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Preface 

In recent years the concept of Supply Chain Management (SCM) has attracted a 
great deal of attention. The idea of lean management, which is aimed at preventing 
waste within companies, is extended to the complete supply network. Most publi
cations on SCM stress marketing, logistics or organizational issues, whereas the 
role of information technology (IT) within SCM is not always accorded the atten
tion it deserves. 

A seamless collaboration of SCM software with Enterprise Resource Planning 
(ERP) systems is mandatory. All main vendors of ERP systems therefore provide 
SCM systems that are similar in many aspects. Because of its leading position in 
the ERP market, the mySAP SCM initiative of SAP and its SCM solutions are es
pecially important in the realization of modem information systems (IS). There
fore this book combines the theoretical reasoning behind business administration, 
management concepts, and SCM-relevant methods of Operations Research with 
descriptions of the procedures and processes implemented in the SAP software 
packages Rl3 and APO (Advanced Planner and Optimizer). The book focuses on 
intra- and inter-company order management systems. We outline the actual dis
cussions on the state of the art support provided by IT systems for the various 
business functions and discuss the interfaces and the cooperative solutions be
tween these different functions from a process viewpoint. 

The English version of this book was finished in May 2001. The book refers to 
SAP Rl3 Release 4.6 and to SAP APO Release 3.0. It has been substantially en
larged and updated compared with the German edition, which appeared in early 
2000. In particular, in the discussion of the concepts of logistics management we 
draw more intensively on the American literature and cases. 

In an area that is developing as quickly and in as many ways as SCM a book is not 
an appropriate medium for a detailed description of the most recent status. There
fore, we consider the aspects of IS development and integration at a fair level of 
abstraction, being convinced that interested readers will be able to find more de
tailed information for themselves, for example in white papers, presentation slides 
and vendors' manuals. A great deal of detailed information can also be obtained 
from the web presentations of vendors, consultancies, and universities. A sum
mary of the most important SCM-related web-sites can be found in the final chap-
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ter of this book. With respect to the international readership of this book, all dates 
are given according to the ISO 8601 standard, i.e. in the YYYY-MM-DD notation. 

This book appears in the series "SAP Excellence" in which additionally the fol
lowing titles are available: 
• Appelrath, Hans-Jiirgen; Ritter, Jorg: SAP Rl3 Implementation: Methods and 

Tools 
• Becker, Jorg; Uhr, Wolfgang; Vering, Oliver: Retail Information Systems 

Based on SAP Products 
• Buxmann, Peter; Konig, Wolfgang: Inter-organiziational Cooperation with 

SAP Systems - Perspectives on Logistics and Service Management 

The books in this series are unique, partly because they have been written in close 
cooperation with experts at SAP. The authors thus had the privilege of taking part 
in frequent discussions giving them access to information not usually available to 
writers who are not employed by SAP. On the other hand, our position in the sci
entific community allows us to provide independent views on the various issues. 
Special thanks for support in the work of compilation go to Dagmar Fischer-Neeb, 
Anja Kutscher and to Christian Baeck, Dr. Heinrich Braun, Albrecht Diener, Dr. 
Georg Doll, Ulrich Eisert, Claus Griinewald, Prof Dr. Claus Heinrich, Dr. Martin 
Kuhn, Claudius Link, Bernhard Lokowandt, Claus Neugebauer, Andreas Pfaden
hauer, Jorg Rosbach, Ralph Schneider, Martin Wallner, Andreas Wojtyczka, and 
Wilhelm Zwerger. Our main contact at SAP was Martin Edelmann, to whom we 
are indebted for all the know-how he has shared with us and for his helpful sug
gestions. SAP staff members were always accessible for (sometimes critical) dis
cussions. Many thanks also go to the managers of four companies who provided 
help and support in formulating the case studies (cf section 5): Dave Agey of 
Colgate-Palmolive, Alfred Haas and Michael Mader of fischerwerke, Volker 
Heilmann and Manfred KrUll of the Salzgitter Group, and Johann Thalbauer and 
Dr. Klaus Godzik of Wacker Siltronic. 

Several members of our own staff have been closely involved in various aspects of 
the work on this book; their enthusiasm and support is highly appreciated. In parti
cular, Monika Bartholdi, Andreas Billmeyer, Dr. Heide Briicher, Gerald Butter
wegge, Marc Carena, Irina Depperschmidt, Rainer Endl, Jorg-Michael Friedrich, 
Manuel Haag, Alexandra Heeb, Marc Heissenbiittel, Mihael Hohl, Martin Hollaus, 
Oliver Klaus, Diego Liechti, Dr. Marco Meier, Dr. Martin Meyer, Marc-Andre 
Mittermayer, Corinne Montadon, Dr. Thomas Myrach, Marcel Pfahrer, Michael 
Rothlin, Waltraud Ruck, Marius Stadtherr, Reimer Studt, Dr. Momme Stiirken, 
Ulf J. Timm, and Konrad Walser each deserve special mention for their support in 
compilation of the German and/or the English edition. Valuable hints were given 
by Prof. Dr. Georg Disterer, of the University of Applied Sciences in Hanover. 
Many improvements to our "Germenglish" formulations were suggested by Janet 
Dodsworth. Many thanks go to them, and indeed to all other persons who gave us 
suggestions and ideas derived from both theoretical and practical points of view. 



Preface VII 

Our main hope is that the book will benefit various reader communities in stimu
lating the development of competitive organizational processes and IS. It is direct
ed at managers responsible for IS or for logistics groups and provides an overview 
of the recent developments in the intra- and inter-company issues relating to mate
rials, information, and financial flows. We have used the material of this book in 
our lectures and seminars at the Universities of Bern, Erlangen-Nuremberg, and 
the SCM Executive program at the University of California at Los Angeles; we 
also found it highly suitable for practically oriented courses on the design of 
information systems. 

Bern and Nuremberg, 
June 30, 2001 Gerhard Kn01mayer Peter Mertens Alexander Zeier 
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"The Supply Chain is, in fact, a gold mine 
for improving operations and profitability." 
(Hicks 1997, p. 29) 

1 Fundamentals of Supply Chain Management 

In conjunction with extensive reorganizations of business structures and processes, 
the concept of "Supply Chain Management" (SCM) is rapidly gaining importance. 
Many companies (with different degrees of success) have realized so-called reen
gineering projects. They have changed structures and processes, and also reduced 
the degree of vertical integration, obtaining ever more products and services from 
external suppliers. With concepts such as virtual companies, extended enterprises, 
strategic alliances, and company networks, the legal and business limits of compa
nies become blurred. Consequently, the coordination of business processes beyond 
the elementary organization units gains particularly in importance. Whereas "lean 
management" tries to counter various forms of waste within a company, SCM 
aims at avoiding this all along the value chain. This means there are close connec
tions between SCM and lean management (cf. TaylorlBrunt 2001). 

1.1 Order Management, Logistics, and Supply Chain Manage
ment 

Logistics is usually defined to be the planning and control of material and infor
mation flows. Logistical considerations are typically based on the perspective of a 
single company; this can be seen by the differentiation still widely made between 
procurement, production, distribution, and disposal logistics (cf. Pfohl 2000, pp. 
17). "Order management" is the main topic of this book, and we concentrate parti
cularly on planning, scheduling, controlling, and monitoring this process. 

The more companies are involved in producing services and products, the better 
they can concentrate on their core competencies. This, however, also increases the 
number of interfaces between them. Consequently, overall planning, scheduling, 
controlling, and monitoring activities of inter-company processes gain importance. 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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In the following, we differentiate between intra- and inter-company forms of Sup
ply Chains (SC). 

Four main uses of the term "Supply Chain Management" can be distinguished 
(Harland 1996, p. S64): Managing 

• the internal SC, which integrates business functions involved in the flow of 
materials and information from the inbound to the outbound end of a busi
ness, 

• dyadic, i.e., two-party relationships with direct partnerships, 
• a chain of businesses including 

- a supplier, a supplier's supplier, and so on, and/or 
- a customer, a customer's customer, and so on, and 

• a network of interconnected businesses involved in the ultimate provision of 
product and service packages required by end customers. 

In three of the four definitions above the SCM concept goes beyond the single 
company's consideration of its material and information flows: "The integration of 
all key business processes across the supply chain is what we are calling supply 
chain management" (Cooper et al. 1997). 

SCM focuses as well on operational as on strategic aspects, whereas logistics con
centrates on operative issues (cf. OliverlWebber 1982; Ross 1999, pp. 2). Differ
ences between SCM and logistics are also emphasized in Cooper et al. (1997). In 
probably the first publication to use the term "supply chain management", Oliver 
and Webber (1982) argue that SCM differs significantly from traditional forms of 
materials and manufacturing control in four respects: 

1. The SC should be viewed as a single entity rather than relegating fragmented 
responsibility for various segments in the SC to functional areas 

2. SCM stresses the need for strategic decision making 
3. SCM provides a different perspective on inventories, which are used as the 

balancing mechanism oflast, not first, resort 
4. SCM requires a new approach to IS based on integration instead of interfaces. 

In 1998, the Council of Logistics Management modified its definition of logistics 
to emphasize that logistics is a subset of SCM. The revised definition is: "Logis
tics is that part of the SC process that plans, implements, and controls the efficient, 
effective flow and storage of goods, services, and related information from the 
point-of-origin to the point-of-consumption in order to meet customers' require
ments." 

SCM is concerned with integrating and managing key processes along the SC. 
However, managing all resulting process links is likely not to be appropriate; 
therefore, one can distinguish between 
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• monitored and managed process links, 
• monitored but unmanaged process links, and 
• process links that are neither monitored nor managed (cf. Lambert et al. 

1998). 

There are many other, slightly different definitions of SCM (cf. Cooper et al. 
1997; Croom et al. 2000, pp. 68; Kotzab/Otto 2000). 

Strategic alliances, networks, and also SC cooperation appear to be attractive op
tions for business governance if the main dimensions in transaction cost theory, 
namely asset specificity, uncertainty, and frequency show intermediate values. 
This has been termed the "move to the middle" hypothesis (Clemons et al. 1993). 

SCM is aimed at intensive cooperation between companies to improve all intra
and inter-company material, information, and financial flows. Figure 1.1 shows 
the typical directions of flows; however, in the case of return shipments or refunds 
different flow directions result. 

Figure 1.1: Material, infonnation, and financial flows as core elements of the SCM 

From a certain position in the SC it is possible to look to the "upstream side" (re
ferring to suppliers) or the "downstream side" (referring to customers). Thus, not 
only the supply side, but also the demand side are subject to SCM. Depending on 
the "distance" from the company considered, tier 1, tier 2, up to "tier n" suppliers 
are distinguished (Committee on Supply Chain Integration 2000, p. 23). Further
more, the term "chain", on which SCM is based, gives an incorrect view of the re
alities of business. The idea of a "Supply Network", a "Supply Web", a "Value 
Net" or a logistics network (cf. Harland 1996; BovetlMartha 2000) would be more 
appropriate because a company typically belongs to several SC (c£ Figure 1.2). 
However, in this book we use the conventional terminology. 

Sometimes a distinction is made between primary SC and support SC: Production 
materials, parts, components, subassemblies, and finished products flow in the pri
mary chains of a manufacturer; inward flows of consumables or MRO (mainte-
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nance, repair, operating) items, of capital plant and equipment are viewed as sup
port chains. The latter do not involve outward logistics (Saunders 1997, pp. 151). 

A wide range of coordination problems can arise if a company belongs to several 
Sc. However, owing to the close cooperation and the associated duties and organi
zational measures involved, not all business relationships with other companies 
can meet the high demands of this organizational model. As when Just-in-Time 
(JiT) relationships are being built up, the partners of whom such close cooperation 
will be expected must be chosen with the utmost care. 

To reach the goal of customer satisfaction, the SC should function without boun
daries; the result is called "Supply Chain Synthesis" and defined as a holistic, con
tinuous improvement process of ensuring customer satisfaction from the raw ma
terial provider to the final, finished-product customer (Tompkins 2000, p. 2). 
However, this idea is not really new; as long ago as 1985, Houlihan formulated it 
as " ... integration, not simply interface, is the key." 

Multiple Production 
Operations within a 

Business 

Figure 1.2: S pply Chain as part of a supply network 
(based on earlier material from the Supply Chain Council) 

Figure 1.3 shows the importance of IS for the support of business processes. Every 
element in the value chain needs and generates information. Consequently, IS are 
important for coordination of the divisions and companies cooperating in SC; they 
are crucial in bridging the traditional boundaries between the members of the 
chain. 

We can assign systems that support SCM (similar to the integrated IS of an manu
facturing company) to different levels (Figure 1.3, based on Mertens 2000, pp. 4): 
The lowest level lists those function areas that we regard as elements of the intra-
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company value chains when structuring Chapter 2. To meet the tasks arising in 
these areas, the employees make use of administration and planning systems. Such 
systems are also known as Enterprise Resource Planning (ERP), operative, or exe
cution systems. SAP Rl3 is worldwide market leader in this type of system. 

The middle level contains planning, scheduling, and monitoring functions that 
have been implemented, e.g., by SAP in its Advanced Planner and Optimizer 
(APO) system. These applications have the following characteristics (based on the 
components of this system and the mySAP SCM initiative described in more de
tail in Chapter 3): 

• The Supply Chain Cockpit (SCC; cf. section 3.1.1) 
• Collaborative Planning, Forecasting, and Replenishment (CPFR; cf. section 

3.1.2) and the Collaboration Engine 
• Demand Planning (DP; cf. section 3.1.2) 
• Supply Network Planning (SNP; cf. section 3.1.3) 
• Production Planning and Detailed Scheduling (PP/DS; cf. section 3.1 .3) 
• The Available-to-Promise (ATP)-function (cf. section 3.1.5) 
• The Logistics Execution System (LES ; cf. section 3.3) 
• The Alert Monitor (cf. section 3.1.1). 

Figure 1.3: Value chain and its support with planning, scheduling, and monitoring systems 

The top level of the pyramid contains the Supply Network Design (SND), the stra
tegic planning of partnerships in the SC (cf. section 3.1.1). 
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SCM affects almost all activities of a company. Table 1.1 provides an overview of 
the tasks that can be assigned to SCM. From our point of view, SCM concentrates 
on the form of the cooperation between organizations or organizational units and 
the associated interfaces. In view of the wide range of these topics, this book focu
ses on one main part of the subject, namely, IS that may be used to realize SCM 
concepts. 

Table 1.1: Main tasks of Supply Chain Management 

Orientation Strategic Operative 
Internal focus • Strategies for product • Internal quality assurance 

and process development • Intra-plant transport 

• Strategies for providing • Intra-plant storage 
products and services • Determination of ordering 

• Make or buy decisions quantities and lot sizes 
• Quality management • Optimization of schedules 

and sequences 

• Intra-plant IS for planning 
and controlling of order 
management 

External focus • Development of an • Internet appearance 
SCM mission • Research about procure-

• Procurement and market- ment and sales markets 
ing strategies • Evaluation and selection 

• Supplier and customer of suppliers 
management • Sales forecasts 

• Distribution strategy • Control of the sales force 

• Recycling strategy 

• Definition of an SCM 
controlling and bench-
marking system 

Dual focus- • Supplier and customer • Managing the organiza-
Pooling of structure policies tional and system inter-
interests • Coordination of SCM faces 

strategies with business • Definition of communica-
partners tion relationships with 

• Legal basis for SCM business partners, paying 
partnerships special attention to IS 

• Joint pursuit of improved 
business processes 
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1.2 Main Topics in Supply Chain Management 

1.2.1 Principles 

PriceWaterhouseCoopers (1999, pp. 46) formulated ten principles for SCM. They 
provide a good overview of the main goals and methods: 

1. The prime objective for the SC is to maximize the value to customers and 
consumers and to the businesses themselves by providing the required level of 
service at the lowest total cost. 

2. Cost and service optimizing should be undertaken across the integrated SC 
and includes suppliers and customers. 

3. Significant cost in the supply chain is associated with non-value-adding acti
vities and the root causes must be understood and eliminated. 

4. Excessively sophisticated management solutions to SC problems frequently 
add still more cost. 

5. Demand information and service requirements should be shared upstream 
with minimum distortion. 

6. Synchronizing supply and demand is critical to the service and cost objectives 
- both in the medium term, to synchronize capacity with market plans, and in 
the short term, to drive SC activity on the basis of end consumer demand. 

7. Reliable and flexible operations are critical to SC synchronization. 
8. Integrate with suppliers. 
9. SC capacity must be managed strategically; decoupling the supply from de

mand should be immediately downstream of critical capacity constraints and 
before significant product differentiation. 

10. New product development and new product introduction processes are critical 
to the performance of the sc. 

The requirement listed under point 5, i.e., dissemination of information within the 
SC, arises out of the "bullwhip effect" (which is also known as "whiplash" or 
"whipsaw effect"): Relatively small fluctuations in the actual demand among con
sumers are magnified through the logistics chain and cause larger amplifications, 
with consequent negative effects on the planning of the production and logistics 
systems in the earlier stages. "A ripple at one end of the supply chain can trigger a 
tidal wave at the other" (Fine 1998, p. 91). Figure 1.4 shows the high variance of 
the resulting order quantities. Sometimes it is assumed that the fluctuations will 
double in each echelon of the SC (Mason-Jones/Towill2000). 

Four major causes and contributing factors of the bullwhip effect have been identi
fied (Lee et al. 1997 a; Lee et al. 1997b): 
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1. Demand forecast updating 
• No visibility of end demand 
• Multiple forecasts 
• Long lead-time 

2. Order batching 
• High order costs 
• Full truckload economics 
• Random or correlated ordering 

3. Price fluctuation 
• High-low pricing 
• Delivery and purchase not synchronized 

4. Rationing and shortage game 
• Proportional rationing scheme 
• Ignorance of supply conditions 
• Unrestricted orders and free return policy. 

Sales to 
consumers 

wholesaler 

to producer 

Orders after coordination in 
the Supply Chain 

I b,~",,:: I 
/ / 

Figure 1.4: Bullwhip effect 

Proposals for reducing the bullwhip effect are (Lee et al. 1997a; Lee et al. 1997b; 
Dornier et al. 1998, p. 223): 

• Access to POS data 
• Single control of replenishment 
• Reduction of lead-times and liT supply 
• Vendor-Managed Inventory (VMI) 
• Electronic Data Interchange (EDI) and Computer Assisted Ordering 
• Discount on assorted truckload, consolidation by 3rd party logistics 
• Regular delivery appointments 
• Reduction of frequency and magnitude of special trade deals and sales promo-

tions 
• Everyday low prices 
• Special purchase contracts 
• Allocation of short products based on past sales 
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• Shared capacity and supply information 
• Limitation of flexibility over time, capacity reservation 
• Penalties on order cancellations. 

Customers can contribute to reducing the order volatility for their suppliers by 
choosing an appropriate forecasting method. Companies that use smoother fore
casting policies impose less of their own volatility on their supply base. Forecast
ing methods and order policies that respond only to local costs rather than SC
wide costs may be myopic: In the future the company may have to rely on suppli
ers that have been weakened by earlier, highly volatile ordering policies (Ander
son et al. 2000). The widely recommended JiT policies may be harmful from an 
SCM perspective: In certain conditions the inventory held at a distribution center 
may have a stabilizing effect and contribute to a reduction of the bullwhip effect 
(BaganhaJCoher 1998); reducing inventory and lead-times in one echelon of the 
SC may not always improve performance but could result in chaos (Wilding 
1998). 

The bullwhip effect has become well-known since studies conducted within the 
Procter & Gamble group (cf. Camm et al. 1997). However, similar "rollercoaster" 
effects were described much earlier, when the industrial dynamics methods that 
are based on information feedback control loops were elaborated (Forrester 1958; 
Forrester 1961). In this context, Forrester (1958, p. 47) mentioned that one way to 
improve factory production stability is to have reliable retail sales information on 
which factory production schedules can be based. For this reason, the term "For
rester effect" is sometimes used instead of "bullwhip effect" (Harland 1996), and 
the Forrester model serves as a benchmark in validating simulation models for 
SCM (Towill et al. 1992). As early as in 1968, Holt et al. described situations in 
the TV set industry in which fluctuations in orders tended to increase with pro
gressive movement upstream in the SC, and Houlihan (1985) pointed out the con
nection between this "amplification effect" and SCM. 

In the popular "beer distribution game" the behavior of an SC, consisting of the 
elements factory, distributor, wholesaler, and retailer, is studied experimentally. 
Most participants attribute the cause of the frustrating dynamics they experience to 
external events. Many of them are quite surprised when the actual pattern of custo
mer orders is revealed; few can imagine that their own decisions are the cause of 
the, behavior they have experienced. When asked how they could improve their 
performance, many call for better forecasts of customer demand that are unknown 
to the first three elements of the SC (Sterman 1989, pp. 335). 

Mathematical analyses indicate that a downstream error is more harmful than an 
upstream one and that shifting information lead-times from downstream to up
stream is beneficial (Chen 1999). 

In general, the major cause of the bullwhip effect seems to be a lack of "system 
thinking" by management. Simulation studies show that the main gains afforded 
by time compression in the transference of consumer sales data are better order 
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control and reduced stock levels. Reduced distortion and delay of market data 
through the SC limit the effects of uncertainty resulting from the magnification of 
orders upstream (Mason-Jones/Towill 1997). 

Discovering the bullwhip effect does not automatically solve the problem. The ef
fect can only be avoided if well-established business behavior is altered. Better co
ordination between companies is typically accomplished by "soft" means such as 
training as well as by investments in IS. Both of these are expensive, and the ex
penses must be justified by the benefits in terms of avoiding the unpleasant effect 
(Metters 1997, p. 99). Simulation models allow experiments with different poli
cies aimed at reducing the bullwhip effect in an SC (cf., e.g., Cachon/Fisher 2000; 
Carlsson/Ful1er 200 I). 

1.2.2 Tasks and Competencies 

The cooperation in the SC generally affects several areas; examples are coordina
tion of procurement and transport strategies, allocation of warehouses along the 
SC, cooperation with suppliers and customers in the planning process, joint strate
gies for the outsourcing of functions, and determination of delivery dates with res
pect to material and capacity availability. Expensive specialized knowledge should 
be present at only one site within an SC and not in several companies. 

The decision between producing in-house and/or buying from an external supplier 
of products ("make or buy") is often made after consideration of just the short
term effects on costs or cash flows. From this perspective, purchasing from an ex
ternal supplier appears to be a means of overcoming short-term bottlenecks by so
cal1ed premium capacity. For this reason, in addition to the traditional cost and fi
nancial accounting methods, a bottleneck-oriented evaluation and thus a charging 
of opportunity costs also become relevant. Various decision methods are available 
to support outsourcing decisions (Mertens/Knolmayer 1998, pp. 21). Many (par
ticularly medium-sized) companies retain third parties to operate their ERP appli
cations. In future, the use of third-party-operated ERP and SCM software over the 
Internet will increase in importance ("Application Service Providing"; ASP; cf. 
SCN Education 2000). 

One form the cooperation in a logistics chain can take is for two or more compa
nies to make some of their information available to each other. Mutual access to 
existing IS or implementation of new systems with a common structure for joint 
use may be established. This requires joint activities of the companies cooperating 
in the SC. These activities may be organized as legally independent organizations 
(e.g., by transferring some or all IS of the SC to them). Specialized outsourcing 
service providers may also undertake these tasks. 

Among other things, Business Information Warehouses (BW) are used in large en
terprises to link IS that evolved in time and are difficult to integrate. SC warehous
es can be used even for heterogeneous system architectures in the individual ele-
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ments of the SC for quick realization of a comprehensive information exchange. 
In such warehouses, the operative data of the individual partners are saved as ex
tracts and/or in compressed form. The datasets present in ERP applications should 
be processed and transferred appropriately for this purpose. The agreement of the 
companies cooperating in the SC must cover a common data model, a joint termi
nology (semiotics), the transformation rules from the operative systems, and the 
deletion of obsolete data. 

Whereas the use of third parties for operative services (e.g., in the areas of adver
tising, legal and tax advice, or recruitment) has long been practiced, a tendency 
has appeared in recent years to outsource tasks that had traditionally been consid
ered to be strategic and were thus thought to be less suitable for outsourcing. 
These include, for example, development work, which, because of the advantages 
that medium-sized companies may have in innovation capability compared with 
large enterprises, is increasingly outsourced to external specialists. Another option 
is a cooperation with SC partners during product development (cf. section 2.1.1). 
SC brokers can coordinate services along (sub )chains. Recently there have been 
discussions on outsourcing not only of individual tasks, but also of comprehensive 
subsystems of the value chain to third parties. 

SCM changes the competitive situation from competition between individual com
panies to one between different chains of companies. Widely accepted recommen
dations of strategy consultants suggest concentrating on core competencies. All 
other tasks can be better performed by third parties, and these are at least candi
dates for partial or complete outsourcing. SCM raises the question of the organiza
tional unit to which the core competencies should be assigned: 

• Core competencies within the considered enterprise 
• Core competencies of the SC (outsourcing from the enterprise considered to 

partner enterprises in the SC) 
• External competency (outsourcing to enterprises that are not integrated in the 

SC). 

It must be decided by the management of each company whether core competen
cies that partially overlap within the SC should be abolished. This policy can 
cause problems, particularly if the SC becomes unstable. 

1.2.3 Interfaces and Complexity 

Division of labor is a phenomenon central to developed societies and economic 
systems. However, the acceptance of this concept from the macroeconomic per
spective should not distract us from the knowledge that from a business viewpoint 
there are different ideas about the optimal degree of the division of labor. On the 
one hand, division of labor means that the individual tasks can be performed more 
economically. On the other hand, organizational and system interfaces (cf. Figure 
1.5) that interrupt the material, information, and financial flows cause coordina-
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tion costs between various functions, companies within a group, and legally inde
pendent enterprises. Interfaces are a potential source of inefficiency and waste of 
resources; they require agreements, interrupt information flows, thwart overall 
planning, cause delays and lack of transparency, and result in transaction costs 
(Horvath 1991). 

Processes within the individual function areas no longer represent the decisive ra
tionalization potential, but rather the interfaces between the business functions and 
especially between business partners. Recent developments in information and 
communication technology provide a potential for bridging these gaps more eco
nomically. 

Activ ity Activity Activity 

Figure 1.5: Division oflabor and interfaces in business processes 

In contrast to the recommendations for reduction of specialization and thus of the 
number of intra-company interfaces, a division of labor over company boundaries 
implies basing services on the group's own core competences. Consideration of 
the total number of work steps needed to make a product reveals a tendency to re
duce the number of interfaces within the organization and, at the same time, to in
crease the number of external interfaces. This may result in fewer interfaces, but 
these are typically more difficult to master (cf. Figure 1.6). 

One possible explanation for these divergent approaches to interfaces is that IS 
have long been used within companies to improve information exchange between 
different functions. In contrast, the data exchange between companies is usually 
restricted to the transfer of routine data; management information is seldom ex
changed. Consequently, a simultaneous reduction in the number of interfaces that 
exist within companies and an increase in the number of interfaces to be handled 
between companies can be desirable if more intensive use of the information tech
nology (IT) potentials for cross-company cooperation is aspired to. Precisely this 
is one of the important goals of SCM. 

/ OUcsou(ced activities 

/ 

Figure 1.6: Internal and external interfaces for partial outsourcing of tasks 

In many enterprises, user department employees are responsible for specific appli
cations. These often exchange information with several other applications or sys
tems. The persons responsible for such interfaces are usually not named explicitly. 
For instance, if two systems that exchange data with each other are maintained in 
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parallel, care must be taken to ensure that the interfaces remain functional. Fur
thermore, some middleware concepts assign not only technical but also business 
functions to the interfaces. Consequently, the areas of responsibility for their de
velopment and maintenance should be clearly defined and documented. 

EDl, ERP systems, and SCM software are forcing companies to adopt common 
practices, e.g., for handling of bills of materials (80M), shipping, invoicing, and 
accounting. As logistic transactions become more and more standardized, ex
change of information and measurement of performance across the SC will be
come easier (cf. Keebler et al. 1999, p. 223). 

In the SAP environment, the wide range of bilateral interfaces will presumably be 
narrowed by using the Internet in conjunction with the "Business Framework" 
concept (Figure 1.7). With the Business Framework Architecture SAP defines a 
conceptual and technical frame in which independent, conjigurable software com
ponents can be embedded and within which they can communicate with each oth
er. Major components include standardized programming interfaces, the Business 
Application Programming Interfaces (BAPIs; cf Moser 1999). This interface tech
nology permits simple access to the business functions of the Rl3 System. Exam
ples for BAPIs are the creation or change of a customer order or the availability 
check for specific products at the warehouse of a certain supplier. The compo
nents also enable functions of the RI3 System to be made available over the Inter
net (cf BuxmannlK6nig 2000, pp. 84). 

Traditional approach 

Traditional communication 
(direct talk, phone, fax , ... J 

Contact through specialized 
interfaces 

Figure 1.7 : New form of business processes and interfaces through the use of the SAP Busi-
ness Framework and of the Internet (cf. BussiekiStotz 1999) 

Globalization may add complexities and uncertainties to SC by 

• explosive dimensions of product variety, 
• substantial geographic distances, 
• additional forecasting difficulties and inaccuracies, 
• exchange rates and other macroeconomic uncertainties, and 
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• infrastructural inadequacies 
insufficient worker skill 
missing supplier quality 
lack oflocal process equipment and technologies 
inadequacies in transportation and telecommunications infrastructure 
(cf. Domier et al. 1998, pp. 224). 

One of the main goals of SCM is improved mastery of the complexity of intra
and inter-company cooperation (cf. Barratt et al. 1998; New 1998). This can be a
chieved by implementing comprehensive planning and control systems and/or by 
reducing the complexity of the real system (cf. Figure l.8). Sometimes it is argued 
that the evolution of IS has created additional complexity in real systems (Wilding 
1998; Femandez-Rafiada 1999, pp. 167). Reduction of the complexity in the coop
eration both within and beyond company boundaries is an important goal of SCM. 
It is not rationalization at the expense of other SCM companies that is aspired to, 
but rather win-win situations for the cooperating enterprises. 

Mastering complexity by 
complex IS 

• • 
Simplified IS 

Slmpllfled ..,.lIty 

Figure 1.8: Possible ways of mastering complexity 

Reduction of the complexity of real systems, as emphasized by Burbidge (1962) 
since the early 1960s, is a major idea in reengineering an SC. Thus, main concepts 
of SCM were stimulated by the work done on system dynamics by Jay Forrester 
and on complexity reduction by Jack Burbidge; this led to the artificial catchword 
FORRIDGE (cf. Towill 1994; Towill 1997). Table 1.2 summarizes the means of 
complexity management that are relevant to reorganizing SC processes. 
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Table 1.2: Starting points for reducing complexity by SCM 
(Hughes et al. 1998, p. Ill) 

Harmonize: Harness the Challenge Low 
Standardize: Rationalize Electronic Supplv Chain Added Value Work 

• Brand rationalization • On-line trading • Outsourcing non-

• Stock keeping unit re- • Computer connectivity core work 
duction • Electronic Data Inter- • Use preferred sup-

• Integrated specifications change (EDI) pliers 
and systems platforms • Transaction processing • Supplier planning 

• Process design centers • Certification pro-

• Close supplier involve- • On-line catalogs grams 
ment • Self-directed purchasing • Supplier self-moni-

• Supplier reduction and • Electronic funds trans- toring 
rationalization fer • Develop material 

• Integrated design from • Intemets and intranets scheduling 
R&D onwards • Efficient Consumer Re- • Vendor Managed 

sponse (ECR) Inventory (VMI) 

• Adopt purchasing 
cards 
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Twelve "Requirements of Success" have been formulated for achieving simplified 
manufacturing processes (Tompkins 2000, p. 236): 

1. Simplified product design 
2. Reduced lead-time 
3. Reduced production lot sizes 
4. Reduced uncertainty 
5. Balanced, focused departments and factories 
6. Straightforward and transparent production and inventory control systems 
7. Reduced inventories 
8. Increased adaptability 
9. Increased quality 
10. Reduced down-times 
II. Continuous-flow manufacturing 
12. Upgraded tracking and control systems. 

It is suggested that the SC be simplified wherever possible. Such a redesign may 
be supported by modeling existing and proposed SC architectures and by using 
dynamic simulation to evaluate alternative options (cf. Towill et al. 1992). In this 
context, the following 12 rules or recommendations for simplifying material flow 
have been formulated (cf. Towill 1999): 
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1. Only make products which can be quickly dispatched and invoiced to custom
ers 

2. Only make in one period those components that are needed for assembly in 
the next period 

3. Minimize the material throughput time, i.e., compress all lead-times 
4. Use the shortest planning period, i.e., the smallest run quantity which can be 

managed efficiently 
5. Only take deliveries from suppliers in small batches as and when needed for 

processing or assembly 
6. Synchronize "time buckets" throughout the SC 
7. Form clusters of products and design processes appropriate to each value 

stream 
8. Eliminate process uncertainties wherever possible 
9. Understand, document, simplify, and only then optimize the SC 
10. Streamline and make highly visible all information flows 
11. Use only proven simple but robust decision support systems 
12. The business process target is the seamless SC, i.e., all elements of the chain 

have to think and act as one organization. 

1.2.4 Cooperation 

In addition to the topics handled in logistics, SCM is concerned with the condi
tions that permit enterprises to achieve a long-term, stable, and economically suc
cessful cooperation. Significant for establishing a successful SC is a trusting coo
peration between the managers and the staff of the various organizations. Trust is 
primarily person related and thus dependent on competence, experience, and per
sonal behavior of the staff members. In addition to personal relationships, it is im
portant for the functioning of SC that the organizations also build up trust in each 
other and team up in their daily activities. For example, it has been suggested that 
SCM partners should publish a joint newsletter (Underhill 1996, p. 259) and thus 
make their cooperation visible to the markets and to the public. Another recom
mendation is that customer and supplier round tables be held to provide an oppor
tunity of sharing ideas interactively, querying existing beliefs, and helping new 
opinions to emerge (Tompkins 2000, p. 212). 

Lack of trust is considered to be a major reason why the implementation of SCM 
concepts in practice is still lagging significantly behind the proposals developed in 
theory and recommended by consultants (Monczka et al. 1998, p. 85). The follow
ing factors should be considered when a relationship of trust is to be built up (Sie
mieniuchlSinclair 2000, pp. 263): 

• Identification of common goals and policies 
• Transparency about problems and ways of working 
• Willingness to share benefits 
• Common understanding of terms and their usage 
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• Respect for confidentiality 
• Efficient execution of promises 
• Personal relationships, built over time 
• Recognition of a "favor bank" with credits assigned to persons who have bent 

the rules to resolve a severe problem. 

From another perspective, the basic ingredients for successful logistical alliances 
are described as follows (Daugherty 1994, p. 763): 

• Thorough assessment of principal strengths 
• Consistency of values 
• Clear understanding of objectives 
• Agreement on measurement standards 
• Long-term focus 
• Commitment at multiple levels 
• Working relationship at interface level 
• Limited number of relationships 
• Elimination of "quid pro quo"-mentality 
• Negotiated prices - not bid and subject to change. 

SC relationships should have a long-term perspective. If the members of an SC 
work together only for a short time, the investments made in building it up cannot 
provide an adequate return. Should individual members leave the SC, not only 
they, but also the remaining members of the SC can incur high switching costs. 

Problems may result from providing misinformation within the SC (cf. Ca
chon/Lariviere 2001) to obtain an individual advantage or from the misuse of in
formation obtained confidentially. The "business partners" may use information 
they receive to achieve competitive advantages over the companies that have pro
vided data in good faith. For example, knowledge about high inventory levels of a 
supplier may result in demands for price reductions. It is usual to agree that only a 
selected group of employees of an SC partner has access to such data and has to 
treat them confidentially. There is also the problem of ensuring that third parties 
cannot access sensitive data. 

In business processes that have evolved over time, information flow is often frag
mented because it is the result of successive implementations of applications de
signed for stand-alone use (cf. JoneslRiley 1985). In reorganization projects this 
information flow is often designed with fewer interruptions. In addition, process 
analyses can make it possible to avoid certain functions or to reassign the work 
steps to different elements in the SC. A typical example involves the quality con
trol traditionally performed by both the supplying and the purchasing company. A 
close cooperation in the SC can allow the purchasing company to cease making 
these tests in certain circumstances. Different forms of payment are also possible 
in which the supplier can initiate the transfer of financial assets; an example of this 
is the "Cash in Time" system implemented by ABB. Such cases emphasize that 
the realization of SCM concepts may change the internal business processes (cf. 
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Blackwell 1997, pp. 125), lead to the definition of new business rules, and reduce 
bank transaction charges, but may also lead to new organizational units responsi
ble for solving disputes between members of the group or the Sc. 

Whereas EDI-transferred data satisfy the information requirements of the partners 
only partially, access to some parts of a partner's IS can provide relevant informa
tion early, e.g., for forecasts, inventory leveling, use of resources, order tracking 
or shipping status (cf. Figure 1.9). 

Supplier 

Supplier 

Orders 
viaEOI 

Producer 

Orders 
.",EOI 

For.ast. 

Customer 

Figure 1.9: Extension of the information exchange in SCM 

A questionnaire responded to by large American enterprises indicates that signifi
cantly more data are made available to the business partners now than a few years 
ago (Table 1.3). 

Table 1.3: Percentage of large US companies that make specific types of data 
available to their business partners (PriceWaterhouseCoopers 1999, p. 34) 

Type of data made available 1998 Forecast 2001 
Inventory and capacity 50% 75% 
Demand history and forecasts 30% 72% 
Order status 30% 66% 
Project design and specifications 34% 54% 
Financial information 3% 20% 

In addition to information exchange, cooperation within the SC must lead to coor
dinated and concerted decisions. The SC aims at providing a global optimum solu
tion; consequently, SCM is a concept that requires (logical) centralization (cf. 
Christopher 1998, p. 258). Because the achievement of the global optimum does 
not necessarily lead to an individual optimum for each member of the SC, a com
pany following the SC goals can find itself in a worse situation than one that 
would result from realizing its optimal solution outside the SC. For example, an 
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agreement in the SC requires that a company must accept a suboptimal supply 
rhythm and thus increased inventory levels, because it is subject to delivery and 
route planning that gives preference to the interests of other companies. In some 
situations the SC will have to compensate the disadvantages to cooperation part
ners that have to accept discrimination of this kind. This results in an accounting 
problem similar to that encountered in settling the costs of coupled products. 

In an SC, the companies may use different Material Management Systems (Base 
Stock Control, MRP, Line Requirements Planning, Distribution Requirements 
Planning). One goal of the SC is to create networked inventory management sys
tems (NIMIS). A group of NIMIS should perform like one integrated system for 
inventory management across the networked companies (Verwijmeren et al. 
1996). 

Because of the simpler form, cooperation in an SC often begins between different 
plants and subsidiaries within a group. The provision of information previously 
available only in decentralized units results in an advantage to the partners in the 
chain and thus for the whole group. It must also be decided within the group how 
to compensate individual areas of responsibility for the effects that result from tak
ing an overall perspective. Thus, the implementation of a group-internal SCM can 
change the level of the settlement prices or even the system for determining them. 

1.2.5 Types of Supply Chain Management 

SCM concepts can be relevant at various organizational levels: 

1. SCM between different plants of an enterprise or between different 
companies within a group 

The organization of logistics in decentralized enterprises deserves special attention 
because, from the group viewpoint, much information (e.g., on eliminating used 
assets or on inventory levels) is often only locally available and this often results 
in unsatisfactory decisions. In particular, the use of stocks available at affiliated 
companies or subsidiaries is impossible when inventory information cannot be ex
changed in real-time. Consequently, some companies have started to centralize 
such information at least in the logical layer of data modeling. Without such a cen
tralization strategy complicated issues of designing incentives schemes in the SC 
arise (Lee/Whang 1999). 

Figure 1.10 shows how the intra-company workflow is embedded in a comprehen
sive inter-company SC. 
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2. SCM between two companies in neighboring positions of the value chain 

The coordination in an SC can be based on bilateral agreements between neigh
boring companies in the chain. These organizations have internal IS to support 
their internal processes. Often these systems also communicate beyond enterprise 
boundaries to a limited extent. This means that there are many bilateral agree
ments, industry standards, and also inter-industry standards, e.g., for the exchange 
of order-related data via EDI or of design data. The aim of an automated data 
interchange is to avoid entering data more than once and to process digitally avail
able data further in other units or organizations. The problems that arise with the 
exchange of sophisticated data, in particular between heterogeneous IS, should not 
be underestimated. 

Nowadays, the realization of the concept of inter-company data exchange is 
mainly aimed at providing an IS interface between two organizations. The traditio
nal concepts ignore the broader cooperation along the value chain. 

M2 02 

M1 01 

RM Supplier. ALPHA 

Figure 1.10: Intra- and inter-company Supply Chain (Stephens 2000, Slide 24) 

Legend: DI .. Other suppliers; D2 .. Deliver Make-to-order Products; 
MI .. Make-to-stock; M2 .. Make-to-order; PI .. Plan Supply Chain; 
P2 .. Plan Make; P3 .. Plan Source; P4 .. Plan Deliver; RM .. Raw Material; 
S I .. Source Stocked Material; S2 .. Source Make-to Order Products 

3. SCM between more than two companies 

In the long run, a cooperation and, thus, a coordination over several echelons of a 
value chain is more promising than bilateral agreements. In this case, usually one 
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company, the "shaper" of the SC, takes the initiative to motivate the upstream and 
downstream business partners to implement a complete SCM concept. 

The data relevant for the SCM can be collected in a BW and made available (dif
ferentiated according to access rights) to the companies involved in the sc. Such a 
(at least logically) centralized "Supply Chain Information Warehouse" largely de
couples information and material flows. The SC Server becomes a central point of 
the information supply for the companies involved in the Sc. The data supplied by 
the partners can also be augmented with non-SC contents, e.g., from business ser
vices, information brokers, online databases or the Internet. 

1.2.6 Methodology of the Supply Chain Council 

The Supply Chain Council [http://www.supply-chain.org/] has been in existence 
since June 1997 and had about 800 members in spring 2001. The council illustra
tes the SC with Figure 1.11 , in which, according to the Supply Chain Operations 
Reference (SCOR) Model, planning, sourcing, production, and delivery appear as 
main processes. In October 2000, version 4.0 of the SCOR model was released. 
The most significant change in this release was the inclusion of" Return" as a main 
process; this expansion extends the scope of the model into the area of post-de
livery customer support. 

Supplier's 
Supplier 

Supplier 

Intamal or External 

C Plan ::> 
1\ 

Your Company Customer 

Internal or External 

Customer's 
Customer 

Figure 1.11: Visualization of the supply chain (cf. Stephens 2000, Slide 12) 

Figure l.l2 shows the procedure model recommended by the Supply Chain Coun
cil, also differentiating between intra- and inter-company cooperation. 

1.2.7 Potential Benefits and Controlling 

The SC Council sees SCM providing the following major potentials for improve
ment (Stephens 2000, Slide 39): 

• Increase forecast accuracy by 25 to 80 percent 
• Reduce inventory levels by 25 to 60 percent 
• Reduce fulfillment cycle time by 30 to 50 percent 
• Lower SC costs by 25 to 50 percent 
• Upgrade fill rates by 20 to 30 percent 
• Improve delivery performance by 16 to 28 percent 
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• Meliorate capacity realization by 10 to 20 percent 
• Improve overall productivity by 10 to 16 percent. 

1 Analyz.e SCOR Level 1 
Basis of Operations 

Com petition Strategy .... 

2 SCOR Level 2 
Configure 4- Intra..company 'nter..company 

Supply Chain Configuration Configuration 

3 Align Intra-Company Inter-Company SCOR Level 3 Performance ....... Process , Practica, ProcH., Practice, 
Level • • Practices, and System ... 

and Systems 
and System 

Configuration Configuration 
Element. Elemonts 

SCOR Level 4 
4 Implement 

Supply Chain -.. Inlnl·Company Inler-Company -
Processes and Supply Chain Supply Chain 

Systems Improvements Improvements 

Figure 1.12: Procedure model of the Supply Chain Council for SCM projects 
(cf. Stephens 2000, Slide 20) 

According to the results of a survey published by Deloitte Consulting in spring 
1999, more than 90% of North American companies consider SCM to be crucial 
or particularly important for their success. Whereas only two percent of the polled 
companies designate their SC as "world class", 73 percent evaluate it as average or 
below average. Formal SC initiatives had been completed, were in progress or 
planned in 90 percent of the companies (Deloitte Consulting I 999b ). 

Evaluation of the economics and benchmarking require SCM-specific key figures. 
Examples are quality defects, inventory, new product development cycle, order 
cycle time, investment in tooling, manufacturing space, and distribution costs (cf. 
Hughes et al. 1988, pp. 97, pp. 201). Controlling logistics should be extended to 
SC controlling (ZiipfellPiekarz 1996). The "Key performance indicators" can be 
represented in the form of "Supply Chain Scorecards" (cf. Christopher 1998, pp. 
101 ; PtakiSchragenheim 2000, p. 128). A checklist of 72 questions, structured in 9 
audit points, for assessing an SC has been compiled by Tompkins (2000, pp. 240) 
and guideline checklists for the supply management core processes are proposed 
by Riggs/Robbins (1998, pp. 151). 

The Supply Chain Council defines the main metrics in the SCOR model as 
• Delivery performance 
• Fill rate by line item 
• Order fulfillment lead-time 
• Perfect order fulfillment 
• Supply chain response time 
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• Upside production flexibility 
• Supply chain management cost 
• Warranty cost as percentage of revenue 
• Value-added per employee 
• Inventory days of supply 
• Cash-to-cash cycle time 
• Asset turns (PtakiSchragenheim 2000, pp. 126). 

In many cases measures are defined jointly by suppliers and customers. A detailed 
description of the present status in measuring the effects of SCM is presented by 
Keebler et al. (1999), who also propose the following rules of effective SCM 
measurement: 
1. Start with strategy 
2. Understand customer needs 
3. Understand other drivers that influence measures 
4. Adopt a "process" view of logistics 
5. Focus only on key processes and activities 
6. Designate a "process owner" 
7. Use only a few key measures 
8. Steer clear of subjective measures 
9. Avoid excessive averaging 
10. Understand the statistics (Keebler et al. 1999, pp. 99). 

Experiences gained at Hewlett-Packard (HP) show that a clear understanding of 
business processes and the definition of robust metrics are essential to improve 
order fulfillment in an sc. The distribution function was carefully measuring its 
internal ability to process customer orders, but never compared shipment perfor
mance to customer delivery requests. HP realized that the only way to take control 
of the order fulfillment process was to revisit the fundamentals of measurement 
and control. A measurement scheme was proposed which tracks simultaneously 
the relationship between service and inventory while monitoring and managing 
delivery reliability (Johnson/Davis 1998). 

1.2.8 Possible Obstacles 

On the journey to mature, "ideal" SCM systems a number of obstacles and danger
ous areas must be overcome: 
1. The many agreements needed in an SC could make the cost of changing part

ners prohibitive. The SC would then become a relatively fixed structure that 
cannot exploit market chances in a sufficiently flexible way, e.g., by including 
new, aggressive suppliers with an innovative product spectrum. The associated 
strengthening of the barriers to entering the market can be undesirable from a 
macroeconomic point of view for competitive and innovation reasons, and the 
institutionalization of SC may be impeded by anti-trust legislation. . 
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2. Small and medium-sized companies with inadequate personnel and/or finan
cial resources could be forced into SC systems by larger business partners even 
if their resources are insufficient for this type of cooperation. 

3. As discussed in section 1.2.4, the optimum for the supply network does not 
necessarily match with the individual optimum for each participant: Some 
partners achieve more and others less than proportional advantages from the 
SC and some may be even worse off. The quantification and the apportion
ment of the effects and the specification of compensation mechanisms provide 
considerable potential for conflict. 

4. Scheduling of the material flows influences the achievement of several objec
tives, e.g., low inventory levels versus short delivery times, cost reduction by a 
smaller number of warehouses versus short transport distances. The question 
arises as to whether this complexity can be adequately represented in com
puter-supported scheduling systems, e.g., by rule- or knowledge-based compo
nents, and whether the maintenance effort associated with them is acceptable. 

5. It has been clarified only to a limited extent whether it will be possible to make 
software products for SCM suitably chain neutral. It is possible that some pro
perties of the industries are so different that the packaged software based on 
the traditional integration paradigm cannot handle them. The extent to which 
new software architectures, such as componentware, may overcome these 
problems cannot presently be foreseen. 

6. The implementation of a conventional ERP or warehouse management system 
is an intra-company project for which "only" units that belong to the same 
management hierarchy need be coordinated. In contrast, SCM requires that 
project portfolios, resources, priorities, and plans are coordinated between sev
eral independent companies. Unwillingness or delays in one company can af
fect the activities of the partners and, in the worst case, cause reactions within 
the Sc. 

7. The development and implementation of SCM software is a major undertak
ing, with all the associated risks relating to the observance of design goals, 
deadlines, and costs. Sometimes an analogy to the concept of Computer Inte
grated Manufacturing (CIM; c£ Scheer 1994) is made, with the implied fear 
that SCM could fail in a similar way, because of excessive expectations and 
the complexity of its realization. 

8. One might argue that the trend to E-Business and B2B marketplaces makes 
switching between several business partners easier and that this trend could 
lead to an "end of the supply chain" (Singh 1999). 

Figures 1.13 and 1.14 show results of a global empirical study on the main diffi
culties encountered with SCM. 
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Consequently, in addition to many euphoric forecasts of remarkable growth of the 
SCM market, attention should also be paid to the skeptical voices of those who see 
the SCM as a "bubble" waiting to burst. Other sources discuss the "traps" and 
challenges that accompany the journey to a successful SCM (Lee/Billington 1992; 
Committee on Supply Chain Integration et a!. 2000, pp. 66). With reference to this 
situation, the reader is referred to Chapter 5, which provides an overview of the 
methods applied and the experience recorded by pilot users of SCM systems. 
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1.3 Software Support for Supply Chain Management 

1.3.1 Enterprise Resource Planning Systems 

ERP systems resulted in dramatic changes of many intra-company information ar
chitectures in the 1990s. SAP AG, with its Rl3 product, is the unchallenged leader 
in this market segment and has become one of the largest and most influential 
software vendors in the world. 

According to an opinion poll conducted by InformationWeek, more than 50 per
cent of the IS managers are involved in building a "business supply chain" that 
provides business partners with online access to their ERP system (Stein 1998). 

In the previously mentioned poll by Deloitte Consulting, 80 percent of the compa
nies judged IS support for the SC as critical or very important. Many companies 
expressed disappointment with the limited functionality offered by ERP systems 
for the management of SC and doubted whether ERP systems should be regarded 
as creators or destroyers of competitive advantages (cf. PriceWaterhouseCoopers 
1999, pp. 63). Without an overarching strategy for the IS facilitating the SC, the 
benefits of such investments are bound to be isolated and will not have a profound 
effect on the SC overall. Only 17 percent of the polled companies were satisfied 
with the installation of just an ERP system whereas 41 percent plan to use it only 
as a transaction backbone and make various extensions that also affect SCM (De
loitte Consulting 1999a; Deloitte Consulting 1999b). In particular, the inadequate 
decision support provided by ERP systems is criticized. 

Integration and interfaces are important issues in SCM and thus also of software 
supporting SCM. In 1995, several ERP vendors and other companies founded the 
Open Applications Group [http://www.openapplications.org/].ln 2001, the group 
had about 85 members, including SAP, Oracle, and PeopleS oft. Its mission is to 
define and encourage the adoption of a unifying standard for E-Business and ap
plication software interoperability that reduces customer cost and time to deploy 
solutions. Development of a common model should mean that the end-users 
would have an easier, less risky transition from existing applications to new appli
cations with near "plug and play" integration. Instead of traditional point-to-point 
connections, the Group recommends a common integration backbone strategy. In 
2001, Release 7.1 of the OAGIS (Open Applications Group Integration Specifica
tions) was published, which is aimed at accelerating component integration and E
Commerce (EC) by adding capabilities for SC Integration and the use of the eX
tensible Markup Language (XML). The integration scenarios include frameworks 
between 
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• Manufacturing and Financials 
• Manufacturing and Order Management 
• Manufacturing and Billing 
• Manufacturing and Shipping 
• Manufacturing and Purchasing 
• Manufacturing and Human Resources 
• Sales-Force Automation and Order Management 
• Sales-Force Automation and Shipping 
• Sales-Force Automation and Purchasing 
• Customer Service and ERP 
• Customer Service and Financials 
• Financials and Human Resources. 

1.3.2 Supply Chain Management Systems 

Sometimes a distinction is made between IS that support Supply Chain Planning 
(SCP) and those supporting Supply Chain Execution (SCE). Systems for advanced 
intra- and inter-company planning are assigned to the first product group, and sys
tems for data management and communications to the second. SCP includes the 
decision-making process and the analysis tools, forecasting algorithms, data filte
ring tools, and other decision support techniques. These combine to produce man
agement information about what and when materials and services are needed from 
a company's suppliers and when to satisfy the demand from the company's cus
tomers. The vendors of ERP systems are entering the SCP market by adding Ad
vanced Planning and Scheduling (APS; cf. sections 2.4.2 and 3.1.3) features to 
their existing offerings. Market leaders in SCP systems are (in alphabetical order) 
i2 Technologies, Manugistics, Oracle, and SAP. 

SCE includes the process and technology for communicating and executing the 
decisions that result from SCPo The SCE software market is highly fragmented be
cause of the industry-specific business needs that must be addressed for a satisfac
tory SCE solution. Some vendors of SCE tools are the Descartes Systems Group, 
EXE Technologies, Industri-Matematik International, Manhattan Associates, and 
Provia Software (Bjorksten et a1. 1999). 

Philippson et a1. (1999) provide an overview of 15 SCM products, and Szu
prowicz (2000, pp. 117) also summarizes the properties of several SCM software 
packages. 

The software solutions offered by these companies must allow connections to sev
eral ERP systems from which specific aggregate data of transactions currently in 
progress or executed earlier can be obtained. If these connections exist only as file 
transfers, the optimization algorithms and rule bases of SCM heuristics are only 
loosely connected with the operative systems. 
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In mid-1997 SAP announced various SCM systems, which were initially grouped 
under the SCOPE (Supply Chain Optimization, Planning, and Execution) acro
nym. However, SAP later used the term "SCM Initiative" as one of several "New 
Dimension Initiatives". Meanwhile SAP presents SCM as one of its mySAP solu
tions. 

Other vendors of ERP systems also provide SCM functionality and use a similar 
nomenclature. For example, Baan developed a concept called Baan SCS (Supply 
Chain Solutions); J. D. Edwards calls its SCM system SCOREX (Supply Chain 
Optimization and Real-Time Extended Execution). In Oracle Applications, one of 
many modules is designated "Supply Chain Management". XRP (EXtended Re
source Planning) is sometimes also used as an acronym for SCM software (Coom
ber 2000). 

One obvious procedure would be the attempt to identify and implement the most 
suitable software solution for each relevant SCM functionality. In this case users 
build up their SCM concept using "best-of-breed" products that best satisfy glob
ally formulated requirements from the static perspective at a given moment. As a 
manager at National Instruments argued in 1997 with respect to the dynamics of 
system properties: "The best-of-breed software packages have more functionality 
today, but that might not be the case tomorrow" (Stein 1997). These architectures 
require major integration and maintenance work by the user. Such work may re
peat changes to the system components with each release. The associated prob
lems lead many users to prefer one-stop shopping even if each individual function 
is not supported in the best possible way. The concept to build up applications us
ing several modules that may be delivered from different sources (componentware 
principle, "software composition") and to standardize the interfaces better than 
previously may lead to a reorientation of users in the long run. More capable sys
tem integrators ("processware companies") that provide special "off-the-shelf' in
tegration services as part of ERP systems could result in higher acceptance of the 
componentware concept. The integration problems become evident when even 
competent consulting firms and system integrators specialize in the implementa
tion and integration of a few systems because high learning efforts are necessary if 
other products have to be integrated. 

SAP follows the componentware concept with its Business Framework. The inte
grated components do not necessarily need to stem from Rl3 or the same Rl3 re
lease. Business Components and Client Components can be integrated using Ap
plication Link Enabling (ALE) or via SAP Business Worliflow. 

Currently, it appears that SCM products of ERP vendors that are supported with 
regard to integration and maintenance are receiving more interest than isolated 
SCM packages. In addition, the future perspectives of the niche providers of SCM 
software are sometimes judged critically. For example, J. D. Edwards, an ERP 
vendor, bought Numetrix in 1999; three years ago, PeopleSoft acquired Red Pep
per, another vendor of SCM software. 
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Although the ERP suppliers claim that open interfaces would provide a good po
tential for the development of, e.g., industry-specific add-on products, one should 
not forget that commercially successful add-on solutions in areas of high demand 
carry the danger that they will compete with systems developed later by ERP ven
dors; such packages come from a single source and consequently have fewer inte
gration and maintenance problems than heterogeneous solutions. 

Advantages of a packaged IS provided by a single supplier lie in the dovetailed ar
chitecture, reduced support costs, and lower costs per workplace. Because many 
different activities have to be coordinated in release changes, these may be time 
consuming even in this one-stop shopping case. Furthermore, there is the danger 
of becoming dependent on a single supplier of the IS. 

In the end, many companies decide on a solution from a single vendor. An opinion 
poll conducted in spring 1999 among Rl3 users in the production industries in 
German-speaking countries showed that about one-third of these companies had 
already decided to use SCM software; the Advanced Planner and Optimizer 
(APO) software from SAP has a significantly larger market share than its competi
tors. Surprisingly, as many as 87 percent of the companies expressed satisfaction 
with the solutions implemented (Dokaupil 1999). Another poll, also conducted in 
1999, among 387 German companies showed that 68 percent of the companies 
preferred SCM products from ERP suppliers and only 21 percent SCM products 
from third parties (11 percent did not respond). The most important reasons for 
these preferences are simpler integration, avoidance of greater heterogeneity, and 
the solution competence of ERP vendors (NN 1999f). 

In addition to software suppliers, several consultancies have also specialized in 
SCM (c£ section 6.4): 

• Accenture, formerly known as Andersen Consulting, has formed the Accentu
re Supply Chain Ideas Exchange. A method "Supply Chain Value Assess
ment" is proposed [http://www.ascet.comldocuments.asp?d_ID=285]. 

• IDS Scheer [http://www.ids-scheer.comlenglishi] emphasizes its contribu
tions to the APO development with the resulting competitive advantage. 

• IMG developed concepts for performance measurement before and after reor
ganization of the SC; it also provides a reference database for benchmarking 
[http://www.img.comlenglishiexpertise/e_scma.htm ]. 

• KPMG developed a five-stage SC model to enable organizations to manage 
and integrate the flow of information, money, and products within and beyond 
the enterprise; several strategies of SC partners can be coordinated by 
KPMG's e2eSM (enterprise-to-enterprise) Supply Chain Strategies approach 
[http://www.kpmg.comlsearchiindex.asp?cid=241 ]. 

• PriceWaterhouseCoopers (PWC) has developed "Value-Based Management 
models" that help clients quantify SC improvement benefits. The SCM con
sultancy group is staffed with more than 3000 consultants worldwide. 
[http://www.pwcglobal.comlextweb/mcs.nsf/$$webpages/ 
supply%20chain%20management]. 



2 Application Systems in the Individual Business 
Functions 

In this chapter we describe the major tasks that arise during order management in 
the most important functional areas. The SC "includes activities such as material 
sourcing, production scheduling, and the physical distribution system, backed up 
by the necessary information flows. Procurement, manufacturing, inventory mana
gement, warehousing, and transportation are typically considered part of the sup
ply chain organization." But product development, demand forecasting, order en
try, channel management, and customer service are also very relevant topics in 
SCM (cf. Bovet/Martha 2000, p. 17). 

We shall concentrate on business and organizational changes associated with the 
SCM concept and on their effects on the intra- and inter-company IS. The se
quence in which we describe the functional areas is based on the workflow in 
those industries that have special interest in applying SCM; these include the elec
tronics, pharmaceutical, chemical, automotive, and aerospace industries. 

2.1 Engineering 

Engineering provides the technical concepts for product and process development. 
In a manufacturing company this includes, in particular, research and develop
ment, technical product planning, product design, development of process plans 
and programs for numerically controlled (NC) machines, and the technical prepa
rations for layout, material flow, and quality assurance. Several other departments 
need the results of these engineering activities. Furthermore, outsourcing and co
operation with companies involved in engineering tasks are gaining in importance. 
From the SCM perspective, forwarding of product-definition data to systems used 
later within the same company's procedures (e.g., to develop NC programs, to 
provide BOM information for ERP systems, to feed data to CAM systems or auto
mated quality control) and forwarding them to other enterprises are both highly re
levant. 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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2.1.1 Development Teams 

The mental barriers that exist between technical and commercial departments in 
many enterprises disturb the intra-company information flow and thus hamper 
market-oriented development activities. For this reason, mixed teams are recom
mended so as to obtain flows of specialized knowledge from different functional 
areas into the development work. It can sometimes be very useful to allow engi
neers direct customer contact (e.g., in a customer service department) so that they 
become more receptive to the wishes and complaints of the customers and are di
rectly on the receiving end of suggestions for subsequent development work. 
Comparable experience can also be gained from assignments to other companies 
of the SC. 

Mixed development teams often include employees of the SC partners with the 
aim of benefiting from their product-related knowledge and taking account of the 
possible effects on the material and information flows during product development 
rather than waiting until later stages; the reasons are similar to the rationale for in
corporating external experts into value engineering teams. In the early phases of 
design projects, competing customers sometimes even cooperate with the same 
supplier. Once the principal solutions have been found, the detailed designs for 
company-specific products and processes may be organized in pairs. Because it 
becomes more difficult for a company that is cooperating in the SC to provide the 
know-how needed in the development process without contacting its partners, co
operation during the development phase enhances the stability of the SC and in
creases the switching costs if a company leaves it. 

Integrating key suppliers, and possibly tier 2 up to tier n suppliers as well, early on 
in product development can have significant benefits. At the concept design stage, 
suppliers help to identifY the most up-to-date technologies to be incorporated into 
manufacturing the new product. During the detailed design work the suppliers 
contribute to solutions for component and part development and are also involved 
in the selection of the most suitable materials and components. Suppliers may also 
assist in make or buy decisions. Infrastructural suppliers can define the most capa
ble tooling, fixturing, and equipment. It is widely accepted that an early involve
ment of suppliers is beneficial to both buyers and suppliers. A prototype, WeBid, 
was developed to support cooperation in product development by providing 
• a supply explorer, an SC model consistent with the new product development 

process, 
• a bid explorer for inviting partners to bid for certain services, 
• a partnership explorer for selecting a supplier, and 
• a share explorer by which SC partners may share information of common 

interest (Huang/Mak 2000). 

The following policies are regarded as key enablers for successful implementation 
of a technology SC (cf. Bozgodan et al. 1998): 
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• Establishment of integrated product teams 
• Long-term commitment to suppliers 
• Supplier-capability-enhancing investments 
• Incentive mechanisms 
• Joint responsibility for design and configuration control 
• Collocation 
• Target costing 
• Database commonality 
• Seamless information flow 
• Retention of flexibility in defining system configuration. 

Early integration of suppliers into product development has been studied under 
the auspices of the Lean Aerospace Initiative at MIT (Bozgodan et al. 1998). A 
survey looking at 40 military acquisition programs in the US defense aircraft in
dustry found that early involvement depends heavily on the type of item being de
veloped: Whereas in 75% of the programs the suppliers were engaged in the early 
development phases of major components, the respective numbers were 40% for 
subassemblies and only 20% for parts. Key suppliers with major subcontract re
sponsibility are integrated in the early development phases, even before contract 
award, whereas suppliers of subassemblies and parts are often involved early for 
technical consultation on a variety of design issues but mostly selected in later 
stages of product development. 

2.1.2 Concurrent Engineering and Simultaneous Engineering 

Concurrent Engineering (CE) and Simultaneous Engineering (SE) are both de
signed to shorten the lead-times by paralleling, integrating, and standardizing the 
development tasks. Whereas CE is directed toward a distributed realization of cer
tain development tasks, SE concentrates on developing products and processes in 
parallel. 

There is a move towards the use of team-based SE within ship design in the US. 
The groups, labeled Integrated Product Process Design teams or Integrated Prod
uct Teams, bring together, in particular, representatives of the engineering, manu
facturing, marketing, training, life-cycle support, operations, and purchasing func
tions and of suppliers in the earliest phases of design to consider all aspects of the 
ship's life-cycle concurrently. Many SE considerations can be resolved by devel
oping a standard approach to design for vessels of a given class and by rationaliz
ing the shipyard's production system prior to the elaboration of a specific design. 
The teams are usually co-located, but will also be able to communicate in virtual 
meetings via the Internet (cf. Parsons et al. 1999). 

In CE, a development task is divided into subtasks; these are then solved in paral
lel, and the subsolutions are ultimately combined to provide the overall solution. 
Global Engineering attempts to make all 24 hours of the day almost completely 
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productive, e.g., by having employees working on the same tasks in America, 
Asia, and Europe. In the near future, the subtasks may increasingly be solved by 
virtual cooperation, with the data being exchanged primarily via the Internet. 

Product Change Collaboration (PC2) systems are software solutions that support 
virtual engineering; their capabilities are 

• a common source or database for full definition of the product the partners are 
trying to launch on the market, 

• publishing services for sending the data to all partners as soon as changes are 
made, or even considered, to any of the relevant product data, 

• the ability to analyze the impact of the proposed change and the ability to 
browse other relevant information about the affected products, parts, and do
cuments, and also the change history for any related parts or products, 

• the potential for collaborating with the other members of the team, proposing 
alternative solutions, commenting on the change or the implementation plan, 
and conducting electronic approval processes, and 

• the ability to implement the change and to update the product configuration in 
the database. A key part of this is the ability to distribute the results to all 
other systems that need to be updated with the modifications of the product 
configuration (e.g., ERP and APS systems) (cf. Agile Software 1999). 

Tools such as Agile Anywhere from Agile Software are used to manage the large 
number of engineering-change orders via the Internet. The PC system allows eve
ry member of the product team to view what is happening to product designs and 
then take steps to plan accordingly. Every piece of information necessary to im
plement the manufacture of new products and to manage changes to existing pro
ducts is readily accessible - BOM, part numbers, engineering-change orders, and 
drawings. The data in these systems can be fed directly into an ERP system (NN 
199ge). 

The frequently observed reduction of the vertical range of production often makes 
it desirable to pass some design responsibility to the suppliers. This reduces indi
vidual companies' own development ranges and results in some overlap of the de
velopment work between several companies. Telecooperation can bring about ma
jor changes in the development process. 

Traditionally, information exchange was concentrated at the end of the product de
velopment phase. The production processes were planned on the basis of the com
pleted product data. The (very ambitious) goals of SE are to shorten the develop
ment time, to lower costs, and to increase the quality of products and resources by 
paying attention to all product and process requirements of the responsible depart
ments at an early stage (cf. Wildemann 1994, p. 32). 

In addition to a partial parallelization of the development tasks, these can also be 
overlapped with the early phases of procurement or production logistics. In a poll, 
team meetings, training, jointly designed and used IS, increased use of methods, 
and joint releases were mentioned as being the most important measures for im-
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proving cooperation at the interface between engineering and procurement (Bou
tellier/Locker 1998, p. 119). In many types of companies, the interfaces between 
engineering and production attract particular interest (c£ section 2.1.4). 

Both CE and SE demand a consistent database (as up-to-date as possible), which 
must be available to the cooperating units. Intranet and extranet technology and 
the accompanying access to databases can be used for this task. Recently, several 
papers have stressed the close connection between CE or SE, SCM, and the Inter
net (KyratsislManson-Partridge 1999; Huang et al. 2000; SiemieniuchiSinclair 
2000). The theory of software agents (cf. section 2.3.4) has also been applied to 
CE (Sobolewski 1996). 

Poor utilization and sharing of information may result in problems for an SCM
oriented CE (cf. SiemieniuchiSinclair 2000, pp. 260): 

• Incorrect descriptions of design issues, e.g., filtered by sales personnel 
• Loss of integrity in the progress of the design 
• Quality problems passed on from suppliers 
• Differences in Computer Aided Design (CAD) systems, platforms, and con-

ventions of use among SCM partners 
• Incompatibility of systems and applications 
• Difficulties in identifying parts 
• Drawings not of satisfactory quality (or cannot be found) 
• Inadequacy of geometry in drawings 
• Working with out-of-date information 
• Language difficulties when design data has to travel across language borders 
• Reliance on face-to-face meetings. 

Three-dimensional CE extends the focus from products and manufacturing to the 
concurrent design and development of capabilities chains: The design of the SC 
should be integrated with product and process development (Fine 2000, p. 218). 
From an organizational point of view, various approaches to implementing CE 
may be appropriate in different companies within an SC (KyratislManson-Partrid
ge 1999). 

The protagonists of SE and CE scarcely consider that there are also good reasons 
for performing development tasks sequentially. The problems and the time re
quired for the familiarization with work results provided by other persons put lim
its on the CE concept. It is seldom possible to structure the tasks in such a way 
that the described quasi-simultaneous processing can be achieved. Thus, interface 
problems may arise with CE even within the same phase of order management. 
The partial task overlapping requires additional coordination work, which does not 
occur in sequential processing. These possible risks and costs must be considered 
in the decision on whether or not CE should be made an element of SCM. 
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2.1.3 Variant Policies 

Viewpoints on the appropriate range of variants often differ between the market
ing and logistics functions. Marketing sometimes argues that the desired customer 
orientation means that every potential customer should be offered precisely the 
product variant desired. Technological progress makes it feasible in many (but not 
all) areas to produce a broad range of variants despite the resulting small lot sizes. 
Variants can be created by using similarity and configuration techniques (SchOns
leben 2000, pp. 259). 

A broad product range results in high logistics costs, which often cannot be re
corded and allocated adequately by traditional accounting methods. The appropri
ate storage and maintenance of variant data in ERP systems requires significant ef
fort; problems occur, for instance, during the data exchange in the SC when the 
partners use differently structured BOM (cf. Urban 1998). A very large number of 
variants means that not all of them can be explicitly documented. Demand fore
casts of variants are much more difficult than those for product groups. Shortages 
may, for example, arise for variant U, although there are high inventory levels for 
a very similar variant X. ATP procedures (cf. section 3.1.4) are much more awk
ward to execute if many variants exist. These problems can increase in the up
stream elements of the SC. ABC analyses show that although the majority ofvari
ants lead only to an insignificant proportion of revenues, they cause significant in
ventory and variant-dependent fixed costs. From this point of view, a "Design for 
Supply Chain Management" (Lee 1993) may also include reducing the number of 
variants and, thus, concentrating material flows, information flows, and financial 
flows. The "Design for Variety" method aims to help companies quantify the costs 
of providing variety and offers guidelines on how to develop products that incur 
minimum variety costs (Martin et al. 1998). 

The following measures in the engineering work can influence the degree of inter
nal diversity and associated logistics costs: 

• Postponement strategies (Lee 1998) reflect the attempt to make products in 
such a way that the point at which variants are differentiated (the "Order Pen
etration Point") is reached as late as possible in the production process. Before 
this point, all work steps can be realized without reference to any specific 
customer orders, and the resulting preassembled modules may be stored; all 
subsequent work steps depend on specific orders from the customers and are 
not performed until the orders have already been received. Thus, postpone
ment means "late customization". This goal can be achieved, for example, by 
standardizing parts and/or processes and by changing the sequences of work 
steps. 

• Zero-based engineering investigates which parts would have been developed 
if all processes were reengineered. This can aid in recognition of unnecessary 
parts. 
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• Support for the designer in finding already defined parts, e.g., by Product Da
ta Management (PDM) systems (cf. section 2.1.5). 

• Promotion of "umbrella variants that provide a superset of features required 
by customers (Knolmayer 200Ia). 

Philips Consumer Electronics installs an integrated semiconductor in television 
sets that adheres to all standards that exist worldwide even though only one single 
form is relevant at a certain place of use. This key element is more expensive than 
parts that conform only to a national standard. However, from the perspective of 
an integrated SC, the solution with the part that can be used worldwide makes 
better economic sense (HandfieldlNichols 1999, p. 171). 

Rather than solving every technical problem and offering every design extrava
gance, Schindler Auftuge AG concentrates on a "super standard", the "ready
made elevator", a reliable, well-equipped elevator that satisfies all typical re
quirements (Schar 1999). 

In R13, the Product Variant Structure (PVS) System can be used to describe vari
ants. PVS provides filter mechanisms to define function-specific views of product 
structures and descriptions (e.g., BOMfor design, manufacturing, service or recy
cling). Every triangle in the display of the product structure (Figure 2.1) repre
sents a part. Points placed next to the triangles indicate alternatives. The PVS is 
subject to RI3 engineering change management, which ensures a complete history 
of any changes made to product data. Rules can be formulated in PVS that permit 
RI3 to select one of several variants. 

ModeL A 

Q Compact class 

c5 b Model_B 

Planned 
Model_B 

Plant 0001 

Product classes: 
Compact class, Model_A, Model_B. 

Views: 
Design, manufacturing. recycling .... 

Functional structure: 
Tires. motors. seats. 

Material: 
Steel wheel. aluminum wheel. 

Documents : 
CAD model, ... 

Figure 2.1: Visualization of the product variant structure in PVS 
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STEP (Standard for the Exchange of Product Model Data) processors can be used 
to exchange engineering data. Digital Mock-Up systems are available for visua
lization and simulations, e.g., for mechanical collision checks, electromagnetic 
analyses or feasibility studies. PVS can provide them with additional information 
using three-dimensional coordinates for parts (so-called transformation matrices) 
and meta-data from the document management system. 

In addition to PVS, a module Rl3 BOM also exists, which is recommended to be 
used for those parts that are not produced as variants. In particular, it is possible 
to use BOM to document manufacturing structures that lie ahead of the variant 
determination point and PVS for the remaining parts. The system performs integ
rity tests for this type of cooperation. 

2.1.4 CAD Systems 

The engineering department provides a precise description of a part in the form of 
drawings and BOM. Although only a small percentage of the total costs arises in 
this department, it is responsible for approximately 75% of the final costs. Devel
opment decisions are often made primarily from a technical perspective without 
precise knowledge of the current business data and without forecasts of these val
ues for the product life cycles. This behavior comes about, to a certain degree, be
cause the engineers have no or only limited or inconvenient access to the basic bu
siness data available in ERP systems. 

In addition, the development department and the work planning department often 
do not have detailed knowledge of the implications of the various alternatives for 
manufacturing and logistics. This can result in decisions that prove to be inappro
priate in the later phases of the life cycle. Many rejected development variants that 
could become relevant under different circumstances remain undocumented; this 
means that knowledge about the scope of feasible actions is lost. 

CAD systems are often used in the development phase. These systems provide the 
following benefits: 

• Simplification and acceleration of complex technical analyses, calculations, 
and creation of technical drawings 

• Error reduction and quality improvements 
• Department-specific views for product-defining data 
• Fast access to earlier work results, which means easy exploitation of similari

ties and makes it possible to avoid having an unnecessarily wide range of 
parts 

• Reduction oflead-times and of project efforts. 

Computer-internal representations of the same object diverge significantly in dif
ferent CAD systems. This may result in serious problems with data exchange if 
the SCM partners use different CAD systems. International efforts have led to 
open standards, such as IGES (Initial Graphics Exchange Specification) and STEP 
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(Standard for the Exchange of Product Model Data), and also to industry-specific 
standards (such as VDA-FS, a surface data interface standard originally proposed 
by the Association of the German Automotive Industry). 

The Automotive Industry Action Group developed AutoSTEP (Phelps 1997). The 
focus of the project was on SC design tasks and communication processes be
tween suppliers and customers. A STEP applicability matrix is proposed, in which 
the rows of the matrix represent the various functions that require product data and 
the columns capture such different levels of design responsibilities as 

• commodity (catalog purchase), 
• black-box design by supplier according to detailed specifications, 
• gray-box design in which the supplier does primary design work with refer

ence to some detailed specifications, 
• collaborative design, and 
• customer design, in which the primary function of the supplier is to provide 

the manufacturing capability. 

The interfaces between CAD systems can be investigated by applying different 
types of tests. A transfer of product-defining data between SC partners assumes 
the use of the same CAD system (maybe even the same release of the system) or a 
commitment to conform to CAD standards. In the latter case, however, advanced 
non-standard functionality of a CAD system cannot be exploited, although this is 
often cited as a powerful argument in a particular system's favor in comparative 
evaluations of different software packages. The dependencies between technical 
and business data, as emphasized in CIM concepts, make the interfaces between 
CAD and ERP systems very important. 

The R/3 System includes an open, non-indus try-specific CAD interface. SAP has 
created a partner program that supports the coupling of various CAD systems to 
R/3 and certificates such interfaces. This work resulted in interfaces to leading 
CAD systems such as AutoCAD, CATIA, and Pro/ENGINEER. Nevertheless, these 
interfaces often need to be adapted to company-specific conditions. 

One of the tasks of a CAD interface is to make the functionality of an ERP system 
available in the CAD environment. If R/3 is used, either the original masks can be 
invoked by a Remote Function Call (RFC) (cf section 3.4.2) or the dialogs in the 
CAD system are reprogrammed to display only those details that are relevant for 
the designer, e.g., material master data. 

An important aspect for chained task execution is that the earlier phases take ac
count of the goals pursued in later phases. This should allow design solutions that 
provide the best possible support for manufacturing, maintenance, and recycling 
of the products; concepts such as "Design for Manufacture", "Design for Assemb
ly", "Manufacturing by Design", "Design for Localization", "Design for Variety", 
"Design for Mass Customization", "Design for Postponement", "Design for Servi
ce", "Design for Environment", "Design for Recyc\ability", and "Design for SCM" 
illustrate these goals. 
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Hewlett-Packard attaches the power cable for printers in the warehouses rather 
than in the factories. This allows better responses to short-term, unexpected de
mands in different countries. To realize this concept, the design of the printers had 
to be changed to make the power supply module easily accessible from outside 
(HandfieldlNichols 1999, p. 169). 

An SCM-conform design should allow controlling of the resulting material and 
information flows with limited effort. This can be achieved by reducing the num
ber of parts, of manufacturing levels, and of process steps. Purchasing of preas
sembled subsystems rather than of individual parts (modular sourcing; cf. section 
2.3.1) simplifies logistics, decreases quality problems, and results in reduced pro
curement, inventory, and transportation costs in the Sc. New parts should be de
signed only if this is unavoidable. Consequently, CAD systems should contain or 
use classification techniques, to make it easier for designers to find documents 
about already existing parts. Hurdles to be overcome before new parts are created 
can basically take either of two forms: 

• Bureaucratic solutions: A newly designed part may be used only after it has 
been released for use, e.g., by the company's standards office. 

• Prices as a control mechanism: The development department is debited a cer
tain amount if it defines a new part. 

In the 1980s, Ford of Europe billed internally an "Administration Cost Bar
rier" of $ 25,000 for each additional part number (Baumhardt 1986, p. 809). 

2.1.5 Product Data Management 

Many of the CAD systems currently in use concentrate on the geometry of the ob
jects and do not focus on organizational data. To counter this weakness, CAD and 
ERP systems are frequently combined with Product Data Management (PDM) 
systems. These support the complete, structured, and consistent management of all 
data and documents that need to be generated, processed, and forwarded in the 
company during the development of new or the modification of existing parts 
(data and document management). In addition, there are often functions to control 
and monitor the secure processing and forwarding of information. However, the 
main task of PDM systems is information linking, for example combining differ
ent databases, providing various application interfaces, and supporting different 
hardware platforms and operating systems (Sturken 2001). A PDM information 
center has been established at [http://www.pdmic.coml]. 

Consequently, such integrated solutions as are needed for a "Design for SCM" 
must contain interfaces not only between CAD and ERP systems, but also be
tween CAD and PDM systems, and between PDM and ERP systems as well. The 
PDM system has to provide a comprehensive structure that coordinates the locally 
held data. This allows a user to access all elementary and aggregate data. For ex
ample, the PDM system can be utilized to display all CAD drawings associated 
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with an order, determine the corresponding NC program for a certain CAD model 
or access purchasing documents to determine whether employees working on 
other projects have ordered identical parts. Web-based PDM solutions contribute 
to an effective SCM by supporting secure sharing of engineering data. Procedures 
for selecting a web-based PDM system have been proposed (Carroll 2000). 

PDM systems strive to use data exchange standards. At least to some extent, this 
permits interfaces to be formed using STEP preprocessors and postprocessors. A 
PDM system may coordinate several heterogeneous CAD systems. Figure 2.2 il
lustrates the tasks supported by PDM systems in an SCM environment. 
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Figure 2.2: Product Data Management as central component of order management 
(CIMdata 1998) 

A survey of a 1997 CIMdata conference reads as follows: "The greatest single is
sue facing the PDM industry is resolving overlaps and conflicts with ERP. Al
though there is no single correct answer for integrating PDM and ERP, the tech
nical difficulties are being overcome; but the cultural barriers are still being 
breached. The PDM interfaces to the larger ERP software systems are usually 
two-way, with alternative methods for updating and a wide range of supporting 
technologies ... The concept of 'enterprisewide' PDM permeates much of the 
thinking of the PDM community, which means focusing on one of the key integra
tion points between PDM and ERP systems - the bill of material ... A general con
sensus does seem to be taking shape in that respect: PDM should own the bill in 
the design and development phases of the product life cycle, ERP after release to 
manufacturing. 

More and more PDM vendors are announcing interfaces with ERP systems. Not 
surprisingly, most interface activity is taking place with the Rl3 System of SAP. 
There are about a dozen certified PDM interfaces now available, or under devel
opment" (Bourke 1997). 
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SAP offers PDM functions in its mySAP Product Lifecycle Management (PLM) 
solution (Eisert et at. 2000). PLM is delivered via mySAP Workplace (cf section 
4.1) and is designed as a platform for collaboration of all PDM users inside and 
outside the company. 1t contains functionalities, among others, for administration 
of documents, material master and BOM data, for product configuration and 
classification, and for change, workflow, and project management. 

The PDM system can also operate stand-alone within an R/3 System architecture 
distributed over several computers and linked with R/3 using the ALE (Application 
Link Enabling) technology. A connection via the Internet is also possible. This al
lows the user to employ a web browser to search for R/3 documents, to display 
original design data, and to query product data. 

A C1Mdata report about collaborative PDM systems, published 2001-02-28, 
shows SAP as leader in this fast growing market 
[http://www.cimdata.com/PR02282001MOR.pdj). 

Coordination is necessary if companies in the SC want to update the releases of 
their CAD or PDM systems and if the additional functionality used affects the data 
exchanged in the Sc. Another important issue is configuration management: All 
parties involved in the SC should always know about the latest versions of the en
gineering documents. 

For the future, changes in the task assignment between PDM and ERP systems are 
forecast (cf. Figure 2.3, where VPDM stands for Virtual Product Data Manage
ment). VPDM allows the engineer to study three-dimensional products in virtual 
reality, looking at some parts of the product and determining whether there are any 
inferences. The best suited design is handed on to the PDM system (PtakiSchra
genheim 2000, p. 175). 

The increasingly used term "PDM II systems" also reflects the changes taking 
place in this market. In particular, it can be expected that a part of the existing 
PDM functionality will be provided in CAD systems and another (non-disjunc
tive) part in ERP systems. It is also assumed that VPDM will be integrated with 
project management systems to provide real-time and in-depth status for a design. 
Thus, a partner in the SC will be able to take a "virtual walkthrough" of the prod
uct by using a secure Internet access (PtakiSchragenheim 2000, p. 184). 

The role of PDM in extended enterprises is intensively discussed. The relevance 
of this topic shows that the cooperation of PDM systems is similar in importance 
to interfacing CAD systems. In general, SCM is not only concerned with business 
processes and data, but also with their engineering counterparts. 
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Figure 2.3: Development trends for PDM systems as seen by the Gartner Group 

2.2 Sales 

Although many SCM concepts are closely interconnected with logistics, SCM has 
also been considered from the viewpoints of marketing and sales. In this section 
we consider current developments in sales activities and their impact on SCM; 
many of these trends are closely related to new technical capabilities of IS. 

BasuiChandra (1996) argue that the key factors for improving SC behavior can be 
found at the interface between marketing and production. They regard sales pro
motion as a main factor driving the demand amplification; this policy has there
fore also been termed as the "dumbest marketing ploy ever" (Sellers 1992). 

2.2.1 Approaching the Customer 

Database marketing 

The aim of Database Marketing (DBM) is to improve the quality of sales activities 
and to reduce the costs of marketing campaigns. Targeted contacts (e.g., conven
tional direct mailings, fax or E-mail) should reduce the number of expensive cus
tomer visits. 
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The following goals are pursued through DBM: 

I. Individualization. DBM is used to determine a product quotation based on the 
individual preferences of the recipient. The customer approached should re
ceive an adequately individualized offering selected from the total product pro
gram and from possible conditions of delivery. 

2. Clustering of the customers and prospective customers in widely homogeneous 
areas. For DBM in the consumer goods area, micro-geographical segmenta
tion is an important analysis instrument: Geographical references (e.g., name 
of the city or its zip code) and sales behavior-oriented information (e.g., pur
chasing power and household situation) result in regional types within which 
the customers are widely homogeneous with regard to their purchasing beha
vior and potentials. 

3. Improved measurement of outcomes of customer contacts. 
4. Early recognition of sales potentials. Companies have the ability to recognize 

early purchasing signals and to offer the appropriate products to prospective 
customers. For example, a furniture store could apply purchase event chains 
(such as building permission applications => approvals => house construction 
=> furnishing) to forecast what products a household will buy in the future. 

DBM requires a carefully structured and maintained customer database. In addi
tion to basic data (such as address, date of birth, gender), it should also contain in
formation about individual preferences, sales promotion data (customer-specific 
marketing measures), and response data (customer reaction to sales promotions). 
Additional internal and external information, e.g., about payment history (from ac
counts receivable systems) and market research data, are also useful for DBM. 
The companies cooperating in an SC may merge and restructure their single data
bases, forming large data warehouses to support the extended enterprise. 

Some customers do not wish detailed profiles about their purchasing behavior to 
be held on the supplier's computer. This may be especially relevant if other mem
bers of the SC can access this information and combine it with their own data 
about this customer. A balance must be struck between the overall benefits of the 
more precise approach to the customers and the possibility of annoying some of 
them. 

Data mining 

Data mining covers various procedures for the (at least partially) automated analy
sis of large, structured volumes of numeric data. It attempts to identify patterns, to 
recognize differences between groups of data records, and to determine their cha
racteristic attributes. Typical insights obtained are that customers with specific 
combinations of properties prefer certain products or groups of products. Such 
knowledge must be provided with details about its level of reliability and present
ed in an easily understandable form. Methods from different areas are applied for 
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data mining; these include database research, statistics, machine learning, fuzzy
set theory, neuronal networks, and genetic algorithms. 

The SD-CAS component of the R/3 System serves the sales and marketing depart
ments as an instrument for the management of customer contacts and acquisitions. 
An E-mail may contain a message (invitation to a trade show, information about a 
new product, etc.), annotated links to a web-page, and attachments (e.g., white 
papers, brochures, product descriptions). Depending on the target group for the 
promotion, the list may consist of addresses of existing and prospective customers. 
Background information about these organizations and groups of people is stored 
as master data. Specific data, e.g., earlier correspondence, are stored under "con
tacts". The "Lead Tracking" function can be used to display the document flow for 
a mailing action to determine whether follow-up contacts or sales have resulted. 

SAP is offering solutions for one-to-one marketing, database marketing, and data 
mining concepts as part of its mySAP Customer Relationship Management (CRM) 
applications. Data mining can be realized with reference to the BW and the inte
gration of an add-on product (e.g., Intelligent Miner from IBM, DeltaMiner from 
Bissantz & Co). Typicalfeatures of the DeltaMiner tool are 

• Analysis Chain Technique 
• Integration of statistical, business intelligent and data mining methods 
• Cockpit features 
• High level of automation (routine queries are completely delegated to the 

computer) 
• Support by an Analysis Wizard which "observes" the user and checks the data 

for remarkable findings 
• Integrated data quality analysis 
• Sound and graphical animations enhance the perception capabilities of the 

user 
• Speech output 
• Automatic QUick-Configuration [http://www.bissantz.delJ. 

2.2.2 Quotation System 

Recording a customer inquiry and an associated quotation in an IS is particularly 
desirable if a large number of customer requests and quotations need to be proc
essed or if product specifications and quotations can be derived from largely stan
dardized elements (Mertens 2000, pp. 50). In the latter case, the input of a specifi
cation allows the program to determine the parts of tables or databases that are 
relevant, to combine them using specified rules, and to calculate the product de
fined in this way. 

Because developing quotations for customized production requires significant ef
fort, the use of resources of the involved functional areas, e.g., the development 
department, must be planned very carefully. To obtain a basis for selecting inquir
ies and determining what constitutes adequate effort for providing a quotation, in-
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formation must be gathered about the responsiveness of customers to earlier quo
tations. Some companies maintain checklists that must be processed on a compu
ter system before creating a quotation (cf. Figure 2.4). 

Does the Inquiry fit the delivery program? 

New, important market? 
Prestige? 

Service office In the country? 
Local manufacturing? 

I Industry 

L Suitable as reference? 

I Customer 

L Specifications sufficiently exact? 

Development advantage over 
competitors exists? 

Clear interfaces? 
Transfer of risks to 
subcontractors possible? 

Finances 

Base currency? 
Financing supported? 
Payment guarantees exist? 

Figure 2.4: Structure of a checklist for the quotation selection 

A modem sales medium is the electronic product catalog, which supplements or 
replaces traditional paper catalogs. It exists in many different forms, being acces
sible, for example, from so-called kiosk terminals set up at locations subject to 
heavy pedestrian traffic or available on CD-ROM or on web pages. We will dis
cuss these catalogs in conjunction with the procurement function (section 2.3.4). 

Know-how databases are important means of knowledge management. They are 
used to store the solutions that a supplier has designed for its customers in the past 
and thus save the associated know-how of the development task. When new cus
tomer-specific quotations are prepared (at least some) of the experience gained in 
earlier contacts with this customer can be drawn on. For multinationally operating 
companies in particular, this procedure can help to prevent application knowledge 
from becoming too scattered within the company. More specifically, a database 
may contain CAD data with detailed explanations, extracts from trade journals, 
test results, product-specific customer suggestions, complaints, maintenance data, 
and reasons why quotations did not result in orders (lost-order information). 
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Use of know-how databases 

The information is processed using modules for the acquisition, classification, and 
retrieval of solution descriptions. A sales employee or a designer enters the data at 
a decentral work place when the first samples are developed or released for a cus
tomer, or when a quotation has been prepared. Employees in all departments and 
locations can search the database to find existing or similar problem solutions. To 
support the information retrieval, the documents may be classified by descriptors. 
The computer assigns some data (e.g., document number, date, creator, depart
ment) automatically during the acquisition; other information, such as the data of 
the customer and the sector of industry in which the customer operates, have to be 
manually entered or selected using a menu system. Automatic generation of des
criptors from the document after eliminaton of filler words is conceivable. A 
member of the staff can then accept, change or extend the automatically created 
descriptors. During retrieval, the system searches for all documents to which the 
query parameters have been attached. A full-text retrieval of the information 
stored should always be provided. 

SAP does not supply an independent component for know-how databases. How
ever, such a knowledge base can be built up via the Rl3 document management 
tool with its information retrieval capabilities. A full index may be constructed by 
using indeXing tools such as Alta Vista or Verity, which can be connected to Rl3 
[http://www.altavista.com!; http://www.veritjJ.com/j. The PDM component of Rl3 
supports the management of product definition data (cf section 2.1.5). 

Configuration 

The sale of system solutions (cf. modular sourcing, section 2.3.1) and a trend to
ward mass customization make the product configuration a significant part of the 
quotation process. High configuration costs and a low percentage of inquiries re
sulting in orders make computer support for this task essential. Configuration en
gines enable complex products to be determined from standardized components 
and stored rules in accordance with the customer's specification. A configuration 
check assures that the customer is offered technically consistent and, whenever 
possible, appropriate solutions from the start. 

Figure 2.5 illustrates various types of configurations. In the case of an active con
figuration, the IS determines the product proposal. It either offers its suggestion 
automatically and in total or successively recommends partial solutions that the 
user can accept or reject. With a passive configuration, the employee configures 
and the machine offers criticism either after each decision or when the product is 
finally designed. This procedure is known as a "criticism system" (Mertens 
I 994b). 
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The Make-to-Order function of SAP R/3 permits all four configuration variants. 
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In a manner analogous to the sharing and merging of marketing databases (cf. sec
tion 2.2.1), the partners in an SC may also pool their technical knowledge to give 
an SC-wide common knowledge management that serves the individual quotation 
systems by way of sophisticated know-how databases and configurators. 

Target costing 

Sometimes, manufacturers and their engineers develop technically advanced pro
ducts with a broad range of functions and superior characteristics even if the cus
tomer does not need them or is not willing to pay for them. Customers often de
fine a limited budget for a specific procurement. Target costing deals with this sit
uation. 

From a conventional point of view, the costs for a product generally result from 
the set of its features and functions ; these costs form a basis for pricing. In target 
costing, the costs of the product are derived from the maximum price that a cus
tomer is willing to pay. The specification of the product features follows in a 
second step, in which this price limit is kept in mind. Instead of aggregating 
bottom-up individual cost elements to obtain a starting point for pricing, the 
supplier proceeds top-down and determines which costs are permitted without 
exceeding the price limit. This approach may proceed as follows: 

First, find out what features and price customers actually envisage for this product. 
Market research instruments can be used for this task. Sales experts, or even a spe
cific customer who is a potential buyer of the product, may contribute valuable in
formation about appropriate prices. The result of this phase is an exogenously in
fluenced target price. 
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Secondly, subtraction of the desired minimum profit from this target price gives 
the target costs or "allowable costs". The manufacturer has to investigate what 
costs result for production of the planned product. Because these "drifting costs" 
will often exceed the allowable costs, ways of reducing the costs of the new prod
uct must be sought. The target price may be approached by looking for compro
mises between nice-to-have features and the associated costs of adding or remov
ing components. The configuration and calculation processes must be linked for 
evaluation of the effects of any particular step. Depending on the product, there 
may also be complex rules for the configuration that have "hidden" cost-relevant 
implications, e.g., if the installation of a component required by a customer means 
another part is necessary or if the removal of one part makes other components ob
solete. 

Reducing the drifting costs will often require intra- or inter-enterprise cooperation 
in the SC; in the latter case the following mechanisms can be used to foster inter
organizational cooperation (CooperlSlagmulder 1999, pp. 143, p. 161): 

• Functionality-price-quality trade-offs 
• Interorganizational cost investigations 
• Concurrent cost management programs. 

The buyer may specify individual target costs for each component delivered by a 
supplier or it may bundle the target costs, giving the supplier some freedom to 
identify the points where it may concentrate its cost reduction efforts. Target cos
ting may also be used as a measure in supplier development; innovations by the 
suppliers may be rewarded by allowing higher target costs (cf. CooperlSlagmulder 
1999, pp. 194). Empirical results (including 11 case studies) on the relationships 
between SCM and target costing are given by Ellram (1999). 

Target costing should be applied with caution, because, in a similar way to value 
analysis, it involves the danger that a wide range of variants will result that can no 
longer be handled economically. 

Target costing can be realized with the R/3 Project System (PS). Based on de
tailed work breakdown structure elements that may relate to BOM, budget limits 
can be defined; the system automatically generates messages if these thresholds 
are exceeded. The budget-checking procedure can be customized according to the 
relevant business rules. 

Mass customization 

Electronic sales aids are an important assistance for mass customization. This con
cept tries to combine the principles of mass production with those of make-to-or
der production. The prospective customer can specify features of the product ac
cording to its wishes. The customer configures its product from a wider range of 
variants or components. It is necessary to ensure that a "do-able" product results. 
The customer specifications are usually sent via telecommunications (e.g., the 
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Internet) to the factory and initiate an assembly process (assemble-to-order). The 
IS of the SC partners have to make sure that components ordered from third par
ties arrive at the factory in time. A mass customization system attempts to make 
use of the information gained during the interaction between business partners to 
build a permanent customer relationship from which both parties should profit. 
However, additional costs are usually resulting from making a process mass-cus
tomizable and, therefore, the problem of determining the optimal extent of mass 
customization arises (Knolmayer 2001a). 

SAP provides a solution "Order Entry with Configurator" using the Internet Ap
plications Components (lAC). The data are entered directly into the SAP Rl3 Sys
tem via the Internet; the production order is then scheduled immediately. 

2.2.3 Order Entry and Verification 

Order entry 

The goal of this activity is an economical collection of external data for integrated 
information processing. In addition to conventional methods of order entry there 
are solutions that use the Internet for this task. 

SAP systems offer a wide range of technical options for modern order entry. In 
particular, the EDI transmission based on Intermediate Documents (IDocs) ena
bles ordering information to be transferred from an external system to the Rl3 SD 
(Sales and Distribution) module. When two Rl3 Systems communicate with each 
other, ALE should be used for interfacing. If the SAP Internet Transaction Server 
(ITS) and the Internet Application Components are used, the orders received from 
the customer can be entered into the Rl3 System via the Internet. As part of its 
mySAP CRM application, SAP is currently developing additional components that 
permit sales staff working in the field to prepare the complete order entry (e.g., 
with exact product configuration, price calculation with customer-dependent dis
counts, and delivery date) "ojJline" on a notebook (cf section 2.2.4; Angeli et al. 
2001). 

Order verification 

An order must be subjected to detailed integrity checks before it is accepted and 
stored (Mertens 2000, pp. 67). Such checks can be omitted ifthe order applies to a 
recent quotation for which the checks were performed during the quotation phase 
and if it can be assumed that no significant changes have occurred subsequently. 

Technical validation 

If the product to be supplied is based on customer-specific wishes, it must be clari
fied whether it can be manufactured according to this specification. This valida-
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tion covers factors such as unusual dimensions, tolerances, performance characte
ristics or unusual combinations of properties. Especially for companies with rapid
ly changing products, it is necessary to ensure that the model ordered is not obso
lete. Because of environmental regulations, e.g., in the chemical industry, it may 
be necessary to test the product for prohibited substances. The cooperation in an 
SC may provide access to special knowledge of partners which is not commonly 
available. 

The Rl3 configuration mechanisms allow technical validations. To avoid the use 
of combinations of substances that the environmental regulations do not allow, a 
special query can be triggered by the master record. 

Credit standing review 

A limit for the sum of the open receivables and the value of the orders that have 
not yet been invoiced may be stored in the customer master data. However, be
cause the customer could have significantly reduced its credit need by the time of 
delivery, this static consideration often does not suffice and a dynamic validation 
is needed. The accounts receivable program calculates the time between the in
voicing date and the actual payment date for each payment. This time is smooth
ened and the expected value determined in this way is stored as the typical time to 
payment in the customer's master data. It is used by the credit standing module to 
forecast the dates of payment arrivals. This makes it possible to estimate whether 
credit limits might be violated on the occasion of the order just being checked. If 
the customer has sometimes not paid within some specified period in the past, the 
company may require that the person responsible be informed before confirmation 
of the order. If partners in the SC have common customers they may exchange 
their information on the past payment behavior and the current debts. 

The "credit management" functionality in the Rl3 sales (SD) and finance (FI) 
modules covers this area. An upper limit is defined in the customer master data 
for the static consideration. Rules that also take account of the current payments 
can be specified for dynamic checking. The customers are assigned to risk classes 
for which a differentiation is made, for example, between subsidiaries for which 
there is minimum payment risk and new customers with a high danger of loss. De
pending on the class they are assigned to, the credit worthiness of the customers is 
handled differently. In addition, different methods of payment can also be defined. 
When payment is to be made with a credit card, the amount is authorized by the 
clearing-house of the credit card company and the transaction is handled by the 
Rl3 System. 

Delivery date check 

A delivery date-checking module can be used during order entry to forecast whe
ther the customer's favored delivery date can be met. This check first requires that 
the inventory levels be queried; the search starts with the end products, continues 
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with the intermediate products, and ends with parts purchased from suppliers. If it 
is possible to deliver from the finished goods warehouse no further date checking 
is necessary. If this does not apply, the operations needed to manufacture the end 
products can be planned with due consideration for any available inventories of in
termediate products. In the extreme case of a make-to-order product, all operations 
starting with the first operation on raw materials must be scheduled. If necessary, 
the time of procuring supplier parts must also be considered. Strictly speaking, the 
complete procurement and manufacturing process, including, e.g., all batch size 
changes resulting from the order to be checked, would need to be scheduled before 
it was possible to determine whether the desired customer delivery date could be 
met. This would obviously be a very demanding task. 

In SC the tasks described above are even more complex. Software vendors have 
developed special SCM modules, usually called ATP (Available-to-Promise), for 
supporting delivery date decisions (cf. section 3.1.4). 

R/3 permits the ''planned delivery time" to be calculated when a product becomes 
available; this takes into consideration all available stock, future deliveries, capa
cities for in-house production, required resources, and the time required to obtain 
parts from suppliers. The most powerful and highly dffferentiating SAP offering 
for date checking is the ATP module of the APO system (cf section 3.1.4). 

2.2.4 High-Level Sales Strategies 

Electronic Commerce 

Three categories of EC are often distinguished: 

• Business-to-Business (B2B) 
• Business-to-Consumer (B2C) 
• Business-to-Government (B2G). 

A company practices B2B if it uses network services to transfer its orders to the 
suppliers and to receive orders from its customers, to receive or send invoices, and 
to process its payments. This type of EC proved itself many years ago, in particu
lar with the use of EDI. However, with the arrival of the Internet, the B2B concept 
allows the establishment of electronic markets that often are organized vertically 
for single industries. 

SAP offers a Business-to-Business Procurement solution (cf section 3.2). This 
product permits business relationships based on Internet technology. It makes it 
possible to control and handle the procurement process, including the inquiry, 
status queries, issue of an invoice, and management of the payments. 

The B2C category is also called electronic retailing and came up with the broad 
acceptance of the Internet by consumers. The Internet provides many online stores 
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and shopping malls that offer consumer goods, including selected durables, such 
as computers and vehicles. When the manufacturer allows direct purchasing, inter
mediaries may lose their traditional role in the distribution channels. The physical 
distribution, especially of cheap products, is often a major cost component in B2C 
relationships. In addition, consumers sometimes repudiate credit card payments 
after delivery of the goods. Thus, additional mechanisms for secure trading, such 
as a Secure Socket Layer and digital signatures, are necessary for management of 
B2C relationships. 

The Rl3 Online Store component can be used to create an electronic product cata
log on the Internet. A customer may use a web browser to access it and to query, 
configure, and order products. The data entered are transferred in HTML format 
to an SAP Internet Transaction Server which transports them to the R/3 System 
where they are processed. 
All partners in an SC also have different types of contacts to government authori
ties. The third category of EC, B2G, takes account of the special properties of 
these contacts. In the US, for example, details of future government procurement 
programs are published on the Internet and suppliers have the option of respond
ing electronically. Although this category is just starting to develop, it may rapidly 
gain in importance if governments decide to stimulate EC via B2G. 

SAP is working on a development project for B2G. 

EC ignores geographical and national boundaries. Because the important networks 
operate globally, EC enables even small providers to have a global presence and to 
operate worldwide. Customers can choose a specific product or service from many 
providers. Generally recognized standards will develop that simplify the business 
processes between providers and customers. Brand names create trust and will 
gain importance. The selection of a partner will increasingly depend on its capabi
lities to handle electronic business or even to cooperate in SC structures. Global 
EC is hampered by language barriers, the hardening of price differentiation, the 
sometimes unclear legal environment, and the difficulties of providing after-sales 
services on site. 

Efficient Consumer Response 

Efficient Consumer Response (ECR) is a bundle of methods which, as an element 
in a trust-based cooperation between manufacturers and retailers, aims at remov
ing inefficiencies along the value chain. The goal is to provide a benefit to all the 
parties involved that they could not achieve by themselves. The American Food 
Marketing Institute (FMI 2000) suggests four major strategies within ECR: 

I. Efficient Store Assortment - addresses how many items to carry in one catego
ry, what type of items and in what sizeslflavors/packages, and how much space 
to give to each item. This is closely linked to category management. 

2. Efficient Replenishment - focuses on shortening the order cycle and eliminat
ing costs in it, starting with accurate point-of-sale data. It includes efficiencies 
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to be gained by using continuous replenishment programs, EDI, cross docking, 
computer-assisted ordering, and new receiving techniques. 

3. Efficient Promotion - addresses inefficient promotional practices that tend to 
inflate inventories and practices whose effects may not be fully passed on to 
consumers to influence their purchase decisions. 

4. Efficient New Product Introduction - addresses improvements to the entire 
process of introducing new products, which is subject to high failure rates, 
thereby bringing extra costs into the system. 

"Category Management" considers groups of goods rather than individual prod
ucts as units. A category manager is responsible for a certain group of products. 
He can, for example, exploit a particularly low-priced article, A, using it to stimu
late sales of another product, B: thus, A subsidizes B but the profit of the product 
group may increase. 

In the "extended enterprise", category management can also be applied to the lo
gistical processes in the SC. Category management is then the basis of the agree
ments between suppliers, purchasers, and logistical service providers. For examp
le, the critical success factors, the associated management information systems, 
the accompanying data and, possibly, also the determination of storage locations 
in warehouses are slanted to the "categories". 

The SAP Retail module IS-R delivers functionality for ECR and Category Mana
gement (SAP Category Manager Workbench). The APO system provides tools for 
VMI, a concept that consumer goods manufacturers are already using intensively 
(cf section 5.1.1). 

Quick Response 

Quick Response systems are models for partnerships of manufacturers and retail
ers that aim at accelerating the information and product streams through the use of 
common IS. Quick Response is a form of Just-in-Time (JiT) delivery systems and 
is used, in particular, in the textile industry (Blackburn 1991). The following 
example illustrates this procedure: The clothing retailer's computer is connected to 
the IS of a ready-made clothing manufacturer. This enables the retailer to see what 
free capacity the manufacturer has .in terms of storage or production. The retailer 
can place orders quickly and be relatively sure that the products have not been 
sold to another retailer in the meantime. Because retailing companies increasingly 
use merchandise information systems, quick response systems could soon become 
an interesting feature of an SCM solution (Mertens 2000, p. 109). The use of scan
ners, barcodes, and EDI supports the capability to respond immediately to any ac
tions of the customers. 

Some apparel and textile manufacturers are skeptical about the benefits of Quick 
Response systems because they assume that these will shift inventories upstream. 
Technical solutions and realignment of contractual relationships may be helpful to 
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avoid this effect and to improve the overall efficiency of the system (Lee/Whang 
1999, p. 638). 

The R/3 System provides the functionality needed to realize the Quick Response 
concept. Contact can be made by way of a Web browser. SAP provides Internet 
Application Components that permit Internet access to an R/3 System via the In
ternet Transaction Server (ITS). 

Customer Relationship Management 

The main issues in Customer Relationship Management (CRM) are: 

• IS provide standardized support for the customer relationships for the marke
ting, sales, and after-sales (service) cycle, where boundaries between these 
phases decline in importance. 

• In large enterprises in which many people maintain relationships with an indi
vidual customer, efforts are devoted to presenting a uniform image to the cus
tomer ("one face to the customer"). 

• All companies involved in the "extended enterprise" have access to informa
tion on their common customers. 

One core idea of conventional CRM systems is that diversified enterprises or even 
groups present the above-mentioned "one face to the customer". This concept may 
also be transferred to the SC; in this case, the partners would have to organize 
common databases (cf. section 2.2.1) making relevant attributes of the customers 
accessible within the Sc. 

The mySAP CRM Initiative deals with the following concepts: 

• One-to-one marketing (cf section 2.2.1) 

• Storing profiles of contact partners at the customer with the aim of sending 
them special messages (''profile specific addressing"); this provides the basis 
for database marketing (cf section 2.2.1) 

• Support by providing product configuration tools (cf section 2.2.2) 

• Mass customization (cf section 2.2.2) 

• Provision of current messages ("latest information/automatic news update"). 

As part of its mySAP CRM solution, SAP offers additional tools to support field 
staff (mobile sales force). To prepare for customer contact, the salesperson can 
create, retrieve, and process, for example, information on the customer (requests, 
orders, goods and services, offered or provided, facilities installed at the custom
er's site, notes about creditworthiness, opening hours, etc.) and receive other in
formation, for instance on products or special offers, from the server. The article 
display is provided by a product catalog (cf section 2.3.4), which also allows 
multimedia elements (e.g., video sequences). The "Configuration Engine" permits 
configuration of products on a notebook. The knowledge-based system contained 
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in Rl3 is also available ojjline on the notebook. The salesperson in the field can 
access not only operative data but also transfer extracts from the Business Infor
mation Warehouse to his notebook and then process this information with the 
analysis and reporting tools available on it. The notebook has its own database, in 
which, e.g., orders, products, a calendar, and contacts can be maintained. 

In addition to laptops, a personalized digital assistant or a mobile phone can also 
be used as a terminal to which the information is transferred. 

In summary, the use of new technology allows the distribution of information to 
salespersons and provides them with easy access to information that is available 
only in central systems. This permits more intense information exchange with 
customers and new methods of data access and data sharing within an SC. 

2.3 Procurement 

The term SCM focuses on the supply side of business activities and thus on the 
procurement function. The cost of procurement as a percentage of total costs rises 
with weakening of vertical integration. The percentages listed in Table 2.1 indi
cate that success potentials can be found increasingly in the procurement function. 
One of the main success factors in SCM is involving the suppliers as partners. 

Table 2.1: Typical percentages of purchasing costs for various types of 
industries (Thru-put Technologies 2001) 

Manufacture of Purchasing Production Distribution 

non-durable consumer goods 30 - 50% 5 -10% 30 - 50% 

durable consumer goods 60 -70% 10 - 15% 10 - 25% 

industrial goods 30 - 50% 30 - 50% 5 -10% 

For the manufacturing industries only about 40% of procurement spending origi
nates from buying production materials, and about 60% from indirect goods and 
services. Indirect goods are, for example, Maintenance, Repair, and Operations 
(MRO) goods, capital equipment, computers and software, magazines and books, 
office equipment and supplies, real estate, and vehicle fleet (Segev/Gebauer 
1998). 

The importance of the purchasing function for SCM is emphasized by the Pur
chasing And Supply-chain Benchmarking Association [http://www.pasba.coml]. 
This group conducts benchmarking studies to identify practices that improve the 
overall operations of its over 1100 members (as of 2001-05). Objectives of 
PASBA are to 
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• conduct benchmarking studies of important procurement and SC processes, 
• create a cooperative environment in which full understanding of the perform

ance and enablers of "best in class" procurement and SC processes can be ob
tained and shared at reasonable cost, 

• obtain data on process performance and related best practices, 
• support the use of benchmarking to facilitate procurement and SC process im

provement and the achievement of accuracy, timeliness, and efficiency. 

2.3.1 Sourcing Strategies 

Global Sourcing 

The globalization of business relationships stimulates the procurement especially 
of raw materials from worldwide sources ("global sourcing"). Goals of global 
sourcing are, among others, alliances with so-called world-class suppliers, market 
entry in countries with protectionist business policies, realization of saving poten
tials, managing currency risks, and provision of benchmarking information (cf. 
Boutellier/Locker 1998, pp. 134). The Internet improves market transparency and 
facilitates global sourcing strategies. 

A case study on global sourcing at Mercedes-Benz Argentina shows the complex 
services performed by the forwarding agents (in this case, the Bremer Lagerhaus
gesellschaft). The process of global sourcing implemented by Mercedes-Benz Ar
gentina is taking place in eight steps (Faber 1998, pp. 288): 
I. Preliminary transport 
2. Consolidation 
3. Transport to the harbor 
4. Sea and air freight 
5. Customs clearance 
6. Container transport to the delivery point and container handling 
7. Deconsolidation, warehousing, and supply to conveyor belts 
8. Return transport of reusable containers. 

Single Sourcing 

Traditionally, companies have bought important parts from several suppliers 
("multiple sourcing"). Reasons for this strategy are competitive advantages, avoi
dance of dependencies, and risk management. 

The concepts of procurement logistics and SCM demand close cooperation with 
the suppliers to permit, e.g., JiT deliveries and the transfer of quality control to the 
suppliers. This need usually results in a reduced number of suppliers for a specific 
part and, in the extreme case, in a single sourcing strategy. Advantages of single 
over multiple sourcing lie in cost degression effects and in the necessity for estab-
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lishing a trustful relationship with the preferred partner. The selection of the sup
plier is of particular importance for single sourcing strategies. Guidelines for con
solidating the supply base are available (Riggs/Robbins 1998, pp. 152). 

Concentrating procurement on a few or even just a single supplier results in mutu
al dependencies. On the one hand, the "Lopez effect", seen at GM and Volkswa
gen, describes the market power of the buyer, which, in particular, may result in 
vehement demands for price reductions. If a supplier does not accept such re
quests, the customer can threaten to change to a different supplier, and can actu
ally do this. For suppliers subject to a cluster risk, i.e., high dependency on a sin
gle customer, this may threaten the company's existence. 

On the other hand, as seen in 1998 in the relationship between Ford Europe and its 
door lock supplier Kiekert, for example, troubles with a single supplier can bring 
production to a standstill. At least in the short run, alternative deliveries are im
possible in such circumstances, because there are no cooperations with other sup
pliers that would enable any alternative (even stopgap) arrangements to be made. 
After this experience, Ford Europe announced that it would be reconsidering its 
single sourcing policy. 

Modular Sourcing 

The number of manufacturing levels is often reduced for logistical reasons. Conse
quently, compared with the procurement of individual parts, the acquisition of 
complete assemblies from system suppliers ("modular sourcing") is becoming 
more important. This may have the following consequences in the corresponding 
functional areas (cf. WeiB 1996, p. 134): 

1. Engineering 
• Using special knowledge of the suppliers 
• Rapid implementation of technical progress 
• Reduction of development times 

2. Procurement and materials management 
• Reduced number of suppliers 
• Fewer transport activities, reduced logistics costs 
• Lower transaction costs 
• Smaller quality control effort on receipt of goods 
• Reduction of inventory levels 

3. Production 
• Reduced complexity of production planning and scheduling 
• Better control of time and quality of the processes 

4. Administration 
• Reduced administrative tasks 
• Less demand for scarce management capacity. 
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Just-in-Time Procurement 

In a similar manner to how the JiT principle is used within companies, it can also 
be applied between companies to organize the material flow on the basis of the 
pull principle. In particular, companies that are active in the automotive industry 
ask that their most important suppliers coordinate their deliveries closely with de
mand of the automakers. The parts are not delivered to a traditional arrival area 
but immediately to the precise location where they will be required, e.g., to a spe
cific workstation along the conveyor belt. Such production-synchronous procure
ment implies close cooperation of the automobile manufacturer with the supplier 
and/or the forwarding agent. 

Despite the importance of modern forms of telecommunications, the geographical 
vicinity of companies cooperating in an SC does have advantages for example 
with regard to organizational learning (cf. Dyer 1996, p. 289, with notes on the Ja
panese automotive industry and on Silicon Valley), but also for product develop
ment and establishment of JiT systems. Because of the imponderabilities of deliv
ery times that result from long transport distances, production-synchronous pro
curement is based on the assumption that the quantities to be delivered are already 
physically close to the recipient and only a short transport distance needs to be 
covered once a request for the goods has been received. Consequently, some sup
pliers build factories, or at least warehouses, close to the customer's premises. Be
cause of the resulting inefficiencies, regional shipping companies offer to build 
warehouses near large customers to which the suppliers send their goods; the cus
tomer can release orders synchronously with its progress in production activities. 

Information on the current demand patterns of the customers is very important for 
the suppliers. IS are not needed if a traditional kanban system is used to control 
deliveries (cf. section 2.4.3). However, because information on a customer's in
ventory levels gives the supplier an idea of the demand pattern and thus provides a 
better basis for planning, information and communication systems are ususally 
needed for coordination of the JiT relationships in the SC. These require close 
matching of the business processes of the companies involved and are thus prima
rily realized for the high-value A-parts. In this sense, JiT is closely related to the 
SCM concept. 

The aim of JiT deliveries is to avoid manipulations of the parts during receipt of 
goods with consequent lowering of the inventory levels. The quality inspection 
may be performed according to mutually agreed rules at the supplier's location; if 
necessary, such quality control can also be performed by a third-party and/or at a 
neutral location (e.g., in a warehouse that a regional carrier operates near the cus
tomer's plant). The company receiving the goods can determine the measures of 
quality control and also decide whether it will be involved in the inspections and, 
if so, to what extent. The transfer of the quality inspection is a typical example of 
how the SC cooperation changes process chains. 
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2.3.2 Centralized and/or Decentralized Procurement 

The purchasing function may be organized in a centralized or a decentralized man
ner or in a combined form. For combined procedures, threshold values that initiate 
a centralized procurement can be specified if they are exceeded in decentralized 
purchasing. A current trend is direct purchasing via the Internet by user depart
ment employees. Especially for C-materials, tendencies to decentralized purchas
ing can be observed (cf. section 3.2). In this case, staff members can independent
ly choose and order materials within a customized and restricted range that has 
been authorized (budget limits, range of suppliers). A web-based desktop purchas
ing system provides information on potential sources and their terms of delivery 
and payment. A variant of this policy permits decentralized procurement if the 
prices of decentrally purchased goods do not exceed those offered by the central 
buying department by more than some specified percentage, for example, 3%. 

Alcatel SEL started the "Buy Direct" project in January 1998. The concept allows 
for direct ordering by the department that needs the goods and for electronic in
voicing; this results in reduced loads on the purchasing, controlling, and accoun
ting departments (Schaffer et al. 1999). 

Recently, with the so-called material group (or commodity) management teams, 
attempts have been made to combine the advantages of centralized and decentral
ized procurement by using an inter-organizational coordination forum. Interdisci
plinary teams specify sourcing policies, analyze the procurement processes, con
clude company-wide buying agreements, prepare outline agreements, and coordi
nate procurement activities. The business units themselves decide whether or not 
to participate in these activities (Boutellier/Locker 1998, p. 129). 

To improve the coordination and cooperation and to make it possible to adopt 
joint measures for reengineering the processes in the SC, associations of the most 
important suppliers (supplier associations) have been established (cf. RichlHines 
1997). 

Depending on the procurement policy realized, distinct SC with different material, 
information, and financial flows result. Close cooperation in the SC can usually be 
realized more easily if central procurement policies are followed (Monczka et al. 
1998, p. 74). 

United Technologies Corporation (UTe) decided to integrate sourcing activities 
across its six major divisions and to make SCM a core competency for the corpo
ration. The group had approached SC integration through cross-divisional pur
chasing councils. Although the councils were very effective in getting the various 
units to share information and knowledge, they were still operating within a 
highly decentralized procurement structure (meaning they could create corporate 
supply agreements but could not always deliver the volumes required to 
suppliers). To drive the transition, the firm has built aggressive cost savings goals 
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into its business plans, thus providing strong incentives for plant and process 
managers to join the SCM initiatives. An extensive SCM training process was 
deployed to equip UTC personnel with skills specific to its long-term strategy. For 
the senior executives, much of the training focused on the human resource 
implications of the SCM strategy, such as the redeployment of personnel, re
allocation of resources, and changes in skill sets required for various jobs (Porter 
1998). 

In applying traditional procurement policies, the quantities to be delivered are usu
ally specified exactly in contracts. Intensive cooperation in SC results in outline 
agreements that provide the partners with midterm security about the volume of 
business, but also provides flexibility for fetching goods and services at short noti
ce. To simplify the transport logistics, some outline agreements allow the individ
ual delivery volumes to differ within defined limits from the ordered ones. In other 
cases, the logistics are simplified by a constant delivery quantity or by delivery in 
containers to avoid repacking. Contracts allowing for flexible volumes can damp
en the transmission of order variability throughout the SC, thus potentially re
tarding the bullwhip effect (Tsay/Lovejoy 1999). Sometimes long-term contracts 
specify annual price reductions; in this case both partners have to improve the 
competitiveness of the Sc. 

Reorganization efforts often concentrate on indirect purchasing processes. Typical 
objectives of such reorganizations are (cf. Gebauer/Segev 2000): 

• End users are empowered to select items and services. Allowing them to gen
erate requisitions and purchase orders and to handle receiving and payment 
may save time and administrative overheads and reduce stocks and the associ
ated inventory costs. 

• Centrally provided multi vendor stores help to guide end users towards a set of 
pre-contracted items. Cost savings result from discounts that are often re
flected in prenegotiated arrangements. Large, decentralized companies expect 
high savings from renegotiation of long-term contracts with suppliers. 

• Better documentation of indirect buying provides better data on spending pat
terns and process transparency. This information can be used for improving 
supplier management, for additional cost savings, and to enable fast reactions 
to changing environments. 

If reengineering of purchasing processes leads towards decentralization, the de
centralized activities are often coordinated by applying workflow management 
systems (Gebauer/Schad 1998). 

2.3.3 Intra- and Inter-Company Organizational Changes 

Strategies for basing the procurement on SCM concepts appear under such con
cepts as "Procurement Reengineering", "Supplier Alliance Teams" or "Strategic 
Supply Side Management". The Center for Advanced Purchasing Studies (CAPS) 
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is engaged, among other topics, in changes of and forecasts about future procure
ment management [http://www.capsresearch.org/]. 

The close cooperation in an SC may foster "open-book policies" that enable a cus
tomer to view cost accounting data from its suppliers (Seal et al. 1999). An agree
ment on methods of cost allocation may be necessary to provide meaningful and 
comparable data. There have already been interventions from customers directed 
at getting a supplier to change its accounting procedures to provide more meaning
ful cost data (CarrlNg 1995). 

An intensified cooperation between the purchasing and sales departments should 
mean that customer requirements are better matched with the conditions in the 
procurement market. Furthermore, the concentration on the business activities 
counterbalances the technical orientation that often dominates, particularly, in 
SME. Sometimes, for example in retailing, the Efficient Consumer Response con
cept (cf. section 2.2.4) is used as a basis for combining sales and purchasing acti
vities for each strategic business unit. 

Karstadt A G, a leading German department store, defined new responsibilities for 
retailing and the manufacturing industry in its Quick Response Service. The quan
tities sold are reported directly to the suppliers via telecommunications. These 
suppliers use models to forecast the future consumption and so deliver specific 
quantities to the branches unless they veto the planned data. The products are 
packed in a form appropriate for the branches and are marked with their prices 
(Oertel/Abraham 1994, pp. 188). 

Possible forms of cooperation in the procurement area are (cf. Baumgartner 1991, 
p.74): 

• Master agreements, letters of intent 
• Guaranteed acceptance of minimum quantities or minimum volumes of sales 
• Consigned goods located in the customer's warehouse but still the property of 

the supplier 
• Quality control according to customer requirements on the supplier's site 
• Provision of tools, equipment, and data 
• Financing of investments 
• Joint product development 
• Selling products of suppliers under the company's name 
• Storage on the supplier's site and JiT delivery 
• Spare parts warehouse on the supplier's site 
• Service provided by the supplier 
• Influencing product policies of the suppliers 
• Paperless ordering and communication. 

The reorganization of SC often avoids redundant tasks and thus results in modified 
business processes. A case study describes the changes that Thermo King im
plemented when SCM triggered the migration to new material management prin-
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ciples and IT systems (Langan et al. 1996). Figure 2.6 shows a stepwise 
simplification of logistic chains achieved by the Zellweger Group, Switzerland, 
with its CATENA (Italian word for chain) project. If neither partner in the 
logistics chain wishes to assume the responsibility for these merged tasks, a third 
party (also for reasons of symmetry) could be made responsible for them; for 
example, a specialized service provider could perform the quality control using 
certified processes. Thus, the reorganization of SC does not always avoid 
intermediaries and new forms of intermediation sometimes arise. 

Elida Faberge is responsible for the personal hygiene business within the 
Unilever Group in Germany. On the basis of a study initiated in 1996, it began to 
orientate its business processes towards Efficient Consumer Response (cf section 
2.2.4). The realization of the logistics projects required the planned implemen
tation of SAP Rl3 to be brought forward by more than one year. The principal 
tasks of the "Supply Flow Management" department are the 
• definition of logistics concepts for suppliers using the knowledge gained in 

Elidas own sales department, 
• optimization of procurement logistics and solution of material flow problems, 
• quality improvement and coordination of supplier evaluation and develop

ment, 
• optimization of order quantities, order cycles, and delivery rhythms, and 

reduction of material losses, e.g., through improved control of residuals. 

One of the achievements was improved coordination with the suppliers of packag
ing materials. Previously the choice of delivery times was left to the suppliers and 
carriers. This resulted in widely fluctuating utilization rates and temporary bottle
necks at the goods receiving and storage areas. A dialog with the ten most im
portant suppliers of packaging materials led to a delivery calendar that avoided 
the earlier irregularities. There were next to no waiting times for these major sup
pliers. One day was reservedfor smaller suppliers. 

The suppliers' relatively limited interest in SCM is criticized. In foture Elida F a
berge will orient its strategic supplier development and selection more closely on 
SCM aspects (Schulte/Hoppe 1999, pp. 73). 

Vendor Managed Inventory (VMI) is a concept according to which the supplier 
assumes responsibility for inventory levels and for whether particular customers' 
goals (e.g., service levels, inventory turnover rates) are achieved. The main factors 
that could motivate suppliers to take over the warehousing function for selected 
customers are closer relationships, the associated competitive advantages, early re
cognition of changes in the markets, and the elimination of one decision echelon. 
The supplier receives early information about demand variations and can adjust its 
production planning and scheduling accordingly. Model analyses indicate that the 
improvement potential of VMI is remarkably higher than that of information ex
change (Aviv/Federgruen 1998). However, an inventory reduction in the custom
er's warehouse often increases stock levels on the supplier's site. 
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Figure 2.6: Simplification ofthe logistics chain in the Zellweger Group 
(cf. Schaum ann 1991 , p. 132) 

Application ofYMI requires that suppliers are familiar with the customers' inven
tory levels, up-to-date demand figures, and sales forecasts; they must also be able 
to supply small order quantities quickly and economically and operate IS that sup
port YMI (cf. Tyndall et al. 1998, pp. 78). YMI is a type of the "Resident Supplier 
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Arrangement" in which members of the supplier's staff also act, for example, as 
contact persons for product development teams of the customers. The term "Co
Managed Inventory" emphasizes that responsibility may be shared between coop
erating partners in the SC (Christopher 1998, p. 196). 

In contrast to these viewpoints, "laws" of SCM have been formulated that consider 
the concept of the VMI rather critically (cf. Smith 1999): 

• No company can manage a customer's inventory better than the customer can 
• There is no free lunch. If a supplier manages a customer's inventory the cost 

of the product to some customers will go up 
• The more closely inventory management is slanted toward the ultimate custo-

mer 
the more stock keeping units will exist 
the less accurate the inventory records will be 
the less accurate the forecast will be 
the shorter the replenishment time will be 

• When suppliers are managing customer inventories, only simple systems 
work 

• When a supplier manages a customer inventory, the customer may consider 
the inventory to be on consignment 

• The difficulty of communication increases with rising number of suppliers 
each managing a segment of a customer's inventory 

• Most suppliers can manage inventory for some of their customers; few, ifany, 
are able to manage it for all of them. 

The dm-drogerie markt, a major drugstore company in Germany, started an initial 
VM1 project with Colgate in 1994; Colgate has been operating a VMI for dm 
since October 1996 (cf the case study in section 5.1). This experience was used to 
draft guidelines that include a comprehensive process model consisting of four 
steps. In the meantime. approximately 20 percent of the revenues are based on 
VMI articles. The transition to VMI has not always led to substantial improve
ments in inventory and service levels. However, the manufacturer gains informa
tion on the availability of its products, can orient procurement and production 
processes more closely to the demand, and schedule its transport more tightly. 
This is in the interests of both partners. "Preferred suppliers" are defined to inten
sifY the partnerships; the cooperation capability of vendors becomes an important 
criterion in selecting preferred suppliers (Rodens-Friedrich 1999, pp. 213; cf 
also the Elida Faberge example above). 

The inventory, order, and sales forecast data needed for the VMI planning are 
normally transferred by ED!. In the SAP environment, they can be stored persis
tently in the APo. A VMI customer is created in the supplier network of APO as 
"location" and linked with the rest of the SC using a transport relationship defined 
in the Supply Chain Engineer. The planning process handles such a customer in 
the same way as a distribution center (cf section 3.1.1). 
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If any of the VMI customers fails to provide sales forecasts, the supplier must 
calculate its own prevision for this client. This increases its planning effort and 
reduces the planning reliability. 

2.3.4 IS for Procurement 

CALS 

The CALS concept has been used since the mid-1980s to systematize and stan
dardize the computer support methods used to build logistical chains. This acro
nym was originally used by the American Department of Defense for "Computer 
Aided Logistics Support", later for "Computer Aided Acquisition and Logistics 
Support", and then for "Continuous Acquisition and Lifecyc1e Support"; recently it 
is used also in the sense of "Commerce at Light Speed", indicating a repositioning 
towards EC (cf. section 2.2.4). "The goal of the CALS Initiative is to enable inte
gration of enterprises on a worldwide basis. The vision is for all or part of a single 
enterprise (e.g. an original equipment manufacturer and its suppliers, or a consor
tium of public and private groups and academia), to be able to work from a com
mon digital database, in real time, on the design, development, manufacturing, 
distribution and servicing of products. The direct benefits would come through 
substantial reductions in product-to-market time and costs, along with significant 
enhancements in quality and performance" (Casey 1996). 

Virtual Purchasing and E-Commerce 

Virtual Purchasing means the use of the Internet as a platform for procurement 
activities, namely "buy-side electronic commerce". 

General Electric (GE) opened an Internet access to its Trading Process Network 
(TPN) for its 25,000 suppliers in 1996. The suppliers can use the Internet to ob
tain information on parts tendered for procurement with specifications and draw
ings, and to submit their bids. The system makes more than two million drawings 
available in encrypted form. In this way, GE processes approximately 500 re
quests each day. The effort involved in preparing quotations has been dramatical
ly reduced (BoutellieriLocker 1998, p. 158). 

GE TPN Post is a secure Internet solution allowing buyers and sellers to conduct 
business electronically. It offers a robust solution combining software and servi
ces to help buyers locate new suppliers worldwide, streamline their purchasing 
processes, and dramatically shorten cycle times. The TPN Manager allows buyers 
to [http://www.tpn.com!] 
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• identify qualified suppliers worldwide, 
• distribute Requests for Quote and specifications to global suppliers, 
• transmit electronic drawings to multiple suppliers simultaneously, 
• hold multiple bidding rounds until a favorable price is reached, and 
• receive and manage bids and seller communications efficiently and cost effec-

tively {http://www.gegxs.com/gxs!products!product/getpnp/]. 

In the following we consider the changes that result in electronically supported 
transaction processes, differentiating between the phases of initiation, agreement, 
and processing. 

1. Initiation 

The Internet has improved the transparency of many markets. Because easily des
cribed and communicated procurement criteria are very important for purchasing 
over the Internet, intensified price competition with negative consequences for 
product quality and innovation is feared. Some disadvantages of decentralized 
procurement can be reduced or even avoided by providing information about ex
periences gained with different suppliers over an intranet. The systematic collec
tion of such information is an important task for a company's knowledge manage
ment. 

SAP supports the procurement of add-on systems by short-listing on its web pages 
references that may be of interest for certain IS tasks. SAP certifies some of these 
solutions, providing a quality seal for technical compatibility. Customers may find 
additional information about the systems on the web pages of these vendors. 

The purchasing department can use the intranet to provide guidelines for procure
ment activities. The University of Minnesota offers detailed help for decentralized 
purchasing designated as "virtual buyers" (NN 1999a). The Internet and CD
ROMs provide comprehensive information on potential suppliers that previously 
was often difficult to obtain in supplier reference works ("yellow pages"). In May 
2001, the Thomas Register of American Manufacturers contained data about 
roughly 168,000 companies [http://wwwl.thomasregister.comJ]. The information 
provider "Wer liefert was?" [http://www.wlwonline.de/] presents information 
about circa 370,000 companies from 13 European countries in printed form, on 
CD-ROM, and on the web. Prospective customers can use the Internet to formula
te requests to specific companies, which are then forwarded by the intermediary. 

At the end of 2000, about 1000 E-marketplaces had emerged or announced their 
future existence. A B2B marketplace is a virtual market where buyers, suppliers, 
and distributors find and exchange information, conduct trade, and cooperate via 
portals, trading exchanges, and collaboration tools. A new dimension is being in
troduced into SCM, with the formation of new partnerships causing competitive 
pressure while also creating a new level of collaboration between companies 
(Shams 2000). 
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The relevance of the B2B marketplaces (in this case for the chemical industry) is 
emphasized as follows (NN n.d.): The SC of the global chemical industry is char
acterized by significant inefficiencies. These inefficiencies are largely the result of 
manual transaction processing and inefficient use of information or resources pre
venting optimization of logistics across the industry. As a result, there are exces
sive resources, redundant inventory positions, and underutilized assets employed 
during the delivery of a product, with many firms providing similar services and 
little standardization. There is a significant opportunity to remove these inefficien
cies from the industry via EC - it is estimated that in 2005 cost savings of $ 5 bil
lion could be realized compared with the present. The marketplace was conceived 
and developed by 22 chemical industry leaders to eliminate the chaos in the SC 
and to make it easier for everyone involved to do business. 

Commerce One describes the advantages of contracting with its marketplace as 
follows [http://www.commerceone.net/about!] : 

• Benefits to suppliers 
Add a new sales channel with minimal start-up costs 
Boost revenue potential by increasing the buying community 
Eliminate the manual processes of managing operational resources 

• Benefits to customers 
Easily source suppliers, products, and services 
Streamline the procurement process and reduce operating resource costs 
Control buying by limiting procurement to contracted supplier. 

Services offered cover [http://www.commerceone.net/businessservices/j: 

• Collaboration in live and interactive web meetings, resulting in data, audio, 
and video communication via a web browser 

• Catalog and content services help to define, develop, and cleanse catalog 
data for easy upload into XML-based catalog format and keep categorization, 
descriptions, and prices up to date 

• EDI services with two major EDI Value Added Networks 
• Data management and analysis 
• Financial services (invoice, payment advice, and tax calculation) 
• IT services 
• Marketing and promotional services 
• Product sourcing outside the Commerce One. net zones 
• Auction services 
• Shipping and logistics services 
• SC Planning and Execution, defined as offering services such as key supplier 

adoption and integration of ERP and CRM systems throughout the sc. 
Some E-marketplaces have "ecosystems" that may help them grow: SAP claims 
that its ecosystem consists of more than 10 million users, 12,000 customers, 
20,000 installations, 900 partners, and a customer base in each of more than 100 
countries. It is assumed that only afew marketplaces per industry will survive and 
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that SAP, with its experience in ERP systems, definitely has a very good chance of 
surviving the widely forecast B2B marketplace shakeout (Shams 2000). 

Web-based product catalogs assume a central role in B2B relationships. The 
United Nations/Standard Product&Services Classification (UN/SPSC) developed 
by Dun & Bradstreet is an open standard that provides a framework for classifying 
goods and services. The system can be used to identify and classify products con
sistently for expenditure analysis, EC, card transactions, and supplier sourcing 
[http://www.dnb.com/prods_svcs/display/l, 1318,DNB= 132-FIR= I ,00.html]. 

Compared with traditional, linear structures of information, the hypertext techno
logy provides major advantages for establishing product catalogs. Powerful search 
engines are essential for retrieving information from catalogs. Potential customers 
could be interested in using the product catalogs to obtain data, to add comments, 
and to transfer selected data to their own IS. 

The "Open Buying on the Internet" (OBI; http://www.openbuy.org/obi/about/) 
Consortium, founded in 1996, with a membership of circa 50 companies (as of 
2001-05), developed several releases of OBI standards; release V2.1 was issued in 
May 2000. The specification enables the automation of high-volume, low-cost 
transactions between trading partners that account for a large percentage of most 
organizations' purchasing. The standard aims at reducing transaction costs and 
processing errors for both buyer and seller organizations as well as increasing effi
ciency and convenience of the overall purchasing process. 

The open catalog interface of the SAP Business-to-Business Procurement module 
(cf section 3.2) permits access to online catalogs. 

Internet-supported purchasing leads to a conflict of interests between market parti
cipants, specifically as to whether product data catalogs should be stored and 
maintained by the suppliers 
• on their own web sites (sell-side catalog; in this case the customers must 

search the web for unstructured information) or 
• in accordance with the specific customer requirements in intranet structures of 

their customers (buy-side catalog). This procedure results in high data mani
pulation efforts of the suppliers. In this model the web permits bids to be ob
tained using electronic tendering. 

One possible solution to this dilemma would be to transfer structuring and main
tenance of the product databases to intermediaries. Each supplier and customer 
would then only have to establish interfaces to the providers that manage the pro
duct catalogs and would not need to implement an individual interface for each 
B2B relationship. Providers of so-called Operating Resource Management (ORM) 
systems, such as Commerce One, offer management of these data. Hybrid solu
tions can also be envisaged, with the master catalog containing all (also graphic) 
details remaining with the supplier and the customers storing only the most impor
tant product data. In this case, an update cycle appropriate to the business relation
ship must be agreed on (BussiekiStotz 1999, pp. 42). 
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SAP Markets, a subsidiary of SAP AG, and Commerce One have agreed on a 
close cooperation to deliver so-called next-generation marketplaces. In this part
nership, Commerce One is responsible for organizing the infrastructure needed to 
build E-marketplaces, while SAP provides its expertise in business applications. 
Commerce One's cXBL (Common XML Business Library) is being adopted in the 
jointly developed products and will be extended to include SAP's Business Appli
cation Programming Interfaces (BAPIs; cf Moser 1999). 

In August 2000, SAP Markets and Commerce One announced the products Mar
ketSet and EnterpriseBuyer. MarketSet is designed for customers who will set up 
their own branded E-marketplaces in order to manage communities of users and 
transactions. It claims to provide the following capabilities: 

• Integration with theoretically any buying, selling or enterprise application 
• Intermarketplace transactions 
• Auctions 
• Multiple payment methods 
• Content sourcing and services. 

EnterpriseBuyer provides capabilities for procurement of direct and indirect 
goods and also manages the SC cycle (Shams 2000). Future releases will link the 
trading systems to BOM systems and SC forecasts. 

A competing EC consortium has been established by Ariba, i2 Technologies, and 
IBM in 2000. However, this collaboration was already revoked in May 2001 be
cause some members extended into the core businesses of their "partners" 
(Evers/Oerlemans 2001). 

Several goals may be relevant in the procurement of complex products. Emptoris 
[http://www.emptoris.coml] is offering multiple-criteria-based sourcing solutions 
that allow 

• information sharing, 
• buyer-defined purchasing policies, 
• the application of business rules, 
• customizable work flows, 
• data tracking and analysis, 
• what-if analyses, and 
• the application of optimization techniques. 

Agent-based comparisons support purchasing over the Internet. Agents are pro
grams that move in intranets or parts of the Internet and perform services on be
half of a user. For example, they can be used to search the web for terms with 
which the same or similar parts are offered by different suppliers. Changes in the 
layout of web pages or special offers can cause problems with the automatic pro
vision of data. For this reason, a standardized presentation of such information is 
desirable for the customers and their agents. Suppliers that block such standardi
zation efforts reduce the transparency provided by the Internet. However, they 
also run the risk of not having their products sufficiently well publicized to pro-
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spective customers. To achieve interoperability between agent platforms from dif
ferent suppliers, the Object Management Group (OMG) has proposed a standard 
for mobile agents (MASIF - Mobile Agent System Interoperability Facility; 
http://www.fokus.gmd.de/research/cc/ecco/masif/). 

The agent technique can also support the cooperation of independent procurement 
departments to form virtual purchasing cooperatives. The capabilities of some 
software robots exceed the price comparisons normally provided by "shopping 
bots" and can to some degree communicate with users in natural language (e.g., 
robots from Artificial Life [http://www.artificial-life.comlD. Research in the area 
of EC is concerned with the use of agents in negotiating processes; the "bazaar 
concept" is based on a sequential decision-making model that also considers learn
ing processes (Zeng/Sycara 1997). A topology of multi-agent E-marketplaces is 
based on the following distinctions (KurbellLoutchko 2001): 

• Type and number of negotiation partners 
• Single- or multi-issue negotiation 
• Crisp or fuzzy preferences. 

Purchasing agents are offered, e.g., by Computershopper [http://www.zdnet.coml 
computershopper/). Pocket BargainFinder, an agent developed by the Center for 
Strategic Technology Research of the former Andersen Consulting, is a handheld 
device that allows a customer to find an item in a physical retail store, scan in its 
barcode, and search for a lower price online. The device, a personal digital assis
tant with wireless access capability, combined with a portable barcode scanner, al
lows customers to physically inspect products while simultaneously looking on
line for lower prices (cf. Brody/Gottsman 1999). 

An interesting coordination issue exists in multilevel SC. Let us assume that a 
buyer needs 100 components and approaches three suppliers to quote for them. A 
common 2nd-tier supplier is asked by each of the three to supply a quotation for a 
necessary subcomponent. However, this supplier can deliver only 100 units. If it is 
unaware that all three enquiries originated from a single original request and that 
only one batch of 100 subcomponents will be actually needed, the supplier will 
decline two of the requests and thus eliminate two of the potential suppliers. With 
multiple subcomponents it is possible that essential subcomponents will be locked 
up by different suppliers and that finally no supplier will be able to complete its 
bid. If, however, the buyer had been seeking 300 components and had split the 
total requirement among three suppliers, then there would be a demand for 300 
subcomponents and the restricted availability of only 100 units would be a real 
problem. The MAGNET agent uses codewords to avoid such problems (Dasgupta 
et al. 1999). 

XML is a control language for documents that contain structured information; 
cXML is an extension to XML to support EC. This language provides an XML
based infrastructure that can be used for secure handling of data exchange, update, 
delivery, and control processes for catalog content and transaction processes. 
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cXML supports "all supplier content management models, including buyer
managed, supplier-managed, content management services, electronic market
places, and Web-based sourcing organizations" (NN 1999c). The protocol permits 
suppliers to produce customer-specific catalog content and to differentiate them
selves from competitors. 

Creditworthiness evaluations may be necessary prior to conclusion of contracts. 
Although such information was usually obtained (e.g., from Dun & Bradstreet) by 
fax, it is increasingly also being called up electronically. This external information 
may be passed to the vendor master data of the ERP system if its data model sup
ports this concept. Because these data cannot be corrected automatically within the 
company, they should be timestamped. An update in the database of the external 
information provider may cause a message to be sent to the information recipient, 
who then decides whether or not to update the locally stored information. It is also 
possible to take out subscriptions permitting changes to external data to be passed 
on automatically to an ERP system. This is one of many cases in which an tempo
ral database with timestamp attributes (cf. Snodgrass \995) is desirable. 

In 1999, SAP and Dun & Bradstreet (D&B) announced a strategic partnership for 
the integration of online business data in R/3. "D&B for SAP R/3" permits the 
user to augment its own information on business partners with data from D&B 
and so put its risk management on a more reliable basis. D&B for SAP R/3 pro
vides a customer and supplier solution in which the master data from R/3 and 
D&B's database are integrated at the application level. D&B also offers SAP cus
tomers a data rationalization service for aggregation, correction, and deletion of 
these data. With this strategy D&B extends the D-U-N-S number that identifies 
more than 50 million companies worldwide as standard for resource planning for 
maintaining customer relationships and for decision support. 

2. Agreement 

A further step in the direction ofEC (cf. section 2.2.4) is done if electronic support 
in the agreement and ordering phases is available via the Internet. The legal valid
ity of electronic contracts is not universally accepted. The solution of security 
problems is of major importance for the success ofEC (BuxmannlK6nig 2000, pp. 
41). In addition to traditional methods, digital signatures, actions certified by trust 
centers, and biometrically based techniques for user identification will become in
creasingly important in the near future. In routine B2B transactions the authentica
tion plays a less significant role than in B2C relationships, which are often only 
sporadic. 

Private nets, V AN services, and the Internet can be used for the transmission of 
EDI messages. Cost comparisons differentiate between initial costs, fixed costs, 
and usage costs. The Internet has fixed cost advantages over V AN and advantages 
for both other cost types compared with the two alternatives. Such developments 
as Internet offerings from V AN providers, transmission guarantees from Internet 



72 2 Application Svstems in the Individual Business Functions 

service providers, and Virtual Private Networks are overcoming disadvantages of 
data transfers via the Internet (Alpar 1998, pp. 279; Faber 1998, pp. 229). In addi
tion to electronic data transfer, agreements over the Internet will also be used in 
business relationships that have employed traditional forms of communication in 
the past. 

The Business Application Software Developers Association (BASDA) announced 
an initiative in June 1999 to introduce an international standard business document 
interface for electronic business [http://www.basda.org/]. ebXML is a set of speci
fications that together enable a modular, yet complete electronic business frame
work. The ebXML architecture provides 

1. a way to define business processes and their associated messages and content, 
2. a way to register and discover business process sequences with related mes-

sage exchanges, 
3. a way to define company profiles, 
4. a way to define trading partner agreements, and 
5. a uniform message transport layer 
[http://www.ebxml.org/white_papers/whitepaper.htm ]. 

In May 2001, ebXML was approved by UN/CEFACT, the United Nations body 
whose mandate covers worldwide policy and technical development in the area of 
trade facilitation and electronic business, and by the Organization for the 
Advancement of Structured Information Standards (OASIS), a consortium that ad
vances electronic business by promoting open, collaborative development of inter
operability specifications. This means, in particular, that SME will be able to re
place relatively expensive EDI and V AN systems with web applications or to 
introduce such solutions for the first-time. 

3. Processing 

Procurement actions Inltlate flows of services and goods, information, and fi
nance. Some of them are supplied in digitalized form and may thus be transported 
via the Internet; these include, in particular, providing text, graphics, and audio 
and video sequences. Irrespective of whether or not the service or good is provid
ed digitally over the Internet, accompanying tasks arise in the processing phase 
that often can be supported electronically. 

When electronic order processing is used, it should also be possible to make pay
ments over networks (electronic cash; cf. BuxmannlK6nig 2000, pp. 36). In B2B 
relationships, because other mechanisms are available and there is often a relation
ship of trust between long-term business partners, payment data are normally not 
transferred via the Internet. 

The SAP Business-to-Business Procurement component allows electronic proces
sing of all procurement tasks, starting with an inquiry and ending with payment of 
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the subsequent invoice over the Internet. Section 3.2 describes this component in 
more detail. 

The SAP Online Store provides a facility for manufacturers and retailers in which 
they can offer their products in an electronic catalog. The catalog permits a multi
media presentation of the products. These can be assigned to categories and dis
played in hierarchical structures. Selection fields are provided for variants (e.g., 
by size or color). This representation simplifies the maintenance of the catalog 
pages. Search engines available in the Online Store permit specific retrievals, e.g., 
by keywords or product names (Figure 2.7). 

R/3 

On line Store 

Functio nS of 
AltaVista Search SDK 

AltaV i sta Index 

Figure 2.7: Use of the AltaVista search engine in the SAP Online Store 

Online Stores may be created (possibly in different versions) for both B2B and 
B2C relationships. The store allows the customer to query the current prices and 
the availability of the goods simultaneously. The supplier's ERP system transfers 
the required data to the Online Store. Offers and order confirmations can be han
dled via E-mail. When orders are entered they initiate Rl3 transactions for further 
order processing. 

Figure 2.8 shows how SAP may connect various tools for Business-to-Business 
Procurement in a supply network. The manufacturer obtains information from the 
SAP Online Store or from other electronic product catalogs about alternative ma
terials. Figure 2.8 shows examples: Commerce One (Ci) and Intershop systems 
proViding product catalogs, and a Harbinger Corporation system. The last com
pany provides industry-oriented basic data and catalog structures into which the 
suppliers can place data relating to their products. 

In addition to the procurement of physical assets, many other procurement tasks 
arise in companies, e.g., for capital and services, which are often processed with
out using IS. ORM systems should support these procurement tasks. Well-known 
systems are ORMS from Ariba, which, for example, links Nestle USA with SAP 
R/3, and the Commerce Chain Solution from Commerce One. 
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Procurement 

f=1Calalogue vendor 
LJ (e.g .. Harbinger) 

Figure 2.8: Cooperation of the SAP components for Business-to-Business Procurement 
with suppliers, manufacturers, distributors, and customers 

Legend: D .. distributor; P .. producer; C .. customer; V . . vendor 

Many E-markets concentrate on self-service buying of rather trivial products, 
ranging from simple office products to MRO items. The procurement of these in
direct, non-production-related items is usually organized quite differently from the 
sourcing of direct, production-related materials (GebauerlSegev 2000). For pro
curement of MRO products, often no real-time integration of systems is imple
mented. Exchange of data with these suppliers is usually asynchronous and mes
sage based. Desktop and other web-based purchasing systems must be linked with 
internal ERP systems (Dolmetsch et al. 2000, pp. 215). Real-time access to data in 
an ERP system requires disclosure of the application program interfaces (API). All 
major vendors of desktop purchasing systems claim to be able to realize a real
time link to the leading ERP systems. 

SAP is pursuing the concept of business application program interfaces that have 
been semantically defined on the basis of the reference model. These BAPIs are 
used by the vendors of desktop purchasing systems for extracting data from SAP 
Rl3 and writing other data back. 

Virtual auctions are a highly developed form of virtual procurement. The first auc
tions on the Internet took place in 1995, and since then auctions have evolved to 
the point where they have become an important element of electronic markets 
(Schmidt et al. 1998). With Internet auctions there are no costs for offices, person
nel, and travel; there is also often less time pressure on the decision-making proc
ess than at conventional auctions. 



2.3 Procurement 75 

Companies looking for a certain product may either perform a full-text retrieval or 
a specific search via product and/or manufacturer names. To identify interesting 
offerings, the auction house can provide a similarity-oriented search ("find similar 
products"). Product information is presented directly on the web site or made 
available by links. Many auction forms, such as English, Dutch, First or Second 
Prices Sealed Bid Auctions are used in the agreement phase (Schmidt et al. 1998). 
In most auctions the bids must be changed within predefined intervals (ticks). The 
interested party finds the best current bids ("winning bids") on the web sites of the 
auction house. E-mails may be sent to interested parties who have been outbidden. 
The end of an auction can be determined in several ways: when a certain time 
point is reached, or by a decision of the auctioneer or of the supplier. 

Currently SAP systems do not support the processing of or participation in virtual 
auctions. In the future, electronic tendering procedures will permit companies to 
publish their tenders on the Internet. Suppliers can respond to these tenders with 
appropriate offers. It may be possible for selected suppliers only (restricted ten
dering) or for any company (public tendering) to place orders. 

Sometimes discrepancies arise within the many documents that accompany a ship
ment transaction. eTime Capital [http://www.etimecapital.com/j tries to improve 
the ''financial SC" by a web portal that makes documents viewable by all partici
pants involved. This allows customers to discover data discrepancies instantly and 
thereby speed up the flow of documents and cash. 

An analysis of the customer's business processes identifies the full range of docu
ments a sale may generate, together with which party creates it, and when. This 
information is passed on to two applications: A rules engine describes the range 
of errors and mismatches a customer has decided it will accept, e.g., in purchase 
orders, sales orders, change orders, and invoices. The software also defines the 
circumstances in which those deviations must be flagged and alerts sent to the 
party concerned. The other program is designed to extract relevant records from 
ERP systems. It tags the data in XML and passes it back to eTime's server, which 
uses the data to create its own version of each extracted document. The Busi
nessNow server can alert managers of problems by E-mail as well as highlighting 
disputed documents on view at the portal [NN 2000j. 

The implementation of an E-procurement solution that is reasonably integrated 
with backoffice systems and the relevant systems of the SC partner is a major pro
ject, for which thus far little experience is available. In the early 1990s the deploy
ment ofERP systems was very challenging, and success and "war" stories appear
ed in the trade journals. Ten years on, a similar situation holds for E-business ap
plications (cf. Gilbert 2000). However, in the same way as ERP systems have be
come routinely managed components of an IS architecture today, E-business ap
plications will also be regarded as a matter of course in the near future. 

In certain way, SCM and EC are at odds with each other: SCM tends to tighten 
business relationships between selected companies, whereas EC makes the offers 
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available on the market more transparent and may thus lead to looser, more easily 
changeable relationships. SCM tends to reduce the number of suppliers, and EC 
may contribute to extending it. In fact, the supposed contradiction may be resolved 
if different types of products and services are considered. EC seems to be concen
trated on purchasing non-strategic, less important, indirect goods, whereas SCM 
focuses on A-parts. 

2.4 Production 

The production department, and therefore also production logistics, adopt a key 
role in order management. Important goals of the production department are short 
lead-times, low inventory, on-time delivery, and high utilization rates of resources. 
Frequently the first three goals are in conflict with the fourth. The metrics men
tioned above are relatively easy to observe and often used as substitutes for enter
prise goals that are more difficult to quantify, e.g., the return on investment or cus
tomer satisfaction. 

The former Digital Equipment Corporation has been working on the development 
of a global SC model at the strategic level since 1992. A mixed-integer program
ming model was used to prepare an integrated, global plan of the production and 
distribution structures that had to be realized within 18 months. A top manager 
from Digital explained in 1994: "Prior to 1991, we were making decisions out of 
several different structures, several different organizations .. , the urifortunate 
thing is, they never came together into one decision. We had a large confusion 
factor." The restructuring of the SC resulted in cost savings in excess of$ 100 mil
lion (Arntzen et al. 1995). 

Production is organized in various ways; depending on the organizational form se
lected, different numbers and types of interfaces occur in the material and infor
mation flows. Consequently, the sections below discuss different organizational 
forms and the resulting requirements for ERP systems. 

2.4.1 Organizational Structures in Manufacturing 

One effect of the interfaces between the individual areas of a shop floor is that the 
work objects are repeatedly placed in queues and the sum of the processing times 
consequently represents only a small percentage of the total lead-time. Flexible 
manufacturing systems are capable of performing operations that are traditionally 
assigned to different machines. Even if a certain type of production cannot be or
ganized as flow shop, attempts should be made to shift job shop manufacturing in 
the direction of object-oriented flow shop production and, thus, towards sc. 
Industrial production was originally organized primarily into supervisor areas and 
its management was thus decentralized. In this organizational form, those persons 
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who are most familiar with the tasks and the current status of a work center also 
make the associated operative decisions. However, there is no information avail
able about the production system as a whole, which, in the best case, leads to local 
optima; there may also be conflicts between company goals and division- or indi
vidual-related objectives. 

When the early MRP (Material Requirements Planning; Manufacturing Resource 
Planning) systems became available on mainframe computers, this resulted in a 
more centralized, computer-supported type of decision making, although the man
datory character of the centrally determined plans was handled quite differently. 
The response of these systems was so slow that their results could not be updated 
daily, let alone in real time. Thus, locally available information, such as unplanned 
personnel absences, machine stoppages, or the need to correct faulty parts, was 
only available on the shop floor and not immediately available for central produc
tion planning and scheduling. In such a centrally organized production control, 
either staff follow the computer-generated instructions despite knowing better or 
they intentionally "work around the system". 

Irrespective of computer response times, continually changing plans are not well 
accepted by employees, because they do not agree with "rescheduling the schedule 
just rescheduled"; therefore, ongoing changes are scarcely realistic. Plans must re
main valid for specific time periods so that they can be realized; intervals ("frozen 
zones") must be defined during which modification is allowed only in the case of 
particularly significant events. Bureaucratic rules on quasi-unchangeable periods 
may be specified, or a price-controlled mechanism introducing penalty fees 
chargeable for changes made to schedules after they have been made known. 

Other concepts see the focus of MRP support in mid-term planning and intention
ally give decentralized units some freedom in short-term sequencing and schedul
ing. However, whatever refinements are incorporated, MRP systems cannot take 
account of all the knowledge available in the heads of the workers: For example, 
setup times are usually better known to the workers who perform the tasks involv
ed than to the work schedulers. Setup time matrices that specify the required setup 
times depending on the most recently performed work step can hardly be deter
mined exactly for widely used resources. This means that SCM must structure the 
knowledge available at various levels in the participating organizations in an ap
propriate manner, save it, and make it available on demand (Knowledge Manage
ment). 

Decentralization concepts are aimed at regrouping the enterprise, on the basis of 
integrated, customer-oriented processes, into small, easily manageable units. 
These have decentralized decision-making competencies and responsibilities for 
the operating results achieved. Because the material flow and inventory levels are 
subject to physical control, the amount of accompanying paper documentation can 
be reduced. A modem form of decentralized manufacturing needs well-defined 
and well-implemented interfaces between the IS of the units. 
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Group work of several staff members regularly working closely together is intend
ed to lead to higher motivation and increased flexibility. In the last few years, the 
reasons for considering this organizational form have changed from humanization 
of work to potential economic advantages. Appropriate mid-term planning has to 
ensure that the tasks allocated to a certain group can be realized in the time availa
ble. The sequencing and scheduling decisions of the group use these preliminary 
fixings together with immediate observations of its manufacturing area. Depend
ing on the complexity of the processes to be scheduled, the decisions can be made 
without IS support or assisted by control stations (so-called "leitstands"; cf. Adels
berger/Kanet 1991; Pinedo 1995, pp. 304). Because group work means that the 
events, conditions, and actions of only locally relevant processes are no longer 
available in the central IS, the potentials for event-oriented data processing and for 
the application of business rules are reduced. The specifications of IS that support 
group working must define which data need to be available only in a particular 
group and which are also relevant to the work of other groups, functional areas or 
external members of the Sc. 

On the basis of a study initiated in 1996, Elida Faberge began to organize its 
business processes according to the principles of Efficient Consumer Response 
(ECR, cf section 2.2.4). As part of this strategy, partially autonomous groups 
were introduced in the production areas of its German plant in Buxtehude. Two of 
five hierarchy levels were eliminated and a change made from a functionally and 
hierarchically structured organization to a lean, process- and learning-oriented 
organization. In the production areas 
• the staff has been trained to increase their contributions to customer benefits, 
• multiskilling has been introduced to enable staff members to be assigned 

more jlexibly, 
• the working times are determined by the group members, 
• the sequences for execution of the operations are also specified by the group 

members, and 
• a program to reduce the setup times has been initiated (cf Schulte/Hoppe 

1999). 

In SAP R/3, some procedures provided by the PP (Production Planning) module 
can be used to support work groups. Several workplaces may be combined to form 
a group. The completion messages required for the plant data collection take 
place either after the occurrence of certain events ("milestone confirmations'') or 
after certain time intervals ("progress confirmations ''). Should unexpected devia
tions occur, the group has the authority to initiate corrective work activities or to 
trigger reprocessing orders, to start workjlows for information purposes, and to 
send the appropriate messages. 

One of the main goals in organizing an SC is the reduction of complexity (cf. sec
tion 1.2.3). Manufacturing segmentation (Wildemann 1994, pp. 225), which is 
closely related with the group work concept, establishes "factories in factories" 
which are less complex and have greater autonomy, market closeness, and flexibi-
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lity, leading to simpler information, planning, and control tasks. A segment in
cludes several echelons of the internal logistical chain, or even all of them. 
Preconditions for successful segmentation are efficient information interfaces bet
ween the segments. To simplify the coordination, organizational units performing 
closely related tasks should be located near each other whenever possible. The 
implementation and use of shared databases and data warehouses should make in
formation originating locally available in real time if it is relevant in other seg
ments. Intranets can support the dissemination of this information, which may be 
organized according to either the push or the pull principle. 

To coordinate the processes between manufacturing segments, "capacity exchan
ges" are recommended, in particular for solving conflicting demands for bottle
neck resources. The supply corresponds to the capacity available, and the demand 
depends on the orders to be scheduled in a certain time period. 

A highly segmented plant becomes a "fractal factory". A fractal should provide all 
workers with the capability to think and act to the benefit of the company, and 
should promote self-organization and self-optimization in small, fast-acting con
trol cycles (Warnecke 1993). The role and importance of IS within and between 
the fractals has not yet been studied in detail. 

2.4.2 MRP Systems and Beyond 

MRP systems and the logistics modules from ERP systems provide interfaces, for 
example, to database management systems, to CNC, human resource, and accoun
ting systems. The CIM concept, which is closely related to some parts of the SCM 
approach, has the goal of achieving an intensive connection between technical and 
business data processing. The integration of MRP solutions with IS of other func
tional areas results in cross-functional solutions that support business processes 
and intra-company logistics. This focus is sometimes emphasized by the term "lo
gistics-oriented MRP system". 

Rl3 offers the PP and Project Management System (PS) modules for different 
types of productiOn. The Rl3 kernel is extended with industry-specific solutions 
called "Industry Solutions". There are also third-party add-ons to Rl3, e.g., for the 
chemical industry, which use the Production Optimization Inteiface (POI). They 
check many conditions prior to the dispatching of each operation, and support, for 
example, decisions between additional setup times or longer throughput times. 

If companies operate production facilities at several locations, the IS can reflect 
this distribution or be (at least partially) centralized. Distributed IS contain sev
eral, possibly heterogeneous components, but appear as a single local application 
to the user. In a distributed system, the users should be able to invoke all functions 
and data without needing to know where (on which network nodes) they are 
stored. In this regard, the conception of the currently available ERP systems is 
central, despite the physical distribution of application servers and clients. This 
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applies even if databases are stored redundantly on multiple servers. The coordina
tion of de central MRP systems causes major conceptional problems (CorstenlG6s
singer 1998). A possible coordination strategy that became available only recently 
is the decentralized use of ERP systems coordinated by an SCM system (cf. sec
tion 3.4.1). 

Despite the wide use of MRP systems, particularly in large enterprises, they have 
several weaknesses (cf. ZapfellMissbauer 1993, pp. 299; Drexl et al. 1994; Fer
mindez-Rafiada et al. 1999, pp. 3, pp. 147; Norris et al. 2000, p. 90; VoBlWoodruff 
2000): 

• Lack of options for influencing the system behavior with respect to strategic 
and operative goals 

• Internal focus, thus addressing only one node of the SC 
• Limited decision support capabilities 
• Scheduling decisions based on a priori specified lead-times, making insuffi

cient use of information about the current situation on the shop floor 
• Accumulated risk aversion of different planners, resulting, for example, from 

uncoordinated increments of lead-times that are expressed as decimal num
bers with respect to the length of the time buckets 

• Insufficient consideration of changing business environments, such as higher 
importance of customer-specified variants (mass customization, cf. section 
2.2.2) and increased flexibility of production facilities 

• Insufficient consideration of potential bottlenecks 
• No support for making decisions on alternative means of reducing throughput 

times 
• Inadequate plant data collection, resulting in poor data quality. 

The weaknesses of MRP systems also make themselves felt in the logistics mod
ules of ERP systems. This leads to the criticism that the business functionality of 
ERP systems has remained largely unchanged, with the main improvements being 
made primarily to the user interfaces. Some of the weaknesses mentioned above 
are eliminated by SCM systems. 

The main differences between ERP and SCM systems are summarized in Table 
2.2 (cf. Zheng et al. 2000, pp. 89). 

Master Data/or Production Planning and Control 

MRP systems usually concentrate on mechanical manufacturing, assume the exist
ence of master data in the form of bill of materials, routings, personnel and ma
chine data, and are based on sequential planning concepts. 

For mechanical manufacturing the direct quantity relationships between parts are 
usually described by single-level BOM. The structure of a particular product can 
be illustrated in so-called Gozinto graphs showing these BOM data at their edges. 
All other types of bills of materials (e.g., the multi-level BOM) can be derived 
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from the single-level 80M, and the total requirement matrix may be derived from 
the assembly parts matrix (Vazsonyi 1954). These representations cannot always 
be used, e.g., if by-products flow back to earlier production stages. 

This is why SAP Rl3 was extended by special functionalities, e.g., for the process 
industries, such as SAP Chemicals and SAP Pharmaceuticals. Many firms have re
placed specialized software packages for the process industry, such as PRISM, 
CIMPRO or Process One, with ERP systems that have been extended and adjusted 
specifically to meet the needs of this industry. The development department 
initially specifies the BOM. However, engineers often have views about relevant 
parts that differ from those needed, for example, in the production department or 
for after-sales services; thus, often department-specific variants of a BOM result. 

Table 2.2: Differences between ERP and SCM systems 

ERP SCM 

Focus Integrating and improving Integrating and improving 
internal business processes, internal business processes, 
material flow, and informa- material flow, information 
tion flow. flow, and cash flow as well as 

the interaction ofthe organiza-
tion with its business partners. 

Major business Financials Manufacturing 
areas supported Controlling Logistics 

Manufacturing Supply Chain Planning 
Human Resources 

Customer Reacting to customer Involvement of external par-
relationship demands, but no involvement ties in process improvement; 

of external parties in process anticipation of customer needs 
improvement. and demands. 

Scope Coordinating and integrating Coordinating and integrating 
all activities within a single also all interorganizational 
organization. activities. 

Planning and Focused on internal planning; Capable of controlling both 
execution support of execution by planning and execution, both 
support decentralized and/or add-on inter- and intraorganizational. 

systems. 

Focus of Infinite planning without Finite planning providing 
planning considering the limited feasible and reasonable plans 

availability of key resources based on the limited availa-
required for executing the bility of key resources re-
plans. quired for executing the plans. 
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Various views on a common BOM can be defined in R/3. It is possible to custom
ize each application to determine which type of BOM is to be accessed at run 
time; this makes it possible, for example, to specifY that cost accounting uses the 
costing BOM whereas advanced CAD techniques, such as solid modeling, have to 
access the design BOM 

Routings describe the operations needed to manufacture each in-house production 
part defined in the BOM. For each operation its number, the tasks to be perform
ed, the dedicated resource group, its setup time, and the processing time per unit 
have to be defined. These data constitute not only the basis for multi period pro
duction planning, control, and execution, but also for accounting and certain types 
of salary systems. 

A major problem with providing master data is that a large number of manufactu
ring options may exist, resulting in many BOM variants and/or routings (SchOns
leben 2000, pp. 261). Often the large number of possible combinations cannot be 
modeled adequately in the master data. At least to some extent, decentralized con
trol may compensate for the data that are missing in many MRP or ERP systems 
by using the specialized knowledge of production workers. 

Production Planning 

The independent demand is known once the sales program, internal orders, and 
planned changes of inventory levels have been specified. A BOM explosion deter
mines the total demand for all parts to be produced or bought. This procedure uses 
the lead-times of the parts specified in the master data to approximate the time re
quirements for production and procurement processes. Demands occurring in dif
ferent periods can be bundled into one production lot if, to keep the sum of setup 
times low, not all parts are produced in each time interval. The production quanti
ties are temporarily assigned to certain time buckets in lead-time scheduling and to 
certain resource groups in capacity requirements planning; these planning steps 
yield a load analysis for each resource. Corrections may be necessary in the subse
quent capacity-leveling phase. These can be performed either automatically or in a 
dialog with the planner and may, for example, change the available capacity of 
certain bottlenecks or the temporal assignments of production orders to resource 
groups. The goal is to determine a feasible production plan in which the available 
resources are not exceeded, except possibly for predefined small percentages. 

Because the BOM explosion in MRP systems usually ignores the resource assign
ment, its results can cause execution problems. The master plan for the final prod
ucts may need to be changed several times by trial and error before acceptable ca
pacity loads are obtained. Such iterations are the price that has to be paid for se
quential planning which, for reasons of simplicity, ignores potential bottlenecks in 
the first step. 
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For many decades, economic theory has discussed methods of bottleneck-oriented 
planning. Eugen Schmalenbach, the founder of German management theory in the 
early years of the twentieth century, proposed opportunity cost (shadow prices) as 
a mechanism for allocating bottleneck resources. Several methods developed in 
decision theory and Operations Research identify and assess bottlenecks. Many 
publications (e.g., Drexl et al. 1994) criticize the inadequate consideration of bot
tlenecks in almost all MRP and ERP systems. 

There are several reasons for the reluctance to make practical use of bottleneck
oriented planning methods: 

• Capacity limits must be defined as constraints. Because of imprecise data and 
the inherent flexibility of the production system, these constraints often do not 
exist in a very precise form. Small changes to inaccurate data can have signi
ficant effects on the optimum solution and result in major changes of the asso
ciated resource valuations (shadow prices). For this reason, sensitivity 
analyses and scenario techniques have to be applied. 

• Changing business conditions may lead to large differences, also in bottle
necks. Fluctuating bottlenecks cannot be forecast adequately and make sched
uling decisions cumbersome. 

• Human actions are planned and executed at various hierarchical levels; many 
a priori uncoordinated adaptation measures may be implemented to avoid pro
blem situations and bottlenecks. This flexibility can scarcely be adequately re
presented in planning models. 

• The missing link between bottleneck-oriented optimization models and opera
tive ERP systems is one reason why optimization has not been more widely 
used in the past. For many practitioners, these interfaces and the methods of 
generating and maintaining optimization models are more relevant than im
provements of optimization algorithms. 

The "Theory of Constraints" (TOC) has recently been subject of a great deal of in
terest. This method is concerned with finding economically suitable solutions in 
the presence of constraints and bottlenecks; it is based on the Optimized Produc
tion Technology (OPT) approach (Goldratt 1990; Dettmer 1997; McMullen 1998; 
Cox/Spencer 1998). APICS (The American Production and Inventory Control So
ciety, now named Educational Society for Resource Management) organized a 
Special Interest Group on "Constraint Management" and has been holding annual 
symposia and workshops on the TOC since 1995. Several proposals developed in 
this context have been implemented in APS systems (cf. Tayur et al. 1999; Stadt
ler/Kilger 2000). 

DaimlerChrysler started a constraint management pilot project at its Mercedes 
plant in Sindelfingen in spring 2001. Its goals are higher efficiency in planning 
and more sophisticated reactions to deviations from plans, fostered by simulation 
studies (Heitmann 2001). 

The mySAP SCM system applies advanced, bottleneck-oriented methods of busi
ness planning: APO provides optimization algorithms and heuristics with many 
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more features than the rather simple procedures available in MRP and ERP sys
tems. The APO methods can be used to support the whole Sc, but may be also ap
plied for detailed production planning and scheduling of a single plant. Several 
software vendors have implemented solutions based on the TOe; SAP uses optimi
zation engines developed by fLOG [http://www.ilog.com/j in its APO system. The 
methods now available in APO and other APS systems can overcome some of the 
deficiencies of conventional MRP and ERP systems (cf section 3.1.3). 

An APS system is described as follows: "Uses constraint models that treat both 
materials and capacity to set production priorities over time horizons of several 
months to several years. Advanced planning uses a dedicated server and in-memo
ry processing, combined with special algorithms, to generate production plans 
cognizant of material, capacity, and other constraints as they are at that moment. 
Processing speed allows for flexibility in planning and lets users run simulations 
that base delivery promises on actual production conditions .... The initial impact 
of advanced planning has been within enterprises, but advanced planning systems 
can be expanded to model an entire supply chain, including vendors, distributors, 
and points of demand. As vendors assemble product suites, they face challenges of 
their own. For one, advanced planning is not a single technology; different solver 
techniques are used depending on the kind of problem solved. And the realities of 
supply chains are so complex that even today's most powerful computers cannot 
model them without some level of aggregation. Finally, the need to integrate dis
parate computing systems has brought data structure problems to the surface that 
must be addressed" (MSI 2001). 

Main features of an APS system are (Alvord 1999): 

• Provides extensive modeling capabilities 
• Handles complex, multi-level BOM 
• Supports hard- and soft-pegging (cf. section 3.1.3) 
• Supports hard and soft constraints 
• Supports complex routings 
• Provides plant-level ATP and capable-to-promise (cf. section 3.1.4) 
• Provides what-if analysis of multiple production scenarios 
• Identifies bottlenecks for critical resource management 
• Ensures a smart release of jobs to reduce waiting times and enlarge bottleneck 

utilization 
• Is bounded with industry-specific templates to ensure rapid implementation 

and deployment 
• Contains interfaces to ERP systems for up-to-date material availability. 

Interfaces between APS systems and other planning, scheduling, and execution 
systems are shown in Figure 2.9. 
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Figure 2.9: IS architecture showing interfaces between different planning, scheduling, and 
execution systems (cf. Bjorksten et al. 1999) 

In addition to traditional optimization techniques, such as linear programming and 
mixed-integer programming, many heuristics have been implemented in APS sys
tems. Comparing heuristics is a rather tedious task, and their quality is therefore 
difficult to judge. Different parameter configurations usually influence their relati
ve performance. Even if serious experimental comparisons are provided, a trade
off has to be made between the mean solution quality, robustness (in terms of 
standard deviations of the differences between optimal and heuristically determi
ned solution values for different problem classes), and the solution effort. In addi
tion, the soundness of generalizing the results has to be critically examined. 

Some of the solution approaches of ASP systems are vague combinations of al
ready existing and new procedures; for example, methods proposed for solving the 
"constraint satisfaction problem" are classified as (Bartak 1999): 

• Systematic Search 
Generate and test 
Backtracking 

• Consistency Techniques 
Node consistency 
Arc consistency 
Path consistency 
Restricted path consistency 
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• Constraint propagation 
Look back 

o Backjumping 
o Backchecking 
o Backmarking 

Look ahead 
o Forward checking 
o Partial look ahead 

• Stochastic and heuristic algorithms 
Hill-climbing 
Min-conflicts 
Random walk 
Tabu search 
Connectionist approach. 

However, if determination of the optimal solution to a constraint satisfaction prob
lem is the goal, the well-known Branch&Bound method is recommended. 

"Constraint Programming" is a method for solving combinatorial problems; it has 
its roots in the field of programming languages and not in the area of Operations 
Research. Its goal is to reduce the development effort of combinatorial optimiza
tion algorithms. A constraint component provides the basic operations of the ar
chitecture and consists of a system reasoning about the fundamental properties of 
constraint systems (e.g., satisfiability). Operating around the resulting "constraint 
store" is a programming-language component that determines how to combine the 
basic operations, often in a non-deterministic way. In addition to such techniques 
as linear programming, interval reasoning, and Boolean unification, recent ver
sions include algorithms such as edge-finder and its generalization for scheduling 
applications. 

One of the disadvantages of constraint programming is the lack of support provid
ed for modeling. The developers of the Optimization Programming Language 
OPL attempted to combine the strengths of algebraic modeling languages (e.g., 
AMPL [http://www.ampl.coml]) and of constraint programming (Van Hentenryck 
1999, pp. 1). Comparisons show the close connections between constraint pro
gramming and integer programming methods (Bockmayr/Kasper 1998; Williams/ 
Wilson 1998). 

The developments described above raise the question of whether the acceptance of 
well-known optimization methods will be better, now they have been embedded in 
SCM systems, than it was with the earlier stand-alone optimization software. The 
following considerations are relevant in attempts to answer this question: 

1. Compared with traditional intra-company planning, the organizational and 
mathematical complexity of planning increases when the entire SC is consid
ered. 
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2. Nowadays, optimization models can be specified using a graphical user inter
face; the planner is partially freed from algebraic model formulation and does 
not need detailed knowledge of matrix generators, planning languages, and 
solution methods. Deviations from specified constraint values can be allowed 
by specifying penalty costs ("soft constraints"; cf. section 5.1.4). These may, 
e.g., be used to model additional, more expensive external capacities (so-called 
"premium capacities"). 

3. Many users try to avoid individually developed interfaces between their opera
tive systems and supposedly complex optimization software. The conceptual 
and physical connections between ERP and APS systems greatly simplify ac
cess to operative data and the associated data aggregates. The vendors of ERP 
systems thus provide valuable integration services. These are expected to sti
mulate the acceptance of optimization methods and models. 

4. Because of the dramatic improvements in hardware efficiency, large data volu
mes can now be kept in the working memory (cf. liveCache concept of SAP 
APO and section 3.1.3). This technology reduces the accesses to secondary 
storage media and is one of the main reasons why the application of complex 
solution methods has become far less time-consuming over the past few years. 
However, additional integrity problems may arise in case of system failures. 

5. Managers often preferred a package with a graphical user interface based on a 
heuristic to one providing exact optima but missing a pleasing user interface 
(Geoffrion/Powers 1995). The widely used graphical, and, more recently, web
based interfaces permit visualization of the optimization processes and of the 
results obtained. This feature supports acceptance of the optimization results 
and of the delivering systems at different management levels. 

Theoretically, the quality of the solution methods implemented in an APS system 
should be a major issue in decisions on deploying such a system: "Don't invest in 
an APS system until you really understand the nature and power of its optimisa
tion engine" (Steele 1999). Unfortunately, the methods used for APS systems are 
not always described in detail, exotic names are introduced, and scientifically 
well-defined notions are abused (Knolmayer 200 1 b). "One of the most confusing 
aspects of the optimization market is the variety of solver methods marketed with 
esoteric names. By and large, vendors are diligent in using appropriate methods 
within their solvers - whether the methods are proprietary, purchased from another 
vendor, or based on known methods. This makes solvers a secondary considera
tion in choosing among various optimization applications" (Lapide 1998). On the 
other hand there are empirical results indicating that the methods implemented 
have become the main criterion in evaluating APS systems: "In contrast with the 
1993 result, in 1999 the practitioners ranked optimality of the solution as the most 
important characteristic of the software" (Goetschalckx 2000, p. 84). 

From the SCM perspective, production planning is considerably simplified if an 
intensive communication with the customers permits the demands to be better 
forecast and if the information exchange with the suppliers allows them to estima-
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te their stock levels and delivery times more realistically. This cooperation can re
duce the bullwhip effect described in section 1.2.1. 

Similar consequences to those described by the bullwhip effect also occur in mul
ti-level production systems for inventory policies based on reorder points (ROP) 
(cf. Figure 2.10). Uncoordinated lot sizing over several production stages often re
sults in large lot sizes at low manufacturing levels. The average inventory is signi
ficantly more than half the lot size or half the order quantity; for this reason, coor
dination of dependent demand and lot sizes by MRP systems should be preferred 
to the use ofROP (Orlicky 1975, p. 26). 

Final products 
Many small orders from customers 

J F M A M J J A s 
I I I Intermediate products 

Lumpy demand, dependent on final product demand and parts 

Reorder point 

J F M A M J J A s o N D 

Parts 
Very lumpy demand, dependent on demand for intermediate products 

Figure 2.10: Effects of the lot sizing on inventories in multilevel production systems while 
following a reorder-point policy (c£ Orlicky 1975, p. 26) 

More recent analyses based on SCM show that isolated planning with MRP sys
tems (which ignores the interrelationships in the SC) also results in unsatisfactory 
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overall system behavior, and coordination of isolated MRP systems by SCM 
should therefore lead to considerable improvements. 

MRP systems support the determination of production lots and ordering quantities 
by providing different heuristics. The classic inventory models are based on rather 
restrictive assumptions. Compared with the traditional theory, the best-known re
presentative of which is the Harris-Wilson formula, the procedures for determin
ing lot sizes in MRP systems differ primarily in allowing time-dependent de
mands. A multi-period BOM explosion often leads to significantly different se
condary demands that cause unstable work loads and material flows. 

R/3 provides various heuristics for material requirements planning, in the form of 
static (e.g., lot-for-lot, fixed lot size) and dynamic methods (e.g., least-unit cost, 
part period balancing, and Groff's lot sizing procedure). 

The capabilities of the different heuristics used to determine lot sizes have often 
been compared. The Groff and Silver/Meal procedures give the best results when 
there are positive demands in all periods. However, these heuristics can be signifi
cantly improved for demand patterns in which no demands exist in many periods 
(e.g., because of the effects of lot sizing in the higher levels of the part hierarchy) 
(Knolmayer 1987b). 

From a logistics perspective, the aforementioned heuristics are sometimes criti
cized because the cost parameters needed for calculating order quantities or lot 
sizes can seldom be determined exactly and the small cost advantages that result 
from lot sizing, especially when setup times are short, may be more than compen
sated by the irregular and badly plannable material flows and capacity demands. 
Rather than inventory optimization, the IS should endeavor to provide a smooth
ened material flow (Knolmayer 1987a). More regular demand patterns are also 
obtained if the bullwhip effect can be reduced, for example by collaborative fore
casting and improved information exchange within the SC (cf. section 3.1.2). 

IBM developed an Asset Management Tool (AMT) as an SC analysis tool for in
ternal use (Lin et al. 2000, pp. 15). The tool embodies a coupling of (so-called) 
optimization, performance evaluation, and simulation, integrated with data con
nectivity and an Internet-enabled modeling framework. The user can perform very 
deep what-if-analyses that are beyond the capability of standard simulation tools. 
The simulation engine can be used to induce the inventory module to perform 
periodic recalculations of inventory levels while simulating dynamic SC policies 
and processes. SC are modeled as networks of inventory queues, using a decom
position scheme and queuing analysis to capture the performance of each stocking 
location. The user may validate and fine-tune SC parameters based on analytical 
results. IBM claims that its Personal Systems Group saved more than $ 750 mil
lion in 1998 by using the AMT applications. 
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Production Control 

Production control follows production planning activities and is concerned only 
with those orders that are to be processed in the near future. Its main tasks are de
termining the time to release an order, resource scheduling, and sequencing of pro
duction orders. 

The order release passes a production order to the shop floor. The timing of this 
has a significant effect on how far the main goals of production management are 
achieved: Inventory levels, lead-times, meeting delivery dates, and capacity utili
zation rates are highly dependent on the order release date (Wiendahl 1995, pp. 
203). Many priority rules have been developed and compared experimentally for 
sequencing; these include, First Come First Served, shortest operation time, long
est operation time, and slack time rules. The comparisons sometimes yield contra
dictory results; these may be caused by assumptions about production processes 
and capacity utilization rates. 

In production control, the resource assignments of lead-time scheduling must of
ten be stated more precisely and modified using current data from the shop floor. 
For example, during lead-time scheduling the MRP system assigns the earliest and 
latest time points for starting and finishing each operation. These data are extend
ed during detailed planning, the exact actual start and end times being inserted. 
This requires that in the data models entities and relationships must comprehend 
additional attributes; thus, the entity type for operations continues to be used but 
new attributes and new attribute values are assigned to it (cf. BeckeriRosemann 
1993,p.l03). 

On the shop floor many unexpected events occur; therefore assignments and sche
dules must be sometimes revised. Often the new schedule is not determined from 
scratch but the previous one is "repaired" in some sense ("reactive scheduling"; 
"repair-based scheduling"). The schedule may be improved by a local modifica
tion (e.g., by exchanging two jobs). However, a sequence of minor changes will 
often stop at a local optimum. Therefore, broader techniques like tabu search, sim
ulated annealing, and genetic algorithms have been applied for reactive scheduling 
(Dorn et al. 1998, pp. 280). 

Some MRP systems exclude the detailed scheduling and realization phases from 
integrated order management, for example by using conventional or electronic 
control units or self-controlling feedback cycles (Kanban system). Potential deve
lopments are envisaged in the multimedia content of electronic control units and 
the increased use of artificial intelligence methods (Kurbel 1992; Kurbel 1993). 

The functionality SAP previously provided for its mainframe product Rl2 as a se
parate electronic leitstand has been integrated in Rl3. It is now assigned to the 
PPiDS module of the APO (cf section 3.1.3). 
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Correct and current feedback messages (plant data collection) are of major impor
tance for production control. The error rates for human inputs can be significantly 
reduced by using barcodes, transponders, and other electronic data capturing tech
niques (cf. section 3.3). If necessary, alternative routings may be prepared and 
used to handle unforeseen situations. System-supported, knowledge-based recom
mendations can be envisaged in this context. Furthermore, manufacturing orders 
may be overlapped or split to reduce the throughput times; however, this results in 
additional coordination and setup tasks. Customer changes, corrective work, and 
repair orders must also be taken into account. 

Many companies attempt to compensate out-dated MRP results by employing 
"progress chasers" who try to increment the priority figures for delayed production 
orders. Such interventions may have undesirable effects on other orders and wors
en the ability to plan and control the production processes. 

2.4.3 Non-traditional Concepts 

The interest in competitive aspects of production management ("manufacturing 
matters"; cf. CohenlZysman 1987) has given rise to a number of concepts, some of 
which are at odds with the mainstream MRP logic and have become the subject of 
controversial discussions. These concepts include, in particular, Kanban and JiT 
systems, OPT, and cumulative quantity systems; we describe these methods inso
far as they are relevant for SCM. 

Kanhan and Just-in-Time 

The Kanban system was developed as long ago as in the 1950s and is the most im
portant component of the "Toyota Production System" (Monden 1993). Since the 
1980s, Kanban has also attracted significant attention in the US and in Europe 
(Wildemann 1985; Sakakibara et al. 1993; White et al. 1999). When a Kanban 
system is used in a Western company, often only a limited part of the plant is or
ganized in this manner ("Kanban islands"). The JiT systems developed as a re
sponse to the Japanese Kanban concept differ from it primarily in the intensive use 
of information and telecommunications systems. 

Kanbans are cards that are placed on standardized containers. The circulation of 
the cards between the different echelons of the SC results in a system with self
controlled feedback loops. As soon as consumption of the parts in a certain con
tainer begins, the card is removed from it and transported to the previous element 
of the chain. The arrival of the card indicates that there will soon be a new require
ment to deliver parts ("supermarket principle"). Buffer storage with a minimum 
inventory level is defined for every element. Its size depends on the number of 
Kanbans in circulation; several methods have been proposed for determining these 
numbers (Mak/Wong 1999; Alabas et al. 2000). The resulting feedback loops are 
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intended both to reduce the inventories on the shop floor and to shorten the lead
times. Important preconditions for the usability of the Kanban system are: 

• Material-flow-oriented layout of resources and workplaces 
• Sales policy measures aimed at stabilizing the sales and, thus, the production 

program 
• Significant flexibility of the workers (with regard to the type of work per-

formed and to working hours) 
• High availability of the resources 
• Provision of backup machines or external capacity 
• Short setup times for the resources 
• Small lot sizes, determined by container size 
• Sophisticated quality assurance concepts. 

Unstable demands lead to additional buffer inventories (TakahashilNakamura 
1999). Thus, reducing the bullwhip effect should also mean smaller safety stocks 
are needed in Kanban environments. 

A Kanban system does not necessarily need computer support. This is not surpris
ing, because computers were not available for business applications when the 
Kanban system originated in the 1950s. Coordination problems can arise, in parti
cular, if some production processes are controlled by MRP systems and others by 
Kanban principles. To avoid such problems, Kanban-controlled parts can also be 
included in the ERP system and the Kanban mechanisms be reproduced in the IS. 
In such concepts, reading of barcodes replaces the physical movement of cards. 
For conventional Kanban systems, an event in the subsequent element of a logisti
cal chain always results in actions in this or in the immediately preceding element. 
IS can extend this event orientation over all elements of the SC. From this view
point, Kanban realizes an event-action mechanism which is a special case of ac
tion-oriented data processing and business-rule-based IS (cf. Herbst 1997). 

The R/3 PP module supports the Kanban principle. Objects are cards, production 
supply areas, control cycles, and Kanban boards that provide an overview of the 
current status (e.g., full, empty, in progress, being transported) of the containers. 
The board visualizes bottlenecks and problems arising with material supply. The 
R/3 Kanban system allows external procurement, internal production, and supply 
from a warehouse. The initiating event for delivery of the material is a status 
change at the container; when the container status is altered from "full" to 
"empty", R/3 automatically generates replacement bookings. The status of the 
containers can be changed directly on the Kanban board, in an input mask, or by 
scanning a barcode printed on the card. When a receiver sets the status of a con
tainer to empty, a replacement element is created and the associated source is re
quested to supply the material. As soon as the status changes to "jull", the arrival 
of the material is booked automatically with reference to the procurement element. 
A supplier can view the inventory levels of materials via the Internet and deter
mine what quantities of the materials need to be provided. It can define a delivery 
due list and inform the customer by setting the status at "in progress". 
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If ERP systems are used, a reliable sales forecast permits parts to be available in 
case they are needed (" Just-in-Case"). This results in a type of inventory that some 
management philosophies condemn as being the root of all evil: Competitive pro
duction should be sufficiently flexible to react very fast to requirements that arise 
externally or internally and, thus, able to respond "just-in-time". JiT principles 
mean smaller stocks; the financial resources freed up by reducing the inventory 
can be used to extend the flexibility of production systems. 

JiT deliveries are based on close and coordination-intensive cooperation; therefore 
the implementation of JiT relationships often requires a reduction in the number of 
suppliers (cf. section 2.3.1). If the parts have to be delivered directly to a custom
er's conveyor belts without any intermediate storage, the two companies concern
ed must cooperate very closely in areas such as quality assurance. The application 
preconditions for JiT logistics (Copacino 1997, pp. 58) largely correspond to those 
formulated above for the Kanban system. 

Because inter-plant JiT deliveries normally use road transport, they are undesira
ble from an environmental point of view and liable to delays (danger of being 
"Just-in-Traffic jam"). Sometimes logistics service providers maintain forwarding 
warehouses close to the plant to permit JiT deliveries. Some companies offer con
sulting services for their suppliers, to help them in building up or improving a JiT 
system. However, the concepts developed in the automotive industry, for example, 
cannot be transferred to other industries without considering differences in the ap
plied technologies. Thus, process interruptions are conceivable in an SC in which 
a favored JiT delivery can only be provided from a warehouse. Significant advan
tages of applying the JiT concept are only achieved if it can be implemented along 
the whole of the sc. 

Bottleneck-oriented shop floor control 

This procedure attempts to identify bottlenecks and to use this knowledge in pro
duction control. The best known procedure is OPT. Although the method is de
scribed in many publications, it has seldom been implemented as an independent 
software solution. 

Recently, SCM systems contain bottleneck-oriented procedures for production 
control ("constraint-based scheduling"). From the functionality point of view such 
components should be part of the production planning modules ofERP systems. 

Various (mostly nine or ten) basic rules for shop floor control have been formula
ted in conjunction with OPT (cf. Jones/Roberts 1990, pp. 37): 

1. Balance flow not capacity 
2. The level of utilization of a non-bottleneck resource is not determined by its 

own potential but some constraints in the system 
3. Utilization and activation of a resource are not synonymous 
4. An hour lost at a bottleneck is an hour lost for the total system 
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5. An hour saved at a non-bottleneck is just a mirage 
6. Bottlenecks govern both throughput and inventories 
7. The transfer batch many times should not be equal the process batch 
8. The process batch should be variable not fixed 
9. Schedules should be established by looking at all of the constraints simultane-

ously. Lead-times are the result of a schedule and cannot be predetermined. 

The often-quoted higher level statement "The sum of the local optima is not equal 
to the global optimum" is mentioned in connection with OPT as well as SCM. 

Whereas Kanban and other methods, e.g., the load-oriented order release (Wien
dahl 1995, pp. 203), reflect attempts to reduce the inventory levels throughout the 
whole system, OPT recommends differentiated policies in which inventories are 
concentrated at its strategic points. It would be extremely undesirable if the pro
duction at a bottleneck resource is interrupted because no orders were waiting at a 
particular time; this situation could be caused by failures in previous manufactur
ing levels. In keeping with the principle of "protecting the bottlenecks", safety 
stocks held in front of the bottlenecks guarantee with sufficient probability that an 
interruption such as that described above will not occur. 

Conventional planning philosophies deplore the existence of bottlenecks and de
fine their elimination as an important strategic goal. If bottlenecks are identified 
by OPT they should remain stable in the medium term, because planning and 
scheduling procedures can then be concentrated on specific groups of production 
facilities. 

SAP APO provides bottleneck-oriented procedures (cf section 3.1) by mathemati
cal methods implemented on the basis of "Optimization engines" from fLOG 
[http://www.ilog.com/}.This company is the leading vendor of mathematical com
ponents for SCM software. There is also a model library from which the user may 
generate customized models that take characteristics of the particular industry 
concerned into account. The user can define for each resource group separately 
whether or not it has to be considered in the "finite planning" procedures that take 
capacity constraints into account. 

The OPT software uses dynamic simulation models to prepare production plans. 
Towill (1996) provides details on possible uses of simulation models to design the 
SC. The importance of considering stochastic phenomena in SCM too leads to a 
hierarchical planning approach in which optimization methods and heuristics are 
supplemented by simulation models (KuhnIW erner 2000). 

The Supply Net Management Research Group at DaimlerChrysler modeled, simu
lated, and analyzed a four-stage, cross-company sc for parts delivery as part of a 
larger collaborative planning pilot project that explored the potential of real-time 
information exchange with its suppliers. The results of the simulations were used 
to evaluate the effects of particular planning policies on peiformance and stability 
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of the SC in term of oscillations, inventory levels, stock-outs, and logistics service 
(Baumgaertel et al. 2001). 

SAP is planning to enlarge its APS system with more powerful simulation capabi
lities inforthcoming releases. 

Cumulative Quantities 

Cumulative quantities are the quanta of certain parts that have been produced, 
called up or dispatched since some specified starting date (Mertens 2000, pp. 102). 
They are visualized in a coordinate system. Comparison of the cumulative quanti
ties yields initial information about the synchronization of demand and supply for 
successive elements of an SC. The cumulative quantities can also be used within 
the company in a distributed production system. If the concept is used over s 
stages, s-l feedback loops result: As with the Kanban system, only adjacent ele
ments in the SC communicate with each other. The provision of cumulative quan
tities for all members of an SC in an Information Warehouse would significantly 
improve the coordination capabilities. 

2.5 Distribution 

Whereas determining the sales outlet routes is one of the sales department's re
sponsibilities, the physical distribution involves all packaging, warehousing, and 
transportation activities needed for the products to reach the customers. The term 
"marketing logistics" is sometimes used as a synonym for physical distribution. In 
this section we discuss how physical distribution may be reorganized to improve 
SCM. 

Distribution planning is characterized by (cf. GeoffrionIPowers 1995, p. 107) 
• an astonishing variety of real management issues marching under a banner 

originally reading "warehouse location", 
• an amazing longevity of technically inferior, non-optimizing solution meth

ods, 
• a lack of new algorithmic breakthroughs since the mid-1970s, and 
• the huge effort required for data modeling compared to that needed for the 

implementation of optimization methods. 

The affiliation of distribution planning with SCM systems will be very helpful in 
the context mentioned above. Warehousing and transportation have been identi
fied as functions with large cost saving potential (Baumgarten/Wolff 1999, p. 59). 

A study by Automation Research Corp. showed that SC for which distribution is 
of major importance are more ready to invest in APS systems (refer to sections 
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2.4.2 and 3.1.3) than companies that have to focus on procurement or production 
issues (NN 1998). 

2.5.1 Distribution Types and Tasks 

The time perspective of planning influences the degree of freedom that can be ap
plied in determining the distribution channels. In long-term planning, the company 
must decide whether, and possibly where, plants and central, regional and/or cus
tomer warehouses have to be established and what policies should be adopted at 
the individual locations. Figure 2.11 illustrates some options for determining dis
tribution networks. 

The decision on the type of the distribution system is influenced by the require
ments that customers have in terms of service levels and delivery times and by the 
costs associated with the various distribution strategies. In particular, the choice of 
locations for warehouses can be supported by mixed-integer programming models 
(Hummeltenberg 1981). 

The integration of the European markets resulted in a tendency to centralize ware
housing (c£ Kobler 1997, pp. 87; van Hoek 1998; Alt et al. 2000); this can be 
attributed to such developments as the standardization of registration procedures 
and product specifications. 

Nike had approximately 25 warehouses in Europe in 1993; five years later it was 
operating only one European distribution center, in Belgium (Ashford 1997). 

Ciba Performance Polymers has used SAP Rl3 to restructure 13 logistics systems 
with 26 warehousing locations in Europe to a single logistics organization with 
only six regional distribution centers. 

Traditionally, customers are supplied either from a central warehouse (source
based distribution) or from local warehouses (market-oriented distribution). 
"Cross-docking distribution" (cf. Figure 2.12) tries to combine the advantages of 
both organizational forms. Although the goods are brought to regional distribution 
centers or to a central warehouse belonging to the retailer, they are meant to pass 
through as fast as possible; such goods have already been assigned to specific reci
pients and, if necessary, may be picked or relabeled for specific branches. Typical
ly, the goods are transported to the customer on the day after arrival. A precondi
tion for the functioning of cross-docking is to synchronize receipt and issuing of 
goods. In the cross-docking approach, advanced IS replace the functions of the 
warehouse stocks. 

The cross-docking concept has been developed at Wal-Mart. Applying the hub
and-spoke principle designed for determining networks of aircraft routes, every 
warehouse in the US is responsible for approximately 175 branches within a radi
us of 150 - 300 miles. Each transport supplies two to three branches. The ware
houses use laser-controlled transportation systems where barcodes indicate to 
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which trucks the incoming goods have to be routed. On average, the goods do not 
spend more than 48 hours in a warehouse (Nicholas 1998, pp. 697). 

I Direct ship - source to final market 

II. Consolidate In regIon - direct ship 
to fInal market 

"-.... ,..,.,! [ ...... , W.........T, ilrn,rT"wrn, ~-
C/ _ 
~ III. Consolidate by source and break ~ ..r bulk locally U1IIITII 
----- [§JgJ -- .. 0 CJ 

~ ___ ,1I!l L! 'll' LI~ 

IV. Consolidate In source region and 
break bulk locally 

Figure 2.11 : Options in the strategic planning of distribution systems 
(Christopher 1998, p. 139) 
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Figure 2.12: Direct supply, centralization, and cross-docking 
(cf. Seifert 1999, p. 93) 

The postponement concept of product design (cf. section 2.1.3) is relevant in two 
ways for the role of distribution centers in an SC. On the one hand, the concept 
can be applied to the distribution system so that the spare parts for which demand 
arises randomly and is thus scarcely predictable, in particular with regard to the 
demand region (slow movers), are stored only centrally. Fast and cost-effective 
transportation systems and efficient customs handling procedures are essential 
preconditions for this distribution strategy, which avoids the risks of decentralized 
warehousing. Only those spare parts for which the demand is easy to forecast (fast 
movers) are stored in the decentralized storage facilities. On the other hand, at
tempts are made to shift the postponement into the distribution channel (van Hoek 
1998). 

Colorado Cyclist, a mail-order retailer, sells bicycles and allows the customer to 
select aframe along with any desired components (down to the last spoke nipple). 
Thus, the boundaries between manufacturer und retailer vanish and new forms of 
cooperation arise in an SC (Ulrich et al. 1998, p. 196). 

To avoid time-consuming and stressful priority discussions, the spare parts ware
houses are usually separate from the factory warehouses not only in terms of re
sponsibility but also physically. This policy is realized because the plant locations 
are often unsuitable for distribution purposes and the central warehouse is estab
lished at a location that is better suited for distribution. In addition, handling of 
spare parts requires a different picking technique than that required for production 
purposes. 

The concept of manufacturing segmentation (cf. section 2.4.1) can be extended in 
such a way that, to reduce the number of interfaces, the responsibility for distribu
tion is also decentralized to the segments. 
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From the SC viewpoint, the coordination between production scheduling and dis
tribution is of special interest. In many companies, organization and incentive 
structures are directed toward improvements within manufacturing or distribution. 
These efforts have often reached a zone of diminishing returns, so that one should 
concentrate on achieving better coordination between production and distribution. 
Complex heuristics have been proposed for attaining this goal (Chandra/Fisher 
1994). Experimental results show that the value of coordination can be remarkably 
high; this holds especially if the production capacity constraints are loose, because 
in this case there are more options for improving the distribution schedule by 
means of consolidation. As may be assumed, the value of coordination also rises 
when the distribution costs are high and when there are comparatively large num
bers of products or customer locations. 

2.5.2 Intermediaries in the Distribution Process 

While the SC is being designed it is necessary to decide whether and how interme
diaries are to be used. Because establishing an in-house transportation capacity for 
irregular deliveries to customers is often uneconomic, there is a long tradition of 
outsourcing transportation tasks to external carriers (Razzaque/Sheng 1998). A 
study conducted by PE Consulting investigated the satisfaction levels of compa
nies that have outsourced their distribution tasks. Although approximately two
thirds of the companies had achieved their goals with outsourcing, about ten per
cent were very disappointed with the results of this policy (Sturrock 1999). Ac
cording to a 1995 survey, the most frequently cited benefits of using external dis
tribution services include 

• lower cost (38%), 
• improved expertise/market knowledge and data access (24%), 
• improved operational efficiency (11%), 
• improved customer service (9%), 
• ability to focus on core business (7%), and 
• greater flexibility (5%) (Dornier et al. 1998). 

The core products of various providers of logistics services are often rather simple 
and easy to substitute. Consequently, many carriers attempt to extend and differ
entiate their services to obtain competitive advantages. Those offerings outside the 
core activities are known as value-added services. Examples are: 
• Barcoding: The manufacturer receives from the carrier barcode labels that 

can be placed on the goods to be transported. The carrier scans the shipping 
goods at various "checkpoints"; the information recorded when these points 
are passed is made accessible to the customer (e.g., Federal Express data can 
be accessed by customers via http://www.fedex.com/usltracking/). 

• Warehousing: Various carriers offer the use of regional distribution ware
houses. For example, the Swiss Federal Railway Company has established 
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different warehouses specializing in the requirements of specific customer 
groups. 

• Extensive service network: An extensive network of branches is of particular 
importance for goods with short lead-times and small delivery quantities. This 
applies, for example, to convenience goods. 

• Spare parts services: Some carriers offer a supplementary service of direct 
delivery of spare parts within a few hours once the requirement is made 
known. 

• Reusable material logistics: This service returns packaging material or trans
portation equipment for reuse. However, attempts to avoid returning of trans
portation equipment are intensifying; this also implies, for example, modified 
behavior among the consumers (e.g., acceptance and recycling of PET instead 
of glass bottles). 

The standardization of pallets (e.g., by adoption of "Euro pallets") obviates the 
need for returning empty transport equipment to the shipping point; such return 
shipments should be used only for peak quantities, whereas the majority of pallets 
can be used by companies located close to the destination point. 

Hewlett-Packard in 1995 passed the responsibility for all logistical handling, of 
the products manufactured in Singapore and required in Europe, including re
sponsibility for data collection, to the German shipper Kuhne & Nagel. This ap
plied to data relating to sales forecasts, new orders, warehouse inventory, produc
tion schedules, and transport. Thus, the shipper provided value-added services for 
planning of sales, production and transport planning, and for warehouse control. 
Because of the resulting dependencies, this extensive range of tasks transferred 
was later reduced (BoutellieriLocker 1998, p. 87). 

Nowadays, the concept of third-party logistics, which provides for outsourcing of 
distribution tasks (Buxmann/K6nig 2000, p. 52), is being countered by the vision 
of fourth party logistics (4PL) (Figure 2.13). It is argued that the shippers (as 
"third party") do not have the necessary know-how or the independence to identify 
the currently best offerer of transportation and warehousing services and to pro
vide the integration services that are needed to meet the customers' requirements. 
Consultancies see themselves as providers of 4PL services (Foster 1999) and 
therefore wish to establish themselves as "fourth parties". 

The attempt of many manufacturers to change from traditional sales and distribu
tion channels to direct contact with the consumers can be seen as a policy of elimi
nation of intermediaries and a counter-movement aimed at including ever more 
service providers. A well-known example is the direct sales of hardware, as offer
ed by Dell Computers or Cisco Systems over the Internet (Christopher 1998, pp. 
19). This distribution channel permits the customer behavior to be perceived more 
directly than if intermediaries participate in the SC; on the other hand, some sup
pliers are afraid of "cannibalization effects" in the traditional distribution channels 
that are usually still far more important than EC with respect to the volumes con
cerned. If the customer contact is established via the Internet, attempts must be 
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made to ensure that the customer's wishes can be satisfied without procedures 
needing additional clarification; this requires observation not of only simple integ
rity conditions (e.g., "error-in-time sequence" for travel and transfer times in air 
transport) but possibly also comprehensive configuration aids (e.g. , for the config
uration ofPCs). Furthermore, database access is needed, for example, to check the 
availability of goods that are on-hand only in limited quantities against the reques
ted order quantity before confirmation. 

4PL 

~ 990s-2000s 

Outsourcing 

~1980S-1990S 

Insourcing 
1970s-1980s 

Internal Logistics 
Operations 

Figure 2.13: Development tendencies in organizing the distribution from the 
viewpoint of the former Andersen Consulting 

2.5.3 Information Systems in Distribution 

In conventional distribution systems the transportation documents are printed and 
the printouts tied in with the physical movements. IS uncouple the information 
flows from the underlying material flows and can thus improve the transportation 
processes in the Sc. 

Optimization models 

Optimization models that support distribution decisions depend on (cf. Oaganzo 
1999) 
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• whether the goods to be transported are made available at one or more loca
tions and whether they are be delivered to one or more locations (one-to-one, 
one-to-many, many-to-many distribution) and 

• how many levels, and thus transshipments, the distribution system covers 
(factory warehouse, central warehouse, regional warehouse, etc.). 

There is a huge body of literature proposing the use of mixed-integer program
ming models for supporting strategic production-distribution decisions. A detailed 
tabular overview of the main features of eight highly relevant papers is provided 
by VidallGoetschalckx (1997, pp. 10). Factors considered in some models are dis
regarded in others; thus, sets of inter-related submodels as parts of a general deci
sion-support system for use in designing SC would be helpful. Each component 
should focus on representing several factors and be flexible enough to interrelate 
with other components. A "logistics laboratory" has to include optimization mod
els, heuristics, and simulation capabilities (Slats et al. 1995). 

Potential pitfalls of modeling global SC are 

• performance measures that are unsuitable from SC viewpoints, 
• inadequate definition of customer service, 
• inappropriate aggregation of customers to demand clusters, 
• excluding uncertainties, 
• disregard of international aspects, such as exchange rates, taxes and duties, 

transfer prices, infrastructures, reliability of transportation channels, and trade 
barriers, 

• neglect of coordination issues, 
• consideration of only partial aspects of shipment methods, 
• incorrect treatment of inventory costs, and 
• separation of SC design from operational decisions (Lee/Billington 1992; Vi-

dallGoetschalckx 1997). 

As always, the real system can be modeled with different degrees of accuracy. 
Mid- and short-term decisions must be made on which products, from which loca
tions, have to be delivered to which customers, and in what sequence this should 
be done. Although, from a theoretical point of view, these problems are interrelat
ed and should be treated simultaneously, their complexity usually leads to step
wise planning procedures. 

Transport models 

The classic transport model assumes that specified quantities are available and 
have been requested at particular locations. The simplex method or specialized al
gorithms that make use of the formal structure of the transportation problem can 
be applied to solve this type of linear programming problem. Because determining 
the actual distances between many points is complex, simplifications for measur
ing distances are often applied (cf. BramellSimchi-Levi 1997, pp. 259). Even if 
the distances are known exactly, the topography and the (traffic) conditions in the 
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agglomerations are normally ignored. The costs for traveling certain routes can 
vary, for instance, depending on the time of the day and on weather conditions. 

Route planning models 

After assigning the delivery orders to specific distributing warehouses, in particu
lar in the case of road distribution, the problem of the sequence in which the se
lected transport vehicles should supply the demand points arises (route planning). 
These sequences can be specified by route planners or determined by the drivers 
in accordance with constraints resulting from customer agreements. What is 
sought is a round trip that satisfies specific requirements, for example, with regard 
to particular receiving intervals, maximum travel times, and maximum distances. 
Traveling salesman models have been developed to determine cost-minimizing 
round trips. When a large number of locations has to be served, the resulting mag
nitude of combinations means that such models can seldom be solved exactly. 
Also the practical restrictions mentioned above can scarcely be considered. For 
this reason, most software packages use heuristics for route planning; sometimes 
expert systems are applied. In addition to determining the travel routes, the route 
planning systems can perform additional tasks: 

• Graphical display of travel routes on a screen 
• Output of route lists, customer lists, and order lists 
• Instructions for the drivers to simplify finding the exact location of the desti

nations, nowadays also available as display in the driver's cab 
• Checking the economics by calculating vehicle-loading statistics and trans

portation costs. 

Table 2.3 summarizes potential advantages of using route optimization programs. 

Table 2.3: Advantages of route optimization programs (cf. SoftGuide 2001) 

Advantages to • Improvement of customer service 
the customer • Increased reliability through monitoring delivery dates 

• Competitive advantages resulting from reduced delivery 
times 

• Quick response to special requests 
Advantages to • Increased transparency 
management • Independence from the planner's intuition 

• Simpler training of new employees 

• Reliable data for decisions on the transportation fleet 
Advantages to • Reduction of routine tasks 
the scheduler • No misplanning resulting from typing or calculation er-

rors 
Advantages to • Independence of traditional route plans 
the transporta- • Higher loading factors 
tion fleet • Reduction of the number of unbilled journeys 
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The SAP Logistics Execution System (LES; cf section 3.3) is one component of the 
mySAP SCM applications. Route planning is initialized in LES by selecting the 
means of transport; the resulting routes are determined by the system using previ
ously defined rules. An optimization in the traditional sense (e.g., selection of the 
lowest-cost route) is not provided by LES. However, interfaces can be used to con
nect route optimization programs from certified SAP partners with the LES. Fur
thermore, additional functionality for transportation planning and vehicle sched
uling (TP/VS) is available from APO Release 3.0 upwards (cf section 3.1.4). 

Distribution Requirements Planning Systems 

Traditionally, the suppliers respond to an order but not to the changes in the ware
house inventory in the distribution network, which remain hidden to them. If there 
is a sudden demand increase, this may result in orders that cannot be fulfilled 
promptly. Moreover, reduced demand will often lead to an increased warehouse 
inventory. Distribution Requirements Planning (DRP) systems are related to MRP 
systems and determine time-related schedules for moving goods through the distri
bution network (cf. Toomey 1996, pp. 112). They are particularly suitable for sup
porting multi-level distribution systems. 

Many companies have reduced the number of levels in their distribution systems 
over the last few decades (cf. section 2.5.1). The simplification of the real system 
(in a similar way to that seen in manufacturing, c£ sections 1.2.3 and 2.4.1) re
duced the need for complex planning and scheduling software. Steps towards 
SCM have resulted in "Channel DRP systems" to improve the information flow in 
the logistics chain and thus provide better planning data (Copacino 1997, pp. 102). 

Carriers often do not use packaged software and thus lack the integrative capabili
ties of ERP systems. Only approximately one third of the polled US carriers use 
such systems as SAP R/3, PeopleSoft or Oracle Applications (NN 1999d). 

Distribution control stations 

Distribution control stations are similar to the control stations ("leitstands") in the 
manufacturing department (cf. section 2.4.2). Requirements for these control sta
tions are, in particular (cf. Mertens 2000, pp. 180): 

• Graphical user interface with display and intervention capabilities similar to 
the planning board of a manufacturing control station 

• Method base for route planning 
• IS supporting drivers and the assignment of vehicles 
• Visualization of exceptional situations (e.g., flashing signals for delays) 
• Connections to vehicle locator systems. 

The use of a distribution control station permits a scheduler to plan urgent deliver
ies flexibly in real-time, to modify routes as the result of unforeseen situations, 
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and to respond to disruptions in the delivery. Route optimization models can be 
made accessible via these stations. 

Fleet management systems and shipment tracking systems 

Linking the vehicle personnel to the company's IS permits real-time tracking of 
the vehicles and dynamic route planning. The resulting plans can be updated cen
trally by a vehicle scheduler or in a decentralized manner by the truckers. This re
quires that the cabs of the trucks are fitted with in-vehicle computer systems that 
allow sending and receiving messages (Mertens 2000, pp. 234). 

It should be possible to link the order data with the customer and purchasing data 
during manufacturing and distribution. Customers are increasingly offered the ca
pability to track the status of their order online. This information is either re
quested by the customer or automatically sent to the E-mail address specified 
when the order was placed. 

The customer is automatically given an order number when an order is processed 
by the SAP Online Store. This number can be used to assign the order status in all 
subsequent information requests. 

To determine vehicle positions, fleet management systems are often linked with a 
Global Positioning System (GPS). This system, based on satellite technology, can 
be used to determine the exact location of a vehicle to approximately 150 ft and 
thus provides customers with information about the whereabouts of the good in 
transit and its expected time of arrival. It can also be used, for example, to locate 
stolen vehicles. 

Shipment tracking systems are also known as "track and trace" systems. Problems 
arise with media fragmentation; for example, not all airline companies offer ship
ment tracking. SAP offers an SCM Event Management solution that also encom
passes a Tracking&Tracing Server. 

Federal Express and SAP have jointly developed software that automatically gen
erates the shipping documents and tracking numbers that FedEx needs for ship
ment tracking; the RI3 database is updated as soon as the product has been deliv
ered (Sweat 1998). 

EeOutlook.com [http://www.ecoutlook.coml] offers a track-and-trace system that 
provides access to the tracking systems of all major carriers via a single point of 
contact. 

Transport exchanges 

Computer-supported transport exchanges supply information about the availability 
of freight and loading space with regard to both geographic and time aspects. The 
main goal is an improved use of existing transport capacity, in particular a reduc-
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tion of the "dead" freight volume. Transport exchanges are gaining in importance 
with the wide use of the Internet. 

Most transport exchanges operate as selection systems (such as electronic bulletin 
boards); electronic matching of supply and demand does not (yet) take place. They 
differ in the geographic catchment area and the range of services offered. Whereas 
some exchanges restrict themselves to the brokerage of freight space for road 
transport, others also procure the services of shipping and airline companies 
and/or offer the use of online route planning programs, cost calculations, and lo
gistics consulting. Depending on the provider, users of a transport exchange may 
be liable for payment. 

SAP LES contains the function "tendering for bids" by which planners can offer 
shipments to carriers via the Internet. They can react to the offers made by carri
ers and also supervise the status of the tenders. All interaction between the plan
ner and the service agent goes through the system. Planners select the carriers to 
whom they wish to offer the shipments, set the tender status, and specifY condi
tions for shipment processing. The planners see the tender status and receive an 
overview of the most important information on the shipment tender. They can also 
include carriers that do not use an SAP system. Access is monitored using safety 
profiles and authorization objects that are assigned specifically for the tender sta
tus tasks. The service agents can call up only those shipments that were directed 
to them. 

The dedicated monitor gives an overview of the tendering status for each trans
portation planning point. The number of shipments is listed by status. In this way, 
the transportation planner can respond quickly to definite jobs on offer and also 
obtain a complete overview of the overall status of all shipments listed for ten
dering, any of which can be displayed if no answer has been received from the 
forwarding agent within a specified interval. 

Carriers can call up the planner's Internet page and react to the offers listed 
there. They can view the shipments offered and accept them as offered, accept 
them with added conditions, or reject them. 

The system displays the processing status of the accepted shipment orders. Carri
ers plan their transportation resources and update the actual dates for the begin
ning and end of loading, from which the duration of the activity can be derived. 

2.6 Service Management 

Customer-oriented services are gaining in importance over the technical properties 
of the products in long-term customer relationships. Consequently, the service 
management group is important for the retention and expansion of SC partner
ships. 
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In SAP R13, the Service Management (SM) module provides the following func
tions: 
• Administration of customer objects 
• Warranty check 
• Administration of service contracts 
• Recording of service requests 
• Processing of service orders 
• Supply of spare parts 
• Invoicing 
• Reporting (cf BuxmannlKonig 2000, pp. 74). 

In the following section we consider only the service activities that supplement or
der management in manufacturing plants. 

2.6.1 Call Center 

A call center employs staff who provides, among others services, telephone sup
port for the company's customers. Call centers are often used mainly in the after
sales phase, when, for example, customers require explanations about how to use 
the product they have purchased or complain about malfunctions. A call center 
might have the goal of solving, for example, at least 80% of all problems directly 
by telephone. 

A call center system usually consists of modules for recording problems, for acti
vity control, and for fault diagnosis and repair (problem management systems). 
Typical characteristics of such solutions are: 

1. Calls go to a group of processing staff and not to individual persons 
2. A special communication system is used to distribute calls to the processing 

staff 
3. All contacts are documented in order to allow monitoring and evaluation of the 

status and time needed for solving the problems. 

An important aid for call centers is Computer Telephony Integration (CTI) which 
supports initiating, receiving, and handling of telephone calls by the use of IT. The 
first step in processing a customer query involves using predefined dialogs to 
solve the problem or pass the customer to an appropriate employee. Care should 
be taken to ensure that customers are not annoyed by long-winded or poorly-struc
tured dialogs. An internal goal of Automated Call Directing is an approximately 
uniform distribution of calls to the agents. 

Typically, call centers are organized according to business processes (e.g., com
plaints management). The staff members advise callers, process complaints, or 
transfer the calls when a contact partner is requested by name or when specialized 
knowledge is needed to solve the problem. The staff can query databases for quick 
access to the current data. Such information might be, for example, products pre-
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viously purchased by the customer, payments still outstanding, services that have 
been provided to the caller or faults that may arise with a certain product and suit
able means of correcting them. 

Escalation procedures are often defined: If a problem cannot be solved within a 
specified time interval, the call is passed to a colleague who is assumed to be more 
competent; at the same time, a message may also be sent to the department man
ager about this problem situation. Archiving (c£ section 2.6.3) and analyses of the 
problems by specialized tools play an important role. First, it can prove possible to 
use previous cases to solve current problems; secondly, analyses can show up 
strengths and weaknesses of the support mechanisms and make it obvious when 
reorganization is needed. 

SAP has extended Rl3 with the SAPphone interface and the front office Customer 
Interaction Center (SAP CIC) to provide relevant data in the call center and to 
simplify the integration with call center systems from third parties. SAP and Sie
mens offer joint solutions. They range from the recognition of the callers based on 
the telephone number, include the automatic start of an Rl3 transaction (e.g., dis
playing open orders of the customer) with preassigned caller data, the initiation of 
checkbacks, conference switching, and call forwarding. 

2.6.2 Help Desk 

A help desk supports staff especially in dealing with difficulties in using hard- and 
software. The extent of help desk utilization depends on the amount of training re
ceived by the employees. User support is often organized in several levels. Be
cause of the similarity of the tasks performed, the call center and the help desk are 
merged in some companies. Outsourcing of help desk tasks to external service 
providers may be an economically sound option (Mertens/Knolmayer 1998, pp. 
22). When an enterprise is integrated into an SC, its staff can be given access to a 
help desk that was originally set up for internal support within the company that 
started it. 

A help desk system can be organized using the SAP Call Center components. The 
Rl3 System and the Siemens products for CTI provide the required functions. 

2.6.3 Archiving Systems 

Archiving systems are used for long-term storage of documents in an unchangea
ble, digitalized form and for quick retrieval. There are archiving systems that inte
grate a database and those that use a database. Archiving systems help to save per
sonnel costs for sorting and searching and make the documents stored easily avail
able to all authorized employees in the company. The archived data may also be 
accessed by staff of other companies in an SC. If a retailer needs a document from 
the development department of the manufacturer, transport time and cost can be 
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reduced if it accesses the electronic document via an IS. Documents that are rele
vant for several partners in the SC may be filed in a centralized archiving system. 

In the Rl3 environment, archiving is understood as moving data from the online 
system to offline storage. The Archive Development Kit is part of the RI3 develop
ment platform and supports the creation of archiving and query programs. It in
cludes archiving classes that cover a set offunction modules for a multiple-ar
chived business object; this permits change documents to be parts of accounting 
or sales documents, for example (SchaarschmidtlRoder 1997). 

SAP offers the capability of linking archiving systems from third-parties to RI3 
Systems using the certified standard interface SAP ArchiveLink. In particular, 
SAP cooperates closely with IXOS, the market leader for archiving applications in 
SAP environments. The IXOS-ARCHIVE software provides relevant business doc
uments, such as incoming invoices, E-mails, fax messages or spreadsheets for Rl3 
business processes. 

2.7 Recycling and Disposal 

At the end of their useful life, all products purchased must be reused, possibly in 
modified form, by a member of the SC or another company or be disposed. For 
ecological reasons, attempts are increasingly being made to avoid dumping prod
ucts (e.g., on garbage dumps), the preference being to reuse them in whole or in 
part (recycling). This also applies to waste, rejects, and by-products. Thus, the de
livery network has to be extended by a recycling and disposal network (Reverse 
Logistics; cf. Figure 2.14), which can involve internal and external residue genera
tors, waste disposal companies, dealers in used and secondary materials, special
ized recycling companies, and scrap and recycling yards (Vaterrodt 1995, pp. 44). 

Material flow Material fl ow 

Consumer 

Recycling flow 
u 

Disposal flow Disposa l flow 

Figure 2.14: Supply chain making use of recycling and ultimate disposal 

Product recycling exploits the fact that individual components of a product have a 
longer life than the product itself. Recycled products can be used as complete units 
or dismantled into individual components. The reusable parts are either used again 
for the same function as before in a new product (after any maintenance work 
needed) or technically modified before reuse. 
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Concerns that are relevant with respect to environmental goals in SCM are (Saun
ders 1997, pp. 174) 

• the recovery, recycling, and reusing of materials and waste products, 
• the safe disposal of waste products that cannot be recycled, 
• supplier selection policies to support firms that conform to environmental 

standards with regard to air, water, and noise pollution, 
• supplier and product selection policies that reflect concern for conservation 

and renewal of resources, 
• safe testing procedures for materials and products, and 
• concern for noise, spray, dirt, and vibration in operating transport facilities. 

From the environmental viewpoint, the goal is to establish a "green supply chain". 
Practical guidelines have been established by the US Environmental Protection 
Agency (2000a), which has also described the effects that designing environmen
tal managerial accounting systems has had on SC performance in three case stud
ies (Environmental Protection Agency 2000b). 

2.7.1 Recycling-Oriented Product Development 

When disposal and recycling are borne in mind throughout product development, 
this can save costs and provide competitive advantages. For example, the volunta
ry acceptance of old PCs for recycling or disposal is a value-added service that im
proves customer relationships. Ethical considerations, legal regulations, governing 
protection of the environment, and product liability issues are reasons for compa
nies' close attention to ecological matters. 

Because of technical degrees of freedom that often exist in product design, engi
neering activities (c£ section 2.1) are particularly important in the product devel
opment process. The selection of materials and of operations for component 
manufacturing and assembly during design and work planning determines not only 
the manufacturing costs but also the recycling opportunities. Regulation 2243 "Re
cycling-oriented design of technical products" from the "Verein Deutscher Inge
nieure" (VDI; Association of German Engineers) gives some assistance toward the 
achievement of recycling- and disposal-friendly designs. The main requirements 
formulated in it are the following: 

• Basic material compatibility: The materials used in the production process 
should be compatible with each other in order to permit recycling together. 
Compatibility matrices can represent this property. 

• Design for dismantling: This requires the use of fixings that are easy to undo 
(e.g., snap joints, clamping or twist locking rather than gluing) and easy 
access to the components. 

Other measures are the identification of spare parts, restriction of the volume of 
materials to be dumped, and a corrosion-resistant product design. In addition, di-
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rect handling of the products should be aimed at, so as to avoid the need for pack
ing material and packaging means. 

A general issue is whether recycled parts are of an equal quality to new materials 
and whether any quality differences are relevant for their designated use. If neces
sary, the recycled parts have to be listed separately in bills of materials, in specifi
cations, and in balance and mixing conditions of optimization models. 

2.7.2 IS for Recycling and Disposal 

Computer-supported aids are available for a recycling-oriented design: On the one 
hand, many companies use conventional software systems (e.g., CAx systems, 
ERP systems with materials databases), and, on the other, tools such as LASeR 
(Life-cycle Assembly Serviceability and Recycling Prototype, developed in the 
Manufacturing Modeling Lab at Stanford University) want to support an assem
bly-, service-, and disassembly-friendly product development [http://www
mml.stanford.edulResearch/Software/laser.html]. 

The Global Recycling Network [http://gm.com/] offers comprehensive informa
tion on the industrial use of recycling and recycled products on its Internet portal. 

Environment information systems 

Interplant environment information systems (cf. Bullinger et al. 1998) can make a 
major contribution to environment-oriented planning and control. Based on a sug
gestion from the German Office for the Environment, the central tasks of such sys
tems are divided into the areas of material balancing, effects balancing, assess
ment, and associated reports. They do not contain only information relating to re
cycling and disposal, but also comprehensive data on law, regulations, emission
reduction measures, environmental statistics, garbage exchanges, etc. The use of 
an environment data catalog and the associated thesaurus developed under the lea
dership of the provincial government of Lower Saxony in Germany simplifies the 
structuring of the associated meta-data. . 

Recycling-oriented ERP systems 

A precondition for the modeling of recycling processes in ERP systems is infor
mation on the composition and dismantling of products. This includes (cf. Kurbel 
et al. 1996, p. 56): 

• Parts master data that describe the properties of parts (e.g., ingredients, di
mensions, weight) 

• Recycling graphs that show what components are connected with what others 
and how 
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• Recycling product structures that, by analogy with manufacturing BOM, spec
ify the parts and components into which the products can be dismantled 

• Disassembly plans that describe the associated operations. 

Figure 2.15 illustrates the relationship between MRP and recycling data. 

MRP System 

Materials master 

Bills of materials 

Routings 
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are generated 
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... Disposal infonnation 

Recycling graphs 

Seloctlon of a usago option 

Recycling bills of 
materials 

y dismantl ing sequence 

Recycling routings 

Figure 2.15: Interrelationships between production and recycling information systems 
(Kurbel et at. 1996, p. 57) 

The functionality of conventional MRP systems is not sufficient to take account of 
such information. The extension for recycling-relevant aspects results in a proce
dure called integrated Production and Recycling Planning and Control (PRPC) 
(Rautenstrauch 1997). These PRPC systems could, for example, take account of 
the fact that the direct return of secondary components into the production process 
lowers the gross demands and may also shorten the lead-times. 

The use of PRPC systems requires many changes relative to conventional produc
tion planning and control (cf. KurbellRautenstrauch 1997): 

• Basic data: To supplement the master data for the MRP systems, additional 
basic data (e.g. , dismantling routings) are needed in PRPC systems. 

• Quantity planning: This procedure must take into account those quantities 
that come back directly into the production process as recycled goods 
("immediate recycling"). For these goods inventories emerge; attention must 
be paid to potential quality differences to the original materials. 

• Scheduling: Extensions to existing scheduling procedures are necessary, be
cause cyclical material flows and time-related dependencies can arise between 
production and recycling operations. For example, priority rules should 
ensure that recycled goods that cannot be stored (or stored only for a limited 
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time) are used as soon as possible. Furthermore, the capacities for processing 
and disposal resources must be observed. 

• Consideration of uncertain events: If the rejects required for recycling arise at 
different intervals or in variable quantities, the determination of lead-times 
and capacity requirements becomes more difficult. It may prove necessary to 
determine probability distributions for the supply of the recycled goods and to 
take these into account in the planning process. However, this contradicts the 
usually deterministically operating MRP systems. 

Dismantling Systems 

Dismantling decisions affect, for example, the question as to whether specific re
cycled goods can be re-used for the repair of equipment or whether they must be 
scrapped. An example of support for such decisions by IS is DISRINS (DISman
tling and Recycling INformation System (Scheuerer 1995). This system considers 
the reuse capabilities of components and the disposal costs in determining propo
sals to the planner. Possible benefits of dismantling systems lie, in particular, in 
the fast determination of economical dismantling steps, in preparing reasonable 
dismantling decisions, in providing information about joints that are critical in dis
mantling, and in savings achieved by the re-use of recycled goods (Mertens 2000, 
p.247). 

The International Dismantling Information System (IDIS) is a PC-based system 
which supports the identification of component materials in end of life vehicles 
[http://www.idis2.comlintro ~eng.html]; twenty car manufacturers cooperate in 
this activity. Two modules have been developed: IDIS Office is offeredfor vehicle 
manufacturers and IDIS Plant for scrap dealers. The database contains data for 
more than 350 car types and about 20,000 parts. 

Information Systems for Reverse Logistics 

IS for reverse logistics differ from those for new products. Reverse logistics are 
often an exception-driven process; the data for the items entering the recovery 
chain are frequently of poor quality, the supply of used or remanufactured parts is 
sometimes regionally bounded, their promotion is often customer driven, and it 
may be difficult to identify the parts needed (Kokkinaki et al. 2000). 

SAP provides functionalities that take environmental and recycling-oriented con
siderations into account in several RI3 modules: 

1. Recycling Administration (REA) junction group: This provides the Rl3 user 
with the capability to perform the settlement in accordance with the German 
Recycling and Waste Disposal Law and with EU Regulation 64192. It uses 
existing master data and transaction data from the MM and SD modules to 
determine the billable packaging. The report system simplifies the cost con
trol. 
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2. mySAP Environmental, Health & Safety (EH&S) provides the following capa
bilities: 
• Product safety 
• Dangerous goods management 
• Industrial hygiene and safety 
• Occupational health 
• Waste management. 

These applications are integrated with mySAP solutions, especially in materi
als management, manufacturing and distribution logistics, plant maintenance, 
cost accounting, and HR management. Tasks supported are the 
• generation of material safety data sheets to accompany the shipment of 

chemical products, 
• provision of substance information and substance reports at the inquiry 

and quotation stage and throughout the distribution logistics phase, 
• automatic check of the suitability of all means of transport for shipping 

dangerous goods, 
• substance notification data (legal registration) in a recipient country, 

and 
• waste disposal management and precise allocation of associated cost. 

The substance database at the heart of EH&S manages information about 
properties and compositions of pure substances, preparations, and mixtures. 
This database also serves as a basis for environmental IS, product quantity 
restrictions, classifications of dangerous goods, and waste descriptions. Inter
faces simplifY the transfer of data from existing applications and allow im
porting of official data, such as from the EU list of dangerous substances. In 
addition to the substances and product database with predefined and user
defined properties, the following are also available: 

• A phrase catalog with translations for use in multinational companies 
• Mechanisms by which the substances database can be distributed by way 

of various systems (e.g., from the parent company of a group to its subsi
diaries, or in an SC) 

• Reports (e.g., safety datasheet, accident instruction sheet). 
3. Functions in the MM and PP modules: The material BOM is a central data 

object in the R/3 System, which can be accessed company-wide: If important 
properties for recycling are entered in the material master data these can be 
used by all functional areas. 

4. Industry solutions for the process and automotive industries: Rl3 provides 
functionality for production planning and control in the process industry with 
PP-Pl. This module uses some functionality of the EH&S component. In ad
dition to the industry-oriented service characteristics of the SAP Automotive 
solution, the system also contains a function to support spare parts traders; 
this permits, for example, systematic recycling of selected returned parts. 
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A special task within the avoidance of untimely final disposal is the redeployment 
of used machinery. Some ERP systems include asset management modules. How
ever, these systems are usually in-house oriented and do not support the re-use of 
assets in other plants belonging to the group or in other companies. Asset Rede
ployment Management Systems (ARMS) are web-based applications that an
nounce the availability of a used asset first within the group and, once an item
specific time interval has passed, to a global B2B exchange (cf. Figure 2.16). 

Public MarketPlace 
www.equipnetdirect.com 

Figure 2.16: Architecture of a marketplace for used equipment 

These systems may be implemented as add-ons to asset management modules of 
ERP systems, providing additional attributes about the items that may be relevant 
in a selling activity. New intermediaries are establishing Internet marketplaces for 
specific industries. These markets may be complemented by electronic auctions. 

EquipNet Direct [http://www.equipnetdirect.coml} is offering redeployment serv
ices. It provides a turnkey solution for asset recovery by combining Internet trad
ing communities with traditional asset management services. The auction place 
allows sellers to capture the market price on the product, often resulting in 
significantly higher asset recovery values. The services generate a higher return 
on assets for sellers as well as significant savings for buyers, and may also reduce 
the disposal of machinery for which a local dealer cannot find a customer. 

EquipNet Direct maintains partnerships with industry providers of traditional 
asset management services that bring expertise into the areas of equipment 
appraisal, plant liquidation, consignment, outright purchase, refurbishment, start
up, training, re-installation, line integration, leasing, removal, preparation for 
shipment (crates, containers), and transportation. Thus, the Internet may increase 
the transparency in the used-asset market but does not provide all the technical 
expertise needed to deal with the assets. 
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Having discussed the principles of SCM in the previous chapters, we now con
sider the realization of this concept in SAP environments. We first give an over
view of SAP's SCM Initiative and describe its main components 

• Advanced Planner and Optimizer (APO) 
• Business-to-Business Procurement, and 
• Logistics Execution System (LES) 

in sections 3.1 to 3.3. In section 3.4 we discuss possible architectures for the inter
actions between the IS from a hierarchical planning perspective. The text is based 
on SAP sources [e.g., from http://www.sap.com/solutions/scm/]; additional infor
mation can be found, for example, in BartschlBickenbach (2001), BartschlTeufel 
(2000), Eddigehausen (2000), Griinewald (2000), Meyer et al. (2000), and Schnei
der/Griinewald (2000). 

Recently, SAP has been presenting its SCM solutions under the header of mySAP 
Supply Chain Management, and it also includes the following components under 
this blanket: 

• Business Information Warehouse (SAP BW) 
• Materials Management (SAP MM) 
• Production Planning (SAP PP) 
• Sales and Distribution (SAP SD). 

3.1 Advanced Planner and Optimizer 

APO provides functions for intra- and inter-company planning of SC and for 
scheduling and monitoring the associated processes. The APO package consists of 
several modules that use a shared database (c£ also Figure 3.1): 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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I . Supply Chain Cockpit (SCC): A graphical "instrument panel" for SCM. 
2. Demand Planning (DP): Statistical forecasting techniques and other methods 

for demand planning. 
3. Supply Network Planning (SNP): Planning methods that consider the entire 

supply network. 
4. Production Planning (PP): Techniques for short-term planning of material and 

production with due consideration for capacity constraints (finite planning). 
5. Detailed Scheduling (DS): Methods for assigning resources and for sequencing 

production orders. 
6. Transportation Planning / Vehicle Scheduling (TP/VS): Methods supporting 

truck loading, load consolidation, and carrier selection based on a bucketed 
shipment plan as well as on individual orders. Methods for scheduling vehicles 
and determining routes with respect to different types of constraints. 

7. Available-to-Promise (Global A TP): Multi-level, rule-based availability 
checking with due consideration for inventories, allocations, production and 
transportation capacities, and costs. 

R13 R13 
Legacy 
OLTP 

Non R\3 
OLTP 

Figure 3.1: Architecture of the APO 

Non R\3 
OLTP 

Whereas we discuss the functionalities listed under I, 2, 6, and 7 successively in 
separate sections, components 3 to 5 are grouped under the term "Advanced 
Planning and Scheduling" (APS), which is sometimes also used by SAP. 

3.1.1 Supply Chain Cockpit 

The SCC provides advanced visualization capabilities for planning and controlling 
both intra- and interorganizational logistical networks (cf. Figure 3.2). The SCC 
covers the following components: 
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1. The Network Design permits modeling of a logistics network. It is possible to 
evaluate different scenarios and to apply optimization algorithms. 

2. The navigation component of the SCC makes it possible to look at many fea
tures of this network. 

3. The Monitor informs department workers and managers of unusual states: If 
predefined exception conditions occur, the planner receives problem-related 
messages (Management by Exception). According to how serious the problems 
are, SAP distinguishes between informative, warning, and error messages. 

Figure 3.2: Supply Chain Cockpit 

Typical users of the SCC are: 

I . Network planners who support the establishment of a new supply network or 
the modification of an existing one. 

2. Demand planners who need to access demand forecasts, receive messages 
from the Alert Monitor, and react appropriately. 

3. Sales planners who create and change plans based on details supplied for the 
individual nodes. 

4. Controllers who analyze the elementary data and, in particular, key perform
ance indicators and investigate ways of improving the logistical structures and 
processes. 

A network is based on nodes (locations) and arcs (transportation lanes) (Figure 
3.3). A location is described by its type (e.g., supplier, factory, distribution center, 
and customer), its name, geographical information, details about resources and 
their capacities, a plant calendar, "profiles", etc. The profiles can contain various 
model variants with different degrees of accuracy. Arcs mark the routes that phys
ical goods may take between the locations. Network models can be developed or 
modified by drag-and-drop procedures in the Supply Chain Engineer. 



3.1 Advanced Planner and Optimizer 119 

Whereas the network versions on a high aggregation level are used for planning 
purposes and simulations, more detailed versions are applied for scheduling and 
control. The products must be assigned to the locations with appropriate priorities. 

S ..... 2 

Figure 3.3: Network with locations and transportation lanes 

The Transport Planner can assign attributes, such as a transportation method, re
sources, priorities, calendars, durations, and validity periods to the network. Quo
tas with which individual locations and transport lanes are involved in a logistics 
process, lot size profiles, etc. can be specified for the disposition heuristically. The 
lot size profiles describe the rules to be observed in determining lots, e.g., with 
regard to rounding rules. 

The SCC permits typical queries, e.g., about customer orders, warehouse inven
tory levels, restocking, current capacity situations, production and transport quan
tities, but also about such key figures as the ability to deliver, shortfall quantities, 
deviations from the delivery schedule, development duration, and market share. 

User query profiles are saved for executing standard queries. To simplify naviga
tion, one can zoom subareas of the net or filter out information. 

The Business Information Warehouse (BW) function is designed primarily for 
management information; "Information Cubes" (InfoCubes) are typically used in 
this component. Figure 3.4 illustrates an InfoCube with the dimensions material, 
region, and period. 
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Figure 3.4: Visualization of an InfoCube 

When they apply the Alert Monitor, the department staff and managers concerned 
are informed in real time about any exception situation defined as relevant. Both 
an individual exception status and aggregated data can be presented. Connections 
exist, e.g., with production and distribution planning. The individual messages are 
assigned according to priorities. A drill-down function makes it possible to 
investigate the cause of a warning in detail and to show any connections discov
ered. SAP refers to this content as the "Problem Resolution Screen". Examples for 
exception messages are: 

• Invalid overlapping of operations 
• Violation of time constraints 
• Excessive or inadequate inventory 
• Capacity overloading of resources. 

Special functions in the SCC simplify updating of the master data. For example, 
one can click to accept locations from stored maps or assign specific parameters 
not only to a single entity but also to a group of elements (e.g., a product group); 
this procedure is called "mass updating" . 

3.1.2 Demand Planning 

An important precondition for preparation of a realistic production plan is the 
ability to forecast demand with adequate precision. Inaccurate forecasts are result 
from inadequate information exchange between different participants in the SC 
(cf. the discussion of the bullwhip effect in section 1.2.1; Fisher et al. 1994). Two 
simple examples can be cited to illustrate the advantages of information exchange: 
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1. A retailer orders an article with seasonal demand, depending on school holi
days, as follows: 5,000 items each for the southern region of a country in 
March, for the central region in April, and for the northern region in May. 

As a result of its own purchasing and manufacturing situation, the manufac
turer knows in March that it can supply this retailer with only 10,000 items 
during the entire season. 

Typically, the retailer does not become aware of the impossibility of getting 
supplies until May, when it tries to place the last order. However, shortly be
fore this, the retailer may have noticed low demand in the South and started a 
regional sales promotion offering the article at a reduced price. Had the retailer 
known about the limited delivery capability of the manufacturer, the quantity 
available could have been distributed differently to the regions and the price 
reduction avoided. 

2. A retailer plans a sales promotion for a specific product. Based on experience 
from an earlier promotion, the retailer estimates that the sales volume will in
crease to 50 percent above the regular level. The retailer shares this forecast 
with the supplier. The manufacturer then forecasts that, because of this promo
tion, additional demand will also arise in neighboring stores. It recommends to 
other customers that they adjust their sales forecasts and the resulting ware
housing plans. 

The "Demand Planning" (DP) component of the APO is used to forecast the prod
ucts sold. This APO component generates the sales plan of a business area, which 
serves as the starting point for the subsequent planning activities. 

Basis of demand planning 

A sales plan is frequently based on historical data, which may be available directly 
from ERP systems or archiving systems or, in aggregated form, from a data ware
house. The connection of sales planning with the SAP Business Information 
Warehouse gives companies the capability to evaluate basic data from ERP sys
tems with respect to specific multi-dimensional criteria (e.g., product groups, re
gions, and time intervals). The analysis returns information about the factors that 
affect the demand plans. Rules must be defined for extraction and aggregation of 
the ERP data. They specify how and when the derived data have to be corrected as 
a result of changes in the elementary data. The time dimension for data is of major 
importance in BW systems (Stock 2001). Coordination needs result if different 
partners in the SC use different calendars (e.g., plant calendars, location-depend
ent warehouse calendars). 

Figure 3.5 illustrates the interaction between DP and the BW. Online Analytical 
Processing (OLAP) servers provide the end-users with powerful aggregation and 
retrieval functions for data analysis. 
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Figure 3.5: Datasets in DP and BW and data flows between DP and BW 

Because historical data are of only limited use for forecasts, additional knowledge 
should also be used as input for forecasting. For example, SAP RJ3 permits the 
use of data from external market research institutes [e.g., from Nielsen or Infor
mation Resources, Inc. (lRI)]. 

Forecasting methods 

Many forecasting methods have been developed in the literature; some of them 
have been implemented and are offered in method bases (cf. Mertens 1994a; Bran
der 1995; Makridakis et al. 1997). APO provides the most important methods for 
practical use: 

• Smoothed average values 
• Exponential first- and second-order smoothing 
• Trend models 
• Trend-season models (Holt-Winters model) 
• Croston method for sporadic demands (Croston 1972) 
• Multiple linear regression analysis. 

The user can configure the different methods individually; DP can automatically 
select a suitable model variant for time series models. The planner may specify, 
for instance, how untypical values are to be handled or how the number of work 
days per period is to be considered. 

APO provides more comprehensive forecasting capabilities than those available in 
the RJ3 SD module. In particular, APO contains the following extensions to RJ3: 
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• Correlation and regression methods for the analysis of historical data 
• Combinations of forecasting results ("Composite Forecasting") 
• Option of including causal factors (e.g., advertising actions, marketing budg-

ets) 
• Consideration of sporadic demand. 

User-defined planning views and interactive planning books allow different de
partments of a division or several plants of an SC to cooperate in the forecasting 
process. Data from several organizational units or enterprises are stored in a com
mon database. APO offers a function-based planning feature for companies that 
need to forecast the demand for products with a wide range of variants. 

Collaborative Planning, Forecasting, and Replenishment 

Collaborative Planning, Forecasting, and Replenishment (CPFR) is the term for a 
business model involving several companies in an SC: It starts with joint agree
ments on business practices and conditions and ends with largely automated 
stocking of their warehouses. SAP uses the "CPFR Voluntary Guidelines" pre
pared by the CPFR Committee [http://www.cpfr.org/] as its principal reference 
source in this area. Representatives of approximately 70 manufacturing and trad
ing companies are active in this group; the committee was set up by the VICS 
(Voluntary Interindustry Commerce Standards) Association [http://www.vics.org/]. 

CPFR is directed at improving the inter-organizational partnership between sup
pliers and customers through jointly administered information and cooperatively 
managed processes to achieve win-win situations. The CPFR model contains a 
comprehensive list of terms that must be added to a repository, which can be ac
cessed by all participants in the SC. In particular, CPFR is intended to attenuate 
the bullwhip effect. It is possible to save money if the partners in the SC improve 
coordination and, for example, avoid multiple administration and repeated use of 
planning methods and databases. The costs of data exchange between participating 
companies have fallen with recent advances in telecommunications, especially the 
Internet, and have thus declined in importance. 

According to a 1996 study in the US (cf. CPFR 1998, p. 7), about 8 percent of the 
desired purchases could not be satisfied because of inability to deliver. This 
caused a sales value loss of more than 3 percent; it should be noted that in about 
half the cases the customers ordered substitute articles, the majority of which were 
manufactured by competitors. Material supplied by the CPFR Committee 
highlights the following weak spots in restocking within supply networks: 

• Most companies generate multiple, interdependent demand forecasts for dif
ferent purposes. 

• Most forecasting is done at an aggregate level of detail which focuses on a 
product category or family, a market or region, and a period of weeks or 
months. 
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• Forecast accuracy is not measured regularly. 
• Operational forecasts usually focus exclusively on interaction between only 

two nodes in the value chain. The forecasts do not always use identical time 
intervals throughout the SC. 

• Manufacturing usually pushes inventory to its distribution centers on the basis 
of production economics and not of customer demand (pull principle). 

Guidelines for CPFR are: 

• The partners develop an outline plan in which core process activities are as
signed to the participants. 

• The cooperating companies jointly prepare a forecast of the consumers' de
mands. This forecast serves as the basis for the plans and schedules to be 
agreed on ("Shared Forecast"). Because of the different requirements of the 
participating companies, the prediction should be rather detailed. 

• Together the partners attempt to avoid inappropriate schedules in the material 
flow. For example, small order quantities from retailers may result in small 
utilization degrees of the production capacities or in excess capacity for satis
fying short-term delivery requests. When the retailer orders larger sizes, a bet
ter coordination with the production plan of its supplier may result. In another 
case, the willingness of a retailer to avoid requesting short delivery times can 
have the result that the manufacturer changes from "make-to-stock" to "make
to-order" production, thus reducing lockup of capital and uncertainties for 
scheduling. 

Figure 3.6 shows that the CPFR process model is divided into three levels (plan
ning, forecasting, and replenishment) and comprises nine steps. 

Step 1: Develop front-end agreement 

Manufacturers, retailers, and distributors develop rules for the cooperation. The 
partners announce their expectations and define the necessary resources. These 
contracts define the joint use of information, the rights and liabilities of the part
ners (e.g., confidentiality, provision of resources, distribution of profits), and the 
criteria and metrics used to measure the effectiveness and success of the CPFR 
process (e.g., forecasting accuracy, profitability of the investments, turn-over of 
inventory, maximum delivery time, reliability in meeting deadlines, process 
costs). 

Step 2: Create joint business plan 

In this step, the manufacturer and retailer exchange information about their com
pany strategies and develop a joint strategy. This results in certain agreements, 
e.g., on minimum ordering quantities, multiplier factors (with particular reference 
to packaging units), lead-times, and ordering intervals. The goal of this step is to 
minimize the number of exceptions. This phase also includes agreements about 
marketing and sales promotions, e.g., for advertising campaigns or temporal price 
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reductions. Thus, the decisions made In Step 2 form an important basis for joint 
forecasts. 

Business Model - Generic 
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Figure 3.6: CPFR process model [http ://www.cpfr.orgl] 

Step 3: Create sales forecast 

This forecast is produced on the basis of the point-of-sale (POS) data and from 
information on special factors and planned sales promotions (cf. Step 2). 
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Table 3.1 shows the four different scenarios considered in the CPFR guidelines; 
whereas in scenarios A, B, and C activities are controlled by the retailer or distrib
utor, it is the manufacturer that controls them in scenario D. Figure 3.7 provides 
an impression of the individual measures to be realized in Step 3 (creating the 
sales forecast) for scenarios A, B, and C. 

Table 3.1: Four scenarios for cooperation between the SC partners 

Scenario I Activity Lead Sales Forecast Order Forecast 

Scenario A Retailer I Distributor Retailer I Distributor 

Scenario B Retailer I Distributor Manufacturer 

Scenario C Retailer I Distributor Retailer I Distributor 

Scenario 0 Manufacturer Manufacturer 
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Figure 3.7: Contribution of the business partners to sales forecasts [http://www.cpfr.org/] 

The CPFR guidelines do not give a detailed description of the methods to be used 
for a joint forecast. The following alternatives are examples that could be consid
ered, either singly or in combination: 

• Develop a forecasting system that processes time series data from various 
sources (e.g. , POS data from retailers, outward stock movements from distri
bution centers, orders received by the manufacturer). For example, a multiple 
regression model is conceivable. The system itself can use regression analysis 
to determine the factors that weight the impacting quantities. 
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• Various participants in the SC use their "in-house" systems to prepare individ
ual forecasts, which are integrated to give the joint forecast. The following 
variants can be envisaged: 
a) Simple arithmetic average of the individual forecast values 
b) Weighted arithmetic average of these values: 

b 1) Weighting according to the respective sales volumes of the compa
meso 

b2) Weighting according to the demand quantity that the forecasting 
company provided in the supply network; orders placed with com
panies outside the CPFR system are disregarded. 

b3) Weighting according to the forecasting quality in the past. For 
example, a method based on an algorithm published by Chow 
(1965) can be used. In this case, three forecasts are calculated using 
the method of exponential smoothing with different smoothing fac
tors (Xi (e.g., 0.1 .,; (Xi .,; 0.3). Assume that (X]=0.15, (X2=0.20, and 
(X3=0.25 are set. It is possible to determine later which (Xi gave the 
best forecast; if this is (X2, the previous (X-values are used again in 
the next period. 
If (X] yielded the best forecast, (X]=0.10, (X2=0.15, and (X3=0.20 are 
used for the next prediction. If the best forecast was obtained when 
(X3=0.25 was applied, the new parameter set is {0.20 0.25 0.30}. 
Depending on the type and quality of the forecast, one can choose 
different deltas by which the (Xi are adjusted (0.05 in the example). 

c) Other possible ways of deriving the joint forecast from the forecasts of 
the individual partners are: 
c I) Choose the most pessimistic forecast. 
c2) Choose the most optimistic forecast. 
c3) When the supplier's forecast differs by more than, say, 30 percent 

from that of the customer, the supplier uses its own forecast, and in 
all other cases, that of the customer. In the first case, the customer is 
informed ofthe discrepancies in the planning assumptions. 

Because different methods can be desirable in various industries and sup
plier networks, SAP does not prescribe the algorithms to be chosen; 
rather, APO provides a macro language which the SC partners may apply 
to build their own joint-forecasting system. 

• The partners also agree on a tolerance corridor. Should the deviation of actual 
from planned data fall outside this corridor, a personal meeting or an elec
tronic conference could be arranged with the aim of reaching an agreement. 
Such conferences might be supported by IT systems, for example by using the 
principles of computer-supported Delphi forecasts (Brockhoff 1979) which 
allows all the involved parties to coordinate their individual forecasts in a 
well-defined way. The mean value of the forecast and the deviations of the 
individual partners' own forecasts from it and the scatter can be calculated and 
the participants are informed of the results via E-mail. The planners can revise 
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their forecasts in the next step. This procedure is repeated until a convergence 
criterion, which can be customized by the SC partners, is reached. 

Step 4: IdentifY exceptionsfor salesforecast 

This step determines those forecast objects for which the actual requirements dif
fer from the forecast by more than a specified tolerance threshold (as customized 
in Step 1) are determined. The causes do not lie only in incorrect forecasts, but 
also in external disturbances, such as a reduction in manufacturing capacity re
sulting from a strike or machine failure. The SAP Alert Monitor can be used to 
signal the exception situation to the members of staff concerned. 

Step 5: Resolve/collaborate on exception items 

Physical and electronic conferences are envisaged in this phase. However, shared 
databases are also used, which, for example, provide information on new events 
that exert strong influences on sales. This results in a modified forecast. 

Step 6: Create order forecast 

The demand forecasts and the inventory information (on physical inventory, open 
orders, inventory in transit) are now combined to predict what orders will be re
ceived. The agreements reached in Step 1, for example on measuring safety stock, 
order quantities or lead-times, must be taken into account. The result of this step is 
a time-differentiated forecast of order quantities. The participants in the SC should 
be able to rely on their partners' schedules not changing within a certain time pe
riod ("frozen zone"). 

Step 7: IdentifY exceptions for order forecast 

In this step (which is analogous to Step 4), the order arrivals that are at odds with 
policies agreed on by manufacturers and retailers are specified. For example, there 
could be demand that cannot be met in the available time because of inadequate 
production capacities or logistical difficulties. 

Step 8: Resolve/collaborate on exception items 

Step 8 follows Step 7 in much the same way as Step 5 follows Step 4. Once again, 
information to support decisions must be obtained from the databases. Then it has 
to be determined whether the exceptions can be ignored or, if not, what action 
should be taken; it might, for example, be deemed necessary to purchasing from 
suppliers that do not belong to the Sc. Information on the deviation may need to 
be returned to Steps 4 and 6, and these may have to be executed again. 
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Step 9: Order generation 

In this step, the forecast orders are converted to fixed orders. Confirmations of or
ders must be sent to the customers. 

APO covers parts of CPFR by its Collaboration Engine. Figure 3.8 shows some 
features of this engine. The Planning Books contain input data for the collabo
rative planning process such as the individual and the resulting joint forecasts and 
other data based on them. The Bid Invitations are addressed towards the suppliers 
that might offer certain products. The Collaboration Engine is responsible for 
planning and controlling the process of inter-company cooperation. It contains the 
application logic and uses already available components, such as InfoCubes, ex
tended macros, and the Planning Book Designer. The communication layer mainly 
provides tools for data exchange with partners. 

SAP 
APO 

SAP 
R/3 

SAP GUI for 
Inlernal access 

SAPAPO 

Communication Layer 

Non SAP 
Planning 
System 

Non SAP 
ERP 

System 

Web Browser 
for inlernal and 
exlernal access 

Figure 3.8: Architecture of the APO Collaboration Engine 

3.1.3 Advanced Planning and Scheduling 

Advanced Planning and Scheduling (APS; cf. section 2.4.2) systems contain func
tions that go far beyond those provided by ERP systems. PriceWaterhouse
Coopers, without describing further details, rated the advantages of the use of 
various APS functions for different industries and process types (Table 3.2). A 
typical feature of APS systems is that different planning methods operating with 
different time horizons are provided (cf. Figure 3.9). 
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Table 3.2: Use of different APS functionality in various industries and plant 
types (PriceWaterhouseCoopers 1999, p. 108) 

Applicability of APS functions (lJ (2) (3) (41 (5) 16) (7) (8) 

Network planning L L H H M 

Sales and operations M H M M H 

Demand planning and communication L M M M M 

Supply planning M M M H H 

A vailable/cap_able to promise H H H H H 

Distribution planning L M M L L 

Manufacturing planning and scheduling H H L M M 

Deployment planning L M H M M 

Warehouse management L M M L L 

Transportation planning and scheduling L M L L L 
Legend: 

Plant types: (1) Batch manufacturing; (2) Electronics assembly; 
(3) Pharmaceutical; (4) Process (continuous); (5) Process (batch); 

M M M 

H M L 

H H H 

M L L 

M L L 

H H M 

L L L 

H M L 

H H M 

H H M 

(6) Consumer packaged goods; (7) Wholesaling and distribution; (8) Retailing. 
Importance: (H) High; (M) Medium; (L) Low. 
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Figure 3.9: Planning horizons of different APS methods (Lapide 1998) 



3.1 Advanced Planner and Optimizer 131 

SAP tends not to use the term APS for its product offering; the functions that other 
vendors group under APS are provided in APO under the terms 

• Supply Network Planning (SNP), 
• Deployment, and 
• Production PlanninglDetailed Scheduling (PPIDS). 

Figure 3.10 gives an overview of the sequence in which the APS methods are typi
cally applied . 

. -- .. .... .... .. .. .. , , , 

Realize orders as 
PPIDS orders 

Figure 3.l0: APS cycle 

The implemented methods greatly exceed the capabilities that Rl3 offers in the PP 
module. Therefore, some of the master data required by PP and the APS compo
nents are different. The APS functions include customization capabilities that can 
be used to specify the routinely applied planning procedures. In particular, APS 
has the following features that PP does not: 
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• Use of optimization procedures, heuristics or a simple dialog system 
• Task-specific user interfaces 
• Different aggregation levels and planning accuracy 
• Extensive links ("pegging" between data objects [cf. Toomey 1996, pp. 70; 

Nicholas 1998, p. 811], e.g., between customer, production, and transport or
ders) 

• Alert mechanisms to deal with exception situations. 

Similar to ERP systems (Dittrich et al. 2000), the APS function also contains a 
large number of parameters that make special procedure models useful for APO 
implementation. Cap Gemini Ernst & Young offers APO Supply Chain Solution 
Centers to support the project team with pre-configured software, an advanced de
velopment environment with state-of-the-art infrastructure, technical support and 
work facilities, and a tool named RapidAPS which contains detailed plans, metho
dologies, models, and templates for all processes for accelerating implementation 
time [http://www.us.cgey.com/ind_serv/services/erp/sap_approach_supply. asp]. 

Some of the methods described as optimization procedures in SAP documents are 
termed heuristics in decision theory because they usually do not find the exact op
timum of the mathematical model. In SAP terminology, all methods that explicitly 
use an objective function are designated as optimization procedures and most 
others as heuristics. SNP allows the application of mathematical optimization 
methods but PPIDS does not. 

Supply Network Planning 

This APO module can be used to determine production, procurement, and distri
bution schedules at the tactical level, namely with average accuracy; it concentra
tes on the associated quantities, additional capacities (e.g., with overtime), and the 
use of external suppliers. SNP is based on periods whose length is often a week or 
a day. For this purpose a so-called bucket profile may be defined; typical cases are 

• Planning horizon 3 weeks, time-bucket one day 
• Planning horizon 5 or 9 weeks, time-bucket one week 
• Planning horizon 12 months, time-bucket one month. 

SNP provides different priority classes based on external priorities, the maximum 
length of time by which the delivery date can be exceeded, and the different forms 
of the associated penalty costs. A distinction can be made between customer or
ders and internal orders. The four planning horizons, Deployment Push Horizon, 
Production Horizon, Stock Transfer Horizon, and Supply Horizon, differ in 
whether or not distribution, production, warehousing, and/or demand schedules 
can be changed. 

SNP provides three different planning methods (cf. Table 3.3 and 3.4). 
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Table 3.3: Similarities and differences between SNP and PP/DS 

Property SNP SNP SNP PPIDS 
Optimizer Heuristic CTM 

Typical temporal 1 day Minute 
accuracy 
Typical planning 12-18 months 4-8 weeks 
horizon 
Accuracy of mod- Limited bucket resources Different capaci-
eling production ties per interval; 
resources concentrating on 

selected resources 
(bottlenecks); 

single and multi-
activity resources. 

Temporal unavaila- Determined by resource calendar Shift changes, 
bility of resources breaks 
Limited handling, yes yes no yes 
transport, and stor-
age resources 
Shift planning Shifts are not explicitly considered Detailed shift 

but determined by calendars planning 
Considering addi- yes no no no 
tional shifts to 
avoid bottlenecks 
Considering setup no yes 
times 
Determining no yes 
earliest and latest 
start of processing 
Considering restric- yes yes 
tions when deter-
mining lot sizes 
Determining and yes yes 
reviewing safety 
stocks 

The member of staff responsible for the application of appropriate planning 
methods is faced with a costlbenefit problem, because there is usually a trade-off 
between solution quality and computing time; the following aspects have to be 
considered: 

• The accuracy ofthe available data 
• The importance of determining an exact optimum 
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• The robustness of the solutions computed with regard to model and data 
changes 

• The times that the planners have to spend on training, model formulation, 
solution determination, and interpretation 

• The necessary computing time and memory requirements of computers. 

Table 3.4: Comparison of methods available in Supply Network Planning 

Property Mathematical SNP-heuristic Capable to 
optimization Match 

Solution quality + - 0 
Consideration of 
production capaci- + Done locally in a + 
ties second step 

other capacities + Done locally in a -

second step 
Speed - + 0 
Consideration of Priority given - Particularly for 
priorities to PPM with locations, 

lowest costs materials 
Quotas Optimized Predetermined Predetermined 

Legend: + ... well suited; 0 ... average suitability; - ... less well suited 

SNP is organized in the following phases: 

1. A sales plan is developed in the Rl3 SD module, in APO, or in a non-SAP 
system. Material and capacity constraints are disregarded. This plan is re
leased to SNP, where it is used as input for further planning steps. 

2. A mid-term production and distribution schedule is determined by SNP. The 
following planning procedures are available in SNP: 
2.l Use oflinear or mixed-integer programming 

2.1.1 based on (non-aggregated) master data of production planning. 
The use of integer variables allows, for example, the feasible val
ues for batch sizes to be restricted so that loading equipment 
(e.g., pallets or containers) is always filled exactly. 

2.1.2 for aggregated models. The following cases are conceivable: 
• Aggregation of elementary time-buckets to longer intervals 

and a truncation of the planning horizon, i.e., the latest time 
point included in the plan 

• Aggregation of products in product groups 
• Aggregation of individual orders in order groups. 

Another simplification is possible if capacities that will definitely not 
become bottlenecks are not included in APO models because they are 
mathematically redundant. 
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In generation of mathematical programming models, up to now matrix 
generators such as OMNI [http://www.haverly.com/omni.htm] or mod
eling languages like AMPL have usually had to be used to define the 
optimization model [http://www.ampl.com/crn/cs/what/ampl/]. In APO, 
SAP provides generic optimization models that the planner can cus
tomize to specific needs, e.g., by using drag-and-drop procedures. This 
approach is less flexible than employing a modeling language but sim
plifies the model-building process and may thus, together with the visu
alization capabilities, contribute to the acceptance of Operations Re
search methods by planners and managers. Different user groups may 
choose distinct approaches for model formulation and usage. 

In the generic optimization model, the following cost parameters can be 
defined: 

• Production costs 
• Costs for additional production capacity 
• Procurement costs 
• Transportation costs 
• Costs for additional transport capacity 
• Storage costs 
• Costs for additional storage capacity 
• Costs for handling capacity 
• Penalty costs for safety stock 
• Penalty costs for late delivery 
• Penalty costs for non-delivery. 

The planner can assign linear weighting factors to the cost parameters 
by moving buttons on a control panel. These data are used by the algo
rithm to find an optimal solution: The system generates a production 
and transportation plan, which takes the interdependences between the 
different types of costs and between the relevant constraints into ac
count. The solution providing the lowest costs is proposed as the opti
mal solution. The planner may explore the sensitivity of the solution 
and study different planning scenarios by changing the weightings on 
the cost parameters; he may, e.g., determine to what extent higher stor
age costs will generate additional transportation orders. 

The integration of user-specific optimization algorithms and heuristics 
is facilitated through the Optimization Extension Workbench. This tool 
makes it possible to combine APO procedures with third-party or in
house optimizers to meet specific industry or company needs. 

First experiences show that quite large linear programming models are 
formulated and solved. For example, in the Kimberly-Clark group 
[http://www.kimberly-c\ark.com/] models with up to 2,500,000 variab
les and 600,000 constraints have been formulated. 
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2.2 Use of the SNP heuristic 

The SAP term "SNP heuristic" is a little confusing, because CTM must 
also be classified as heuristic. Like the optimization procedure de
scribed above, the SNP heuristic adds all planned demands for a prod
uct at a certain location to determine the total demand for each time
bucket. It then determines the supply capabilities and the corresponding 
quantities using predefined quotas for each source of supply. Capacity 
restrictions and partial availability are disregarded in this planning step. 
Thus, the resulting solution is not necessarily feasible. The planner may 
subsequently perform an interactive capacity leveling for each location 
and thus determine a feasible plan in a second step. 

2.3 Capable to Match (CTM) 

Particularly in high-tech industries, CTM is a popular heuristic which 
operates either with bucket-oriented demands or individual customer 
orders. In search of a feasible solution, CTM considers order priorities 
and categorized sources of supply (e.g., stock on hand, production capa
city, safety stocks). Handling capacities and warehouse and transport re
sources are not taken into account. If no production capacity is available 
the demand initially remains uncovered. With regard to a certain sup
plier, CTM can consider constraints for the quantities to be provided by 
each location and for each product. Furthermore, location priorities can 
be defined and orders can be generated at one or more locations to 
cover demand. CTM considers several rules that the planner may have 
formulated. 

CTM proposes the first solution without taking costs into account. In 
particular, no replanning of previously assigned orders is considered 
within a planning run. The resulting solution is usually not optimal. 
However, the underlying model is more detailed than the model of the 
SNP heuristic and thus CTM often provides better solutions. 

To simplify the resulting planning procedures, APO provides various "meta
heuristics" (c£ Voss et al. 1998) that can be used in individual solution steps on 
certain sections of an SNP procedure. These simplifications often drastically re
duce the computing time compared with that needed to solve the original model. 

Heuristics or computer dialogs can be used to adapt the schedules created with one 
of the SNP methods to allow for constraints that remained consciously unconsid
ered in an earlier planning step. The resulting schedule is then made available to 
the "Production Planning and Detailed Scheduling" (PPIDS) component. This 
procedure matches the production plan with the actual status of the production 
system and, after considering bottlenecks, tries to create a feasible schedule. 

The detailed plan determined in this manner can be compared with the upper-level 
plan. Significant changes may require the planning process to be repeated with 
changed premises. 
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SNP includes an alert mechanism, namely a warning function that sends informa
tion to the inventory planners when certain events arise. The planner can process 
this message in a problem solution window. Certain types of alerts may be auto
matically passed to another member of staff. SNP should be seen as an advanced, 
constraint-oriented production and distribution planning system supporting order 
management rather than as a system focusing on the cross-company cooperation 
within the SC. The inclusion of distribution planning has extended the decision 
models formulated in the literature and made them more practical. Forthcoming 
releases can be expected to offer further developments in the direction of cross
company coordination. 

The methods available in SNP access data that are released from the data cube cre
ated in DP to the liveCache, a memory-resident data store that may occupy as 
much as 32 GB on Unix systems. 

Deployment and Transport Load Builder 

With the combination of production planning and deployment, an attempt is made 
to find an appropriate use of manufacturing, distribution, and transport resources 
with respect to the constraints existing in the SC. After use of SNP, the so-called 
deployment methods test whether demand exceeds supply or vice versa. If the 
planned quantities (supply and demand) agree with the actual values, the result of 
the deployment confirms the higher level plan. However, if the available quanti
ties differ markedly, the distribution plan is adapted using one of the following 
allocation rules (so-called fair-share methods): 

• Rule A: The same percentage value of the current demand is assigned to each 
demand node. 

• Rule B: At every demand node, the same percentage of the planned inventory 
is fulfilled. 

If larger quantities are available than demanded, pull, push, and pull/push strate
gies can be used to allocate the excess stock to the individual warehouses. The de
ployment procedure may also initiate restocking orders. 

The orders confirmed by the Transport Load Builder (TLB) component are passed 
to transport scheduling. This scheduling procedure considers, for example, 

• different types of transport equipment, the products that can be transported 
with them, and the associated transport costs, 

• minimum and maximum weights of the transport loads, 
• anticipation horizons during which transports can be performed in advance in 

order to satisfy the minimum transport loads, 
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• the maximum number of transport pallets for each means of transport, and 
• the maximum volume for each transport means. 

Manual interventions are again possible for interactive assignment of any transport 
orders not considered by the heuristic. 

Production Planning and Detailed Scheduling 

In SNP, order sequences on machines are not taken into account. Production 
Planning and Detailed Scheduling (PP/DS) can be used to plan the sequences and 
to schedule orders (accurate within seconds). 

Tasks and goals ofPPIDS are the 

• planning of the material supply, 
• best possible use of scarce resources, 
• determination of a sequence that minimizes the setup costs, and 
• consideration of unexpected events that might otherwise disrupt the internally 

determined schedules and the schedules of SC partners. 

In particular, the tight connection with A TP allows to specify realistic delivery 
dates in response to customer inquiries. 

PPM use master data that are extracted from both BOM and routings. Activities 
always relate to a specific resource and can cover several tasks that, for scheduling 
reasons, cannot be interrupted; examples are setup, processing, and strip down. 
Procedure selection possibilities ("alternative modes") can be defined for the use 
of resources. Whereas no historical data are used in PPM, for example, the devel
opment of the production master data is also documented over the passage of time 
in BOM administration systems or PDM systems. 

PPM were originally used in the process industries (e.g., chemicals, pharmaceuti
cals). In order to work with them efficiently in discrete industries (e.g., automo
tive, PC manufacturers), APO supports integrated Product and Process Enginee
ring (iPPE). The iPPE structure enables rapid line balancing based on capacity 
constraints. One of the advantages of iPPE is that the APO explosion of the prod
uct variant structure (PVS, cf. section 2.1) takes capacity and other constraints 
(not just material constraints) into account. 

SNP passes to PP/DS all orders for which at least one activity lies within the 
planning horizon of PP/DS. Figure 3.11 illustrates how the data elements that are 
relevant for planning in SNP and PP/DS differ; a similar observation has also been 
made in the case of the data used in PP, the production planning module ofRl3. 

The PPM used in PP/DS is usually defined in more detail than in SNP. This re
quires all arrivals (from in-house production, external procurement, and restock
ing) to be rescheduled in PPIDS. For execution, the system automatically plans the 
order including all associated secondary demands of those parts for which auto-
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matic planning was specified in the product master data. As previously explained, 
the orders realized in PP/DS are displayed in the SNP as aggregated demands for 
the specified time-buckets. 
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Figure 3.11: Data requirements for applying SNP and PP/DS 

PP/DS also includes graphical planning boards similar to control station systems. 
A planning board automatically displays the current plan version, the status of ac
tivities and orders, alternative resources, and planning problems in the alert 
monitor, plus the activities or orders affected. In addition, 

• information about resources, products, orders, and activities 
• networks of orders and activities 
• information about partial stocks and resource loading, and 
• several lists 

can be displayed. Furthermore, the planning boards may be used, for example, to 
activate the following heuristics: 

• Clear backlog: Replan all activities that applied to this resource in the past. 
• Plan sequence: Selected activities are scheduled into a new sequence in accor-

dance with the settings of the heuristic. 

The detailed scheduling strategies for the heuristics are set in the planning boards. 

The planning activities based on the board can cover one or more plants, contain a 
simultaneous material availability and capacity test, perform simulations, and real
ize the procedure known as pegging; it relates all gross requirements for a part to 
all planned order releases or other sources of demand that created the re
quirements. For lower level parts the gross requirements are often pegged to 
planned orders for higher level items but might also be pegged to customer orders 
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if a part is sold, e.g., as a service part (cf. Vollmannl Berry/Whybark 1992, pp. 
35). The pegging relationships are organized analogously to the BOM structure. 
Pegging procedures can be used in PP/DS to establish relationships between the 
receipt (input) and issue elements (output) of a product within a location. If 
necessary, a demand must be covered with several receipt elements and one 
production order may cover several customer orders. Thus, pegging can be used to 
connect a demand with several receipt elements or an order linked with several 
issue elements. Arcs are used to represent the pegging relationships (Figure 3.12). 
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Figure 3.12: Illustration of pegging mechanisms 

PP/DS delivers its results to the ERP system or to a Manufacturing Execution Sys
tem. If necessary, details are added in these systems that were not considered at 
the APO level; an example could be consumption-controlled C-parts for which no 
BOM are defined and, therefore, no BOM explosion is performed. 

The method can be used to determine production dates that consider the maximum 
delay of an individual order, the average delay of orders, total lead times, average 
setup times, and costs of the setup activities. This function evaluates schedules us
ing an objective function which may be a sum of weighted target quantities. The 
following types of constraints can be observed: 

• Working and non-working hours of the resources (calendar) 
• Capacities of the resources (finite planning) 
• Single or mUltiple assignment of resources 
• Time-related relationships between activities 
• Pegging relationships between orders 
• Alternatively usable resources from the production process model. 
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In order to minimize the setup times or costs, setup matrices defined for the asso
ciated resources, showing the sequence dependency of setup times and costs, have 
to be defined and taken into account. 

The method determines revised temporal data only for those orders and work steps 
that lie completely within the planning horizon selected. Scheduling is executed 
on resources that belong to the propagation area of the planner, have to be regar
ded in finding a good solution, and have not yet been fixed. All other orders and 
work steps are fixed, i.e., not replanned. The fixed orders and activities determine 
by their relationships with the orders and activities that may be rescheduled to 
what extent the latter can be shifted. 

The following parameters must be specified when the PP/OS procedure is called: 

1. The acceptable computing time (a goal conflict can arise between the achiev
able solution quality and the computing time allowed). 

2. The planning window that results from the selection of the resources and the 
time period within which the activities can be rescheduled. 

3. The earliest start date at which the orders and activities can be scheduled. 
4. Parameters that determine relevant optimization goals and their weights and 

the solution methods to be applied. These parameters must be specified on a 
so-called register card. 

PP/OS provides the following two heuristics, termed "optimization methods" by 
SAP: 

1. CP Scheduler 

Constraint Propagation (CP) is designed for complex planning problems 
where many dependencies and constraints need to be considered; therefore, it 
would be difficult for the planner to find a feasible solution by just using a 
planning board. CP solves combinatorial problems by quickly restricting the 
solution space within which the optimum can occur and thus limiting the 
computing time required for the search. In sequencing, for example, time-re
lated constraints can be used to exclude certain order sequences in advance. If 
two work steps, A and B, are to be scheduled for machine M, then 

either begin(B) ~ end(A) or begin(A) ~ end(B) 

must hold. If the earliest end time of work step A is larger than the latest be
gin time of work step B, the sequence A - B cannot be realized and thus the 
sequence B - A must be chosen. The evaluation of this and other implicit in
formation reduces the combinatorial growth of the number of possible solu
tions. Nevertheless, because of the computing time involved, determination of 
the exact optimum is impossible in many classes of combinatorial problems. 
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2. GA Scheduler 

Genetic Algorithms (GA) use procedures, such as selection, mutation and 
crossover, that are recognized in evolution in the natural world to find im
proved solutions for planning problems (cf. Mertens 2000, p. 190). The basic 
method that uses certain modifications of bit strings has been adapted by SAP 
for the solution of scheduling problems. 

A typical GA application considers the setup costs in order to determine a 
suitable sequence of the work steps to be performed. The objective function 
values are used to select the solutions that appear to offer most potential and 
should therefore be modified during the search for better solutions. The 
chances of finding good solutions rise with increasing amount of computing 
time allocated for problem solution. 

During the calculations, the development of the values of the individual goals is 
displayed graphically. If necessary, additional runs can be made using differently 
weighted goals. The results of the various optimization runs are stored auto
matically; they can be displayed and compared at any time. The system accepts 
the results of the last run and replans automatically as soon as the planner returns 
to the application from which he invoked the so-called optimization. 

Both schedulers provide a similar range of functions. SAP recommends testing the 
relative suitability of the two methods for the specific circumstances in a certain 
setting. 

Several solution methods implemented in SAP APO use components developed 
by ILOG. The so-called ILOG Optimization Suite contains three program libra
ries: 
• The ILOG Planner solves linear programming problems by applying the sim

plex method. 
• The ILOG Solver serves as tool to solve the constraint satisfaction problem. 
• The ILOG Scheduler supports modeling and provides special algorithms in 

order to find feasible solutions if constraints exist (c£ Le Pape 1994). 

Because different events and resulting update demands can arise during the life 
cycle of an order, coordination demands occur between PPIDS and the lower level 
ERP systems. Figure 3.13 shows an example. 

3.1.4 Transportation Planning and Vehicle Scheduling 

Transportation Planning and Vehicle Scheduling (TPNS) allows simultaneous 
consideration of transportation constraints for use of the company's own fleet or 
carriers for inbound or outbound transportation and for replenishment. The com
ponents enable companies, such as manufacturers, retailers, and logistics provid
ers, to liaise via the Internet and to synchronize transportation decisions and ac
tivities. 
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Figure 3.13 : Coordination between APO and ERP systems, exemplified for the order 
management process 
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Whereas transportation planning focuses on medium- to long-term planning, vehi
cle scheduling concentrates on short-term planning and routing. Together, they 
offer the following main functions: 

• Load Consolidation and Vehicle Scheduling 
• Route determination 
• Carrier selection. 

Figure 3.14 shows the integration ofR!3 SO (cf. section 2.2), LES, and TPNS (as 
a component of APO). 
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Figure 3.14: Outbound process - integration of APO, LES, and R/3 
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Load Consolidation and Vehicle Scheduling 

This functionality can be used to obtain high filling rates of transportation means. 
The so-called optimizing engine includes load consolidation for transportation re
quirements to the destination locations and schedules deliveries to meet the reques
ted delivery dates. It considers constraints, such as conditions for combining dif
ferent products, special loading requirements, and handling capacities, both in
bound and outbound, so that the loading processes at the distribution centers can be 
improved. Numerous loading processes are defined for different order types. Or
ders above or below a given size may be automatically released for shipment: these 
quantities are either too large or too small to legitimate the coordination effort, be
cause the most suitable solution is evident (for example, very small quantities tend 
to be delivered by a parcels service). All other orders enter the so-called optimiza
tion process. The procedures coordinate order grouping, pickup and delivery se
quence, and departure and arrival time for vehicles; they also offer alternate solu
tions. 

Vehicle Scheduling, another integral part of the SCM process, focuses on short
term decisions about vehicles, resources, and locations. It addresses pickup and de
livery problems, such as how to create the best round trip or whether a trip should 
include multiple pickups and/or deliveries. The component considers constraints, 
such as time windows for delivery and vehicles, vehicle capacity, handling capaci
ty for loading/unloading and further checks, including incompatibility checks for 
certain vehicle/location and vehicle/product combinations. 

Vehicle Scheduling requires a supply network planning model that includes a route 
concept. A route is a sequence of adjacent lanes through a network with a start 
point and an end point (cf. section 3.1). When a transport request is determined for 
a route in SNP, this implicitly constitutes a route in TPNS. 

Short-term transportation plans are created by Vehicle Scheduling. The so-called 
optimizer tries to minimize any existing delivery backlogs as well as the cost of 
the entire transportation plan within the given constraints, while also allowing 
different service levels for specific products, brands, and locations. Shipments can 
be defined either automatically or manually. Any changes made to the trans
portation plan at short notice result in scheduling difficulties and increased costs 
for the carrier. These must be weighed against the savings that result from 
changing the plan. The algorithm is based on the ILOG Dispatcher application for 
solving a given problem while taking realistic constraints into account, for 
example: 

• Multiple vehicles with different capacity limitations (e.g., weight, cube, pal
lets, containers, and volume) 

• Carrier profile such as partial load [less than truckload (LTL)], complete load 
[full truckload (FTL)] or equipment availability 
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• Each stop may have goods to be picked up as well as delivered, though this 
feature can be deactivated 

• Maximum driving time, driver breaks, and other safety regulations 
• Pickups and/or deliveries only at a certain time of the day/week (time win-

dows) 
• Maximum number of stops per shipment 
• Inbound and outbound handling resources at locations. 

Operation of the planning procedure is vehicle focused, and the solutions proposed 
are based on cost comparisons. Customer priorities can also be considered in de
termining solutions. Carriers often charge different rates for complete or partial 
loads. Moreover, some carriers offer a discount rate on predetermined tours on 
which the vehicle movements are prescribed in advance by the carriers and cannot 
be changed. 

Route Determination 

A problem frequently encountered in attempts to reduce transportation time and/or 
costs and improve customer service is that of finding the best route through a net
work of roads, rail connections, shipping lanes or air routes. The Route Determi
nation component is used to solve this problem. Routes can be associated with one 
or more transportation orders. Transportation modes, carriers, costs, and schedules 
can be assigned to these routes. Transportation Planning generates routes auto
matically or retrieves them from a route library. A route may be a combination of 
several transports (e.g., a truck from A to B and a cargo flight from B to C) and it 
is able to serve multiple destinations. 

A preliminary decision is concerned with the assignment of destinations to sour
ces. This problem commonly occurs if more than one plant/warehouse can serve a 
specific location with the same product (cf. Figure 3.15). Scheduling becomes 
even more complicated when the demand at a certain destination is larger than the 
production or shipping capacity of the source. 

Vehicle movements determined by the so-called optimizer are routes that connect 
different locations within the supply network. SAP uses the concept of transporta
tion zones to reduce the number of lanes to be maintained in the system and to dy
namically generate the lanes necessary for planning. Assume that one distribution 
center has a transportation lane modeled to a zone with a certain carrier. All custo
mers in this zone may be served by this carrier. The zones may be determined au
tomatically by using the addresses stored in Rl3. 
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Figure 3.15: Material flow from plants to distribution centers (DC) 

Carrier Selection 

The carrier profile defined in the master data for Transportation Planning and Ve
hicle Scheduling specifies vehicle capacities (weight, volume, number of pallets, 
etc.) and their availability. The planner can choose from several carrier selection 
processes and decide on the sequence in which they are to be applied. It is also 
possible to restrict the selection to just some of them. 

EDI and the Internet are used to tender a shipment to a selected carrier. The carrier 
can accept or reject the tender. If the invitation is rejected, a message appears in 
the Alert Monitor and the transportation planner will either personally or auto
matically select another one. Alerts may also be generated during manual schedu
ling (for example, notifying about resource overload) or during data transfer to the 
execution system (for example, shipment/delivery cannot be realized as planned 
due to environmental, health or safety restrictions). These messages are displayed 
in the SAP APO Alert Monitor and may be used as a starting point for replanning 
or rescheduling. 

The Carrier Selection component allows the use of so-called simulation versions 
and models for what-if analysis. This involves a complex set of calculations per
formed on reserved data that have been copied from the active TPNS systems into 
a special storage area. Once the decision has been taken to use certain simulation 
results, the parameters of the production systems are modified. After completion 
of scheduling the results can be transferred to the execution system. 



3.1 Advanced Planner and Optimizer 147 

3.1.5 Available-to-Promise 

Available-to-Promise (ATP) investigates whether a promised delivery can in fact 
be made, and if so when. The following aspects, in particular, must be considered 
(cf. Mertens/Zeier 1999): 

I. Determine whether an existing order confirmation can be satisfied with regard 
to both quantity and date, or check what dates can be promised in response to a 
particular request. 

2. Does the check apply to physically existing and "free" stocks (static perspec
tive) or do planned fluctuations also have to be considered (dynamic view)? 

3. Are reservations sacrosanct or should they be changed to favor a privileged 
customer while disadvantaging others? 

4. Is the check restricted to one warehouse location and/or factory or do cross 
deliveries from other locations also have to be considered? 

5. Does the query apply only to end products, or also to the availability of 
intermediate products over several manufacturing levels through to raw mate
rials obtained from external suppliers? 

6. Can or should items not currently available be supplied by the date promised 
or to be promised? 

The various combinations of these issues lead to many different constellations in 
single companies and SC. As usual, one of the main challenges to packaged soft
ware vendors is the need to represent the actual functions, processes, scheduling 
policies, and priorities in such a way that the characteristics of the company or the 
SC are supported by the customized software. 

The following examples give an impression of the complexity to be handled by 
A TP systems: 
1. An article that cannot be delivered on time may be replaced by a superior one 

at the price originally agreed ("upgrading"). 
2. When a reservation is canceled in favor of another customer, the additional 

profit from the customer order that has been fulfilled must be weighed against 
any disadvantages (e.g., contract penalties) likely to result from the deferred 
delivery date for the other order. 

3. Inventory may be obtained from another warehouse; however, this results in 
additional transport costs and may break into decentrally planned safety stocks 
at the delivering location. 

4. Partial deliveries from different locations are bundled to form a complete or
der, with a consequent increase in costs. 

5. Although a part-delivery can avoid too much disappointment for the customer, 
higher overall costs result. 

Figure 3.l6 shows an ATP test using an example from the computer industry, in 
which monitors, desktop cases, keyboards, and accessories are all available in 
adequate quantities; however, only five motherboards with CPUs installed are in 
stock. A check of the product inventory shows that no CPUs are available. Conse
quently, to satisfy the end product demand, at least five CPUs must be supplied 
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and the associated time requirements taken into account when the earliest delivery 
date is determined . 
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Figure 3.16: Example for an ATP check 

Functionality 

The special functionality of an A TP system includes: 
I. Online queries concerning availability by the inventory planners using various 

databases. 
2. Cooperation using various packaged and customized software modules of part

ner companies in the Sc. 
3. "What if" or "How to achieve" analyses to test alternate solutions that could be 

used for fast supply of the parts. 
4. Assignment of dynamic priorities for orders, customers, warehouse, and trans-

port alternatives. 

Because an exact optimum can be determined with an acceptable amount of effort 
only in exceptionally simple situations, simulations, heuristics, and knowledge
based rules that may also include an explanatory component can be combined. 

SAP provides several procedures for ATP checks as part of APO. The ATP Deci
sion Cube contains rules specifying which alternatives (e.g., delivery of a substi
tute product, choice of the second-best location or production of an out-of-stock 
article) have to be tested in what sequence. Figure 3.17 shows, as an example, an 
extract from an ATP rule: In this case, the system first tests whether an alternate 
product is available at the same location. If not, it tests whether the same product 
can be obtained from another location. If the answer to this query is also negative, 
both deviations may occur simultaneously. Finally, the only remaining option is to 
produce the required product because no stocks can be assigned to the order under 
scrutiny. In this case, the test continues by determining which BOM items needed 
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for this product are in stock. The test logic may have to be repeated at several 
manufacturing levels. 
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Figure 3.17: Representation of a rule in the ATP Decision Cube 

If a confirmed delivery date cannot be met, APO allows rescheduling of the order. 
The high priority of this order will be taken into account by all subsequent plan
ning processes to ensure that the customer demand is met as soon as possible. 

Global A TP and Local A TP 

SAP makes two variants of the ATP available: 

I. Local ATP permits the A TP check to run on a single R/3 System. This version 
is provided as a module in one R/3 environment. 

2. Glohal ATP provides the general capability to run the availability check 
simultaneously on several R/3 Systems, on products from other packaged soft
ware vendors, and on legacy systems. 

Because worldwide delivery networks require, for example, that inventory, pro
duction and transport capacity of several independent companies must be checked, 
they represent big challenges for A TP checking. The production plans of partners 
can be either accessed in real-time or as derived and, thus, less up-to-date data. 
Furthermore, these data can be accessed at the partner's system or an extract of the 
relevant data can have been transferred. Special technical defiances arise from the 
high-availability requirements of A TP: The APO and its interfaces to R13 must 
eventually be available in a 7*24 hour operation and the relevant data may have to 
be mirrored, e.g., for allowing system maintenance. 
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3.2 Business-to-Business Procurement, EnterpriseBuyer 

SAP Business-to-Business Procurement provides electronic support for the 
procurement of goods and services and for integration of the purchasing process 
into the overall flow of goods, information, and finances. Recently, SAP has pre
sented this concept under the name of mySAP EnterpriseBuyer 
[http://www.sap.comlsolutions/scmlscm_over.htm]. However, we use the estab
lished terminology below. 

Business-to-Business Procurement was developed especially for the purchase of 
C-parts by members of staff to whom a separate purchasing budget has been allo
cated ("indirect procurement", "MRO materials management"; cf. section 2.3.4). 
The component provides employees with the capability to procure goods and ser
vices independently during a session at their own workplace, based on the Internet 
technology. The operative tasks are passed to the individual member of staff, and 
the purchasing department can concentrate its efforts on more strategic decisions 
(e.g., supporting the choice of suppliers, negotiating terms of delivery and outline 
agreements). This procurement task can be embedded in a workflow that allows 
for involvement of managers for certain types of purchases. 

3.2.1 Web-supported Autonomous Procurement 

Business-to-Business Procurement uses Internet technologies to permit interac
tions between purchasers and suppliers. The following aids are provided: 

I. Create and change reservations, order requests, and orders with or without use 
of a catalog. 

2. Approve or reject order requests; the web-capable SAP Business Workflow 
permits control and monitoring of the procurement process. 

3. Because the user can confirm the arrival of the material requested without in
volving a central unit, goods receipt is streamlined. 

4. Because the sales department of the supplier can derive invoices via extranet 
from the order data and pass them on to the purchasing department or to other 
responsible units of the customer company for approval, invoicing and pay
ments are also simplified. 

5. Service providers, such as consultants or freelancers, are able to enter their 
data in the Business-to-Business Procurement system directly so that the work 
done can be paid for without delay. 

6. Electronic placement of orders can be available only to well-known suppliers 
(restricted tendering) or publicly accessible to any interested party (public ten
dering). The business partner who offers the lowest price for the product or 
service or who provides other advantages wins the order. 
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Figure 3.l8 illustrates the process of procuring C-parts. The component supports 
these actions using a web-based front end that permits call up of the relevant func
tions from the Business-to-Business Procurement start page (Figure 3.19). Figure 
3.20 describes the tasks ofthe user groups involved in this process. 
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Figure 3.18: Procurement ofe-parts via the Internet 

3.2.2 Connecting Catalogs 

An essential function of Business-to-Business Procurement is the availability of 
flexible connections to product catalogs. The SAP solution supports three types of 
catalog connections: 

1. The administration of the company's product catalog 

2. The integration of catalogs from various suppliers using a catalog broker 

3. Direct access to the suppliers' web catalogs. 

Catalog brokers are companies that combine product directories from various sup
pliers to form a "virtual catalog"; they free buyers from searching web-sites of va
rious suppliers (cf. section 2.3.4). 

The direct catalog access permits a B2B interaction between a purchaser and a 
supplier. When using the "Online Store" (cf. section 2.3.4), SAP Business-to-Bu
siness Procurement creates a sales order for the supplier and a procurement order 
for the customer. BAPIs provided by SAP ensure the ability to combine SAP 
Business-to-Business Procurement with several packaged and customized soft
ware systems. 
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Figure 3.19: Start page for Business-to-Business Procurement 
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3.3 Logistics Execution System 

Whereas the APO system provides functions for demand and production planning 
and for an availability check over all nodes of a logistical network, the Logistics 
Execution System (LES; cf. BuxmannlK6nig 2000, pp. 109) supports economical 
warehousing and distribution based on the Warehouse Management System 
(WMS) and the Transport Management System (TMS). LES allows access to all 
base technologies, such as master data administration used in the Rl3 System, and 
is fully integrated with the APO components TPNS and ATP. 

3.3.1 Warehouse Management System 

Although the WMS is a component of the LES, it can also be used as a standalone 
component. Figure 3.21 illustrates the WMS functionality. In addition to the SAP 
interfaces, the WMS provides interfaces to other ERP systems, picking systems 
(e.g., Pick-to-Light), and warehouse technology, administration and control sys
tems. WMS supports 

• the management of warehouse structures and equipment (e.g., automated 
warehouses, high rack storage areas, bulk storage or fixed bin warehouses), 

• the overview of warehouse movements, 
• the management of the activities that accompany the goods' receipt and issue 

(e.g., unloading, packing goods, dispatching delivery vehicles to the appropri
ate loading ramps, and print shipping documents), 

• the maintainance of the current inventory data for storage bins using continu
ous stocktaking, 

• the putaway and picking of dangerous goods and all other materials that need 
special handling, and 

• special services, e.g., customized packing and labeling procedures. 

The use of wireless terminals and mobile barcode scanners that are directly con
nected to the WMS simplify the warehousing processes. SAP provides a tool that 
meets this need, the integrated Radio Frequency (RF) component. It uses mobile 
RF terminals with scanning devices to enable immediate data transfers. RF termi
nals can be mounted on forklifts or in hand-held units and receive data directly 
from the Rl3 System. 

One can record information, such as storage bin coordinates or EAN article num
bers, by scanning a concatenated barcode (based, e.g., on UCCIEANI28) and then 
use that information to verify the current storage location information. SAP's stan
dard graphical user interface displays information on graphic terminals. For char
acter-based terminals, SAP offers an interface, the SAPConsole, which converts 
the SAP standard online transactions into a character-based ASCII user interface. 
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Figure 3.21: Warehouse Management System of the LES 

The RF solution contributes to improved 

• data collection with EAN128/SSCC barcodes 
• stocking, picking, and transfers 
• packing 
• ship/load control 
• displays of stock data 
• monitoring functions. 

The MOB-to-R/3 product from WITRON [http://www.witron.de/] which is used, 
among others, by Roche [http://www.roche.coml]. provides another example for a 
radio-controlled communication and mobile data acquisition in warehouses. 

Both production planning and detailed scheduling are based on data from the Rl3 
Logistics Information System (LIS). It permits a workload preview, among other 
things; if bottlenecks are expected, additional employees can be assigned 
temporarily to the workplace affected. The Warehouse Alert Monitor sends warn
ings about processes that have not been completed on time. This tool is similar to 
the Alert Monitor in the APO system and can also be customized. 

The WMS also supports the management of handling units (HU). An HU consists 
of packaging material and the materials contained therein. Once an HU has been 
defined, it will be used to execute goods movements for the total content in a sin
gle step. HU also simplify communication with SC partners over the storage, dis
tribution, and transportation processes. 
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3.3.2 Transport Management System 

The transportation execution uses the plans determined in TPNS to provide func
tions for scheduling shipping, for route planning, for calculating the freight costs, 
and for transport handling and monitoring. There are also interfaces to non-R13 
Systems (e.g., to so-called route optimization programs and distance databases). 
EDI systems and Internet services are available as communications media with 
customers and suppliers (cf. Figure 3.22, using the acronyms CLM for Car Loca
tion Message and GPS for Global Positioning System). SAP has just developed an 
SC tracking system (cf. section 2.5.3). 

Scheduling of orders and route planning must be performed before a transport or
der leaves the site. The TMS serves as the basis for selection of service compa
nies, assignment of a carrier, determination of appropriate transport means, identi
fication of the transport route and the associated lanes, and scheduling the 
shipping. The so-called TMS Optimizer can be used to plan the transport in simple 
cases while observing the constraints specified during customizing. Examples are 
a weekly delivery of specific products and the transport of dangerous products ex
clusively by rail. 

At the beginning of 2001 it was impossible to perform transport planning using 
the optimization procedures in the APO method library. However, TMS contains 
standardized interfaces that can be used to include travel improvement programs 
from other vendors. In this area, certified SAP partners include CAPS Logistics, 
Dr. Stadtler, InterTrans Logistics Solutions, McHugh Software International, PTV 
Planungsbiiro Transport und Verkehr, and Soloplan. The TMS provides many 
functions to calculate the freight costs. Examples are: 

• Acquisition and administration of master data (e.g., conditions, means of 
transport, tariff zones) 

• Assignment of service providers (e.g., carriers) to a transport and calculation 
of the associated transport costs 

• Determining the transport costs per travel section taking account of basic 
freight, negotiated profit margins, surcharges, etc. 

• Settling up with the service providers and notifying the billing system of the 
transport costs 

• Billing of the transport costs to external or internal customers. 

The R13 functions for pricing have been extended to allow their use for considera
tion of the freight costs. The central instrument is a calculation scheme that in
cludes a list of all condition types used to estimate those costs. A shipment cost 
document is available for calculating a transport service. This document contains 
information about the settlement data, the basic data used to compute the costs, 
and the result of this computation. Freight costs can be calculated based on 
weight, volume, distance, and customer-specific parameters. 
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Figure 3.22: Transport Management System of the LES 

As in shipping and route planning, standardized interfaces to third-party systems 
permit the calculation of complete freight costs or individual cost components 
(e.g., base freight, negotiated discounts and surcharges). Examples of such sys
tems are Venture Freight Management from InterTrans Logistics Solutions and 
TMS from McHugh Software International. The interface permits transfer of the 
amounts calculated from non-Rl3 Systems to Rl3 where they can then be proc
essed further. 

By defining start and end dates, SAP TMS supports the processing and monitoring 
of the physical transport system. For example, a transport activity receives the sta
tus "completed" only when the date and the time of the delivery have been re
corded. 

There are standard reports, e.g., for transport scheduling or transport completion; 
the route of an individual transport can also be displayed graphically. Further
more, the TMS reporting system is also connected to the BW which may be used 
to create additional reports. For example, it can be determined how many delive
ries a specific carrier handled the previous month. 
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3.4 System Architectures 

3.4.1 Architecture Variants for Hierarchical Planning 

The cooperation between SCM and ERP systems is a form of hierarchical plan
ning (cf. Hax/Meal1975; Dempster et al. 1981). In this concept, a comprehensive 
planning model which because of its complexity cannot be simultaneously opti
mized is decomposed into (usually two or three) hierarchically arranged models of 
restricted scope. Optimization methods or heuristics can be used at the individual 
planning levels in order to find optimal or good solutions for the subproblems. 
The preliminary solutions are exchanged between the different planning levels. 
This results in an iterative procedure for which, in particular, the following termi
nation criteria may be defined: 

• The result of the subproblem remains unchanged with regard to the objective 
function value determined in the previous iteration. 

• The objective function value of the solution of the subproblem has improved 
by less than p percent compared with the result from the previous iteration 
(e.g., p=O.5%). A special case is p=O, i.e., the value has remained unchanged. 

• The maximum number of iterations has been reached. 
• The time when the solution must be available does not permit further 

computations. 

The methods used at the individual levels of the hierarchical planning process 
must be customized for the specific market and production conditions. For exam
ple, linear programming can be used to determine optimal production programs 
for part-families at a highly aggregated level employing estimates for setup times 
from historical data. After the optimum solution to this highly simplified model 
has been passed down to the lower level, it can be determined heuristically what 
products are to be manufactured in what quantities and in what sequences. On this 
basis, the total setup time associated with the production program determined at 
the upper planning level can be calculated. A check is then made on whether this 
total agrees sufficiently well with the capacity demand that was deducted as esti
mated setup time at the higher level. The solution will be accepted if the differ
ence lies within the tolerances specified by the planner. Otherwise the capacity 
allocated for setup is modified and the linear program is rerun. 

Figures 3.23 a-d show various conceivable IS architectures supporting such a hier
archical planning process. It must be clear whether the systems that exist at the 
upper and lower levels of this architecture communicate with each other or 
whether they operate horizontally in isolation. In case 3.23 d it is not necessary for 
the number of systems implemented to be the same on each ofthe two levels. 
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Figure 3.23 

3.23 a: Coordination between one ERP system and one SCM system 

3.23 b: Coordination of one central ERP system with several SCM systems 

3.23 c: Coordination of several ERP systems with one central SCM systems 

3.23 d: Coordination between several ERP systems and several SCM systems 
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In SAP environments, the following relationships may exist between Rl3 and 
APO systems: 

• 1: 1 relationship: One APO system is assigned to each Rl3 System as a 
component designed to realize advanced concepts. This may apply, for exam
ple, to Local ATP. The architecture for the hierarchical planning concept 
shown in Figure 3.23 a is exemplified in Figure 3.24 for the SAP systems Rl3 
andAPO. 

• l:N relationship: The master data for a group's production planning are 
administered in a single Rl3 System; one plant-specific APO system supports 
each decentralized plant in its local planning and scheduling tasks. A similar 
architecture is realized, for example, by the German fischerwerke group (cf. 
section 5.1.2). 

• M: 1 relationship: One Rl3 System that uses the PP module exists in each indi
vidual plant within the SC. APO is used for cross-plant coordination within 
the SC (cf. Figure 3.25 and the Colgate-Palmolive case study in section 
5.1.1). This architecture comes closest to the theoretical concepts of hierarchi
cal planning and SCM. A generalization of this concept is a central node 
which serves as the SCM hub (cf. Figure 3.26). 

• M:N relationship: Several decentralized Rl3 Systems and several coordinating 
APO systems exist within a group. As described above, M>N, M=N, and 
M<N may hold. From the viewpoint of hierarchical planning, M>N seems to 
be the most plausible. 

What all the variants described have in common is that the APO components ac
cess databases of the Rl3 Systems and use selected, possibly aggregated, data for 
higher level planning purposes. The Rl3 Systems realize the lower level planning 
and scheduling processes for the plants to which they are assigned. 

In group companies (cf. the Wacker Siltronic case described in section 5.1.4) in 
which Rl3 is used both centrally and decentrally, APO can serve as a coordinating 
layer between these systems (cf. Figure 3.27). Figure 3.28 illustrates the informa
tion flow between Rl3 and APO for a components supplier in the automotive 
industry. The analysis of the connection possibilities between SAP Rl3 and APO 
must also consider industry-specific systems as implemented in SAP Industry 
Solutions. 
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Figure 3.27: Interaction between Rl3 and APO within the German Wacker Chemie group 
(HurtmannslPackowski 1999, p. 67) 
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The APO Core Interface (CIF) is responsible for the data exchange between APO 
Systems and Rl3 Systems (cf. section 3.4.2). The connection of APO to non-SAP 
systems can be realized using the BAPls described in section 3.2.2 (Figure 3.29). 

elF 
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Figure 3.29: Data exchange between APO and Rl3 and between APO and non-Rl3 Systems 
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3.4.2 Supply Chain Management in Homogeneous SAP Environments 

The APO Core Interface (CIF) allows data exchange between the R/3 and APO 
systems. For this purpose, SAP provides a supplementary program that deactivates 
specific functions in R/3 and activates similar, but more powerful, functions in the 
APO. When both SAP systems are used, the Core Interface permits a comprehen
sive integration that can be used, for example, to perform the BOM explosion ei
ther in R/3 or in APO. 

Operative datcl backup 
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Global Supply Chain Agent 

Integration model Active data channel 

Figure 3.30: Functions ofthe APO Core Interface 

The CIF includes five functional features (Figure 3.30): 

1. Integration model 

The integration model determines the type and size of the objects (e.g., material 
stock, BOM, routings, purchase orders) for which data are to be transferred to the 
APO. Different integration models can be defined for diverse forms of division of 
work between R/3 and APO. Each model defines what data are to be passed be
tween the systems or what types of data are to be processed in the APO and then 
passed to R/3 for further processing. SAP provides a model generator as part of 
the APO CIF (Figure 3.31). 

2. Message serialization 

This component ensures the referential integrity between databases used by R/3 
and APO. Apparently there are logical dependencies between the elementary data 
in R/3 and the (possibly aggregated) data managed in the APO. To minimize the 
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communication volume, CIF transfers only those data changes that are relevant for 
the partner system. To ensure integrity, these changes must be performed in a spe
cific sequence (serialization). 

APO Model Generator 

APO Planning Model 
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~~ ------
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Figure 3.31 : Architecture ofthe integration model in the APO Core Interface 

The data are transferred using Remote Function Calls (RFC). Specifically for the 
APO, this call was extended to become a transactional procedure, ensuring that the 
data are processed in the destination system in the correct sequence. This is partic
ularly relevant for time-critical transaction data (e.g. , shipping quantities), which 
must be handled close to the time of data creation. The processing sequence is not 
determined via time-stamping but by centrally assigned, increasing numbers. 

3. Operative data backup 

It is necessary to check the integrity of data so that in case of any problems the 
possibility that these are caused by the forwarding system can be excluded with 
high probability. CIF provides a monitoring function in order to track the time and 
source of errors. The Operative Data Backup component can also be used for re
covery purposes. 

4. Active data channel 

The activation of a previously generated integration model triggers the initializa
tion of the APO with data ("Initial Data Transfer"). Simultaneously, the event
driven transfer of "delta data" is also activated ("Incremental Data Transfer"; cf. 
Figure 3.32). Parallel processing is realized because only subsequent changes to 
the same object will be serialized, whereas modifications of different objects can 
be processed simultaneously. The transfer of the relevant data follows the push 
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principle, in which changes initiate one or more data transfers immediately or 
following well-defined rules. 
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5. Global Supply Chain Agent 

This function controls the distribution of data to and from the connected R/3 
Systems. The corresponding target system can be identified by using the locations 
of the APO order types. Some of the candidates for data forwarding are planned 
orders and production orders from the SNP and PPIDS modules, purchase orders, 
customer orders, and stock transfers. 

3.4.3 Supply Chain Management in Heterogeneous SAP Environments 

SCM on the basis of SAP systems is realized not only in homogeneous SAP envi
ronments but also in heterogeneous environments. Basically, four variants are con
ceivable: 

1. Interaction of SAP APO with non-R/3 Systems 
1.1 exclusively non-R/3 Systems 
1.2 both R/3 Systems and non-R/3 Systems 

2. Interaction of SAP R/3 with non-APO systems 
2.1 exclusively non-APO systems 
2.2 both APO systems and non-APO systems. 
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Heterogeneous environments result if no stringent IS strategy is followed, if deci
sions about IS architectures are highly decentralized, or if mergers and acquisi
tions have contributed to the diversity. For example, the Swatch group, in which 
several formerly independent companies were merged, is using more than five dif
ferent ERP and MRP II systems. Obviously, heterogeneity of IS environments 
leads to additional problems in interfacing SCM and ERP or MRP II systems. 

Depending on the system architecture, either BAPIs or specially developed SCM 
interfaces (e.g., the Production Optimization Interface; POI) are available for data 
transfer in heterogeneous SAP environments. Thus, SCM is supported using an 
existing infrastructure. The following issues may cause problems: 

I. Conventional interface problems 
2. Insufficient synchronization of the data models of various software systems 
3. Batch-oriented data transfer 
4. Limited functionality (e.g., no real-time planning) of some components. 

Interaction of SAP APO with non-Rl3 Systems 

The APO accesses databases of the ERP or legacy systems and uses selected, 
possibly aggregated, data for high-level planning purposes. The functionality of 
APO is independent of whether Rl3 or another system is applied at the lower 
level. The BAPIs available for data transfer are SAP-specific, object-oriented Ap
plication Program Interfaces (APIs) that support the interaction between SAP and 
non-SAP systems. BAPIs permit APO systems to access databases of the lower
level execution systems and to transfer APO data to them. 

Furthermore, BAPIs allow front-end applications an access to the Business Object 
Repository of the Rl3 System. BAPIs can also be used to access certain functions 
of the Rl3 System via the use of Internet Application Components (lAC) and an 
Internet Transaction Server (ITS). 

Interaction of SAP Rl3 with non-APO systems 

The BAPIs described above can be used for this data transfer. The Rl3 System 
also provides four interfaces to support an SCM system: 

1. Production Optimization Interface (POI) 
2. Demand Planning (DP) Interface 
3. Distribution Requirements Planning (DRP) Interface 
4. Transport Planning (TP) Interface. 

The first interface is of particular importance, because it can be used to connect 
special SCM tools with the Rl3 System. Some certified tools that are able to com
municate with Rl3 are, for example, RHYTHM from i2 Technologies or Numet
rix/3 and Numetrix/xtr@, now offered by J.D. Edwards. In particular, the POI 
permits the transport of master data (material, BOM, routings, etc.) and transac-
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tion data (e.g., planned orders, production orders, demand lists, and inventory 
lists) from an Rl3 System to an external planning system. After the external 
planning has been completed, any changes (e.g., in planned orders and production 
orders) can be forwarded to the Rl3 System. 

An example for realizing the SCM concept via the Internet is the "B2B Relation
ship Management" software offered by Extricity Software, consisting of the 

• Extricity B2B Alliance Manager 
• Extricity B2B Integration Adapters 
• Extricity B2B Partner Channels 
• Extricity B2B Process Paks [http://www.extricity.comJ]. 

Information is transferred among several companies in star fashion using special 
servers. On the one hand, connections can be established to the products from the 
leading ERP vendors and, on the other hand, to various types of middleware. Inte
gration Adapters provide the communication bridges for supporting systems such 
as SAP, Baan, Oracle, PeopleSoft, i2, and messaging middleware. Figure 3.33 il
lustrates the architecture of a solution previously described by Extricity as "Any
to-Any Application Integration." The implementation of the SCM solution re
quires close cooperation between the SC partners, because the existing IS architec
tures and the customization of packaged software systems also need individual so
lutions for system integration. 
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Custom 
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Figure 3.33: Integration of different systems in the SC using Internet technology 
(Extricity Software) 



4 Recent Developments in Order and Supply Chain 
Management based on SAP Systems 

The highly dynamic situations in the development of order management, SCM and 
the architecture of large information systems, both in practice and in the academic 
world, will lead in the next few years to many new ideas, methods, standardization 
concepts, and software products. The following discussions are based on informa
tion obtained from SAP, market research, personal conversations, press releases, 
and Internet sources. 

4.1 mySAP.com Solutions - Effects of the Internet on the SAP 
Environment 

The Internet is increasingly important for order management, in both sporadic and 
permanent business relationships. This has substantial effects on ERP systems, 
which are used in many companies as IS backbone for the associated transactions 
(cf. Hantusch et al. 1997). Consequently, all ERP providers, and especially SAP, 
are undertaking huge efforts to utilize the many developments on and around the 
Internet and to make their software solutions web-compatible. The SAP AG is po
sitioning itself, in particular via the mySAP.com approach, as an Internet com
pany. This focus first became visible in new user interfaces known as EnjoySAP 
in release 4.6 of SAP Rl3. The potential of the Internet also changed the internal 
architectures ofERP systems. 

mySAP.com encompasses an enterprise-wide portal (mySAP Workplace) and a 
marketplace. Both serve as a platform for other systems within the mySAP archi
tecture (cf. Figure 4.1). 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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Figure 4.1: Architecture of the mySAP.com solutions 

• mySAP Workplace 

169 

is an enterprise portal providing users with a central access point to informa
tion, EDP applications, and services. Members of staff can use the mySAP 
Workplace systems from their workplace in the firm, from home, and also 
from a hotel , using a role-based and personalized interface. 

Figure 4.2 may give an impression of how staff members, using the portal, get 
in contact with several other tools and partial systems of the "SAP world". 

SAP hopes that the majority of its more than 20,000 customers will provide 
information via this portal. Another software vendor, called webMethods 
[www.webmethods.com]. offers specialized XML tools for the integration of 
the mySAP portal with components of other software vendors. As an exam
ple, they may be used to connect mySAP SCM with the MRP system of a 
supplier. 

• mySAP Marketplace 

was developed by SAP's daughter company SAP Markets in cooperation with 
Commerce One. It extends the boundaries of SCM to include suppliers, man
ufacturers and retailers and enables collaborative business processes. Whereas 
without the mySAP Marketplace the APO of one company can only exchange 
data with another APO (of the partner company, cf. section 3.4), in the new 
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solution there is one central APO hosted on the Marketplace. It coordinates 
the data exchange and the collaborative planning ofthe participants in the SC. 
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Figure 4.2: Role concept and entry point of the mySAP Workplace 

On the next level down in the architecture of the mySAP.com solutions there are 
several more detailed application systems. Three of them are closely related to 
SCM. 

• mySAP Supply Chain Management 

The core functions of mySAP SCM have been presented in Chapter 3 of this 
book. The recent developments make intense use of the functionalities pro
vided by the SAP Business Information Warehouse (BW). So there is a 
powerful functionality for the analysis of data generated by the planning and 
execution modules of mySAP SCM. It includes the Business Explorer, an 
analysis and reporting interface with a graphic front-end. Pre-configured data 
models for business content will reduce the costs for development and main
tenance of reports. The BW provides a central entry point to inform the staff 
of all enterprises in the SC or in the network, allowing them a self-service ac
cess to data. 

In spring 2001, more than 2,800 projects were initiated to implement the SAP 
BW. 

• mySAP E-Procurement 

is a partial system close to the EnterpriseBuyer described in section 3.2. It has 
additional features especially designed for buying via the Internet. 



4.2 Interview with Professor Dr. Claus Heinrich 171 

• mySAP Product Lifecycle Management (PLM) 

is the SAP product for PDM, which is described in section 2.1. Participants in 
modern SC might develop products more and more concurrently. One design 
goal of mySAP PLM is to prevent a situation where the procedures can only 
be used by highly specialized engineering teams of large firms. In particular, 
SME should be able to cooperate in the product development process, also via 
the Internet. 

4.2 Interview with Professor Dr. Claus Heinrich 

Claus Heinrich is a member of the board of SAP AG and responsible for the fur
ther development of the R!3 System and the SCM products. This interview was 
conducted in summer 1999. 

Mertens: To be completely consistent, SCM demands central scheduling on the 
basis of centrally calculated forecasts and centrally applied optimization algo
rithms. Is this consistent with today's decentralized organizational structures? 

Heinrich: It is not my opinion that planning and scheduling needs to be central
ized in the SCM. That would be too complicated. Rather, we need a largely auto
mated synchronization of decentralized planning. The individual departments 
must have the space to make use of their planning and market knowledge. 

Important are fast communication and interaction, but also the willingness to 
communicate. You can even reward partners in the SC with discounts or bonuses 
when they improve their forecasts. 

Mertens: Might the philosophy of "Extended enterprise" soon collide with anti
trust laws, e.g., when a supply network of involved companies at various produc
tion and trading levels is so tightly coordinated that a third party would have to 
overcome very high entry barriers? 

Heinrich: It is questionable whether the SC will really be so closed. Most in
volved companies do not want to bind themselves exclusively and for all time to 
the same partners. The members of the chain are demanding open standards so 
that they can change their partners too. Although a supplier may well like to be a 
monopolist for its customers, it would like to choose its own subsuppliers. The 
number could initially sink, but on the other hand, the Internet technology is 
lowering the technical entry barriers that run counter to this development. 

Mertens: How can SME "snap in" in future, when for many of them purchasing 
SAP systems is too expensive? 

Heinrich: The previously mentioned Internet technology, in particular, makes this 
possible. This is also an ideal example of how technological progress may help 
SME. Previously they had to make significant investments in order to link to busi-
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ness partners using EDI - nowadays, anyone with a PC and an Internet connection 
can, for example, take part in a modern delivery schedule. 

Mertens: Can there be an industry-neutral SCM or will industry-specific SCM 
solutions prevail in the long term? 

Heinrich: We already offer industry-specific solutions. Our APO system is based 
on central engines and surrounded by industry-specific elements, in the form of a 
kernel-shell architecture. The core task is, for instance, demand-supply matching. 
In this regard all SAP SCM systems are similar, and, through the use of the gen
eral term resource, we have ensured the necessary abstraction and generality. In
dustry-specific functionalities and user interfaces are based on this kernel. 

Mertens: We have observed that SAP customers follow quite different goals with 
SCM and, when viewed more closely, also have very different critical success 
factors. Is it conceivable that the APO can be customized with parameters for 
such different situations? 

Heinrich: Customer satisfaction, readiness to deliver, and customer responsive
ness are apparently main critical success factors nowadays. However, there are 
also many other factors that are important for various companies, and they must be 
able to define these factors individually. 

Mertens: Our research has shown that the APO has not yet attained its original 
purpose; rather, it is often used as a modern MRP system. Specifically, the APO 
provides some functionality not present to the same extent in the Rl3. Can this 
mean that the APO will replace the Rl3-PP and -MM modules? 

Heinrich: Here I must contradict your proposition. Most companies use APO to 
optimize their integrated logistics chain. APO, as an extremely powerful produc
tion planning system, is an important component, but just one component. APO 
can be combined with all release levels of Rl3 Systems; thus it does not replace PP 
and MM but rather complements them. 

Mertens: Will SAP transfer the live Cache technology to Rl3? 

Heinrich: liveCache is obviously part of the SAP base technology that we use 
where it provides advantages for our customers. APO can certainly be seen as a 
pioneering solution with respect to accessing main storage. 

Mertens: Professor Heinrich, you are also an honorary professor at your alma 
mater, the University of Mannheim. Does APO indicate a renaissance of Opera
tions Research in business management? 

Heinrich: Yes! The computers have now become fast enough to realize the scien
tific methods developed decades ago. 

Mertens: Your colleague on the board, Prof Dr. Hasso Plattner, mentioned some 
time ago the vision of a time when it would be possible to access and process al-
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most all SAP transactions, and not just those in the SCM, via the web. Do you see 
any such developments? 

Heinrich: Definitely. However, today I would no longer call this a vision, but a 
very specific, short-term development plan. All SAP transactions have been ame
nable to being run via a web browser since 1999. 

Mertens: It is conceivable that characteristic aggregations of MRP II data and 
the comparison of demand and capacity at a high aggregation level could be 
raised to the level of SC networks. In other words: The comparison of sales and 
production schedules no longer takes place within a company but in the "extended 
enterprise." Do you consider this to be realistic? 

Heinrich: Certainly! An important advantage of APO is that you can model even 
beyond MRP II. For example, it is possible to "schedule" in a new supplier com
pany or take account of the limited warehouse capacity at a customer's plant. APO 
allows you to plan material requirements and to schedule at different levels of 
companies and supply networks. 



5 Case Studies on Supply Chain Management 

In this chapter we describe the status of the use of APO in four companies in 
1999 . We make wide use of material provided by the companies. 

5.1 Description 

5.1.1 Colgate-Palmolive Case Study 

Company profile 

Colgate-Palmolive is market leader in the area of dental care and also provides a 
wide range of shower gels, deodorants and cleaning products. About ten million 
tubes of Colgate toothpaste are sold worldwide every day. 

The company has its headquarters in New York. It has 38,000 employees and is 
represented in more than 200 countries. The laboratories for research and devel
opment are concentrated in Piscataway, N.J. The worldwide turnover in 1999 was 
approximately $ 9.1 billion with $ 1.5 billion profit. 

Objective of the use of APO 

The consumer goods industry is struggling with volatile demand resulting from 
the buying behavior of the retailers. Intensive advertising campaigns cause peaks 
for the provision of supplies. Further demand peaks result from the buying habits 
of the end-consumers at the weekend (e.g., bulk buying in supermarkets) and after 
the payment of wages and salaries. 

To master these demand peaks, the retailers set a high value on short lead-times 
for their orders from the suppliers. These in tum are anxious, in particular in the 
case of their large customers, to match and integrate the logistics carefully. 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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Because of the characteristically high standard of cleaning required for the pro
duction facilities and the long setup times these entail, the lot size optimization 
assumes particular importance in this type of consumer goods industry. 

In general, the plants should not be set up during a shift. This results in lot sizes 
being a multiple of the production capacity of a shift, and the lot size planning 
must be carefully matched with the overall logistics. 

Parties involved in the "extended enterprise" 

It is obvious that companies will endeavor to use CPFR (cf. section 3.1.2) to solve 
the aforementioned problems. In this connection, the Colgate-Palmolive group 
wishes to stock its customers actively at the retailing level. One of its goals is to 
use VMI (cf section 2.3.3) to feed 50 percent of the sales volume into the distribu
tion channel in the US. The biggest customer is Wal-Mart with its large number of 
distribution centers. 

Although the stage of a cooperative SCM with the suppliers handled via APO has 
not yet been achieved, this is planned for the future. Closely related are the so
called co-packers. They add value to the Colgate-Palmolive products by, for 
example, producing special packaging in the form of vacation or promotion sets. 

The independent transport companies do not represent any significant constraints 
and thus are not included in the APO model. 

Structure / network 

The Colgate-Palmolive group has 79 factories and distribution warehouses in the 
US; 280 transport edges are modeled. VMI is practiced with the 109 customer 
distribution centers also integrated in the supply network, and this number is in
creasing rapidly. Around 40,000 stock-keeping units are planned with APO. They 
represent individual articles in their positions, in particular also in warehouses that 
the supplier maintains in customer plants (Mertens 1995). 

As Figure 5.1 illustrates, Colgate-Palmolive is primarily concerned about perform
ing SCM in close cooperation with the retailers and their distribution centers. This 
"philosophy" is reflected in the organizational structure by the fact that "Customer 
Account Teams" plan the demand and the deliveries together with the customers. 
The VMI implementations (cf. section 2.3.3) take account of the heavily fluctuat
ing retail demand. The ED! procedure forms the technological basis using the 
ANSI X12 exchange format with the message types 852 (Inventory), 830 (Fore
cast), and 855 (Order). 
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Figure 5.1: SNP and VMI processing at Colgate-Palmolive 

IT infrastructure 

Colgate-Palmolive has been a user of SAP systems for many years and operates an 
extensive R/3 installation. One sales region, e.g. Europe or Asia, is assigned to 
each R/3 System. Each of these systems runs on its own computer, although the 
computers are all physically installed at the same location (in the Colgate
Palmolive Data Center in New Jersey) (see Figure 5.2). Because the international 
subsidiary in Mexico enters the CPFR forecasts for its associated warehouse in the 
parent company's R/3 System, it does not need a dedicated system. 

An intensive data exchange takes place, primarily with the customers' distribution 
centers, either daily or weekly. The incoming data must be checked very carefully. 
For this reason, data transfer at short time intervals is not considered desirable. 

The Internet is currently being used for communication with the suppliers (Sup
plier Managed Inventory); in future it will also be used in conjunction with the 
planned CPFR. 

APO 

Colgate-Palmolive was one of the first large pilot users of the APO. SAP provided 
special support for the project because even outside the consumer goods industry 
it is representative for other industries. Executives at Colgate-Palmolive have ex
pressed their satisfaction with the SAP solutions publicly many times. 
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The group communicated its requirements to SAP in mid-1997. The pilot software 
was supplied in July 1998. The project team began its work at the same time. APO 
became productive in April 1999. Table 5.1 describes the project stages. 

·1.~Pbi.ir 
SouthAfrka 

Puerto Rico, whereas RJ3 is operated worldwide. The following APO modules are 
used: 
• Supply Chain Cockpit, consisting of the SC Engineer for modeling and the 

SCC for data reports and for management information. 
• Demand Planning. This module accepts data from the RJ3 Systems imple

mented at Colgate-Palmolive. Currently, only the forecasting and demand 
planning functions of the RJ3 are used. The data structures for Demand Plan
ning are already stored in the APO. This procedure was adopted to avoid 
overloading the first project phase. 

• SNP: The particular elements used by Colgate-Palmolive are the YMI, DRP, 
Deployment, and Transport Load Builder subsystems (cf. section 3.1 .3). 

• PP/DS, in particular with the repetitive manufacturing functionality, will be 
implemented with the upgrade to Release 3.0 of the APO. 

The use of A TP is planned for a later phase. The reason for this, as with the De
mand Planning, was to avoid the risk of a "big-bang" conversion. 

It is important for Colgate-Palmolive to use ATP, particularly for the so-called 
backorder processing for customer orders that have already arrived: The customer 
orders contain priorities that need to be confirmed and acted upon. If necessary, 
deliveries already confirmed to the customers must be modified. 
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Stage One 

(Parallel Production Ready) 

Replaces Manugistics DRP, Deployment and Colgate-Palmolive developed 
Warehouse Splits, Replenishment Order Prioritizer and Truck Load 
Building, VMI customer data translator and order generator. 

Stage Two 

(Implement Remaining VMI Accounts) 

Replaces Manugistics DRP, Deployment and Colgate-Palmolive developed, 
VMI customer data translator and order generator. 

Stage Three 

(Integrate Canada) 

Replaces Colgate-Palmolive developed contingency DRP and deployment 
for all Canadian-produced products. 

Table 5.1: Project stages at Colgate-Palmolive 

Colgate-Palmolive plans a long-term coexistence of APO and the Rl3 Systems. 
The latter handle the execution of the plans, e.g., printing of production schedules, 
delivery notes, and invoices. The close integration within the SAP systems simpli
fies the reduction of the lead-times for order processing with regard to the goals 
and success factors mentioned above. The search for a very tight integration of the 
subsystems resulted in replacement of the Manugistics software previously used 
for active stocking of the retailer warehouses and planning of the distribution re
sources. Colgate-Palmolive is also replacing the current transport planning system, 
which schedules the loading of vehicles and the travel routes, etc., with the corre
sponding functionality of the APO System. 

Use of additional SAP products 

Colgate-Palmolive is currently implementing the Business Information Warehouse 
and is waiting for completion of the Business-to-Business Procurement solution 
(c£ section 3.2). CRM is planned (c£ section 2.2.4). The use of LES is being con
sidered for transport handling. 
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5.1.2 fischerwerke Case Study 

Company profile 

The fischer holding GmbH & Co. KG owns the fischerwerke Artur Fischer GmbH 
& Co. KG in TumlingenlSchwarzwald, the Upat GmbH & Co. in Emmendingenl 
Baden, and the fischerinternational GmbH, all located in Germany. 

The group's business activities are concentrated on fastening technology. fischer is 
market leader in Europe in the area of tie rods and plugs. It is also active in the 
fields of automotive systems - storage components for vehicle interiors (e.g., cup 
holders and spectacle cases) - and model construction sets (fischertechnik). 

The number of employees worldwide is almost 3,000. The group owns four facto
ries in Germany and 23 foreign subsidiaries, six of which also produce goods (in 
Argentina, Brazil, China, Czechia, Italy, Spain). The investment in Germany in 
1999 was approximately DM 50 million (",,$ 22 million) - half of which was spent 
on the new factories in Tumlingen and Denzlingen. 

Objective of using of APO 

The main objective of using APO, from the viewpoint of the sales and logistics 
and the associated information processing functions, was to use earlier and more 
exact forecasts to provide a better basis for scheduling. Previously, a customer, 
such as a foreign retail chain, ordered its purchasing requirements, which the 
fischer company responsible outside Germany scheduled on the basis of continu
ous updates of its inventory. Now, with the goal of Collaborative Forecasting (cf. 
section 3.1.2), the sales of fischer products to the end-consumers are recorded and 
a forecast for the complete SC is made from the start. This requires monitoring of 
many time series, which initially are created decentrally for customers / market 
regions and summarized for the associated supply warehouses. Even this quantity 
demands a computerized system. It was also determined at fischer that many stock 
planners had difficulties in diagnosing the conformity of such time series (e.g., 
monthly indexes) when they did not have system support. This means that they 
have sometimes not recognized that an apparent irregularity is the result of a sales 
promotion. Furthermore, trend changes and trend breakages are recognized too 
late. This means that major importance must be assigned to the computer-sup
ported reporting of differences between forecast and actual values. Consequently, 
the forecast methods base provided in the APO promise a significant improve
ment. 

The product managers for production strive to achieve a close working relation
ship with logistics. They want to overcome not only the barriers between manu
facturing and procurement, but also those between production and shipping. 
Consequently, fischer refers only to "production logistics." 
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The "construction plan" for the application systems and, in particular, the produc
tion planning and control in the fischer group, is characterized by many succes
sively realized solutions. Manufacturing control stations (e.g. the Leitstand FI-2), 
have long proved themselves and continue to be used in the APO, which is more 
than just a resource for fischer that supplements the MRP II system in coordina
tion of the SC. Planning is in hand, with a view to the above-mentioned produc
tion logistics, for APO to be used to replace both the general planning phases of 
the MRP II system (capacity planning, material requirements planning) and the 
detailed production control. In the future, APO will replace the corresponding Rl3 
modules. The PPIDS module of APO (cf. section 3.1.3) is the one that will be 
mainly used for this purpose. 

A great deal is also expected of the forthcoming simulation functionality of the 
APO. It should be able to investigate alternatives, for example when larger 
planned-actual differences arise in a country and inventory must be distributed to 
other warehouses or when the "feasibility" of a planned production change needs 
to be analyzed. 

Special characteristics of this industry, and thus critical success factors, are: 

1. The customers, e.g., craftsmen, are often very late in recognizing what fixings 
they require. They then need to be supplied promptly to ensure that their work 
is not delayed. This means short delivery and lead-times for fischer. 

2. The degree of automation in the production department is high. It is not un
usual for a production order to involve ten hours' setup time and two hours' run 
time. Thus, improvement of the procedures for lot sizing, capacity scheduling, 
and utilization rates is of the utmost importance. 

Parties involved in the "extended enterprise" 

From the procurement viewpoint, fischer's policy is characterized by the use of the 
fischer APO installation, which makes it possible to give suppliers very early and 
reliable information about future demands (demand preview). The supplier with 
the highest priority ("A supplier") should have the option of viewing fischer data
bases on the Internet, provided this allows it to recognize the demand it needs to 
meet (but not the total demand!) and thus to optimize its production - in a manner 
reminiscent of the contract release schedules used in the automotive industry. In 
return, lower prices are expected from such A suppliers. 

Standard parts for which monitoring of quality does not cause any problems (such 
as packaging material) will also be obtained by way of the SAP Business-to-Busi
ness Procurement module (cf. section 3.2) in future, possibly by tendering or even 
through auctions. 
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Structure / network 

In the logistics chain used hitherto, products were supplied from the central ware
house (Figure 5.3). Currently, 27 warehouse locations exist in central Europe 
(Figure 5.4). 

Pld<Jrg location 
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Order 

-.. .... .... .... .... t. 
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---~----- , 
Order 

malChirg forecast 

rFFI 
-'I~ 

Supplier 

Figure 5.3 : Current logistics chain at fischer 
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Figure 5.4: Warehouse locations 

With the help of the APO, the goal is to achieve the logistics chain shown in 
Figure 5.5, avoiding the central warehousing facility. 
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Figure 5,5: Logistics chain planned by fischer 

In the medium term, the fischer group will enter into two or three "standard part
nerships" with logistics service providers for distribution. Like some suppliers of 
physical goods, who also receive advance information, these partners will be 
given advance information on the demand for transport capacity that they can use 
for their own scheduling. 

IT infrastructure 

In 1999, fischerwerk was running two Rl3 Systems and one Rl2 System. The Rl2 
System is used for sales administration. Rl3 4.0b is applied for production, and 
Rl3 3.1 i for parts of sales, purchasing, controlling, and inventory management (cf. 
Figure 5.6). 

As hitherto, the information processing will be distributed to the various business 
divisions ("one APO per division"; see Figure 5.7). 

EDI is used in the B2B area, e.g. , in communication with car manufacturers and 
large do-it-yourself retail chains. An increased use of the Internet is planned in the 
B2C sector, and in the long run also in the relationships between industry and re
tail companies; both as an ordering medium between retailers and industry, and to 
allow networking of users (craftsmen), retailers, and suppliers. 
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fischerwerke is a pilot customer for the APO. The first APO components have 
been in use in production in the fischer group since August 1999 (cf. Figure 5.8). 
Approximately one year elapsed between the initial installation of the system on 
the fischer hardware platform and its productive use. The total budget for hard
ware, software (Rl3 and APO), and internal costs is approximately $ 2.6 million or 
OM 6 million. 

In the medium term, the fischer group plans to implement all APO modules. The 
Supply Chain Cockpit is already in use (Figure 5.9). Although the Demand 
Planning/Forecasting (cf. section 3.1.2) is crucial for meeting critical success fac
tors and the primary goals, PP/OS (cf. section 3.1.3) also has an important role. 
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The goal is not only an optimal plan, e.g., for machine assignment; rather, self
regulating groups of workers should be informed well in advance of what orders 
they can expect. 
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Figure 5.8: Overview of use of APO modules planned in the first and second phases 

Because A TP has lost some of its importance at fischer, its use will be considered 
only in later project phases. The fischer group expects that SAP will make a num
ber of further developments to APO. These include: 

1. Increased consideration of the current manufacturing situation (a PDA connec
tion is still lacking) 

2. Increased independence ofR!3, e.g., for maintaining master data 
3. The control of simple orders in made-to-order production in the direction of a 

project management system 
4. Certain workflow management elements 
5. Improved coordination with the mobile sales force (cf. section 2.2.4) so that 

office and field sales personnel can use the same user interface to access the 
relevant information in the databases 

6. Improved representation of the value flow. 

Use of additional SAP products 

The use of Business Warehouse (BW) is planned and should start on completion 
of the APO implementation; a BW shall be implemented for each site. fischer also 
plans "several small Business Warehouses" on the basis of a standardized cube 
methodology. The use ofLES (c£ section 3.3) is not planned at the moment. 
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Figure 5.9: A look at the Supply Chain Cockpit at fischer 

5.1.3 Salzgitter Case Study 

Company profile 
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Salzgitter AG is the second-largest steel-producing company in Germany. It has 
three production sites: 

I. Peine (profiles) 
2. Salzgitter (hot steel / flat steel) 
3. Ilsenburg (heavy plate) 

The "Peiner Trager" (steel beam), which is known worldwide, is produced at the 
Peine plant. It is one of the most important elements used in modern steel con
struction. The manufacture of flat products is concentrated at the Salzgitter plant. 
Hot wide strip and thin sheet and surface-handled thin sheet with electrolytic or 
hot-galvanized coating are produced there. Coated thin sheet is one of the most 
important materials for customers in the automotive manufacturing industry. 
Salzgitter also has blast-furnace and steel manufacturing metallurgical plants that 
provide the basis for all flat products and heavy plates. 

The Ilsenburg plant in Saxony-Anhalt produces heavy plates from base steel, 
quality steel and stainless steel, and laminated sheet. These products are used 
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mainly in bridge building and container construction and for manufacturing large 
pipes. 

Salzgitter-Stahlhandel with headquarters in Dusseldorf is a steel trading organi
zation that operates in all important commercial centers of the world. The com
pany is flexible in satisfying the demands of its national and international custom
ers. 

In addition to the business areas of steel production and trading, the group is also 
involved in the area of raw materials and services. The group consists of more 
than 50 national and international subsidiaries and associated companies. Strategic 
alliances complement the worldwide activities. 

The consolidated group turnover in 1998/99 was DM 5.2 billion (",$ 2.3 billion). 
The group has a workforce of more than 12,400 employees, approximately 9,300 
of whom work in the plants while approximately 3, I 00 are employed at the sub
sidiaries. The basis of the high degree of flexibility is a state-of-the-art production 
technology. More than DM 850 million (",$ 370 million) has been invested from 
the cash flow over the past four years. 

Objective of using APO 

Even in the steel industry, customers demand very short lead-times in conjunction 
with liT supply. Meeting such customer wishes while maintaining quality stan
dards is a critical success factor. 

The steel industry is characterized by intensive use of equipment and material. 
Both result in a significant tie-up of capital. Salzgitter AG uses information 
processing for optimization, with the goal: "The right material at the right time at 
the right plant". Stocks held at intermediate warehouses should, then, be mini
mized and the capacity available used to the fullest possible extent. 

A special challenge is to ensure that the production process meets the technologi
cal quality characteristics desired by and confirmed to the customer. If there are 
differences from the specified quality demands, APO should immediately define a 
new production order or reschedule available items. 

Parties involved in the "extended enterprise" 

There is a trend for the automotive industry to ask suppliers to deliver complete 
system components. Many vehicle manufacturers are aiming at future outsourcing 
costs amounting to 75-80 percent of the total costs. 

The customers of Salzgitter AG have planned schedules for their work steps very 
carefully, e.g., in the body stamping shop. Should the sheet steel supplied from 
Salzgitter arrive too late, very high additional costs result because of rescheduling 
and low capacity loading at the customer's site. 
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Consequently, Salzgitter AG finds it desirable to provide customers with access to 
their own data. This allows them, for example, to follow up the progress of the or
ders they have placed. For example, a car manufacturer can see that although 
Salzgitter AG carries an inventory of steel sheet for motor hoods, it does not carry 
any stocks of steel sheet for roofs. The vehicle manufacturer thus obtains an addi
tional basis for scheduling its own production. Obviously, this requires secure au
thorization validation. SAP is planning such a solution in a future release of APO. 

Structure / network 

The network centers on the three plants in Peine, Salzgitter, and Ilsenburg. The 
customer is usually in charge of the cooperation with the carriers. The customers 
provide very short notice for eighty percent of the trucks. 

IT infrastructure 

The GESIS, Gesellschaft fUr Informationssysteme mbH, a lOO-percent subsidiary 
of Salzgitter AG, holds 24.5 percent of the shares in the ICG Informationssysteme 
Consulting und Betriebs-Gesellschaft mbH; the other shareholders are IBM, with 
51 percent, and the Continental AG, with 24.5 percent. The ICG operates a com
puting center that handles large parts of Salzgitter's commercial data processing 
using an SAP Rl2 System. The computing center is located in Salzgitter city. The 
RV (sales), RF (finance), RM (material), and RK (accounting) components ofRl2 
are used. In addition, the QSS component developed in-house is used for quality 
management. QSS is written in the SAP programming language ABAP/4 and in
tegrated with the Rl2 System. In-house developments that run independently of 
the SAP system are used for production planning and material tracking. EDI is 
used as the interface with the non-SAP systems. Internet applications are planned. 

APO 

Salzgitter has been a pilot customer for APO since its launch. At Salzgitter's sug
gestion, SAP added a campaign planning functionality, a typical requirement of 
the steel industry, to the software package (with the designation "Block Plan
ning"). 

APO was put into test operation in September 1999 for the planning of the pro
duction plants in the Salzgitter works. Once the test operation has been completed 
successfully, APO will specify to each of the factories which orders are to be 
processed there and the associated quantities and deadlines. 

The following components of the APO package were considered: 
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• The Supply Chain Cockpit is applied only to a limited extent. Only the Alert 
Monitor, an important component of the SCC, is used. It reports bottlenecks 
and monitors the goods and information streams. 

• Demand Planning is not used for forecasting. 
• Supply Network Planning (SNP) is to be implemented in the second project 

phase. 
• Production Planning and Detailed Scheduling (PPIDS) will be implemented 

with all functions for comprehensive detailed planning (see below). The plan
ning will be performed not only at the level of the end products but for all in
termediate levels. 

• Available-Io-Promise will be implemented in project phase 2. 

Figure 5.10 shows the data flow as planned at the productive start of the APO after 
the first project phase at Salzgitter AG. The RV module of the SAP Rl2 System 
forms the "gate" to the SCM system. 

SAP R12 R V (Sales) -• • 
Production planning and material tracking I~ Production 

I Steelworks I => I Hot j => I Cold I => I Surface I 
t-

instructions 
rolli,!&mill rolling mill treatment (form sequences) 

-- • 
APorio (APO Link and Log~ Object) 

Communications module between 

production planning / material tracking and APO --- --SAP APO 

I Steelworks I => I Hot I => I Cold I => I Surface I 
rolling mill rolling mill treatment 

Figure 5.10: APO as incorporated in project phase 1 at Salzgitter AG 

A customer order can be split into a maximum of eleven production orders corre
sponding to the eleven production levels. A capacity unit is assigned to each pro
duction level. 

The APOLLO (APO, plus .Link, .Logic, and Qbject) system developed in-house is 
used for communication between production planning / material tracking and 
APO. APOLLO prepares various information, in particular for the material 
tracking over all production levels. It allows both tracking of individual items and 
bundling of information. Once the customer orders have been scheduled, the 
remaining capacity can be obtained and made available for new orders. APOLLO 
also performs the "translation" ofthe data into the APO "language" (Figure 5.11). 

APO is used primarily to dispatch orders and to determine the schedule; in other 
words: APO performs the capacity scheduling. APO chooses between alternative 
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resources and takes account of scheduled customer orders, provisional deadlines 
in production, and shift schedules. The capacities are matched with each other so 
that an upstream plant always has a larger cross section than the following plant. 
Excess capacities at the plants are used for external production. 

The determination of the production sequences is a complex activity. For example, 
a direct transition from high-lead to low-lead galvanizing should be avoided. Con
sequently, all orders with high-lead content must be bundled as a lot, as must all 
orders with low-lead galvanizing ("campaign building" or, in SAP terminology, 
"block building"). Thus, a scheduler initially defines fixed campaigns for a longer 
period. The APO must take account of this and signal any endangered scheduled 
dates. It is planned that in a later phase the APO will automatically limit the cam
paign lengths, depending on the order situation. 

APOLLO 

I 
Customer order =l 

-Material 
-Quantity - -Date 

I Chain of production orders (PO) 
PO(Steelwork)=lPO(Hot rolling mill) =l PO(Cold roll. mill)=lPO(Surface treatment) 

Chain of , t Production 
production date and 

orders plant 

APO 

I Surface treatment I D D ~D c=J D CJ 
I Cold rolling mill I DI P02 1c=J D 
I Hot rolling mill I CJ CJ~D I I 
I Steelwork I I II PO n II I Time 

Figure 5.11: Communication between APOLLO and SAP APO 

Salzgitter AG plans to implement the following functionality in further project 
phases: 

1. An ATP validation (cf. section 3.1.4) 
2. Dynamic Pegging (cf. section 3.1.3), which involves the assignment of items 

to orders. This assumes that a classification has been made. The same coils 
must be assigned to the same class (a coil is a semifinished product resulting 
from hot strip rolling). 

3. The SNP module (cf. section 3.1.3) is to be used for including the consign
ment stores. 

After the planning run, APO returns the schedules to APOLLO, which then for
wards them to a knowledge-based production assignment system developed in-
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house. This IS named ESAP (expert system for facility programming [Anlagen
grogrammierung in German]) and determines detailed sequences. 

The feedback from APOLLO allows tracking of individual items. The data are ex
changed between the APO and the surrounding systems on a daily basis. A true 
real-time solution, in which even smaller changes are reported, is currently not 
needed. 

Use of additional SAP products 

Implementation of the BW is being considered. It could be used as the basis for 
replacement of an older reporting system, which gives such information as how 
many reruns were needed. The use of LES is not planned. Implementation of the 
Business-to-Business Procurement module may be considered in the long term. 

5.1.4 Wacker Siltronic Case Study 

Company profile 

Wacker Siltronic AG, a 100-percent subsidiary of Wacker Chemie GmbH with its 
headquarters in Munich, is a leading manufacturer of hyperpure silicon for the 
semiconductor industry. Together with its parent company, Wacker Siltronic is the 
only company in the world that produces silicon using a fully integrated manu
facturing system. The product spectrum covers ultra-pure silane chloride, poly
crystalline pure silicon, crucible- and zone-grown monocrystals, and lapped, 
etched, polished and epitaxial disks in a wide range of diameters. Silicon from 
Wacker has been used in the worldwide semiconductor industry since it first be
gan in the early 1950s. Wacker, with its high-tech products, has supported the de
velopment of new semiconductor elements from the first silicon transistors 
through the most advanced current ICs, and onward to future component genera
tions. 

Worldwide, around 5,700 employees at factories in Burghausen, Wasserburg and 
Freiberg, Germany, and Portland, USA, achieved a revenue of approximately 
$ 670 million (DM 1.52 billion) in 1999. To provide its global customers with an 
even better service and to strengthen the position of Wacker Siltronic in the mar
ket, an additional factory has been built in Singapore (Figure 5.12). 

Objective of the use of APO 

Linking of the worldwide semiconductor lines is increasingly gaining strength. All 
semiconductor manufacturers supplied by Wacker Siltronic with products and ser
vices are increasing their global presence. Others are forming alliances in order to 
use the resulting synergy effect to reduce the total costs of development. 
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Wacker Siltronic 

Figure 5.12: Locations of factories 

An ambitious "Product to Customer" (PTC) project was started in 1997, aiming at 
restructuring of all business processes. The emphasis lies on speed, functionality, 
simplicity, and global integration. The advantages claimed for the PTC project are 
oriented primarily on the following company goals: 

• To be the most important global supplier for the most important customers, 
• to provide a complete package that consists of qualitative, high-grade prod

ucts, technology, information, and service, 
• to make the business processes as simple and transparent as possible for the 

customers, and 
• to attain the leading position in profitability for the most important silicon 

manufacturers. 

With the start of the PTC project, the APS systems available on the market were 
evaluated intensively. Wacker Siltronic gave five main reasons for selecting APO: 
I. As a pilot customer, it had the opportunity to influence the development of the 

software so that no further programming will be needed to represent the 
processes (principles applied: simplicity, standardization). 

2. The integration of existing SAP modules forms the basis for use of all the 
functions in SAP R/3 (principle applied: functionality). 

3. As result of the integration achieved by item 2, the SAP R/3 and APO 
combination also provides the functional concept for the SCM, because this 
can ideally combine the logistical with the administrative parts of the processes 
(principle applied: global integration). 

4. The liveCache architecture of APO provides high performance in supporting 
the business processes (principle applied: speed). 

5. It will be possible to adapt very quickly to new releases of the SAP-software 
(principle applied: use of standard software). 



192 Chapter 5 Case Studies on SupplY Chain Management 

Parties involved in the "extended enterprise" 

In the first phase of APO implementation, the immediate customers and suppliers 
are linked. The integration of further levels on both sides of the SC is possible in a 
later phase (see Figure 5.13). 

The semiconductors division produces for customer requirements in small batches. 
The industrial customers are supplied directly; no trading companies are used. 

Phase 1 

Wacker 

Linking of 
immediate 

business partners 

Customer 1\ 

Customer 2\ 

, 
______________________________________________________ L 

Phase 2: Integration of further levels of the chain 

Figure 5.13 : Implementation concept of Wacker Siltronic 

Structure / network 

Orders can be divided between different locations, provided that each is equipped 
for the associated product. 

Cooperation with the carriers is organized differently at the various factory loca
tions. Currently, the company does not see any need to integrate the IS of these 
service providers into its own IS. 

IT infrastructure 

The business processes are represented in SAP Rl3 and in the APO. This means 
that the "back-office" functions of SAP Rl3 that are already being used produc
tively (modules FI, CO, AA, PM, MM, PS, and HR) are extended by SAP Rl3 
modules SD, PP, and QM, and by APO. 

All locations access the Rl3 System running centrally in Burghausen. 

EDI is used as the interface with non-SAP systems. Internet connections are not 
currently used, but their future use is planned. 
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APO 

Wacker has been a pilot customer since development of the APO started. The first 
installation of the APO has been productive since May 1999 as part of the system 
installation for the "Product to Customer" business process at Wacker Siltronic's 
Singapore plant. The installation covers all functions of the planning system that 
were available with Release 1.1. 

Wacker Siltronic considers strategic planning to include both long-term planning 
based on current market studies and network optimization encompassing all prob
lems defined in "what-if" scenarios. 

Long-term planning is handled principally by the Demand Planning module. 
Interaction of the optimization methods (linear optimization based on "penalty 
costs") and heuristic methods (Capable to Match as a rule-based planning tool) are 
exploited within Supply Network Planning to check the production capacities. The 
network planning algorithm of the Supply Chain Cockpit is used to process "what
if-problems" . 

The forecast is the most important process in the tactical planning procedures of 
Wacker Siltronic. The master data maintained in the SAP Rl3 are transferred to 
the APO in an event-controlled manner in the form of characteristic combinations 
(see Figure 5.14). 

Forecasting Process I Tactical Planning 

Configured 
material 
released 

System Forecast 
Manual Forecast 

Allocations 
(producible quantity 

of forecast 

Figure 5.14: Tactical planning at Wacker Siltronic 
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The forecast values calculated automatically by the Demand Planning module 
serve as information for the Marketing and Sales Departments. However, the data 
that have been inputted manually are decisive in the reservation of capacity, which 
is performed using the Capable-to-Match module. The overall capacity reservation 
process runs here a background job, returning each result to the corresponding 
planning book. 

Order acquisition is performed basically in two different ways: The traditional 
method is the acquisition of an order in the SAP R!3 SO module. Using the APO 
ATP, each order is checked in real-time and in a rule-based manner against the 
available capacity (taking account of reservations), the inventory, and the work in 
progress (WIP) for all production levels and for all theoretically possible factory 
locations. 

The second type is that of the so-called SC management orders. The information 
(forecasts, consumption, inventory) received from the customer is transferred to 
the APO via the Internet or EDI and determines the quantity of the subsequent 
delivery. The ATP test is used to create an order in the SAP R!3 and confirm the 
delivery quantity. At the same time, the system utilizes this calculation to start the 
production orders so that the next deliveries are satisfied (Figure 5.15). 

Order Planning Process I Operational Planning 

Rule based 
Multi-level , 

Multi-site ATP 

Check: 
- Allocations 

- Inventories I WlP 
- Capacity 

Figure 5.15: Operational planning at Wacker Siltronic 

The planning orders created by the APO system (or the PP module) and purchase 
requisitions are converted in the SAP R!3 into the corresponding production and 
purchase orders. The production orders are transferred both to the APO and to the 
"Manufacturing Execution System" (MES). APO uses the appropriate control 
strategies and optimization profiles to create a plan for each situation and forwards 



5.2 Summary 195 

it to the MES using a task list. Confirmations of the production orders are booked 
automatically both in SAP R/3 and in the APO (Figure 5.16). 

Use of additional SAP products 

Installation of the Business Warehouse is planned and should start after comple
tion of the installation of the APO. The use of LES and of Business-to-Business 
Procurement is not planned. 

Production Order Hand li ng I Scheduling & Opt mization 

Confirmations 

Dats l Status. 
aty. change 

of Production 
Orders 

Production 
Schedule 

Figure 5.16: Detailed planning and control at Wacker Siltronic 

5.2 Summary 

Although these four practical examples give an impression of the functionality and 
usability of the SAP APO package, they are insufficient to allow any broad and 
general statements. 

In our talks with the managers responsible for the SCM implementation in manu
facturing companies, we have felt both a demand pull and a technology push. 
Many specialists have the feeling that systematic agreement in supply networks 
can bring "rich rewards" in terms of rationalization and improved scheduling. At 
the same time, a technology push can also be perceived, caused by developments 
in the area of the Internet and the availability of powerful computer systems that 
permit the use of the liveCache technology. In this connection, the time seems ripe 
for a renaissance of mathematical planning and scheduling methods, because, first 
the computerized aids have become more powerful, secondly, more powerful op
timization algorithms have been developed, and, finally, it has been recognized 
that human planners and schedulers have major problems in maintaining an over
all perspective and being able to handle each planning object with the same care 
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when a very large number of interdependent entities are involved. Consequently, it 
is no surprise that the APO, as a "decision-support methods base" in the area oflo
gistics, has attracted considerable interest in practice. Many practitioners think that 
the APO does not only fill the gap that has persisted in the scheduling/detailed 
planning area in many companies - even those with "dense IS architecture". 
Rather, the APO replaces existing algorithms and already implemented planning 
and scheduling methods that have not proved entirely satisfactory, such as meth
ods operated as parts of conventional MRP systems. 

APO use is currently concentrated very clearly on the reorganization of structures 
and, in particular, on the processes between plants belonging to the same company 
or the same group of companies. In other words: There is still little evidence to 
suggest that "extended enterprises" are really being created. In a four-phase 
scheme for SCM, in which the first two phases follow internal projects and the 
two more advanced phases strive to achieve external cooperation, 80% of the 
companies are currently concentrating on the improvement of internal procedures 
(Poirier 1999, pp. 23). It is difficult to forecast how fast the development will 
continue, whether there will be any major setbacks, and whether the SCM concept 
will be successful in supporting extended enterprises. 



6 Internet Resources for Supply Chain 
Management 

SCM is a topic that has attracted wide interest recently, that is to say since the 
Internet has been widely accessible. Therefore it is not surprising that plenty of in
formation about SCM is available on the web and that the number of SCM-related 
resources is growing rapidly (Table 6.1). 

Table 6.1: Results of searching for the string "supply chain management" 
on the web 

Searching with Number of hits 

2000-04-23 2001-04-17 

Altavista 69,421 111,417 
(Advanced Search) 

Google 58,200 282,000 

Northern Light 86,516 155,298 

Yahoo 3 categories; 4 categories; 
82,049 web pages 126,000 web pages 

The following description of what we regard as the main SCM-websites is based 
on KnolmayerlW alser (2000); some additional sites are described and changes in 
the web-sites have been updated. Of course, not all web-addresses and contents 
will exist in their present form in the future; however, most contents are offered by 
organizations with a strong focus on SCM, and we assume that they will continue 
to provide valuable entry points for searches aimed at current information about 
SCM. Another annotated description of SCM-related online-resources is available 
in W oodslMarien (2001, pp. 485). 

The descriptions of the web-resources are arranged in seven tables; each of them 
concentrates on a specific type of information providers. If a site-specific search is 
available, we mention the number of hits obtained when a search for the string 

G. Knolmayer et al., Supply Chain Management Based on SAP Systems
© Springer-Verlag Berlin Heidelberg 2002
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"supply chain management" was conducted. These searches were performed at the 
end of May 200l. However, some of the results may be biased by unreliable or 
inadequate search engines implemented at some web-sites. 

6.1 Portals 

Portals are designed as entry-points for web-sessions and often present newswor
thy information that is expected to interest all surfers or specific groups of them. 
Many portals focus on a special community or topic, e.g. within computer science 
or IS. Table 6.2 provides an overview of SCM-oriented portals. In many cases 
these portals also contain information about ERP-systems. We recommend the 
portals About.com and ITtoolbox as entry points. 

6.2 Communities, Societies, and Professional Associations 

Basic information about a certain topic is often provided on the web by communi
ties, societies, and professional organizations. Some of these use at least parts of 
the notion SCM in their name (e.g., the Supply Chain Council); many logistics so
cieties also provide worthwhile entry points for searches on SCM (Table 6.3). 
Links to even more associations are given at 

http://www.supply-chain.org/htmllsccassociations.cfm 

6.3 Research Companies 

Several companies that present themselves as "research companies" provide stud
ies on relevant issues in the IS area. However, in most cases this information is 
only available to users who have signed up to a (usually rather expensive) contract 
with this company. Those pages that are freely accessible offer rather limited in
formation about SCM (Table 6.4). The boundaries between them and consultan
cies are sometimes not clearly defined, as many of the "research companies" also 
offer consulting services. 

6.4 Consultancies 

Some consultancies have established SCM -consulting as one of their business fo
cuses. Because the web-sites of the multinational consulting companies (in parti
cular the "Big Five") are managed locally, it is rather difficult to identify the 
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SCM-relevant information, since it can appear on any national server and often no 
global search is provided (Table 6.5). 

6.5 Vendors of SCM Software 

Modem SCM is not possible without the use of sophisticated software packages. 
Sometimes it is difficult to distinguish between vendors of SCM systems and 
those offering ERP-, Business-to-Business-, CRM-, or EC-solutions. The content 
of software vendors' web-sites changes very rapidly. Therefore we do not describe 
their content in detail, but show only suitable entry points for retrieving informa
tion on SCM systems; we give the number of hits obtained relating to SCM as an 
indicator of the quantity of information provided and of the attention that certain 
packages attract (Table 6.6). 

Links to vendors of SCM systems are compiled on the following web-sites: 

• Baker Library of the Harvard Business School 
http://www.library.hbs.edulsupplychains.htm 

• Business.com: Supply Chain Management, 
Directories "Packaged SCM Solutions" and "Software" 
http://www.business.comldirectory/management! 
operations _ management!supply _chain _ management_ scml 

• DMOZ Open Directory Project 
http://dmoz.org/BusinesslManagement!SuppILChain/ 

• EBN: The Top Supply-Chain Software Vendors 
http://www.ebnonline.comlstory/OEG2001 0 112S0049/ 

• Logistics World, Directory: "Software" 
http://www.logisticsworld.coml 

• LogLink's Supply Chain Sites 
http://www.supplychainsites.comlsoftwarelinks.asp 

• Supply Chain Council 
http://www.supply-chain.org/htmllvendors.cfm 

• TechRepublic, ERPSuperSite 
http://www.erpsupersite.comlquickfinder.htm 

• Yahoo 
http://dir.yahoo.comlbusiness_and_economylbusiness_to _ business/ 
computers/softwarelbusiness _ applicationslbusiness _management! 
supply_chain _management!. 
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6.6 Universities 

Several universities offer undergraduate, graduate, postgraduate, and executive 
programs in SCM. Some of the responsible organizational units carry the notion 
SCM in their names. An overview is presented in Table 6.7. 

6.7 Journals 

Many journals act either as hybrid or as online journals and present themselves on 
the web. In Table 6.8 we concentrate on journals that carry the notion "supply 
chain" in their names. The articles or the information about them are often supple
mented by additional information, frequently presented in a similar way to how it 
would be on a portal. A broad information service is provided by Manufactur
ing.Net, which dedicates one of its five communities to SC and publishes nine 
online journals that it regards as relevant for the SC community (Table 6.8). 
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Abbreviations 

4PL -? Fourth Party Logistics 
AA -? Asset Accounting 
ABAP -? Advanced Business Application Programming 
ALE -? Application Link Enabling 
AMT -? Asset Management Tool 
API -? Application Program Interfaces 
APICS -? American Production and Inventory Control Society; 

Educational Society for Resource Management 
APO -? Advanced Planner and Optimizer 
APOLLO -? APO Link and Logic Object 
APS -? Advanced Planning and Scheduling 
ARIS -? Architecture of Information Systems 
ARMS -? Asset Redeployment Management Systems 
ASCET -? Achieving Supply Chain Excellence through Technologie 
ASP -? Application Service Providing 
ATP -? A vailable-to-Promise 
B2B -? Business-to-Business 
B2C -? Business-to-Consumer 
B2G -? Business-to-Govemment 
BAPI -? Business Application Programming Interfaces 
BASDA -? Business Application Software Developers Association 
BOM -? Bill of Materials 
BW -? Business Information Warehouse 
Cl -? Commerce One 
CAD -? Computer Aided Design 
CALM -? Canadian Association of Logistics Management 
CALS -? Computer Aided Logistics Support, 

-? Computer Aided Acquisition and Logistics Support, 
-? Continuous Acquisition and Lifecycle Support 

CAM -? Computer Aided Manufacturing 
CAPS -? Center for Advanced Purchasing Studies 
CAS -? Computer Aided Selling 
CE -? Concurrent Engineering 
CIC -? SAP Customer Interaction Center 
CIF -? Core Interface 
CIM -? Computer Integrated Manufacturing 
CLM -? Council of Logistics Management 



216 Abbreviations 

CLMS -7 Car Location Message System 
CNC -7 Computerized Numerical Control 
CO -7 SAP Controlling 
CP -7 Constraint Propagation 
CPFR -7 Collaborative Planning, Forecasting and Replenishment 
CPU -7 Central Processing Unit 
CRM -7 Customer Relationship Management 
CTI -7 Computer Telephony Integration 
CTM -7 Capable to Match 
cXBL -7 common XML Business Library 
cXML -7 commercial eXtensible Markup Language 
D&B -7 Dun & Bradstreet 
DBM -7 Database Marketing 
DC -7 Distribution Center 
DISRINS -7 Dismantling and Recycling Information System 
DP -7 Demand Planning 
DRP -7 Distribution Requirements Planning 
OS -7 Detailed Scheduling 
EC -7 Electronic Commerce 
ECR -7 Efficient Consumer Response 
Ed., Eds. -7 Editor(s) 
EDI -7 Electronic Data Interchange 
EH&S -7 SAP Environmental, Health & Safety 
ERP -7 Enterprise Resource Planning 
ESAP -7 Expert System for Facility Programming (in German: 

Anlagenprogrammierung) 
FI -7 SAP Finance 
FMI -7 Food Marketing Institute 
FTL -7 Full Truckload 
GA -7 Genetic Algorithms 
GE -7 General Electric 
GM -7 General Motors 
GPS -7 Global Positioning System 
HR -7 SAP Human Resources 
HTML -7 HyperText Markup Language 
HU -7 Handling Units 
lAC -7 Internet Application Components 
ICT -7 Information & Communication Technology 
lOIS -7 International Dismantling Information System 
100Cs -7 Intermediate Documents 
IGES -7 Initial Graphics Exchange Specification 
InfoCubes -7 Information Cubes 
IPPE -7 Integrated Product and Process Engineering 
IPSERA -7 International Purchasing & Supply Education and Research Association 
IRI -7 Information Resources, Inc. 
IS -7 Information System 
ISCM -7 Integrated Supply Chain Management 
IT -7 Information Technology 
ITS -7 SAP Internet Transaction Server 
liT -7 lust-in-Time 
LASeR -7 Life-cycle Assembly Serviceability and Recycling Prototype Program 
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LES 
LIS 
LTL 
MASIF 
MES 
MIT 
MM 
MRO 
MRP 
NC 
n.d. 
NECO 
NIMIS 
OAGIS 
OASIS 
OBI 
OLAP 
OLTP 
OMG 
OPL 
OPT 
ORM 
ORMS 
PC2 

PDA 
PDM 
PLM 
PM 
POI 
POS 
PP 
PPIDS 
PPM 
PRPC 
PS 
PTC 
PVS 
PWC 
QM 
REA 
RF 
RFC 
ROP 
RV 
SC 
SCC 
SCE 
SCM 
SCOPE 
SCOR 
SCOREx 

~ SAP Logistics Execution System 
~ SAP Logistics Information System 
~ Less Than Truckload 
~ Mobile Agent System Interoperability Facility 
~ Manufacturing Execution System 
~ Massachusetts Institute of Technology 
~ SAP Material Management 
~ Maintenance, Repair and Operations 
~ Material Requirements Planning 
~ Numerical Control 
~ no date 
~ Navy Electronic Commerce Online 
~ Networked Inventory Management Systems 
~ Open Applications Group Integration Specifications 
~ Organization for the Advancement of Structured Information Standards 
~ Open Buying on the Internet 
~ Online Analytical Processing 
~ Online Transaction Processing 
~ Object Management Group 
~ Optimization Programming Language 
~ Optimized Production Technology 
~ Operating Resource Management 
~ Operating Resource Management System 
~ Product Change Collaboration 
~ Production Data Acquisition 
~ Product Data Management 
~ Product Lifecycle Management 
~ SAP Plant Maintenance 
~ Production Optimization Interface 
~ Point of Sale 
~ SAP Production Planning 
~ Production Planning / Detailed Scheduling 
~ Production Process Model 
~ Production and Recycling Planning and Control 
~ SAP Project System 
~ Product to Customer 
~ Product Variant Structure 
~ PriceWaterhouseCoopers 
~ SAP Quality Management 
~ SAP Recycling Administration 
~ Radio Frequency 
~ Remote Function Call 
~ Reorder Points 
~ SAP Rl2 Sales (in German: Vertrieb) 
~ Supply Chain 
~ Supply Chain Cockpit 
~ Supply Chain Execution 
~ Supply Chain Management 
~ Supply Chain Optimization, Planning and Execution 
~ Supply Chain Operations Reference Model 
~ Supply Chain Optimization and Real-Time Extended Execution 
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SCP 
SCS 
SO 
SO-CAS 
SE 
SET 
SM 
SME 
SNO 
SNP 
SOLE 
STEP 
TLB 
TMS 
TOC 
TP 
TPN 
TP/vS 
UN/SPSC 
UTC 
VAN 
VOA-FS 

VDI 
VICS 
VMI 
VPDM 
WIP 
WMS 
WWW 
XML 
XRP 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 
-7 

Supply Chain Planning 
Supply Chain Solutions 
SAP Sales and Distribution 
SAP Sales and Distribution-Computer Aided Selling 
Simultaneous Engineering 
Secure Electronic Transaction 
Service Management 
Small and Medium sized Enterprises 
Supply Network Design 
Supply Network Planning 
Society of Logistics 
Standard for the Exchange of Product Model Data 
Transport Load Builder 
SAP Transport Management System 
Theory of Constraints 
Transportation Planning 
Trading Process Network 
Transportation Planning I Vehicle Scheduling 

Abbreviations 

United Nations I Standard Products & Services Classification 
United Technologies Corporation 
Value Added Network 
Verband der Automobilindustrie - FHichenschnittstelle (Association 
of the German Automotive Industry - surface data interface) 
Verein Deutscher Ingenieure (Association of German Engineers) 
Voluntary Interindustry Commerce Standards 
Vendor Managed Inventory 
Virtual Product Data Management 
Work in Progress 
SAP Warehouse Management System 
World Wide Web 
eXtensible Markup Language 
EXtended Enterprise Resource Planning 
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