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Abstract 

Discourse knowledge has been made explicit for identifying the presentation structure of static doc-
uments and User Interfaces (UIs) for multimedia presentations. These interfaces, however, differ 
from the interfaces for functionalities of an application. Our research investigates the role of dis-
course knowledge for generating UIs for application functionalities. The UIs should adapt to a 
change of screen size or user requirements. We have developed a framework that uses both domain 
and discourse knowledge as well as layout information for generating UIs. This framework has been 
applied to three use cases in the domain of Human Resources. Each use case represents a single 
functionality of the application. The process of generating the use cases showed three main findings. 
The presentation structure of the functionality can be adjusted by the use of discourse knowledge. 
Additionally, meaningful varying layouts of a single functionality can be generated while preserving 
the presentation structure. Lastly, discourse knowledge can be used to identify additional infor-
mation from the functionality that can be hidden if necessary. 
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1 Introduction 

Many companies develop applications for use by their customers. For optimal usage, 
the application should be suitable for multiple users on multiple devices. The user in-
terface (UI) is the part of the application that a user can see and with which s/he can 
interact. The UI should ensure that the user understands the application and knows how 
to use it (Galitz, 2007). The development of a UI, however, is a time-consuming and 
costly process (Calvary & Coutaz, 2014), especially when taking multiple users and 
devices into account. 

Nearly all applications consist of multiple UIs in order to utilize all functionalities 
of the system. Each of these functionalities should be part of multiple UIs for different 
devices to exploit the device-specific capabilities (Calvary et al., 2003; Macik, Carny 
& Slavik, 2014). For example, a mobile phone has a smaller screen than a laptop, so 
the UI should take this difference into account. In addition, users’ requirements may 
differ (Maguire, 1999; Calvary et al., 2003; Vairamuthu & Anouncia, 2018), which lead 
to tailored UIs. Developing this wide variety of UIs manually is time-consuming and 
therefore costly. Generating UIs with the use of explicit knowledge may solve this 
problem. In order to do this, knowledge should be available to guide this process. To 
generate multiple suitable UIs, knowledge about the domain of the application is nec-
essary in order to know which information is related to each functionality (Geurts, Boc-
coni, Van Ossenbruggen, & Hardman, 2003; Visser, 2011; Cranefield, 2001). The next 
question is how to structure this information in the UI. For example, the title of a func-
tionality is displayed before its content. In conclusion, generating UIs using knowledge 
about the application domain and structure can solve the problem of developing all UIs 
manually for functionalities of an application. 

Although domain knowledge is required to generate UIs (section 2.1), it is, in itself, 
insufficient. How the domain knowledge should be structured in the presentation, also 
known as the presentation structure, is often neglected or remains implicit, whereas it 
is needed in order to guide potential changes in the UI. This research therefore investi-
gates a way to use this presentation structure. Knowledge about the presentation struc-
ture is referred to as discourse knowledge (section 2.2), which clarifies how the infor-
mation of the functionality - the message that is intended by the communication - will 
be transferred to the user in the right way (van Ossenbruggen, Geurts, Cornelissen, 
Hardman & Rutledge, 2001). 

Geurts et al. (2003) developed a process where this discourse knowledge is used, in 
combination with the domain knowledge, to generate multimedia presentations. Similar 
to the UIs of functionalities of an application, multimedia presentations can consist of 
text, video, animations and sound. However, the presentation types differ concerning 
both the elements and the relationships. Some of the UI elements require the input of 
the user, possibly causing a change in the elements. Multimedia presentations elements 
do not require such interaction. They can be replaced with others, but the media items 
themselves do not change. For example, subtitles of a movie are dynamic, as text is 
replaced continuously. Additionally, the UI typically consists of multiple small ele-
ments, containing only a few words or small images. As a result, a UI typically consists 
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of a greater number of smaller elements than those in multimedia presentations, which 
mainly consist of one text, made up of multiple sentences plus a few other elements 
such as images. The last main difference is the purpose. Multimedia presentations have 
only one purpose, namely to show information about one subject. UIs do not only show 
this, but they can also gather information about multiple subjects. In conclusion, mul-
timedia presentations and UIs for applications are related to each other without being 
one and the same thing. The process of generating multimedia presentations can there-
fore be used as an inspiration to generate flexible UIs. 

The information and structure of UIs can be made explicit with the use of domain 
and discourse knowledge. However, how this information should be shown by the UI 
also needs to be specified. A style guide can be used to record the UI layout. The char-
acteristics of the elements of the UI, such as buttons and input fields, are defined in the 
style guide. Additionally, when needed, the change in elements when the screen size 
changes can be specified in the style guide (Laubheimer, 2016) (section 2.3). As the 
style guide only records the layout information, it does not include the knowledge about 
the layout decision. The process of generating flexible UIs with the use of both domain 
and discourse knowledge as well as layout information is shown in Fig. 1. 

 
Fig. 1. The Process of the Generation of Flexible User Interfaces for a Functionality of a Use 
Case (Used Portrait Pictures by Antonio, 2015, Licensed under Place it Blog). 
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This research focusses on the role of discourse knowledge for the generation of flex-
ible UIs for functionalities of an application. Research questions are set-up in order to 
investigate this role (section 3). The discourse knowledge structures the elements of the 
UI. It does not, however, define the layout of these elements. This research does not 
focus on the development of an aesthetic design but rather on the generation of multiple 
UIs for different screen sizes and aspect ratios. This is carried out through the use of 
discourse knowledge incorporated into a framework, developed on the basis of a case 
study (section 4). For this framework, domain knowledge is modelled (section 5) to 
identify the information of the application domain. Discourse knowledge is then made 
explicit to investigate the role of this knowledge in that generation of UIs (section 6). 
In order to display the information in the right way, the UI layout is specified (section 
7). This whole process is implemented (section 8) in order to generate flexible UIs. At 
the end of the research, the added value of using discourse knowledge will be evaluated 
(section 9). Based on the findings of this evaluation, a conclusion is drawn, and more 
research will be proposed (section 10).  

2 Related work 

In order to generate the UIs which represent a functionality, three types of knowledge 
or information should be present. To be able to identify the information that will be 
used, knowledge about the domain and about how this domain can be modelled is ex-
plained. After this, discourse knowledge and a way to make this knowledge explicit 
will be looked at in more detail. Finally, both the purpose and the use of UI components 
are described. 

2.1 Domain model 

According to Blok & Cybulski (1998):  
 
Domain models … help keeping consistency in the design of previously developed 
and new systems. They allow a more thorough and complete specification of the 
system functions and data. They facilitate systematic reuse of software across the 
entire development life cycle, and hence, make the development of systems in a 
given problem area more effective and efficient. (p. 2). 
 
This domain understanding and description can be obtained by the use of domain 

analysis methods. Using these methods, solutions to a domain can be identified, organ-
ised and modelled so that concepts in the domain can be reused (Ferré & Vegas, 1999).  

In our research, all information that is used in the application is stored in the domain 
model. There is not a single specific source from which this information needs to be 
captured. However, in this research, the information is obtained from the functional 
requirements of a system as specified by a customer. The functional requirements de-
scribe all the expected functionalities of the application. A domain model can be made 
using this information. 
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In order to model a domain, UML notation is often used (Sobernig, Hoisl & Strem-
beck, 2016; Morisio, Travassos & Stark, 2000; Blok & Cybulki, 1998; Störrle, 2013; 
Felfernig, Friedrich & Jannach, 2000). UML notation describes an abstract description 
of system behaviour, the system architecture, and a level of detailed design (Morisio et 
al., 2000). It is widely adopted as a standard design method in the industrial software 
development process (Felfernig et al., 2000). Advantages of the UML notation are not 
only that the UML infrastructure provides built-in implementation techniques for do-
main-specific modelling language for reusing and extending the UML (Sobernig et al., 
2016), but also offers industry-grade tool support for UML (Sobernig et al., 2016, 
Störrle, 2013). This is comprehensible (Felfernig et al., 2000) and has also been sub-
jected to scientific evaluations of its semantic foundations (Sobernig et al., 2016). Our 
domain information, including the objects and relationships among them, needs to be 
modelled to allow connections to be specified with appropriate discourse knowledge. 
We have chosen to use the UML class diagram, as this notation captures the structure 
of interacting system objects, their classes and their relationships. According to 
Fakhroutdinov (n.d.), “a class is a classifier which describes a set of objects that share 
the same features, constraints and semantics.”. A class usually consists of properties, 
called attributes. To give a simple example, a class can be “Customers”, which contains 
the attributes “ID”, “name” and “gender”. 

Use of Domain Knowledge for Generating User Interfaces.  
This research focusses on the role of using discourse knowledge for generating UIs. 

In order to make the discourse knowledge explicit, the elements of the UI need to be 
identified. These elements are identified using the domain model, which is needed to 
make the information on the domain transparent. Since previous research shows what 
the role of a domain model is for generating UIs (Gennari et al., 2003; Höök, 2000), we 
will not elaborate on it. 

2.2 Discourse model 

Discourse knowledge is seen as the knowledge about how information will be trans-
ferred to the user (van Ossenbruggen et al. 2001). This can be done by looking at the 
form of writing. One can look at how segments in a text should be compared with each 
other. For example, an antithesis will often be represented with the conjunction “but”. 
By making this discourse knowledge explicit, the discourse functions of the text can be 
specified (Scardamalia & Paris, 1985; Carlson, Marcu & Okurowski, 2003; Taboada & 
Mann, 2006; Mann & Thompson, 1987; Azar, 1999). The segments of a text are often 
related to each other, for example a segment of text can be an antithesis to a segment 
with a statement. These relations can be described by concepts of discourse knowledge. 

The discourse knowledge specifies the functions of the segments of a text and the 
relations among the segments. This makes it clear which segments belong together. 
Coherent information in the text can be accumulated, whereas unrelated information 
can be separated. Knowledge of this structure can then be used to determine the layout. 
The discourse knowledge can therefore be seen as the presentation structure. Making 
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the discourse knowledge of text explicit, Bateman, Kleinz, Kamps & Reichenberger 
(2001) produced two document layouts with minimal and no layout decisions. Coherent 
segments of text were put together and separated from the non-coherent segments. Un-
like document layouts, the layout of UIs must be flexible, as it should adapt to different 
screen sizes and requirements by users. Our research, therefore, investigates how dis-
course knowledge can be used to determine potential acceptable layouts of UIs. 

To make discourse knowledge explicit, Bateman et al. (2001) make use of Rhetor-
ical Structure Theory (RST). RST is developed to describe the structure of text with the 
rhetorical relationships between segments of the text. Originally, 23 relationships were 
defined by Thompson & Mann (1987). A few relations have been added since.  
RST relationships can be either asymmetric or symmetric. An asymmetric relationship, 
also called a multinuclear relationship, consists of two segments of text. These two 
segments are the nucleus and the satellite. The difference between the two segments is 
that the nucleus segment is seen as being more essential to the writer’s purposes than 
the satellite segment. A symmetric relationship, also called a presentational relation-
ship, contains two or more segments. These segments do not have this degree of im-
portance (Batemen et al., 2001).   

For example, statement [1] in Fig. 2 gives basic information about a topic, while [2] 
and [3] give additional information to back it up [1]. This asymmetric relationship (a) 
leads to [1] as the nucleus, as it contains more essential information than [2] and [3], 
the satellites. In this case, [2] and [3] elaborate on the main statement [1], resulting in 
the relationship elaboration. For the relationship between [2] and [3], a multinuclear 
relationship (b) is used, as both elements are equally important; [2] is neither more or 
less important in the text than [3]. Additionally, it does not matter whether [2] or [3] is 
mentioned first. Therefore, the relationship joint is identified, which is a presentational 
relationship where order does not matter. 

 
 

[1] History students generally find it difficult to find a 
job after their study. [2] This is mainly due to both the 
large numbers of graduates [3] and the amount of em-
ployment in this field. 

 
 

Fig. 2. Examples of RST Relationships: Elaboration and Joint 

Use of Discourse Knowledge for Generating User Interfaces. 
Discourse knowledge has been used in previous research for analysing the structure 

of text. By making this knowledge explicit using RST, flexible layouts can be gener-
ated, as demonstrated by Bateman et al. (2001). The RST makes the structure of the 
text explicit by identifying the relationships between separate parts of the text (André 
& Rist, 1993). In our research, we share the same purpose, namely to structure the UI 
using the relationships among its elements. Although RST has so far only been applied 
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to static documents using both text and images, we will use RST to make the discourse 
knowledge of UIs explicit.  

Additionally, Geurts et al. (2003) developed a process whereby domain, discourse 
and layout knowledge have all been applied in order to generate multimedia presenta-
tions. Discourse knowledge has been used in order to structure the knowledge of the 
domain. This was done by mapping the domain knowledge. In the end, design 
knowledge was applied in order to ensure that the elements of the multimedia presen-
tation were displayed correctly. This process of firstly identifying the information that 
should be present, then structuring this information and at the end displaying it is sim-
ilar to the process of generating UIs. The research by Geurts et al. can therefore be used 
as an inspiration for our process. However, it focusses on generating multimedia 
presentations using only a single discourse structure. When generating UIs of an appli-
cation, multiple discourse structures need to be developed to realise all the functional-
ities of the application. Therefore, the information needed at different stages in the pro-
cess can differ. 

In conclusion, the process used by Geurts et al. (2003) to generate multimedia 
presentations can be used to as an inspiration. We have used and adjusted RST in our 
research in order to structure the information of the domain and make the discourse 
knowledge explicit. 

2.3 User Interface Components 

The discourse knowledge structures the information that will be presented in the UI. 
However, since it does not contain layout information, it does not state how the infor-
mation should be presented. For example, an image is a different way of presenting 
than a text. The decisions that should be made for presentation are defined in the style 
guide. In the style guide, we created templates to specify the properties of the presen-
tation. These templates are called UI components and indicate what kind of UI object 
is used (e.g. image or text). The elements of the RST are mapped to appropriate UI 
components and the properties of the UI components are filled in appropriately. For 
example, the property that specifies the font-size of a UI component representing a text 
with standard font-size should be about 12px instead of 100px. An element can be rep-
resented in many ways. Both the mapping and filling-in of the properties are therefore 
done manually. 

Use of UI Components for Generating User Interfaces.  
Since discourse knowledge does not specify the layout of the elements in the UI, 

some means of doing this is needed. We introduce the UI component to do this. Changes 
in the UI layout, due to a change in screen size or in user requirement, are specified 
using UI components. 

Mulder (2016) developed a language to define UI components by their fundamental 
properties. The aim of the language is to improve the process between a design and the 
corresponding code, so that the properties of this language describe a component in 
detail. Properties, such as width, height, content, and also the exact positioning on the 
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screen and animations of the UI component are defined. In our research, we will use 
this way of specifying the UI component. The UI components will be specified by prop-
erties in order to determine the layout of the UI elements. Our research, however, does 
not focus on the development of an aesthetic design. The UI components are therefore 
not specified at the same level of detail as Mulder presented them. Additionally, Mulder 
does not take into account the change of the elements of the UI due to a change in screen 
size. One way to do this is by using UI components. How the layout of a UI can be 
adjusted due to a change in screen size will be investigated in our research. 

3 Research Questions 

Our main research question is as follows: 
 
What is the role of discourse knowledge for generating flexible UIs for an application’s 
functionality?  
 

We focus on UIs that take either a change in screen size or in user requirement into 
account. A variety of user requirements will result in multiple layouts that have to be 
generated, and a generated UI can be adjusted if a screen size is changed. For the latter, 
the transition of the layouts should be done smoothly. In this way, the overall layout 
will be preserved so that the user will not be bothered by any changes. This means, 
however, that the process of applying the UI components, which are used for the layout 
information, could differ from generating multiple layouts due to the variety of user 
requirements. The role of discourse knowledge will be evaluated using only the follow-
ing sub-questions: 

─ How can the presentation structure of a single functionality be adjusted?  
─ How can multiple layouts be generated while preserving the presentation structure 

and screen size?  
─ How can a generated layout be adjusted if a screen size is changed while preserving 

the presentation structure? 

4 Research Method 

A framework was developed to investigate the research questions. The framework was 
developed during the realisation of the development of an application for a company in 
the domain of Human Resources (HR). Using the framework, three functionalities - 
referred to as use cases - were developed to investigate the research questions. The 
development of one of these use cases has been elaborated on in this paper. The neces-
sary steps to be taken in order to develop all use cases can be found in the appendix 
indicated.  

The process for the generation of the UI that is represented in Fig. 1 has been used 
for the development of the framework. Firstly, domain knowledge of the application is 
made explicit in a domain model. The discourse knowledge of the use cases is then 
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modelled using RST. UI components are developed and matched with the elements of 
the RST in order to represent these RST elements in the UI. The generated UIs of the 
use cases are used to answer the research questions. 

5 Domain Knowledge 

5.1 Modelling the Domain 

All functionalities of the application are described in a functional requirements docu-
ment supplied by the company. These requirements should contain the information that 
should be presented in the UI. As stated in section 4, one use case, with the following 
functional requirements1, will be used as a running example: 

 
View team requirements 
 
A team, consisting of any number of employees, varying from 0 up to as many as 
40, must indicate how many working hours are – probably – needed for each pe-
riod in the year to complete the work that needs to be done. This is represented as 
the minimum person hours of the team. A buffer is used to take into account any 
possible dropout, due to illness, for example. 
In order to achieve the minimum person hours plus buffer, the working hours of 
all team employees in the period should be explicit. Additional information about 
the function and role of each employee indicates what the employee will be doing 
in the period. 

 
The functional requirements of all use cases can be found in Appendix 1. 
The domain information captured by the functional requirements is modelled using 

UML. Classes and attributes are identified to provide an overview of the information 
used in each functionality. These classes and attributes can also be reused for other 
functionalities. Normally, operators are identified in UML. This research, however, fo-
cusses on the UIs, and not the back-end of the application. The information of the op-
erators does not necessarily have to be used and is therefore omitted.   

After identifying the classes and attributes, relationships are established between the 
classes. All classes, attributes and relationships of the use case are shown in Table 1. 
All information for the use case is contained in the functional requirements, with the 
exception of the role types. Five role types, such as “Poortwachter” and “Bezetting 
accordatie”, are identified in the functional requirements in another functionality. As 
the role type is included in the use case, these identified role types are reused. The 
classes, attributes and relationships of all use cases can be found in Appendix 2. 

                                                        
1  The functional requirement is originally written in Dutch and translated to English. 
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Table 1. Classes, Attributes and Relationships of the Functionality 

The information required for the functionalities was validated by means of four ses-
sions with two experts in the HR domain. The most important adjustments that were 
made as a result of the sessions with experts can be found in Appendix 3 “Adjustments 
of the domain model”. 

A domain model containing the classes, attributes and relationships of all function-
alities of the application has been constructed, see Fig. 3, as the whole application con-
sists of more functionalities than simply those in the three use cases. The semantics of 
the domain model have, however, not been perfected, but are sufficient to make the 
information of the functionalities explicit. 
 

VIEW TEAM REQUIREMENTS 

Class Attribute 

Team naam 

Teambezetting minimaleBezetting [label;value;units], buffer 
[label;value;units], datumBegin, datumEinde 

Medewerker voornaam, achternaam, foto 

Functie naam 

Rol naam 

Bezetting Accordatie 
 

Poortwachter 
 

Verlof Management 
 

Responsetijd Management 
 

HR Chat Management 
 

Relationships 

[Medewerker - Functie 0..1] 
[Medewerker - Rol 0..*] 

[Rol - Bezetting accordatie 0..1] 
[Rol - Poortwachter 0..1] 
[Rol - Verlof Management 0..1] 
[Rol - Responsetijd Management 0..1] 
[Rol - HR Chat Management 0..1] 

[Team - Medewerker 0…40] 
[Team - Teambezetting 1] 
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Fig. 3. HR Application Domain Model 

5.2 Domain Model Implementation 

The domain knowledge is modelled using the open source modelling environment 
“Modelio” (Version 3.7.1, 2018). The domain model was exported to the XMI format, 
a format that is used to format metadata in XML, in order to put the framework into 
practice. The data, containing information on the functionality that is to be developed, 
is delivered in a CSV file. This data is entered into the XMI model using an XLST 
transformation, as shown in Fig 4. 
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Fig. 4. Process of Filling the Domain Model with Functionality Data 

6 Discourse Knowledge 

6.1 Modelling the discourse 

The discourse knowledge should be used in order to identify the presentation structure 
of the UI to guide its elements. In order to model this discourse knowledge, three steps 
using RST are taken. RST makes the relationships between segments of text explicit. 
A UI, however, does not only consist of text. Instead of the relationships of segments 
of text, the relationships of the elements of the UI should be identified, such as images, 
text fragment and input fields. Therefore, the elements of the UI should be identified 
first. These elements do not, however, contain layout information. Secondly, the related 
UI elements should be identified and grouped, as is done by text in Fig. 2. Finally, the 
relationships amongst the UI elements and groups are identified.  

Identifying the UI Elements.  
The domain model captured the information that should be present in order to use 

the functionalities of the use cases. This information in itself, however, is not always 
sufficient to represent an element in the UI. For example, in our use case the element 
in the UI representing the period consists of two attributes of the domain model: both 
the start and end dates, separated by a line. Additionally, some elements of the UI do 
not contain the information of the domain model, such as buttons. The UI elements 
should therefore be defined in order to represent the functionality, which is shown in 
Table 2. 
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VIEW TEAM REQUIREMENTS  

UI Elements 

1 Teambezetting 

2 {Team.naam} 

3 {Teambezetting.datumBegin} - {Teambezetting.datumEinde} 

4 Minimale Bezetting: {Teambezetting.minimaleBezetting} uur 

5 Buffer: {Teambezetting.buffer} uur 

6 {Medewerker.foto} 

7 {Medewerker.voorNaam} {Medewerker.achterNaam} 

8 {Medewerker.aantalContacturen} uur 

9 {Functie.niveau} {Functie.naam} 

10 {Rol.naam} 

Table 2. UI Elements of the Use Case “View Team Requirement” 

Grouping the UI Elements 
The identified elements of the UI must then be structured in order to make the dis-

course knowledge of functionalities explicit. Structuring the UI elements starts by iden-
tifying which elements do and do not belong together. These elements will be grouped 
and therefore distinguished from the other elements. The groups can not only contain 
individual UI elements, but also other groups. The identified groups of the use case 
under discussion are shown in table 3. Appendix 4 shows the identified elements and 
groups for all use cases. 
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VIEW TEAM REQUIREMENTS  

Groups 

1 - 2 Element 1 is the title and element 2 the subtitle. These two elements 
can therefore be grouped together to distinguish the (sub)titles from the 
content. 

3 - 10 All elements except the (sub)titles are the actual elements needed to 
perform the functionality.  

4 - 5 Elements 4 & 5 both give information about the requirements to be met 
and are therefore grouped. 

6 - 10 Elements 6 up to and including 10 are all information about an em-
ployee.  

9 - 10 Elements 9 & 10 both contain extra information about the employee.  

 

Table 3. Structure of the UI Elements of the Use Case “View Team Requirement” (shown in 
Table 2)  

Identifying the Relationships between (Groups of) UI elements.  
Relationships of the elements and groups must be identified in order to complete the 

structure of the UI elements. All relationships needed for our use cases are present in 
the RST of static texts.  

The RSTs of the three use cases require four types of relationships (sequence, joint, 
volitional result and elaboration), as shown in Table 4. The relationships between the 
elements of the use case under discussion, are explained in Table 5. The relationships 
and explanation of all three use cases are given in Appendix 5. 
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Multinuclear Relationships 

Title Description Occurrence in use 
case* 

Sequence Sequence determines the order in the presenta-
tion in which the elements can be seen. In the 
RST, the elements are placed from left to right. 
The element on the left will therefore be placed 
first on the screen. The UI components deter-
mine whether the elements are placed from top 
to bottom or from left to right. 

1, 2, 3 

Joint The elements of the relationship called joint oc-
cur in random order. The UI components deter-
mine whether the elements are placed randomly 
from top to bottom or from left to right. 

1 

Presentational Relationships 

Title Description Occurrence in use 
case* 

Volitional 
Result 

One element (Nucleus) is the element with 
which the user makes a conscious interaction 
with the UI. The other element (Satellite) is the 
subsequent result of this interaction. 

2 

Elaboration One element (Nucleus) contains basic infor-
mation, which is supplemented with an element 
(Satellite) containing additional information. 
The basic information always has priority on 
the screen in comparison to the additional infor-
mation.  

1, 3 

Table 4. Types of Relationships of the RSTs Modelled 
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VIEW TEAM REQUIREMENTS 

Multinuclear Relationships 

Elements Relationship Explanation 

1-2, 3-10 Sequence The title and subtitle must always be placed 
before the content on the screen. 

1, 2 Sequence The title must be placed before the subtitle. 

3, 4-5, 6-10 Sequence The period determines which requirements 
are selected and fulfilled. The period must 
therefore be placed first. Hereafter, the infor-
mation about the requirements, which are el-
ements 4 & 5, follow. The actual implemen-
tation necessary to meet these requirements 
comes at the end. 

4, 5 Joint The two elements of the requirements do not 
have to be a sequel to each other. It does not 
matter, therefore, which information is put 
first. 

6, 7, 8 Sequence A standard format of personal data is used, 
where the photo of the employee is shown 
first, then the first and last name and at the 
end the other information, in this case the 
number of hours that the employee will work. 

9, 10 Sequence The function of the employee must be placed 
before the employee’s role. 

Presentational Relationship 

Nucleus Satellite Relationship Explanation 

6-8 9-10 Elaboration As stated in the functional requirements, the 
function and role of the employee are seen 
as additional information. As a result, these 
elements are the satellite elements, whereas 
the nucleus contains the basic information.  

Table 5. Relationships of the Elements of the Use Case “View Team Requirement” (shown in 
Table 2) 

It is possible that elements, or groups of elements, occur several times in the UI, 
resulting in possible varying completion. However, this must not be visible in the RST, 
as the elements of the RST should not be duplicated. As a solution to this problem, 
multiplicity is added to the RST. The multiplicity indicates how often an element, or a 
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group of elements, may occur in the UI. For example, multiplicity has been used in our 
use case to represent each employee on the team. The functional requirements of the 
use case made it clear that a team always consists of a minimum of 0 and a maximum 
of 40 employees. Multiplicity allows that the employee’s information, which is repre-
sented in the group containing UI element 6 – 10, can occur 0 to 40 times. 

The structure of the use case is specified by identifying and grouping UI elements 
and by identifying the relationships and potential multiplicity. This structure is used to 
make the discourse knowledge of the use case explicit using RST, shown in Fig. 5. The 
RST structure of all use cases can be found in Appendix 6.  

The RST structure contains the knowledge about how the elements are related to 
each other and in which order they should be presented. It does not say anything about 
either the layout of these elements or their restrictions. The discourse structure therefore 
represents the presentation structure of the functionality allowing different layouts for 
its elements. 

 
Fig. 5. RST of the Use Case “View Team Requirement” (shown in Table 2, 3 and 5) 

6.2 Discourse Model Implementation 

The RST is represented in XML for the implementation of the discourse knowledge. 
This XML format is based on the XML obtained by exporting RST with the open source 
tool for discourse analysis rstWeb (Version 2.0.0; Zeldes, 2017). The RST of Fig. 5 is 
converted into XML in Fig. 6. The XML of the RSTs of all use cases can be found in 
appendix 7. 
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<rst> 
    <header> 
        <relations> 
            <rel name="elaboration" type="rst"/> 
            <rel name="joint" type="multinuc"/> 
            <rel name="sequence" type="multinuc"/> 
        </relations> 
    </header> 
    <body> 
        <group id="11"/> 
        <group id="12" parent="11" relname="sequence"/> 
        <segment id="1" parent="12" relname="sequence">Teambezetting</segment> 
        <segment id="2" parent="12">{Team.naam}</segment> 
        <group id="13" parent="11" relname="sequence"/> 
        <segment id="3" parent="13" relname="sequence">{Teambezetting.datumBegin} - {Teambezetting.da-
tumEinde}</segment> 
        <group id="14" parent="13" relname="sequence"/> 
        <segment id="4" parent="14" relname="joint">Minimale Bezetting:{Teambezetting.minimaleBezetting} uur</segment> 
        <segment id="5" parent="14" relname="joint">Buffer: {Teambezetting.buffer} uur</segment> 
        <group id="15" parent="13" relname="sequence" minEntities="1" maxEntities="40" multiplicityId="1" /> 
        <segment id="6" parent="15" relname="sequence">Medewerker.foto</segment> 
        <segment id="7" parent="15" relname="sequence">{Medewerker.naam}</segment> 
        <segment id="8" parent="15" relname="sequence">{Medewerker.aantalContacturen} uur</segment> 
        <group id="16" parent="13" relname="elaboration"/> 
        <segment id="9" parent="16" relname="sequence">{Functie.niveau} {Functie.naam}</segment> 
        <segment id="10" parent="16" relname="sequence">{Rol.naam}</segment> 
    </body> 
</rst> 

Fig. 6. RST of the Use Case Expressed in XML 

The XML of the RST, however, has no knowledge of the meaning of the structure. 
For example, the XML does not know that elements with the relationship sequence are 
in a specific order or that the nucleus element is more important than the satellite ele-
ment when using the relationship elaboration. This knowledge is applied using an 
XSLT transformation. An XSLT transformation takes the XML as input and applies 
the knowledge to develop the structure. This process is shown in Fig. 7. 

 

 
Fig. 7. Process of Implementing the Discourse Knowledge 
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The discourse knowledge contains both the structure of the use case which includes 
the UI elements and the relationships between them. It is used to order and prioritise 
the elements of the UI. The purpose of this structure is evaluated in section 9. 

7 Layout Information 

7.1 Specifying the Layout 

Discourse knowledge is used to structure the elements of the UI. It does not, however, 
specify how the elements should be displayed in the UI. UI components are defined in 
a style guide to tackle this problem. The style guide, containing the UI components of 
all three use cases, is provided in Appendix 8. 

Use of UI Components. 
UI components record the layout information of the discourse knowledge that can 

be applied to the UI elements, which potentially can be displayed in several ways. For 
example, Fig. 8 illustrates that UI element 4 of the use case can be represented as a 
flowing text, but also with a format containing only the label, value and unit. The most 
suitable UI component should therefore be selected for the UI element. The shading in 
Fig. 8 shows what will be shown to the user in the UI.  

 
Fig. 8. Example of Two Representations of the Same Information 

UI components are developed as templates where properties can be filled in. These 
properties specify the layout and content of the UI component. Two types of UI com-
ponents have been specified: atomic and composite. A UI component representing a 
single UI element is an atomic UI component. For example, Table 6 represents the 
properties of the atomic UI component for representing information as a label, value 
and unit. 

 
 
 
 
 
 

UI Element: 4  
Minimale Bezetting: {Teambezetting.minimaleBezetting} uur 
 
UI Component: Text 
De minimale bezetting van het team bedraagt 160 uur. 
 
UI Component: LabelValueUnitInline 
Minimale bezetting: 160 uur 

 



 19 

Variable Font-size  

Variable Min. font-size  

Variable Content Label 

Constant  : 

Variable  Value 

Variable  Unit 

Table 6. Properties of the Atomic UI Component “LabelValueUnitInline” 

The layout of the groups of UI elements, identified in section 6, is specified by com-
posite UI components. As groups can consist of UI elements and other groups, the com-
posite UI components can contain atomic and other composite UI components. Both 
these UI components are referred to as the children of the composite UI component. 
The properties of composite UI components determine not only whether the group will 
get a border, but additionally whether the children in the group are displayed horizon-
tally or vertically. The order in which the children occur is specified by the discourse 
model, see section 6. Other properties of composite UI components, for example for 
specifying a change due to time or interaction, were not required in our research. 

To summarise, UI elements and groups are represented in the UI using propriate UI 
components. This is done by filling-in the properties of the UI component. An example 
of this process is given in Fig. 9 as illustration. 

 
Fig. 9. Representation of a UI Element Using a UI Component (Used Portrait Pictures by Anto-
nio, 2015, Licensed under Place it Blog) 
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Adjusting the Layout Due to Screen Size. 
With a change of screen size, UI components - representing UI element(s) - may no 

longer fit on the screen. Three steps are taken in this case. For the first step, properties 
of the UI component can be used to make the UI component smaller. The font-size of 
a UI component containing text will be gradually adjusted so that the component still 
fits on the screen until the font-size reaches a minimum. This minimum is specified by 
the “min. font-size” property. This value is given as a percentage. The minimum font-
size is therefore that percentage of the value of the property “font-size”. For example, 
the values of the properties “font-size” and “min. font-size” are 20px and 60%. If the 
UI component no longer fits on the screen, the font-size must become smaller to make 
it fit. This must be done repeatedly until the font-size reaches 12px (60% of 20px). The 
same process take place for UI components containing images or buttons. The property 
“min. ratio” is used to specify the minimum value for the properties of “width” and 
“height” in the same way as “min. font-size” does for “font-size”. 

If a UI component still does not fit on the screen, it can be transformed into another 
type of UI component that does fit. For this process, a custom UI component should be 
specified besides the original UI component. This custom UI component represents the 
same UI element, but uses a smaller representation that does fit the screen. To illustrate 
this transformation, the UI element of Fig. 7 is represented using both UI component 
“text" and “labelValueUnitInline”. UI component “text” takes more space on the screen 
than the UI component “labelValueUnitInline”. The original UI component “text” can 
therefore be transformed into the custom UI component “labelValueUnit” if it does not 
fit on the screen. Some UI component, however, cannot be transformed into smaller 
ones. Custom UI components are therefore only specified when applicable. 

The last step to be taken is that of hiding UI components. If the custom UI compo-
nents, or failing that the original UI components, no longer fit onto the screen, one or 
more of the UI components will not be visible. This, however, does not necessarily 
mean that the UI components that do not fit will automatically be hidden. The discourse 
knowledge is used to indicate which element of the group that does not fit on the screen 
is least important. More space will become available by hiding the UI component of 
this element. In order to make the elements visible again, we used an arrow for the user 
to click on. For example, Fig. 10a shows the UI components of the group 6 – 10 of the 
use case. If the UI components in this group no longer fit on the screen due to a change 
in the height of the screen, the RST shown in Fig 5. will be used to identify which 
element or elements should be hidden. Using the RST, the relationship elaboration be-
tween the group 6 – 8 and 9 – 10 becomes clear. This relationship elaboration shows 
that the elements 9 and 10, the function and role of the employee, are additional infor-
mation. As these elements are both equally important to each other, both should be 
hidden in the UI, as shown in Fig. 10b. 
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Fig. 10. UI Components of Employee Information (Used Portrait Picture by Antonio, 2015) 

7.2 Implementation of the UI Components 

The UI components represent the layout of the UI elements. As stated before, the UI 
components are developed as templates which can be filled with properties. An exam-
ple of these templates is given in Table 6 and all templates can be found in section on 
“UI component templates” in Appendix 8. The mapping of the UI element to an appro-
priate UI component and the filling in of the properties of this UI component is done 
by an XSLT transformation. This transformation converts the UI component to HTML. 
The styling of this HTML is developed in CSS. 

Javascript is used in order to adjust the UI component if it does not fit on the screen. 
The steps of changing font-size or ratio, transforming original UI components into cus-
tom UI components and hiding UI elements, discussed in section 7, will be applied 
using this programming language. 

The process of the implementation of the UI components is shown in Fig. 11. 

 
Fig. 11. Process of Implementing the UI Components 

a. All UI Elements b. UI Elements Hidden 



 22 
 

8 Implementation of the Framework 

The framework consists of both the domain and discourse knowledge as well as layout 
information. These types of knowledge and information should be combined for the 
implementation of the framework. To summarize this process, the framework starts by 
entering data into the domain model (see section 5.1). The RST is then represented in 
XML and an XSLT transformation is used to apply the knowledge of the discourse (see 
section 6.1). The UI components are developed into HTML using an XSLT transfor-
mation and CSS. Additionally, Javascript is used to handle a possible change of screen 
size (see section 7.1). 

The discourse knowledge, expressed in RST, should be used in the process of the 
implementation to structure the UI elements into the right position on the UI. The data 
of the domain model should be used as input for this process, as the UI elements repre-
sent the information of the application domain. The UI elements are then transformed 
into UI components and the properties are filled in. For the whole process, XSLT trans-
formations are used to produce the HTML of the UI. Fig. 12a represents this proposed 
process. 

Unfortunately, the actual implementation of the framework deviates slightly from 
this process due to technical restrictions. Although the discourse knowledge is still used 
to structure the UI elements, the process to realise this differs. In the desired framework, 
the UI elements should be identified using the RST and filled in using the domain 
model. These UI elements are transformed into UI components at the end for the rep-
resentation. The UI elements of the actual process, however, are entered manually into 
a XSLT transformation and are not given by the RST. The discourse knowledge then 
maps the right UI element, represented using UI components, to the right position in 
the RST in order to structure the UI. As the UI elements are identified using the dis-
course knowledge, the actual implementation process, represented in Fig. 12b, should 
be adjusted for further research. 

The actual implementation of the whole framework is represented in Fig. 13. The 
code of this implementation can be found at https://github.com/MarcSelles/UI-
Generation-Framework. 
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a. Proposed Implementation Process 

 
b. Actual Implementation Process 

Fig. 12. Proposed and Actual Implementation Process of the UI Elements and Components 
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Fig. 13. Actual Process of the Implementation of the Framework 

9 Evaluating the role of Discourse Knowledge in a framework 

We developed a framework to generate UIs for functionalities of an application. This 
framework uses discourse knowledge, which had not explicitly been used before for 
this kind of generation. The discourse knowledge represents the structure of the com-
munication, including the various relationships that are present in it. This is developed 
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in such a way that the user understands the message that is intended in the communica-
tion. 

A UI consists of UI elements, which are structured in such a way as to determine the 
presentation of the UI. A UI therefore contains implicit discourse knowledge. By mak-
ing this knowledge explicit, it becomes clear which elements do and do not belong 
together in the UI and also what the relationships between these elements are. 

In order to answer the main research question What is the role of discourse 
knowledge for generating flexible UIs for an application’s functionality?, the use of the 
discourse knowledge for the use cases will be evaluated. This will include structuring 
UIs, developing varying layouts and also changing the layout of the UI resulting from 
a change in screen size. 

9.1 Adjusting the Presentation Structure of the UI 

The structure of the UI has been made explicit using RST. This has previously been 
used in research to make the structure of static documents explicit. By adding the option 
of using multiplicity, the RST can be used to model the discourse knowledge as well. 
Adjustments to the structure of the UI can therefore easily be made by adjusting the 
RST. Fig. 14a shows the generated UI of the use case, where the UI element containing 
information about the period is given prior to the information about the requirements. 
Suppose a user wants this to be done the other way round, then the RST would only 
have to be adjusted, as shown in Fig. 14b. By using the discourse knowledge that is 
made explicit, the structure of the UI will be flexible. 
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Fig. 14. Generated UIs of the Use Case with Different Structures (Used Portrait Pictures by An-
tonio, 2015, Licensed under Place it Blog) 

9.2 Generating Multiple Layouts of a Single Functionality 

The discourse knowledge contains no information about how the element of the UI 
should be displayed. It only defines the structure of the information to be displayed in 
the UI. The UI components can therefore be used in multiple ways to provide different 
layouts with the same structure. Fig. 15 shows that multiple meaningful layouts can be 
generated of one of the use cases developed for this research, using the same RST. The 
layout of the elements can therefore easily be adjusted without losing the structure of 
the UI. This flexibility of layout ensures that the varying requirements of the users can 
be met. 
 
  

a. Original b. Custom 
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Fig. 15. Generation of Multiple Random Layouts of a Use Case with the Same RST 
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9.3 Adjusting the Layout Due to a Change in Screen Size 

The relationships in the structure of the UI are made explicit using RST. These rela-
tionships determine whether an element is either more or less important than another. 
This knowledge will be used if the elements on the screen do not fit. Firstly, however, 
UI components will be adjusted in order to try to make the elements fit again. If this 
fails, the UI components can be transformed into smaller UI components. In this re-
search, these two steps are defined by the UI components and do not make use of dis-
course knowledge. The last step, however, needs the discourse knowledge. The rela-
tionships of the elements to each other will be investigated in order to identify whether 
some of the elements that do not fit are less important than others. As these elements 
are, in fact, additional information, they will be hidden in order to make space on the 
UI. The important elements may never be hidden. For example, Fig. 16a represents the 
UI of one of the use cases. If the elements no longer fit on the screen, the RST in Fig. 
16c will be used. As elements 3 and 4 hold the relationship elaboration, it becomes clear 
why element 4 is additional information. This element will, therefore, be hidden, as 
shown in Fig. 16b. 

 

  
 
 

 
c. RST 

Fig. 16. UIs and RST of a Use Case 

a. UI with All Elements Displayed b. UI with Some Elements Hidden 
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This research assumes that all elements should fit on the screen. In reality, however, 
this may not always be the case. Some elements will only be visible when scrolling. 
Changing the UI because some elements no longer fit, as discussed in section 7, may 
not always be necessary. 

10 Conclusion & Future Work 

In this study we investigated the role of discourse knowledge for generating flexible 
UIs for application functionalities. The layout of UIs should be variable due to a change 
in screen size or in user requirements. A framework for generating UIs was set-up to 
include both domain and discourse knowledge as well as layout information. This 
framework was applied to three use cases in order to investigate how discourse 
knowledge is used. 

Our research has demonstrated that the presentation structure of the UI can be ad-
justed using discourse knowledge. The presentation structure represents how the UI 
elements are related to each other. The layout of each UI element is specified using UI 
components. For each UI element, multiple possible UI components can be specified. 
This results in the generation of multiple useful layouts. If a UI component does not fit 
the screen due to the screen size, either the size of the UI component will be reduced or 
a custom UI component will be used. If this does not help, then the discourse knowledge 
is used to identify which UI components can be hidden. In conclusion, discourse 
knowledge can be used to adjust the presentation structure, to allow multiple layouts of 
a single functionality and to identify the UI components that can be hidden.  

A point for discussion to our approach are the use cases. The use cases do not require 
a lot of interaction with the user. Additionally, they represent simple functionalities, as 
the user can understand and perform the functionality easily. Another point for discus-
sion to our approach is the process of identifying the UI elements of the functionality. 
A domain model is used to identify the UI elements, however, some UI elements do 
not use any of the information represented in this domain model, such as the title and 
explanation of the functionality. Therefore, further research can investigate how do-
main models can contain all information needed to identify all UI elements. 

This study provides meaningful knowledge about the role of discourse knowledge 
for generating flexible UIs. This knowledge can be used for future work. Here, it is 
important to take into consideration the limitations of this study. More research is nec-
essary to more and other use cases to generalise the findings. Additionally, research of 
the identification of elements of the UI is needed in order to improve the process. 
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12 Appendix 

Appendix 1: Functional requirements (section 5) 
.  
Use case 1 
Teambezetting Overzicht 
Voor elke periode in het jaar moet voor een team worden aangegeven hoeveel werkuren 
een team nodig denkt te hebben om de werkzaamheden die gedaan moeten worden te 
voltooien. Dit moet worden weergegeven als de minimale bezetting van het team. Om 
rekening te houden met eventuele uitval door bijvoorbeeld ziekte moet er ook een buf-
fer worden opgesteld om de uitval op te vangen.  
Om de minimale bezetting + buffer te halen, moet duidelijk zijn welke werknemers 
hoeveel uur werken in de periode. In het overzicht is daarom de profielfoto van de 
medewerkers, voor- en achternaam en het aantal uren te zien. Het totaal aantal uren van 
alle werknemers in het bezettingoverzicht staat dus gelijk aan de minimale bezetting + 
buffer. Om een overzicht te krijgen over wat de medewerkers doen in het team wordt 
ook de functie en de rol van de medewerker in het team weergegeven. Dit is echter wel 
extra informatie. 
 
Use case 2 
Invoeren Verlof 
De CAO bepaalt op hoeveel vakantiedagen of vakantieuren een medewerker recht 
heeft. Het systeem kan beide eenheden (dagen of uren) verwerken. De vakantiedagen 
zijn voor elke medewerker raadpleegbaar via de verlofapp. Naast de toegekende dagen 
heeft de medewerker ook inzicht in de nog beschikbare verlofdagen en het aantal ver-
bruikte verlofdagen. De medewerker kan vakantie aanvragen via deze verlof app. Aan-
gezien verlof niet alleen over vakantieaanvragen gaat, moet de medewerker eerst het 
juiste verloftype kiezen, namelijk vakantie. Vervolgens kan de medewerker de ge-
wenste verlofperiode aanvragen via een kalendar-inputveld. Het systeem berekent of 
het aantal aangevraagde verlofdagen past in het aantal nog beschikbare verlofdagen (1). 
Daarnaast checkt het systeem of de aanvraag past in de teamplanning (2).  

1.Check beschikbaarheid verlofdagen: de volgende uitkomsten zijn mogelijk: 
- het aantal aangevraagde verlofdagen is kleiner of gelijk aan het aantal be-

schikbare verlofdagen. Het systeem geeft automatisch akkoord, mits de teamplanning 
dat toestaat, zie hiervoor (2); 

- het aantal aangevraagde verlofdagen is groter dan het aantal beschikbare ver-
lofdagen; Het systeem geeft geen akkoord voor de aanvraag.  

 
2.Check beschikbaarheid teamplanning: de volgende uitkomsten zijn mogelijk: 

- het verlof bevindt zich geheel in een ‘groene’ periode => het systeem geeft 
akkoord  

- het verlof bevindt zich geheel of gedeeltelijk in een ‘amber’ periode, maar 
niet in een ‘rode’ periode => actie van het team nodig. 
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- het verlof bevindt zich geheel of gedeeltelijk in een ‘rode’ periode => het 
systeem wijst de aanvraag af. Voor meer details over rode, amber en groene periodes: 
zie teamplanning 

 
Het systeem koppelt het resultaat aan de medewerker terug.  
 
Use case 3 
Categorie kiezen van prikbord 
De werkgever, maar ook de medewerkers kunnen posts aanmaken. Een post bevat 
“vrije tekst” en wordt op het prikbord geplaatst. De post blijft daar standaard 2 weken 
hangen en wordt daarna weer automatisch verwijderd. 
De posts worden onderverdeeld in categorieën. Indien passend op het scherm staat bij 
elke categorie een korte samenvatting. De categorieën kunnen alleen voor het team zijn, 
maar ook voor het hele bedrijf. Dit staat daarom ook aangegeven bij de titel. 
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Appendix 2: Classes, attributes and relationships for functionalities (section 5). 
Use case 1 

TEAMBEZETTING BEKIJKEN 

Class Attribuut 

Team naam 

Teambezetting minimaleBezetting [label;value;units], 
buffer [label;value;units], datumBegin, da-
tumEinde 

Medewerker voornaam, achternaam, foto 

Functie naam 

Rol naam 

Bezetting Accordatie 
 

Poortwachter 
 

Verlof Management 
 

Responsetijd Management 
 

HR Chat Management 
 

Relaties 
[Medewerker - Functie 0..1] 
[Medewerker - Rol 0..*] 
[Rol - Bezetting accordatie 0..1] 
[Rol - Poortwachter 0..1] 
[Rol - Verlof Management 0..1] 
[Rol - Responsetijd Management 0..1] 
[Rol - HR Chat Management 0..1] 

[Team - Medewerker 1…40] 
[Team - Teambezetting 1] 

 
Use case 2: 

VAKANTIEDAGEN OPNEMEN* ** 

Class Attribuut 

Medewerker voornaam, achternaam 

Verlofdagen totaalAantal, beschikbaarAantal 

Vakantie Verlof datumBegin, datumEinde 
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Relaties 

[Medewerker - Absentiedagen 1] 

[Absentiedagen - Verlofdagen 1] 

[Verlofdagen - Vakantie verlof 1] 
*   ”Opgenomen uren" = Verlofdagen.totaalAantal - Verlofdagen.beschikbaarAantal 
** The system/back-end depends if the application is directly accepted. This information is therefore not included 

in the domein model 
 

Use case 3 

CATEGORIE KIEZEN 

Class Attribuut 

Categorie naam, samenvatting, toegankelijkheid 
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Appendix 3: Adjustments of the domain model (section 5) 
 

Before After 

 

 

Alle soorten verlof werden onder de class “absentiedagen” gezet. Echter, er zit verschil tussen verlof-, oplei-
dings- en verzuimdagen. Daarom is besloten om deze opsplitsing te maken. In de oude situatie werd onder de 
class “verlofdagen” alleen vakantiedagen gezien, terwijl dit ook langdurig, prive, bijzonder en kind verlof bevat. 

 

 

De informatie over wat de bezetting moet zijn in een team was opgenomen in de class “Teamplanning”. Echter, 
de teamplanning moet gaan over wat er gedaan moet worden in een periode, niet over wat de bezetting moet 
zijn. Hierdoor is de class “Teambezetting gekomen. Ook was nog niet opgenomen over welke periode de team-
planning en teambezetting gaat. 
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De class “Rol” kan bestaan uit 5 andere classes. Daarom is besloten om deze ook toe te voegen in het model met 
een composite relatie. 

 

 

In eerste instantie was een class aangemaakt voor de functionaliteit “Prikbord”. Echter, deze class is te generiek, 
aangezien niet duidelijk is wat voor elementen post heeft. Hierdoor is de class aangepast naar “Posts” met daar-
bij attributen titel en content. Hierbij komt ook de class “Categorie” die nog niet opgenomen was. 

 

 

De class “Externe partij” kan bestaan uit 3 soorten partijen. Daarom zijn de classen “Leverancier”, “Overig” en 
“Klant” toegevoegd. Hierbij is voor “Klant” de attribuut aantalUur toegevoegd, om vast te stellen hoelang er 
voor een klant gewerkt moet worden. 
 

 

De opleidingen die medewerkers gevolgd hebben moeten ook opgeslagen worden. Daarom is de class 
“Opleiding” toegevoegd. 
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Appendix 4: Elements and structure of functionalities (section 6).  
 

TEAMBEZETTING BEKIJKEN 

Elements 

1 Teambezetting 

2 {Team.naam} 

3 {Teambezetting.datumBegin} - {Teambezetting.datumEinde} 

4 Minimale Bezetting: {Teambezetting.minimaleBezetting} uur 

5 Buffer: {Teambezetting.buffer} uur 

6 {Medewerker.foto} 

7 {Medewerker.naam} 

8 {Medewerker.aantalContacturen} uur 

9 {Functie.niveau} {Functie.naam} 

10 {Rol.naam} 

Structure 

1 - 2 Element 1 is de titel van de UI en element 2 de ondertitel. Deze twee elementen 
kunnen daarom gegroepeerd worden om de (onder)titels te scheiden van de con-
tent. 

3 - 10 Alle elementen buiten de (onder)titels om zijn de daadwerkelijke elementen van 
de functionaliteit. 

4 - 5 Elementen 4 en 5 geven beide informatie over de minimale bezetting en de buf-
fer waar aan moet worden voldaan. Deze requirements worden daarom gegroe-
peerd. 

6 - 10 Alle informatie over een medewerker wordt weergegeven in de elementen 6 tot 
en met 10.  

9 - 10 Elementen 9 en 10 bevatten beide extra informatie over een medewerker. 
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INVOEREN VAKANTIEDAGEN 
Elements 

1 Vakantie Langdurig Privé Bijzonder Kinder 
2 {Team.naam} 
3 Dit jaar heb je recht op calc({Verlofdagen.totaalAantal}/8) vakantiedagen/ {Verlofdagen.to-

taalAantal} vakantieuren 
4 Tot nu toe heb je calc(calc({Verlofdagen.totaalAantal} - {Verlofdagen.beschikbaarAan-

tal})/8) vakantiedagen/ calc({Verlofdagen.totaalAantal} - {Verlofdagen.beschikbaarAantal}) 
vakantieuren opgenomen. 

5 Dit betekent dat er nog calc({Verlofdagen.beschikbaarAantal}/8) vakantiedagen/ {Verlofda-
gen.beschikbaarAantal} vakantieuren over zijn. 

6 input({Vakantieverlof.datumBegin}) - input({Vakantieverlof.datumEinde}) 
7 Aanvragen 
8 In deze periode wordt je aanvraag direct {systemDependApplication}* 

Structure 
2 - 8 All elements except the title are the actual elements needed to perform of the func-

tionality.  

2 - 5 The elements containing information about the holiday of the employee, including 
the salutation 

6 - 8 The elements used for the employee’s application 
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* The system/back-end depends if the application is directly accepted or not 
 
Note that number inside calc(…) will be calculated and the user needs to interact 

with the elements inside input(…). 
 

CATEGORIE KIEZEN 
Elements 

1 Prikbord 
2 Kies uw categorie 
3 {Categorie.toegankelijkheid} - {Categorie.naam} 
4 {Categorie.samenvatting} 

Structure 
1-2 Element 1 is the title and element 2 the subtitle. These two element scan therefore 

be grouped together to distinguish the (sub)titles from the content. 

3 - 4 All elements except the (sub)titles are the actual elements needed to perform of the 
functionality.  
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Appendix 5: Relationships of the elements of functionalities (section 6) 
 

TEAMBEZETTING BEKIJKEN 

Multinuclear Relaties 

Elementen Relatie Uitleg 

1-2, 3-10 Sequence De titel en ondertitel moeten altijd eerder op het 
scherm te zien zijn dan de content. 

1, 2 Sequence De titel moet eerder komen dan de ondertitel. 

3, 4-5, 6-10 Sequence Welke informatie getoond moet worden is af-
hankelijk van de periode. Daarom wordt deze in-
formatie als eerst weergegeven. Hierna komt de 
informatie over het aantal uur dat de teambezet-
ting moet halen om te voldoen aan de eisen. De 
daadwerkelijke invulling om aan deze eisen te 
voldoen komt hierna. 

4, 5 Joint De minimale bezetting en de buffer hebben geen 
volgorde ten opzichte van elkaar. Het maakt 
daarom niet uit welke informatie voor de andere 
staat. 

6, 7, 8 Sequence Voor het weergeven van de informatie van 
werknemers is gekozen. 

9, 10 Sequence Gekozen is om eerst de functie de laten zien 
voordat de rol wordt weergegeven. 

Presentational Relaties 

Nu-
cleus 

Satel-
lite 

Relatie Uitleg 

6-8 9-10 Elaboration Zoals vermeld in de functionele requirements is 
de functie en rol van de medewerker extra infor-
matie. 

 
VAKANTIEDAGEN OPNEMEN 

Multinuclear Relaties 
Elementen Relatie Uitleg 
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2-5, 6-7 Sequence Om vakantie op te nemen moet een werknemer wel 
vakantiedagen beschikbaar hebben. Deze informa-
tie wordt daarom eerder weergegeven ten opzichte 
van de mogelijkheid om de aanvraag uit te voeren. 

2, 3, 4, 5 Sequence De aanhef, informatie over het totaal aantal, opge-
nomen aantal en beschikbaar aantal vakantiedagen 
wordt in logische volgorde weergegeven. 

6, 7 Sequence De invoervelden moeten eerst ingevuld worden 
voordat een medewerker de aanvraag kan ver-
sturen. Daarom worden deze velden eerder weer-
gegeven dan de knop om de aanvraag te voltooien. 

Presentational Relaties 
Nucleus Satellite Relatie Uitleg 

1 2-7 Volitional 
Result 

Een medewerker moet kiezen wat voor soort ab-
sentie opgenomen moet worden. Voor deze func-
tionaliteit zal dit Vakantie zijn. Deze bewuste 
keuze zal resulteren tot het weergeven van de ele-
menten om daadwerkelijk een vakantie aan te vra-
gen. 

6 8 Volitional 
Result 

Het invullen van de input velden resulteert in feed-
back over de acceptatie van de aanvraag. 

 

CATEGORIE KIEZEN 

Multinuclear Relaties 

Elementen Relatie Uitleg 

1-2, 3 Sequence De titel en ondertitel moeten altijd eerder op het 
scherm te zien zijn dan de content. 

1, 2 Sequence De titel moet eerder komen dan de ondertitel. 

Presentational Relaties 

Nu-
cleus 

Satel-
lite 

Relatie Uitleg 

3 4 Elaboration De samenvatting over de categorie wordt gezien 
als extra informatie over de titel van de catego-
rie.  
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Appendix 6: RST’s of functionalities (section 6) 
 

Teambezetting bekijken 
 

 
 

Vakantiedagen aanvragen 
 

 
 
Categorie kiezen 
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Appendix 7: XML of RST’s (section 6.1) 
 
Teambezetting bekijken 
<rst> 
    <header> 
        <relations> 
            <rel name="elaboration" type="rst"/> 
            <rel name="joint" type="multinuc"/> 
            <rel name="sequence" type="multinuc"/> 
        </relations> 
    </header> 
    <body> 
        <group id="11"/> 
        <group id="12" parent="11" relname="sequence"/> 
        <segment id="1" parent="12" relname="sequence">Teambezetting</segment> 
        <segment id="2" parent="12">{Team.naam}</segment> 
        <group id="13" parent="11" relname="sequence"/> 
        <segment id="3" parent="13" relname="sequence">{Teambezetting.datumBegin} - 
{Teambezetting.datumEinde}</segment> 
        <group id="14" parent="13" relname="sequence"/> 
        <segment id="4" parent="14" relname="joint">Minimale Bezetting:{Teambezetting.mini-
maleBezetting} uur</segment> 
        <segment id="5" parent="14" relname="joint">Buffer: {Teambezetting.buffer} uur</segment> 
        <group id="15" parent="13" relname="sequence" minEntities="1" maxEntities="40" multiplic-
ityId="1" /> 
        <segment id="6" parent="15" relname="sequence">Medewerker.foto</segment> 
        <segment id="7" parent="15" relname="sequence">{Medewerker.naam}</segment> 
        <segment id="8" parent="15" relname="sequence">{Medewerker.aantalContacturen} 
uur</segment> 
        <group id="16" parent="13" relname="elaboration"/> 
        <segment id="9" parent="16" relname="sequence">{Functie.niveau} {Functie.naam}</seg-
ment> 
        <segment id="10" parent="16" relname="sequence">{Rol.naam}</segment> 
    </body> 
</rst> 
 
Vakantiedagen invoeren 
<rst> 
    <header> 
        <relations> 
            <rel name="elaboration" type="rst"/> 
            <rel name="joint" type="multinuc"/> 
            <rel name="sequence" type="multinuc"/> 
            <rel name="result" type="rst"/> 
        </relations> 
    </header> 
    <body> 
        <segment id="1" >Vakantie Langdurig Privé Bijzonder Kinder</segment> 
        <group id="9" type="span"/> 
        <group id="10" type="multinuc" parent="9" relname="sequence"/> 
        <segment id="2" parent="10" relname="sequence">Hoi {Medewerker.voornaam} {Medewer-
ker.achternaam}</segment> 
        <segment id="3" parent="10" relname="sequence">Dit jaar heb je recht op calc({Verlofda-
gen.totaalAantal}/8) vakantiedagen/ {Verlofdagen.totaalAantal} vakantieuren</segment> 
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        <segment id="4" parent="10" relname="sequence">Tot nu toe heb je calc(calc({Verlofda-
gen.totaalAantal} - {Verlofdagen.beschikbaarAantal})/8) vakantiedagen/ calc({Verlofdagen.totaal-
Aantal} - {Verlofdagen.beschikbaarAantal}) vakantieuren opgenomen.</segment> 
        <segment id="5" parent="10" relname="sequence">Dit betekent dat er nog calc({Verlofda-
gen.beschikbaarAantal}/8) vakantiedagen/ {Verlofdagen.beschikbaarAantal} vakantieuren over 
zijn.</segment> 
        <group id="11" type="multinuc" parent="9" relname="sequence"/> 
        <segment id="6" parent="11" relname="sequence">input(Vakantie Verlof.datumBegin) - in-
put(Vakantie Verlof.datumEinde)</segment> 
        <segment id="7" parent="6" relname="result">In deze periode wordt je aanvraag direct geac-
cepteerd!</segment> 
        <segment id="8" parent="11" relname="sequence">Aanvragen</segment>   
    </body> 
</rst> 
 
Categorie kiezen 
<rst> 
    <header> 
        <relations> 
 <rel name="elaboration" type="rst 
 <rel name="sequence" type="multinuc"/> 
        </relations> 
    </header> 
    <body> 
        <segment id="1" >Prikbord</segment> 
        <segment id="2" >Kies uw categorie</segment> 
        <group id="3"  parent="6" type="span" minEntities="1" maxEntities="40" multiplicityId="1" /> 
        <segment id="4" parent="3" relname="sequence">Categorie.naam</segment> 
        <segment id="5" parent="4" relname="elaboration">{Categorie.samenvatting}</segment> 
        <group id="6"/> 
    </body> 
</rst> 
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Appendix 8: Style guide of the use cases (section 7) 
 

Style Guide 
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UI component templates 
Atomic UI Components 
 
UI Component: Title 
Variable Font-size  
Variable Min. font-size  
Variable Content  
 HTML <h1>Content</h1> 
 
UI Component: Text 
Variable Font-size  
Variable Min. font-size  
Variable Content  
 HTML <p>Content</p> 
 
UI Component: TextLine 
Variable Font-size  
Variable Min. font-size  
Variable Content  
 HTML <span>Content</span> 
 
UI Component: LabelValueUnitInline 
Variable Font-size  
Variable Min. font-size  
Variable Content Label 
Constant  : 
Variable  Value 
Variable  Unit 
 HTML <p>Label : Value Unit</p> 
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UI Component: LabelValueUnitTwoLines 
Variable Font-size  
Variable Min. font-size  
Variable Content Label 
Variable  Value 
Variable  Unit 
 HTML <p>Label</br> 
        Value Unit</p> 
 
UI Component: LabelTwoValuesTwoUnitsTwoLinesInline 
Variable Font-size  
Variable Min. font-size  
Variable Content Label 
Variable  Value1 
Variable  Unit1 
Variable  Value2 
Variable  Unit2 
 HTML <span>Label</br> 
              Value1 Unit1/ Value2 Unit2</span> 
 
UI Component: Image 
Variable Width  
Variable Height  
Variable Min. ratio  
Variable Shape  
Variable Source  
 HTML <img src="Source"/> 
 
UI Component: Period 
Variable Font-size  
Variable Min. font-size  
Variable Content StartDate 
Constant  - 
Variable  EndDate 
 HTML <p>StartDate - EndDate</p> 
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UI Component: PeriodInput 
Variable Font-size  
Variable Min. font-size  
Variable Content Label1 
Variable  StartDate 
Constant  - 
Variable  Label2 
Variable  EndDate 

 HTML 

<table> 
    <tbody> 
        <tr> 
            <th> 
                <b>Label1</b><br/> 
                <input type="text" id="from" class="date hasDatepicker" 
name="from"> 
            </th> 
            <th>-</th> 
            <th> 
                <b>Label2</b><br> 
                <input type="text" id="to" name="to" class="hasDatepicker"> 
            </th> 
        </tr> 
    </tbody> 
</table> 

 
UI Component: Button 
Variable Width  
Variable Height  
Variable Text  
Variable Min. ratio  
Variable Source  
Variable Font-size  
 HTML <button src="Source"/> 
 
UI Component: DropdownMultipleOptions 
Variable Font-size  
Variable Min. font-size 
Variable Content [Tab1,...,Tabn] 

 HTML 

<select> 
    <option>Tab1</button> 
    <option>Tab2</button> 
    <option>Tabn</button> 
</select> 
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Composite UI Components 
 
UI Component: Composite 
Variable Order  
Variable Border  
 HTML <div>AtomicComponents</div> 
 
UI Component: CompositeMultiplicity 
Variable OrderMultiplicity  
Variable OrderAtomic  
Variable BorderMultiplicity  
Variable BorderAtomic  

 HTML 
<div> 
    <div>AtomicComponents1</div> 
    <div>AtomicComponents...</div> 
</div> 
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Values 
 
Fontsize 
SmallBodyFontSize 12px 
MainBodyFontSize 18px 
LargeBodyFontSize 22px 
MainTitleFontSize 30px 
MainSubTitleFontSize 26px 
 
Min_Fontsize 
NoScaling 100% 
MainScaling 80% 
 
Border… 
NoneBorder None 
GreyBorder solid grey 
 
Shape 
Normal 100% 
Circle 50% 

 
Order 
Vertical 100% 
Horizontal (100 / number of atomic UI components)% 
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Teambezetting bekijken 
 
Atomic UI Components 
 
UI element 1: Teambezetting 
Original 
UI component  Title 
Font-size  MainTitleFontSize 
Min. font-size  NoScaling 
Content  Teambezetting 
 
Custom 
None 
 
 
 
UI element 2: {Team.naam} 
Original 
UI component  Text 
Font-size  MainSubTitleFontSize 
Min. font-size  NoScaling 
Content  {Team.naam} 
 
Custom 
None 
 
 
 
UI element 3: {Teambezetting.datumBegin} - {Teambezetting.da-
tumEinde} 
Original 
UI Component  Period 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 
Content Startdate {Teambezetting.startDatum} 
 Enddate {Teambezetting.eindDatum} 
 
Custom 
None 
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UI element 4: Minimale Bezetting: {Teambezetting.minimaleBezet-
ting} uur 
Original 
UI component  LabelValueUnitInline 
Font-size  LargeBodyFontSize 
Min. font-size  MainScaling 
Content Label Minimale bezetting 
 Value {Teambezetting.minimaleBezetting} 
 Unit uur 
 
Custom 
UI component  LabelValueUnitTwoLines 
Content Label Minimale bezetting 
 Value {Teambezetting.minimaleBezetting} 
 Unit uur 
 
 
 
UI element 5: Buffer: {Teambezetting.buffer} uur 
Original 
UI component  LabelValueUnitInline 
Font-size  LargeBodyFontSize 
Min. font-size  MainScaling 
Content Label Buffer 
 Value {Teambezetting.buffer} 
 Unit uur 
 
Custom 
UI component  LabelValueUnitTwoLines 
Content Label Buffer 
 Value {Teambezetting.buffer} 
 Unit uur 
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UI element 6: {Medewerker.foto} 
Original 
UI component  Image 
Source  {Medewerker.foto} 
Min. ratio  NoScaling 
Shape  Circle 
 
Custom 
None 
 
 
 
UI element 7: {Medewerker.voorNaam} {Medewerker.achterNaam} 
Original 
UI Component  Text 
Font-size  SmallBodyFontSize 
Min. font-size  NoScaling 

Content  {Medewerker.voornaam} {Medew-
erker.achternaam} 

 
Custom 
None 
 
 
 
UI element 8: {Medewerker.aantalContacturen} uur 
Original 
UI Component  Text 
Font-size  SmallBodyFontSize 
Min. font-size  NoScaling 
Content  {Medewerker.aantalContacturen} uur 
 
Custom 
None 
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UI element 9: {Functie.niveau} {Functie.naam} 
Original 
UI Component  Text 
Font-size  SmallBodyFontSize 
Min. font-size  NoScaling 
Content  {Functie.niveau} {Functie.naam} 
 
Custom 
None 
 
 
 
UI element 10: {Rol.naam} 
Original 
UI Component  Text 
Font-size  SmallBodyFontSize 
Min. font-size  NoScaling 
Content  {Rol.naam} 
 
Custom 
None 
 
Composite UI Components 
 
UI Components 1-2 
UI Component Composite 
Order Vertical 
Border None 
 
UI Components 3-10 
UI Component Composite 
Order Vertical 
Border GreyBorder 
 
UI Components 4-5 
UI Component Composite 
Order Horizontal 
Border None 
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UI Components 6-10 
UI Component CompositeMultiplicity 
OrderMultiplicity HorizontalOneRow 
OrderAtomic Vertical 
BorderMultiplicity None 
BorderAtomic GreyBorder 
 
UI Components 9-10 
UI Component Composite 
Order Vertical 
Border None 
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Invoeren vakantiedagen 
 
Atomic UI Components 
 
UI element 1: Vakantie Langdurig Privé Bijzonder Kinder 
Original 
UI component  TabMultipleOptions 
Font-size  BodyFontSize 
Min. font-size  70% 
Border  NoneBorder 
Content Tab1 Vakantie 
 Tab2 Langdurig 
 Tab3 Privé 
 Tab4 Bijzonder 
 Tab5 Kinder 
 
Custom 
UI component  TabMultipleOptions 
 
 
UI element 2: Hoi {Medewerker.voornaam} {Medewerker.achter-
naam} 
Original 
UI component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 
Content  Hoi {Medewerker.voornaam} {Medewerker.achternaam} 
 
Custom 
None 
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UI element 3: Dit jaar heb je recht op calc({Verlofdagen.totaalAantal}/8) vakantiedagen 
/ {Verlofdagen.totaalAantal} vakantieuren 
Original 
UI component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 

Content  Dit jaar heb je recht op calc({Verlofdagen.totaalAantal}/8) va-
kantiedagen/ {Verlofdagen.totaalAantal} vakantieuren 

 
Custom 
UI component  LabelTwoValuesTwoUnitsTwoLinesInline 
Content Label Totaal aantal vakantiedagen/-uren 
 Value1 calc({Verlofdagen.totaalAantal}/8) 
 Unit1 dagen 
 Value2 {Verlofdagen.totaalAantal} 
 Unit2 uren 
 
 
 
UI element 4: Tot nu toe heb je calc(calc({Verlofdagen.totaalAantal} - {Verlofdagen.be-
schikbaarAantal})/8) vakantiedagen/ calc({Verlofdagen.totaalAantal} - {Verlofdagen.be-
schikbaarAantal}) vakantieuren opgenomen. 
 
Original 
UI component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 

Content  
Tot nu toe heb je calc(calc({Verlofdagen.totaalAantal} - {Verlof-
dagen.beschikbaarAantal})/8) vakantiedagen/ calc({Verlofda-
gen.totaalAantal} - {Verlofdagen.beschikbaarAantal}) vakantie-
uren opgenomen. 

 
Custom 
UI component  LabelTwoValuesTwoUnitsTwoLinesInline 
Content Label Verbruikt aantal vakantiedagen/-uren 

 Value1 calc(calc({Verlofdagen.totaalAantal} - {Verlofda-
gen.beschikbaarAantal})/8) 

 Unit1 dagen 

 Value2 calc({Verlofdagen.totaalAantal} - {Verlofdagen.be-
schikbaarAantal}) 

 Unit2 uren 
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UI element 5: Dit betekent dat er nog calc({Verlofdagen.beschikbaarAantal}/8) vakan-
tiedagen/ {Verlofdagen.beschikbaarAantal} vakantieuren over zijn. 
 
Original 
UI component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 

Content  
Dit betekent dat er nog calc({Verlofdagen.be-
schikbaarAantal}/8) vakantiedagen/ {Verlofda-
gen.beschikbaarAantal} vakantieuren over zijn. 

 
Custom 
UI component  labelTwoValuesTwoUnitsTwoLinesInline 
Content Label Beschikbaar aantal vakantiedagen/-uren 
 Value1 calc({Verlofdagen.beschikbaarAantal}/8) 
 Unit1 dagen 
 Value2 {Verlofdagen.beschikbaarAantal} 
 Unit2 uren 
 
 
 
UI element 6: input({Vakantieverlof.datumBegin}) - input({Vakantie-
verlof.datumEinde}) 
Original 
UI component  PeriodInput 
Font-size  MainBodyFontSize 
Min. font-size  NoScaling 
Content Label1 Startdatum 
 Value1 {Vakantie Verlof.datumBegin} 
 Label2 Einddatum 
 Value2 {Vakantie Verlof.datumEinde} 
 
Custom 
None 
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UI element 7: Aanvragen 
Original 
UI component  Button 
Image  / 
Text  Aanvragen 
Font-size  MainBodyFontSize 
Min. ratio  NoScaling 
 
Custom 
None 
 
 
 
UI element 8: In deze periode wordt je aanvraag direct {systemDe-
pendApplication} 
Original 
UI component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 

Content  In deze periode wordt je aanvraag direct {systemDependAp-
plication}* 

 
Custom 
None 
 
Composite UI Components 
 
UI Components 2-8 
UI Component Composite 
Order Vertical 
Border GreyBorder 
 
UI Components 2-5 
UI Component Composite 
Order Vertical 
Border None 
 
  



 62 
 

UI Components 6-8 
UI Component Composite 
Order Vertical 
Border None 
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Categorie kiezen 
 
Atomic UI Components 
 
UI element 1: Prikbord 
Original 
UI component  Title 
Font-size  MainTitleFontSize 
Min. font-size  NoScaling 
Content  Prikbord 
 
Custom 
None 
 
 
 
UI element 2: Kies uw categorie 
Original 
UI component  Text 
Font-size  MainSubTitleFontSize 
Min. font-size  NoScaling 
Content  Kies uw categorie 
 
Custom 
None 
 
 
 
UI element 3: {Categorie.toegankelijkheid} -  {Categorie.naam} 
Original 
UI Component  Text 
Font-size  MainBodyFontSize 
Min. font-size  MainScaling 
Content  {Categorie.toegankelijkheid} - {Categorie.naam} 
 
Custom 
None 
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UI element 4: {Categorie.samenvatting} 
UI Component  Text 
Font-size  SmallBodyFontSize 
Min. font-size  MainScaling 
Content  {Categorie.samenvatting} 
 
Custom 
None 
 
Composite UI Components 
 
UI Components 1-2 
UI Component Composite 
Order Vertical 
Border None 
 
UI Components 3-4 
UI Component CompositeMultiplicity 
OrderMultiplicity HorizontalAllRows 
OrderAtomic Vertical 
BorderMultiplicity None 
BorderAtomic GreyBorder 

 
 


