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This pa­per presents the problem of a uni­form scheduling domain description. It was established that the algorithm used for 
scheduling is general, di­sregar­ding the type of scheduling domain. On the ba­sis of five different scheduling domains, a general 
description model was developed. The research is focused on the programming appli­ca­tion of the resour­ce scheduling model, 
presented as a UML class dia­gram. Di­ver­se meta-langua­ges for the model description were consi­dered. Of these XML, an 
EAV model and object oriented langua­ges have shown to be the most effecti­ve. Even though Java is not wi­dely used as a 
description langua­ge, it has proved effecti­ve as a meta-langua­ge for the description of the ex­tensible scheduling model. 
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Im­plemen­tation of the Scheduling  
Do­main Description Mo­del

1	 In­tro­duction

Scheduling problems have been widely researched in 
recent years (e.g. Brucker 2001; Pinedo 2002; Pinedo 
2005). The theory of scheduling is characterized by a 
virtually unlimited number of problem types (Brucker, 
2001). Different types of resources can be scheduled and 
for each type there are diverse solutions or scheduling 
algorithms. Pinedo (2005) emphasizes that each type of 
resource has attributes and parameters that are important 
for the planning and scheduling process. Since there is no 
common standard for specifying a scheduling problem 
and its solution proposed by a researcher, the algorithms 
cannot be compared and benchmarking is impossible. 
Artificial intelligence methods, for example genetic algo
rithms, are used in cases where criteria for schedule eva
luation are well defined, but a scheduling algorithm is 
difficult to develop (Kljaji} et. al. 2004). On the base of 
research into production scheduling (Papler, 2001) and 
human resource scheduling in a hospital (Baggia, 2004) 
the need arose for a generally used scheduling model.

In some cases the same scheduling solution can be 
used to schedule different types of resources, but little 
research has been done on models that cover diverse sche
duling domains. Pinedo (2002) established that it may be 
of interest in the future to study more specific models that 
combine machine scheduling with personnel scheduling. 

This paper presents the solution of a general sche
duling problem and the development of a scheduling 
domain description language. Each scheduling problem 
consists of different basic elements and rules, presented 
as a UML class diagram. The solution of a scheduling 

problem is not within the scope of this paper. Different 
programming languages for implementation of the sche
duling model are considered and the application of the 
most appropriate meta-language is presented.

2	 The scheduling problem

Different resources can be scheduled depending on 
the type of problem. Most cases presented in previous 
research discuss scheduling algorithms for a defined 
scheduling problem. Colindres (1992) was one of the first 
researchers to develop a scheduling description language 
to be used in different areas of scheduling, but only the 
problems of production scheduling and project schedu
ling were included in the research.

Scheduling procedures in the description of produc
tion scheduling (S1) and the description of personnel 
scheduling (S2) are presented in Table 1. The differences 
between these procedures lie in the approach and search 
procedures (Baggia 2005). Procedure S1 searches for the 
most appropriate machine Mi for an order Ni in a prede
fined time frame, while considering any constraints. The 
evaluation considers all constraints that need to be inclu
ded when generating a schedule. 

Procedure S2 searches for the most appropriate per
son for a single activity in a predefined time interval. 
Constraints, hard or soft, are also considered in this case. 
When established that persons W1, W2 and W3 are sui
table for activity A1, the search procedure finds a person 
with the highest criteria function considering the con
straints. Person Wi is scheduled for activity Ai. 
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The result of both procedures is the same; the diffe
rence is in the sequence of steps leading to the solution, 
where procedure S1 searches for the machine for a certain 
order while procedure S2 searches for the person for a 
specific job. 

The Unified Modelling Language (UML) Use Case 
diagram was used to describe the general scheduling pro
cess. The diagram in Figure 1 shows the general schedu
ling process, used as the basis for developing a scheduling 
description model.

If we represent the scheduling problem as a black 
box, with Input x (scheduling requirements) and Output 
y (results of scheduling), the scheduling problem Sn could 
be written as shown in Table 2. In different scheduling 
environments only the variable v (e.g. machine or person) 
is changed.

To sum up, the search procedure is general, regardless 
of the type of scheduling problem; the search procedures 
are identical:

(1)

Tab­le 1: Com­parison of two different schedu­ling prob­lem search procedu­res.

Figu­re 1: Resource schedu­ling use case diagram.

21 SS ≡
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3	 Elements of the scheduling problem

Equivalence exists between different scheduling procedu
res, as shown in Expression (1). The differences between 
the procedures are presented with variables for which 
the the algorithm finds the optimal values. The discovery 
of an analogy in the scheduling procedures led to the 
attempts to describe the scheduling problem with a gene
ral model, regardless of the type of resource that is to be 
scheduled (Baggia 2004). 

Every scheduling domain (SD) can be described by 
four basic elements: object types, syntax, parameter and 
algorithm:

	
(3)

Where 
-	 O is an object type.
-	 P is a parameter.
-	 S is a syntax.
-	 A is an algorithm.
“Object type” represents the components that des

cribe an object, schema or rule. Object types can be ele
mentary or complex. Elementary object types are usually 
characterized by input, output and simple transparent 
rules. Complex object types comprise a Cartesian product 
of elementary object types:

(4)

The syntax describes the relationship rules between 
individual object types. Different types of relations bet
ween object types describe the behaviour of the schedu
ling system. Each object type is described with parameters 
or attributes. Parameters define the specifics of an indivi
dual scheduling problem. Sometimes, relationships bet
ween object types also need to be specified in detail. The
refore, parameters can also be used in the syntax. Object 
types with their parameters and defined syntax represent 
the input for the scheduling algorithm. The scheduling 
algorithm defines the logic to generate a schedule. 

4	 The resource scheduling mo­del

Prior to selecting the scheduling algorithm, a precise and 
integral resource scheduling model has to be determi
ned. Scheduling solutions on the market use their own 
methods to describe the problem. These methods usually 
depend on the type of the scheduling problem. It is not 
possible for algorithms to be reused or to exactly determi
ne the quality of the algorithms. 

Based on five different scheduling problems, a model 
was developed to describe any scheduling problem. Cases 
included the problem of order scheduling in the produc
tion industry (Papler, 2001), the human resource schedu
ling problem in a Slovenian hospital (Baggia, 2004), the 
scheduling problem in the chemical/pharmaceutical indu
stry (Zentner et al., 1998), the nurse scheduling problem 
in a Belgian hospital (Vanden Berghe, 2002) and casino 
personnel scheduling (www.schedulerexpert.com). A 
detailed description of the model developed and the vali
dation of the model on three real-world cases are inclu
ded in Baggia (2006). 

The most important object presented in the model 
is a resource. Resources can be described with common 
attributes disregarding the class they belong to. The model 
is made extensible through generalization association. 
All attributes that are not common to different types of 
resource object describe the subclasses, while common 
attributes describe the class Re­sour­ce. In the first iteration 
of the model, the subclasses Per­son and Ma­te­rial Re­sour­
ce extend the Re­sour­ce superclass. 

Extensibility using generalization association is also 
applied to the classes of Structure, Process, Unit, Re­sour­
ce Property and Work. Besides some common attributes, 
different attributes are used to describe the specifics of 
scheduling problems. Subclasses inherit all the attributes 
and methods of superclasses. 

A common set of methods is used to describe the 
model in the first iteration. Since no scheduling algo
rithms are used and the scope of the model is to describe 
the problem, not to solve it, only three types of methods 
are applied to classes: insert, update and delete. 

5	 Im­plemen­tation

Different languages can be used to describe the propo
sed scheduling model. At the beginning of our project 
(Baggia, 2005), XML was used to present the scheduling 
problem because of its simple communication with the 
database, where all attributes of the scheduling problem 
not used by scheduling algorithms are stored. It was estab
lished in latter phases that an object oriented technique is 
more appropriate for the problem description as a relatio
nal database. A UML Class diagram was used to describe 
the model of a scheduling problem. The basic possibilities 
of describing the objects of the extensible model of the 
scheduling problem with XML, an EAV model and object 
oriented programming languages are presented. 

Tab­le 2: Schedu­ling prob­lem search procedu­re.
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5.1	 XML

The eXtensible Markup Language (XML) is a general 
purpose markup language presented by the World Wide 
Web Consortium, whose primary purpose is to facilitate 
the sharing of data across different systems. It is widely 
used in combination with databases and the internet. 

All the data from previous research into scheduling 
problems were stored in a database. Due to its compatibi
lity with databases, XML was used at the initial language 
development phase for the scheduling problem descrip
tion. XML was used as a meta-language for the descrip
tion of the scheduling problem. All data that are usually 
not of key importance when scheduling were stored in the 
database as additional information.

When using an object oriented approach for the 
description of scheduling problem, XML was also consi
dered as a meta-language. All objects and their attributes 
needed for scheduling can be described with XML, while 
the basic constraints for data insertion can be applied 
using Document Type Definition (DTD). XML is widely 
used as a standard for data exchange between different 
systems. Its greatest advantage lies in its connectivity 
with different databases as well as programming langua
ges. Specific relations between objects in XML are not 
easy to describe. One possible solution is to use special 
XML documents for the description of relations between 
objects. 

According to Kim and Carrington (2000), the UML 
class diagram offers specific associations such as aggrega
tion, composition, generalization and realization. Most of 
these associations were used in the class diagram descri
bing the problem of resource scheduling. As presented in 
Goatly (2001) and SWIFT Standards XML design rules 
(2001), the rules for transforming UML class diagrams to 
XML consider associations, but the generalization associa
tion cannot be shown at more than one level. Multilevel 
generalization is dealt with by XMI (OMG, 2005) in a way 
where attributes, associations and other parts of classes 
which appear more than once in the inheritance hierarchy 
are included only inthe subordinate classes. Generaliza
tion is one of the key types of associations for the resour
ce scheduling description language. Using generalization 
the extensibility of the model can be applied. For every 
extended class in the model, the XML document needs to 
be updated. The purpose of the extensibility of the model 
is therefore neglected. It has been established that in this 
phase of development XML is not appropriate for the 
description of the scheduling problem. An Entity Attri
bute Value model can be used to combine the benefits of 
object-oriented languages and relational databases.

5.2	 EAV mo­del

Anhoj (2003) presents the term “Entity-Attribute-Value 
(EAV) design” for the generic structuring of data in a 
relational database. In a conventional database design, 

each parameter of interest is represented in a separate 
column in a table. As new kinds of data need to be mana
ged, the number of columns and/or tables needs to grow. 
In the EAV model, data are conceptually stored in a sin
gle table with three columns: an Entity (the object being 
described), an Attribute (an aspect of the object being 
described), and the value for that attribute (Marenco et 
al., 2003). In EAV design, one row stores a single fact. In 
contrast, in a conventional table that has one column per 
attribute, one row stores a set of facts (Nadkarni, 2005). 
More tables are needed if one wants to present data in 
different formats. 

An EAV model has some advantages compared to a 
conventional relational database. The number of attribu
tes in an entity is not limited and no space in a database 
needs to be reserved for null values. There are also draw
backs in the EAV design. The layout of data needs to be 
adjusted for the user interface and the handling of queries 
based on attributes is poor. There are also many draw
backs considering the use of constraints.

As mentioned above, in the case of the scheduling 
problem, generalization expresses extensibility and is 
highly important. Generalization can be presented with 
the EAV model. The storage of data is also convenient, 
since many different parameters need to be stored when 
scheduling resources. The key problem is checking consi
stency. Since the model has to be irrespective of the user 
interface, constraints are not checked when inserting data. 
An additional interface should be developed for checking 
consistency, so the EAV design is not appropriate for the 
scheduling problem description.

5.3	 Object orien­ted lan­guages

It is not only data types and data structures that are 
defined in object oriented programming, but also func
tions that can be applied to the data structures. In object 
oriented programming, a data structure includes data and 
functions. As stated by Pinedo (2005) some of the new 
planning and scheduling systems are based on an object 
oriented approach and not conventional relational data
bases. 

The main advantage of object oriented programming 
techniques is that an existing object does not need to be 
altered when adding a new type of object. The new object 
inherits the attributes of existing objects. Pinedo (2005) 
explores the possibility of inheritance and generalization 
as the main advantage of object oriented techniques. With 
these attributes, object oriented software is easier to sup
plement or change. 

Wampler (2002) finds that C++ and Java are pre
valent on the object oriented languages market. Even 
though both C++ and Java are object oriented languages, 
there are some basic differences among them. The discus
sible problem will determine the language to be used. 
Due to its simplicity and independence, Java was used in 
the presented research.
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5.4	 Java

Java and C++ were both developed to support application 
programming. Furthermore C++ was also developed to 
support system programming. In general the syntax of 
Java is simpler than the syntax of C++. The main differen
ce between the two languages is in the compiling. 

One of the reasons for Java’s popularity is the World 
Wide Web and Java’s ability to run Web applets directly 
on any computer or operating system with a Web browser 
(Wampler, 2002). Another reason is that Java is an excel
lent programming language. It can not only be used for 
Web applets, but for programs on almost any computer. 
In its early days Java was disregarded because of its per
formance, but this is no longer an issue.

In comparison to the primary proposed XML, Java 
is not as widely used as XML, but is nevertheless wides
pread and only a Web browser is needed to read it. In 
some ways, Java is not really suitable for data storage. It 
was already established at the beginning of the research 
that it would be appropriate to use a conventional relatio
nal database, but it is not flexible and extensible enough 
to enable a high quality scheduling problem description 
as presented in the research. 

6	 Pro­gram­ming im­plemen­tation in 
Java classes

A Java class cannot inherit the behaviour and attributes 
of more than one superior class. This characteristic of the 
Java programming language is not crucial for this research 
since the depth of inheritance enables the extensibility 
of the description language, not the width of inheritance. 
The Java class Re­sour­ce is presented, with the extended 
classes Per­son and Ma­te­rial Re­sour­ce. Methods are not 
presented in the following description.

pub­lic class Resource 
{
  String EndDate;
  String Name;
  int Value;
  String StartDate;
  String ID;
  String CurrentStatus;
  /**
   * Comment here
   * @link aggregationByValue
   * @label UMLSta1
   * @associates <{­RSDLExt12.mypackage.State}>
   */
  pro­tected State defines[];
}

The Resource class is extended with two classes for 
different types of scheduling problems. The Material 
Resource class inherits the attributes of the Resource 

class and has some attributes that are not significant for 
the description of human resources.

pub­lic class MaterialResource ex­tends Resource 
{
  String Renewability;
  String MeasureUnit;
  int MinStockLevel;
  String Availability;
  int StartState;
  boo­lean OrderPossibility;
  int Costs;
  int TargetStock;
  String Stability;
} 

Some attributes are generally used only to describe 
personnel. While attributes like the minimal level of 
stock and target stock are not appropriate for personnel 
description, some (for example renewability) are obvious. 
No constraints for the work time description are used for 
material resources, but attributes linked to work time con
straints are an important factor when scheduling human 
resources, since union and contract constraints must be 
considered.

pub­lic class Person ex­tends Resource 
{
  int MaxNoWorkHours;
  String ContractType;
  int MaxNoConsecutiveDays;
  String Worktime;
  String Address;
  String FormalTitle;
  int MaxNoConsecutiveWeekends;
  int MaxNoWeekends4Weeks;
  String AcademicTitle;
  int MaxNoAcitivitiesHoliday;
  String Name;
  int MaxNoAcitivities;
  int MaxNoConsecutiveDaysOff;
  int MaxNoAcitivitiesDay;
  String BirthDate;
  int MinNoWorkHours;
  int MaxNoShiftsWeek;
  int MaxNoActivitiesShift;
  int MinNoConsecutiveDays;
  int MinNoConsecutiveDaysOff;
  /**
   * Comment here
   * @label UMLOse4
   * @associates <{RSDLExt12.mypackage.Delovni

Nalog}>
   */
  pro­tected WorkOrder creates[];
  /**
   * Comment here
   * @label UMLOse2
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   * @associates <{RSDLExt12.mypackage.Prerazpo
reditev}>

   */
  pro­tected Rearrangement rearranges[];
  /**
   * Comment here
   * @label UMLOse1
   * @associates <{RSDLExt12.mypackage.Stanje}>
   */
  pro­tected State changes[];
}

Associations are an important part of the model 
description. No association is described for the material 
resource, since no responsibility can be assigned to a mate
rial. The Per­son class is associated with different classes. 
A person is responsible for the creation of a work order, 
for the rearrangement of resources (material and human) 
and for updating the status of resources. The state is defi
ned for every resource presented in the Re­sour­ce class. 
Other associations are not of general importance when 
scheduling. 

7	 Conclusions

The research discusses the problem of a general des
cription of a scheduling domain. The ability to compare 
different scheduling algorithms is definitely the main 
advantage of the uniform representation of the schedu
ling problem. 

The programming implementation represents an 
important challenge in the development of the scheduling 
domain description language. XML should be appropria
te to describe extensible problems in general, but when 
converting a UML class diagram to XML, there arises 
the problem of generalization association. An XML docu
ment should be updated every time a new attribute or 
subclass is added to the model. An EAV model is used 
to describe an object oriented problem in the relational 
database. The class diagram could be implemented with 
an EAV model, but no constraints can be applied to the 
model. Since no additional software is to be used in the 
model description, the EAV model lacks consistency. In 
general Java is not widely used as a language for data sto
rage, but it is simple to convert the class to the Java class 
and all associations can be implemented, including the 
generalization association with no major changes in the 
existing structure of the model.

The proposed language has been verified and vali
dated on three different scheduling problems, the prob
lem of production scheduling, the problem of personnel 
scheduling in a hospital and a problem of timetabling 
in the faculty. All these problems can be described with 
the proposed language. Different applications to the real 
problems of scheduling should be considered in future 
research.

The possibility of description using other appropriate 
meta-languages will be researched. Some of the advanta

ges of the relational database and some advantages of the 
object oriented approach should be combined to gain the 
best results. In future research the description of schedu
ling methods will be implemented in the model.
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Im­plemen­tacija mo­dela za opis do­mene razpo­rejanja

V ~lanku je predstavljen problem splošnega opi­sa domene razporeja­nja. Ugotovljeno je bilo, da je algori­tem razporeja­nja 
splošen ne glede na tip problema razporeja­nja. Na osnovi petih razli~nih domen razporeja­nja je bil razvit splošni model opi­sa. 
Ra­zi­ska­va se osredoto~a na programsko a­pli­ka­ci­jo modela razporeja­nja vi­rov, ki je predstavljen kot UML dia­gram razreda. Za 
opis modela so bili preu~eni razli~ni meta jezi­ki. Med nji­mi so se XML, EAV model in objektno orienti­ra­ni jezi­ki poka­za­li kot 
najbolj uporabni. ^eprav se Java ne uporablja pogosto kot opi­sni jezik, se je izka­za­la kot najbolj u~inkovit meta jezik za opis 
razšir­lji­vega modela razporeja­nja.

Klju~­ne besede: Razporeja­nje, Opis domene, Jezik za defi­ni­ci­jo, Objektno orienti­ra­na ana­li­za


