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Abstract 
Supply Chain Management (SCM) plans and controls the production over a group 
of autonomous enterprises. Process-oriented design is used to eliminate inefficien
cies of the chain on a strategic level. This Virtual Enterprise (VB) must also man
age and optimize the collaborative production on a tactical and operative level. 
Production planning, scheduling, and control are thus important functions for the 
efficiency and flexibility in the VE. The difficulty and main difference between a 
single enterprise and a virtual enterprise is that individual entities are autonomous 
and will be guided by local objectives, too. 

In this paper, we investigate the relation between scheduling and SCM from 
two points of view. We investigate first which results from scheduling research are 
applicable for assigning work to individual entities of the supply chain. Second, we 
determine requirements for an entity's scheduling system to support SCM and 
sketch our approach based on cooperative and reactive scheduling. 
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1 INTRODUCTION 

Globalization of the market has lead to a stronger competition in industrial pro
duction in the last years. To remain competitive, enterprises must produce services 
of high quality, customized to local needs, open to be integrated with other serv
ices, environmentally benign, and technically advanced. A key capability required 
is agility. Agility implies the ability to continuously monitor market demand; 
quickly respond by providing new products, services, and information; quickly 
introduce new technologies; and quickly modify business methods. The entre-
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preneurial and virtual nature of the agile organization entails a greater degree of 
communication, coordination, and cooperation within and among enterprises. 

The quest for improving production by stronger integration of the organization 
has lead to new management paradigms. One of the most prominent is Business 
Process (Re-)Engineering (BPR) (Hammer and Champy, 1993). To avoid waste 
they demand to redesign companies process-oriented and to optimize processes 
instead of single functions. They recommend to identify first the relevant services 
which clients of the enterprise expect. Then, the processes to produce these serv
ices are analyzed and redesigned. After defining the processes, data defmitions can 
be identified resulting in a company-wide data model. The process-oriented design 
is motivated by problems in traditional approaches where a divide-and-conquer 
approach has lead to the division of an enterprise in many functional divisions 
(Kerr, 1991). If improvements were sought, single functions such as sales order, 
personal management, or production were optimized. This resulted in highly 
optimized islands where the coordination between these functions were neglected. 
In information technology, this has lead to the need to convert data from one 
functional unit to the next either manually or by some transfer program. Moreover, 
changes of data defmitions in one function easily results in inconsistencies. 

Since the global competition not only requires an improved in-house organiza
tion, but also an improved organization between suppliers and clients, Supply 
Chain Management (SCM) was introduced as a management concept influenced by 
BPR (Thomas and Griffm, 1996). First improvements were made by defining 
standards for the communication between enterprises. However, the main problem 
to be addressed is not the improvement of interfaces but the redesign of the key 
processes and the adequate management of the processes. 

The management of the supply chain is usually distinguished in three levels: 
• strategic management, 
• tactic management, and 
• operational management. 

The strategic level defmes the supply chain. Product groups are selected, whereby 
supply chain and product design must conform. Setting up the supply chain in
cludes the selection of possible suppliers, transportation routes, manufacturing fa
cilities, production levels, and warehouses. Furthermore, a decision framework for 
tactical and operational decisions must be defmed. For example, it must be defmed 
whether suppliers shall be treated as concurrent suppliers on the operational level 
or whether certain production contingencies are ascertained for each member by 
agreements. It is BPR that gives the guidelines to design the supply chain. 

At the tactical level, process plans and master production schedules are created. 
Here it must be considered that entities of a designed supply chain may also be part 
of other supply chains. Thus if a certain load is assigned to an entity, this must be 
in accordance with its total capacity and the demand of other supply chains. 

The operational level is where detailed schedules are created and executed. The 
required granularity of details demands for a decentralized planning. However, to 
fulfil requirements on timeliness and flexibility, the planning must be highly 
reactive and must be able to cooperate with suppliers and clients. 
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In the next section, we address the tactic management and investigate which 
results from scheduling research are applicable. In the third section, we analyze the 
requirements on scheduling systems for single entities of a supply network that 
must especially address the reactivity and the communication between entities. 

2 SCM AS A SCHEDULING PROBLEM 

The tactic management of a supply chain can be seen as a scheduling problem if 
members of the chain are modeled as resources. Production must be distributed 
over the different resources so that the capacity of single resources is sufficient and 
promised due dates are hold. Furthermore, resource utilization must be optimized 
(i.e. the profit of a single member). Finally, the transportation of products and the 
information flow between members must be scheduled. 

The task of fmding a sequence of operations for a product and selecting the re
sources for these operations is termed process planning (Chang, 90). There are two 
approaches to computer supported process planning: deriving a new plan from ex
isting plans by specialization or by generic planning from scratch. Although the 
second approach is more promising there are only few solutions to it. For SCM, the 
derivation of process plans from existing ones seems to be appropriate, because the 
generic approach is based on standardized resources with restricted capabilities. A 
library with process plans can be build up for SCM and reused for new problems. 
The defmition of these process plans would follow immediately from strategic 
decisions. 

A related problem, is the routing of the production. In this case, the process 
plan is already known, but there exists still alternative resources in the process 
plan. Two cases are distinguished: If resources are identical, the choice is only 
dependent on the actual load in the shop floor/supply network. Dependent on the 
objectives it will be tried to use as few of the existing resources or to distribute it 
equally over all resources. Sometimes these alternative resources also have differ
ent characteristics. Since these characteristics have also influence on quality and 
completion time of produced items, the decision procedure is more difficult and an 
extensive cost model is required. It is a strategic decision to set up the objectives 
that guide the distribution over alternative supply network entities. 

The most complex scheduling problem inherent in a supply chain network is to 
determine the sequence of orders and when to start required operations in pre
scribed entities. Typically, the processes in a supply chain can be seen as a flow
shop problem (French, 1982), i.e. each product will be handled in the same se
quence on all entities. This means, we can apply algorithms that are somewhat less 
complex than algorithms for general job-shops. If we could classify a given supply 
chain network as a permutation flow-shop the complexity would be even smaller. 
However, as the left side of the following figure suggests, in a typical problem 
where due dates and importance of orders are to be considered, this complexity 
reduction is not possible. In the example, product P2 is started earlier than P3 but 
fmished later than P2• 
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Figure 1: Examples of a supply cham as a flow-shop and Job-shop problem 

More often, we will find a situation as shown in the right part of the figure. Entity 
E3 is member of two supply chains and must coordinate its production for both. 
This topology has many similarities with scheduling problems for assembly lines 
where also the sequence of operations for one product is always the same but for 
different products different sequences are to be scheduled. 

3 SUPPORTING SCM BY SCHEDULING SYSTEMS 

There exist several approaches to the operational management of the supply chain 
by methods from scheduling. Techniques from OR as well as techniques from AI 
are proposed (Kjenstad, 1998). Most approaches consider only one supply chain. In 
this case a global optimization may be formulated as an integer program with an 
objective function such as minimizing the violation of due dates. However as 
already noted, companies participating in such a supply chain can also be part of 
other supply chains. This requires a more complex model of optimization. Another 
barrier to apply a "centralized" optimization is the companies' autonomy. Usually, 
no company will accept a plan prescribed by another organization. Of course, there 
are often dominating members that can force their suppliers to certain terms and 
prescribe delivery dates. Nevertheless, these suppliers must still have some degree 
of choice to remain competitive in the long run. Moreover, it should be possible for 
a supplier to negotiate for delivery dates that can be hold better than that prescribed 
by the manufacturer. The manufacturer will accept a change of the delivery dates 
proposed by the supplier if this will not disturb its own plans too much and some 
additional benefits are gained from the supplier's proposal. To enable the 
flexibility, an entity's scheduling system (SS) must fulfil three requirements: 
1) The SS must be able to consider and evaluate different objectives. Typical 

objectives are the local resource optimization, the minimization of the capital 
binding, the satisfaction of due dates, the flexibility in accepting new orders 
and other more technical objectives. To obtain a good solution the SS must fmd 
a trade-off between conflicting objectives. Further, it is necessary to defme a 
cost function for schedules in order to compare schedules. 

2) To enable the required flexibility for reacting on new market demands, the SS 
must be reactive. This means, it must be able to adapt its schedule to new 
demands. The main approaches to the adaptation of a schedule are either to 
incorporate the new information by completely regenerating the original 
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schedule from scratch, or by "repairing" the previous schedule in some way. 
The fIrst approach might in principle be better capable of maintaining optimal 
solutions, but such solutions are rarely achievable in practice, and computation 
times are likely to be prohibitive. Furthermore, frequent schedule regeneration 
can result in instability and lack of continuity in shop floor plans, resulting in 
increased costs attributable to what has been termed "shop floor nervousness". 

An important issue is schedule robustness. A robust schedule is one which 
is likely to remain valid under a wide variety of different types of disturbance. 
Robustness is clearly a desirable attribute of a schedule as it will reduce the 
number of subsequent reactive scheduling decisions required as the schedule is 
executed. Thus, new orders may be introduced into a schedule without 
changing the existing schedule too much. 

3) The SS must be able to cooperate with other scheduling systems. This means, it 
must be open in including constraints imposed by other entities. For example, 
one entity may ask its supplier to supply a number of products in a prescribed 
sequence. A SS accepting only due dates as constraints would be constrained 
stronger than necessary. An important part of the cooperation are of course the 
communication capabilities, but most important an explicit cost model for the 
optimization of the production between cooperating scheduling systems. 

In the following we will sketch our approach to support the scheduling for multiple 
supply chains. We start with a short introduction into our existing library, and 
describe then work of actual projects. 

3.1 The DEJA VU application framework for scheduling applications 

The DEJA Vu scheduling class library (Dom et aI., 1998) is a software system 
designed with a focus on reusability of the software. By abstracting from concrete 
applications and considering abstractions found in scheduling theory, we have 
designed cla,c;ses, realizing recurrent data defmitions and problem solutions for a 
large number of industrial scheduling problems. If a new application shall be 
realized with DEJA Vu, this is made by composing the new program from existing 
classes and if necessary by deriving more specialized classes from existing ones. 

Moreover, an application framework stresses the reuse of the software archi
tecture and the control mechanisms. By defming the interrelations between abstract 
core classes, derived classes are constrained into these relationships. Derived 
classes are forced to provide a standardized interface or to reuse methods supplied 
by their base classes. For example, the "Resource"-class has a default method for 
allocating an operation. A derived resource can use this method or it overwrites the 
method, but it must use the same interface. These places where extensions are 
anticipated, are termed "hot spots". The freedom of designing new applications 
with such hot spots, are partially restricted but on the other side, the existing 
classes already realize a semi-fmished application thus reducing the effort of 
making a new application very small. Important techniques are the inversion of 
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control and so-called hook functions making most classes reusable without 
constraining the problem solving capabilities too much. 

The abstract core of DEJA VU contains classes to represent orders, operations, 
and different types of jobs, resources, and schedules. This core is responsible for 
assigning operations to resources without violating hard temporal and capacity 
constraints. An efficient temporal reasoning algorithm is in the heart of this core. 

An important design decision of DEJA Vu influencing the architecture is the 
evaluation of schedules by soft constraints enabling multi-criteria evaluation and 
contradictory objectives. Based on this evaluation we have defmed iterative 
improvement methods such as tabu search, simulated annealing and others that do 
not necessarily find an optimal solution but typically will find very good solutions. 
Besides the explicit representation of soft constraints these algorithms are based on 
so-called scheduling tasks. These are manipulations of a schedule such as moving 
operations and/or jobs. They can be applied by a user manually or by an 
improvement method to find a better solution. 

To sum up, there are the following hot spots where extensions of the 
framework are expected for new applications: orders, resources, operations, jobs, 
constraints, scheduling tasks, and schedules. For the new extensions described 
below, further hot spots have to be designed. 

3.2 Reactive scheduling 

In the REFRESH-project, a reactive scheduling extension based on the approach 
described in (Dom et al. 1995) is developed. Three requirements are in the focus of 
this project. We want to construct schedules that are robust against unexpected 
events on the shop floor as well as against changes of the material supply and 
changed orders of clients. Second, we want to restrict shop floor nervousness, by 
restricting adaptations to important events. The importance of such events 
however, is a matter of dynamic evaluation. Third, if adaptations are necessary, 
then schedules changes should be as small as possible to restrict the impact on 
clients and suppliers. 

These requirements shall be achieved by fuzzy reasoning and a repair of 
schedules with tabu search. Fuzzy sets and numbers are used to model the 
probability of certain events and of uncertain knowledge about the production 
environment. The evaluation of schedules incorporates besides the already 
mentioned objectives also the importance of orders and the robustness. If slight 
changes occur in the environment (e.g. a new order whose delivery date is late) 
then a filter mechanism based on fuzzy sets avoids a change of the schedule. The 
stability of a schedule in case of a required repair is achieved on one side by tabu 
search emiched with the repair heuristic (to fmd a modification of the schedule 
where the greatest constraint violation exists). On the other side, it seems to be 
necessary to measure the difference between the old violated schedule and the new 
repaired schedule. Tabu search therefore must be guided into regions of small 
deviations. 
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3.3 Cooperating scheduling systems 

The COSS-project shall extend the library for communication primitives and a 
global optimization procedure described in (Dorn and Kerr, 1994). To fmd a 
globally near optimal schedule for two or more units, one system fIrst constructs a 
schedule under its own constraints. If it has found a satisfying schedule with an 
evaluation value eJ, it gives the schedule with the associated constraints to the 
second system. Each constraint consists of an importance value and a fuzzy set 
describing the possible relaxation. For the second system, the constraints of the 
fIrst system are organizational constraints that should be observed but its own 
technical constraints will be more important. The second system will "repair" this 
schedule under its own constraints. It might fmd a new schedule that violates some 
of the constraints imposed by the fIrst system. It computes an evaluation value e2 
for this schedule. A further communication can now take place with the objective 
ofmaxirnizing the overall evaluation value e = eJ + e2. 

4 CONCLUSIONS 

We have shown that there are several problem types investigated in traditional 
scheduling theory that can be applied to tactical supply chain management if 
appropriate abstractions are made. Nevertheless, a focussed research on special 
supply network topologies could result it improved algorithms. Special attention 
should be given also to the transportation between entities. 

Our focus in R&D is, however, on the operational level. With concepts found 
partially in Distributed AI where autonomous agents work together on a global 
solution, we try to overcome existing drawbacks. We assume that the distributed 
scheduling approach leads to much more flexible supply chains. To validate this 
approach we are developing an Internet-based simulation tool that is able to 
simulate different supply chain topologies and helps to evaluate different 
scheduling approaches. 
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