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Abstract 
In this paper we investigate production scheduling as a generic building block for enterprise 
integration. We suggest an object-oriented representation of this module, determine its 
elements and define the interfaces to other areas of decision making. Relating the model to 
PERA its focus is the definition phase. We will give an answer to the question how to 
integrate problem desrciption and problem solution. The building block can be used as a 
reference for production management within enterprise integration. 

Keywords 
Enterprise integration, production scheduling, object model. 

1 INTRODUCTION 

Effective production scheduling plays a vital role in modern production processes. The 
complexity of scheduling requires efficient representation and solution methods for the 
underlying problems. With this objective a model is presented which shows how structural 
problem representation and efficient problem solving can be combined. The model is 
generated with special regard to a restricted set of problem instances; nevertheless it can be 
easily generalized. Moreover it is part of a more general functional model covering a broader 
application domain considering besides production planning and scheduling also purchasing 
and distribution on a strategic, tactical and operational level. 

Within the Purdue Enterprise Reference Architecture (PERA) as described in (Wilhelm, 
1994) a lifecycle and a resources view is taken. The lifecycle consists of different layers and 
corresponding phases: concept, definition, design, construction and installation, and 
operations. In the definition phase requirements, modules and networks (communications) are 
set up from a functional point of view. We concentrate on the information part of the model 
in the definition phase to suggest a generic object model for production scheduling and show 
how problem description and solution can be integrated. To achieve this we follow the object
oriented modelling paradigm. 

Object-oriented modelling has its roots in object-oriented programming and is further 
developed in the area of Software Engineering. Essential for these kind of models are 
efficient algorithms to find the problem solution. For the domain of production scheduling 
these algorithms are mainly developed at the interface of the areas of Operations Research 
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and Computer Science also known as Scheduling Theory. There exist many such seperated 
efforts to make suggestions for problem representation or problem solution coming from the 
areas of Software Engineering or Scheduling Theory. What is missing is the integration of the 
approaches of the two disciplines. Here we try to bridge this gap i.e. we regard problem 
representation and solving simultaneously. 

The paper is organized as follows. In the next section we give a short survey about 
issues of production scheduling and its interfaces. Based on this in the third section we 
introduce objectives, models and methods to achieve the corresponding activities. The fourth 
and the fifth section are dedicated to building the object-oriented reference model and 
validating it using an example from job shop scheduling. We finish with some conclusions. 

2 PRODUCTION SCHEDULING AND SUPPORTING ACTIVITIES 

Production scheduling is part of the production management process which covers all 
planning- and control-oriented activities to achieve a time, quality, and cost effective 
production. Production scheduling on an aggregated level is carried out with the help of the 
Production Planning System (PPS) (Glaser et al., 1993). The objective of the PPS is to take 
over all planning steps to organize the needs of customer orders. The result is a flexible, 
rough, and aggregated schedule on the basis of structural- and quantity-oriented 
considerations taking into account time and capacity constraints. If the customer orders are 
released for manufacturing the Leitstand System is taking care of them (Mertins and Schmidt, 
1992), (Mai and Schmidt, 1992). A Leitstand is a shop floor control system for short term 
decision making. From the aggregated schedule a detailed production schedule has now to be 
generated considering the following activities (Schmidt, 1992), (Tiemersma, 1992). 

(1) Preprocessing 

From customer orders manufacturing orders will be created. In order to release them for 
manufacturing production prerequisites are examined and all needed resources such as staff, 
materials, tools, machines, pallets, NC-programs have to be reserved. 

(2) System Initialization 

The manufacturing system or parts thereof have to be set up such that processing of released 
orders can be started. Depending on the type of job, NC-programs have to be loaded, tools 
have to be mounted, and materials and equipment have to be made available at specified 
locations. 

(3) System Operation 

The main function of short term production scheduling is to decide about releasing jobs for 
entering the manufacturing system, how to traverse jobs inside the system, and how to 
sequence them on each of the machines in accordance with business objectives and 
production requirements. 

(4) System Supervision and Monitoring 

The current process data allow to check the progress of work continuously. The actual state of 
the manufacturing system should always be observed, in order to be able to react quickly if 
deviations from a planned state are diagnosed. 
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3 MODELS FOR PRODUCfiON SCHEDULING 

The general objective of production scheduling is the optimal allocation of limited resources 
and competing tasks or jobs over time taking into account different constraints which have to 
be met. Such problems are investigated and documented in the literature on Scheduling 
Theory like (Baker, 1974), (Blazewicz et al., 1986), (Conway et al., 1967), (Coffman, 1976), 
(Ecker, 1977), (French, 1982), (Lenstra, 1977), (Lawler et al., 1989), and (Rinnooy, 1976). 
The most recent state of the art survey can be found in (Blasewicz et al., 1994). Scheduling 
problems can be formulated in a deterministic and a stochastic sense. In this paper we will 
only refer to deterministic production scheduling problems; for stochastic problems compare 
(Weiss, 1992). 

Production scheduling problems considered in this paper are characterized by three sets: 
set 'T of n tasks 'T = {T1, T2,· • ·, Tn}, set P of m machines P = {P1, P2,· • ·,P m} and set 
!1{_ of s types of additional resources !1{_ = {R1, R2,···,Rs}· Scheduling, generally speaking, 
means to assign machines from P and (possibly) resources from !1{_ to tasks from 'Tin order to 
complete all tasks under the imposed constraints. For certain scheduling settings it is 
necessary to introduce also the notion of the job Ji which represents some collection of tasks. 

We will now characterize the machines. They may be either parallel i.e. performing the 
same functions, or dedicated i.e. specialized for the execution of certain tasks. Three types of 
parallel machines are distinguished depending on their speeds. If all machines from set P 
have equal task processing speeds, then we call them identical. If the machines differ in their 
speeds, but the speed b; of each machine is constant and does not depend on the task in 'T, 
then they are called uniform. Finally, if the speeds of the machines depend on the particular 
task processed, then they are called unrelated. 

In case of dedicated machines there are three models of processing sets of tasks: flow 
shop, open shop and job shop. To describe these models more precisely, we assume that tasks 
form n subsets i.e. the number oftasks in 'Tis assumed to be ~ n (chains in case of flow- and 
job shops), each subset called a job. That is, job Ji is divided into ni tasks, T1i, T2i, · · ·, Tn·j• 
and two adjacent tasks are to be performed on different machines. A set of jobs ~ill be 
denoted by J. In an open shop the number of tasks is the same for each job and is equal tom, 
i.e. nj = m, j = 1, 2,· · ·,n. Moreover, T1i should be processed on P1, T2i on P2, and so on. A 
similar situation is found in flow shop, but, in addition, the processing of Ti-lj should precede 
that of T;i for all j = 1, 2, · · ·, n and for all i = 1, · · ·, ni" In a general job shop system the order 
of tasks in a chain can be different for different jobs and the number nj is arbitrary. 

In general, task Tj E 'T is characterized by the following data. 

1. Vector of processing times Pj = [p1j, Pzj>" · ·,Pmj]T, where P;j is the time needed by machine 
P; to process TJ· In case of identical machines we have Pij =pi, i = 1, 2,·. ·,m. If the machines 
in P are uniform then Pij = P/b;, i = 1, 2,· · ·,m, where Pj is the standard processing time 
(usually measured on the slowest machine) and b; is the processing speed factor of machine 
P;. In case of shop scheduling the vector of processing times describes the processing 
requirements of particular tasks comprising one job; that is, for job Ji we have pi = [p1i, 
Pzj, · · ·,Pn) T' where Pij denotes the processing time of T;j on the corresponding machine. 

2.Arrival time (or ready time) ri, which is the time at which task Ti is ready for processing. If 
the arrival times are the same for all tasks from 'T, then it is assumed that rj = 0 for all j. 

3. Deadline di, which is a "hard" real time limit by which Tj must be completed. 

4. Weight (priority) wi, which expresses the relative urgency of Ti" 
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5. Resource request (if any), as additional resources besides machine are required. 

6. The possibility of preemption of tasks on the same (task-preemption) or different 
(machine-preemption) machines. 

7. In set fJ' precedence constraints among tasks may be defined. T; < Ti means that the 
processing ofT; must be completed before 1j can be started. In other words, set fJ' is partially 
ordered by a precedence relation <. 
We assume that all these parameters, pi, ri, di, and wj, are integers. In fact, this assumption is 
not very restrictive, since it is equivalent to permitting arbitrary rational values. We assume 
moreover, that tasks are assigned to all required resources whenever they start or resume their 
processing and that they release all the assigned resources whenever they are completed or 
preempted. These assumptions imply that deadlock cannot occur. 

To represent schedules we will use so-called Gantt charts. In Figure 1 a problem instance is 
given where nodes represent tasks, arcs represent precedence constraints and each node is 
labeled by the task and its processing time. A corresponding example schedule on three 
parallel, identical machines is shown in Figure 2. Besides others the following parameters are 
of interest for each task Ti, j = 1, 2, · · ·, n, processed in a given schedule: 

completion time Ci and 

flow time Fi, being the sum of waiting and processing times, Fi = Ci - ri" 

For the schedule given in Figure 2 one can easily calculate the two first parameters. In vector 
notation these are C = [3, 4, 5, 6, 1, 8, 8, 8] and F = C with rj=O. 

Firstly, we want to find feasible schedules. If optimizing criteria are given we can evaluate 
schedules according to them, e.g. 

schedule length (makespan) Cmax = max{Ci}, 

mean flow time F =! .fF1-, n J=l 
n n 

or mean weighted flow time F w = .l:w1-F1-/ .l:w1-. j=l j=l 

Figure 1 An example task set. 

0 76/2 

77/3 
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Figure 2 A schedule for the task set given in Figure 1. 

Again, let us calculate values of particular criteria for the schedule in Figure 2. They are: 
schedule length Cmax = 8 and mean flow time F = 43/8. The third criterium can be evaluated 
if weights of tasks are specified. 

The analysis of scheduling problems motivates the introduction of a systematic notation 
ai~IY that could serve as a classification scheme; a describes the processor or resource 
environment, f3 the task characteristics and y the optimality criteria (Graham et al., 1979), 
(Blasewicz et al., 1983). This scheme also will be used as checking list for the generation of 
the object-oriented model in the next chapter. 

4 OBJECI'-ORIENTED MODELLING 

Object-oriented modelling attempts to overcome the disadvantage of modelling data, 
functions, and interactions between both, separately. The different phases of the modelling 
process are analysis (definition), design, and programming (construction and installation). 
Analysis serves as the main representation formalism to characterize the requirements from 
the viewpoint of the application domain; design uses the results of analysis to obtain an 
implementation-oriented representation, and programming means translating this 
representation using some programming language into code. Comparing object-oriented 
modelling with traditional techniques its advantages lie in data abstraction, reuseability and 
extensibility of the models, better software maintenance, and direct compatibility of the 
models of different phases of the software development process. Often it is also claimed that 
this approach is harmonizing the decentralization of organizations and their support by 
information systems. We will now develop an open object-oriented analysis model for 
production scheduling. 

The model consists of a set of objects communicating via messages which represent 
dynamic relations of pairs of them. Each object consists of attributes and methods here also 
called algorithms. Methods are invoked by messages and methods can also create messages 
themselves. Objects of the same type are classified using the concept of classes; with this 
inheritance of objects can be represented. The main static relations between pairs of objects 
are generalization/specialization and aggregation. 

There are different methods for generating object-oriented models (Drake et al., 1993), 
(Wilfs-Brock and Jihnson, 1990). From a practical point of view the method should make it 
easy to develop and maintain a system; it should assist project management by defining 
deliverables and effective tool support should be available. Without loss of generality the 
object model for production scheduling which will be introduced here is based on the 
modelling approach OOA suggested by Coad and Yourdon (Coad and Yourdon, 1991) which 
is easy to use, easy to understand, and fulfils most of the above criteria. 
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There are quite general object models for the integration of business processes (Mertins 
et al., 1994) and also special object models for scheduling (Wolf, 1994) and production 
scheduling (Ramudhin and Marrier, 1993). In comparison to the existing ones our model is a 
one to one mapping of the above mentioned classification scheme of deterministic Scheduling 
Theory to models of information systems for production scheduling. Following this approach 
helps to achieve an integration of problem representation and solution and moreover a better 
transformation of theoretical results to practical applications. 

In Figure 3 the main classes and objects for production scheduling are represented using 
the notation of OOA. Each customer order is translated into a manufacturing order, also 
called job, using process plans and bill of materials. Without loss of generality a job refers 
always to the production of one part where different tasks have to be carried out using 
different resources. While in Figure 3 the notation of OOA is used, we will apply in the 
following text our own notation, i.e. we will denote the names of classes and objects by 
capital letters, the names of attributes by dashes, and the names of methods by brackets. In 
OOA notation relationships between classes or objects will be represented by arcs and edges; 
edges with a semi-circle represent generalization/specialization relations, edges with triangles 
represent aggregation, and arcs represent communications between objects by message 
passing. The direction of the arc indicates a transmitter-receiver-relationship. The introduced 
classes, objects, attributes, methods, and relations are complete in the sense that applying the 
proposed model a production schedule can be generated; nevertheless it is easy to enlarge the 
model to represent additional business requirements. 
The main classes of production scheduling. are JOB, BOM (BILL_ OF _MATERIALS), PP 
(PROCESS_PLAN), TASK, RESOURCE, and SCHEDULE. Apart from BOM all classes 
correspond to the aj(3jy scheme of (Graham et al., 1979). Additional classes are ORDER 
specialized to PURCHASING_ORDER and DISPATCH_ORDER and PLANNING 
specialized to STRATEGIC_P, TACTICAL_P, and OPERATIONAL_P. The class 
RESOURCE is a generalization of MACHINE, TOOL, and STAFF. Without loss of 
generality we concentrate the investigation on resources only on MACHINE; all other 
resources could be modelled in the same manner. In order to find the attributes of the 
different classes and objects we again use the above mentioned aj(3jy classification scheme. 

The objects of class BOM generate all components or parts to be produced for all 
customer orders. With this the objects of class JOB will be generated. Each object of this 
class communicates with the corresponding objects of class PP which includes a list of the 
technological requirements to carry out some job. According to these requirements all objects 
of class TASK will be generated, which are necessary to process all jobs. 
An object of class JOB is characterized by the attributes "job_number", "machines", 
"machine_Iist", "ready_time", "deadline", "completion_time", "flow_time" "priority", and 
"status". Some values of the attributes concerning time and priority considerations are 
determined by the earlier mentioned Production Planning System (PPS). The value of the 
attribute "machines" refers to these machines which have the qualification to carry out the 
corresponding job; after generating the final production schedule the value of "machine_list" 
refers to the ordered number of these machines to which the job is assigned. The value of the 
attribute "status" gives an answer to the question if the job is open, scheduled, or finished. 
The method used by JOB is here <checkjob_processing> which has the objective to 
supervise the progress of processing the job. Communication between JOB and SCHEDULE 
results in determining the values of "machine_Iist", "completion_time", "flow-time" and 
"status". 
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Figure3 Object~oriented analysis model for production scheduling. 
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Each object of class TASK contains structural attributes like "task_number", 
"resources", "processing_time", "completion_time", "finish_time", "preemption", 
"earliest_start_time", "latest_finish_time" and additional attributes like "predecessor", 
"successor", and "status". The values of the two attributes referring to earliest start and latest 
finish time are determined by the object-owned method <determine_dates>. The parameters 
for this method are acquired by communication with objects of the class JOB. Again the 
attribute "status" is required for analyzing the current state of processing of the task under 
consideration. 

Objects of class MACHINE are described by the attributes "machine_number", 
"availability", "speed", "capacity", "qualification", and "job_list". The value of "qualification" 
is the set of tasks which can be carried out by the machine. The value of "job _list" is 
unknown at the beginning; after generating the schedule the value refers to the set of jobs and 
corresponding tasks to be processed by this machine. In the same sense the values of 
"availability" and "capacity" will be altered using the methods <calculate_availability> and 
<calculate_capacity>. 

The task of the object SCHEDULE is to generate the final production schedule. In 
order to do this the actual manufacturing situation has to be analyzed in terms of objective 
function and constraints to be considered. This leads to the determination of the values for the 
attributes "objectives" and "constraints" using the method <analyze_situation>. The method 
<generate_schedule> is constructing the desired schedule. Calling this method the 
communication links to the objects of classes RESOURCE, JOB, and TASK respectively, are 
activated. To the attributes "resources" and "tasks" the input values for <generate_schedule> 
are assigned. The result of the method is a graphical depiction of the production schedule 
which is assigned to the attribute "Gantt_chart". The required data concerning tasks and 
resources like machines, availability, speed, processing times etc. are available through the 
communication links to the objects of classes TASK and RESOURCE. 

The following example which corresponds to the one from Figures 1 and 2 clarifies in 
detail how an object-oriented model for production scheduling can be generated. When we 
refer to the objects of a particular class the first time we declare the name of the 
corresponding object, its attributes, and the value of the attributes. Later, we only declare the 
name of the object and the value of the attributes. All entries are abbreviated. 

JOBl "j_no" Jl; 
"machines" Pl,P2; 
"mach - list" open; 
"ready" 0; 
"deadline" open; 
"prio" none; 
"stat" open; 

JOB2 (J2; P2; open; 0; open; none; open) 

JOB3 (JJ; Pl; open; 2· , open; none; open) 

There are three jobs which have to be processed. No given sequence for J1 exists but J2 can 
only be processed on P2 and J3 can only be processed on P 1. The jobs can start to be 
processed at times 0 and 2; there is no deadline which has to be obeyed, all jobs have the 
same priority. The machine list and status of the jobs is open at the beginning; later it will 
assume the values of the permutation of the machines and scheduled, in _process, or finished, 
respectively. 

TASKll "t no" 
"resn 
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"p_tirne" 3; 
"preempt" no; 
"e s t" 0; 
"1 f t" open; 
"pre" 0; 
"sue" T12• T13i 
"stat" open; 

TASK12 (T12i Pl,P2; 13; no; 3· 
' 

open; Tn; 0; open) 

TASK13 (T13i Pl,P2; 2; no; 3; open; Tn; 0· 
' 

open) 

TASK20 CT2o; P2; 4· ' no; 0; open; 0; 0; open) 

TASK31 (T31i Pl; 2; no; 2; open; 0; T32,T33,T34i open) 

TASK32 (TJ2; Pl; 4· 
' 

no; 4; open; T31; 0; open) 

TASK33 (T33i Pl; 4; no; 4· 
' 

open; T31; 0; open) 

TASK34 (T34i Pl; 2; no; 4; open; T31; 0; open) 

The three jobs consist of eight tasks; all tasks of job J1 can processed on all machines, all 
other tasks are only allowed to be processed on machine Pz or only on machine P1. 
Processing times, precedence constraints and ready times are known, preemption is not 
allowed, and again deadlines do not exist. The status of the tasks is open at the beginning; 
later it will also assume the values scheduled, in _process, or finished. 

MACHINE! "rn_no" 
"avail" 
"speed" 
"capac" 
"qualif" 
"j_list" 

Pl; 
( O,oo); 

1; 
Pc1 ; 
T11• T12• T13• T31• T32• T33• T34i 
open; 

There are two machines available for processing. Both machines have the same speed. They 
are available throughout the planning horizon, capacity and qualification are known. The job 
list, i.e. the sequence the jobs are processed by the machines is not yet determined. 

SCHEDULE "object" 
"constr" 
''res" 
"tasks" 
"Gantt_chart" 

makes pan; 
open; 
Pl,P2; 
pj,precedence_constr; 
open; 

The objective here is to minimize the makespan, i.e. to find a schedule where max{q} is 
minimized. Besides task and machine related constraints no other constraints have to be taken 
into account. All input data to generate the desired production schedule is given, the schedule 
itself is not yet known. Calling the method <generate_schedule> will result in a time oriented 
assignment of tasks to machines. Doing this will give the following values of attributes. 

JOBl (Jl; P1,P2 ; 0; 17; none; scheduled) 

JOB2 (J2; P2; 0; 4; none; scheduled) 

JOB3 (J3; P1; 3; 15; none; scheduled) 
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TASKll (Tn; Pl; 3; no; 0· , 3; 0; T12•T13i scheduled) 

TASK12 (T12i P2; 13; no; 4· , 17; Tll; 0; scheduled) 

TASK13 (T13i Pl; 2; no; 15; 17; Tll; 0; scheduled) 

TASK20 (T20i P2; 4; no; 0; 4; 0; 0; scheduled) 

TASK31 (TJl; Pl; 2; no; 3· , 5; 0; T32,T33 1 T34i scheduled) 

TASK32 (T32i Pl; 4· , no; 5; 9; T31i 0; scheduled) 

TASK33 (T33i Pl; 4; no; 9; 13; TJl; 0; scheduled) 

TASK34 (T34i Pl; 2; no; 13; 15; T31; 0; scheduled) 

All jobs and the corresponding tasks are now scheduled; job It will be processed on machines 
Pt and P2 within the time intetval [O,t7], job Jz on machine Pz in the intetval [0,4] and job 
J3 on machine Pt in the intetval [3,t5]. 

MACHINE! {P1 ; [17,®); 1; PC1 ; T11 ,T12 ,T13 ,T31 ,T32 ,T33 ,T34 ; 

T11•T31•T32•T33•T34•T13) 

MACHINE2 {P2 ; [17,®); 1; PC2 ; T11 ,T12 ,T13 ,T20 ; T20 ,T12 ) 

The availability of machines Pt and P2 has now been changed. Machine Pt is processing 
tasks Ttl> Tt3• and all tasks of job J3, machine Pz is processing tasks Tzo and Ttz· The 
processing sequence is also given. 

SCHEDULE "object" 
"constr" 
"res" 
"tasks" 
"Gantt_chart" 

make span; 
open; 
Pl,P2; 
pj,precedence_constr; 
generated; 

The schedule has now been generated and is depicted by a Gantt chart shown in Figure 4. 

Ttl T31 T32 T33 T34 T13 

Tzo T12 
" , 

0 3 4 5 9 13 15 17 t 

Figure 4 Gantt chart for the example problem. 

5 JOB SHOP MODELLING 

We now want to use the classical job shop scheduling problem as an example problem to 
show how the approach can be applied to dedicated models. Here we will concentrate 
especially on the interaction between problem representation and problem solution. The 
general job shop problem is NP-hard (Garey and Johnson, t979) and with this in most of the 
cases only heuristic algorithms can be applied. Many algorithms for job shop scheduling 
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problems are available; for example purposes only we will refer to a solution approach which 
is called "simulated annealing" (Aarts and Korst, 1990). The name comes from the analogy to 
the evolution of thermal equilibrium of the solid. The base of the method is the so-called 
metropolis algorithm which generates sequences of solid states in the following way. Given 
the current state of the solid, a small, randomly generated perturbation (a small displacement 
of randomly chosen particles) is applied. If the perturbation results in a lower energy state of 
the solid, then the process is continued with the new state. If energy increases then the new 
state is accepted with some probability. In the case of job shop scheduling this idea leads to 
an iterative procedure where the solution plays the role of the state of the solid, and cost 
function and control parameter assume the role of energy and temperature, respectively. 
Being in a certain seed solution new solutions within some neighbourhood are generated by 
applying exchange operators. The "annealing" stops after a given number of iterations or a 
bound on computing time is met. The following algorithm for job shop scheduling is based 
on "simulated annealing". 

Algorithm Simulated annealing algorithm for job shop scheduling (Matsuo et al., 1988). 
begin 
GenerateS;; -- initial seed schedule generated by a heuristic 
for k= 1,· · ·,K do --number of stages in SA 

for m = 1,· · ·,Mk do --number of searches in each stage 
begin 
Genera.te Si fr~m N_;; -- 5(.; is the neighborhood of scheduleS; 
if C~8x-C~ax < 0 
then i :=j 
else 

if AP;1(k) >random [0, 1) 
-- AP;1{k) is the acceptance probability of new schedule Sj from scheduleS; at stage k 

then i :=j 

end; 

el~e perform a local search from Si and find schedule S;0 ; 

if C~~x-C~ax < 0 then i := i0 ; 

Keep the best solution found so far; 
end 

S; is used here locally and refers to a complete schedule for all machines. In (Blasewicz et al., 
1994) the results generated by the above algorithm are compared to some optimizing and also 
heuristic algorithms; it can be concluded that "simulated annealing" combined with some 
good starting heuristic is one of the best heuristic approaches known today to tackle job shop 
scheduling problems. 

The object model is charactericed by the classes JOB, TASK, MACHINE and 
SCHEDULE. Investigating attributes of the objects we only concentrate on some selection of 
them. The class JOB can be described as follows. 

JOB "j_no" 
"machines " 
"mach_list" 
"ready" 
"deadline" 
"prio" 
"stat" 

Jj; 
Per.mutation over Pi; 
open; 
0; 
open; 
none; 
open; 
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As we are investigating a simple job shop problem each job is assigned to all machines 
following some prespecified sequence, ready times for all jobs are zero; deadlines and 
priorities have not to be considered. 

Each job consists of different tasks which are characterized by the machine where the 
task has to be processed and the corresponding processing time; preemption is not allowed. 
Each task can be described by its predecessor or successor task. Input data for the algorithm 
are the values of the attributes "res", "p_time", "pre" and "sue". The values of "e_s_t" are not 
obligatory because they can be derived from the values of the attributes "pre" and "sue". With 
this the class TASK can be described as follows. 

TASK "t _no" Tiji 
"res" Pi; 
"p_time" Piji 
"preempt" no; 
"e s t" riji 
"l _f_t" open; 
"pre" Tkji 
"sue" Tlji 
"stat" open; 

MACHINE "m no" Pi; 
"avail" [O,oo); 

"speed" 1· , 
"capac" PCii 
"qualif" Tiji 
"j_list" open; 

All machines are continuously available in the planning period under consideration. The 
value of the attribute "capac" is not necessary to apply the algorithm, it is only introduced for 
completeness reasons. 

SCHEDULE "object" 
"constr" 
"res" 
"tasks" 
"Gantt_ chart" 
<generate_schedule> 

makespan; 
open; 
Pl, ••• ,Pmi 
Pij• precedence; 
open; 
simulated annealing; 

The objective is to find a production schedule which minimizes the maximum completion 
time. Additional information for describing the scheduling situation is not available. The 
input data for the algorithm are the available machines, the processing times of all jobs on all 
machines and the corresponding sequence of task assignment. After the application of the 
simulated annealing algorithm the corresponding values describing the solution of the 
scheduling problem are assigned to the attributes and the Gantt chart will be generated. This 
is done as described in the fourth chapter. 

6 CONCLUSIONS 

Production scheduling is a generic function of modern production processes. Although the 
underlying problems are highly complex a simple model can be obtained using object
oriented techniques. The model is suggested because it not only integrates problem 
representation and solving but also is very convenient for enterprise integration purposes. The 
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approach is demonstrated for selected problems. As all objects are loosely coupled the model 
can be easily modified and enlarged for further requirements. It can serve as a reference 
model for production scheduling, i.e. the model is customizable and can be implemented as a 
Decision Support System (Schmidt, 1992). Future work should investigate how other 
reference models for enterprise integration interact with the presented one. 
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