies to
transportation links. Each truck causes some amount of fixed costs which arise for
a transport from warehouse A to warehouse B. If this truck is only loaded partially,
then the cost per unit shipped is higher than for a full truckload. Therefore, it is
economical to batch transportation quantities up to a full load and to ship them
together. Then, one shipment has to cover the demand until the next shipment arrives
at the destination. The decision on the right transportation lot-size usually has to take
into account the dependencies with other products’ shipments on the same link and
the capacity of the transport unit (e.g. truck, ship etc.) used (see Chap. 12).

For the inventory analysis we can calculate the average transportation quantity
q' from the number of shipments s during the analysis interval and the total demand
d' for the product at the destination warehouse by ¢' = d’/s. In contrast to
the production lot-sizing stock, the average transportation lot-sizing stock equals
not half, but the whole transportation quantity ¢’, if we consider both the “source
warehouse”, where the inventory has to be built up until the next shipment starts and
the “destination warehouse” where the inventory is depleted until the next shipment
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arrives. Therefore, the average stock level at each warehouse is one half of the
transportation lot-size and, the transportation lot-sizing stock sums up to TLS = ¢'.

This calculation builds on the assumption of a continuous inflow of goods to
the source warehouse, which is valid if the warehouse is supplied by continuous
production or by production lots which are not coordinated with the shipments. This
is the case for most production-distribution chains.

2.4.3 Inventory in Transit

While the transportation lot-sizing stock is held at the start and end stock points
of a transportation link, there exists also inventory that is currently transported in-
between. This stock component only depends on the transportation time and the
demand because on average the inventory “held on the truck” equals the demand
which occurs during the transportation time. The inventory in transit is independent
of the transportation frequency and therefore also independent of the transportation
lot-size. The inventory in transit can be reduced at the expense of increasing
transportation costs, if the transportation time is reduced by a faster transportation
mode (e.g. plane instead of truck transport).

The average inventory in transit 77 is calculated by multiplying the average
transportation time by the average demand. For instance, if the transportation time is
2 days and the average amount to be transported is 50 pieces per day, then 77 = 100
pieces.

2.4.4 Seasonal Stock or Pre-built Stock

In seasonal industries (e.g. consumer packaged goods) inventories are held to buffer
future demand peaks which exceed the production capacities. In this sense, there is
a trade-off between the level of regular capacity, additional overtime capacity and
seasonal stock. The seasonal stock can help to reduce lost sales, costs for working
overtime or opportunity costs for unused machines and technical equipment. In
contrast to the previous stock components which are defined by SKU, the seasonal
stock is common for a group of items sharing the same tight capacity. Figure 2.7
shows how the total amount of seasonal inventory can be calculated from the
capacity profile of a complete seasonal cycle. In this case, the seasonal stock is
built up in periods 3 and 4 and used for demand fulfillment in periods 6 and 7.
The total seasonal stock shown in the figure is calculated using the assumption that
all products are pre-produced in the same quantity as they are demanded in the
bottleneck periods. In practice one would preferably pre-build those products, which
create only small holding costs and which can be forecasted with high certainty.
In Chap.8 we will introduce planning models, which help to decide on the right
amount of seasonal stock.
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Fig. 2.7 Example for the determination of seasonal stock

2.4.5 Work-in-Process Inventory (WIP)

The WIP inventory can be found in every supply chain, because the production
process takes some time during which the raw materials and components are trans-
formed to finished products. In a multi-stage production process the production lead
time consists of the actual processing times on the machines and additional waiting
times of the products between the operations, e.g. because required resources are
occupied. The benefits of the WIP are that it prevents bottleneck machines from
starving for material and maintains a high utilization of resources. Thus, WIP may
avoid investments in additional capacities. The waiting time part of production lead
time is also influenced by the production planning and control system (see also
Chap. 10), which should schedule the orders so as to ensure short lead times.
Therefore, it is possible to reduce the WIP by making effective use of an APS.
In this sense, the opinion “inventories hide faults” indeed applies to the WIP in the
modified form: Too high WIP hides faults of production planning and control.
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According to Little’s law (see e.g. Silver et al. 1998, p. 697) the average
production lead time LT is proportional to the WIP level. If d" is the average
demand per unit of time, then WIP = LT - d".

2.4.6 Safety Stock

Safety stock has to protect against uncertainty which may arise from internal
processes like production lead time, from unknown customer demand and from
uncertain supplier lead times. This implies that the main drivers for the safety
stock level are production and transport disruptions, forecasting errors, and lead
time variations. The benefit of safety stock is that it allows quick customer service
and avoids lost sales, emergency shipments, and the loss of goodwill. Furthermore,
safety stock for raw materials enables smoother flow of goods in the production
process and avoids disruptions due to stock-outs at the raw material level. Besides
the uncertainty mentioned above the main driver for safety stock is the length of the
lead time (production or procurement), which is necessary to replenish the stock.

In the inventory analysis, the observed safety stock is the residual level, which
is left after subtracting all of the components introduced above from the average
observed inventory level. This observed safety stock can then be compared with
the level of safety stock that is necessary from an economical standpoint. A short
introduction on how necessary safety stocks can be calculated is given in Chap. 7.

A further component which may occur in a distribution center is the order picking
inventory. It comprises the partly filled pallets from which the small quantities per
customer order are picked.

The main steps of the inventory analysis are summarized in the following:

1. Calculate the average inventory level (AVI) from past observations over a
sufficiently long period (e.g. half a year) of observations (e.g. inventory levels
measured daily or weekly).

2. Identify possible stock components (e.g. cycle stock, safety stock) and their

corresponding drivers (e.g. lot-size, lead time).

. Decompose the AVI into the components including the observed safety stock.

. Calculate the necessary safety stock and compare it to the observed safety stock.

5. The remaining difference (+/—) shows avoidable buffer stock (4) or products
which didn’t have enough stock (—).

6. For the most important components of the observed inventory calculate the
optimal target level w.r. t. inventory costs and benefits.

For the optimization of inventory, the main principle of inventory management
has to be considered: The objective is to balance the costs arising from holding
inventories and the benefits of it. Furthermore, this trade-off has to be handled for
each separate component. In Part IT we will show how APS can support this critical
task of inventory management.

B~ W
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Herbert Meyr and Hartmut Stadtler

The SCOR-model presented in Sect.2.2.2 is an excellent tool to analyze, visualize,
and discuss the structure of the supply chain, and to reveal redundancies and
weaknesses. It enables the formulation of structural changes and strategies to
improve the performance of the supply chain as a whole.

However, when it comes to planning, the SCOR-model needs to be supple-
mented. To be able to identify the type of decision problems facing the supply chain
and guide the selection of standard or specialized modules, models and algorithms
for decision making, this chapter defines a “supply chain typology”, supporting the
SCOR-model at level 2. Two examples illustrate the use of the typology and will
be resumed in Chap.4 in order to design planning concepts fitting the particular
requirements of these two types of supply chains.

3.1 Motivation and Basics

In the early days of production planning and control a single concept and software
system was applied in industry — material requirements planning (MRP) —
irrespective of the many different requirements existing in diverse areas such as the
production of foods or automobiles. On the other hand, if a production manager
was asked whether the production system he manages is unique and requires
special purpose decision-making tools, most probably the answer would be “yes”.
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As regards the type of decisions to be made, the truth lies somewhere in the middle
of these two extremes. Abstracting from minor specialties usually reveals that there
are common features in today’s production and distribution systems which require
similar decision support and thus can be supported by the same software modules.

APS are much more versatile than MRP and ERP systems due to their modeling
capabilities and different solution procedures (even for one module). Modules
offered by a software vendor may still better fit one type of supply chain than
another. So, it is our aim to outline a supply chain typology which allows to describe
a given supply chain by a set of attributes which we feel might be important
for decision-making and the selection of an APS. Attributes may have nominal
properties (e.g. a product is storable or not), ordinal properties (e.g. an entity’s power
or impact on decision-making is regarded higher or lower than average) or cardinal
properties (i.e. the attribute can be counted, like the number of legally separated
entities within a supply chain).

Attributes with a similar focus will be grouped into a peculiar category to better
reveal the structure of our typology (see Tables 3.1 and 3.2). We will discriminate
“functional” attributes to be applied to each organization, entity, member, or location
of a supply chain as well as “structural” attributes describing the relations among its
entities.

Note that further typologies with different attributes are necessary if other
objectives are pursued when characterizing and categorizing supply chains. A
summary of such typologies (e.g., the ones of Lejeune and Yakova 2005 and
Vonderembse et al. 2006) is given by Knackstedt (2009).

3.2 Functional Attributes

Functional attributes (see Table 3.1) of an entity are grouped into the four
categories

e Procurement type

* Production type

 Distribution type

* Sales type.

The procurement type relates to the number (few ... many) and type of products
to be procured, the latter one ranging from standard products to highly specific
products requiring special product know-how or production process know-how (or
equipment). The following attribute depicts the sourcing type, better known by its
properties: single sourcing, double sourcing and multiple sourcing. Single sourcing
exists if there is a unique supplier for a certain product to be procured. In double
sourcing there are two suppliers, each fulfilling a portion of demand for the product
to be procured (e.g. 60 % of the demand is fulfilled by the main supplier, 40 %
by the second supplier). Sourcing contracts with suppliers are usually valid in the
medium-term (e.g. a product’s life cycle). Otherwise, products can be sourced from
multiple suppliers. Next, the flexibility of suppliers with respect to the amounts to
be supplied may be important. Amounts may either be fixed, have a lower or upper
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Tab]e 3.1 Functional ' Functional attributes
attributes of a supply chain Categories Attributes
typology

Procurement type  Number and type of products procured
Sourcing type
Flexibility of suppliers
Supplier lead time and reliability
Materials’ life cycle

Production type Organization of the production process
Repetition of operations
Changeover characteristics
Bottlenecks in production
Working time flexibility
etc.

Distribution type  Distribution structure
Pattern of delivery
Deployment of transportation means
Loading restrictions

Sales type Relation to customers
Availability of future demands
Demand curve
Products’ life cycle
Number of product types
Degree of customization
Bill of materials (BOM)
Portion of service operations

bound due to given contracts with suppliers or may be freely available. Lead time
and reliability of suppliers are closely related. The lead time of a supplier defines the
average time interval between ordering a specific material and its arrival. Usually,
the shorter lead times are, the more reliable the promised arrival dates are. The life
cycles of components or materials have direct impact on the risk of obsolescence
of inventories. The shorter the life cycles are, the more often one has to care about
substituting old materials with newer ones.

The production type is formed by many attributes. The two most prominent
attributes are the organization of the production process and the repetition of
operations. Process organization and flow lines represent well-known properties of
the production process. Process organization requires that all resources capable of
performing a special task (like drilling) are located in the same area (a shop). Usually
a product has to pass through several shops until it is finished. A flow shop exists
if all products pass the shops in the same order, otherwise it is a job shop. A flow
line exists in case resources are arranged next to each other corresponding to the
sequence of operations required by the products to be manufactured on it. Usually
capacities within a flow line are synchronized and intermediate inventories are not
possible. Hence, for planning purposes a flow line can be regarded as a single entity.
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The attribute repetition of operations has three broad properties, mass produc-
tion, batch production and making one-of-a-kind products. In mass production the
same product is generated constantly over a long period of time. In batch production
several units of a given operation are grouped together to form a batch (or lot)
and are executed one after the other. Several batches are loaded on a resource
sequentially. At the start of a batch a setup is required, incurring some setup costs or
setup time. When making one-of-a-kind products which are specific to a (customer)
order, special care is needed to schedule the many operations usually belonging to a
(customer) order.

The influence of setup costs and setup times may be higher or lower. Therefore,
their degree can further be specified by an optional attribute changeover character-
istics. If setup costs (or times) even vary with respect to the sequence of the batches
or lots, “sequence dependent” changeover costs are given. If production capacity
is a serious problem, the attribute bottlenecks in production tries to characterize
why. In a multi-stage production system, the bottleneck machines may be stationary
and known, or shifting (frequently) depending on the mix of demand. One way to
increase capacity is to provide more working time (e.g. by means of overtime or
additional shifts). The capability and lead times to adapt working time to changing
demand pattern are described by the attribute working time flexibility. For further
specifications of the production type see Schneeweiss (2002, p. 10) and Silver et al.
(1998, p. 36).

The distribution type consists of the distribution structure, the pattern of
delivery, the deployment of transportation means, and possible loading restrictions.
The distribution structure describes the network of links between the factory
(warehouse) and the customer(s). A one-stage distribution structure exists if there
are only direct links between a factory (warehouse) and its customers. In case the
distribution network has one intermediate layer (e.g. either central warehouses (CW)
or regional warehouses (RW)) a two stage distribution structure is given. A three
stage distribution structure incorporates an additional layer (e.g. CW and RW).

The pattern of delivery is either cyclic or dynamic. In a cyclic pattern, goods
are transported at fixed intervals of time (e.g. round-the-world ship departures).
A dynamic pattern is given if delivery is made depending on demand (for trans-
portation). As regards the deployment of transportation means one can distinguish
the deployment of vehicles on routes (either standard routes or variable routes
depending on demand) and simply a given transportation capacity on individual
links in the distribution network. It may even be possible to assume unlimited
transportation capacities and to consider only a given cost function (e.g. based on
a contract with a large third-party service provider). Loading restrictions (like the
requirement of a full truck load) may form a further requirement.

The sales type of an entity in the supply chain largely depends on the relation to
its customers. One extreme may be a downstream entity in the supply chain (with
some kind of “agreement” regarding expected demands and an open information
flow) while the other extreme may be a pure market relation with many competitors
(e.g. auctions via Internet conducted by the purchasing departments of a large
company). This attribute is closely related to the availability of future demands.
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These may be known (by contract) or have to be forecast. The existence of (reliable)
demand forecasts is best described by the length of the forecast horizon. Besides the
general availability of demand information, the shape of the demand curve is of
interest. Demand for a specific product may, for example, be quite static, sporadic,
or seasonal.

The typical length and the current stage of a product’s life cycle significantly
influence appropriate marketing, production planning and financial strategies. As
regards the products to be sold one should discriminate the number of product types
offered and the degree of customization. The latter one may range from standard
products to highly specific products (in accordance to the products procured). In
the light of mass customization some way in the middle becomes more and more
important: constituting customer-specific products from a variety of product options
and alternatives being offered. The attribute bill of materials (BOM) shows the
way that raw materials and components are composed or decomposed in order
to generate the final products. If raw materials are just changed in their sizes
and shapes, a serial structure is given. In a convergent structure, several input
products are assembled (or mixed) to form a single output product. Whereas in
a divergent structure, a single input product is disassembled (or split) and several
output products are the result. Of course, a structure of a mixture type—combining
both convergent and divergent properties—is also possible.

Apart from selling tangible goods the portion of service operations is constantly
growing (e.g. the training of a customer’s personnel).

3.3 Structural Attributes

Structural attributes (see Table 3.2) of a supply chain are grouped into the two
categories

» Topography of a supply chain

* Integration and coordination.

As regards the topography of a supply chain the attribute network structure
describes the material flows from upstream to downstream entities which are either
serial, convergent, divergent, or a mixture of the three. Note that the network
structure often coincides with the BOM. The degree of globalization ranges from
supply chains operating in a single country to those with entities in several
continents. Global supply chains not only have to take into account tariffs and
impediments to trade as well as exchange rates varying over time, but also can profit
from them. Also the location of the decoupling point(s) within the supply chain has
to be mentioned. It is the first stage (or location) in the flow of materials where a
further processing step or a change in the location of a product will only be executed
with respect to a customer order (see also Sect. 1.2). Note, the decoupling point
may differ between product groups. Starting with the most upstream location of a
decoupling point we have engineer-to-order (with no make-to-stock at all), followed
by manufacture-to-order of parts, then assemble-to-order and deliver-to-order. In a
vendor managed inventory system a supplier even has to deliver-to-stock since there
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Table 3.2 Structural attributes of a supply chain typology

Structural attributes
Categories Attributes
Topography of a supply chain Network structure
Degree of globalization
Location of decoupling point(s)
Major constraints
Integration and coordination Legal position
Balance of power
Direction of coordination
Type of information exchanged

are no orders from the buyer to replenish inventories. The attribute major constraints
gives an impression what the main bottlenecks of the supply chain (as a whole) are.
These may, for example, be limited production capabilities of some member(s) or
the limited availability of some critical materials.

Integration and coordination concerns the attributes legal position, balance
of power, direction of coordination and type of information exchanged. The
legal position of entities has already been mentioned. In case entities are legally
separated, an inter-organizational supply chain exists, otherwise it is called intra-
organizational. For intra-organizational supply chains it will be much easier to
coordinate flows centrally than for inter-organizational supply chains. Also the
balance of power within an inter-organizational supply chain plays a vital role for
decision-making. A dominant member in the supply chain can act as a focal firm.
On the other hand, we have a supply chain of equals, named a polycentric supply
chain.

As regards information flows, several attributes may be considered. As an
example consider the direction of coordination. It may be purely vertical or purely
horizontal or a mixture of both. Vertical information flows comply with hierarchical
planning. On the other hand, horizontal flows may exist between two adjacent
entities within the supply chain which can easily and quickly make use of local
information (e.g. to overcome the effects of a breakdown of a machine). Also the
type of information exchanged between members influences planning (e.g. some
entities may hesitate to reveal their manufacturing costs but are willing to provide
information about available capacities).

While attributes describing a production type are generally accepted and vali-
dated for a long time, typologies of the service sector are relatively new and of
growing interest (for an early survey see Cook et al. 1999). Also, the aforementioned
attributes only provide a basis for a rough grouping of decision problems which may
be refined further according to the needs of a given SCM project. For this, special
purpose typologies can be of help (e.g. for production processes concerning cutting
and packing see Dyckhoff and Finke 1992). In some cases, this will also indicate that
special purpose solution procedures may be needed, currently not provided by APS.
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In order to reduce the burden associated with an (extensive) typology, one should
bear in mind its aim. Since decision-making and decision support is of interest here,
one might concentrate on activities to be performed on those products and services
regarded most important (e.g. “A” products in an ABC-classification based on the
annual turnover, see Silver et al. 1998, p. 32). Furthermore, attention can be focused
on those activities which either have to be performed on potential bottlenecks along
the supply chain or which affect critical performance criteria considerably (e.g.
order lead-time).

Once a list of functional attributes has been established for each entity of a
supply chain, it will show the degree of diversity existing in the supply chain.
For partners having similar properties the choice of an appropriate decision-making
tool (or module of an APS) can be made jointly, saving costs and time. In order to
demonstrate the applicability of the above typology, it will be used in the following
two sections for the different supply chain types consumer goods industries and
computer assembly. We will come back to these two examples in Sect. 4.3 and in
our case studies (Part IV).

3.4 Example for the Consumer Goods Industry

First, the typology will be applied for supply chains where consumer goods are
produced and sold. Functional attributes are presented for the consumer goods
manufacturing entity only. Structural attributes consider the supply chain as a whole
comprising both manufacturers and retailers. Some attributes of our typology are not
used within the example because they play only a minor role in supply chains of the
consumer goods type. This kind of supply chain is considered again in Sect.4.3.1
and in Chap. 21. Therefore, our description is rather detailed and affects additional
proprietary attributes not mentioned explicitly in the above (universal) typology.

Table 3.3 summarizes the characteristics of the consumer goods supply chain.
Since the products to be sold are the determining factor of our example, we start
illustrating the sales type category.

Sales Type. In the remainder we concentrate on the subset of consumer goods
that comprises standard products with a low volume, weight and value per item
(e.g. food, beverages, office supplies, or low tech electronics). Since quite often
these standard products are just packaged in different sizes or under several brand
names, some sort of “divergent” BOM is given. Thus, a typical consumer goods
manufacturer offers several hundreds of final items that are technologically related.

The final customer expects to find his preferred brand in the shelf of a grocery
or electronics store. If the desired product is not available, he probably changes
his mind and buys a comparable product of another manufacturer. This behavior is
due to the low degree of product differentiation predominant in the consumer goods
industry. Therefore, consumer goods manufacturers are forced to produce to stock
by means of demand estimates.
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Table 3.3 Supply chain typology for the consumer goods industry

Functional attributes

Attributes (see Table 3.1)

Number and type of products procured
Sourcing type

Supplier lead time and reliability
Materials’ life cycle

Organization of the production process
Repetition of operations

Changeover characteristics
Bottlenecks in production

Working time flexibility

Distribution structure

Pattern of delivery

Deployment of transportation means
Availability of future demands
Demand curve

Products’ life cycle

Number of product types

Degree of customization

Bill of materials (BOM)

Portion of service operations

Contents

Few, standard (raw materials)
Multiple

Short, reliable

Long

Flow line

Batch production

High, sequ. dep. setup times and costs
Known, stationary

Low

Three stages

Dynamic

Unlimited, routes (3rd stage)
Forecast

Seasonal

Several years

Hundreds

Standard products

Divergent

Tangible goods

Structural attributes

Attributes (see Table 3.2)
Network structure

Degree of globalization
Location of decoupling point(s)
Major constraints

Legal position

Balance of power

Direction of coordination

Type of information exchanged

Contents

Mixture

Several countries
Deliver-to-order
Capacity of flow lines
Intra-organizational
Customers

Mixture

Nearly unlimited

Since the product life cycle of standard products typically extends over several
years, a solid data basis for forecasting is available. However, demand for some
products may be subject to seasonal influences (e.g. for ice cream or light bulbs) or

price promotions.

If consumer goods are standardized, the emphasis of marketing has to be set on
service level and price. Altogether, a strictly competitive market is given.

Distribution Type. Consumer goods are distributed via wholesalers and/or re-
tailers to the final customers. The distribution network of a consumer goods
manufacturer quite often comprises three distribution stages (see Fleischmann 1998

and Fig. 3.1).
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| >

TP or RW
wholesalers /

retailers

factories

Fig. 3.1 Three-stage distribution system

The product program of the manufacturer is supplied by one or a few factories.
Thereby, some product types may be produced in more than one site. The finished
goods can temporarily be stored in a few CWs, each of them offering the whole
range of products. Large orders of the manufacturer’s customers (i.e. wholesalers,
retailers or department stores) can be delivered directly from the factory or CW to
the respective unloading point.

Since most orders are of rather small size and have to be transported over long
distances, a further distribution stage consisting of RWs or stock-less transshipment
points (TP) is often used. The customers in the vicinity (at most 100km radius)
of such a RW/TP are supplied in 1-day tours starting from this RW/TP. Over the
(typically) long distance between the CW and the RW/TP all orders of the respective
region are bundled (usually by third-party service providers) so that a high transport
utilization is achieved.

As opposite to RWs, no stock is held in TPs, thus causing lower inventory
holding, but higher transportation costs due to the higher delivery frequency. A
similar distribution structure may be used by major sales chains which replenish
their (large number of) department stores from their own retail CWs.

Production Type. Production of consumer goods often comprises only one or two
production stages, e.g. manufacturing and packaging. On each production stage one
or a few parallel (continuous) production lines (flow lines) are organized in a flow
shop. A line executes various operations. But since these operations are strictly
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coordinated, each line may be planned as a single unit. The lines show a high degree
of automation and are very capital intensive. Because of this automation, however,
short and reliable throughput times can be achieved.

The capacity of the production lines is limited and they are usually highly
utilized. Therefore, they represent potential bottlenecks. For the handling of the
lines, few but well-trained operators are necessary. A short-term expansion of
working time is normally not possible. The working time of the whole team
supervising a line has to be determined on a mid-term time range. However, in many
companies the lines are already operating seven days a week, 24 h a day.

As mentioned above, there are a lot of final items. But these are often techno-
logically related and can be assigned to a few setup families. Changeovers between
items of the same family are negligible. But changeovers between items of different
families cause high setup costs and setup times. Therefore, batch production is
inevitable. The degree of these costs and times may vary notably with respect to the
family produced last on the same line (sequence dependent setup times and costs).

Procurement Type. Consumer goods frequently have a rather simple BOM. In
these cases only few suppliers have to be coordinated. As long as not sophisti-
cated components, but mainly standard products (e.g. raw materials) are needed,
procurement is not really a problem. The lead time of raw materials is short and
reliable. The life cycles of these materials are rather long. Therefore, mid- and
long-term contracts and cooperations ensure the desired flow of raw materials from
the suppliers to the manufacturer. Nevertheless, if there should be any unexpected
problems in sourcing material, because of the high degree of standardization it is
quite easy to fall back on alternative suppliers on the short-term (multiple sourcing).

Topography of the Supply Chain. The production network (maybe several
sites producing the same product), the distribution network of the manufacturer
and possibly the distribution network of large wholesalers/retailers contain both
divergent and convergent elements thus forming a network structure of the mixture
type. Production and distribution networks usually extend over several countries,
sometimes even over multiple continents. Since products are made to stock, the
decoupling point of the manufacturer is settled in CWs or RWs, from which
goods are delivered to order. While procurement is quite unproblematic, the limited
capacity of the flow lines is the major constraint of the whole supply chain.

Integration and Coordination. Because of the low differentiation the balance of
power is shifted towards the customers, i.e. the retailers. As regards the consumer
goods manufacturing entity, there is a strong need for intra-organizational coordina-
tion. Several organizational units of the same company (e.g. order management,
sales, manufacturing, procurement) have to exchange information horizontally.
Furthermore, the central planning unit has to coordinate the bulk of decentral
units by sending directives and gathering feedback, thus inducing heavy vertical
information traffic. Since all of these units belong to the same company, information
should be freely available.
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In addition, new logistical concepts of SCM result in special emphasis on
inter-organizational relations within the supply chain, particularly on the interface
between consumer goods manufacturers and large retailers. In particular, a number
of companies have made positive experience with:

* The flow of information between the manufacturers and retailers is improved by
EDI or WWW connections.

* Short delivery cycles (with rather small quantities) are established in order to
closely connect the material flow with the demand of final customers (Continuous
Replenishment/Efficient Consumer Response (ECR)).

» Traditional responsibilities are changed. Large retailers abstain more and more
from sending orders to their suppliers, i.e. the consumer goods manufacturers.
Instead they install consignation stores whose contents are owned by their
suppliers until the goods are withdrawn by the retailer. A supplier is responsible
for filling up his inventory to an extent which is convenient for both the supplier
and the retailer. As already mentioned, such an agreement is called vendor
managed inventory (VMI).

3.5 Example for Computer Assembly

Now a second application of the above general typology will be presented. In order
to offer a quite contrary example, a computer assembly supply chain has been
chosen. A particular instance of this type of supply chain will be described in the
case study in Chap.23. Table 3.4 summarizes the properties of that type so that
a direct comparison with the consumer goods type (Table 3.3) is possible. Again,
functional attributes are only shown for the computer manufacturing entity, whereas
structural attributes characterize the interrelations between different entities of the
supply chain.

Sales Type. Computers have a strictly convergent BOM. The system unit is

assembled from several components like the housing, the system board, the Central

Processing Unit (CPU), hard disk(s), a sound card etc. The degree of customization

varies between the two extremes

» Standard products with fixed configurations, i.e. only some predefined types are
offered. Customers merely can choose between these types, but no changes or
extensions (at least at the system unit) are possible.

* Customized products which are completely configurable. In this case the cus-
tomer specifies which components he wants to get from what supplier or at
least the options of the components he wants to get (like a “slow” CPU, but
a “high-end” graphics card). The manufacturer tests whether the requested
configuration is technically feasible and calculates the price. Because of the
ability to combine many different components—again obtainable from several
alternative suppliers—an incredibly large number of possible final items is given.

Of course, the usual practice is somewhere in between. For example, some standard

computers are defined with a few options like additional RAM or a Blu-Ray drive
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Table 3.4 Supply chain typology for computer assembly

Functional Attributes

Attributes (see Table 3.1) Contents (fixed/configurable)
Number and type of products procured Many, standard and specific
Sourcing type Multiple
Supplier lead time and reliability Short and long, unreliable
Materials’ life cycle Short
Organization of the production process Flow shop and cellular
Repetition of operations Larger/smaller batches
Changeover characteristics Irrelevant
Bottlenecks in production Low importance
Working time flexibility High
Distribution structure Two stages
Pattern of delivery Dynamic
Deployment of transportation means Individual links
Auvailability of future demands Forecasts and orders
Demand curve Weakly seasonal
Products’ life cycle Few months
Number of product types Few/many
Degree of customization Standard/customized
Bill of materials (BOM) Convergent
Portion of service operations Tangible goods

Structural Attributes
Attributes (see Table 3.2) Contents
Network structure Mixture
Degree of globalization Several countries
Location of decoupling point(s) Assemble-/configure-to-order
Major constraints Material
Legal position Inter- and intra-organizational
Balance of power Suppliers and customers
Direction of coordination Mixture
Type of information exchanged Forecasts and orders

instead of an ordinary DVD. Or only a limited number of hard disks, CPUs, housings
etc. is offered and the customer can only choose between these alternatives. The
corresponding final items then have already been tested for technical feasibility
and prices have been assigned. In the following, just the two extreme cases are
considered.

The computer itself consists of the system unit and some accessories like
cables, software, a manual, or a keyboard. A typical order of a customer comprises
several order lines for different product families (e.g. desktop computers, servers,
notebooks) and external units (peripherals) like speakers, monitors, printers and so
on. If customers call for delivery of “complete orders”, all order lines of an order
have to be delivered simultaneously to the customer (e.g. because printers without
computers are useless for the customer). Thus, the BOM comprises several stages
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like the order itself (consisting of several order lines for computers of different
product families and peripherals), computers (system unit and accessories) and
system units (housing, main board, etc. ). Some computer manufacturers are also
responsible for the assembly of the system board from several components like the
Printed Circuit Board, chips, etc.

There is a low product differentiation. Price, speed and reliability of the promised
due dates are the key performance indicators. The planned order lead times vary —
dependent on the product family — between a few days and a few weeks. Because
of technological improvements a fast changing environment has to be mastered.
Due to the short product life cycles of only a few months, there is a high risk of
obsolescence. Total customer demand is known for the next few days only. For the
further future, the probability of having fully specified customer orders on hand
decreases drastically. Then, (not yet known) customer orders have to be anticipated
by forecasts. Demand is weakly influenced by seasonal effects like the Christmas
business or year’s end business of authorities.

Distribution Type. Typical customers are system integrators offering overall
solutions for big corporate customers, medium and small business customers,
and consumer market stores which sell standard computers (“consumer PCs”) to
private customers. In this case, often a two-stage distribution system is used where
computers and peripherals are merged by logistics service providers in distribution
centers to constitute a complete order. Sometimes manufacturers sell directly to
private customers via the Internet. Then, a parcel service is responsible for the
delivery to the final customer. It is interesting to note that in the “complete order”
case the last stage of the BOM is settled in a distribution center.

Production Type. The main production processes are the “assembly of the system
board”, the “assembly of the system unit”, the “loading of the software”, a final
“testing” and the “packing” (assembly of the computer). The “assembly of the
system board” may be done in-house or in an additional upstream factory, also
owned by the computer manufacturing company. But system boards may also be
bought from external suppliers. Anyway, system boards are assembled on highly
automated flow lines with very short throughput times.

The key process “assembly of the system unit” is also done in flow line
organization, but manually. Sometimes a cellular organization is given. Despite of
the manual work and the possibly high degree of customization, processing times
are stable. Only low skilled personnel is necessary. Therefore, additional staff can be
hired on the short term and working time flexibility is high. Fixed configurations can
be assembled in large batches. Open configurations, however, have to be produced
in small batches because of the individuality of customer demand. Nevertheless, due
to the nature of the setup processes (e.g. providing components of the next batch in
parallel to the assembly of the current batch), there are no significant setup costs
or times. Altogether, serious bottlenecks in production are missing and production
capacity does not play a critical role.
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Procurement Type. Because of the rather simple production processes, the key
competencies of a computer manufacturer actually are the synchronization of
suppliers and sales and order management, respectively. Thousands of components,
accessories and external units have to be purchased and must be right in place before
the assembly or delivery. The products procured are very inhomogeneous. Standard
components as well as highly specific components have to be ordered. Supplier
lead times range from a few days to several months and are most of the time very
unreliable.

Just as it is the case for computers, life cycles of components are often very short
due to technological progress. So there is also a high risk of obsolescence at the
supply side. Because of mid- to long-term contracts with critical suppliers, there
may exist both upper and lower bounds on supply quantities. Such contracts are
particularly important when supply shortages can occur and multiple sourcing is
not possible, i.e. when the balance of power is shifted towards the supplier.

For some components like hard disks multiple sourcing is common practice.
These components are bought from several suppliers. Thus, at least for standard
products the computer manufacturer is free to substitute components and to increase
orders for alternative suppliers if the one originally planned runs into trouble. Also
“downgrading” of components is a practicable (but expensive) way to deal with
shortage situations: in this case, a lower value component—being requested but out
of stock—is replaced by an alternative component with higher value. For example,
a 1,000GB hard disk is assembled instead of a 750 GB hard disk because the
requested lower value component is not in stock any more. Since the price has been
fixed earlier and cannot be re-adjusted, the customer does not need to be informed.

Topography of the Supply Chain. The network structure is of a mixture type:
lots of suppliers (of components, accessories and peripherals) are linked with a few
assembly sites (for system boards and several product families), a few distribution
centers, and with a large number of customers (of different types as described
above). The whole network may extend over several countries.

Nowadays, most computer manufacturers have successfully shifted their deliver-
to-order decoupling point upstream in order to reduce the risky and expensive
finished product inventory. In case of fixed configurations, an assemble-to-order
decoupling point is now common practice, i.e. computers are only assembled if a
respective customer order for a standard configuration has arrived. For open config-
urations an engineer-to-order decoupling point is given, i.e. an incoming customer
request has also to be checked for technological feasibility and an individual price
has to be set. Shifting the decoupling point upstream reduces finished product
inventory and hedges against demand uncertainty, but also increases order lead times
(as long as throughput times are not simultaneously decreased). The performance of
the supply chain is primarily limited by constraints on material supply and not by
scarce assembly capacity.
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Integration and Coordination. Both inter- and intra-organizational members
participate at computer assembly supply chains. So there is a need for collaboration
between legally independent companies (e.g. by exchanging demand information
like forecasts and orders horizontally) as well as a need for vertical coordination of
different organizational units of the computer manufacturing company itself. Thus,
the direction of coordination is of a mixture type.

Both suppliers and customers may have a high power within such supply chains.
The power is extremely high for suppliers that reside in some sort of monopoly or
oligopoly like vendors of operating systems or CPUs. As shown above, long-term
contracts may ensure the desired flow of critical components from these suppliers.

We will next time come back to the consumer goods manufacturing and
computer assembly types of supply chains in Sect. 4.3. There, the particular planning
requirements of these two supply chain types and planning concepts fitting them are
derived from the attributes shown above.
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Bernhard Fleischmann, Herbert Meyr, and Michael Wagner

4.1 What is Planning?

Why planning? Along a supply chain hundreds and thousands of individual
decisions have to be made and coordinated every minute. These decisions are of
different importance. They comprise the rather simple question “Which job has to
be scheduled next on a respective machine?” as well as the very serious task whether
to open or close a factory. The more important a decision is, the better it has to be
prepared.

This preparation is the job of planning. Planning supports decision-making by
identifying alternatives of future activities and selecting some good ones or even
the best one. Planning can be subdivided into the phases (see Domschke and Scholl
2008, p. 26)

* Recognition and analysis of a decision problem

e Definition of objectives

» Forecasting of future developments

* Identification and evaluation of feasible activities (solutions), and finally
* Selection of good solutions.
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Supply chains are very complex. Not every detail that has to be dealt with in reality

can and should be respected in a plan and during the planning process. Therefore, it

is always necessary to abstract from reality and to use a simplified copy of reality,

a so-called model, as a basis for establishing a plan. The “art of model building” is

to represent reality as simple as possible but as detailed as necessary, i.e. without

ignoring any serious real world constraints.

Forecasting and simulation models try to predict future developments and to
explain relationships between input and output of complex systems. However, they
do not support the selection of one or a few solutions that are good in terms of
predefined criteria from a large set of feasible activities. This is the purpose of
optimization models which differ from the former ones by an additional objective
function that is to be minimized or maximized.

Plans are not made for eternity. The validity of a plan is restricted to a predefined
planning horizon. When reaching the planning horizon, at the latest, a new plan
has to be made that reflects the current status of the supply chain. According
to the length of the planning horizon and the importance of the decisions to be
made, planning tasks are usually classified into three different planning levels
(see Anthony 1965):

Long-term planning: Decisions of this level are called strategic decisions and
should create the prerequisites for the development of an enterprise/supply chain
in the future. They typically concern the design and structure of a supply chain
and have long-term effects, noticeable over several years.

Mid-term planning:  Within the scope of the strategic decisions, mid-term plan-
ning determines an outline of the regular operations, in particular rough quanti-
ties and times for the flows and resources in the given supply chain. The planning
horizon ranges from 6 to 24 months, enabling the consideration of seasonal
developments, e.g. of demand.

Short-term planning: The lowest planning level has to specify all activities as
detailed instructions for immediate execution and control. Therefore, short-term
planning models require the highest degree of detail and accuracy. The planning
horizon is between a few days and 3 months. Short-term planning is restricted
by the decisions on structure and quantitative scope from the upper levels.
Nevertheless, it is an important factor for the actual performance of the supply
chain, e.g. concerning lead-times, delays, customer service and other strategic
issues.

The last two planning levels are called operational. Some authors call the second

level tactical (e.g. Silver et al. 1998, Chap. 13.2), but as this notion has several

contradictory meanings in the literature, it is not used in this book.

A naive way of planning is to look at the alternatives, to compare them with
respect to the given criteria, and to select the best one. Unfortunately, this simple
procedure encounters, in most cases, three major difficulties:

First, there are often several criteria which imply conflicting objectives and
ambiguous preferences between alternatives. For example, customer service ought
to be as high as possible while—at the same time—inventories are to be minimized.
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In this case no “optimal” solution (accomplishing both objectives to the highest
possible degree) exists. A common way to deal with this multi-objective decision
problem is to set a minimum or maximum satisfaction level for each objective
except for one that will be optimized. In the above example one may try to minimize
inventories while guaranteeing a minimum customer service level. Another useful
way to handle multiple objectives consists in pricing all objectives monetarily
by revenues or costs and maximizing the resulting marginal profit. However, not
every objective can be expressed in monetary values, e.g. the customer service.
A more general way is to define scale values or scores for every objective and to
aggregate them into a weighted sum. A danger of this procedure is that it yields
pretended “optimal” solutions which strongly depend on the arbitrary weights. An
APS supports each of these procedures in principle. The case studies in Part IV give
examples of some relevant modeling features of such systems.

The second difficulty is caused by the huge number of alternatives that are
predominant in supply chain planning. In case of continuous decision variables,
e.g. order sizes or starting times of a job, the set of alternatives is actually infinite.
But also for discrete decisions, e.g. the sequence of several jobs on a machine, the
number of alternatives may be combinatorially large (see Chap. 10). In these cases it
is impossible to find an optimal solution by enumeration of all alternatives, and even
a feasible solution may be difficult to find. In this situation, mathematical methods
of operations research (OR) should support the planning process. Some methods
are able to determine an exact optimal solution, e.g. Linear Programming (LP) or
network flow algorithms, but for most combinatorial problems only near-optimal
solutions can be computed by heuristics, e.g. local search. The success of these
methods also depends on the way a problem is modeled. As examples, for some
important types of optimization models the capabilities of OR methods are shown
in the Supplement (Part VI).

The third and probably hardest difficulty is dealing with uncertainty. Planning
anticipates future activities and is based on data about future developments. The
data may be estimated by forecast models, but there will be a more or less important
forecast error. This error reduces the availability of products and therefore reduces
the customer service a company offers. For improvement of the service safety stocks
can be utilized which buffer against demands exceeding the forecast. However, that
is not the only way to tackle uncertainty.

Nearly always, reality will deviate from the plan. The deviation has to be
controlled and the plan has to be revised if the discrepancy is too large. Planning on a
rolling horizon basis is an implementation of this plan-control-revision interaction.
The planning horizon (e.g. 1 year) is divided into periods (e.g. months). At the
beginning of January a plan is made that covers January to December. But only
the first period, the so-called frozen period, is actually put into practice. At the
beginning of the second period (February) a new plan is made considering the actual
developments during the first period and updated forecasts for the future periods.
The new planning horizon overlaps with the previous one, but reaches one period
further (until the end of January of the next year; see Fig. 4.1) and so on.
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frozen period of first plan planning horizon

Jan. Feb. Mar. Dec
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Mar. Dec. Jan. Feb.

Fig. 4.1 Planning on a rolling horizon basis

This procedure is a common way of coping with uncertainty in operational
planning both in classical planning systems and in APS. A more efficient way of
updating the plans is event-driven planning: A new plan is not drawn up in regular
intervals but in case of an important event, e.g. unexpected sales, major changes in
customer orders, breakdown of a machine etc. This procedure requires that all data
which are necessary for planning, e.g. stocks, progress of work etc., are updated
continuously so that they are available at any arbitrary event time. This is the case
for an APS which is based on data from an Enterprise Resource Planning (ERP)
system.

There are three main characteristics of APS:

» Integral planning of the entire supply chain, at least from the suppliers up to the
customers of a single enterprise, or even of a more comprehensive network of
enterprises

» True optimization by properly defining alternatives, objectives, and constraints
for the various planning problems and by using optimizing planning methods,
either exact ones or heuristics (see Fleischmann and Meyr 2003, Chap. 9.4)

* A hierarchical planning system (see Schneeweiss 2003 and Chap. 1).
A hierarchical planning system is the only framework permitting the combination
of the two preceding properties: Optimal planning of an entire supply chain
is neither possible in form of a monolithic system that performs all planning
tasks simultaneously—this would be completely impracticable—nor by performing
the various planning tasks successively—this would miss optimality. Hierarchical
planning is a compromise between practicability and the consideration of the
interdependencies between the planning tasks.

Note that the traditional material requirements planning (MRP) concept (see
Orlicky 1975) which is implemented in nearly all ERP systems does not have any
of the above properties: It is restricted to the production and procurement area, does
not optimize and in most cases even not consider an objective function, and it is a
successive planning system.
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Fig. 4.2 Hierarchy of planning tasks

The main idea of hierarchical planning is to decompose the total planning task
into planning modules, i.e. partial plans, assigned to different levels where every
level covers the complete supply chain but the tasks differ from level to level (see
e.g. Miller 2001): On the upmost level, there is only one module, the development
of an enterprise-wide, long-term but very rough plan. The lower the levels are, the
more restricted are the supply chain sections covered by one plan, the shorter is the
horizon and the more detailed is the plan. Plans for different supply chain sections
on one level are coordinated by a more comprehensive plan on the next upper level
in a hierarchical structure (see Fig. 4.2).

The increasing (resp. decreasing) degree of detail is achieved by disaggregating

(resp. aggregating) data and results when going down (resp. up) in the hierarchy.
Aggregation concerns
* Products, aggregated into groups
* Resources, aggregated into capacity groups
* Time: periods, aggregated into longer ones.
The modules are linked by vertical and horizontal information flows. In particular,
the result of a higher planning module sets restrictions for the subordinate plans,
and the results of the latter yield feedback information on performance (e.g. costs,
lead-times, utilization) to the higher level. The design of a hierarchical planning
system (HPS) requires a careful definition of the modular structure, the assignment
of planning tasks to the modules, and the specification of the information flows
between them. Usually, an HPS works with a rolling horizon, where sophisticated
coordination of the planning intervals and horizons on the different levels has been
suggested in literature (e.g. Hax and Meal 1975; Stadtler 1986).

Planning takes into account future developments, identifies alternatives for future
activities and provides directives for their implementation. However, the decisions
themselves usually are put into practice outside of the planning system. Because
of this separation and because of the above mentioned planning intervals, a time
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gap between planning and the final implementation has to be bridged which leaves
room for unforeseen events. For this reason and in order to keep planning systems
manageable, usually not all decisions are prepared in the planning system itself,
but there is still some degree of freedom left open (to more precisely specify or
revise a plan) until the final execution takes place. For the remainder of the book
“execution” is defined as the starting and subsequent controlling of activities that
have to be carried out immediately. Thus, in contrast to instructions prepared by a
planning system, decisions for execution cannot be revised.

An “execution system” receives the decisions of a higher-ranked planning
system, checks whether the assumptions underlying the plan are still valid, puts
in further details when necessary (like assigning transport activities to production
orders) and—in case no unexpected events have occurred—brings the overall de-
cisions to final execution. However, if unforeseen events like machine breakdowns
etc. have happened, it is up to the execution system to recognize this status and to
react immediately. Minor problems may be solved by the execution system directly.
If serious problems occur, an “alert” has to be sent back to the planning system,
thus initiating an extraordinary re-planning. This event-driven planning simplifies
the use of an HPS and makes it more flexible. A prerequisite is a communication
system that guides alerts (see Chap. 13) on “events” to the relevant planning levels
and tasks. Moreover, the result of one planning task can also generate alerts for other
plans.

APS try to “computerize” planning. This might incur some problems for many
human planners because they are afraid of being substituted by machines. This fear
is based upon three major advantages of APS: they visualize information, reduce
planning time, and allow an easy application of optimization methods. However,
modeling is always a relaxation of reality. Therefore, human knowledge, experience,
and skill is yet required to bridge the gap between model and reality. Planning
systems, no matter how advanced they might be, remain decision support systems,
i.e. they support human decision-makers. Also, in event-driven planning it is usually
the human planner (at the interface between the execution and planning system)
who decides whether a plan is to be revised. Finally, each planning module requires
a human “owner” who is responsible for its function, data, and results.

4.2 Planning Tasks Along the Supply Chain

The whole Supply Chain Network can be split into internal supply chains for every
partner in the network, each consisting of four main supply chain processes with
substantially different planning tasks. Procurement includes all subprocesses which
provide resources (e.g. materials, personnel etc.) necessary for production. The
limited capacity of resources is the input to the production process which may
consist of various subprocesses. The distribution bridges the distance between the
production site and the customers, either retailers or other enterprises processing
the products further. All of the above logistical processes are driven by demand
forecasts and/or order figures determined by the sales process.
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Fig. 4.3 The Supply Chain Planning Matrix

4.2.1 Supply Chain Planning Matrix

The Supply Chain Planning Matrix (SCP-Matrix, see Rohde et al. 2000) classifies
the planning tasks in the two dimensions “planning horizon” and “supply chain
process”. Figure 4.3 shows typical tasks which occur in most supply chain types,
but with various contents in the particular businesses. In Fig. 4.3 the long-term
tasks are shown in a single box to illustrate the comprehensive character of strategic
planning. The other boxes represent the matrix entries, but do not correspond exactly
to the planning modules of an HPS. The latter may contain only parts of a box—e.g.
on the short-term level the planning tasks can be decomposed according to further
dimensions like factory sites or product groups—or combine tasks of several boxes.
This is a question of the design of the HPS as mentioned in Sect.4.1. The SCP-
Matrix can also be used to position the software modules of most APS vendors
(see Chap. 5). The construction of an HPS from the software modules of an APS is
discussed in Part IV.

4.2.2 Long-Term Planning Tasks

Product Program and Strategic Sales Planning. The decision about the product
program a firm wants to offer should be based on a long-range forecast which
shows the possible sales of the whole product range. Such a forecast includes
dependencies between existing product lines and future product developments and
also the potential of new sales regions. It is often necessary to create differ-
ent scenarios depending on the product program decision. Long-range forecasts
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consider information on product-life-cycles and economical, political, and com-
petitive factors. As it is not possible to estimate long-range sales figures for each
item, the products need to be aggregated into groups of items sharing common sales
and production characteristics. Marginal profits of potential sales and fixed costs
for assets have to be considered in the objective function of the product program
optimization problem.

When a manufacturing member of a supply chain thinks about introducing a
new product (group), it has to determine the location of the decoupling points
with respect to the specific customers or markets considered. The location of the
decoupling point is predefined by the (strategic) decision on the order lead-times
(time between order entry and planned delivery) that probably will be accepted
by the customers and therefore should be assigned to a respective product/market
combination (see Hoekstra and Romme 1992, Chap. 1.5). The shorter the order lead-
time is, the better customers will be satisfied, but—on the other hand—the more
downstream the decoupling point has to be settled. As we have seen in the previous
chapter (p. 68), this entails some increased demand uncertainty for higher-value
products.

Physical Distribution Structure. As more and more companies concentrate their
production capacities because of high investments in machining, the distance
between the production facility and customers and the respective distribution costs
increase. Such trends and a changing environment require a reorganization of the
distribution system. The physical structure comprises the number and sizes of
warehouses and cross docking points including the necessary transportation links.

Typical inputs for the decision are the product program and the sales forecast, the
planned production capacity in each plant, and the underlying cost structure. The
objective is to minimize the long-term costs for transportation, inventory, handling,
and investments in assets (e.g. warehouses, handling facilities etc.). The question,
whether the transports are performed by one’s own fleet of vehicles or a third-party
carrier, is very closely related to the decision on the physical distribution system.
For this reason, the two decision types should be integrated into one model.

Plant Location and Production System. Long-term changes in product programs
or sales figures require to review the existing production capacities and locations.
Furthermore, the continuous improvement of production technologies leads to
new prerequisites. Therefore, the production and decision systems need to be
verified. Usually, decisions on plant locations and the distribution structure are made
together. They are based on long-term forecasts and production capacities available
(without consideration of single machines). Planning the production system means
organizing a single production plant, i.e. designing the layout of the plant and the
resulting material flows between the machines.

Materials Program and Supplier Selection. The materials program is often
directly connected to the product program because the final products consist of
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some predefined components and raw materials. Sometimes different materials
could be used alternatively for the same purpose. In order to select one of them
for the materials program, one should consider price (including possible quantity
discounts), quality, and availability.

As A-class materials (see e.g. Silver et al. 1998 for an introduction to the ABC-
analysis) cause the biggest part of procurement costs, it is reasonable to source
those parts through special supply channels. Therefore, the suppliers should be rated
according to quality, service, and procurement costs.

Cooperations. Further reduction of procurement costs is often achieved by strate-
gic cooperations with suppliers of A-class items. Planning and evaluation of
collaboration concepts gain importance because no longer companies but whole
supply chains compete against each other. These concepts include simultaneous
reduction of inventories and backorders using ideas like VMI (vendor managed
inventory), EDLP (every-day-low-price strategies), and JIT (just-in-time) supply.
While the above cooperation concepts concern day-to-day operations, simultaneous
engineering and consolidation centers set strategic frames for the daily procurement
processes.

4.2.3 Mid-Term Planning Tasks

Mid-Term Sales Planning. The main task in mid-term sales planning is fore-
casting the potential sales for product groups in specific regions. As the forecasts
are input to master production scheduling, the products are grouped according to
their production characteristics (e.g. preferred resources, changeover times etc.).
The forecast is usually calculated on a weekly or monthly basis for 1 year or less.
It includes the effects of mid-term marketing events and promotions on sales. For
example, if a temporary price discount is offered, demand will usually peak during
the discount period, but reach a low immediately afterward. The necessary safety
stocks for finished products are mainly determined by the quality of the forecast.
Therefore, it is reasonable to set them on the basis of the forecast error which has to
be calculated in the forecasting procedure.

Distribution Planning. Mid-term distribution planning comprises the planning of
transports between the warehouses and determination of the necessary stock levels.
A feasible plan fulfills the estimated demand (forecasts) and considers the available
transportation and storage capacities while minimizing the relevant costs. Inventory
holding and transportation costs are elements of the objective function. The planning
horizon consists of weekly or monthly buckets. Therefore, the underlying model
only considers aggregated capacities (e.g. available truck capacity and not single
trucks). The distribution plan could also state the usage of the own fleet and the
necessary capacity which must be bought from a third-party carrier.
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Master Production Scheduling and Capacity Planning. The result of this
planning task shows how to use the available production capacity of one or more
facilities in a cost efficient manner. Master production scheduling (MPS) has to deal
with seasonal fluctuations of demand and to calculate a frame for necessary amounts
of overtime. As the plan is based on families of products and weekly or monthly
time buckets, it does not consider single production processes. The objective is to
balance the cost of capacity against the cost of (seasonal) inventories. If more than
one production facility is considered, the transportation costs between the locations
have to be included in the objective function.

Personnel Planning. Capacity planning provides a rough cut overview of the
necessary working time for finished products. Personnel planning has to calculate
the personnel capacity for components and other production stages which have to
be passed before the final assembly of the products. This planning step considers
the specific know how of personnel groups and their availability according to labor
contracts. If not enough employees are available to fulfill the work load, personnel
planning shows the necessary amount of additional part time employees.

Material Requirements Planning. As MPS plans only finished products and
critical materials (concentration on bottlenecks), material requirements planning
(MRP) has to calculate the production and order quantities for all remaining items.
This could be done by the traditional MRP-concept (see Orlicky 1975) which is
available in most ERP-systems or by stochastic inventory control systems. Whereas
the MRP-concept is suitable for rather important (but non-bottleneck) materials and
A-class components, stochastic inventory systems are adequate for C-class items.
The calculation of material requirements should support lot-sizing decisions for
every item in the bill of materials (BOM) and consider the dependencies between
the lots on different levels of the BOM. Mid-term planning sets frames for weekly
or monthly order quantities and safety stock levels which ensure the desired service
level for production.

Contracts. On basis of the weekly or monthly requirements obtained from MRP,
basic agreements with A-class suppliers can be made. Such contracts set the price,
the total amount, and other conditions for the materials to be delivered during the
next planning horizon.

4.2.4 Short-Term Planning Tasks

Short-Term Sales Planning. In make-to-stock environments the short-term sales
planning comprises the fulfillment of customer orders from stocks. Therefore,
the stock on hand can be partitioned in committed stocks and the available-to-
promise (ATP) quantity. If a customer requests a product, the sales person checks
on-line whether the quantity could be fulfilled from ATP and turns the requested
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amount in committed stock. For customer inquiries on the availability of products
in future periods the ATP quantity is calculated by adding stock on hand and
planned production quantities. The capable-to-promise (CTP) functionality is an
extension of the traditional ATP task which has the additional option of creating
new production orders.

Warehouse Replenishment, Transport Planning. While the mid-term distribu-
tion planning suggests weekly or monthly transportation quantities for product
families, the short-term warehouse replenishment particularizes this plan in daily
quantities for single products. This time-phased deployment schedule considers
detailed transportation capacities (e.g. available trucks) and actual customer orders
or short-term forecasts. Planned or actual production quantities set the frame for the
transportation plan and also restrict the possible degree of customer service. Every
day the planned truck loads have to be deployed to customer locations according to
a cost-minimizing routing.

Transports occur not only in the distribution process, but also as part of the
procurement and may be controlled by either the supplier or the receiver. In the
latter case, transport planning is necessary on the procurement side as well, and the
transport processes have to be considered also in the mid-term and long-term levels
of procurement planning.

Lot-Sizing and Machine Scheduling, Shop Floor Control. Short-term produc-
tion planning comprises the determination of lot-sizes and the sequences of the
lots on the machines. Lot-sizing has to balance the costs of changeovers and stock
holding with respect to dependencies between different products. These lots are
scheduled according to their due dates and the available capacity with minutely
accuracy. Both tasks can independently be executed if the changeovers are not
dependent on the sequence of the products. As interruptions or delays are common
in complex production environments, the shop floor has to be controlled actively
and orders have to be rescheduled appropriately.

Short-Term Personnel Planning, Ordering Materials. The short-term produc-
tion schedule determines the appropriate personnel of the shop floor with respect
to the knowledge and capability. Short-term personnel planning determines the
detailed schedule of the staff with consideration of employment agreements and
labor costs. As some amount of material might already have been committed by
mid-term contracting, the short-term task of filling the commitments in a cost
efficient manner still remains.

4.2,5 Coordination and Integration

As already mentioned the planning modules in an HPS need to be connected by
information flows. Typical contents of these flows are discussed in the following.
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Horizontal Information Flows. The main horizontal flows go upstream, consist-
ing of customer orders, sales forecasts, internal orders for warehouse replenishment
and for production in the various departments, as well as of purchasing orders to the
suppliers. This way, the whole supply chain is driven by the customers. However,
the exchange of additional information in both directions and not only between
neighbored modules, can improve the supply chain performance significantly
(see bullwhip effect, Chap. 1). This concerns in particular actual stocks, available
capacity lead-times, and point-of-sales data.

Basically since Ling and Goddard (1988), the term Sales & Operations Planning
(S&OP) stands for a quite intensive, mainly horizontal, possibly bi-directional
information exchange between sales-oriented (like marketing, promotions’ plan-
ning, pricing, forecasting) and operations-oriented (like procurement, production,
distribution) functional departments of a company on a mid-term, aggregate level,
which is, e.g., executed at predefined dates in monthly planning rounds.

A good example for its usefulness are promotional activities in form of temporary
price discounts: “Sales” determines a potential price discount and estimates its
dynamic effects on demand. Sales price and its corresponding forecasts of demand
are given to “Operations” which simulates their effects on the goods flow in the
supply chain and on financial KPIs like the profit. Because of the supply chain’s
complexity (multiple stages, limited capacities etc.) this may be a very challenging
task. If the results are not satisfying, sales will rethink the discount and the whole
process might be repeated, for example, with a lower discount in mind. Since
different organizational units—even though belonging to the same company, often
following individual, misaligned incentives—are involved, a consensus may be hard
to find. Thus, a planning round usually ends in a joint meeting where the different
parties negotiate a final plan they can agree with. The above example shows that
S&OP is generally also concerned with financial planning and might be linked to
or constrained by business planning and budgeting. As Miller (2001, Chap. 6.5)
points out, S&OP is very much in line with hierarchical planning. For instance, the
above mentioned capacity check requires sufficient interaction with the short-term,
detailed production planning and scheduling departments at the various production
sites and thus also necessitates some vertical information flows.

Vertical Information Flows. Downwards flows coordinate subordinate plans by
means of the results of a higher level plan. Typical information are aggregate
quantities, allocated to production sites, departments, or processes. The timing of
quantities is better expressed in form of projected final stocks at the end of the
lower level planning horizon because this includes the information about the longer
planning horizon on the upper level and provides more flexibility on the lower level.
Coordination is also achieved by allocation of capacities and by setting due dates.
Upwards flows provide the upper level with more detailed data on the perfor-
mance of the supply chain, e.g. actual costs, production rates, utilization of the
equipment, lead-times etc. This information can be used in the upper level planning
for anticipating the consequences for the more detailed processes on the lower level.
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Table 4.1 Specific planning tasks of the SC-type “consumer goods industry”

Attributes and Contents Impact on Planning
Multiple sourcing of material Short- and mid-term supplier allocation
Flow line organization Simultaneous ...
Batch production ...lot-sizing and . ..
Sequence dependent changeovers ... scheduling necessary
Known, stationary bottlenecks Focus on bottlenecks possible
Low working time flexibility Mid-term planning of working time
Three-stage distribution system Choice of distribution channels,
allocation of safety stocks
Seasonal demand Building up seasonal stock
Long life cycle Forecasts based on historical data
Hundreds of product types Aggregation ...
Standard products ...of final items . ..
Divergent BOM ...necessary and possible
Alternative sites Integrated mid-term production and
distribution planning
Deliver-to-order Forecasts and safety stocks of final items,
deployment, shortage planning
Capacity constrained High utilization aspired,
master planning w. r. t. capacity
Intra-organizational Central coordination by means . ..
Coordination of mixture type ...of mid-term “master ...
Unlimited information ...planning” possible
Customer oriented High service levels aspired

4.3 Examples of Type-Specific Planning Tasks and Planning
Concepts

Up to now quite general planning tasks—to some extent appearing for every
member of a supply chain—have been described. For example, Hiibner et al.
(2013) have shown that the SCP-Matrix of Fig. 4.3 is not only appropriate for
the manufacturing stage of an SC, but can also be adapted for (grocery) retailers.
However, the importance of a specific planning task may vary with respect to
the type of supply chain considered. While some tasks, e.g. lot-sizing or ordering
materials, may be extremely difficult (and thus relevant) in one type of SC, they
may be quite simple (and therefore negligible in terms of planning) in another type
of SC. In order to illustrate this, the two exemplary “SC-types” of the last chapter,
consumer goods manufacturing and computer assembly, will be picked up, again.
Their most important planning tasks are derived from the characteristics of the
respective SC-type. To admit a better differentiation, type-specific names will be
introduced for some particularly characteristic tasks. Tables 4.1 (p. 83) and 4.2
(p. 84) try to emphasize the causal linkage between the typology of Chap.3
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Table 4.2 Specific planning tasks of the SC-type “computer assembly”

Attributes and Contents

Large number of products procured

Long supplier lead-times
Unreliable supplier lead-times
Short materials’ life cycle

No bottlenecks in production
Two-stage distribution system
Forecasts and orders available
Short life cycles

Customized BOM
Convergent BOM

Assemble-to-order

Material-constrained
Supplier oriented
Customer oriented

Impact on Planning

Mid-term master plan coordinates .. .
...purchasing and order promising
Safety stocks of components

High risk of obsolescence, mark down,
phase-in, phase-out

Only rough capacity planning necessary
Merge-on-the-fly

Forecast netting

No sales history available
Configuration check

Demand-supply matching,

component substitution

Forecasts and safety stocks of components,
order promising, allocation planning
Master planning synchronizes materials
Long- and mid-term contracts

Short delivery times,

high delivery reliability aspired

(Tables 3.3 and 3.4) and the impact on planning that the respective attributes of an
SC-type have. Additionally, hierarchical planning concepts—especially designed to
link these respective tasks—will be shown as an example. For sake of briefness, we
concentrate on mid- and short-term operational planning tasks, only.

4.3.1 Consumer Goods Industry

Master Production Scheduling, Capacity Planning and Mid-Term Distribution
Planning. As consumer goods manufacturers often face seasonal or strongly fluc-
tuating demand and because the supply chain is capacity-constrained, it is necessary
to smooth those effects by pre-production in periods with less customer demand.
Here, master production scheduling has to trade off the costs for seasonal stocks due
to pre-production and the costs for capacity, especially the additional expenditure for
working overtime in periods with peak demand. Up to now, most consumer goods
manufacturers had a quite low working time flexibility and therefore changes in
the working time pattern already had to be announced on the mid-term. Because
of this and because of the scarce capacity, mid-term planning of working time is a
crucial task in consumer goods industry. But in the meantime, more and more labor
agreements are going to provide flexible working times. Thus, further sophisticated
planning methods could lead to lower costs by effectively taking advantage of the
additional freedom.

Furthermore, quite a lot of consumer goods companies use more than one site for
producing the same product. Thus, the above planning task is getting more complex
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as capacity problems could be balanced by shifting production quantities from one
site to another. Therefore, the costs for transports to the demand point are relevant
and have to be considered, too, during the decision process. This extension of master
production scheduling leads to a planning model (in general: capacity-constrained
master planning) which includes both the tasks of mid-term production planning
and mid-term distribution planning. If alternative sites producing the same products
are sourcing their material from multiple suppliers with substantially different
purchasing prices, the master planning model has to integrate the procurement
side, too.

Usually, the main result of master planning in the consumer goods area is not
the production quantity because the demand or forecast might change in the short
run. Therefore, short-term scheduling needs to plan with updated demand data. So,
the necessary capacity (especially working time, shift pattern, and overtime), the
quantity which has to be pre-built (seasonal stock), and the transport capacity on
each link are the decisions aided by master planning.

Mid-Term and Short-Term Sales Planning. Since a deliver-to-order decoupling
point is given, all production and most of the planning processes are driven by
forecasts, more precisely, by forecasts for final items. Forecasting is often the crucial
point in consumer goods industries because inventory of finished products is quite
expensive and lost sales or backlogs reduce the customer’s trust in the company.
These effects are sometimes amplified by depreciations which arise because of the
low shelf-lives of the products. Therefore, it is necessary to include the seasonal
influences and the additional demand which is caused by promotions and marketing
activities.

The high number of product types forbids the forecasting of individual final items
for a mid-term planning horizon. However, since standard products are considered
and since a divergent BOM is given, aggregation of final items to product groups
quite often is straightforward. Thus, in mid-term forecasting usually aggregated
product groups are considered and the time buckets comprise 1 week or more. As a
general rule, the total planning horizon should at least include a complete seasonal
cycle. Usually, the planning task consists of two steps. The first involves statistical
forecasting under consideration of trends and seasonal effects. For that purpose, the
time series of past demand are analyzed and extrapolated into the future. This can
easily be done because the long life cycles of products give access to a long history
of sales data. In a second step, the additional demand which is caused by planned
marketing activities is added to the base forecast.

The short-term forecasting procedure then considers all products and a more de-
tailed time grid (usually daily buckets). As the sales personnel has exact information
on promotions for each time bucket (day), the short-term forecast figures should
be composed from the statistical base forecast, supplementary demand resulting
from promotions, and the change in demand caused by seasonal fluctuations.
The information on seasonal effects (calculated in mid-term sales planning) has to
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be considered as add-on to the base forecast because the short horizon comprises
not a complete cycle which is necessary for a seasonal planning model.

Lot-Sizing and Machine Scheduling. Production planning in consumer goods
industries seems simple as the production process only consists of one or two
stages. But in practice one of the hardest planning problems occurs because of
high sequence dependent setup costs and times. This dependence enforces the
simultaneous determination of lot-sizes and sequences: changes in the sequence
of lots cause alterations in setup costs and setup times (i.e. in the net capacity
actually remaining for production) which influence the lot-sizing decision. But the
sequencing decision in turn is based on known lot-sizes. This problem is the more
crucial, the tighter capacities are. However, since often bottlenecks are stationary
and known, it is possible to concentrate on a single bottleneck stage comprising
several parallel flow lines.

Transport Planning, Warehouse Replenishment. A further crucial task in con-
sumer goods industries is to balance the inventories in the multi-stage distribution
network. Two major types of stocks are affected on the short-term, namely the lot-
size and the safety stock.

In a deliver-to-order (= make-to-stock) environment final items have to be
produced on forecast, i.e. without knowing customer orders. These production
quantities, the so-called lot-size stock, have to be distributed among the various
stocking points of the 3-stage distribution system at which customer orders arrive.
The task of deployment is to plan the short-term transportation activities such that
customer orders can best possibly be fulfilled.

The deliver-to-order decoupling point also enforces safety stocks of final items
to be placed at the most downstream stage (i.e. before customer delivery) in
order to avoid stock-outs. In a 3-stage distribution system it seems—for risk
pooling purposes—often reasonable to hold a part of the safety stocks at upstream
warehouses (e.g. central warehouses etc.). Thus, not only the determination of the
total amount of safety stock, but also the allocation of safety stocks within the
distribution system are important planning tasks, seriously influencing customer
service.

Because of the intense competition in consumer goods supply chains and because
of the high power of customers (wholesalers, retailers) very high service levels are
aspired. However, usually not all incoming customer orders can immediately be
served from stock. The crucial task of selecting the minor important orders that
can best be postponed (but nevertheless may get lost because customers become
annoyed) is called “shortage planning”.

Coordination and Integration. Since an intra-organizational supply chain is
given, information could centrally be made available and central coordination
should basically be possible. This coordination task should be settled on the mid-
term master planning level because—as we have seen above—here an integration
of procurement, production, and distribution is necessary, anyway.
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Fig. 4.4 Exemplary operational planning concept for the consumer goods manufacturing SC-type

After deriving these specific planning tasks of the consumer goods SC-type the
question is how to link them together to get an integrated planning concept covering
the whole (intra-company) supply chain best possibly. As we have seen in Sect. 4.1,
hierarchical planning is a proper way to allow such a coordination. Of course, only
arough and very general draft of such a planning concept can be shown here. Details
concerning aggregation of products or resources, time buckets of planning modules,
and planning frequencies have to be skipped over. Thus, Fig. 4.4 only presents a
“skeleton” of planning modules and the basic information flows between them.
A planning concept for a real world supply chain has to be adjusted appropriately. A
more complex consumer goods supply chain may comprise further planning tasks
and require additional modules with the respective information flows in between.
However, we hope to give some idea how the specific planning requirements of a
consumer goods SC-type have to be reflected in a “fitting” planning concept.

Because of the higher degree of uncertainty only such decisions that cannot be
postponed to later, shorter-term planning should be predetermined at the (capacity-
constrained) Master Planning level. Just this information should be passed on the
short-term level by means of instructions. As we have already seen, in consumer
goods supply chains such decisions usually comprise the determination of working
time like shift patterns (because of its low flexibility) and the build up of seasonal
stock (because of the long planning horizon being necessary). In order to take
sound decisions, all influencing factors should be considered. For mid-term master
planning in consumer goods supply chains this means that constraints like
* Dynamic forecasts of customer demand (in order to reflect seasonality)

* Limited capacity of resources and capabilities of extension
* Minimum stocking levels (safety stock and anticipated lot-size stock).
and further decisions like
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» Transport flows from factories to central warehouses (CWs) and customers

(because stocks can be balanced between CWs)

* Production quantities of factories

(in order to evaluate the amount of overtime being necessary).
altogether have to be integrated in a single, holistic view of the supply chain.

This can (for reasons of complexity) and should (because of uncertainty) only
be done in an aggregate manner, e.g. by means of product types, aggregate
resources and monthly time buckets. Demand information has to be available at
the same aggregation level. Such mid-term forecasts often are made in a further
Demand Planning task by a central Sales department by consolidating the (more
accurate) decentral forecasts of their regional dependencies and upgrading this
aggregate forecast with additional, centrally available information like planned TV
advertisements etc.

Because of seasonality the planning horizon usually should include at least one
seasonal cycle—quite often a year. To make mid-term planning more realistic,
decisions of the short-term level, to be taken at later moments, have to be anticipated.
In consumer goods supply chains average setup times (also reducing mid-term
capacity, but not being considered in detail in mid-term planning) or the average
level of lot-size stock are of relevance. These essentially are a result of the shorter-
term lot-sizing and scheduling module.

Short-term planning has to respect the instructions of the mid-term planning
level. However, short-term planning has a more detailed view of the supply chain.
For example, since Simultaneous Lot-sizing and Scheduling (SLS) has to decide
about changeovers, now “setup families” have to be considered which have the
property that setup costs and setup times only occur for changeovers between items
of different families (see Sect. 3.4, p. 64). Usually, a product type consists of several
setup families. Thus, there is a higher level of detail than it was at mid-term master
planning.

Also a shorter planning horizon suffices (e.g. 2 months) and capacities of
production lines instead of aggregate resources are the limiting factor. Consequently,
the aggregate instructions of the mid-term planning level have to be disaggregated
into more detailed instructions for the short-term level. That means that working
time commitments have to be refined at the decentral factories (maybe within an
additional master production scheduling task) and that seasonal stocks of product
types have to be assigned to setup families.

On the short-term, usually more accurate forecasts of customer demand are
available. These short-term forecasts, the disaggregated seasonal stock, and the
planned safety stocks are balanced with the initial stocks that are currently available
at the central warehouses to compute the net demand that has to be satisfied by
SLS. This net demand furthermore has to be assigned to (the production lines of)
the factories. Note, if initial inventories have fallen below the safety stock levels, a
part of the net demand is used to “refill” safety stocks. Also note that this Netting
procedure has the character of a disaggregation step and that due to the better
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demand information the mid-term (virtual) transportation flows between factories,
central warehouses, and customers normally have to be revised on the short-term.

At each factory, the decentral SLS is responsible for production line planning, i.e.
determining the sizes and sequences of production lots of setup families. The lot-
size stock of final items, resulting from a further disaggregation of setup families
into final items (within SLS), has to be deployed to the CWs at which customer
requests arrive. As the deliver-to-order decoupling point indicates, the final Shortage
Planning at the CWs matches the incoming customer orders against the forecast-
based stocks and determines whether and when a certain order will be delivered.

Finally note that—for sake of clarity—only two dimensions are printed in
Fig. 4.4, but actually three dimensions would be necessary. This is due to the fact
that there may be several factories and CWs where planning tasks like SLS or
demand planning have to be tackled decentrally. Furthermore, additional planning
levels and modules may be required, e.g. in order to plan the movement of machines
or tools between factories (see e.g. Sect.21.1.2). This has to be done if total
customer demand is stable but regional customer behavior changes over time. Then,
it may be advantageous to serve customer demand always from the nearest factory
in order to save transportation costs of finished products, but this also depends on
the costs for the movement of machines. Such a planning task would have a lower
planning frequency than the ordinary master planning described above.

This example already shows that our typology is by far not (and cannot be)
comprehensive. Even a small change in the assumptions being made may have
significant impact on planning tasks and planning concepts. As a second example,
in our consumer goods supply chain we (implicitly) restricted ourselves to products
with a rather long shelf life. If this is not the case (e.g. for fresh food), holding stocks
is only possible for a very short time. Then excess capacity instead of inventory has
to balance seasonal demand and the lot-size stock has to be restricted, too. So the
planning concept of Fig. 4.4 is not appropriate any more and has to be adjusted
accordingly. However, we think that quite a lot of supply chains fit the consumer
goods SC-type introduced above. Nevertheless, the fresh food example shows that
it is very important to document how a planning concept has been derived from
the specific characteristics of an SC-type. Because only then it is possible to check
whether the own supply chain fits the type and where adjustments in the planning
concept have to be made.

As a second and quite contrary example of type-specific planning tasks and
corresponding planning concepts we now come back to the computer assembly type
introduced in Sect. 3.5.

4.3.2 Computer Assembly
As pointed out below and summarized in Table 4.2, the specific characteristics of the

computer assembly SC-type necessitate special emphasis on quite different planning
tasks.
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Master Production Scheduling, Capacity Planning and Mid-Term Distribution
Planning. As opposite to the consumer goods type, less a capacity-constrained,
but rather a material-constrained supply chain can be found. Because of the high
working time flexibility, capacity of production is only a minor focus of mid-term
planning. The limited availability of some important components, however, is a
serious problem. If critical suppliers have a high power within the supply chain, mid-
to long-term contracts (comprising both maximum supply and minimal purchasing
quantities) ought to ensure the desired flow of components. These commitments
limit the material supply (upper and lower bounds) that can be utilized. Due to their
long lead-times quite a lot of components have to be ordered in good time on basis
of demand forecasts.

Both material constraints and long lead-times enforce a mid-term balancing of
demand against possible component supply. In so doing backlogs may arise. As will
be shown below, order promising needs to know component availability in order to
set reliable delivery dates as soon as customer requests arrive. The information about
availability (the so-called ATP quantities) is a result of this material-constrained
master planning. Thus master planning has to synchronize the purchasing of a vast
number of different components (planned component inflow) and to provide this
information about planned component availability for order promising in form of
ATP.

Mid-term distribution planning is only a relevant topic if an order can be satisfied
from alternative sources such that one needs to choose between different distribution
channels. Only in this (rather seldom) case, the distribution system has to be
incorporated in master planning.

Mid-Term Sales Planning. In configure-to-order and assemble-to-order environ-
ments all assembly processes are kicked off by a specific customer order. Processes
upstream from the decoupling point—and especially the purchasing—have to be
based on forecasts, either directly on forecasts for components or indirectly on
forecasts for final items.

In the first case, component demand could be estimated directly on basis of
the sales histories and the assembly histories, respectively. In case of short life
cycles, there is only a very poor history available. Sometimes, knowledge about life
cycles of related components with similar functionality (e.g. of the discontinued
predecessor) can be utilized as a surrogate. However, such a direct approach is
mostly useful for C-components and -materials with minor value and rather long
life cycles.

For high tech A-components with rather short life cycles the risk of obsolescence
is very high and not only understocking, but also overstocking should be avoided.
Then, one may try to indirectly derive a (hopefully) more accurate component
demand from the production program. Thus final item demand has to be estimated
on basis of aggregate product types. Component demand (= planned component
inflow) has to be derived from the planned production quantities in a sort of
BOM explosion (as integral part of the master planning process). This task can
quite easily be implemented in assemble-to-order environments where standard
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variants are predominant. In case of a configure-to-order decoupling point, however,
also the structure of the BOM, i.e. the share of components within product types
(e.g. the share of 1 TB and 500 GB hard disks within consumer PCs) has to be
estimated which is an extremely difficult problem. Note that the component demand
considered here corresponds to the planned component inflow stated above as a
result of master planning. But the master planning process has to simultaneously
respect supplier lead-times and material constraints. Thus master planning is more
than a simple forecasting procedure.

Short-Term Sales Planning. On the short-term more accurate demand information
is available, i.e. the already known customer orders’ share of actual demand is
higher. So one has to wonder how to integrate this information into the forecasting
process and how to match “old” forecasts with incoming customer orders (‘“forecast
netting”). The latter problem actually comprises the tasks of controlling forecast
accuracy and reacting to forecast errors. Since forecast errors should be hedged
against by safety stocks, here refilling of safety stocks (in case of too pessimistic
forecasts) or reduction of the currently available stock (in case of too optimistic
forecasts) are addressed. In consumer goods supply chains this netting procedure is
still a relatively simple task because just stocks of final items have to be considered.
In computer assembly supply chains, however, stocks of components have to be
netted. This implies that forecast accuracy can also be measured on the component
level.

Besides the danger of understocking, there is a high risk of overstocking of
components because of their short life cycles. Thus, at the end of the life cycle
one possibly has to take care about promotions or discounts in order to get rid of
obsolete component stocks. In any case, older components have frequently to be
replaced with their more modern successors (phase-in, phase-out). Thus, quite often
forecasts for both predecessor and successor have to be aligned (see Chap. 7).

An upstream decoupling point entails rather long order lead-times. Thus—
as compared to consumer goods manufacturing—there is a noticeable time span
between a customer request and the delivery of the complete order to the customer
in computer assembly supply chains. If a customer has to wait anyway, he at least
wants to get a reliable promise at which point in time his order will be delivered (a
so-called “due date” or “promised date”). So the order promising and all subsequent
further demand fulfillment processes are very important tasks within such a type of
supply chain. Whereas short delivery times and early due dates are aspired by order
promising, the compliance with that due date has highest priority throughout the
demand fulfillment afterward.

Quite often order promising is an on-line task. A customer wants his due date
to be assigned very soon after his request (e.g. within a few minutes). Then order
promising has to be executed on a first-come-first-served basis. Thus, there is a high
chance that a less lucrative order books components that later on could be assigned
to a more lucrative order. In order to realize higher profits, it may be useful to
allocate quota of components to specific customer classes (as it is well known from
yield management and flight ticketing). Such a “refinement” of ATP is sometimes
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called allocation planning. Note that allocation planning is only required in shortage
situations.

Lot-Sizing and Machine Scheduling. As we have seen, in computer assembly
supply chains setup costs and times are negligible. There are no serious bottlenecks
in production and working time is quite flexible, even on the short-term. Thus
lot-sizing is irrelevant and scheduling the released customer orders (“production
orders”, “jobs”) with the objective of meeting the promised due dates also is not a
very critical task.

However, in order to select the orders to be released next, the currently available,
anonymously purchased stocks of components (“supply”) have to be assigned to
the already promised customer orders (“demand”). This demand-supply matching
is only important in shortage situations. If supply of components is not sufficient
to satisfy all customer orders in time, i.e. with respect to the promised due
dates, one has to decide which demand should be backlogged and which supply
should be accelerated. In the first case, the Order Management department has
to contact some carefully selected customers and to inform them about delaying
their orders. Of course, simultaneously new second or even third promised dates
have to be set (“re-promising”). In the second case, the Procurement department
has to negotiate with some critical suppliers in order to (hopefully) speed up the
delivery of their components. Since hundreds of components and thousands of
customer orders might be concerned and thus should be considered, this obviously
is a very difficult task. Note that there can be further degrees of freedom, e.g.
due to component substitution, because customers might be satisfied by similar
components of alternative suppliers not originally agreed on.

Transport Planning, Warehouse Replenishment. Like it was the case for mid-
term distribution planning, shorter-term transport planning is not a critical task.
Sometimes, there may be a choice between alternative transportation modes, e.g.
between “normal” delivery by a carrier and “express” delivery by a parcel service.
It is interesting to note that—because of the convergent BOM—an assignment
of currently available stock to customer orders, similarly to the demand-supply
matching, may be required at several stages downstream from the decoupling point.
The latest possible stage in a 2-stage distribution system are the distribution centers
where different order lines (e.g. monitors and computers) have to be “matched”
to a complete order. Such matching tasks are necessary whenever a customer
order initiates the release of material (or the execution of some processes), but the
material released (or the output of the process) will not durably remain assigned
to this specific order. For example, customer order 1 may initiate the assembly
of a system unit, but order 2, having a higher priority, will finally catch this
unit. Such a procedure increases flexibility, yet also decreases the stability of a
system. The earliest possible “marriage” between an order and its components—
as the other extremal—would be the durable assignment of ATP on hand at the
order promising stage. Then, very reliable due dates can be promised (because the
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necessary components are already on stock and cannot be caught by other orders)
and a complete tracking and tracing of this order is possible. Obviously, such a
procedure necessitates a high stock level due to high WIP.

However, the major focus of short-term planning is on the supply side. As
introduced above, safety stocks have to be held on component level. This is the more
important, the longer and the less reliable supplier lead-times are. As compared to
the consumer goods supply chain, determination of correct safety stock levels is
more complicated since service levels are usually defined and measured for finished
products, whereas safety stocks have to be set for components. Because of the short
material life cycles, there is a high risk of obsolescence, too. So at the end of the
life cycles, short-term safety stock planning has the character of a newsboy problem
(see Nahmias 2005, Chap. 5).

Coordination and Integration. Due to the high power of some suppliers and
customers, intensive collaboration should be established, e.g. in order to exchange
capacity (material availability) or demand information. For the intra-company
part of planning, also central coordination by means of a (material-constrained)
master plan is useful which synchronizes the activities of the Sales, Production,
Procurement, and Order Management departments. The outcome of master planning
should be the planned inflow of components. As can be seen in Fig. 4.5, this
information is used to synchronize the purchasing (by means of the aggregate
inflow) and order promising (by means of ATP). The input of master planning may
be mid-term forecasts for final item demand (aggregated to product types) and attach
rates, i.e. forecasts for the share of components within these product types. Both
are results of a Demand Planning task which usually is in the responsibility of the
Sales department. As for consumer goods supply chains, also decentral forecasts of
several sales regions have to be consolidated and upgraded to an aggregate forecast
for the company.

Thus, the task of Master Planning is to link the planned component inflow
with final item demand. This task would be straightforward if there weren’t any
constraints. While production capacity is a rather loose limitation, the problem is
to respect upper and lower bounds for the procurement of some critical components
and to respect the varying, partly long lead-times. The objective should be to balance
inventory holding costs for components against profit that might be obtained by
different product types in several regional markets. Note, however, that purchasing
and order promising not necessarily have to be synchronized by taking monetary
objectives into account because just a unigue master plan—no matter whether cheap
or expensive—is required.

Purchasing needs to know about the aggregate component inflow master plan-
ning calculates with, e.g. about the weekly or monthly inflow of hard disks of a
specific size or class of sizes. Concrete purchasing orders to each supplier (which
entail a higher level of detail) have to meet this aggregate component inflow best
possibly. Thereby, multiple sourcing, supplier contracts, economic lot-sizes, and
safety stock targets (including forecast netting) have to be taken into consideration.
The master plan can only take care of the most critical A-components. Thus, the
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Fig. 4.5 Exemplary operational planning concept for the computer assembly SC-type

remaining B- and C-components have to be forecasted and ordered, directly. The
result of purchasing is the component inflow (component supply) that arrives at the
inbound warehouses and becomes available for assembly. In order to feed master
planning with up-to-date data, purchasing has to provide realistic information about
lead-times and minimum or maximum purchasing quantities of critical components.

On the other hand, order promising requires information about ATP quantities,
i.e. the part of the component stock on hand and the expected component inflow
(already in transit or planned by master planning) that has not yet been allocated to
specific orders and thus can be promised to customers in the future.

Since final item demand has driven the master plan, there already has been
some rough assignment of component stock—and thus ATP—to different markets.
However, if detailed quotas for smaller sales regions are required to permit an on-
line order promising, the output of the master plan has to be refined into “allocated
ATP” in a further Allocation Planning step. Similar to the netting procedure in
consumer goods supply chains, this task primarily is a disaggregation step because
the major (material-constrained) decisions about assignment of component stock
to markets have to be taken on the master planning level. Order Promising then
suggests a due date for an incoming customer order by searching within allocated
ATP for all requested components of the order. In case of customer compliance
with the date, the confirmed order finally books the corresponding components
within allocated ATP (but usually not within physical stock) so that they cannot
be promised a second time.

The coupling to short-term production planning is rather loose. Demand-Supply
Matching has to balance the available stock of components—which is the actual
supply resulting from short-term purchasing activities—with the confirmed orders.
Note that actual and planned supply may deviate considerably because of unreliable
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lead-times. But this discrepancy should be buffered by safety stock (within master
planning and purchasing as well). Besides supply acceleration activities and re-
promising of orders, the confirmed orders, to be released to the shop floor next,
are the results of Demand-Supply Matching. These assembly jobs afterward have to
be scheduled on the shop floor. As mentioned above, if there is only a temporary
assignment of components to customer orders, planning tasks similar to this
demand-supply matching may also occur at further downstream stages, the last of
them being settled at a distribution center.

Of course, there may exist other useful ways to hierarchically link the planning
tasks and planning modules of a computer assembly supply chain. However, a
planning concept for computer assembly has to take into account the specific
requirements of such a type of supply chain.
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APS have been launched independently by different software companies at different
points in time. Nevertheless, a common structure underlying most of the APS can
be identified. APS typically consist of several software modules (eventually again
comprising several software components), each of them covering a certain range of
planning tasks (see Rohde et al. 2000).

In Sect.4.2.1 the most important tasks of supply chain planning have been
introduced and classified in the two dimensions planning horizon and supply chain
process by use of the SCP-Matrix (Fig.4.3). As Fig.5.1 shows, certain planning
sections of the SCP-Matrix, e.g. mid-term procurement, production and distribution,
are typically covered by a respective software module. The names of the modules
vary from APS provider to APS provider, but the planning tasks that are supported
are basically the same. In Fig. 5.1 supplier-independent names have been chosen that
try to characterize the underlying planning tasks of the respective software modules.

APS typically do not support all of the planning tasks that have been identified
in Sect.4.2.1. In the remainder of the book it will be shown which tasks are actually
considered (Part II), how to select and implement APS (Part III), how to build
models using software modules (Part IV) and which solution methods are commonly
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Fig. 5.1 Software modules covering the SCP-Matrix

used (Part VI). In the meantime, the following provides an overview of the structure

of the software modules and the planning tasks concerned:

Strategic Network Design covers all four long-term planning sections, espe-
cially the tasks plant location and the design of the physical distribution
structure. Some questions that arise in strategic sales planning (e.g. which
products to place in certain markets) can be considered, too. Basically, the design
of the supply chain and the elementary material flows between suppliers and
customers are determined.

Demand Planning. Further tasks of strategic sales planning (e.g. long-term
demand estimates) and the mid-term sales planning are usually supported by
a module for Demand Planning.

Demand Fulfillment & ATP. Most APS providers offer Demand Fulfillment &
ATP components that comprise the short-term sales planning.

Master Planning coordinates procurement, production, and distribution on the
mid-term planning level. The tasks distribution, capacity and mid-term personnel
planning are often considered simultaneously. Furthermore, master production
scheduling is supported.

Production Planning and Scheduling. If there are two separate software mod-
ules for Production Planning and Scheduling, the first one is responsible for
lot-sizing whereas the second one is used for machine scheduling and shop floor
control. Quite often, however, a single software module ought to support all three
tasks.

Planning on such a detailed, short-term planning level is particularly dependent
on the organization of the production system. Therefore, all bottlenecks have
to be considered explicitly. If multi-stage production processes and product
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structures exist, they have to be coordinated in an integrative manner. In order

to meet the specific requirements of particular industries, some software vendors

offer alternative Production Planning and Scheduling modules.

Transport Planning and Distribution Planning. The short-term transport
planning is covered by a corresponding software module. Sometimes an
additional Distribution Planning module deals with material flows in a more
detailed manner than can usually be done by Master Planning.

Purchasing & Material Requirements Planning. The planning tasks BOM ex-
plosion and ordering of materials are often left to the ERP system(s), which
traditionally intend to supply these functionalities and are needed as transaction
systems, anyway. As far as non-bottleneck materials are concerned, the BOM ex-
plosion indeed can be executed within an ERP system. However, an “advanced”
purchasing planning for materials and components, with respect to alternative
suppliers, quantity discounts, and lower (mid-term supply contracts) or upper
(material constraints) bounds on supply quantities, is not supported by ERP
systems. Not all APS providers launch a special software module Purchasing &
Material Requirements Planning that supports (mid- to) short-term procurement
decisions directly. Sometimes, at least a further Collaboration module helps
to speed up the traditional interactive (collaborative) procurement processes
between a manufacturer and its suppliers.

The software modules of APS are dedicated to deterministic planning. However,

there are uncertainties on both the inbound (unreliable suppliers, machine break-

downs) and the outbound (unknown customer demand) side. In order to hedge
against uncertainty, buffers have to be installed—either in the form of safety stocks
or safety times. Buffering against uncertainty is a task that covers all supply chain
processes and actually cannot be assigned to a single software module because it
depends on the particular industry and the locations of the decoupling points (see

Tempelmeier 2001). However, in accordance with some software providers, we

describe the safety stock planning functionality of APS in Chap. 7, when discussing

the details of the Demand Planning module.

The planning tasks may vary substantially dependent on the particular industries
and supply chains, respectively. This is especially true for the short-term planning
tasks (see e.g. Drexl et al. 1994). APS providers are increasingly becoming aware
of this situation. Therefore, they offer several software components and/or software
modules covering the same planning tasks, yet respect the peculiarities of the
particular type of supply chain considered. So actually, a third dimension supply
chain type should be added to Fig. 5.1. For the sake of clarity, however, the need for
industry-specific solutions is visualized in a separate figure (Fig. 5.2).

Software modules can be seen as some sort of “planning kit”. The users buy,
install and integrate only those modules that are essential for their business. In most
cases, not all modules of an APS provider are installed. Sometimes, but not often,
components of different APS providers are combined.

The reverse is also possible. Some APS providers do not offer software modules
for all planning tasks. However, APS suppliers seem to be highly interested in
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Fig. 5.2 Modules of APS for particular industries

providing complete solutions. As a result, further modules for supplier and customer
collaboration and supply chain execution (as we will see later on) have been
launched. Quite often, APS vendors bundle APS modules together with modules
for ERP and CRM in order to provide a comprehensive supply chain suite. Thus,
sometimes it may be hard to identify the planning modules of the suite (especially
their functionality) and to verify the APS-structure described above when visiting
the web pages of the respective software companies.

Software modules are not always implemented for the planning tasks they
originally had been designed for. For example, a Master Planning module can be
used for Distribution Planning. This happens if modeling features of the modules
are quite similar and the same solution method can be applied to different types of
problems.

Besides the already proposed software modules, additional software components
are frequently supplied, which support the coordination of different software
modules as well as the integration with other software systems, e.g. ERP systems or
Data Warehouses (see Chap. 13).

However, preparing the technological capability to establish information links
between different software modules is only the first step. The crucial question is
what information should flow at which point in time. So the problem is to design and
implement planning concepts that coordinate these software modules with respect
to the objectives of the enterprise and supply chain as a whole, respectively, in
the most effective manner. In Chap. 4 such planning concepts have been presented
and it has been shown that they have to fit the particular planning requirements of
different types of supply chains. Quite often, APS vendors provide solutions for
particular industries, i.e. they arrange a set of software modules that are intended to
serve a certain industry well. So far, however, “workflows” for particular industries
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are only seldom provided. Such workflows give some advice on how to establish
the information flows between these modules so that they are well-integrated with
respect to the peculiarities of the respective industry. This is achieved by rather
general templates.

The Sales & Operations Planning software modules that software vendors
increasingly launch and promote in recent times seem to be a welcome step
into this direction. These modules support the S&OP planning task which has
been described in Sect.4.2.5 (p. 82). As Fig.5.3 illustrates, their main purpose
is to enable a smooth exchange of information between the Demand Planning
and Master Planning modules, which represent a company’s sales and operations
responsibilities on the mid-term, aggregate level. Traditionally, the corresponding
organizational departments do—because of misaligned incentives—rather work
against each other than with each other. Their information exchange often is cautious
and tardy. Sales & Operations Planning modules help to standardize and accelerate
this process, to increase transparency, thus to generate trust between the different
organizational units, and to better integrate the respective planning tasks. Since they
can make use of the other mid-term software modules, they do not necessarily need
to offer planning functionality by themselves.

Also frequently offered are the tools for the integration (mostly using Internet
technology) of different supply chain partners operating in different locations.
These software components provide the necessary data for a supply chain-wide,
long- and mid-term planning, and communicate the outcome of a central planning
process to the respective de-central units. In most cases, an alert system supports the
interaction between central and de-central planning (see Sect.4.1). Since Internet
technology can be applied for various purposes, APS suppliers also offer additional
e-business tools, e.g. for the opening of virtual markets in order to purchase raw
materials.
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This book, however, concentrates on collaboration, not on market-based co-
ordination. Market-based processes focus on pricing mechanisms to achieve co-
ordination between two or more parties. Thus, they are of competitive nature.
Collaboration or Collaborative Planning, however, places the emphasis on pro-
cesses of cooperative nature as pursued in SCM.

Figure 5.4 shows the collaboration interfaces of an APS. Collaboration appears in
two directions: collaboration with customers and collaboration with suppliers. From
the view of a single member of the supply chain, collaboration is important on both
ends of its SCP-matrix, the sales and the procurement side. The difference between
the two types of collaboration is the divergent structure in the case of customer
collaboration and the convergent structure in the case of supplier collaboration.

* One of the main applications of Sales Collaboration is the mid-term collaborative
demand planning. In an iterative manner, forecasts are jointly generated. During
this task, forecasts have to be coordinated and adjusted, e.g. by means of
judgmental forecasting processes, as opposed to only aggregated. In shortage
situations in particular, short-term collaboration may support ordinary ATP pro-
cesses by providing additional information on alternative product configurations,
delivery dates and prices.

* The task of mid-term Procurement Collaboration is to come to an agreement
on procurement plans derived from master plans. Aggregated product quantities
have to be disaggregated and allocated to possible suppliers with respect to their
capabilities. These capabilities can be evaluated and utilized efficiently in an
iterative collaboration process. Thus, it is possible to generate procurement plans
and delivery schedules that avoid material shortages.

As already shown in Sect. 4.1, Supply Chain Execution Systems (SCES) bridge
the gap between preparing decisions in an APS and the final implementation of
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Fig. 5.5 Relation between APS and Supply Chain Execution Systems

these decisions in practice (“execution”). Figure 5.5 (see e.g. Kahl 1999) shows that
software modules for supply chain execution also cover the supply chain processes
“procurement”, “production”, “distribution” and “sales.” However, the planning
tasks tackled there concern the execution, and thus comprise an even shorter-
term planning horizon. For example, SCES deal with material handling, order
transmission to suppliers, shop floor control, transportation execution (including
tracking and tracing) and on-line response to customer requests. If necessary, they
enrich the planning instructions of APS with further details (e.g. by human support),
but mainly they monitor and control the execution of the decisions prepared by the
APS. An on-line monitoring of the execution processes allows real-time reaction to
unforeseen events.

SCES are closely coupled to APS by means of alert management systems, so-
called Supply Chain Event Management (SCEM) systems. Thus, they are able
to overcome the static planning intervals of traditional rolling horizon planning
and allow for a reactive, event-driven planning. The borders between APS’ and
SCES’ functionality cannot be clearly defined. For example, the order promising
function may be part of both APS and SCES. Usually ATP quantities are allocated
to customer groups within an APS (see Chap. 9), whereas the on-line search for free
ATP and real-time responses to customers are executed by an SCES. The search
rules for ATP consumption may be defined in the APS (and sent to the SCES as
directives) or may be customized directly within the SCES.
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Bernhard Fleischmann and Achim Koberstein

This chapter deals with the long-term strategic planning and design of the supply
chain. Section 6.1 explains the planning situation and the problem setting. Sec-
tion 6.2 outlines the formulation of the problem as an optimization model and
Sect. 6.3 the use of such models within the strategic planning process. Section 6.4
reviews case reports in the literature and Sect. 6.5 the software modules available in
APS.

6.1 The Planning Situation

The design of the supply chain is an essential part of the long-term strategic planning

of every manufacturing company. It is based on the decisions about the product

program:

* Which products should be offered in which markets and countries in the next
years?

*  Which products and components should be manufactured at the own production
sites?

These decisions are mostly considered superordinated to the design of the supply

chain, which then consists in the following decisions:

* Location of the production sites: Are new plants to be installed or existing plants
to be shut-down?
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e Allocation of the products and components: Which items should be produced
where?

» Facilities within each production site: Is the existing equipment adequate, should
it be expanded or shut-down? Should new equipment, for instance a new
production line, be installed, for which products or components, with which
capacity and technology?

These decisions on the production network imply high investments and have
a significant and long-term impact on the company’s competitiveness. In the
automotive industry, for instance, new products require dedicated body-assembly
lines, where the investment and the location are binding for the time to market
and the life-cycle of the product, which is about 10 years altogether. Changing the
decisions later on is only possible at very high costs. While due to these reasons
the design of the production network is of primary importance, the other parts of
the whole supply chain must be taken into account as well, i.e. the suppliers and
the sales markets, which form the sources and the sinks of the flow through the
supply chain. This concerns the selection of materials and suppliers as well as the
distribution system between the production sites and the sales markets. However, it
is not necessary to consider details of the distribution systems within the various
countries or continents, such as the location of warehouses and transshipment
points. Instead, a rough estimate of the distribution costs and times between the
production sites and the sales markets is sufficient for the supply chain design. The
design of production-distribution networks is a subordinate task with a shorter-term
impact, as warehouse locations can be changed more easily and are often operated
by logistics service providers.

Supply chain design is often considered as the extension of a locational decision
problem. However, the locational decisions within the supply chain design are
mostly straightforward. There may be a few potential new plant locations, if at all,
which could be analyzed one by one and compared. The complexity of the supply
chain design consists in the allocation of a large range of products to the production
sites and in the decisions on capacities and technology at each site. This includes the
critical choice of the appropriate production strategy, between “local for local” and
a single world factory, maybe with different results for the different product groups
and production phases. Moreover, choices have to be made between highly efficient
dedicated production equipment and more flexible multi-purpose equipment as well
as decisions on the degree of automation. By contrast, in the design of a distribution
network, locational decisions play a major role indeed: There, a variable number of
warehouses have to be selected from may be a huge pool of potential locations.

The planning horizon of the supply chain design typically encompasses several
years, up to 12 in the automotive industry. It is subdivided into yearly periods so that
the decisions on changes in the supply chain structure are assigned to a certain year.
Thus, the strategic design starts from the existing supply chain and considers its
evolution year by year up to the planning horizon. In contrast, some authors suggest
a “green-field” planning over a single period, independent of the existing supply
chain, in order to find the ideal configuration for the business in question. However,
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the transition there can be expensive and last many years, and if it is reached at all, it
is unlikely to still be the ideal. However, the green-field approach may be adequate
for the design of a distribution network.

In order to evaluate the structural decisions on the supply chain, it is necessary to
consider the impact on the flows of goods, i.e. procurement, production, distribution
and sales, which are the drivers of costs and revenue. As there is usually wide scope
to determine these flows, operational decisions have to be taken together with the
structural decisions. The operational planning level within the strategic supply chain
design is similar to the Master Planning (see Chap. 8), but highly aggregated and
with yearly periods instead of months or weeks, so that no seasonal fluctuations of
activities and stocks within a year are considered.

Which objectives are pursued in the strategic supply chain design? These are
primarily financial objectives which are influenced by structural and operational
decisions: The structural decisions imply investments for installing new equipment
and fixed costs for maintaining it. The operational decisions affect the revenue and
the variable costs for all operations along the supply chain. The adequate objective
in this context is to maximize the net present value (NPV) of the yearly cash flow
which is composed of revenues, investment expenditures, fixed and variable costs.
However, a great part of the long-term data required for the supply chain design
is highly uncertain. This is true in particular for the demand of future products
in various markets, the volume of investments, labor cost, and exchange rates.
Therefore, additional objectives play a role, such as to improve the flexibility and
the robustness of the supply chain and to reduce risks. These objectives are usually
in conflict with the financial objectives.

Two trends in the development of the manufacturing industry have increased
both the importance and the complexity of the strategic supply chain design in
the last decade, the globalization and the increasing variety of products. The
globalization of production sites, suppliers and sales markets has opened new
dimensions for decisions about the supply chain, but also increased their impact,
for instance because of differences in the national labor costs and taxes, duties and
long shipments between continents. These aspects of international trade must be
taken into account in the design of the supply chain. The variety of products has
increased tremendously in many consumer markets. Up to the 1990s, an automotive
manufacturer, for instance, used to launch a new car model every 2 or 3 years, but
nowadays, this happens three to five times every year. Therefore, supply network
design is no longer an infrequent activity, but some companies have established a
regular procedure which has to take structural decisions for new products, such as
allocation and technology, at well defined points in time before the start-up (see
SchmaufBler 2011). The complexity, the frequency and the impact of the supply
network design overcharge human planners, if they only use conventional tools such
as spread-sheets. The strategic design process for the supply chain requires support
by software, which is based on optimization models and algorithms.
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Fig. 6.1 Interdependence between strategic and operational planning levels

6.2  Strategic Network Design Models
6.2.1 Basic Components

As explained in the previous section, network design integrates two planning levels:
Strategic structural decisions on the network configuration and mid-term operational
decisions on the flows of goods in the network. Figure 6.1 shows the relationships
between the planning levels and the objectives.

The financial objectives are affected directly by the strategic decisions on
investments as well as by the yearly financial variables resulting from the operations
along the supply chain. The latter are also influenced by the investment decisions.
For instance, the investment in a new machine can change the variable production
cost significantly. Other objectives will be discussed in Sects. 6.2.2 and 6.3.

There is no space here to describe a complete, realistic network design model.
In the following, only examples of typical decision variables, constraints and
objectives and their relationship will be explained. Note that all names of variables
will be written with upper-case initial, data and parameters with lower-case initial.
Corresponding to the two planning levels, a network design model contains two
major types of decision variables: binary structural variables and continuous flow
variables. Both are required to model the main components of a supply chain, i.e.
products p, sales markets m, buying markets b, manufacturing and distribution
sites s, facilities j, and different countries c. The planning periods¢t = 1,..., T are
usually years with a planning horizon T of typically 8—12 years. Structural variables
describe either the status of network components or the change of them. Typical
status variables are Location,, indicating whether a site s is “open” in year ¢ or not,
and similarly Machine; ;, indicating, whether a new machine j is available at site s
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in year ¢. Alloc, 5, may indicate if product p is allocated to a manufacturing site s
in year ¢. The initial status is described by given values of these variables for ¢ = 0.
Fixed costs may be attached to all status variables. The evolution of the supply chain
is driven by change variables such as Open, , or Closes, indicating if site s is opened
or closed in year ¢, and Invest; ; , indicating if an investment takes place in year ¢ for
machine j at site 5. The capital investments, which constitute a major component
of the cash flow, are attached to these variables.

The consistency between different structural variables is ensured by equations
such as

Locations; = Locationg,—1 + Open,, — Closes, ¥ 5,1 (6.1)
Machine, ;; = Machine; ;1 + Invests j; Vs, j,t (6.2)
which express the impact of the change variables on the status variables, and by

logical constraints of the following type: A product can only be allocated to an open
site:

Alloc,s; < Locationg; ¥ p, s, (6.3)
and, for any product p that requires machine j, this machine must be available:
Allocys; < Machine, j; V¥ 5,1 (6.4)

Often limits are given on the number of products allocated to a site s, say maxprod,:

ZAllocp,S,, < maxprod, vV s,t (6.5)
I

and on the number of sites, between which a product p may be split, say maxsplitp:

ZAllocp,S,, < maxsplitp Vv p,t (6.6)

s

The flow variables express the quantities per year for the various supply chain
processes, e.g. Production, s, denotes the quantity of product p manufactured in
site s in year ¢. Further flow variables are shown in Fig. 6.2, which illustrates the
flow conservation equations: For every product, site and year the sum of the inflows
must equal the sum of the outflows. A particular outflow is the consumption of
product p as a material in successor products p’, where bom, , is the bill-of-
material coefficient, i.e. the consumption of p per unit of p’.
The sales quantities in every market are restricted by upper and lower limits

minsales, i < ZSales,,,S,m,t < maxsales,,; ¥ p,m,t (6.7)

N
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from buying market b: to site s*
Zb Buyp]b,s” \ Zs“ Shipp’s’sr:t
Production: material consumption:
+ Production,, ¢, + 2, bom, .. Production,. ; ,

Y / \ to sales market m:
from site s ‘5 Sa/eSpysymyt

+ Zs‘ Shipp,s’,s,t

Fig. 6.2 Flow balance equation for product p at site s in year ¢

or they have to satisfy a given expected demand

ZSalesp,s,m,, = demandp;m; ¥ p,m,t (6.8)

N

Flow variables are further restricted by capacity constraints. The capacities may
be affected by status variables. An example of a capacity constraint for a single
product p at site s is given next.

Production, s, < capacity, - Alloc,s; ¥ p,s,1t (6.9)

where capacity, is the total capacity of the site s for the product p, which is only
available if p is allocated to s. Another example is a machine j that processes a set
of products p € P:

Z prodcoefficient,, - Productiony s ;
PEP

< capacitysqj -Machine; j; Vs, j,t  (6.10)

capacity, ; is the total of production hours available on machine j at site s per
year, provided that this machine has been installed, prodcoeﬁicientp is the amount
of production hours required per unit of product p.

The adequate financial objective for the strategic network design is to maximize
the net present value (NPV) of the net cash flow (NCF). In order to avoid a bias of
the planning horizon, the residual value of the investments at the planning horizon
has to be added. Further objectives will be considered in Sect. 6.2.2. The NCF before
tax in year t, NCF;, is composed of the revenue minus variable costs, fixed costs and
investment expenditures in year ¢. Table 6.1 explains how to model the objective as
a linear function of the variables. In the case where the sales have to satisfy a given
demand, there is no impact of the decision variables on the revenue. In this case,
the objective is reduced to minimize the NPV of costs and capital expenditures. All
financial terms have to be converted into one main currency using given estimated
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Table 6.1 The net cash flow and the residual value as a linear function of the decision variables

in year ¢
Component Variables (examples) Value multiplier
Revenue Sales Sales price
— Distribution cost per unit
— Variable costs Flow (Buy, Cost per unit
Production, Ship)
— Fixed costs Status (Location, Cost per year
Alloc, Machine)
— Capital expenditures Change (Invest, Investment expenditure
Open, Close)
+ Residual value Change Residual value after T-t years

exchange rates. The extension of the model to the NCF after tax will be considered
in Sect. 6.2.3.
Thus, the objective is:

maximize NPVNCF
T T =T
= ZNCFr (1 +cdf)" + ZResidualvalue, (6.11)

t=1 t=1

where Residualvalue; is the value of all investments realized in year ¢ at the planning
horizon T'.

6.2.2 Dealing with Uncertainty

One inherent characteristic of strategic network planning is that, at the time of
planning, a significant portion of the required data for the deterministic model
described above cannot be provided with certainty. Product demands, purchase and
sales prices, exchange rates etc. are subject to numerous external factors such as the
general economic development, market competition and consumer behavior which
cannot be known for several years in advance. One way to deal with this inherent
uncertainty is to specify not only one set but several sets of data, called scenarios,
which reflect different possible future developments, e.g., a best and a worst case
scenario in addition to an average case forecast. For each scenario an instance of
the deterministic model can be solved and the influence of deviations from the
forecast on the structural decisions and objective function value can be observed.
However, this approach lacks a coherent definition of how a solution performs on
all of the possible future scenarios. Furthermore, it is intuitively clear, that solutions
which somehow perform well on all (or many) of the possible scenarios are likely
characterized by actively hedging against future uncertainty, e.g., by opening a
production site in a foreign currency region to mitigate currency risk or by deploying
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more flexible (but also more expensive) or additional machines to mitigate demand
risk. As these measures are often associated with additional expenditures and would
not provide an advantage if all data were known with certainty, the deterministic
model is unlikely or even unable to generate these solutions. In the last years, the
development of approaches to account for the inherent uncertainty has been a very
active field of research (cf. Klibi et al. 2010, for a recent review). Two main research
directions have evolved: the first one seeks to extend the deterministic model in such
a way, that its solutions contain certain structures that improve their performance
under uncertainty (e.g., a certain way of forming chains of product-plant allocations
referred to as the “chaining-concept”, see Kauder and Meyr 2009, and Simchi-
Levi and Wei 2012). The second research direction, which will be sketched in the
remainder of this section, is based on the methodology of Stochastic Programming
(SP) (see Birge and Louveaux 2011, for an introduction to the field).

In this approach we assume, that the uncertainty can be represented by a discrete
set of scenarios w € £2, each with a known probability p,,. If this is not the case
initially, a scenario generation procedure (see Sect. 6.3) has to be performed prior to
or during the solution of the optimization model. One advantage of the SP approach
is that it can be seen as an extension of the deterministic model, which it comprises
as a special case if £2 contains just one scenario. In addition to the uncertainty of
data, the timing of decisions with respect to this uncertainty has to be modeled. In
the strategic network design model the structural decisions have to be determined
prior to the first planning period and cannot be altered when a specific scenario
realizes. The corresponding decision variables are called first-stage variables and
are not indexed over the set of scenarios. The operational flow decisions, however,
can be adapted to specific data realizations as uncertainty unfolds during the course
of the planning periods. Therefore, the flow variables are called second-stage
variables and are marked as scenario-dependent by a subscript . The objective
function (6.11) can be represented by a second-stage variable NPVNCF,, as the
revenue and the variable costs depend on the flow variables and all components may
depend on uncertain cost and investment data. Assuming a risk-neutral decision
maker, we call a solution consisting of all first-stage and second-stage decision
variables optimal, if it is feasible for every scenario and if it maximizes the expected
net present value of net cash flows:

maximize ENPVNCF = E [NPVNCF] = ) " p,NPVNCF,, (6.12)

wER

where E[-] denotes the expected value of a random variable. Each constraint which
contains second-stage variables or scenario dependent data is replaced by a set of
separate constraints for every scenario. For example, in case of demand uncertainty,
constraint sets (6.8) and (6.9) are modified in the SP model as follows:

ZSalesp,S,m,,,w = demandy 0o Y p,m,t,® (6.13)

Production, s ., < capacity - Alloc,s; ¥ p,s,t, o (6.14)
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Note, that in this version of constraint set (6.14), we assume that the capacity of a
site s is known with certainty and hence scenario-independent. Constraint sets of the
type (6.1)—(6.6) do not have to be modified as they only contain first-stage variables
and no uncertain data. The sketched SP model coincides with a large mixed-integer
linear programming model and can be solved with standard MIP solvers. However,
as the model also features special structure, specialized solution algorithms can
significantly reduce solution times in many cases (see Bihlmaier et al. 2009; Wolf
and Koberstein 2013).

As in strategic network design structural decisions last over very long periods of
time, the decision maker might want to avoid first-stage decisions that lead to very
poor outcomes in some of the scenarios. Likewise, in the case of several alternative
optimal solutions, he might want to choose the solution that is associated with the
least dispersion of the corresponding distribution of scenario outcomes. One way
of incorporating risk-aversion into the model described above is to use a mean-risk
objective function of the following type instead of Eq. (6.12):

maximize MEANRISK = ENPVNCF — A - Riskmeasure (6.15)

where A > 0 expresses the decision maker’s level of risk-aversion and Riskmeasure
is a bookkeeping variable representing a suitable risk measure (see Pflug and
Romisch 2007 for a discussion of suitable risk measures and Koberstein et al. 2013
for an illustrative application to strategic network design).

6.2.3 Extensions
A few extensions to the basic model of Sect. 6.2.1 are introduced next.

Tax

For the design of a multinational supply chain it is important to consider the NCF
after tax, because tax rates and regulations may differ significantly in the concerned
countries. The taxable income has to be calculated for every country separately.
For this purpose, the transfer payments between the countries and the depreciations
resulting from the investments within the country have to be taken into account. The
depreciation allowance depends on the tax laws of the country and on the number
of years r after the investment has been realized. For example, the depreciation of
machine j at site s in year ¢ due to an investment in an earlier year t — r is

1—1
Depreciation, ; , = Zlnvests,j,t_,. - allowance ; , (6.16)
r=0

The tax in year ¢ in country c is

Tax., = taxrate. - (Revenue,, — VariableCosts,.

—FixedCosts.; — Depreciationsc’,) (6.17)
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where each component of the income is obtained by summing up over all activities
within country ¢ in year ¢, including the transfer payments to and from other
countries. The transfer payments can be calculated as the cost of the concerned
service plus a fixed margin (see Papageorgiou et al. 2001; Fleischmann et al. 2006).
If the transfer prices are considered as decision variables, a difficult nonlinear
optimization model is obtained even for the operational level with fixed supply chain
configuration (see Vidal and Goetschalckx 2001; Wilhelm et al. 2005).

International Aspects

The flows in a global network are subject to various regulations of international
trade, in particular duties and local content restrictions. The latter require that
a product must contain a mandatory percentage of value added in the country
where it is sold. Duties are charged on flows between countries. In the case where
component manufacturing and assembly take place in different countries, rules for
duty abatement and refunding may apply. The models of Arntzen et al. (1995) and
of Wilhelm et al. (2005) incorporate these aspects in particular detail.

Labor Cost

Labor cost is often included in the variable production cost. However, the required
working time and work force do not always increase proportionally with the amount
of production, but depend on the shift model in use, for instance 1, 2, or 3 shifts
on 5, 6 or 7 days a week. To select the appropriate shift model, binary variables
ShiftModel,, ; , are introduced indicating which shift model w from a given list w =
1,..., W should be used at site s in year ¢ (see Bihlmaier et al. 2009; Bundschuh
2008). The selection must be unique:

" ShifiModel,,,, = 1V 5.1 (6.18)

w

and compatible with required working time (the left hand side of (6.9)):

Z prodcoefficient,, - Production s ;
PEP

< Y ShiftModel, , - workingtime,, ;¥ 5.t (6.19)

w

where workingtime,, ; is the available time under shift model w at site s. Then, the
labor cost at site s in year 7 is

LaborCost,; = ZShzftModelW’S,t -wages,, (6.20)

w

where wages,,  , is the total of yearly wages at site s in year ¢ under shift model w.
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Inventories
The structural decisions may have significant impact on the inventories in the supply
network. The way to model this impact depends on the type of inventories:

The work in process (WIP) in a production or transportation process is equal to
the flow in this process multiplied by the transit or process flow time. Hence, it is a
linear function of the flow variable. WIP is considered by Arntzen et al. (1995) and
Vidal and Goetschalckx (2001).

Cycle stock is caused by a process running in intermittent batches and is one half
of the average batch size both at the entry and at the exit of the process. It is a linear
function of the flows only if the number of batches per period is fixed.

Seasonal stock is not contained in a strategic network design model with yearly
periods. For smaller periods, it can be registered simply as end of period stock like
in a Master Planning model (see Chap. 8).

Safety stock is influenced by the structural decisions via the flow times and the
number of stock points in the network. This relationship is nonlinear and depends
on many other factors such as the desired service level and the inventory policy.
It should rather be considered outside the network design model in a separate
evaluation step for any solution under consideration. Martel (2005) explicitly
includes safety and cycle stocks in his model.

6.3 Implementation

Network design models as described before yield an optimal solution for the given
data and objective. However, in the strategic supply chain planning process, a single
solution is of little value and may even give a false sense of efficiency. Defining
or determining the “optimal supply chain configuration” is impossible, because a
supply chain configuration has to satisfy multiple objectives, and several of those
objectives cannot even be quantified.

Besides the well-defined financial objective NPVNCEF, other objectives are also
important (see Fig. 6.1): Customer service depends on the strategic global location
decisions. For instance, the establishment of a new production site or distribution
center will tend to improve the customer service in the respective country. But
the increase in customer service and its impact are difficult to quantify. The risk
of high-impact, low-probability catastrophic events such as natural disasters and
the break-down of whole sites or transportation links of the supply network can
hardly be represented in the SP approach discussed above. Furthermore, some future
scenarios might just be unthinkable or completely unknown to the decision maker
such as drastic technological, social or political changes. One way of considering
these challenges in the planning process is to deploy qualitative approaches such
as the Delphi method, brainstorming and discussion rounds. Another approach is to
try to define and measure the supply chain’s ability to react and adapt to unforeseen
events. In recent years, several measures and concepts have been proposed for this
purpose under terms as flexibility, agility, reliability, robustness, responsiveness and
resilience (see the review of Klibi et al. 2010). Finally, criteria such as the political
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stability of a country or the existence of an established and fair legal system are

very important, but not quantifiable. In order to consider unquantifiable as well

as quantitative objectives and constraints simultaneously, we sketch an iterative
strategic planning process in Fig. 6.3 joining ideas of Ratliff and Nulty (1997) and

Di Domenica et al. (2007):

Generate scenarios:  This step uses a model of uncertainty which expresses the
behavior of the uncertain data in the view of the decision maker. It may make
use of all kinds of econometric, statistical and stochastic techniques, such as
multivariate continuous distribution functions, stochastic processes and time
series. Historical data, if available, can be used to estimate and calibrate the
parameters of this model. Then, a discrete set of scenarios and a vector of related
probabilities can be derived which is manageable in the subsequent steps (i.e., in
an SP model) and approximates the model of uncertainty as closely as possible.
Several methods have been devised for this purpose (see Di Domenica et al.
2007).

Generate alternatives:  Solving the (stochastic) optimization problem defined
above for different objectives and using a variety of scenario sets as well as single
scenarios provides various alternative supply chain configurations. Objectives
that are not used in the current optimization can be considered in form of
constraint