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In this paper, we outline current work into the development of recon�gurable scheduling
systems: systems that enable rapid customization to speci�c production environments
through encapsulation, extension, and reuse of component scheduling \services" (e.g.,
domain modeling primitives, constraint management and analysis techniques, solution
subprocedures, problem decomposition and con�guration heuristics). Our approach is
grounded on two basic premises: (1) that system organization and decision-support \ser-
vices" should directly re
ect the inherently reactive nature of decision-making in practical
scheduling environments, and (2) that diversity in the character and requirements of dif-
ferent application environments will invariably require di�erent specialized scheduling
support services. We adopt a general constraint-based model of scheduling as an itera-
tive, opportunistic process of schedule revision, which provides an architectural framework
for formulating the con�guration problem, and utilize object programming techniques to
compositionally construct component services. Our overall goal is the development of an
application building environment, which combines a \tool box" of basic modeling and
scheduling primitives with facilities for assembling, aggregating and specializing these
primitives to de�ne the decision support functionality (or services) required in a given ap-
plication context. As new services are composed, they can be encapsulated as additional,
higher level tools and are available for reuse in subsequent applications.
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1. INTRODUCTION

Two broad observations can be made with respect to the scheduling problems that must
be faced in practical production environments:

� They can rarely be treated strictly as optimization problems. To be sure, optimizing
capabilities are important, but the overarching goal of producing a good manufac-
turing system behavior requires larger attention to the ongoing scheduling process.



Schedule construction in practice tends to be an dynamic reactive process, involv-
ing negotiation among decision-makers with di�erent organizational responsibilities
and goals (e.g., marketing, engineering, production). An initial schedule is built,
problematic or unsatisfactory aspects of the result are identi�ed, requirements are
relaxed or strengthened, schedule modi�cations are made and so on. In this context,
the current schedule serves as an important nominal reference for identifying and
specifying changes. While the focus is on improving the acceptability/quality of
the solution, considerable pragmatic value is placed in retaining continuity in the
solutions produced across iterations. Likewise, as unexpected events occur in the ex-
ecution environment, it is important to preserve continuity in domain activity while
making those schedule changes necessary to insure continued feasibility and atten-
dance to overall performance objectives. Both of these aspects of the scheduling
process place a premium on incremental, reactive scheduling capabilities.

� There is considerable diversity in the character of the scheduling problems faced in
di�erent manufacturing environments. While commonality can be found in overall
solution and decision-support requirements, the structure of the manufacturing sys-
tem, the types of constraints that dominate the problem, the types of uncertainties
that must be confronted and the desired scheduling objectives vary considerably
from one environment to the next. The utility of a given scheduling technology will
directly depend on the level of �delity of its underlying model with the operating
constraints and conditions of the target manufacturing environment. Accordingly,
we can expect that the heuristics and solution procedures required for e�ective
decision-support will likewise vary from application to application.

The requirements implied by these observations are at odds with the decision-support
capabilities provided by most contemporary production management tools. Existing sys-
tems generally operate with respect to simpli�ed models of domain constraints, limiting
their relevance and utility to operational decision-making. Moreover, existing systems
are more often than not based on the use of in
exible schedule generation procedures
(e.g., back-end optimizers or simulators). Such approaches force the user into an indirect
and ine�cient reactive decision-making cycle (where the user must hypothesize parame-
ter changes that will bias the procedure toward the desired solution, run the procedure,
interpret the results and iterate), and such approaches provide no support for maintaining
stability in the solutions produced over time.

Recent research in knowledge-based scheduling has made progress toward overcoming
these inadequacies [22]. The advantage of heuristic scheduling procedures that are directly
based on knowledge-rich models of the actual operating constraints and objectives of the
target environment has been demonstrated in several application domains. Similarly,
recent development of techniques and heuristics for incremental schedule revision (e.g.,
[3, 4, 16{18, 20, 21, 26] has provided scheduling functionality that more closely parallels
the inherently reactive nature of the scheduling process.

Despite the promise of these results, their impact in operational production management
settings remains low. Somewhat ironically, the source of strength of knowledge-based reac-



tive scheduling techniques in overcoming the inadequacies of current production manage-
ment technologies - incorporation of knowledge about the constraints and objectives of the
particular manufacturing environment - also complicates the application building process.
As observed above, di�erent production environments invariably present di�erent schedul-
ing challenges and complexities, and e�orts to apply knowledge-based reactive scheduling
technology to speci�c operational environments largely remain time-consuming, \one-o�"
design and development projects.

In this paper, we describe work aimed at simplifying this application building process.
Starting from a 
exible and general model of reactive scheduling as an iterative, constraint-
directed schedule manipulation process, we focus on the development of a system archi-
tecture that promotes appropriate instantiation of this model in speci�c manufacturing
environments. In contrast to the perspective of a universally applicable heuristic search
framework that can be programmed with the evaluation criteria of a given application
(e.g., [6, 26]), our approach presumes that di�erent applications will typically require
di�erent (more specialized) search and solution procedures, and it focuses on providing
support for this solution con�guration process. Our overall goal is to develop a recon-
�gurable scheduling system, an application building environment which combines a \tool
box" of basic modeling and scheduling primitives with facilities for assembling, aggregat-
ing and specializing these primitives to con�gure the decision support functionality (or
services) required in a given application context. As new services are composed, they can
be encapsulated as additional, higher level tools and are available for reuse in subsequent
applications.

2. CONSTRAINT-BASED SCHEDULING MODELS

In arguing against universal solution procedures, we are not suggesting that there is no
commonality in the scheduling functionality required in di�erent application domains.
In fact, we believe quite the opposite; that required solution procedures in various ap-
plications can be seen as more or less similar if they are viewed compositionally, and
exploitation of this fact is the key to achieving broad applicability. To do so, however,
�rst requires that one settle on an appropriate scheduling model.

Constraint-based frameworks provide a model well-suited to the reactive decision-making
requirements of practical scheduling domains. In broadest generality, this model de�nes
a problem solving organization that distinguishes two components: a decision-making
component, responsible for making choices among alternative scheduling decisions and
retracting those that have since proved undesirable, and a constraint management com-
ponent, whose role is to propagate the consequences of decisions and incrementally main-
tain a representation of the current set of feasible solutions (detecting inconsistent solution
states when they arise). Schedule construction, revision, and improvement proceed itera-
tively within a basic decide and commit cycle. Most project management tools and several
interactive scheduling systems [7, 15] are direct implementations of this model, with the
user as the decision-making component.

Of more interest and importance in most scheduling environments, are extensions of this



basic model that o�-load more decision-making responsibility to the system. The \spread-
sheet" style of interaction provides a natural framework for \what-if" experimentation
and iterative solution development, but interaction and decision-support is typically re-
quired at a much more aggregate decision-making granularity. One extension to the basic
constraint-based model that preserves the \direct manipulation" style of interaction is
one that re�nes the decide step of the cycle into a two-step process of formulating and
executing decision-making actions. Within this model, action formulation is concerned
with isolating a particular subproblem and action execution results in solution of this sub-
problem. The user, who interacts with system processes by formulating actions, is able to
manipulate solutions in terms of higher-level (and more comprehensible) task-oriented per-
spectives (e.g., reschedule job x to start tomorrow), with the system's subproblem solution
procedures providing, from the user's viewpoint, an ampli�cation of deductive constraint
management functionality; a more sophisticated (and typically heuristic) \propagation of
e�ects".

In the simplest case, there is a direct mapping between user speci�able actions and sys-
tem solution procedures, in which case the user holds complete responsibility for action
formulation. The COMPASS interactive scheduling framework [5], for example, is orga-
nized in this fashion. In our view, however, the user should be able to operate in terms
of much more ill-structured action speci�cations (e.g., relax weekend capacity constraints
and reschedule late orders while minimizing overtime personnel, resolve the con
icts in-
troduced into the schedule by the breakdown of machine x). This, more 
exible viewpoint
implies that the system must participate actively in structuring the appropriate subprob-
lem to solve (e.g., in determining the appropriate scope of change, in translating objectives
and preferences into appropriate heuristic revision procedures), and that subproblem so-
lution may require coordinated execution of several solution procedures.

3. THE RECONFIGURABILITY PROBLEM

Our perspective on the development of recon�gurable scheduling systems derives from
previous work with the OPIS scheduler [20, 23], which advocated a similar (but nar-
rower) perspective toward reactive scheduling system development. OPIS implements a
framework for incremental, reactive scheduling based on the use of a set of solution sub-
procedures with di�erential optimization and con
ict resolution capabilities, which are
dynamically selected from and applied to best respond to current (re)scheduling needs
and opportunities. While the principal emphasis in this research was on mechanisms and
heuristics for integrating methods to balance scheduling, schedule stability and system
responsiveness objectives, this opportunistic, multi-perspective scheduling methodology,
as well as the supporting architecture developed for speci�cation and coordination of sys-
tem activity, are directly relevant to the larger problem of con�guring scheduling services
for various application domains.

At the same time, we can retrospectively identify several design de�ciencies in the OPIS
scheduler from the standpoint of recon�gurable scheduling systems:



� In
exibility in solution representation/constraint management assumptions - In the
original design of the OPIS constraint management subsystem [13], speci�c assump-
tions as to solution representation were adopted and specialized constraint propa-
gation and con
ict detection mechanisms were developed to manage these repre-
sentations in response to solution changes; in essence, generality in the types of
constraints that could be represented and managed was traded o� to achieve su�-
cient propagation e�ciency to accommodate manipulation of full-scale production
schedules. This functionality has proven quite satisfactory across a number of dis-
tinct production scheduling application domains. However, more recent work in
adapting the original manufacturing production scheduler to the domain of crisis-
action deployment scheduling (admittedly a quite di�erent problem domain with
quite di�erent solution management requirements), necessitated fairly signi�cant
extensions to this constraint management infra-structure, which in turn resulted in
a rippling of changes to other dependent system components (e.g., con
ict analysis
routines). Interestingly, the system's original solution subprocedures proved quite
e�ective once these infra-structure adaptations were made, yielding better solutions
than existing transportation scheduling tools in a comparative performance study
[24]. The point here is not that specializing kernel system functionality such as con-
straint propagation is a bad idea; specialization is often crucial to achieving su�cient
system e�ciency. The problem lies in appropriately organizing system functionality
so that component services (e.g., solution representations, constraint management
techniques) appropriate to the domain under consideration can be easily substituted
and con�gured. In this regard, the recent work of LePape is a strong step in the
right direction [14].

� Overcommitment in the control infra-structure - Reactive scheduling in OPIS is
based on a fairly general process of matching current rescheduling needs and op-
portunities (as inferred through analysis of the characteristics of the current solu-
tion state) to the di�erential capabilities of constituent revision subprocedures and
heuristics. However, in providing a structure for specifying and coordinating reac-
tive scheduling strategies, the supporting OPIS control architecture makes several
speci�c assumptions as to the mechanics of this process (e.g., how external events
are mapped to solution structures, how problems are detected, how the focus and
scope of revision tasks are determined, how the ripple e�ects of local revision actions
are accounted for). Many aspects of this architecture re
ect the original system de-
sign orientation toward systems for incremental, reactive response to unexpected
executional circumstances. However, when viewed alternatively from the larger
perspective of supporting response to ill-structured user formulated actions, these
architectural commitments are too strong. In fact, as was argued above with re-
spect to underlying solution representations and constraint management techniques,
we expect that user requirements in di�erent application environments will imply
di�erent levels of architectural commitment. Recon�gurability requires a system
design that retains the 
exibility to adapt the mechanics of the control cycle to best
�t the user requirements of speci�c domains.

Both of these de�ciencies point to one overarching problem: the system design does not



properly anticipate the potential necessity for change/extensibility at any level of system
functionality. Con�guration 
exibility is only provided with respect to pre-identi�ed func-
tional components (e.g., the addition/substitution of alternative solution subprocedures
and alternative parameterizations of these subprocedures, specialization of domain de-
scriptions to encode idiosyncratic application constraints), and the control infra-structure,
while clearly relevant to an iterative, opportunistic model of user-system interaction, is
too con�ning in its assumptions.

4. TOWARDS RECONFIGURABLE SYSTEMS

The shortcomings of the OPIS scheduler identi�ed in the previous section highlight the
need for stronger emphasis on con�gurability and extensibility in scheduling system de-
sign. It is very di�cult to anticipate all future needs for system extension; instead, a
technique must be used that allows specialization, modi�cation and extension of any com-
ponent of the system. Within OPIS, frame-based representation techniques were used to
provide both a repository of primitives for modeling domain constraints and a framework
for specifying strategic (i.e. method con�guration and parameterization) control knowl-
edge. While such representational formalisms provide the structure to de�ne 
exible and
expressive scheduling models, they provide no explicit mechanisms for encapsulation and
information hiding. Pragmatically, this greatly complicates speci�cation of, and adher-
ence to, a layered model semantics, which is essential to the development of recon�gurable
and extensible software systems1. As has been previously observed [8, 11, 12], modern
object-oriented programming technologies provide a much more direct and e�ective ap-
proach to specifying model semantics, through explicitly de�ned protocols for interaction
with model components.

Our approach to simplifying knowledge-based scheduler construction relies heavily on
object-oriented programming techniques and software reuse, allowing schedulers and other
production planning applications to be constructed as a \di�erential" process, focusing
primarily on the di�erences between existing software and the system being constructed.
Object-oriented programming techniques can provide high reusability of software, but only
if the system design project places special emphasis on the design of reusable components
(e.g., [25]). The design of these components must be carried out with generality and
extensibility in mind.

A scheduler construction project (potentially as part of a larger production management
system design) begins with:

� Information gathering and knowledge acquisition, aiming to provide the system de-
signer with a su�cient amount of detailed information about the production system.

� Modeling and analysis of the production system (e.g. production plant and process,
logistics system).

1In particular, if all the slots of a frame are accessible, no encapsulation is achieved: this results in fragile

implementations that are di�cult to modify and maintain.



In an object-oriented approach to software construction, these steps constitute an object-
oriented analysis of the scheduling system (they also constitute part of the design). The
approach taken in our recon�gurable framework is the introduction of a common schedul-
ing and production planning ontology which serves as the starting point for a more detailed
analysis of the target system. The system o�ers the scheduling system designer a class
library of common and general scheduling concepts, such as activities, resources, products
and orders. Constructing a scheduler or some other production planning application using
our approach consists of the following:

� Selecting suitable classes from the library, matching features of the target system
with those of the library.

� Combining the selected classes into more complex services, using both conceptual
(i.e. multiple inheritance) and structural (i.e. aggregation and delegation) tech-
niques.

� Extending the existing classes to provide domain-speci�c functionality when neces-
sary. Typically this is done by specializing or overriding methods provided by the
library.

The basic class library provides a general scheduling ontology. This ontology can be
specialized for speci�c �elds of production (for example, we have built a transportation
domain ontology, allowing us to easily build transportation-related applications). The
general and the �eld-speci�c ontologies can then be used to build company-speci�c on-
tologies and actual production planning applications. It can be observed that although
our system focuses on production planning and scheduling, this approach is in many ways
similar to that of the CIM-OSA -architecture [9] (c.f. its Generic Level, Partial Models
and Particular Models).

The general philosophy of application construction is to use the techniques described
above to build increasingly complex (and specialized) services, ultimately resulting in
an application. The classes designed and specialized in this process can be reused in
subsequent applications. An application designer may accumulate a library of specialized
classes, making his task easier as the library grows.

4.1. Library Design

Di�erent schools of thought exist as to how the object-oriented design process should be
structured (e.g., [1, 25]). Mainly these di�er just in details, the overall process consisting
of two main steps: First, the proper concepts have to be identi�ed, clearly specifying the
structural and behavioral roles of each concept. Second, a protocol of interaction between
di�erent classes has to be identi�ed and speci�ed. In the design of a class library, a
protocol consists of a set of methods which are chosen to allow system extension. In other
words, the protocol must be as general as possible, without compromising performance.

By specifying and documenting the protocol of interaction between di�erent objects, the
implementation of the class library (and thus the implementation of the scheduler) is



\opened up" (allowing client programmers to extend it as they see �t), thus departing
from the traditional \black box" mentality to modular software, and allowing limited
visibility inside di�erent modules. This approach is similar to the metaobject protocol
implementation techniques of CLOS [10], where the objects of the implementation (also
called metaobjects) allow the behavior of the system to be controlled and modi�ed. If
we think of traditional software reuse (e.g., [2]), this goes beyond the simple function
library approach, thus complicating liability issues, for example. These issues, however,
are beyond the scope of this paper.

The classes in our library have various roles and functions. A large number of the classes is
intended for modeling production systems, but will also function as providers of important
services in a scheduling application. Some classes provide control functions, and serve as
the building blocks of control architectures. Finally, instances of some classes are \pure"
metaobjects: their role is to provide certain services (e.g. time and calendar services, error
handling) and exist as vehicles for system extension (the client programmer can substitute
them with objects from his own classes to provide modi�ed or extended functionality).
In general, most classes can be roughly divided into three main categories:

� Base Classes are (usually) not instantiable; they de�ne protocols and provide base
and default functionality of a particular concept. They are easy to understand and
use, since they each implement a limited, reasonably well de�ned set of functionality.
Complex concepts have been broken into several classes. Examples of base classes
are resource, operation and conflict.

� Specialized Classes can be instantiated, i.e. used without specialization. They typ-
ically re�ne and extend the protocols of the base classes. Many classes in the
�eld-speci�c ontologies belong to this category. Examples of specialized classes:
batch-resource, airport, resource-unavailability-conflict.

� Mixin Classes cannot be used alone, they must always be \mixed" with base and
specialized classes. They typically implement functionality, completely or nearly
orthogonal to the base classes, or provide simple re�nements to the base behavior.
Examples of mixin classes are movable-resource-mixin (to provide location track-
ing) and min-max-duration-mixin (to allow storage of lower and upper bounds of
duration).

Currently our core library has 80 classes available for the client programmer. We have
implemented a speci�c model for military transportation planning which has 40 classes,
all specializations of the core classes.

4.2. Examples

The use and nature of the class library is best demonstrated through examples of how
to select, combine and specialize classes and how to build services and applications. It is
imperative to understand that building systems using a library like this is a \di�erential"
process: The library provides concepts and mechanisms common to production planning



applications, and to construct an application only di�ering concepts and behavior have to
be de�ned and implemented. Through reusability of the library components we are able
to construct applications rapidly and reliably.

As an example of an application, we will discuss a module implemented for a larger
planning application. The purpose of the module is to perform feasibility checks on plans
generated by human planners using the planning application. Both temporal feasibility
as well as resource availability are veri�ed. This system roughly consists of three parts:

� An input module, responsible for parsing the input from the planning application
and instantiating a model of the plan. Three di�erent things take place when a
plan is instantiated: appropriate resource objects are created, activities are created
(naming the resources that execute these activities) and the activities are linked
using temporal relations. All objects are created either from the core library classes
directly or from classes that have been specialized from the class library.

� A checker module, responsible for checking the feasibility of the plan. This module
employs the Time Bound Propagator, one of the services provided by the class
library, to accomplish two things: to detect any cycles in the activity graph, and
to establish temporal bounds for each activity. The kernel of the propagator is a
constraint path-consistency algorithm capable of propagating temporal constraints
in a constraint graph consisting of activities and temporal relations.

� An output module, responsible for gathering the results of the feasibility check and
communicating them to the planning application. It collects the con
icts created
by the propagator, and �lters these to provide a description of the potential infea-
sibilities. It then translates both the con
icts and the time bounds of all activities
into an appropriate format.

Activities in the plan have both a maximum and a minimum duration, both of which are
not necessarily known. The next example shows how we de�ne our own activity class,
based on the base class operation and the mixin class min-max-duration-mixin:

(defclass plan-activity (operation min-max-duration-mixin)

()

(:default-initargs

:setup-duration 0))

The resulting class plan-activity behaves like the basic operation class, but is capa-
ble of storing (and interpreting) both a minimum and a maximum duration. Here the
specialization has been e�ected by selecting the appropriate base classes and combining
them through multiple inheritance to provide a problem-speci�c class. More complex
specialization can be achieved by extending the behavior of the objects. This is done by
overriding or specializing methods of the objects' protocols.



Let us consider scheduling material movement in the manufacturing domain. Movement
activities typically have a duration that depends on the distance covered and the speed
of the AGV resource. This can be implemented by overriding the default duration meth-
ods of the operation class. To illustrate this, we will give the de�nitions for a simple
transportation domain:

(defclass movement-by-agv (operation)

((origin

:initarg :origin

:reader operation-origin)

(destination

:initarg :destination

:reader operation-destination)))

(defclass agv (batch-resource)

((velocity ; expressed in miles per hour

:initarg :velocity

:reader resource-velocity)))

(defmethod operation-compute-run-duration ((op movement-by-agv)

(res agv)

&optional type)

(declare (ignore type))

(* (/ (location-distance-between (operation-origin op)

(operation-destination op))

(resource-velocity res))

(/ (time-units-per-day) 24)))

The class library provides a base class, location, which can be used for objects of
the origin and destination. The protocol also speci�es a method for locations, called
location-distance-between, this can be specialized in di�erent location classes (for ex-
ample, locations on the factory 
oor, seaports, cities, etc.)2. This example is no doubt
somewhat simpli�ed but provides an insight into how specialization can take place.

Our last example should illustrate the mechanics of a lower-level protocol: A schedule is
stored in resource objects by maintaining a representation of the available capacity of each
resource over time. A protocol exists for querying this representation, allowing other pro-
gram modules to �nd out about available capacity and windows of time where scheduling
can take place (for example, the Time Bound Propagator relies heavily on this protocol).
Each operation class has a method which queries the time available for the particular oper-
ation to be scheduled. Since operations know about their required resources, the method
will call a resource method for querying time blocks. This method has several de�nitions,
depending on the type of resource (for example, an \atomic" resource only allows one

2The function time-units-per-day used in the example is part of the time and calendar services of the

library.



operation to be performed on it at a time, a \batch" resource allows time-synchronized
execution of several operations, an \aggregate" resource represents a collection of re-
sources, each capable of independently executing operations; in each case the available
capacity is treated di�erently). A callback to the client is provided through the use of
time block strategies which are objects that ultimately decide about time blocks found.
The resource time block method provides this by calling strategy-enough-capacity-p

and strategy-check-blocks. These methods allow, for example, capacity constraints to
be relaxed, in order to resolve overconstrained situations.

To allow a scheduler to hypothesize about, and schedule into, in�nite capacity, the predi-
cate method strategy-enough-capacity-pmay be overridden. This method determines
whether the available capacity is large enough to allow allocation of the required capac-
ity. In order to create the \illusion" of in�nite available capacity, we may rede�ne this
method to return true even in cases when there is not enough capacity available. To
instruct the use of time intervals during which minimal overallocation takes place, the
method strategy-check-blocksmay be rede�ned: its role is to inspect time blocks and
decide which ones are preferred.

The last example can be extended to implement a reactive scheduling technique where for-
merly allocated operations can be \bumped", i.e. the capacity they are reserving can be
regarded free. To implement this, we need to assign priorities to each operation (or corre-
sponding production plan), de�ne a new strategy (say, bumping-time-block-strategy)
and specialize the method strategy-enough-capacity-p. This method would, in case of
inadequate amount of available capacity, �nd operations of lower priority whose capacity
could be considered available for allocation.

4.3. Development Framework

The classes and protocols described in the previous examples are part of a larger frame-
work, the con�gurable scheduling framework, which establishes a full hierarchy of protocols
implementing the model of constraint-based scheduling developed in earlier sections. The
framework provides a starting point for a scheduling application builder, who will replace
abstract classes of the framework with more specialized classes that suit the problem at
hand. This approach is analogous to modern micro-computer application development
frameworks, which provide the basic functionality of a complex user-interface in the form
of an application \skeleton" (e.g., [19]). In our case, the \skeleton" is an empty, generic
constraint-based scheduling system. Solutions and classes de�ned in the framework will
probably suit the majority of application needs. However, there is always the possibility to
replace any component of the system with a di�erent or more specialized component. This

exibility is directly attributable to the abstract layering of object interaction protocols
provided by the framework.

To replace a certain component in the abstract framework, it is necessary to (1) decide
which protocols the new component will commit to, and (2) de�ne or specialize an ap-
propriate new class. Considering the structure where primitive classes and services are
combined into increasingly complex services, there are two choices in replacing a compo-
nent:



� The component commits to both upper and lower level protocols; in this case only
the component itself needs to be replaced. This is possible since the internal proto-
cols of the framework are documented.

� The component only commits to the upper level protocol; in this situation the lower
levels of the service are either implemented from scratch or possibly with the help
of some of the existing lower level services.

By providing a \complete" scheduling system framework we provide a structural backbone
for scheduling system (re)con�guration. Application building becomes a di�erential pro-
cess, since all the basic services already exist, and only di�erences to the target scheduler
need to be addressed. Of course, decisions also need to be made concerning interfaces
to other systems (e.g. database interfaces, user interaction). We plan to extend the
framework to provide prede�ned modules for these purposes in the future.

5. CONCLUSIONS

In this paper, we have advocated the development of recon�gurable scheduling systems
as a means of simplifying the application building process in di�erent production environ-
ments. To provide a structure for recon�guration, we have adopted the constraint-based
scheduling model as a likely candidate for the architecture of future scheduling systems.
As pointed out, constraint-based techniques support the development of intelligent, lo-
calized rescheduling capabilities, thus providing an intuitive base for direct-manipulation,
\spreadsheet-like" user interaction. Likewise, the basic division of problem solving ar-
chitecture into decision making and constraint management components is compatible
with the view of a scheduler as a decision support system rather than a fully automatic
component of a production management system.

Recon�gurability can be seen as a means to rapid development of reliable scheduling sys-
tems and other intelligent production planning applications, and can also be viewed as a
source of 
exibility from the end user standpoint. The object-oriented techniques outlined
in the previous section will serve as an enabling technology for recon�gurability, by trans-
forming application development into a di�erential and incremental process, promoting
software reuse, and ensuring unlimited extensibility.
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