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Abstract 

The purpose of our research is to explore the alternatives to extend well-defined UML to 

the user interface level. For the novice software modeler there is a gap between how the 

model looks and how the final product should look. The implications of some design 

decisions might not be easy to analyze without strategies like story boards, prototyping, etc. 

A cornerstone of our work is the use of the text-based modeling language Umple (UML 

Programming Language) and its metamodel as input. Umple has a similar syntax to Java, 

but is enhanced with additional modeling constructs. 

In this way our target was the creation of a code generator capable of interpreting a subset 

of the Umple language to produce complete working applications, by providing a 

translation into existing object-oriented programming languages. Using this generator, the 

software modeler can create working prototypes to help him to validate the correctness of 

the designed model. 
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Abstract 

The purpose of our research is to explore the alternatives to extend well-defined UML 

models to the application level, and more specifically to the user interface level. For the 

novice software modeler (and sometimes for more advanced modelers) there is a gap 

between how the model looks and how the final product should look. In addition, the 

implications of some design decisions might not be easy to analyze without strategies like 

story boards, prototyping, etc. 

A cornerstone of our work is the use of the text-based modeling language Umple (UML 

Programming Language) and its metamodel as input. Umple has a similar syntax to Java, 

but is enhanced with additional modeling constructs (associations, software patterns, etc.). 

In this way our target was the creation of an application generator engine capable of 

interpreting a subset of the Umple language to produce complete working applications, by 

providing a translation into existing object-oriented programming languages and their user 

interface technologies. Using this engine, the software modeler can create working 

prototypes "on the fly" to help him to validate the correctness of the designed model. Once 

the model is validated the generated prototypes can be customized and extended by the 

application developer to produce the final product. 
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1 Introduction 

The purpose of this research is to explore how to extend model-oriented programming to 

the user interface level. This is part of a larger project whose goal is to examine the 

advantages and disadvantages of forward engineering using text-based models, as 

compared to traditional diagram-oriented modeling tools and techniques. 

As a major part of the work, we developed a template-based code generator for the Umple 

language which we call User Interface Generator for Umple (UIGU). Just like Umple, the 

generator can be used to generate object-oriented programs (such as Java programs); 

however Umple only generates an API, whereas UIGU generates a complete prototype 

system. 

1.1 Motivation and Objectives 

User interface development has concerns in both the modeling and implementing phases. 

In many software development processes, UML is used extensively in the modeling (or 

equivalent) phase, although user interfaces represent an essential part of software systems, 

the Unified Modeling Language seems to have been developed with little specific attention 

given to user interface issues. UML is used to model important aspects of user interfaces, 

but this often results in unwieldy and unnatural representations for interface modeling [1]. 

If the modeler can go from the model to either a working prototype or a close 
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approximation of the application, with a minimum effort, the modeler can see the 

implications of his design decisions, evaluate alternatives and validate his designs. 

Implementing user interfaces (UIs) is time consuming and costly. In applications with 

graphical user interfaces, nearly 50% of source code lines and development time are spent 

developing the UI [2]. However, the UI layer is composed from a fixed number of building 

blocks making its development repetitive. Many design patterns for Object Oriented 

Languages (Model View Presenter -MVP-, Model View Controller -MVC-, Front 

Controller, etc.) divide the different components of the UI layer into simpler and more 

understandable pieces. This division strategy results in the creation of many small objects; 

most of them sharing similar structure and responsibilities [3]. Hence, UI construction is a 

natural target for automation. A direct consequence of the amount of effort required to 

create the UI layer is that most of the bugs are also located in the UI code. In this thesis our 

main objective is to automatically generate a default user interface with appropriate quality 

to interactively validate the system's intended functionality, with minimum implementation 

effort. 

The Umple language is an attempt to fill the gap between these two separate phases in the 

development lifecycle: modeling and implementing [4]. Umple uses the concept of textual 

modeling as a technique to reduce the differences between the model and the code. With 

Umple it is possible to generate domain objects1 from textual models. Our premise is that 

the textual model and the Umple metamodel are all that we need to create a default UI 

1 For a definition of "Domain object" see [5] 
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Interface to interact with those domains objects. When we talk about interaction we are 

limiting our attention to actions create, update and delete (CRUD). 

To elaborate on the points made so far, let us introduce a trivial example. We will show the 

very small amount of code required to create a simple user interface. The example will also 

introduce some of the syntax of the Umple language. Figure 1, shows the Person class' 

UML diagram 

jEj Person 

| name : String x 
! address : String x 
i dateOfBiith : Date x 

Figure 1. Basic example system 

Figure 2, shows the equivalent Umple code (textual model) code which resulted in this 

generated UML Class diagram . 

namespace human; 
class Person{ 
String name; 
String address; 
immutable Date dateOfBirth; 
} 

Figure 2. Umple code which resulted in the Class diagram in Figure 1. 

Figure 3, shows the generated UI interface, for the create and update actions. Note the 

representation of the dateOfBirth attribute in the update action due the immutable 

keyword. This interface was generated following the Java Server Faces technology (JSF) 

2 This UML diagram was created using the UMPLEOnline tool by A. Forward and T. Lethbridge. 
littp://crase.site.uottawa.ca/umpleoriline/ 
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by Sun Microsystems 
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Figure 3. Person UI, generated from the Umple code, create (left) and update (right) 

To give an idea of the effort required to build this simple CRUD, let us analyze the required 

files and the number of lines of code. Since each UI technology requires different files and 

programming structures, this analysis is not intended to be complete nor conclusive, but can 

give us a preview of the usefulness of the UIGU. 

Metric 
Java Files 
xhtml (view) files 
Configuration Files 
Total Files 
Lines of Java code 
Lines of xhtml code 
Total lines of Code 

Value 
13 
<: 

2 
20 
394 
174 
568 

Table I. Person UPs Metrics 
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Table 7, shows that 5 lines of Umple code, result in 568 lines of code distributed in domain 

objects, Java presentation related objects and xhtml pages. Details of all that is generated 

will be discussed further in the thesis. Figure 4, shows the generated files. 

Since Umple is an effort to unify programming and modeling, and given Umple's ability to 

generate system code [4], adding an extra layer to generate UI code will help to keep the 

user focused on the modeling task, while both Umple and UIGU keep the domain objects 

and the Ul-related objects (UI objects) and artifacts synchronized. 

We hypothesize that our generator in combination with Umple will reduce the time it takes 

to perform the following software activities: 

• Develop. Development time should be greatly reduced because once the Umple 

language is mastered, going from the model to a working prototype should take 

little time. As the example shows, it is clear that writing and understanding 5 lines 

of code takes much less time than to do the same with 564 lines of code. 

Furthermore, moving from the generated UI (generated prototype) to a complete 

application should be easy due to the adoption of appropriate design patterns in the 

generated code, allowing the customization and extension of the objects and 

artifacts. 

• Inspect. Since Umple code is both concise and rooted in UML, and the generated 

UI is an interpretation of that code, code inspection should become much easier. 

Each object in the Umple code has its own set of objects in the UI generated code. 
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Maintain. Due to the model-code duality of Umple systems, maintenance also 

should become much easier. Each change in the system will be reflected (by re­

generation) in the Umple-generated code and thereby in the UI generated code. 

J JavaSou rce 

•& dao 

* ;,ij factory 

iJj DAGFacteey.java 
i i i PakiQAGFaetofy.javs 

* Qj generic 

s i£? impl 

i?j G&nerictakeBAQ.jS 

!j] GenericDAO.java 

s Qs human 

j j j PersciiDAO.javs 
* Qfb session 

i/i ObjcctRepcsrtoiyjaviJ 
j i j Session.java 

& human 

j j j Pereett.j3v3 
& web 

JI L& components 
s £j> besn 

Fjj Ttme8eanjav,i 

<# £> control 

[I] Beanlmker.jawa 

[|j MainBeartjava 

* £3. human 

j j j Perses»lean,java 
4 £> uttls 

* £*. WebCoiiteirt 

ic? images 

& META-MF 

* £j- page; 

4 £1= human 

0 \~h Person 

'j gridxhtmf 

Per»nIns«s(tabtejdTtnil 

PeraenMaiiwhtoit 

<• [ j . templates 
common«xhtmf 

hcme-xhtml 
a .,- AES-INF 

.jr classes 
^ - lib 
ir\ faces-ercirfigaml 

indexjsp 
x .dawpath 
.<• .project 

j j j PageFfcwUtifs.java 

Figure 4. Generated files for the Person class 

1.2 Audience 

This thesis has been developed to expand the utility of the Umple language, so its audience 

is similar to Umple's audience. Therefore, the target audience of this research is individuals 

working in modeling, implementation, or maintenance of software systems, and also 
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students of software modeling courses who will find in UIGU a quick way to see how their 

designs will look and behave in an implemented system. 

Users are expected to have some experience with object oriented (00) programming, and 

UI technologies/frameworks in order to create or modify a specific UI provider (concrete 

UI generator). 

1.3 Organization 

This thesis begins with a review of the background required to understand the main topics 

of our research in Chapter 2. The background review includes Umple, code generation 

models, UI Generation, UI Frameworks and certain design patterns. 

The background discussion also includes a review of CRUD applications and the minimum 

requirements that a CRUD application should fulfill. After reviewing these requirements, 

we present the Umple subset supported by UIGU. 

Chapter 3 will formally introduce the research questions explored within this thesis. The 

answers to these questions are offered in Chapter 7. 

We discuss the UIGU solution and provide a complete explanation of the different UIGU 

components in Chapter 4. In this chapter, we present the concept of JJIProvider, and the 

JSFProvider is used to show a concrete implementation of that concept. Details about how 
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UIGU can be used are provided in Chapter 5. Chapter 6 describes another JJIProvider (the 

JFXProvidef) to show how UIGU can be extended. 

The last chapter, Chapter 7, provides answers to the research questions stated in Chapter 3, 

and lists some valuable ideas to improve UIGU. 
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2 Background 

In this chapter we present background research on four main topics: Umple, UI Generation, 

UI Frameworks and certain design patterns. The first topic is the Umple language, its 

features and the subset of Umple to be supported by the UI generator. The second deals 

with the different generation approaches and which approach would work best with the 

Umple language, keeping Umple's feature of generating system code for different 

programming languages. The next section describes which UI frameworks can be used as a 

generation target, that is, to which UI technologies the Umple-generated domain objects 

would be linked. The final section discusses design patterns that are relevant to this work. 

2.1 The Umple Language 

The Umple language3 is both a text-based modeling language and a programming language 

with modeling capabilities. It adds concepts from UML to object-oriented languages like 

Java and PHP. 

Umple takes care of generating essential target-language4 code needed to implement high-

level UML concepts such as attributes and associations, generating all the "boilerplate" 

code (code which is necessary in a program to implement a concept and is repeated many 

times) behind the modeling abstractions. This includes the methods needed to set and get 

3 For a complete Umple reference see [4] 
4 Examples in JAVA and PHP are available at http://cruise.site.uottawa.ca/umpleonline/ 
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attributes as well as to add and delete links of associations; code is also created for some 

design patterns like Singleton. The next few sections provide an overview of the central 

aspects of the Umple language. 

2.1.1 Namespaces and classes 

The notion of namespace is equivalent to the concept of package in Java. That is, by using 

the keyword namespace, the modeler can group related classes and provide access 

protection to the group's classes (or types). 

Umple classes are translated into classes in the 0 0 target language (direct mapping). In 

Umple, constructors are not explicitly declared, however Umple generates the target 

language's constructor method based on the attribute modifiers, association multiplicities, 

class hierarchy and other special keywords {singleton, key, etc.). Class hierarchies are 

declared using the isA keyword in accordance with the is-A test [4]. Figure 5, shows a class 

hierarchy declaration in Umple with two example attribute declarations. 

namespace human; 
class Person { 

name; 
} 
class Student { 
isA Person; 
I n t e g e r number; 

} 

Figure 5. Class and namespace declaration in a parent child hierarchy 

2.1.2 Attributes 

UMPLE translates an attribute declaration to a private instance variable and the standard 
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get and set methods, where appropriate. Umple also generates code which checks certain 

conditions based on attribute modifiers. Figure 6 shows an Umple model using some of 

these modifiers. 

namespace human; 
class Person{ 
internal id; 
String name; 
String address; 
defaulted Boolean 
isMember=true; 
settable Integer age; 
immutable Date dateOfBirth; 
} 

Figure 6. Attribute modifiers. 

By using attributes, the user can change the attribute implementation. For example, an 

immutable attribute will allow setting the attribute value only at creation time but not 

through a set method. In the simplest case each Umple attribute is mapped to a single 

instance variable in the target language, but in more advanced cases (i.e. defaulted 

attributes), Umple provides a set of methods that check that modification is done 

appropriately. 

2.1.3 Associations 

Most of the power of Umple comes from the way it handles associations between classes 

[4]. This is because classic OO languages do not offer a standard construct to support the 

association concept. More recent languages like Ruby have started to recognize the 

concept, but not to its full extent. 

Umple maps all associations attributes like multiplicity (0, 0..1, n, *, etc), role names, and 
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navigability, into system code (e.g. Java) adding also methods to maintain the association 

links, allowing deletion, addition, listing, and other utility methods. Figure 7, shows an 

association example and the generated Java code (Appendix I shows Umple grammar). 

public class Airline { 

private List<RegularFlight> regularFlights; 

public List<RegularFlight> getRegularFlights() { 

retwuett Collections .unmodifiableList ( regularFlights ) ; 
} 

publicist indexOf Regular Flight (Regular Flight aRegular Flight) 
{ 
£etSBiregularFlights.indexOf(aRegularFlight) ; 

} 

public RegularFlight addRegularFlight(Time aTime, int 
aFlightNumber) 
{ 
r e t e m n w RegularFlight (aTime, aFlightNumber, this); 

} 

public void deleted 
{ 
for (RegularFlight aRegularFlight : regularFlights) 
{ 

a R e g u l a r F l i g h t . d e l e t e ( ) ; 
} 

} 

Figure 7. Association declaration in Umple (left), fragment of Java generated Code (right) 

2.1.4 Other features 

Umple contains other interesting features to provide "out of the box" implementations of 

common software constructions. The singleton keyword allows the declaration of singleton 

types (only one object of the class is instantiated at runtime). Attributes can be declared to 

maintain a state controlled by a state machine with transitions, guards, and actions. The key 

declaration provides identifiers to determine if two instances are logically equivalent. 

saroespace A i r l i n e ; 

c l a s s A i r l i n e } 
S t r i n g name; 
1 — * RegularFlight; 

} 

class RegularFlight} 
Time time; 

I n t e g e r fl ightNumber; 
1 
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Ordinary methods are written in Umple in a form that is essentially identical to how they 

would appear in Java (or PHP). However these methods contain certain restrictions; most 

importantly they can access the instance variables representing associations and attributes 

only through the generated methods, not directly. 

2.2 Subset of Umple Supported by UIGU 

This thesis focuses on how textual models can be extended to the UI level, that is using 

both Umple models and the Umple metamodel, how a default user Interface and basic 

actions can be generated. This work is primarily done as a proof of concept, and the 

research is focused on the most common set of user related actions, which are the CRUD5 

(create, read, update and delete) actions. In the conclusions, we talk about ways to extend 

UIGU to support more advanced actions. Before talking about the selected subset we have 

to determine what are the minimum features required to create CRUD applications. 

2.2.1 Effective CRUD implementation 

In its origin, CRUD was the most common acronym used to describe the basic set of 

actions provided by a relational database system [6]. But today the term is extended to 

many other persistent technologies, like xml databases, indexed files, object databases, etc. 

Usually CRUD implies the capability to only store data in one table or entity, but in our 

case the concept is extended to also allow the interaction with associations. 

5 Others acronyms to denominate those actions are ABCD: add, browse, change, delete; ACID: add, change, 
inquire, delete; etc. 
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Any effective CRUD implementation in an object-oriented system must allow: 

• Create: Create the required entity in the persistent layer (repository); all constraints 

{null, max or min, uniqueness, etc.) must be respected, also links of the the l—n 

associations must be linked here, either for creation (create an instance of the the 

associated class) or selection (choose an instance of the associated class). 

• Read: An effective CRUD should allow at least two selection methods: retrieve one 

instance using a unique key or the entity itself, and retrieve all instances of the same 

class. 

• Update: Associations and non-immutable attributes could be updated here; the 

update technique (update only the modified fields or delete and create a new 

instance) is an implementation decision. As in the create action, all constraints must 

be respected. 

• Delete: This action takes care of the physical (destruction) or logical (deactivation) 

elimination of an object or a group of objects. In an object-oriented system all 

associations (and their multiplicities) must be respected either by allowing cascade 

deletion or through the validation of the delete conditions. 

2.2.2 The Subset of Umple Attribute Keywords to be Supported 

As stated in Section 2.2.2, Umple translates each attribute into an instance variable. In any 

strongly typed object-oriented language, instance variables must have a type [7] (the class 

of objects that the variable can contain) and also they could have an access modifier, and an 

initial value, in Umple the initialized value follows the semantics of the target language [8]. 
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Since Umple has a similar syntax to Java, it is natural that the selected types are similar to 

Java types. The initial set of types is: 

• Boolean. This type only supports two values: true or false, so as to allow for simple 

flag checks and Boolean-related operations. 

• Integer. Implemented to allow the declaration of integer numbers. 

• Double: Added to support floating-point numbers, the decimal separator is the dot 

(•) 

• String: Implemented to allow the declaration of chains of characters, when no type 

is specified, this type is the default type used in the generated code. 

• Date: Added to allow the declaration of dates. 

• Time: Added to support time attributes in a 24h format. 

Others types were omitted in this generator because they can be handled by the types 

described above (i.e. char by String, Float by Double, etc.). 

UIGU also supports Umple^s initialized attributes; Table 2 shows the supported 

initialization code when Java is the target language. 

Umple provides "out of the box" encapsulation [8] that is, all attributes are private and the 

accessor (get) and mutator methods are public, implying that there are no access modifiers 
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in Umple strictly speaking. However Umple generates code to control the interaction 

between the user (in our case the UIGU generated interface) and the attributes. To provide 

such functionality, Umple uses a set of attribute modifiers. Basically those modifiers alter 

the initialization logic, update behavior, and visibility. 

Tvoe 
Boolean 

Integer 

Double 

String 

Date 
Time 

Code 
=new Booiean( true); 
=true; 
=new Integer(5); 

=new Double(5.2); 

= '"ABCDE" 
=new StringPABCDE") 
='r2O0I-08-H" 
="12:44:00" 

Patrera 

yyyy-MM-dd 
hh:mm:ss 

Table 2. UIGU supported initialization for Java code generated by Umple 

Types and initial values are central aspects of the Create and Update actions in a CRUD 

application, since instance variables are not used in arbitrary ways, Umple introduced those 

modifiers to abstract some recurrent patterns regarding instance variables' intentions [9]. 

The following list contains the initial set of modifiers supported by UIGU, each modifier 

was chosen taking in account its importance in the related CRUD actions. 

• none: No modifier at all. If no initial value is specified, the attribute value is 

assigned in the constructor; otherwise the attribute value is assigned to the specified 

initial value. The attribute can be created as null. The attribute can be updated to any 

value including null. Impact: Create and Update. 
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• settable: Same as none. Impact: Create and Update. 

• immutable: if no initialization, the attribute value is assigned in the constructor, also 

the attribute can be created as null; otherwise the attribute value is assigned to the 

initial value. The attribute cannot be updated. Impact: Create and Update. 

• defaulted: The attribute must have an initial value; at creation time the attribute is 

assigned to the specified initial value, The attribute can be updated or reset to the 

initial (default value). Impact: Create and Update. 

• internal. If no initialization, the attribute value is assigned in the constructor; 

otherwise, the attribute value is assigned to the initial value. The attribute can be 

neither read nor updated after construction. Impact: Create. 

• key: This modifier indicates that the attribute is part of the unique key. Uniqueness 

of keys is enforced, and an exception is thrown if the uniqueness is violated in an 

attempt to instantiate an object. Key implies immutable, key attributes are necessary 

to find and store entities in persistence layers. Impact: Read, Delete, Create. 

2.2.3 Umple association subset 

As commented in Section 2.2.3, Umple provides a way to declare associations as part of the 

language. The declared associations can have role names, directionality and multiplicities. 

UIGU generates UI code to allow the end user to interact with the declared associations. 

Umple provides several styles to declare associations, all of them supported by UIGU; 

these styles are: 

• Explicit: In this approach the classes are declared first, and then an association 
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structure is declared to indicate the link between them, along with their role names, 

direction and multiplicities. 

• Implicit: The association and its roles are declared inside of one of the associated 

classes, along with their role names, direction and multiplicities. 

Figure 8 shows these two declaration styles. In this example the association states that a 

school has at least one professor, and each of these professors only belongs to one school. 

class School{} 

class Person{} 

association { 
1 School — > 1.,* Person 

professors; 

class School{ 

1 -> 1,«* Person professors; 
} 

class Person{} 

Figure 8. Styles to declare associations. Note the use of the arrow (->) to indicate direction, 
the dots (..) to declare multiplicities and the role names (in this case professors). 

The way we declare multiplicities in Umple is very similar to the way we declare them in 

UML. UIGU generates validation methods to ensure that boundaries are respected. To 

declare that an association is one way only, we simply use the "->" construct instead of 

Currently, UIGU generates UI code for associations with all the multiplicity combinations, 

with the exception of 1—1 associations. This is because the current version of Umple (1.6.3) 

does not have a post-creation strategy6, and hence, the generated constructors have an 

' It is a two steps creation process. In the first step the object is created setting only its attribute, in the second 
step (post-create), the associations are linked. 
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interdependency preventing the creation of the objects. 

2.2.4 Design Patterns generated by Umple 

Umple generates system code for classes marked as singleton; those classes are 

implemented following the singleton pattern. This pattern ensures that there is only one 

instance of a class at runtime. In Umple, this is declared using an optional expression 

"singleton" in the declaration of a class. UIGU generates the UI code to maintain 

associations from and to singleton classes. 

2.2.5 Class hierarchies 

Class hierarchies are central to object oriented programs; to support those hierarchies, 

Umple allows two styles to declare such hierarchical relationships. As with the association 

declarations the two styles are: 

• Explicit: In this approach the child class uses the isA keyword followed by the name 

of the parent class 

• Implicit: The child class is declared inside the parent class. This style of declarations 

should not be confused with the notion of inner classes in OO programming. 

Note that Umple supports only single inheritance, like Java and most other OO languages. 

Figure 9 shows two equivalent class hierarchies with the different declaration styles. 

class PersonfJ 

class Professor} 

isA Person; 
} 

class Personf 

class Professor!) 
} 

Figure 9. Explicit (left) and Implicit (right) parent-child declaration 
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UIGU supports any number of levels of hierarchy and both types of declaration. 

2.3 The Umple Metamodel 

UIGU makes extensive use of the Umple metamodel to generate UI Objects (web pages, 

Java Beans, etc), validation routines, persistence layer, and configuration files. Figure 10 

shows the Umple core metamodel (version 7.6.3). 

«JavaCiass» 
AssociationVariaWe 
cruise .umple .compter 

minBourKt int 
maxBound; int 
isNavigabte: boolean 

«Java Oass» 
":-. UmpteVariatite 
cnise.umple .compier 

D name: String 
• type: String 
• modifier: String 
n value: String 

-untquefctentifier m.,1 

.-associationVariafoles 

«Java Oass» 
UmpteAssociation 
cruise .umple .compter 

• isLeftNavtgable: boolean 
Q isRightNavigable: boolean 
• positions: List<Coordrate> 
• index: int 

-associations 

-umpleAssocianon 

-ends p..' 

«Java Oass» 
. UmpteAssociationErid 

cruise .umple .compfcr 
s;rMULT,MANY:rnt 
s --• DEFAULT MINIMUM: int 
* : DEFAULT_MAXIMUM: int 
p towerBourtd: int 
• upperBound: int 
a roleName: String 
• className: String 
• modifier: String 
• referenceTodassName: String 
• cachedHashCode: int 
a canSetLowerSounct boolean 
D canSetUpperBouncfc boolean 
n canSetRoleNarne: boolean 
• canSetCfassName: boolean 
• canSetModtier: boolean 
• canSetReferenceToCtassMarne: boolean 

«Java Class» 
AttributeVariaWe 

cruise .umple .compter 

isAuttxoque: bootean 
isList: boolean 

-attribUeVariabljB 

«Java Class»> 
. Urn pleC lass 

cruise umpie.conipfer 

extraCode: String 
packageName: String 
depends: Lisi<sString> 
isSingleton: bootean 
namespaces: List<String> 
modifier: String 
key: Key 
coctelnjections: List<Codetntection> 
stateMachtnes: List<StateMacnine> 
gCtass: GeneratedClass 

-CH 

<«Java Class» 

cruise .umple .compter 

• name: String 
• position: Coorcfinate 

^-extendsClass 

«Java Oass» 
. UmpIeAssociationClass 

cruise,umple.compfcr 

Figure JO. Umple core metamodel 
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UmpleClass is the most important class for IUGU; most of the required information is 

located in that class. UIGU uses UmpleClass to read all attribute variables 

{AttributeVariable class) their types, modifiers and initialization values. Also all the 

association logic can be determined by correlating the attributes located in 

AssociationVariable and UmpleAssociation (i.e. the multiplicities are in 

AssociationVariable, but the navigability is in UmpleAssociation). More details about how 

to go from the metamodel to the UI objects will be discussed in Chapter 4. 

2.4 Code generation models 

There are many ways to categorize generators. You can differentiate them by their 

complexity, by usage, or by their output [10]. Sections 2.4.1 to 2.4.4 are an overview of the 

different generator models. 

2.4.1 Munging 

Munging is a slang for twisting something from one form to another form [10]. Code 

mungers are the most simple code generators; given an input, the generator modifies some 

aspects of them to create one or more output files. Code mungers make heavy use of 

parsing and regular expressions patterns. Figure 11 shows the code munging model. 

Input filers) 

Output 

Figure 11. Code Munging model 
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Note that in this model there is no compilation step, special syntax or auxiliary files. 

2.4.2 Inline code expanders 

In this model the input files contain some special markup that is going to be replaced by the 

generator, that is, the generator expands the original source. This implies that the output is 

an expanded version of the input. An example of the implementation model is the Java 

Server Pages -JSP- technology [11], where the input file is ajsp (or xmt) page with special 

tags, and the output is an html (or xhtml) page generated after the expansion 

(replacement) of those tags. Code expanders are less extendible than code mungers, since 

the mere choice of an expandable language reduces their possible uses [12]. 

IIlK^^+Ilii+CZ^* 
Figure 12. Inline code expander model 

2.4.3 Mixed code generation 

A mixed code generator reads input file(s) and then modifies and replaces the file(s) in place. 

Unlike inline-code expanders, mixed-code generators put the output of the generator back into the 

input file(s). This type of generator looks for specially formatted comments, and when it finds them, 

fills the comment area with some new source code required for production [10]. 

Executable 
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Figure 13. Mixed code generator model 

2.4.4 Partial-class generation and Multi-tier Generation 

In these models, the input file(s) is (are) basically an abstract definition of the system. The 

generator uses templates to create software artifacts (i.e. classes). These generators rarely 

provide a graphical language for specification definition; therefore, they usually rely on 

database metadata, tabular metadata inputs, properties files, etc., making them non-intuitive 

and awkward [12]. 

The difference between a partial-class generator and a multi-tier generator is the scope. 

Both of them apply templates based on the input definition files, but in the partial-class 

approach the generator generates base classes to be extended (or derived) by the software 

developer to create the production code. Multi-tier generators generate all the required 

code for an entire layer or layers in an n-tier system. Partial-class generators can evolve into 

multi-tier generators [10]. 

Executable 
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Figure 14. Multi-tier/Partial class generator model 

In code munging generators, the output is the result of parsing and query operations (find, 

replace, split, regular expressions, etc.) made over the input file; this implies that mungers 

are very specific and non flexible code generators. In inline expander and mixed generators, 

the output is a refined (or completed) version of the input, that is, the output is essentially 

the same kind of document as the input (i.e. in JSP, both the jsp page input and the html 

output are both web pages). On the other hand, partial-class and multi-tier generators are 

more flexible and powerful because the input is divided into two sets of files: definition 

files and templates. This results in creating an output set which is the result of the 

correlation of these input files. 

UIGU uses the multi-tier generator model to generate the UI objects (for the UI layer) and 

other important layers. How UIGU implements the multi-tier generator will be discussed in 

Chapter 4. 

2.4.5 Compilers 

A compiler is a program that transforms an input (input file) written in a computer language 

(the source language) into an output written in another computer language. In this way, the 

compiler generates code from the source file. The conventional compiler process starts with 
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the parsing of the source file. It continues with the generation of an abstract syntax tree 

(AST, a data structure that represents what has been parsed), the creation of an abstract 

semantic graph (ASG) from the AST, and the translation of this graph into the target 

language.7 

2.5 Code generators and input files 

As shown in Section 2.4, all code generation models take input files (input definition files), 

but the input does not have to be a file formally speaking. Indeed the input resources can 

undergo a series of transformations before being consumed by the generator. Sections 

2.5.1 to 2.5.4 discuss the characteristics of the UI code generators for a specific input set. 

2.5.1 Database based UI code generators 

Database tables along with database metadata contain enough information to generate entry 

forms (UI forms) [13]. The metadata can come from the information schema or system 

catalogs. In these catalogs, information about objects like tables, views, indexes, etc. is 

stored; since the catalogs are normal database tables (but maintained by the DBMS engine), 

they can be queried using regular SQL statements. 

Obtaining information about database structure is crucial for the generation of UI artifacts 

because the generator uses it to determine how to render the different UI components. 

Column attributes like type, name, and length are used to translate and map each database 

7 Compilers are a broad and extensive topic. In this research we are not going to delve into their details. 
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object to the generated objects in a specific programming language [14]. For instance, size 

of the text field is determined based on the length of that column. 

Following this approach, the generator is in charge of executing a set of SQL queries on the 

catalog, iterating over the results and applying a decision structure to generate the required 

UI artifacts. 

One of the advantages of this approach is that database engines have a very rich set of 

attributes and constraints {null, unique, foreign keys, checking constraints, etc.) that helps in 

the creation of elaborate UI objects and the relationships between them, also entity-

relationship diagrams (ERD) share many concepts with class diagrams, allowing mapping 

between them [15]. 

The main disadvantage of this approach is that each database creates and maintains its 

catalog of tables in a proprietary way; this means that a generator created for a specific 

DBMS (i.e. PostgreSQL) should be rewritten if the DBMS (not the database structure) is 

changed. To reduce the impact of this problem Mgheder and Ridley in [16] propose the 

conversion of the fetched metadata into XML files and the use of them as the UI generator's 

input (definition) files. XML based code generators will be discussed in 2.5.3. 

2.5.2 Reflection-based UI code generators 

Use of reflection is more often seen as an alternative to code generation than as an effective 

code generation approach itself. Using super classes to put methods with features made by 

the use of reflection is an approach to implement common behavior in a set of more simple 
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classes [17]. Since reflection calls are made at runtime the reflection approaches have 

some key disadvantages: 

• Reflection code is complex and hard to test and debug. 

• Discovering and manipulating classes in runtime can create memory and 

performance issues. 

• Reflection challenges the principle of information hiding and the access controls 

developers have specified, so its use should be minimized. 

To overcome these issues, Rettig and Fowler suggest [18] the use of reflection to generate 

those super classes in a preliminary code generation phase. 

In a reflection-based code generator, the input file is a compiled class or set of classes. The 

amount of information that can be obtained using reflection depends on the reflection API 

of the target language. As can be seen in [17] and [18], reflection techniques are useful to 

generate some specific functionality (Le. persistence responsibilities, marshalling data, 

etc.). 

2.5.3 XML/XSL based Ul generators 

XML generators make heavy use of xml related technologies like XPATH and XSLT. 

XPATH is a query language designed to select nodes in a XML document [19]. XSLT 

(Extensible Style sheet Language: Transformations) is a language defined to transform an 

XML document into another XML document; however, XSLT can also generate different 

types of documents (structured or not). XSL documents contain a set of templates (rules) to 
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be executed when the walking logic matches (using XPATH) the fragments declared in the 

templates. 

In the XML approach, the input language is an XML file set. However, there is no 

restriction on what the output can be [20]. XSLT scripts can be written to process the XML 

documents conforming to the input language and generate output documents in various 

required forms. 

XML based code generators have at least the following phases [21]: 

• Parsing: The XSLT processor parses the input XML files. 

• Tree Building: The XSLT processor constructs a node/branch tree and provides 

access to the tree using XPATH. The processor should populate the tree. 

• Tree walking: This is done using XSLT's programmatic constructs and functions in 

combination with XPATH to apply and match the defined templates for the defined 

XML fragments. 

• Writing: XSLT text-related functions write the result to an output stream. 

Another technique is to use a XML schema (xsd) as an input instead of an XML instance. 

XML schemas have a complete ( "out of the box") defined set of attributes and properties 

that can be transformed (using XSLT) into common software definitions like: types, default 

values, boundaries, inheritance, etc. However an xsd file is also an XML file, so, these code 

generators are also XML-based code generators. 
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One of the most important advantages of XML GUI based generators is that many GUI 

technologies use XML-like documents (i.e. html, xhtml, wml, mxml, etc.), making the 

generation process a transforming process between documents of the same kind [22]. In 

addition, XML is a fully standardized language with many supporting libraries and tools. 

In the other hand, among the disadvantages of XML-based generators are 

• XSLT is not a complete programming language; there are transformations that 

cannot be done using only XSLT. 

• XSLT is a functional language with no side-effects. There are many 'habit 

adjustments that application programmers need to make before becoming 

comfortable with XSLT programming [20]. 

• The XSL documents created to generate non-XML documents can be difficult to 

read and understand, and hence to maintain. 

When the source of the input definition file is not XML, an additional step is required. That 

is, to create an XML file based on the definition file. This XML file is an intermediate 

representation of the input. 

2.5.4 Templates 

Template files are also input files for multi-tier/partial class code generators. When the 

output files are both complex and structured, template technologies become handy to 

separate the code definition logic (basically the information in the input definition file set) 
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and the code formatting structure. This means that the format of the output files is explicitly 

declared in the template. Templates are also an effective way to modularize and reuse 

common structures. 

In this research we selected the Java Emitter Template (JET) technology to generate both 

source and the UI code. We use template technology not only because Umple uses JET 

extensively in the generation process, but also, because JET is simple and easy to 

understand. 

JET is a component of the Eclipse Modeling Framework (EMF) project. The templates 

work using a subset of the Java Server Pages (JSP) syntax [23], where the code within 

"<%", "%>" tags is directly copied over to the resulting file, and code outside of these is 

passed as parameters to StringBuffer.append{...) operations. The templates files are 

compiled, resulting in an intermediate component, which is a Java class with a generate 

method. The generate method takes a parameter of type Object, to customize the generated 

files (or fragments). 

Other template technologies are ERb[24] and MASON[25]. 

2.6 Design Patterns 

Umple generates the domain objects, but our target is to generate a fully operative default 

user interface. To achieve this we have to fill some gaps to link the UI with the domain 

objects. In the following sections we are going to present an overview of three design 
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patterns used in UIGU to fill these gaps. 

2.6.1 Model View Controller 

MVC is a design concept that attempts to separate an application into three distinct parts: 

Model, View and Controller. The model is made up of application data and business rules, 

it is the core of application and controls data access and data update; the View is in charge 

of the expression of model content and it receives data from model (through the controller) 

and decides the data show form [26]. 

The logical separation of the application into these parts ensures that the Model layer is 

completely independent of how it is rendered. It is restricted to just represent the domain 

objects of the application and to implement the business logic. Likewise, the View layer is 

responsible to render (display) the data, and the implementation of the validation logic to 

ensure the coherence and integrity of the user input. The Controller directs the user to the 

views to be displayed and notifies the model layer of data changes and requests for 

retrieval. 

The MVC approach is largely based on an event-driven environment in which the user 

drives the flow of the application by using the interface [27]. 

In UIGU, the Model is represented by the domain objects and a persistence layer; the View 

and the Controller are responsibilities of each UI provider. The next section will discuss 

the pattern used in that persistence layer. Chapter 4 will talk about what UI providers are. 
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2.6.2 Data Access Object (DAO) 

In many software applications, domain objects have to persist (i.e. store) their data. 

However there are many different storage mechanisms like mainframe systems, 

Lightweight Directory Access Protocol (LDAP) repositories, relational databases, etc. Such 

disparate data sources offer challenges to the application and can potentially create a direct 

dependency between application code and data access code [28]. 

The DAO pattern provides a solution to avoid this dependency by the creation of a new 

layer (the DAO layer) to encapsulate all data access code. The DAO completely hides the 

data source implementation details from its clients. As a requirement, the DAO's public 

interface should not change when the underlying data source changes, in this way the DAO 

helps to adapt the application to different storage schemes without affecting upper layers 

and/or components. Essentially, the DAO acts as an adapter between the components and 

the data source. 

Another advantage of this approach is that the development of the application can be 

divided into more teams, which will, according to their expert knowledge, work on the data 

access objects or on the implementation of business processes in the business logic tier 

[29]. 

Figure 15 shows a common DAO design. 
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Figure 15. DAOpattern, class diagram 

The DAO pattern defines the following classes [29]: 

• Client, represents the component or layer, which requires access to the data source 

to select, update, delete and insert data 

• AbstractDAO : Interface to be implemented by the ConcreteDAO, this approach 

assures that the Client logic, referencing this interface type, will remain intact if the 

ConcreteDAO is replaced or modified. 

• ConcreteDAO - This class abstracts the underlying data access implementation for 

the Client. 

• DataSource - Represents a data source implementation (i.e. RDBMS, XML 

repository, CSV files, etc.) 

• ValueObject - Represents a transfer object used to decouple the Client from 

ConcreteDAO. 
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UIGU uses the DAO pattern to register the instances created by the user. The Concrete 

DAO implementations (FakeDAO) use a HashMap to keep the instances alive during a user 

session. Chapter 4 will talk about the DAO object generated by UIGU. 

The following section discusses how the flexibility of the DAO pattern can be increased by 

the adoption of the Abstract Factory pattern. 

2.6.3 Abstract Factory 

The access to one particular data source will generate a certain number of data access 

objects (DAOs); this group of objects can be considered as a "family" of objects. The 

abstract factory pattern allows the creation of each specific "family" of DAO objects by the 

implementation of a factory object. From the implementation point of view, the application 

should provide a different factory for each data source (i.e. OracleDAOFactory, 

XMLDAOFactory, etc.). This strategy defines the creation of an AbstractDAOFactory that 

can construct various types of concrete DAO factories, once the client instantiates the 

required DAOFactory, the client uses it to get the implemented DAOs for the defined data 

source. Figure 16 shows the DAO pattern using the AbstractFactory pattern. 

To allow the customization and extension of the generated prototype, UIGU generates a 

DAO+AbstractFactory layer, to allow the switch from the generated FakeDAO to a real 

persistent mechanism in a clear and simple way. 
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Figure 16. DAO + AbstractFactory, class diagram 

2.7 UI Frameworks 

One UIGU feature is the possibility to generate UI code for different UI technologies. For 

this purpose, UIGU introduces the concept of render providers. A render provider (UI 

provider) is a concrete UI generator for a target technology. As a proof of concept in this 

research we developed two render providers: a Java Server Faces provider and a JavaFX 

provider. Sections 2.7.1 and 2.7.2 are an overview of those technologies. Render providers 

are defined in detail in chapter 4. 
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2.7.1 Java Server Faces (JSF) 

Java Server Faces is a standard Java framework for building user interfaces for Web 

applications. Its key advantage is that it simplifies the development of the user interface, 

which is often one of the more difficult and tedious parts of Web application development 

[30]. 

Java Server Faces was designed to simplify the development of user interfaces for Java 

Web applications in the following ways: 

• It provides a component-centric and client-independent development approach to 

building Web user interfaces. 

• It simplifies the access and management of application data from the Web user 

interface. 

• It automatically manages the user interface state between multiple requests and 

multiple clients. 

To provide flexibility, JSF technology introduced the notion of render kits. A render kit 

defines how component (graphical control) classes map to component tags that are 

appropriate for a specific client [31]. The Java Server Faces implementation includes a 

standard HTML render kit for rendering to an html client. There are render kits for other 

technologies like xhtml, wml, svg, etc. 

Like any other web application, a JSF application is made by different pieces (or 

components), a JSF application should include: 
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• A set of web pages (jsp, html, wml, etc.). 

• A set of backing beans (or managed beans), components that define properties and 

functions for UI components on a web page. 

• A set offaces-config.xml files to define page navigation rules, configure the backing 

beans and configure other custom objects. 

• A web. xml (deployment descriptor). 

• Custom objects and custom tags. 

The backing beans life cycle is controlled by the JSF framework using the scope element in 

the respective Managed-Bean declaration. Table 3 shows the different scopes available 

[31]. 

Scope Description 
None These beans are not instantiated nor stored in the request, session, or 

application objects. Instead, they are instantiated on demand by another 
managed bean. Once created, they will persist as long as the calling bean 
stays alive because their scope will match the caliing bean's scope 

Request These beans are instantiated and stay available throughout a single HTTP 
request. This means that the bean can survive navigation to another page 
pro\ iding it was during the same HTTP request 

Session These beans will be stored for the HTTP session This means that the values 
in the managed bean will persist beyond a single HTTP request for a single 
user This means that the beans are izohm to be available during multiple 
requests. 

Application These beans retain their values throughout the lifetime of the application and 
are available to all users. 

Table 3. Backing Beans scope 

In order to handle the different tasks required to build and interact with a web application, 

the JSF architecture provides a rich set of UI components and a complete group of models 

to support those components. Table 4 shows the available JSF models. 
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•->del Descrintion 

Rendering model Defines how to render the components 
Event and listener model Demies now to nanaie component evems. 
Conversion model Defines bow to register data converters onto a. component. 
Validation niodeJ Defines how to register validators onto a component. _____ 

Table 4. JSF Models 

In UIGU, the JSF render provider is responsible for the generation of the xhtml pages, 

configuration files (web.xml and faces-config.xml), backing beans and other utility classes. 

Chapter 4 will discuss in depth UIGU's JSF render provider. 

2.7.2 JavaFX 

JavaFX is a rich client platform for building cross-device applications and content. 

Designed to enable easy creation and deployment of rich Internet applications (RIAs) with 

immersive media and content, the JavaFX platform ensures that RIAs look and behave 

consistently across diverse form factors and devices. JavaFX applications are not restricted 

to web browsers; in fact JavaFX also allows the creation of desktop applications. 

Java FX provides a complete set of UI components (called controls) to build GUI 

applications along with an event model and a data binding model. JavaFX applications are 

written in a Java-like language called JavaFX scripting language, the JavaFX API provides 

methods to interact with Java objects and Java also has APIs to interact with JavaFX 

components. 

We chose JavaFX to show how UIGU can generate a default UI for different UI 
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technologies, even though those UIs have to be generated in a different programming 

language. In Chapter 6 "Extending UIGU", we use the JavaFX render provider to discuss 

how to create new providers and how to extend them. 
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3 Research Questions 

This chapter is a formal statement of the research questions this thesis explores. 

3.1 From the model to the UI 

As mentioned in Chapter 1, if modelers can go from the model to a working prototype (or 

default UI), we believe they would be better able to understand the implications of their 

design decisions, to evaluate alternatives and to validate their designs. Prior to the 

development of Umple, changes in the model could not be instantly reflected in 

implemented code for the system. Umple filled that gap [4], however there was still another 

gap to fill: changes in the model were still not immediately visible in the UI, so modelers 

could not get instant feedback about the implications of modeling changes. The first 

research question we will therefore investigate is: 

RQ1: How can we bridge the gap between models and the UI? 

The criterion of success in answering this question would be that the generated UI follows 

the model definition correctly in terms of attributes, associations, multiplicity and 

modifiers. 
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3.2 The Umple abstract semantic graph as an input 

In this research, we are proposing the use of the Umple abstract semantic graph (where 

each node is an instance of the Umple metamodel) as an input to the code generator. 

Therefore, the second research question we will investigate is: 

RQ2: What are the advantages and disadvantages of generating UI code starting with the 
abstract semantic graph generated by the Umple compiler? 

3.3 Generation scope 

Like any other modeling tool, the information contained in an Umple system is limited. 

In order to create a meaningful user interface, generating a UI using only the model (and its 

metamodel), will create a boundary around what information can be determined, what can 

be assumed, and what information is missing. The third research question we will therefore 

investigate is: 

RQ3: What are the limits of automatic UI generation from models? 

3.4 Usefulness 

The generated code should be clean and adaptable to a real world application. We intend to 

improve the usefulness of the default UI by the integration of well-known design patterns 

and programming language practices with our generated artifacts. 

41 



RQ4: To what extent can generated default UI code be customized and extended? 

3.5 Multi-UI generation 

Since Umple is a family of languages [4] rather than a single language, creating a UI 

generator for Umple should involve the development of different UI generators for each 

technology, however, instead of programming multiple generators, we are going to explore: 

RQ5: How can a GUI generator generate UI code for different UI technologies? 
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4 The UIQU Generator 

UIGU is a template based multi-tier code generation software system referred to throughout 

this thesis. This software is an effort to provide a default user interface for a defined Umple 

model and therefore to fill the gap between the domain objects and the UI layer. 

After defining which were the operations that the generated UI should provide and the 

Umple subset that it should support; our next question to address was: What is the most 

suitable kind of generator to implement? The first version of UIGU was intended to be 

independent of the Umple language, and this early version made extensive use of reflection 

techniques over the Umple-generated Java classes. By the use of reflection, it was possible 

to discover some characteristics of the attributes and the associations, but many 

disadvantages were found: 

• The immutable property of attributes cannot be determined because Umple creates 

set methods for these attributes that simply return an error indicator. 

• Association multiplicities cannot be determined. Umple generate if conditions in the 

body of the add and remove methods, and these checks cannot be obtained by 

reflective calls. 

• There is no link between association roles. If two classes have two (or more) 

different associations between each other, it was not possible to determine which 

pair of variables represents each association. Figure 17 shows an example to 

illustrate this problem. Using only reflection, it is not possible to determine the ends 

43 



of each association. 

The Java compiler (v. 1.6) drops the parameter names. If a constructor takes two or 

more attributes as parameters and these attributes have the same type, is not possible 

to determine which parameter represents each attribute. 

c l a s s School{ 
* job — * Person professors; 
* school — * Person students; 

} 

class Personf} 

public class- School { 
private List<Person> professorss; 
private Llst<Person> studentss; 

public class Person 

private School job; 
private School school; 

Figure 17. The Association problem. Umple code (left), Java generated code (right) 

Some of the problems listed above can be overcome if the designer employs better design 

approaches, but our UI generator should be capable of generating more than just well-made 

designs. Adding additional information in the form of Java annotations could help the 

reflective generator to create the UI, but this involves the modification of the Umple 

language. However, our target is to create a generator that fits Umple and not to fit Umple 

into a generation approach. 

Since Umple does all the compilation steps (parsing, building the abstract syntax tree, 

populating the abstract semantic graph, etc.), the implementation of a compiler was 

redundant. Figure 18 shows the points in which the generation process takes place. Having 

the Umple model and its abstract semantic graph (Umple metamodel class instances) as 
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inputs, the adoption of the multi-tier generation model to develop a more complete 

generator was found to be appropriate for the following reasons: 

• Regarding the input: 

o The ASG can only be inspected when the Umple compiler is running. When 

the Umple compilation process is completed, the ASG of a specific model 

does not exist anymore. The use of XML/XSL approaches implied the 

creation of an intermediate representation of the metamodel to apply the 

transformations. 

o The Umple code generator is a template-based generator. UIGU, as an 

Umple tool, had to follow the Umple generation approach. 

• Regarding the requirements: 

o The UI layer is a complete tier. Hence, partial class generators are not 

suitable. 

o The outputs (GUI and other support objects) are based on the inputs, but 

they are not an expanded version of them, so inline and mixed code 

generators cannot be used. 

o The generator had to be flexible enough to generate UI code for different UI 

frameworks. Since code mungers are tied with the desired output, to create a 

different output is necessary to develop a different munger. 

To keep the separation between the domain objects and UIGU's generated objects, the 

result of the generation process is a complete MVC application with Umple domain objects 

and a generated Data Access Object (DAO) set as model. This generated application 
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provides a set of CRUD operations for each class defined in the model. In Section 4.3.5 we 

will discuss the architecture of the generated application. 

. .Try 2 

?-, 

Try1 

Figure 18. UIGU inputs. Try 1: Umple generated Java classes. Try 2: Instances of the 
Umple metamodel (Abstract semantic graph) 

A key concept introduced by UIGU is a fragment. A fragment is a portion of specific UI 

code that can render a UI component or set of components that represent either an attribute 

or an association for a defined CRUD operation or step, e.g. for one String immutable 

attribute. The create fragment can be a label with the attribute name and a textbox to 

receive the value from the user input, and the edit (update) fragment can be just two labels, 

(because of the immutable modifier) one with the attribute name and the other with its 

value. Section 4.1.2 explains the defined fragments and their applicability. 

4.1 UIGU key concepts 

This section describes the concepts required to understand the UIGU solution. In Section 

2.2.1 we discussed each CRUD operation. From an implementation point of view some of 
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these operations can be divided into several intermediate steps. 

4.1.1 CRUD intermediate steps 

In a GUI application, each crud operation can be divided into several steps as follows: 

• Create: 

o Pre-construction: Some of the values gathered from the user input have to 

be processed/transformed into the types and formats expected by the 

constructor of the class to be instantiated. For instance, a String variable 

used to represent a date has to be converted into either a Date object or 

Timestamp object. 

o Key construction: The key declared fields in the models have to be used to 

check the uniqueness of the new object. 

o Construction: Both the formatted values and the keys are passed as 

parameters to the construction mechanism (i.e. a constructor, an SQL insert 

statement, a DAO create method, etc). 

• Read: 

o Key construction: key fields are used to create the required Key to retrieve 

the data. 

o Prepare for edit or view: The data retrieved from the model have to be 

formatted and converted into a user understandable format, (e.g.. a 

timestamp into a date) 

• Update: 

o Copy: The modified values gathered from the user input have to be assigned 

to the fields of the instance under modification. This copy also implies data 

transformation. 

o Save: The instance with the new values is saved. 

• Delete: 

o Key construction: key fields are used to create the required key to invoke 
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the delete operation (i.e. a SQL delete statement, an ejbRemove, etc.) 

o Delete: The actual deletion (logical or physical) of the instance. 

4.1.2 Fragments 

As we introduced before, a fragment is a portion of UI code. Since the generated 

application follows the MVC pattern, the fragments can be classified in two categories: 

• View fragments 

• Controller fragments 

A view fragment represents the code that renders a graphical component (i.e. checkboxes, 

calendars, textboxes, etc.) to the final user and its link (binding) with the related attribute or 

association in the model. The generated graphical UI components have to follow either the 

declared modifiers of the related attribute, or the navigability and multiplicity in the case of 

an association. 

A controller fragment represents the code necessary to communicate the graphical 

components with the model layer in both ways: from the GUI to the model and from the 

model to the GUI. 

4.1.3 Generation Unit 

A generation unit is the definition of an artifact to be generated as the result of the 

integration of different fragments and templates into a single file. Each artifact (html page, 

xml descriptor, ess style sheet, Java class, etc.) is defined in a generation unit. Different 

generation units can share common fragments. 
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4.1.4 GUI properties 

These properties are a set of constants defined to be used in the generation process. Some 

of them are used for the generator itself (i.e. the output folder) and others are used by the 

generation units (i.e. name suffixes, package prefixes, etc.). 

4.1.5 Support files 

Support files are the files required for the generated application to run properly, but are not 

generated by Umple or UIGU. These include images, libraries, etc. 

4.1.6 Umple Project 

The ensemble of the Umple model, the GUI properties, the generation units and support 

files conforms to an Umple model. This means that the objective of the UIGU generator is 

the creation of the artifacts defined by an Umple model. 

4.2 UIGU design aspects 

In Chapter 3 we formulated the research question: How can a GUI generator generate UI 

code for different UI technologies? Most of the design decisions made in UIGU's 

implementation were adopted to provide such flexibility. To understand UIGU's 

architecture, it is crucial to mention that a programming language usually has more than 

one UI framework, even for the same GUI technology. For instance, Java Enterprise 

Edition (JEE) provides UI technologies like the Servlet/JSP technology, but for this single 

technology there are many UI frameworks, i.e. Struts, Tapestry and Expresso; all of them 

are Java web frameworks and moreover, they are an implementation of the MVC pattern. 
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Each framework has its own libraries, configuration files, controller objects and even its 

own html (or xml) tags. This makes most of its source files completely different and not 

interchangeable. For PHP, many UI frameworks are also available, i.e. CakePHP, 

Codelgniter and Zend; like in Java's case, they are MVC frameworks, and each one has its 

own set of objects, configuration files, tags, etc. 

Since each programming language has more than one UI technology and each UI 

technology has many UI frameworks, it was decided that the UI Generator had to split the 

generation responsibilities into three different levels. 

The upper level should take care of all common tasks between different programming 

languages: 

• Read both the Umple model and its metamodel. 

• Provide a mechanism to locate and instantiate the code fragments (but not the 

fragments themselves). 

• Create and initialize the backing objects that are going to be used by the Generation 

Units to generate the required files. 

• Take care of all file system related activities (read files, write files, create folders, 

etc). 

• Provide all the functionality required to configure and use the generator. 

• Provide a set of interfaces to be implemented by the lower levels. 

The middle level is in charge of the common tasks between different UI technologies for a 
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given programming language: 

• Provide a mechanism for registering and tracking (persistence) the objects created 

by the user. 

• Provide default implementation classes for the interfaces declared in the upper level. 

Each class has to contain common code and routines in order to be extended by 

classes in the lower level. 

The lower level has to provide the UI fragments for a specific UI framework and a specific 

programming language: 

• Provide all the fragments required by the generation units. 

• Provide the configuration files required by the target framework. 

• Extend the default implementation provided by the middle level to add specific 

methods and utilities. 

UIGU, like Umple, uses JET technology to create the required templates for both the 

generation units (which are templates that consume other templates) and the fragments. 

The following section will provide an example to show how UIGU implements these three 

levels. This example uses a concrete UIGU implementation of a Java Server Faces UI 

generator for the Java programming language. 
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4.3 UIGUArchitecture 

In UIGU the levels described in the previous section are named (from top to bottom): 

Model, Generator and Provider. Figure 19 shows UIGU's high-level architecture. 

4.3.1 GUlModel 

This component is responsible for the creation of the Umple Project, which is the final 

result of the generation process. Figure 20 shows the GUlModel's class diagram. 

GUlModel's classes and interfaces were designed to perform all upper layer tasks defined 

in Section 4.2. This component encloses the common functionality and services required to 

generate GUIs regardless of both the target programming language and the target UI 

framework. Also the GUlModel declares the interfaces to be implemented by the Generator 

and the Providers to integrate both specific language and specific UI framework artifacts. 

In the following subsections we are going to present the key classes and interfaces of the 

GUlModel component. 

GUiModel 

GUIGenerator 

Figure 19. UIGU high level architecture 
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4.3.1.1 IGenerator 

The IGenerator interface only declares the generate (...) method. This method takes an 

Object as argument and returns a String object with the generated code. All fragment 

classes have to implement this interface. Details about how JET-generated classes can 

implement an interface will be discussed in Section 4.3.3.1. 

4.3.1.2 UlProvider 

In Section 4.1.2 we classified the fragments into two main categories: view and controller. 

The cruise, ui. interfaces. UlProvider interface declares the required methods to be 

implemented by a concrete UlProvider in order to return the appropriate fragments. Tables 

Table 5 and Table 6 show the different declared methods and their purposes, for the 

controller and view fragments respectively. 

Method 

getSetFragment 

getGetFragment 

Puroose 

letBeciaraiion Fragment 

getAsignationFragment 

getCopyFragment 

get PreCorotructorFragment 

getReverseCopy Fragment 

Returns the attribute set method. 

Returns the attribute get method. 

Returns the code required to declare the attribute as 
an instance variable. 

Returns the code required to assign a variable's value 
to the attribute. 

Returns the code required to copy the value from an 
attribute to the current attribute. 

Any code (usually transformations) required before 
the creation of the instance that owns the attribute. 

Returns the code required to assign the attribute value 
to a variable. 

Table 5. UlProvider's methods for controller fragments 
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Method Purpose 

Returns the UI code required to draw the attribute's 
linked UI component for the create operation. 

Returns the UI code required to draw the attribute's 
linked UI component for the edit operation. 

Returns the UI code required to present the 
attribute's value as a column in a grid. 

Returns the UI code required to configure the 
header of the attribute's column in a grid. 

Table 6. UlProvider's methods for view fragments 

Ail methods described above return an IGenerator object and take two arguments: an 

AttributeVariable, and a String varargs. The AttributeVariable object was briefly introduced 

in Section 2.3. The varargs argument is used to pass parameters to the declared fragment. 

The parameter replacement is done by the cruise. model.ParamaterManager utility class. To 

do so each parameter in the template has to follow the signature #n# where n is the number 

of the parameter to be replaced by the nth value in the varargs. 

The getClassMapO method is provided to return a HashMap with all declared classes in 

the Umple model. Using this method, it is possible to obtain all associations and attributes 

declared in an Umple class having its name (type). 

4.3.1.3 UmpleProjectWriter 

The cruise.writer. UmpleProjectWriter class provides the functionality to read the Umple 

model and to write the generated Umple Project. UIGU has to be configured with an xml 

file created following the xml schema (xsd) declared by the file UmpleProject.xsd (Please 

getGUICreateFragment 

getGU lEdit F r agm ent 

getGU fGridFragment 

getGUTGridHeaderFragment 
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refer to Appendix II). 

The configuration file (referred in this section as UmpleProject.xml) contains sections 

(tags) to configure the three components required to generate the UI application for a 

specific framework. This implies that UIGU generators for either different languages or 

different UI frameworks should have their own configuration files. 

The following is an explanation of the structure of the UmpleProject.xml file: 

• UmpleProject tag: This is the UmpleProject xmVs root tag, and it is the parent of the 

Properties, GenerationUnits and Files sections. Table 7 describes UmpleProject 

tag's attributes. 

Purpose 

The name of the generated application. 

The provider to be used to render the GUI. i.e the value 
cmise.jsf.factoryJSFFaciory. indicates that the Model will use the 
JSFProvider, 

The absolute path of the folder where afl generated files have to be 
created and all declared files have to be copied. 

The absolute path of the Umple model file. 

Table 7. UmpleProject tag 

• Properties: In this section, all configurable options have to be declared in a Property 

tag. Some of these options are exclusively for the Model, Generator or Provider 

components, while others can be shared across all of them. For instance, if the 

UmpleFolder property is declared , the GUlModel will copy the generated Umple 

classes to the declared folder relative to OutputFolder. Table 8 shows the Property 
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tag's attributes. The properties are accessible from all components. 

Attribute Purpose 
Name Property name 

i y ° e „ _ J!r?P£Ii3Li;a'Lie _ __ 
Table 8. Property tag 

• GenerationUnits: In this section, all generation units have to be specified. Note that 

both the Generator and the Provider can create GenerationUnits, but from the 

Model point of view there is no difference in the generation process (for more 

details about the generation process, see Section 4.3.4). Table 9 shows the attributes 

of the GenerationUnit tag. It is important to highlight the ParameterType attribute. 

This attribute indicates what kind of argument is expected by the declared template 

to generate the output. Table 10 describes the values accepted by this attribute. 
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Attribute Purpose Accepted values 

TempIateClass 

TemplatePackage 

ParameterType 

PackagePrefflx 

ClmsSuffix 

OufputName 

OutputExtension 

OutpntSubF older 

AddOassNameToRoute 

The class name of the template to be 
instantiated to generate the output. 

Template Package of the declared 
template class 

The kind of argument required by 
the declared TempIateClass 

The package definition of the 
generated file(s). This package is 
translated to a folder hierarchy, 

A suffix to be concatenate to the 
generated filet's} 

N ame of the generated file. This 
attribute is ignored if the 
ParameterType is set to 
NORMAL/CXASS_BY_CLASS 

or 
SINGLETON (1 \NS BY f i . \SS 

The extension of the gcneiated 
ftle(s) 

Indicates a subfoider relative to the 
output folder to place the generated 
files. If Package Pre (fix is declared, 
the folder hierarchy is created inside 
the indicated subfoider 

Indicates if a folder with the class 
name has to be added at the end of 
the folder hierarchy declared in 
PackagePrefflx 

Any IGenerator concrete 
class 

It must use the dot (.) notation 
(i.e. cuise.template.jsf) 

NORMAL CLASS BY CLASS 

StNGLF.TON CL\SS BY CLASS 

ALLCLASSFS 

\'ORV1AL_CL.ASSFS 

S!\GLETO\__(.'L \SSF^ 

NONF 

It must use the dot (.} notation 

(i.e. web.pages. Airline) 

Any valid class and file name 
(spaces, special characters. 
slashes, etc are not allowed) 

Any valid class and file name 

Anv valid extension 

Any valid folder name 

YES/NO 

Table 9. GenerationUnit xml tag 
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ParameterType Purpose 

NORMAL CLASS BY CLASS 

SINGLETON CLASS BY CLASS 

ALL CLASSES 

NORMAL CLASSES 

SINGLETON CLASSES 

It passes a null value to the declared 
TemplateClass. The output is just one file 
with the package, name and extension 
declared in the related attributes. 

It passes all non singleton Umple classes to 
the declared TemplateClass m a one-by-one 
fashion. The output is as many files as non-
singleton classes are declared in the Umple 
model. Each file has the package and 
extension declared in the related attributes, 
and its name is the class name concatenated 
with the declared ClassSuffix, 

it passes ail singieton Umple classes to the 
declared IcmpLueChtss in a one-by-one 
fashion. The output is as many tiles as 
singleton classes are declared m the - nv l̂e 
model. Each file has the package and 
extension declared in the related attributes, 
and its name is the class name concatenated 
with the declared ('ia^Snffix. 

It passes a List th all classes declared h. ,viaiv»a 
the Umple model to the declared 
TemplateClass, the output is just one file 
with the package, name and extension 
declared in the related attributes. 

it passes a hist ui«h all not? singleton classes 
declared in the Lmple model to the declared 
letiiphilei K/.VN. the uiltput is just one Hie 
with the package, name and extension 
declared in the related attributes. 

It passes a List with ail non-singleton 
classes declared in the Umple model to the 
declared TemplateClass. The output is just 
one file with the package, name and 
extension declared in the related attributes. 

Table 10. ParameterType's accepted values 

Files: All files and directories to be copied inside the output folder must be declared 

in this section; files are copied with no transformations. This section supports the 
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use of two different child tags: Directory and File. Directory copies the contents of 

the specified directory, and File copies only the declared file. Tables Table 11 and 

Table 12 show their respective attributes. 

Attribute _ jfejHp.P.ljff.. 
InputFolder The absolute path of the folder to be copied-
OutputFolder The destination folder, relative to the UmpleProjecfs OutputFolder 

attribute. _ _ _ , ___. , . 

Table 11. Directory tag 

Attribute Purpose 
InputFoJder The absolute path of the folder containing the file to be copied 
OutputFolder The destination folder, relative to the UmpleProject's OvtputFolder 

attribute. 
Name Name of the file to be copied. 

Table 12. File tag 

UmpleProjetWriter uses JAXB [33] (Java Architecture for XML binding) classes to read 

the UmpleProject.xml file. Those classes are: ObjectFactory, UmpleProject, 

GenerationUnits, GenerationUnit Properties, Property, Files, File and Directory. These 

classes are declared in the cruise.jaxb package. 

The method generateUmpleProjectf...) takes an UIGenerator as parameter to generate all 

output files following the configuration and properties specified in the UmpleProject.xml 

4.3.1.4 UIGenerator 

The main purpose of this interface is to provide methods to access the declared classes in 

the Umple model. These classes are divided into two categories: normal and singleton. The 
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concrete UIGenerator should implement this interface and declare the methods to obtain all 

classes, all singleton classes and all normal classes (getAHClassesf), getSingletonsQ and 

getClassesQ , respectively). 

This interface also declares methods to get the Properties defined in the UmpleProject.xml 

(getPropertiesQ), and a reference to the UlProvider. 

4.3.1.5 FragmentResoIver and GUIFragmentResoIver 

These (Resolver) classes were implemented to resolve the fragments required by an 

attribute for the complete set of CRUD steps given the attribute's type and modifier. To do 

so, they require a Map parameter in their respective constructors. The Map parameter 

contains AttributeFragmentProvider objects for FragmentResoIver and 

GUIFragmentProvider objects for GUIFragmentResoIver. AttributeFragmentProvider and 

GUIFragmentProvider are wrapper classes with the appropriate get methods to retrieve the 

fragments (i.e. getCopyFragment{...), getCreateFragment{...)). In order to generate the 

code fragment, these get methods take an AttributeVariable as a parameter to pass it on to 

JET generated (template) classes. 

To generate the required Map parameter for the Resolver classes, UIGU provides Loader 

classes. FragmentLoader and GUIFragmentLoader classes read xml descriptor files with 

the fragment configuration. 

The creation of two fragment configuration xml files is the responsibility of the concrete 

UlProvider, one for controller fragments and the other for view fragments. 
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Figure 21 shows an example of the xml configuration for controller fragments. 

fragment5etPck:g= " c r u i s e , ui .jsf. t e m p l a t e s , iis.pl. fragment. set" 
frag^tientGetPcJtg™ " c r u i s e , ni.jsf. t e m p l a t e s , impl . fragment, get" 
fr&gmeriZtiecla.xa.ZiOT.'Pc-kg'*''cruise, ni.jsf. templates, imp! . fragment.declaration" 
fragment AsignatianPOcg3* " c r u i s e , ul. jsf. templates. impl. fragment. as ignaticr." 
£ragmentCopyPcjcg"aB"£:roise. ti± . jsf. templates. impl. fragment. copy" 
fracrterxRever^eCapyPckg-* " c r u i s e , ui .jsf. templates. impl. fragment. copy" 
f ragrrLentPreCoiistructarPckg53 " - r a i s s . ui .jsf. templates. x s p l . riragnienfc.preCc'nstr a c t o r " 

:" :.;:.•,•-.;.• ffia3ifier=''imG2L2t(3£le" cvpe"*"'String" 
£ r a g m e n t S e t t e r " " S e t t e a b i e S t r i n g S e t " 
£ ragitient:Gecter' ,*"Setteaiiie5tringG1et" 
fxa5ffientt>$ciarat-iQTla, " S e t t e a b I eSt r ingBe t i a r a t i o n " 
f za.gmer-th3XQtiAX:lorJB,'SetteahleStringAsign.ation" * 

••-.-••-.- - modifier*0"key" type*="String" 
f r ragmentSet ter ' 3"£ 'e t te5i?Ie5 ' t r i J ig i 'e t" 
f r agmen tGe t t e r - "Se t t ea f c l eS t r i ngGe t " 
fragmen.tDecla-ratior , .e ,"£etteab2eStringI>ec2arafcion" 
SxagmcfT;trt3xgj^at.i6t'-tt"3etteabieSt2'-2ngAs'ignat-ion" 

Figure 21. Example of the xml configurator for controller fragments 

As can be seen in Figure 21 the FragmentProvider tag provides attributes to specify the 

packages where each template class is located (fragmentSetPckg,fragmentCopyPckg, etc.). 

The Fragment tag declares the Fragment (template) classes for each pair of modifier and 

type attributes. It is important to mention that if a fragment is not declared in this tag (i.e. 

fragmentReverseCopy), the AttributeFragmentProvider class will return an empty String 

when the respective get method is invoked. Also the fragment tag supports the use of 

wildcards (*) in the type and modifier attributes. If a fragment cannot be located by the 

Resolver using its type and modifier, the Resolver will try to retrieve it looking for wildcard 

declared fragments, giving the modifier attribute precedence over the type attribute. Figure 

22 shows an example of the xml configuration for view fragments. 

• '.:' fxa«31sefiCfcltcr="cruise, ui.jsf, templates, impl. fragment. GUI": 
Eiodifier-"immutable" type""String" fzagf&e?>tCzeate-"SetteableStzingCreate" 

fragtier,tEdit""lEmatabIeE<±:LtStririg" fxagm£~^Giiii="GridSetteabIe5trirjg" • 
EU3difier-"icey" type*1 "Str ing" fra<jEeritCzeate="Settea&IeSiringCreate" 

fragEencEdif'TamutaijleEditStriug-" fragmencSrid="SridSettsable5trxrjff" 
modifier *"defaal ted" type ""St r ing" fragment Create" "DefauitedStrineCreate" 

f r a g K e n t E d i t " " I ? e f " a a I t e d 5 t r i n g E d i f c " f ragnseritGrid""SrxdSette<2bl.eSfcring" "" 
modifier™"*" type3" "Str ing" fragment Create* "Set tea&ieStringCreate" 

f r ag l i i f i n tEd i t - " 'Se t t e3b i f fS t r i ng" f r a g m e n t G r i d « " G r i d S e t t e a l 3 l e S t r a n g " . 
i 

Figure 22. Example of the xml configurator for view fragments 
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4.3.1.6 BackingObject 

The BackingObject encloses the data required to generate a complete CRUD for a specific 

class declared in the Umple model. It also inspects the respective UmpleClass object, the 

related UmpleVariable and AssociationVariable objects and other Umple objects to gather 

the information required to generate both, the view and the controller objects. This class 

also provides some utility methods to determine if an attribute is a key (isKeyQ), if the 

class has a parent class QiasParentQ), and other methods to get the fragment provider, to 

get the related DAO table, etc. BackingObject is the transfer object used by different XJIGU 

objects; BackingObject's methods like getClassesQ, getSingletonsQ, getAUClassesQ, etc. in 

UIGenerator return Collections of BackingObject instances. Also the getClassMapQ 

method in UlProvider is a Map with class names as keys and BackingObject instances as 

values. Table 13 shows BackingObject % most important methods and their purposes. 
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M e t h o d 

ge t KrysAt t r iVwi t e s 

i s K e j 

gerOlass.N' a m e 

g e f l m p o r t s 

getPackageyame 

g e t C o n s t r u c t o r S i a n a t u r e 

g e t A t t V a r i a b l e s 

g e t F r a g n i e r r t P r o v i d e r 

g e t D A O T a b i e 

g r t . M a n y T o O n c A s i o c f e r t f o n s 

g e t C o n s f r a t ' t o r O t i c - A s o c i a f i o n s 

go t X e r o O r O n e Assoc ia t ions 

a e l Z v n > \ I a i r » I t i O p t w t n a ! i s s o c i a t i f j n s 

s e t N A f a m T'>< ' i r t i o n a t A s - i O c f a t i o n s 

S«'tM:iit<l:i t u n ' l i i s i n s l r t i t n A s s o c i a t i o n s 

geif>pli'>>iai I ' l 'MiJt j I t ie i i V-» '<ciat ions 

g e t V I a m ' T o O n r S i n g t c t o n A s s o r i a t i o n s t 

Argamcnts 
_ . . , , — _ „ , , _ . _ 

Attribute Variable 

Kt-turn 

List ^AYftibirtcVariaW 

boolean 

Siring 
List- String'-' 

String 

Siring 

I . i s t < A t t r i h u t e Var i ab l e -

U P u m d e r 

Strii ts, 

I ' i < . r<-fFT̂  t f iff*. 

I ' K ) t ' on»a '> <b' 

T <- r t i n"̂  i t t i n . 

' i - . ii> ! <r j b V 

r • • . . -i n> <->«.'t 

/ «*-t \. v « . , a t t o n \ l r u b l c 

I_,ist*-Association Miriabfe. 

P u r p o s e 

Kt-Uvrns <> • <A 1he aTtni~>ales m i l k e d vs 

I ' f . i i i i i f K " t ^ ,* ia>i>i] . ' i n , ! ! i n 
! J " b H U M k C i.'i 'i->l t 'K v'."-s )r<i 

1 i t o t ' i^r * ] -~ 

R e t i n s t V t.la-.s nm t 

. . d . ' t n s a i! ,1 pe,Hl„rKfw<- r„t',m,.>d I ->r 

•« J i 
Rt i i f rn - t/it. i h s s p j<i - ! . ;e (c i , i i . t l t< Ibc 

dts.iar>.d r j m e s p a i . e > 

' ^ U i ' n f i i^ ^ o t ^ ' a t ^ o f M . n int.* 1 >*-,1!>? 

ro»p;>.'i%v. 1 -Ti l - ' \ r a i t . i i d o . m t " 

ob [ t , ' i 

R e t u r n s .ill d e t l t - c J attt ibures m the 

' m j . l t ' H w d e t H i t i i n t h e l e ^ 

^ i t u r - u i i t t . - t n . - !<• t ' , v T IPs I 4 , T 

' s t t o d a c r u i r . < M J I 0 VO f . ind ies t l u 

••LipcUive f *npie ^ i k i ' e d d m a m 

, . b K U 

^efffrf't " ' - I m U s r^r t V r % h1 m f H i ' 
! t s s t s H It , >, 1 

Return- , t l u •>—1 W i v a t t ' i ' i s t ^ m r n u l 

u u ^ s e V ' I J K i- a n \ < a n d m u l t i p h u n 

V i n ^ ' i i . • » t \ ^ w>m>n>t> 

n K f a l _' - .. < I ' - r . i- . m % tWt 

m u l t i p i i u f i 

R . t i r r s t b i i> <•* '• m a n J l l v <"> 1 

• n \ v -^ ' i tu -vA* 1 > n o r m a l - l d - ^ 

rtlitis. \ i' n \ ubd t n u l l i p b t i t i a n d 

m 1 

^ a u - r K ' K > t ' i i*i - r i d " , . ' f 

ii n i» - J t io ' i ti> H j m i l ^ i j — ^ . 

> ' \ u \ ts v •• il'i1 ' i i» ' t *ibt>t in i 

and ii ) 

R e m n i s t h . . s —1 issot i i t ron-s t ' ! -

s i p y l i t o n t f a ^ s t s w l n ' i e \ is >!>>- »al id 

.pul t i i K i t 1 . 

• " ^ n ' - n s ' h t ' ' . ' i " ( l | ' k " 1 -

i ^ i t i i i ' i -, u ^ n : t%.i[ J i ^ 

1 » \ >, !•> m * d i d n u l t i p l i ^ i i " i i 

" • J 

R e t u r n s ; n e v - ! V . o i u l n v t s t t i 

- . ln^t t t rm t t i s v> n b . H * • >s >m >. Hid 

IWllt.Pi t H 

Table 13. BackingObject's important methods 

BackingObject has only one public constructor which takes an UmpleClass as parameter. At 

construction time, BackingObject resolves the attributes and associations inherited from 

parent classes, and classifies all associations following the rules listed in Table 14. 
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Criteria Returned Bv 

Classes that require an instance of the gelManyloOneAssociations 
current objet to be constructed getMany'IbOneSingletonAssociations 
The current object requires (mandatory) an getConstructorOneAsociations 
instance of the associated object at getMcmdatoiyToSingletonAssociatiom 
construction time 
The current object can be linked (optionally) getZeroOrOneAsociations 
to an instance of the associated object at getOptionalToSingletonAssociations 
construction time 
Optional multiple associations not linked in geiZeroManyToOpHonalAssociations 
the constructor 
Optional multiple associations linked in the getNh'hmyToOptionalAssociations 
constructor^^ 

Table 14. Association classification 

4.3.1.7 Other classes and interfaces 

GUIModel contains several utility classes, some of them were created to modularize the 

code and other ones just to join repetitive tasks. In the first group, it is important to mention 

the AssociationResolver class which is used by BackingObject to classify the associations; 

in the second group, the ClassWriter class provides several methods related with files and 

directories operations (copy, write, delete, etc.). 

GeneratorException is a RuntimeException thrown if something goes wrong in the 

generation process. 

4.3.2 GUIGenerator 

In Section 4.2, we split the generation responsibilities into three levels. Having GUIModel 

as the upper layer, and GUIGenerator in charge of middle layer responsibilities. While 

GUIModel gathers common functions for different programming languages and UI 
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Frameworks, GUIGenerator joins common tasks for a specific programming language. 

This means that in order to create a Complete GUIGenerator for a different programming 

language, a new GUIGenerator has to be written, but it has to implement the interfaces 

declared in GUIModel. To recap GUIGenerator'% two main tasks are: 

• Provide default implementation classes for the interfaces declared in the upper level. 

Each class has to contain common code and routines in order to be extended by 

classes in the lower level. 

• Provide a mechanism for registering and tracking (persistence) the objects created 

by the user. 

We develop a GUIGenerator for the Java programming language (from now on referred 

simply as GUIGenerator). Figure 23 shows GUIGenerator'% class diagram. 

For the first task, GUIGenerator provides the AbstractProvider and the 

AbstractUIGenerator classes. These classes implement the GUIModel's UlProvider and 

UIGenerator interfaces respectively. 

AbstractUIGenerator implements the UIGenerator interface. AbstractUIGenerator 

classifies the classes declared in the Umple model into the three main categories: 

singeltons, classes (normal) and allClasses (singletons + normal). 

The AbstractProvider class uses the Resolver classes declared in GUIModel to provide 

implementation to all get fragment related methods. This class declares references to the 

66 



UIGenerator's classes classifications (allClasses, classes, singletons) and the ClassMap. It 

also has a reference to the Properties declared in the UmpleProject.xml. 

O U I P r o w d e r 
duise.tijrtertaoes 

«s»JavaCtass» 

erase .genentor 

ffiftiafizedJGener^of): void 
AbstraclProvider(String .String) 
getSr tFragr^(At t rU i teV* i?^^r ing [ ] ) : String 
getGetfragmentj;AttributeVaried .String©: String 
getDedarationFragrriH^AttrfcuteVariaWe^trff«Ji): String 
grtAsignati<^r6Qrriert(AttributeVana»,String[]): String 
grtCq^Fr«M)fTwnt(Aib*JuteVarioWeiaitwtfI); Stmg 
gB^reCor^i^orFra^TiertCAttr*uteVwfabte t9rin^]): String 
gdtF?everseCq3yFragrrwr^Ath*i«eVartabie,Strin^J); String 
getc^JO^fteFraginert(Atn*uteVariaWE3nng(D: String 
getGUEdaFr^re^AaitiuteVariaWe^lrffigtl); String 
getGUIGrkFragment(Atti*iieVQriQWe,StringQ): String 
ge^GUGricHeaderFragmef^AttfibuleVariabte.Stririgt]): String 
getAKlassesO: LM<Baclar#Ofc!Ject> 
getSngtetonsQ: List«Backin^)t(ject> 
getCtassesQ List<BackingOtoject* 
getClassMapO: Map<String£actangOfoject* 
getValidatforfTOviderO: VgtfdationProvider 
setVaiidatlorProviderrvaft3alionProTTcter^ void 
islritiafizedO: boolean 

«Java Ctsss» 
. UmptePrajecMfri ter 

crtjfee.writff 

+umpteF¥ojeclVttiter lfl.,1 

«Java Oass» 
„ , , FragmeotResoter 

t^gtnertResolver J ailistmM 

+va*dattonprovWer\ 0.. 1 

F 

« ) a v a Wert a c e » 
OUGenerator 
ciuise .ui jmerbEcs 

*«Java Osssu* 

«rwse.genef3tor 

infiaSzeCUmpteSystem): void 
getAKCtaasesOT Usl<BacfcingOfaject> 
getSSngletorisa Ust<BadcngGb}ect> 
getCtossesO" U3t*BttddngObject> 
gpKlaasMapO:Map<Str^^aclting(*ject> 
i^nliaBzedO: booted 
getProperbesO: Properties 
setProperties<Praperties); void 

-feiFr 

«Java C b s s » 
GIBFragmenfftesolwcf 

cruise jnodd.GUI 

««Java Ctass>» 
; UFacfory 

cruise factory 
srtstancaCSfrJnqfr UFactory 
. getUIGeneratorO: UfGeaeratar 

<*JavaCtass» 
, Genefator 

getPropertiesO: Properties 
setoopertiesCProperttes): void 
Generator(Sfrr>g) 

v generateQ vcid 

% 

«Jova intertaee» 
VaHdatiwiProwier)0 
cruise .ui-taerbces 

«Java Oass^* 
: AbstmcJVafHationProvider 

cnise .generator 

generateVc^ctetionCodeCAssodaticnVariable): String 
getV8iJd*mCodQ(Associ^oriVsiriable): String 

*<Java Class*» 
IflGU 

cruise .generatcr 

-1 rttainfStrinJp: void 

Figure 23. GUIGenercttor's class diagram 

A Concrete UlProvider should extend these abstract classes to add methods and utilities for 

a specific UI framework. 

GUIGenerator implements a factory pattern (through UIFactory) to be able to instantiate 

different Concrete JJIProviders. The implemented layer is based on the Generic Data 

Access Objects strategy proposed by Hibernate [32]. Figure 24 shows the generated DAO 

layer for a specific Umple model (see Appendix III, Example 1). 
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For the second task, GUIGenerator provides a set of templates to create (using 

UmpleProject.xml) a complete DAO layer, following the DAO+AbstractFactory approach. 

Vv&mzz&zoiz ea i icac i s r . . 

i & r i a y sagxt 

KAEsfcag.EaS.ft ^ . ' i ^ A T . ; 

«JavaClass» 
.Session 

3 ScssionQ 
3 destrovQ: void 
s oeftnstanccfo Session 

gdObjecfl%postary():<^ectRcpDSftwy 

-session to 
"°^>. 
0..1 

•*Jeet* Gas$» 
ObjecttteposRay 

*»j»ss*n 
a map: HashMS¥xCtess,Map> 

ObjedReposaoryO 
gelMapO: HashMap^Oass,Map? 
getTsUeCOass): Map 

• save<Cla»1Otojecl)attfetf): vow 
dete(e<aass .Object): void 

«Java interlaces* 
OScnooDAO 

' SchooKey(String) 
equateCObject): bootesn 
hashCodeO: irt 

OenericFakeDAOO 
getPersistertCtassO Class^T* 
fintEyMCPKH 
findAK): Ust«T> 
fincMUKOass): IM«T* 
findBytnstance(T} LisKT* 
save(TPKJ:T 
delete(PK): voW 

PersonKey(nteger) 
equate(Qbject): boolean 
hashCodeQ: mt 

'w Java Werface» 
OPersonDAO 

daoJwnan 

*<JavaHerface» 
O fienericDA(XT,PK> 

Jaa-generic 

fincBytdCPK); T 
fwWKy. List<T> 
fhdMCOasa): Ust<T> 
findByhstanceaJ Ust<T> 
saveCT,PKJT 
detote(PK): void 
deleteTre^T): vojd 
cascadeOefeteCTJ VOKJ . 

Figure 24. Generated DAO class diagram and Umple model (upper left corner). 

UIGU's generated DAO layer contains a concrete DAO implementation for both the factory 
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and the DAO itself (FakeDAOFactory and GenericFakeDAO respectively). The 

FakeDaoFactory provides methods to access the Concrete DAOs (through the respective 

DAO interface). GenericFakeDAO class is a generic class with the object or entity to be 

persisted (T) and the key that identifies the object (PK) as type parameters. 

GenericFakeDAO mimics a regular database DAO. However, the objects are not persisted 

at all; they are referenced in a HashMap using the helper classes ObjectRepository and 

Session. The ObjectRepository class maintains an object structure where each Entity 

(domain object) is a "Table" (implemented as a. HashMap); When isA relations are 

declared, the DAO layer implements the "One inheritance path, one table" pattern, which 

reduces each path in an inheritance tree to a single table [17]. 

To identify the domain objects, UIGU generates Key classes (the PK parameterized type in 

GenericFakeDAO). These classes implement the equals and hashcode methods with the 

attributes declared as keys in the Umple model. Currently, Umple does not support key 

definitions using attributes of parent classes. This limitation prevents the inheritance of key 

classes. 

DAO + AbstractFactory pattern was adopted for flexibility reasons. In this way the user 

can create his own implementation of GenericDAO, the DAOs interfaces, and DAOFactory, 

in order to be able to swap the repository (for instance to a real database) without changing 

any other UIGU generated code. 
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4.3.3 JSF Provider 

To provide a proof of UIGU's concept we develop a first UlProvider for the JSF 

technology. This provider was created using Jboss RichFaces[34]. RichFaces is a 

component library for JSF and an advanced framework for easily integrating AJAX 

« J a v a C lass» 
. . MFactay 
cruise .faetty 

* tfstance(String): \JFactory 

getUfGen&ratorO: UiGeiterator\ 

« J a v a C l a s s » 
JSFf actory 

geHJGeneratorO: UIGenerator 

« t a v a d a s s » 
AbstractProvider 

crutsft-genetatcr 

iiiializeOJrGenerator): void 

AbstractProvk^Stririg,String) 

ge^e t f ragnKr^AttrtxieVariat4e^tnrig(I); String 

getGerragmert(AttributeVarie£ite lStrir^^ String 

ge tDec^^K j r f ragmentCAttributeVanaWe.Stnn^Ei: String 

getAsigneik)nFragment(AttrfcUeVanabte,SJringn); String 

getCopyFratprtert(Atb*)UeVaiabte,aiT>gfl): String 

getPreCcir^ruclorfreigmerttAttributeVa String 

9etRevers^^^rag i ier* (At t r tx ieVar ia l * ,Sh ing{ IJ String 

getGUKjeateFragmeriCAttrixJeVariable.Strngfl): String 

getGUtecttFragn«nt(Attrd3uteV»iaWe,Slring{j): String 

^OJIGrii^ra^TJent(AttTtoUeV»i^>te,Stringt]); Stri ig 

ge tGUtGr i r J4eader f ragn^A t t r i ^ String 

getA»ClassesO:i-^<BaddhgC*ijecr> 

getSingtetons(): List<BackingOt9ect> 

geiOassesO: Ust<BacldngObjeci> 

getClassMap(y. Map^Stnng,BackrgC)bject> 

getV^fatiCMTProviderO; VaBdabonFtovttter 

setVatkMror^oviderCVMd^ionPravicier): void 

teinKaizedO: boolean 

« J a v a Ctess» 
JSFProwter 
cruise .uijsf 

getAssocMairyToOreSirigtetoriPai^rayne^^ Stri ig 

gerAssocMenyToOneSffigMc>r»ForrTiFragmerti^c^^ String 

f^AssocOptior^oSingletonFormFragrn£rt03ackingObject)". String 

getAssocMsitf atoryTToSingletonFormFragmertCBacldngObject); String 

geWssocManyToOnePwief ragnwrt(BacktTgOb^): String 

- getA£socMsriyTD<>i8FOTniFragrner^ad(tigOt9ect): String 

getAssocNManyToOp6onaPar*^ragmert(BackffTg^^ String 

getAssocfftterryToOpfiorraFonnFra String 

getAssocZeroC»<)nePaneFragrneni(BackingOt3^ct): String 

geWsaccZa-oCftOneFa-rT^rsgmertC^cfcirgObject): String 

getAssoeZeroManyToOptionaParieFragr^^ String 

getAssocZerohfa^ToOptnf»FonrFragmait(Bacldr^Ot3^^ String 
5 getNextMQ: int 

JSFFyo\idalgtrinB.Stringj ^ _ ^ _ _ _ _ _ _ 

« J a v a C t e s s » 
Abstac&BGeneratv 

cnase.gentt^cr 

infcafizeOJrnpteSystemX void 

getABOassesCE Ust<BacldngObject> 

getSangteionsO: Ust<BacteigOfcject> 

g&CtassesQ: Ust<Bac»dngObject> 

getClassMapO: Map<Strir^^acfcrgOt)|ect^ 

ishBaizedG: boolean 

getPropertiesO: Properties 

setfroperties(Properties): void 

-controlerOl^ectsProvider 0 „ l 

«JavaQa$s» 
AtetactVaSda&onProvider 

cruise .generator 

generateVafeJat»nCcde(Assoclat>onVartatte); String 

getVa8dationCode(AssociationVaria«e): String 

« J a v a C I a s s » 
JSFGenerator 

cruise xijgt 

JSFGeneratorO 

getUProviderO: UProvider 

-vafidationProvider 

0 . .1 ' 

« J a v a C l a s s » 
JSFVatktationPrnvider 

r^PorfVoSdeteCocte(AssociotionVariabte): String 

getPreVaJtda*eCode(AssociationVariaWe): String 

Figure 25. JSFProvider 's class diagram 
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capabilities into business applications. This AJAX support allows the creation of advanced 

UI interfaces/or web applications. Figure 25 shows the JSFProvider 's class diagram. 

The JSFProvider inherits the GUIGenerator abstract classes {AbstractProvider, 

AbstractGenerator, and AbstractValidationProvider) to create concrete implementations 

{JSFProvider, JSFGenerator, and JSFValidatiortProvider respectively), and to declare a 

UIFactory to follow GUIGenerator's factory strategy. 

In Section 4.3.1.5 we talked about the GUIConfigurator.xml and AttributteConfigurator.xml 

files; we explained that these files are used to declare the UI fragments for several CRUD 

operations/steps. The UlProvider has to provide those files and to pass their file paths to the 

AbstractProvider constructor. Since each UlProvider can declare different configuration 

files to allow the user to customize the generator's output, the JSFProvider uses the 

properties ATTRIBUTECONFIGURATOR and GUI_ATTRIBUTE CONFIGURATOR to 

declare the required file paths. These properties have to be declared in the properties 

section of UmpleProject.xml. Figure 26 shows an example. 

<Propsrties> 

< P r o p e r t y nairse="lMPLE_FOLDER" v a l u e " " J a v a S o n r c e " / > 
<Prope r tM njme="MTRIBUTE_CQHeianRA.TOR" i r a I a e = " i a a l / ? i t t T i b » i t - e C o n f i g n r a t o r - x m l " / > 
< P r o p e r t y naffie"="GOI_A.TTRIB0TE_CO8fEIGDBATOR" v a l a e = "icHil/GOIConrigTirator.scBl" / > 

< P r o p e r c y name""BCir_OBJECT_SDFFIX'' v a l u e ""Bean" / > 
< P r o p e r t y name-""PACKAGE_PREFIX" valae="weta" / > 

< / P r o p e r t i e s > 

Figure 26. UmpleProject.xml, declaring the attribute configurator xmlfiles. 

Chapter 5, Using UIGU, will discuss more about the configuration of the JSFProvider. 

Figure 25 shows that one of the main responsibilities of each concrete UlProvider is the 
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generation of both view code and controller code to support associations. This distribution 

of responsibilities responds to the fact that each UI Framework has different navigation 

models (going from one view, also known as screen, to another), making difficult a general 

classification of the required fragments. While the AbstractProvider class (from 

GUIGenerator) provides methods to access the attribute fragments and the ClassMap, the 

JSFProvider class declares the required methods to get the association fragments. Before 

talking about these fragments, we are going to explain the JSFProvider's generated UI. 

4.3.3.1 Skeletons 

An overview of JET Technology was explained in Section 2.5.4. JET templates are 

compiled into Java classes with a generate (Object) method with String as return type. 

However UIGU requires that all fragments must implement the IGenerator interface (see 

section 4.3.1.1). This implies that the default JET generated classes have to be customized. 

Skeletons are JET's mechanisms to do such customization. Figure 27 shows the 

JSFProvider's skeleton and a fragment declaring this skeleton. 

import (rr3i-ise,Eiii3ftX.i'afe«C2:A*3C<jfe,2eisc*. XUeaas:*irar/ 

public class Ci&33- implements £*a<5Kfir*c*3S f 

p u b l i c i l t i ^ a ? (Ji3^£-*l33{3lS-jt*Ct; *2Sf-SaS=reJ { 

r e t u r n 

} 

Figure 27. IGenerator skeleton (left), skeleton declaration (right) 

4.33.2 The Generated UI for Attributes 

In Sections 2.2.2 and 2.2.3 we described the subset of attributes and associations supported 

by UIGU. To determine how to render an attribute, UIGU uses the FragmentResolver class 

to return the required fragment for an attribute regarding its type and modifier. 
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To render attributes the following general considerations apply: 

• If an attribute is declared with an initial value, this value cannot be modified in the 

Create operation. 

• Since a defaulted attribute must be declared with an initial value, the attribute value 

can only be modified in the Update (edit) operation. An icon will be displayed to 

allow the user to return to the default (initial) value. 

• Internal attributes will only be displayed in the create operation if and only if an 

initial value was not indicated. 

• An icon will indicate if an attribute is part of the key definition. 

• Once an instance is created, Key attributes cannot be modified. 

Figure 28 shows the Umple model for a single class with settable attributes for all 

supported types. 

To obtain the required fragment the caller has to invoke the appropriate get method in the 

JSFProvider, passing the AttributeVariable and the parameters . Figure 29 shows how a 

fragment can be retrieved using the getFragmentProviderQ method in the BackingObject 

class. Here, attVar is a reference to an AttributeVariable and the String 

"a"+bckobj ect. getciassName () is a parameter to be replaced in the #1# holder. 
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•siansespace esaucacian* 

e l a s3 Pe£san{ 

Scrisig 3Cr i ; 

Boolean b o o i i ; 
Boolean fooa.!2=new Saaleauf t rae) ; 

I n t e g e r i rsc i ; 
t a cege r X.ac2=l" 'j • 

Bauble d b l l ; 
Double db!2=22 . 5 ; 

Dace d c e l ; 
Dace dte2s»!'; ? : : : . - - :-•:•:.."; 

l i r a ; cmi; 

Figure 28. Umple Model showing settable attributes 

Table 15 shows the template fragments and the generated UI components for the code listed 

in Figure 28. 

UlProvlder prov= bckObject.getFragmentProvider(); 
String codeFgm=prov.getGUICreateFragment(attVar, "a"+bckObject. getClassName()) ; 

Figure 29. Calling the fragment provider to get a create fragment 
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Figure 30 shows the generated UI components for defaulted attributes. The user can click 

on the green icon to roll back the attribute value to the defaulted (initial) value. This icon 

fires an AJAXc&ll to return the default value from the controller. 

<h:outputText value="<%=attVar.getUpperCaseName()%>" /> 
<h:panelGrid columns="2"> 
<rich: calendar value="#{#l#Bean.<$=attVar.getName () %>}" popup="true" 

id="<l=attVar.getUpperCaseName()%>#{uniqueld}" 
datePattern="yyyy-MM-dd" showApplyB-utton=" false" 

cellWidth="24px" 0663 |20O1-O&-11 I I Ĉ j* 
cellHeight="22px" style="width:200px" /> 

<a4j:commandLink 
action="#{#l#Bean.resetToDefaulted<£=attVar.getUpperCaseName()%>}" 
reRender="<&=attVar.getUpperCaseName () %>#{uniqueld} "> 

<h:graphiclmage value="/images/icons/reload.png" style="border:0" /> 
</a4j:commandLink> 
</h:panelGrid> 

Figure 30. Generated UI for defaulted attributes. Template fragment (left). Generated UI 
(right) 

Key attributes behave in the same way as immutable attributes. To indicate that an attribute 

is part of the key definition, UIGU renders a key icon next to the attribute UI component. 

Figure 31 shows the generated UI for key attributes. 

Stn « SEJ-1 va) 

!nt1 j y MH 123 •--& 

Figure 31. Generated UI components for key attributes. Create (left) and Update (right) 
operations 

4.3.3.3 The Generated UI for Associations 

In Section 4.3.1.6 we classified the associations (Table 14). The classification was made 

using three criteria: 

• Multiplicity 

• Mandatory/Optional 

• Normal class/Singleton 
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JSFProvider contains methods to obtain the corresponding fragments for each type of 

association. These fragments are divided into two categories according to the code required 

to associate an object (or objects) to a class: 

• Form Fragments: Code required to launch a window with the appropriate actions to 

select (in some cases create) the object (or objects) to be linked with the instance 

being created or updated. 

• Panel Fragments: A window with the components required to select (in some cases 

create) the object (or objects) to be linked. 

In this way, a Form fragment is the code that launches a Panel Fragment. Table 16 shows 

association classification and the key aspects of the generated UI. 

Criteria Returned Bv 

Classes that require an 
instance of the current 
objet fo be constructed 

The current object 
require (mandatory) an 
instance of the associated 
object at construction 
time 
'The current object can 
be linked toplionalh) lo 
an instance of the 
associated object at 
construction UuiC 
Optional multiple 
associations not linked 
in the constructor 

Optional multiple 
associations linked in 
the constructor 

getSIanyToOne issnt/atums 
2efManyToO'ie^t>ii{t?lc>i? is^,cn'l")n^ 

getCtmstrttctorOrreAsociatiom 
,gef\ fcmdatorvToSingieton -! ssociatiom 

getOfAionallitSinzifiiin !^oturunn 

ge(Zem\IanvToOp'.kmal Associations 

getS'SfanvToOptionalAs'iociattofts 

m 
"the launched w mdow pro\ ides the 
functionahh to create update and 
delete th«. objects to be associated 
Since these objects require an 
irsta'KC of tl\t current obte:t the Unk 
to launch that window is onh \isible 
m the t pdate opeiation 
The launched window pro^ ides the 
t'incucnjiit\ to select the obu.ct to be 
issociatcd with a list of obtects 
ahead} created. 

The launched window provides the 
functionality to select the object to be 
associated with a list of objects 

The launched window provides the 
functionality to select (and unselect) a 
collection of objects to be associated 
from a list of objects already created. 
The launched window presides the 
functionality to select (and unselect) a 
collection of objects to be associated 
from a list of objects ahead} created. 

Table 16. Classification of associations and generated UI. 
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The JSFProvider class contains methods to get the panel and form fragments (see Figure 

25). A simple School - Person model is described in Figure 24. Figure 32 shows the 

generated UI for this model. More complex models with supported associations will be 

explored in Chapter 5. 

School School 

^^^i^'^^^^^i~^^H^a^ri^£^lf4&&A^^«&A>A£l&S>^qJ 

•^^^^^^m^^^^m^^^mj 
&>«& 

*W S; * * .**-r*r ^t-st'.r'tan^ 

iiBJ5J88SS8l9ilH «H^S|&«i 

1 

Schooi 

2 

School 

£*»; aytr 3s* 

M^PMJiiiWarr^WiftMMtWity 
1*S«HW li*97J 

School 

iJH^C ft» 

Schooi 

Figure 32. Generated Ulfor the School — Person model depicted in Figure 24. 

1) Person CRUD, 2) School CRUD, 3) Linking students (person) to a School, 4) Linked Students, 

5) Person CRUD showing a Person with an School, 6) Linking a School to a Person 

To see the complete set of associations fragments please refer to UIGU's source code in: 

http://www.site.uottawa.ca/~tcl/gradtheses/jsolano/src/JSFProvtder 
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4.3.3.4 Controller Fragments 

Section 4.1.2 classifies the fragments into two categories: View fragments and controller 

fragments. Sections 4.3.3.2 and 4.3.3.3 were focused on View fragments (fragments that 

render an UI component). Controller fragments are these code snippets returned by the 

methods declared in Table 5. As well as View fragments, Controller fragments have to 

implement the IGenerator interface in order to be instantiated by FragmentLoader. These 

fragments are declared in the AttributeConfigurator.xml, The path to this file has to be 

configured in UmpleProject.xml adding the ATTRIBUTECONFIGURATOR property in 

the properties section. Table 17 shows a sample set of Controller fragments for a settable 

boolean attribute. 

To see the complete set ofController fragments please refer to UIGU's source code in: 

http://www.site.uottawa.ca/-tcl/gradtheses/) solano/src/JSFProvider 
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Method Fragment 

getSetKragnient 

getGetFragment 

getDedarationFragmetif 

getAsigmationFragment 

getCopyFragment 

getPrcConstructarFragment 

getReverseCopyFragment 

public void set<%= attVar.getUpperCaseName()%>( 
<%= attVar.getType()%> <%=attVar.getName()%>) { 
this.<%= "a"+attVar.gettfpperCaseName{ )%> = <%= attVar.getName()%>; 

} 

public <%= attVar.getType()%> get<%= attVar.getUpperCaseName()%>() { 

return <%="a"+ attVar.getUpperCaseName()%>; 
} 
<% if (attVar.getValue()!=null){ %> 

public <%= attVar.getType()%> getlnitial<%= attVar.getUpperCaseName()%>() 
{ 

return <%=attVar.getValue()%>; 
} 
<% }%> 

private <%= attVar.getType()%> 

<%= "a"+attVar.getUpperCaseName{)%>= <%= attVar.getValue(}%>; 

<%="a"+ attVar.getUpperCaseName{)%> = #1#; 

#1#.set<%= attVar.getUpperCaseName()%>(<%="this. a"+ 
attVar.getUpperCaseName()%>); 

this.a<%=attVar.getUpperCaseName!)%>=#!#.get<%= 
attVar.getUpperCaseName()%>(); 

Table 17. Controller fragments for a settable boolean attribute. attVar is an 
AttributeVariable instance 

Figure 33 shows how a fragment can be retrieved using the getFragmentProviderQ method 

in the BackingObject class. 

UlProvider prov= bckObject.getFragmentProvider() ; 
String codeFgm=prov.getSetFragment(attVar); 

Figure 3 3.Getting a controller fragment; attVar is an AtributeVariable. 

4.3.3.5 Main Templates 

Amain template is a template that calls many template fragments. In this way, a main 

template is a composition of fragments. Each main template is used to generate a 

GenerationUnit, which is an actual application object like a class, a web page, a 

configuration file, etc. 

The JSFProvider component requires several main templates to generate the UI 
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application. Generated web pages use Facelets technology [35] to compose views allowing 

the reuse ofxhtml pages in different views (i.e. the grid can be shown in the bottom of the 

page to list the created objects, or in a pop-up to associate an object to another). Table 18 

shows the templates (package cruise.ui.jsf.templates.impl.GUI) required to generate the 

web (xhtml) pages (GUI objects). Table 10 describes ParameterType 's values and their 

outputs. 
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Template 

Common 

Home 

ParametcrType 

Grid 

Basclnscrtabfe 

BaseMain 

GridSclectOne 

GridSelectManv 

BaselnsertabicSinEieton 

NONE 

NORMAL CLASS BY CLASS 

NORMAL CLASS BY CLASS 

Purpose 

bundles. 

Output: ("ofiimon.xhtmt 

Application's Entry point. 

Output: Rome.xhtml 

A simple grid showing the objects created in the system 
for a given type. It provides the icons to select (for 
update) and delete the object. 

Output." Oriel, xhtml 

This template contains the form with the fields and 
associations links to instantiate new objects for a single 
class. It includes the related Grid (generated using the 
grid template), other grids (for associations) and other 
inserfahlc.xhtml generated pages (for associations). 

Outp.it: •'ClassTypolnsetahle.xhtml 

Generates the entry point for a specific CRUD. 

This template includes Common \hunl and lire related 
Ittscrubk \html page 

Output « lasshpe ^lum^html 

A nid with an scon to seiect an object fib' awxaations). MORMAL_CLASSJJY_CLASS 
It has a panel to shon the current selection It includes 
the related Grid.xhiml. 

NORMAL CLASS BY CLASS 

Oii 'pi i ' <J"H\ .•_.'•' '-\ hi." 

\ grid with an icon so seiect multiple objects (for 
associations) ft has a panel to show the current 
selection fi include-* the Jdated Grid xhtml 

Output ('rul\-L'ct\fcin\ vfinn1 

Tin'- iciuphiiC lienenucs a loini hi nuipiaiu a Mngrcton 
class, lliis template includes different Grid.xhiml 
pages {Tor associations) and Insertahk.xhtml generated 
pages (for associations) 

Output: -'ClassTvpe >Inseiable.xhtml 

Table 18. GUI Main Templates 

NORMAL CLASS BY CLASS 

SINGLETON CLASS BY CLASS 

As we mentioned In Section 2.7.1, JSF requires a set of special objects called 

BackingBeans to provide properties and functions to the views (i.e. when a calendar shows 

a Date in the UI, the BackingBean has a Calendar attribute with the date showed in the 
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view). Each different view should have a BackingBean to work properly. While View 

fragments are used by the GUI Main templates, Controller fragments (package 

cruise.ui.jsf.templates.impl) are consumed by Controller Main templates. Table 19 shows 

the Controller main templates required to generate the BackingBeans and other utility 

classes. 

Template 

BckBean 

BckBcanSinsIcton 

BeanLinker 

MainBcan 

PageFIowlItils 

Purpose 

This template generates a BackingBean for a given 
class. The generated Java class contains the logic to 
interact with the DAO (model) layer, and with Java 
objects to map attributes and associations. It also 
contains actions to navigate between views. 

Output; <ClassType>Bean.Java 

This template generates a BackingBean for a given 
singleton class. The generated ja\ a class contains 
the logic fo interact with the DAO (model) layer. 
and with Java objects to map associations. It also 
contains actions to navigate between views. 

Output: ClassTs •Deem, faro 

Tills template generates Ore BeanLinker class. This 
class is a helper class that serves as a container to 
associate objects. When a vtevv calls another view 
to associate an object, the caller sends and empty 
BeanLinker (just with the association name), and 
the destination class sets the associate instance (or 
collection of instances) in She BeanLinker. 

Output: BeanLitfker.java 

This template generates a BackingBean with a 
session scope (this is. there is only one instance per 
user session and it is "alive" until the session 
expires. This class provides methods to get the 
DAO factory and to navigate between CRUDs. 

Output: y iainBean.java 

Tins template generates a BackingBean with a 
session scope. Tins class contains helper methods to 
provide a context to each view and to support the 
communication (navigation) between views. The 
following section will discuss the navigation model. 

Output: Page'riawl'til.yava 

ParamctcrType 

Table 19. Controller main templates 

NORMAL CLASS BY CLASS 

NORMAL CLASS BY CLASS 

NONE 

NONI 

NONE 

A JSF application requires at least two configuration files: faces-config.xml and web.xml. 
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The faces-config.xml contains information about the existing views, the navigation 

(navigation rules), declared BackingBeans, validation converters, etc. It is possible to 

define more than one faces-config.xml, this division is usually done for modularization 

purposes. Figure 34 is a graphical representation of the navigation rules declared in the 

generated faces-config.xml for the School - Person model described in Figure 24. 

[anyj 

[anyl 

lanyl 

*l 

1 
^ 

toSchoolMain 

fioPersotiMain 

home 

'p^ges/education'School* SchoolMainjthtml 

? " ^ 

'pages/humaa'Person/PersonMainjchtml 

* * > 

'pages/home.* html 

* > 

Figure 34. faces-config.xml's navigation rules declared in the School—Person model 

The faces-config template (package cruise.ui.jsftemplates.impl.GUI.config) generates the 

required faces-config.xml; it takes ALLCLASSES as Parameter Type. 

The Application entry point, security constrains, parameters, and JSF configuration are 

declared in web.xml. The web template (package cruise.ui.jsf.templates.impl.GUI.config) 

generates the required web.xml; it takes NONE as Parameter Type. 

4.3.3.6 Navigation model 

In order to create the application, it was necessary to choose an appropriate scope for 
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generated backing beans. In Section 2.7.1 we discussed backing bean scopes, but since the 

generated JSF is a Rich Internet Application (RIA) with Ajax as mechanism to interact with 

the server, and a user can define a model with reflexive associations (i.e. 0.. 1 A — * A) or 

cyclical associations (i.e. 0.1 A~ * B, * B — * C and 0.1 C — A), some issues about 

navigation have to be analyzed. 

Scopes None and Application are not suitable; the former, because our backing beans have 

to be instantiated automatically when a user launches a CRUD, and the latter because if the 

backing bean is shared between multiple users the data introduced by one of them will 

affect the data of the other users. 

Request scope also has some drawbacks: 

• The lifespan of the backing beans is limited to a request/response cycle. This means 

that different requests are served by different instances. String, Integer, Boolean and 

types with appropriate converters (like Date and Float) are automatically copied 

from one instance to the next. However, other objects are not copied. For instance, 

in our simple School - Person model, the PersonBean (Person Backing Bean) has a 

School attribute to maintain a reference to the selected school; this reference is 

going to be nullified in the next request. 

• Ajax performs many requests underneath without reloading the UI, but each request 

instantiates new request scoped backing beans. If the user clicks on an association 

link and selects an object to create an association, the respective backing bean will 

have a reference to that object; however, if the user clicks in a different association 
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link to create another association, the first reference is nullified because the first 

reference is not copied and each action (each click on the links) will be served by a 

different request. 

On the other hand, Session scope backing beans will keep the references between different 

requests, but this scope has an undesired side effect. If the model contains reflective or 

cyclical associations in the generated Ul, the user will launch from one (initial) view 

another views (through associations) that eventually will launch the initial view 

(referenced here as the current view). Since both the initial and the current view use the 

same backing bean, the data of the initial view will be displayed in the current view, and the 

modifications performed in the current view will update the values in the initial one. This is 

not desired because probably both the initial and the current view are being displayed to 

manage different associations. 

The implemented solution uses a combination of the session and request scope. All backing 

beans are request scoped, but each view runs in its own context to store the objects that are 

not copied automatically. The contexts are stored in a stack (called PageFlow) available 

through the session context. When a CRUD is launched, the PageFlow is initialized with 

the context of the initial view. If the initial view calls another view, a new context is created 

and stored in the stack. Finally, when a view is closed its context is removed from the stack. 

The object used as a context is an instance of the BeanLinker class. Figure 35 shows the 

navigation model when a Person is linked to a School in the Person - School model. 

Section 4.3.5 will explain architecture of the generated application. 
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4.3.4 UIGU Generation Proccess 

The UIGU class is the entry point to UIGU's generation. The classes UIGenerator, 

UIFactory, UmpleProjectWriter and UlProvider have an initialize method that must be 

invoked before any other method (otherwise a cruise.exception.GeneratorException is 

thrown). This strategy was adopted to break some dependencies between these classes, i.e. 

UmpleProjectWriter reads the declared properties (in UmplePrqject.xml), but UIFactory 

requires these properties to instantiate the UIGenerator, while UmpleProjectWriter needs 

an UIGenerator to generate the code. Figure 37 shows the generation process in a 

sequence diagram. UmpleSystem and UmpleFile are Umple core classes (see Figure 10). 

Unmarshaller and UmpleProject are Jaxb classes to read the configuration file. 

4.3.5 Architecture of the generated application 

As we discussed in Section 2.6.1 the generated application is an implementation of the 

MVC pattern. In the MVC application output by UIGU, the model layer is composed of 

Umple-generated domain objects and UIGU-generated DAOs. Controller layer 

responsibilities are implemented by backing beans, and the xhtml (web) pages are part of 

the View layer (see Figure 36). 

Figure 36. MVC responsabilities 
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Figure 38. School — Person model. Generated application's class diagram 

In addition to the MVC classes, the utility classes BeanLinker, PageFlowUtils and 
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MainBean are also generated (see Table 19). In this chapter we used a simple School -

Person model (Figure 24) to illustrate many UIGU's features. Figure 38 shows the 

generated application's class diagram 
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5 Using UIGU 

This chapter is divided into two Sections. Section 5.1 explains how to use the UIGU 

generator and Section 5.2 shows the characteristics of the generated applications and how 

to interact with them. An insurance system example will be used through this chapter to 

illustrate each step. This example will help us to show UIGU's features and limitations. 

Figure 39 shows the Insurance system model. (The source code can be found in Appendix 

III, Example 2 or visit: http!//www.site.uottawa.ca/~tcl/gradtheses/jsolano/src/example6). 
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Figure 39. Insurance System model 

5A Using UIGU's Generator 

As we mention in Chapter 4, UIGU must be configured using an xml instance of 

UmpleProjetxsd (Appendix II). The name of the file can be arbitrary, but in this chapter we 

will call it UmpleProjectxml. 
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5.1.1 Configuring UIGU 

For a defined UlProvider, the UmpleProjectxml can be either reused with few 

modifications or reused but overwriting some attributes in the command line. In Section 

4.3.1.3, we described the different sections and attributes of the configuration file. If the 

user wants to create an UmpleProjectxml specific for one defined model, the required 

modifications are related to the location of the required files to build the project, and the 

paths to write the generated files. All locations (or paths) can be declared either as absolute 

or relative to the current folder, unless indicated otherwise. Appendix IV contains a sample 

xml file for the JSFProvider. The required modifications are: 

• UmpleProject tag 

o OutputFolder: In this folder, the generated files are going to be 

written/copied. If the folder does not exist, UIGU will create it. If the folder 

is not empty, its content is going to be deleted before the generation process.. 

o UmpleFile: The location of the model to be generated. Since at the 

beginning of the generation process the output folder's content is deleted, 

this file cannot be in the same location declared in the output folder attribute. 

o Name: The name of the project. This does not allow spaces. This name is 

going to be used to identify the project. JSFProvider uses this attribute to 

create a header in all xhtml pages and to declare the project in the web.xml 

file. 

o UIFactory: The class name of the factory object (it should extend 

cruise.factory. UIFactory) declared by the UlProvider. It must contain the 
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package (e.g. cruise.ui.jsf.JSFFactory). 

• Properties: In this section several properties are declared, some of them are required 

by the GUIModel and the remaining ones are required by the concrete JJIProvider. 

o UMPLEFOLDER: The location where the domain objects have to be 

moved, relative to OutputFolder. For the JSFProvider this value has to be 

set to JavaSource. 

o ATTRIBUTE CONFIGURATOR: The location of the xml file with the 

fragment configuration for the controller objects. This location should be 

declared relative to the UlProvider folder (or Jar file). For the JSFProvider 

this value has to be set to xml/AttributeConfigurator.xml. 

o GUI ATTRIBUTE CONFIGURATOR: The location of the xml file with the 

fragment configuration for the view objects. This location should be 

declared relative to the UlProvider folder (or Jar file). For the JSFProvider 

this value has to be set to xml/GUIAttributeConfigurator.xml. 

o PROVIDER JAR: If it is present, this property indicates to UIGU where is 

the UlProvider Jar file. Otherwise, UIGU will try to locate this file using the 

classpath. 

• Files: In this section all required files (including libraries) have to be copied to 

specific locations inside the OutputFolder should be declared. It is important to 

mention that each server contains some libraries by default, and to avoid duplication 

(and therefore the JAR hell [36]) some of them have to be commented out, e.g. 

UIGU was tested in JBoss versions 5.0.1 GA and 5.1.0 and Tomcat 6.0.24. 
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However, Tomcat requires some libraries that are build in JBoss. Figure 40 shows a 

fragment of the UmpleProject.xml for the JSFProvider to illustrate this problem. 

•"-Director!' IrLputFolder=*'files/toascat-libs" CTitputSufcFolder="WeMontent/WEB-HW/lib" /> 

Figure 40. Files section fragment. 

As we mentioned, for a defined UlProvider, only few changes are required to configure 

UIGU. Table 20 resumes the required changes for the insurance system. These changes are 

in the UmpleProject tag. From this point, we are going to assume that the Umple file is 

called Insurance.ump and all files and folders are in the same location (Figure 41). 

Insurance 

files 

\ GUIGener3tor,J3r 

* GUIModd.jar 

Insurance.ump 

|* JSFPravider,jar 

\ Umple.jar 

•"I UmpJeProjectxml 

Figure 41. Insurance system required files 

Attribute Value 

UmpleFtle Insurance.ump 

Name Insurance_System 

Outpii tFolder Insurance App 

Table 20. Insurance System specific values 

To reuse the UmpleProjectxml file with no changes the user can overwrite the attributes 
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defined in Table 20. The next section explains how to overwrite these attributes. 

5.1.2 Running UIGU 

To run UIGU it is necessary to declare GUIModel, GUIGenerator, UlProvider and Umple 

jar files in the Java classpath. The class cruise.generator. UIGU is UIGU's main class. This 

class is inside GUIGenerator.jar. Its main method takes four parameters; three of them are 

the paths of the UmpleProject.xml file, the Umple file, and the output folder; the fourth one 

is the project name. However to run UIGU, only the first parameter (UmpleProject.xml's 

path) is mandatory. If the other three parameters are not provided, UIGU will use the values 

declared in the UmpleProject.xml file. When the process is running, UIGU prints out the 

filename of the file that is being generated or copied. Figure 42 shows the command 

required to run UIGU and the console output (partial). UIGU requires Java 1.5 or higher to 

run. 

Java -cp GUIModel.jar;JSFProvider.jar;GUIGenerator.jar cruise.generator.UIGU UmpleProject.xml 

Java -cp GUIModel.jar;JSFProvider.jar;GUIGenerator.jar cruise.generator.UIGU UmpleProject.xml Insurance.ump InsuranceApp 
Insurance 

Copying: C:\Insurance\Insurance.ump 

Loading JAR: JSFProvider.jar 

Generation process started 

Writing: C:\Insurance\lnsuranceApp\JavaSource\dao\insurance\core\ClaimDAO.java 

Writing: C:\Insurance\InsuranceApp\JavaSource\dao\keys\insurance\core\ClaimKey.Java 

Writing: C:\Insurance\InsuranceApp\JavaSource\bundles\insurance\core\Claim.properties 

Writing: C:\Insurance\InsuranceApp\JavaSource\web\insurance\core\ClaimBean.java 

Writing: C:\Insurance\InsuranceApp\WebContent\pages\insurance\core\Claim\ClaimInsertable.xhtml 

Writing: C:\Insurance\InsuranceApp\WebContent\pages\insurance\core\ClaimVClaimMain.xhtml 

Writing: C:\Insurance\InsuranceApp\WebContent\pages\insurance\core\Claim\grid.xhtml 

Writing: C:\Insurance\lnsuranceApp\WebContent\pages\insurance\core\Claim\gridSelectMany.xhtml 

Writing: C:\Insurance\InsuranceApp\WebContent\pages\insurance\core\gridSelectOne.xhtml 

Writing-. C:\Insurance\InsuranceApp\JavaSoucce\dao\insurance\core\PersonDAO.java 

Figure 42. Running UIGU. Java command using the values declared in the xmlflle(top), 
Java command overwriting attributes (middle), partial console's output (bottom) 
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file://C:/Insurance/Insurance.ump
file://C:/Insurance/lnsuranceApp/JavaSource/dao/insurance/core/ClaimDAO.java
file://C:/Insurance/InsuranceApp/JavaSource/bundles/insurance/core/Claim.properties
file://C:/Insurance/InsuranceApp/JavaSource/web/insurance/core/ClaimBean.java
file://C:/Insurance/InsuranceApp/WebContent/pages/insurance/core/Claim/ClaimInsertable.xhtml
file:///Insurance/InsuranceApp/WebContent/pages/insurance/core/ClaimVClaimMain
file://C:/Insurance/lnsuranceApp/WebContent/pages/insurance/core/Claim/gridSelectMany.xhtml
file://C:/Insurance/InsuranceApp/WebContent/pages/insurance/core/gridSelectOne.xhtml
file://C:/Insurance/InsuranceApp/JavaSoucce/dao/insurance/core/PersonDAO.java


5.1.3 Compiling UIGU 

Since both Umple and UIGU outputs are source files, a compilation step is required. A JSF 

application has to be compiled into a war (web application resource) file in order to be 

deployed into a server. For the JSFProvider an apache ant [37] script (build.xml) is 

provided. This script reads the xml file (UmpleProject.xml) passed as a parameter in the 

command line to generate the compiled classes and the war file. Table 21 shows the tasks 

defined in build.xml and their purpose. 

Task Purpose Depends 

run Run UIGU. It has the same effect as the Java 
command described in Figure 42 

compile Compile all Java classes into a bin directory inside run 
the OutjmiFoIder location 

war Generate a standard JEE war file run, compile 

Table 21. Ant tasks 

Figure 43 shows the command to run and compile UIGU using ant and the resulting files 

and folders. 

The generated war file {Insurance Sytem.war) can be deployed in any JEE compliant 

server. 
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ant -DxmlFile=UmpleProject.xml 

ant -DxmlFile=UmpleProject.xml -DumpleFile=insurance.ump 
-DoutputFolder=InsuranceApp -Dproj ectName=Insurance 

files 

IrtsuranceApp 

bin 
compife-fifos 

lavaSouree 

WebConteitt 

[*3 buiWjmil 

• M^ GUIGeierirtor.jsr 

* GUIModei.jar 

i ,__, Insuranccump 

Jf, IfHJurance_System,war 

J ^ JSFPrcvider.jsr 

* Umple jar 

,lfj UmpleProjedLxmi 

Figure 43. Running UIGU. Ant command (top), resulting files and folders (bottom) 

5.2 Using the generated application 

As an Umple UI generator, UIGU shares many of Umple's features and limitations. In 

Section 2.2 we explained the Umple subset implemented by UIGU and also discussed the 

minimum requirements to create an effective CRUD application. One of those requirements 

is the use of keys for read operations. This implies that each class declared in an Umple 

model has to declare key fields to allow UIGU to generate an effective CRUD. Umple 

version (1.6.3), used to develop UIGU, supports key declarations; however, it does not 

support the declaration of keys using inherited fields. In our insurance system example, the 

policyNumber field is enough to identify an InsurancePolicy. This field is also inherited by 

LifelnsurancePolicy and PropertylnsurancePolicy; however, these children classes cannot 
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declare policyNumber in their key definitions. Repeating the policyNumber field in the 

children classes leads to a compilation error, because Umple does not support attribute 

overriding. This limitation forces the declaration of different key fields for children classes 

(e.g. UfelnsurancePolicyld andpropertylnsurancePolicyld). The ability to declare key 

fields using inherited attributes is planned for future releases of Umple. 

5.2.1 Deploying the generated application 

Each server has different procedures to deploy a web application. As we mentioned, the 

generated applications were tested in Tomcat 6, JBoss 5.0.1 and JBoss 5.1.0. In these 

servers, different libraries have to be included in the war file (JBoss contains some of them 

out of the box). See Files in Section 5.1.1. 

To deploy the application in Tomcat, the war file has to be copied into the webapps folder. 

To deploy it in JBoss, the war file has to be copied into the /server/default/deploy folder 

instead. 

5.2.2 Using the JSF web application 

Our Insurance system contains definitions to show the Umple subset supported by UIGU. 

Figure 44 shows the Insurance system class diagram1. The following subsections explain 

the different elements of the generated application. 

1 The diagram can also be found in 
Mty.//www,site.qoto%-a.caMeygadthese^^ 
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Figure 44. Insurance system class diagram 

5.2.2.1 Navigation Menu 

UIGU generates a menu allowing the user to navigate from one CRUD to another. Figure 

45 shows the navigation menu of the Insurance System application. 
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Home 

lnsure<JPropertv 

Transaction 

IfiaarivicePolicy 

CWm 

LifelnsurancePolicy 

Building 

Renewal 

InsoranceComi^ny 

PropertylnsurancePolicy 

Person 

Vehicle 

I 

Mil 
T 

Mrs 

'.Pre 

I 

Figure 45. Insurance System navigation menu 

5.2.2.2 Forms 

Each declared class has a corresponding form in its view. The forms provide input 

components to manage attribute values and links to launch association panels. Figure 46 

shows the form generated for LifelnsurancePolicy. 

StartJiKe | (_Jj 

WoifElMyPreinluiH iSI.fl 

'LtfelnsurjMKePaScvW | 

pattcyttumlwj 

insuriKlVatoe | ' 

H o l d e r •„•]: 

insuredUfe 

iasursatseCeniptiny 

Hide Benefkurys -

UXkmtber Type 

Figure 46. LifelnsurancePolicy form 
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5.2.2.3 Input components 

To set the value of an attribute, UIGU renders different input components according to the 

attribute type. Figure 47 shows the available input components. 

J MfcsjUwnlierj 

EndOatef 

2 

Figure 47. Input components. I) Textboxfor String, Integer and Double attributes, 2) 
Calendar for Date attributes. 3) Combo boxes for Time attributes 

5.2.2.4 Icons 

In a UIGU-generated application, many icons are rendered, some of them trigger certain 

actions, while others provide additional information to the user. Table 22 summarizes these 

icons and their purpose. 

Icon Purpose 

X When this icon is included in a grid, it triggers a delete action. In a current 
selection panel, the user can de-associate the selected instance by clicking on it. 

Lv A click on this icon will trigger an edit action; the data of the selected instance is 
going to be loaded in the form, 

3 This icon is only rendered for defaulted attributes in the edit operation. By 

clicking on it, the user can restore the attribute value to its default value. 

This icon indicates that the attribute is part of the key definition. 

O If this icon is shown, it indicates that a validation error has occurred. 

Table 22. Generated application's icons 

Iwtr mar «** t& tut sab tion 

'I < 1 ! * « 

7 a a tt& ^ 5 ^ * > 

S 1£ ii 17 lii H 

t a i! x- & m 
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5.2.2.5 Association panels 

When a user clicks in an association link, an association (modal) panel is launched. The 

content of the panel can vary according to the declared multiplicity. When a single instance 

has to be linked to a class (multiplicities 0.. 1 and 1), the respective association panel 

contains a grid (bottom) with the available objects to be associated, and a current selection 

panel (top) to show the selected instance (its key fields). To select an object, the user has to 

click in the respective select link in the grid. To break the association between these objects, 

the user has to click on the delete icon in the selection panel. Once the selection is done, the 

user must click on confirm to bind the selected instance to the caller form. Figure 48 shows 

the generated selection panel for the "InsurancePolicy * — 1 Person holder" association in 

the Insurance System. 

Role Name 

Current Selection 
Panel 

Confirm button 

Figure 48. Association Panel for single selections 

Figure 49 shows a detail of the InsurancePolicy form when a holder {Person) is associated. 
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Type 

tftsurwieaesrePerwit 

i S ! tm^-iam ifl.*fi>r*Te si.omf fSjwaaf y 

Delete icon 

Grid 

- Select link 



HHmtar US 

Figure 49. Form components for single associations. Before (left) and after (right) 

When the class to be associated has a multiplicity of n..m with n 4-1, the generated 

association panel is similar to the panel generated for single selections; however, in this 

case more than one object can be selected. To allow this, the current selection panel 

contains a grid to show the selected objects. This grid is composed by the key columns of 

the class being associated, and a delete icon to un-select an instance. Figure 50 shows the 

generated selection panel for the "0..i InsuranceCompany — * InsuranceFolicyf 

association in the Insurance System. 

imsmg^mmmffimmmmmwmmiiaiimassm 

SflittBfiW itBWtfilWWli 
PoficyfbNiiber Type 

ttSZ.1 ifiswr*fcIs.c>riiJ'ftf(artvt(Hur*T<Mft»ey X 

?&?T1 f»ur*T«,e*a^rtt!Krt¥fil*w*rtC4P0l!Cy X 

Pofeylbjmber StarQaus HanttriyPremfaa* £ndQ*e tnauradVftlue T W K IdMumber 4Mtan<!« 

Mitt-ill-
it 

M-11-ttl- ., 

:sssj,fl in«*rtitfeft4>afit.PfB(!«t?KHUfi«toa*ftcy \zi 

SbM^hlK M N M 

Figure 50. Association Panel for multiple selections 

Figure 51 shows a detail of the InsuranceCompany form when multiple InsurancePolicy 
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instances are associated. 

Hide tnauraneePottcys -

PcMtyltmnber Tjrpe 

4S67 nsurancs,care,Profssrtylft*urancaf>aliey 

12323 KtsuranMcorsPrapsftylnsufanKPoliCy 

Figure 51. Form components for multiple associations. Before (left) and after (right) 

A one-to-many association (1 — *) has some special properties. Since the objects in the 

many side require (in their constructors) an instance of the class in the one side, the 

association link is not rendered in the create operation of the class with multiplicity one. 

This is because in this create operation the required instance does not exist yet (it is being 

created). The association link is showed only in the update (edit) operation. This link 

launches an association panel with the complete CRUD of the class to be associated. In this 

panel, the object being updated is automatically selected in its respective association 

component. The grid in the bottom of this panel contains only the objects associated with 

the object being updated. In this association panel, all CRUD operations can be invoked. 

Figure 52 shows the generated Person form in the create (left) and update (operations). 

Note that in the update operation the association components for the associations 

"InsurancePolicy * — 1 Person holder" and "LifelnsurancePolicy * — 1 Person 

insuredLife" are rendered. 

Hide InaursMKePofceys -

PoticyMumber Type 
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Figure 52. Person CRUD. Create (left),update (right) 

Figure 53 shows the generated association panel for the "InsurancePolicy * — 1 Person 

holder" association. Note that the holder is already selected. 

^__-™____=!, Holder role automatically selected 

&jffC*£S 

to*e««e#C«#^pwtj 

Figure 53. Association panel for the "InsurancePolicy *~ J Person holder" 

An important feature of the generated association panels is that they can launch other 

association panels. Figure 54 shows the Person CRUD launching an association panel for 
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InsurancePolicy and the latter launching a panel for Transaction. 

r _ , -7------ .. 'i~>*~<~**~M 

F^iii'Lu/fijfi at'JC its K-jLirth:;Pt*-' 

Figure 54. Association panel launching an association panel 

5.2.2.6 Grids 

Grids are the components used to show the available instances in a tabular form. For a 

specific class, the generated grid contains one column for each defined attribute and one 

column for each key attribute of each 1 - X association. A type column is always included. 

This column was added to point out when a row is an instance of the class maintained by 

the current CRUD, or when it is an instance of a child class of the class being maintained. 

The first column from the right contains icons to fire actions like edit, delete or select; 

however, a CRUD can only delete instances of its own type. Figure 55 shows the generated 

grid for the InsuredProperty class. 
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Association 

SequeneeWwnber Yearftoift Type Property InsurwicePoltdyld 

2 138a insurance «jre.8uMinj 12312 ' , 

1 19S0 hsurancs.cora.lnsurajlfttipsrtj' *58 I _ J— -> ActlOflS 

2 <39£ «twir*tes,«re,vsHM* 393 ..',. 

Figure 55. InsuredProperty generated grid. Note that the delete action is only available for 
the row with InsuredProperty type 

If a grid has more than 10 rows, a pager is automatically added. Figure 56 shows the pager 

component. 

x 
9 2003 fcsuranee.core.lfwuretf'rijpsrty 313 

Figure 56. Pager component 

5.2.2.7 Validations 

While Umple generates validation code to maintain the defined associations, UIGU adds 

validation code to enforce correct data conversion from the user's input. Both kinds of 

validation messages are shown above the main form. Figure 57 shows a validation message 

for the Renewal class 
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U Uiiabk to create traosactkm die to stsuraacePoficy 

Sequenceflumber [123 

RenewaMd fi22 

Date [2010-02-12 p ) 

InauraneePolicy 

ttiMin'iilJ jJHi&ujS& 

Figure 57. Generated validation message. 

5.2.2.8 Singletons 

Given that a singleton class has only one instance, there is no a singleton CRUD strictly 

speaking. To manage singletons and their relationships, UIGU generates a web form with 

the required links. By definition, a singleton cannot be the many side of an association and 

cannot have not initialized attributes (its constructor does not have arguments). Since there 

is only one instance, the generated view does not contain a grid. 

Figure 58 shows the singleton view generated for the InsuranceCompany class in the 

Insurance System example. 
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Figure 58. Singleton. InsuranceCompany view 

If a class has an association to a singleton class, and this association is mandatory, the 

singleton instance is automatically selected. Otherwise, if the association is optional, an 

instance link is rendered to associate the singleton class, and a delete icon is showed to 

break the association. Figure 59 shows the components rendered to associate singletons. 

InsuranceCompany InsuranceCompany InsuranceCompany 

Figure 59. Form components to associate singletons. Mandatory (left), optional not 
selected (middle), optional selected (right) 

To show associations to singletons in a grid, an instance column is added. A checkmark 

icon is rendered if the instance is associated, and a "N/A" label is rendered otherwise. 

Figure 60 shows the column added to the grids when a class is associated to a singleton. 

| (r.sursnceCompan^ ^ ̂ ^ ^ ^ ^ M i tasuranceCompw^•• 

Instance Instance 

Figure 60. Column representation of an association to a singleton. 

Associated (left), not associated (right) 
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5.2.2.9 Inheritance 

In Section 4.3.1.6 we mention that the BackingObject class resolves the attributes and 

associations inherited by the use of the isA keyword. The UIGU-generated UI contains 

components to manage the attributes and associations owned by a specific class and 

inherited from parent classes. Figure 61 shows the UIs generated for the Transaction class 

and its child class Renewal. 
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Figure 61. Transaction (left) and Renewal (right) CRUDs. Note that while the Transaction 
grid shows both Transaction and Renewal types, the Renewal grid only shows Renewal 

types 

5.2.3 Other features 

The applications generated using the JSFProvider contain other features not related to the 

defined Umple model. The following subsections explain these features. 

5.2.3.1 Session invalidation 

The invalidate session button allows the user to restart the state of the applications. When a 

session is invalidated, all object references in the persistence layer are deleted. 
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Insurance_System 

Figure 62. Invalidate session button 

5.2.3.2 Internationalization 

UIGU generates a properties file (resource bundle) for each class in the Umple model. The 

name of classes, attributes and associations can be customized using this file. If bundles 

with different locales are added, it is possible to run the application in different languages. 

To do so, the bundle files have to be copied under the bundles package. Figure 63 shows 

the generated resource bundle for the Vehicle class 

VehicleClassName=Vehicle 
Identif icationNumber=ldentif icar. ionNurrber 
Model= Ko'i^I 
Manufacturer= Manufacturer 
YearBuilt= YearBuilt 
SequenceNumber= SequenceNu.™ber 
PropertylnsurancePolicy=propertylnsuraneePollcy 

Figure 63. Resource bundle for the vehicle class 

5.2.3.3 Skinnability 

RichFaces [34] has a skinability system allowing the user to define its own skins and 

change the selected skin by setting a parameter in the web.xml file. We took this feature 

and created a skin component to change the application skin at runtime. Figure 64 shows 

the generated CRUD for the Renewal class with four different skins. 
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Figure 64. Different skins for the Renewal CRUD. 1) Wine, 2) Classic, 3) JapanCherry, 4) 
Ruby. Note the skin combo in the upper-right corner. 

In summary, in order to install and run the JSFProvider, besides the Java Runtime 

Environment (version 5 or higher), the user has to install and configure an application 

server (e.g. JBoss) or a servlet container (e.g. Tomcat). For compilation, Apache Ant is 

highly recommended (but not mandatory). 

The JSFProvider creates a complete web application that can be reused and converted into 
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a real application. However, if UIGU is used only for rapid prototyping purposes, the 

overhead of installing and configuring the server, compiling the application and deploying 

the war file using ant can be excessive. If the user's intention is just validate the model, 

then a more agile UlProvider is desired. Next chapter will introduce a simpler provider 

which generates ready-to-run applications. 
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6 Extending UIGU 

As we mentioned in Section 4.3 the architecture of UIGU is divided into 3 levels: 

GUIModel, GUIGenerator and UlProviders. This approach was taken to allow UIGU to 

generate UI code for different technologies that reuse components in other layers. 

The JSFProvider creates complete web applications to be deployed in an application server. 

The advantages of these generated applications are: 

• The applications can be accessed using a web browser without installing or 

deploying any software in the client. 

• The adoption of the DAO+Factory and the MVC patterns reduces the impact of 

converting the generated application into a real JSF web application. 

However, if the application being designed is not going to be a web application or the target 

technology is not JSF or any other Java technology, these advantages are not important for 

the system modeler. If UIGU is used as a tool to generate default prototypes for an Umple 

model, a more agile provider is suitable; this provider should avoid deployment steps. To 

accomplish this, a different technology had to be selected to create ready-to-run 

applications. In Section 2.7.2 we mentioned that the JavaFXtechnology can create both 

web and desktop applications; to execute these applications, the only requirement is that the 

user must install the Java Runtime Environment (JRE) version 6. 
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In this chapter we will discuss how to create ready-to-run applications by developing a 

simple JavaFX UlProvider. The simple School —Person model example defined in Section 

4.3 will be used to compare the generated outputs of each UlProvider. Figure 65 shows its 

Umple model. 
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Figure 65. School — Person model 

6.1 UlProvider classes 

As with the JSFProvider, the JFXProvider must extend the UIFactory, AbstractProvider 

and AbstractUIGenerator classes to interact with the GUIGenerator and GUIModel 

components. These components generate the DAO layer, read the fragments, parse the 

fragments, parse the resource bundles and create the BackingObject instances with the 

attribute classification, keys, association classification, inherited fields and inherited 

associations for each class defined in the Umple model. The source code of the required 

classes can be found in ktp://www.site.uottawaxa/~tcl/gradthese^jsolano/src/JFXPfovider 
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6.2 Fragments 

UIGU allows the declaration controller and view fragments to manage the different types of 

attributes and associations. Given that JavaFX is not a pure MVC framework, both view 

and controller components are coded in a single file called FX script. However, the code 

required to manage a single attribute can be classified into controller fragments and (GUI) 

flow fragments. The former have the same responsibilities as the controller fragments in the 

JSFProvider plus the initialization of the UlComponets (e.g. a TextBox), the latter 

fragments have to modify the behavior of a UlComponent for a specific CRUD step. Table 

23 shows the (controller) definition fragment for a settable String attribute, the Umple 

definition of the School's name attribute, its generated code and the generated UI. 

Fragment 

Umple 
definition 

Generated 
code 

var <%=attVar.getName()%>#4# = TextBox { 
columns: IS 
editable: #1# 
text: #2# 
visible: #5# 

}; 

var <%=attVar.getName()%>#4#Box= HBox { 
spacing: 15; 
content: [ <%=attVar.getName()%>#4#, getlmg(#3#) ]} 

String name; 

key{name) 

var nameField = TextBox { 
columns: 15 
editable: true 
text: "" 
visible: true 

Generated UI 

var nameFieldBox= HBox { 
spacing: 15; 
content: [ nameField, getlmg(true) 

Name: i 

Table 23. Settable String controller fragment and the generated output for the School's 
name attribute 
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In this example, the name field is part of the key definition of the School class. Given that 

key attributes cannot be edited, the (view) create fragment must enable the attribute 

Textbox, while the (view) edit fragment has to generate the required code to deactivate 

editing in the Textbox. Table 24 shows the create and edit fragments, and the generated 

code for the School's name attribute. 

CRUD step Fragment Generate code 

<% AttributeVariable attVar = nameField.editable=true; 
(AttributeVariable) argument; %> 
<% if (attVar.getValue()==null){ %> 
<%=attVar.getName(j %>Field.editable^true; 
<% } else {%> 
<%=attVar.getName()%>Field.editable=false; 
<%}%> 

<%=attVar.getName()%>Field.editable=false; nameField.editable=false; 

Table 24. View fragments for the School's name attribute. Note that the create fragment also 
handles default values 

6.3 Main Templates 

As in the case of the JSFProvider, the JFXProvider requires main templates to join all 

fragments in a compilation unit. Table 25 summarizes these main templates. 

Create 
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Template 

View 

Tabic 

KevTabie 

Menu 

Application 

Pop Up 

Main 

SeleetOneView 

Purpose 

This template contains the form with the 
fields and association links to create new 
objects for a single class. It includes an 
instance of the grid generated by the Table 
template. 

Output: '•'( 'lassType •Iiew.fic 

A Java class that creates a jTable So 
showing the objects created in the system 
for a given type. It provides the buttons to 
select (for update) and delete the object. 

ParametcrTypc 

NORMAL CLASSTW CLASS 

NORMAL CLASS BY CLASS 

Output: table.Java 

NORMAL CLASS BY CLASS 

ALLJXASSES 

NONE 

A J,rv a class iltui creates a /Tabic to snow 
die ke\ s of the selected ob]ects m a many 
(")a«;soci-if»OJ» 

Output </«•.-. A;*' An Iwfe /t/n< 

Tins template cieatcs i A km. with the 
links to access CRUD. Output: Menu./x 

This generates a Utility class used to 
handle the mam window. This class 
controls the window events and the 
scrolling. 

Output: Applicaiion.fx 

Similar to main but. for popup windows. 

Generates the entry point for all CRUTJs. 

This template uses Application and Menu. 

Output: Main I lew.fx 

A class that creates an /Table with a button NORMAL_CL ASS_BY_CLASS 
to select an object (for associations). It lias 
a panel to show the current selection. It 
uses the related KevTabie to show the 

None 

NONE 

SeleetMam View 

Output: •' ClossType '-• Select One I 'ic u.J'x 

A grid widi a button to select multiple 
objects (for associations), ft has a pane! to 
show the current selection in a KevTabie. 
Output: -'.Classlipe > Selecr.'ilanvl lew. fx. 

Table 25. JFXProvider main templates 

NORMAL CLASS BY CLASS 
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6.4 Navigation model 

Unlike JSF applications, JavaFX objects do not require a scope definition. Therefore, 

JavaFX applications do not require special contexts to store objects and values between two 

different requests, and configuration files to set it up. This simplifies the navigation model 

depicted in Section 4.3.3.6. Another important consequence is that the required main 

templates are fewer than in the JSF counterpart. The generated views resemble those 

generated by the JSFProvider. Figures 65 to 68 compare the generated views for the 

School - Person Model. 
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Figure 68. Linking a student (Person) to an School. JavaFX (left), JSF (right) 
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Figure 69. Adding students (Person) to a School. JavaFX (left), JSF (right) 

6.5 Running the JFXProvider. 

In the same manner as in the case of the JSFProvider, a default UmpleProject xml is 

provided. In this file the user has to modify the OutputFolder, UmpleFile and name 

attributes. To compile the resulting JFX application, an ant script xml is also provided. The 

command to run this script is the same as the command shown in Figure 43. 

When the ant task is done, the executable files are generated. Figure 70 shows these files. 

To run the application the user has to double-click the .jnlp file (not the browser.jnlp) or 

open the html page to run it inside of a web browser. 
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Figure 70. JFXProvider executable files 

6.6 Current state 

The JFXProvider currently does not support all the Umple subset supported by the 

JSFProvider. Support for singletons, Date and Time attributes, defaulted and internal 

modifiers, and 1—* associations (currently it supports only 0~* , 1 — 0..1 and *--*) are 

planned for future releases. 
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7 Conclusions 

The ideas and concepts presented in this thesis are part of an ongoing effort to unify 

modeling and implementation of a system. Umple filled the gap between modeling and the 

implementation of the domain objects and UIGU was developed to take these objects to the 

UI level. Even in this initial version is easy to see how UIGU can help software modelers 

to understand the implications of their modeling decisions and also how UIGU- and 

Umple- generated objects can reduce the development time of a software solution. 

7.1 Research Questions 

We have proposed five questions in Chapter 3. These were the research questions our thesis 

hoped to answer, or provide solutions to. This section briefly outlines our answers to these 

research questions. 

RQ1: How can we bridge the gap between models and the UI? 

It is necessary to use code generation techniques to fill that gap. However, a new question 

arises: which is the best generation approach to fill it? There are different answers to this 

question. These answers depend on the selected generation approach. Strictly speaking, 

this research did not start completely from scratch. Since the Umple language was in an 

operative state, and it provided a complete metamodel to get the required details about the 

model (attributes, associations, attribute modifiers, etc.). We analyzed the different code 
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generation approaches and decided that taking advantage of the Umple compiler and the 

generated abstract semantic graph, where each node is an instances of the metamodel, was 

the best approach. Having this, the multi-tier generator model was the most suitable 

approach to implement UIGU, for the following reasons: 

• Umple uses templates to generate the domain objects and this model supports the 

use of templates to produce the output. In this way the skills required to understand 

and expand Umple are close to those required to do the same with UIGU. 

• The textual model is the single input file required. To get rid of reading and parsing 

tasks, we integrated the Umple generation process to UIGU's generation process. 

• Since a controller and view layers (or tiers) had to be generated on top of the 

domain objects partial code generators were not appropriate. 

RQ2: What are the advantages and disadvantages of generating UI code starting with the 
abstract semantic graph generated by the Umple compiler? 

As an Umple tool, UIGU should follow the Umple solution. In this way many Umple 

concepts were ported to UIGU (i.e. attribute modifiers, namespaces, multiplicity handling, 

etc.). Integrating the Umple compiler into the UIGU generation process not only freed us 

from parsing and reading the model file, but also gave us access to the abstract syntax 

graph to navigate through the model that is the subject of generation. This graph contains 

information about the model that could not be obtained through introspection or reflection 

techniques without additional specifications from the user. 

The main disadvantage is that since UIGU was built on top of Umple, it shares the same 
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limitations as Umple plus its own specific limitations. For instance, an Umple limitation is 

that it currently does not fully support 1 -1 associations and therefore UIGU does not 

either. This is only a minor limitation though, since pragmatically, 1 — 1 associations tend 

to be poor modeling choices, with the preferred modeling solution normally being to merge 

the two classes. UIGU-specific limitations are related to Umple constructs that UIGU does 

not support yet (i.e. autoUnique, codelnjection, extraCode, etc.) 

RQ3: What are the limits of automatic UI generation from the model? 

All modeling techniques contain limited information about the system. Therefore the limits 

of the code generated from these models is directly linked to the amount of information 

provided by these models (i.e. in a reflexive association there is no standard notation in 

Umple to create a constraint stating that an instance cannot be associated with itself). 

Several efforts have been made to expand the scope of software models, One of them, OCL 

(Object Constraint Language [38]), was added to UML to provide constraints and query 

expressions that could not be expressed by diagrammatic notation. Adding OCL-like 

constraints to Umple and (reading them with UIGU) will help to create UI applications that 

can represent the user's requirements in closer manner. 

RQ4: To what extent can generated default UI code be customized and extended? 

Generated UI code has to follow appropriate design patterns to maintain the responsibilities 

and roles of each piece of code appropriately separated. UIGU applications use the DAO 

and Factory patterns to keep the persistence layer separated from upper layers (controller 
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and view). In this way, the user can provide his own set of DAO classes to switch the 

persistence media from the default (fake) persistence to a real persistence technology. The 

adoption of the MVC in the JSFProvider resulted in the generation of objects with a 

defined set of responsibilities. These objects can be customized (or even replaced) by the 

user with no impact in other objects and layers, if the public interface of an object is 

respected. Other features like resource bundles and ess skins will also help the user to 

convert the generated application into a real and fully functional application. 

RQ5: How can a GUI generator generate UI code for different UI technologies? 

Similar UI technologies (i.e Struts and JSF) can be totally different from an implementation 

point of view, even if they are created for the same programming language. Differences in 

the underlying technology (e.g. web html pages vs swing windows), configuration files, 

custom classes, custom tags, etc. Turn the creation of a multi-target generator into a 

complex task. However, in our research we found that CRUD applications have a well-

defined set of operations and steps that can be implemented by relatively small pieces of 

code and defined these as fragments. 

The UIGU approach gathers all common tasks (fragment declarations, utility classes, 

association classification, inheritance detection, reading files, writing files, etc.) in the 

GUIModel and GUIGenerator components, and introduces the concepts of fragments and 

main templates to delegate specific UI constructions to the UI providers. Using this 

technique, the developer of a specific JJIProvider can be focused on rendering tasks. 

However the differences between UI technologies can result into a potentially high number 
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of fragments and templates. 

7.2 Contributions 

The following are the main contributions of this research. 

UIGU provides a clean and fast way of see the impact of a design decision in a default (but 

fully functional) UI application. This will help software modelers to catch potential 

mistakes like redundant associations, required associations, special attributes (defaulted, 

immutable, etc.), incorrect attributes types, wrong multiplicities, etc. UIGU will also help to 

add improvements like class realization (inheritance), key definitions, singleton definition, 

among others. 

The UI generation architecture and its distribution of the responsibilities among the three 

main components of UIGU (Model, Generator and provider), is an effective way to 

implement multi-component-framework user interface generators 

This research contributed to development of the Umple language in the following ways: 

• The key keyword was added to the language to generate effective equality tests. 

• The initialization of the Time and Date attributes was upgraded to allow 

initialization from literals (strings). 

• Code structures like doAfter, and doBefore were added to Umple after analyzing the 

different fragments provided by a fragment resolver 

• Many bugs where discovered and addressed. 
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7.3 Future work and possibilities 

This thesis is the one of several different research subprojects related to Umple. There is 

much work and possible research to be done in order to improve UIGU and its 

functionality. 

7.3.1 Expanding UIGU 

This initial version of UIGU is intended to be a prototype providing a proof of concept. 

Consequently we had to limit the scope of our work. 

UIGU does not cover all Umple language features. The initial subset of Umple features 

supported by UIGU was selected to allow the creation of effective CRUD applications, 

however there are other data types to be supported (e.g. list, enum, etc), keywords (unique, 

autoUnique, etc.) . These features can be supported easily by the definition of new 

fragments. Other Umple constructs (e.g. Interfaces) should imply the development of new 

classes and main templates. New UlProviders to support other technologies can also be 

developed. 

Umple research is growing in multiple directions. Support for state machines is currently 

being added to the Umple language; OCL support and concurrent modeling support are also 

being considered. Given that these research lines can also be taken to the UI level, UIGU 

has to be expanded in order to remain as a valid UI generator for the Umple language. 
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7.4 Validating UIGU 

UIGU was tested using the examples listed in Appendix III. However, to gather feedback, 

UIGU should be tested in more complex models and by experienced software modelers. 

Initially UIGU could be used as a teaching tool. This will help not only to test its concept, 

but also to show students how UML concepts can be mapped to textual models and these 

models can be taken to the UI level. Besides these advantages UIGU provides to students, 

student exposure to UIGU would make it more possible that it will gain more research 

interest and developer support in the future. Once stabilized and tested, UIGU could be 

opened to the open source community to allow them to use it and contribute. 
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APPENDIX I 

UMPLE GRAMMAR V. 1.6.3 

program- : ( [[comment]] | [[directive]] )* 

directive- : [[glossary]] | [[generate]] | [[useStatement]] | 
[[namespace]] | [[entity]] 

glossary : glossary { [[word]]* } 

word : [singular] : [plural] ; 

generate- : generate [=generate:Java|Php|Json|Yuml] ; 

useStatement- : use [use] ; 

namespace- : namespace [namespace] ; 

entity- : [[classDefinition]] | [[interfaceDefinition]] | 
[[externalDefinition]] | [[associationDefinition]] | 
[[associationClassDefinition]] 

classDefinition : class [name] { [[classContent]]* } 

externalDefinition : external [name] { [[classContent]]* } 

interfaceDefinition : interface [name] { [[depend]]* [[extraCode]]? } 

associationDefinition : association [name]? { [[association]]* } 

associationClassDefinition : associationClass [name] { 
[[associationClassContent]]* } 

separateMultiplicity : [[multiplicity]] [type,name] ; 

association : [[aMultiplicity]] [=arrow:—|->|<-|><] [[aMultiplicity]] ; 

aMultiplicity : [[multiplicity]] [type,name] 

classContent- : [[comment]] | [[classDefinition]] | [[position]] | 
[[isA]] | [[singleton]] | [[depend]] | [[codelnjection]] | 
[[keyDefinition]] | [[symmetricReflexiveAssociation]] | [[stateMachine]] 
I [[attribute]] | [[myAssociation]] | [[extraCode]] 

associationClassContent- : [[comment]] | [[classDefinition]] | [[isA]] | 
[[depend]] | [[codelnjection]] | [[keyDefinition]] | 
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[[separateMultiplicity]] [[separateMultiplicity]] | [[stateMachine]] | 
[[attribute]] | [[myAssociation]] | [[extraCode]] 

isA- : isA [extendsName] ; 

depend- : depend [depend] ; 

singleton- : [=singleton] ; 

attribute : [=autounique] [name] ; | [=unique]? 
[=modifier:immutable|settablet internal|defaulted|const]? ([type] 
[=list:[]] [name] | [type,name>l,0]) (= [**value])? ; 

symmetricReflexiveAssociation : [[multiplicity]] self [name] ; 

myAssociation : [[myMultiplicity]] [=arrow:—|->|<-|><] 
[[yourMultiplicity]] ; 

myMultiplicity z [[multiplicity]] [name]? 

yourMultiplicity : [[multiplicity]] [type,name] 

multiplicity- : [=bound:*] | [lowerBound] .. [upperBound] | [bound] 

keyDefinition- : [[defaultKey]] | [[key]] 

defaultKey : key { } 

key : key { [keyld] ( , [keyld] )* } 

codelnjection- : [[beforeCode]] | [[afterCode]] 

beforeCode : before [operationName] { [**code] } 

afterCode : after [operationName] { [**code] } 

extraCode- : [**extraCode] 

comment- : [[inlineComment]] | [[multilineComment] ] 

inlineComment- : // [*inlineComment] 

multilineComment- : /* [**multilineComment] */ 

position- : [[associationPosition]] | [[classPosition]] 

classPosition : position [x] [y] [width] [height] ; 

associationPosition : position.association [index] [[coordinate]] 
[[coordinate]] ; 

coordinate : [x] , [y] 

stateMachine : [[enum] ] | [name] { [[state]]* } 
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enum- : [name] { } | [name] { [stateName] (, [stateName])* } 

state : [stateName] { [[stateEntity]]* } 

stateEntity- : [[transition]] | [[entryOrExitAction]] | [[nestedState]] | 
[[activity]] 

transition : [[guard]] [event] -> [[action]]? [stateName] ; [ [event] 
[[guard]]? -> [[action]]? [stateName] ; | [[activity]] -> [stateName] 

nestedState : [stateName] { [[stateEntity]]* } 

action : / { [**actionCode] } 

entryOrExitAction : [=type:entry|exit] / { [**actionCode] } 

activity : do { [**activityCode] } 

guard : [ [**guardCode] ] 
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APPENDIX II 

UmpleProjectxsd 

'?xm1 versioii""1.0" encoding="UTF-8"?> 
<xs:schema xmlns:xs="http://www. w3.org/2001/XMLSchema" xmlns:jxb="http:/;java.sun.com/xmL'ns;jaxb" jxb:version="1.0" 

<xs:annotation> 
<xs.appinfo> 

' jxb:globalBindings collectionType="java.util.ArrayList"/> 
< xs:appinfo> 

</xs:annotation> 
<xs:element name"UmpleProject"> 

<xs:complexType> 
<xs: sequences-

<xs:element ref="Properties" > 
"xs.elementref'="GetretationUmts" > 
<xs:element ref="Files"/> 

</xs:sequenee> 
' xs:altribute name~"name" type="xs:string" use="required"/> 
<xs:attribute name""UIFactory" type="xs: string" use="required"/> 
<xs:attribute name- "OutputFolder" type="xs:string" use="required"/> 
<xs:attribute name"r"UmpleFile" type= "xs:string" use="required"/> 

<xs:complexType-
</xs:element> 
<xs:element name-'"Property":-

<xs:complexType> 
<xs'.atlribute name-"name" type="xs.string" use="required" > 
<xs:attribute name="value" type="xs:string" use="required" > 

< xs:complexType> 
< xs:elements 
<xs:element name="Properties"> 

<xs:complexType> 
•-'xs:sequence> 

<xs:element ref="Property" minOceurs""0" maxOceurs="unbounded"/> 
<:xs:sequence> 

</xs:complexType> 
<''xs:e1ement> 
<xs:eiement name=,,GenerationUmts"> 

<xs: eomplexType> 
<xs:sequence> 

<xs:element reiv"GenerationUnit" minOccurs-"0" maxOecurs-"unbounded" > 
</xs:sequence> 

< xs:complexType> 
</xs:element> 
<xs lelement name= "GenerationUnit"> 

<xs:complexType> 
<xs:attribute name= "TemplateClass" type~"xs:string" use="required"/> 
<xs:attribute name""TemplatePackage" type="xs:string" use="required'7> 
<xs:attribute name="ParameterType" type="xs:string" use="required" > 
<xs:attribute name^'TackagePreffix" type^ "xsistring" use="optional"/> 
<xs:attribute name="ClassSuffix" type - "xsistring" use="optional" > 
<xs:attribute name="OutputName" type="xs:string" user "optional" > 
<xs:attribute name^"OutputExtension" type="xs:string" use="optional"/> 
'xs.attribute name""OutputSubFolder" type="xs'.string" use—"optional" :'> 
<xs:attribute name="AddClassNameToRoute" type""xs:string" use="optional" default="NO"/: 

<• xs:complexType> 
< xs:element> 
<xs:element name^'Tile"-" 

<xs:complexType> 
<xs:attribute name""InputFolder" type-"xsistring" use="required" <> 
<xs:attribute name""OutputSubFolder" type="xs:string" use="required'V> 
<xs:attribute name""Name" type-"xs;string" use="optional" > 
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'' xs:complexType> 
" xs:element> 
' xs:element name="Files"> 

<xs:complexType> 
<xs:sequence> 

<xs:e}ement ref="File" winOccurs="0" maxOccurs-"unbounded" > 
<xs:element ref="Directory" minOccurs-J"0" maxOccurs="unbounded" 

•-'/xs:sequence> 
< xs:complex'Type> 

< xs:element> 
<xs:element name="Directory"> 

<xs:complexType> 
• xsiattribute name="Inpu1Folder" type="xs:string" use="required"/> 
' xs.attribute name="OutputSubFotder" type:'"xs:stritig" use="optional" > 

<xs:eomplexType> 
< xs:element--

j''xs:sehema> 
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APPENDIX III 

Examples 

School - Person Model 

namespace education; 

class School { 

String name; 

String address; 

String description; 

C..1 — * Person student; 

key{name} 

} 

namespace human; 

class Person { 

String name; 

In t ege r idNumber; 

JfceyfidNumber} 

} 

Insurance System. 

namespace insurance.core; 

class InsuranceCompanyf 

singleton; 

0..1 — * InsurancePolicy; 

} 

class InsurancePolicy{ 



String policyNumber; 

defaulted Double monthlyPremium=150.0; 

Date starDate; 

Date endDate; 

Double insuradValue; 

i — * Transaction; 

* — 1 Person holder; 

key {policyNumber} 

} 

class Transaction { 

Integer txld; 

imaatable Date date; 

key {txld} 

} 

class Renewal { 

Integer sequenceNumber; 

Integer renewalld; 

isA Transaction; 

Jcey{ sequenceNumber} 

} 

class Claim { 

Integer sequenceNumber; 

String description; 

Double amountClaimed; 

fcey{sequenceNumber} 

} 

class Person! 

Integer idNumber; 

String name; 

String address; 

Date dateOfBirth; 

icey {idNumber} 

} 

class LifelnsurancePolicy { 

Integer lifelnsurancePolicyld; 

isA InsurancePolicy; 

* — 1 Person insuredLife; 

* -> * Person beneficiary; 

Jcey {lifelnsurancePolicyld;} 

} 

class PropertyInsurancePolicy{ 
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Integer propertylnsurancePolicyld; 

is& InsurancePolicy; 

key {propertylnsurancePolicyld} 

} 

class InsuredProperty { 

Integer sequenceNumber; 

Integer yearBuilt; 

0..1 — 1 PropertylnsurancePolicy; 

keyisequenceNumber} 

} 

class Building { 

isA InsuredProperty; 

String address; 

Double floorArea; 

key {address} 

} 

class Vehicle) 

±s& InsuredProperty; 

String identificationNumber; 

String manufacturer; 

String model; 

key{identificationNumber} 

} 

Airline System 

namespace airline; 

class Airline) 

singleton; 

1 — * RegularFlight; 

1 — * Person; 

} 

class RegularFlight{ 

Time time; 

Integer flightNumber; 

1 — * SpecificFlight; 

key{flightNumber} 



} 

class SpecificFlight{ 

Integer flightld; 

Date date; 

key{flightld} 

} 

class PassengerRole 

{ 

isA PersonRole; 

immutable String name ; 

1 — * Booking; 

key{name} 

} 

class EmployeeRole 

{ 

St r ing jobFunction; 

ia& PersonRole; 

* - - 0 . . 1 EmployeeRole superv i sor ; 

* — * S p e c i f i c F l i g h t ; 

Jeey{ jobFunction} 

} 

class Person 

{ 

String name; 

Integer idNumber; 

1 — 0..2 PersonRole; 

key(idNumber} 

} 

class PersonRole}} 

class Booking} 

Integer seguenceNumber; 

String seatNumber; 

* Booking — 1 SpecificFlight; 

Jcey{ seguenceNumber} 

} 



APPENDIX IV 

UmpleProjectxmlfor the InsuranceSystem 

<?xml version="1.0" encoding="UTF-8"?> 

<UmpleProjecl UmpleFile="Insurance.ump" name="Insurance System" LTFactoryr,"cruise.ui.jsf.JSFFactory" 
OutputFoWer="InsuranceApp" xsi:noNamespaceSchemaLocation=''UmpleProjeetxsd" 
xmlns:xsir-"http://www.w3.org/2001/XMLSchema-instance"> 
<Properties> 

<Property name="UMPLE FOLDER" value="JavaSource" /> 
<Property name="ATTRFBUTE CONFIGURATOR" value="xml/AttributeConfigurator.xml" /> 
<Property name="GUIATTRIBUTE CONFIGURATOR" value="xml/GUIConfigurator.xml" /> 
<Property name="PROVIDER JAR" value="JSFProvider.jar" /> 

<Property name="BCK_OBIECT_SUFFIX" value="Bean" > 
<Property name" "PACKAGE PREFIX" value="web" /> 

<'Properties> 
'Generation Units> 

<GenerationUnit OutputSubFolder~"JavaSource" Package Preffix="dao" OutputExtension="java" 
TemplatePackage="cruise.data.impl.dao" TemplateClass~"DAOInterface" ClassSuffix="DAO" 
ParameterT>pe="NORMAL_CLASS_BY CLASS" > 

' GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="dao.keys" OutputExtension="java" 
TemplatePackage-"cruise.data.impl.dao.generic" TemplateClass^'KeyClass" OutputPackage="dao.keys" ClassSuffix="Key" 
ParameterType-"NORMAL_CLASS BY CLASS"/; 

'GenerationUnit OutputSubFolder-""JavaSource" PackagePreffix="dao.keys" OutputExtension="java" 
l>mp\atePackage-'cruise.data.impl.dao.gerieric.imp\''TemplateC\ass=;"lKey'' OutputName='TKey" ParameterType="NONE"'> 

"GenerationUnit OutputSubFolder-"JavaSource" PackagePrefFix="dao.factory" OutputExtension="java" 
TemplatePackage="cruise.data.impl.dao.factory" TemplateClass~"DAOFactory" OutputName="DAOFactory" 
ParameterType-"ALL NORMALCLASSES" > 

'GenerationL'nit OutputSubFolder^'JavaSource" PackagePreffix""dao.factory" OutputExtension="java" 
TemplatePackager="cruise.data.impl.dao.factory" TemplateClass="FakeDAOFactory" CXitputName="FakeDAOFactory" 
ParameterType-".AIXNORMALCLASSES" > 

<GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="dao.generic" OutputExtension="java" 
TemplatePackage="cruise.data.impl.dao.generic" TemplateClass™"GenericDAO" OutputName="GenericDAO" 
ParameterType^"NONE" > 

•'GenerationUnit OutputSubFolder="JavaSource" PackagePrefFix="dao.generic.impl" OutputExtension™"java" 
TemplatePackage™"cruise.data.impl.dao.generic.impl"TemplateClass="GenericFakeDAO" OutpufName-"GenerieFakeDAO" 
ParameterType="NONE"/> 

<GenerationL'nit OutputSubFolder="JavaSource" PackagePreffix="dao.session" OutputExtension="java" 
TemplatePackage="cruise.data.impl.dao.session" TernplateClass="ObjeetRepository" OutputName-"ObjectRepository" 
ParameterType="ALL_NORMAL_CLASSES" > 

'GenerationUnit OutputSubFolder="JavaSource" PackagePreffix-"dao.session" OutputExtension="java" 
TemplatePackage="cruise.data.impl.dao.session" TemplateClass' "Session" OutputName="Session" ParameterType="NONE"> 

'-GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="bundles"OutputExtension="properties" 
Temp!arePackage="cruise.data.impl. bundles" Templa(eC/ass="ResourceBundie" OutputPackage= "bundles" 
ParameterType="NORMAL_CLASS_BY_CLASS'V> 

<GenerationUnit OutputSubFolder="JavaSource" PackagePreffix = "bundles" OutputExtension="properties" 
TemplatePackage="cruise.data.impl.bundles" TemplateClass="ResourceBundle" OutputPackage^ "bundles" 
ParameterT>pe="SINGLETON_CLASS_BY_CLASS",> 

<GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="web.components.bean" OutputE\"tension-"java" 
TemplatePackage="cruise.ui.jsf.templates.in\pl.components" Temp!ateClass="SkinBean" OutputName™"SkinBean" 
ParameterType="NONE " > 

•'GenerationUnit OutputSubFolder="JavaSource" PackagePrefFix="web.components.bean" OutputExtension="java" 
TempiatePackage^"cruise.ui.jsftempIates.impi.components" TempiateCIass^"TimeBean"OutputName="TimeBean" 
ParameterType="NONE" > 

<GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="web.control" OutputExtension="java" 
TemplatePackage="cruise.ui.jsf.templates.impl.control" TemplateClass^'BeanLinker" OutputName="BeanLinker" 
ParameterType="NONE" > 
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GenerationUnit OutputSubFoIder "JavaSource" PackagePreffix "web.control" OutputExtension="java" 
TemplatePackage^ "cruise.ui.jsf.templates.impl.control" TemplateClass' "MainBean" OutputName- "MainBean" 
ParameterType -"NONE" > 

"'GenerationUnit OutputSubFolder="JavaSource" PackagePreffix="web.utils" OutputExtension""java" 
TemplatePackage=" cruise.ui.jsf.templates.impl.utils" TemplateClass^'TageFlowUtils" OutputName="PageFlowUtils" 
ParameterType="NONE" > 

'GenerationUnit OutputSubFoIder=•- "JavaSource" Package Preffix="web" OutputExtension="java" 
TemplatePackage="cruise.ui.jsf.templates.impl"reiTiplateClass="BckBean" ClassSuffix="Bean" 
ParameterType='TN'ORMAL_CLASS_BY_CLASS" -> 

^GenerationUnit OutputSubFolder="JavaSource" PackagePreffix-"web" OutputExtension="java" 
TemplatePackage="cruise.ui.jsf.templates.impl"TemplateClass="BckBeanSingleton" ClassSuflix=i"Bean" 
ParameterType "SINGLETON CLASS BYCLASS" > 

•'GenerationUnit OutputSubFolder="WebContent/WEB-INF" OutputExtension-"xml" 
TemplatePackage="cruise.ui.jsf.templates.impl.GUl.config" TemplateCIass"WebXML" OutputName- "web" 
ParameterType="NONE" > 

<GenerationUnit OutputSubFoider-"WebContent/WEB-INF" Ou(put£xtensron="xml" 
TemplatePackage="cruise.ui.jsf.templates.impl.GUI.config" TemplateClass "FacesConfig" OutputName ="faces-config" 
ParameterType-"ALL_CLASSES" > 

"GeneratiotuUnit OutputSubFoIder-"WebContent/pages" PackagePreffix^"templates" OutputExtension="xhtml" 
TemplatePackage-"cruise.ui.jsf.templates.impl.GUI.templates" TemplateClass "Common" OutputName-"common" 
ParameterType^" ALL_CLASSES".-> 

•'GenerationUnit OutputSubFoIder-'"WebContent/pages" OutputExtension="xhtml" 
TemplatcPacVvage""cruise.ui.jsf.tsmplates.impl.GUI" TemplateClass="Home" OutputNamc~"home" ParameterType="NONE"'> 

•"GenerationUnit OutputSubFoIder-"WebContent/pages" OutputF,xtension="xhtml" 
TemplatePackage--"cruise.ui.jsf templates.impl.GUT' TempIateCIass="BaseInsertabie"CfassSuffix="InsertabIe" 
AddClassNameToRoute-----"YES" ParameterType="NORMAL_CLASS_BY_CLASS" > 

'GenerationUnit OutputSubFolder="WebContent/pages" OutputF,xtension-"xhtml" 
TemplatePackage=-"cruise.ui.jsf.templates.impl.GUI" TemplateClass="BaseMain" ClassSufFix-"Main" AddClassNameToRoute-"YES" 
ParameterType="NORMAL_CLASS_BY_CLASS" > 

<GenerationUnit OutputSubFoider="WebContent/pages" OutputEx1ension="xhtm]" 
TemplatePaekage=-"cruise.ui.jsf.templates.impl.GUI" TemplateClass="Grid" Oiitput\"ame="grid" AddClassNameToRoute="YES" 
ParameterType="NORMAL_CLASS_BY_CLASS7> 

•GenerationUnit OutputSubFolder="WebContent/pages" OutpmExtension="xhtml" 
TemplatePackage- "cruise.ui.jsf.templates.impl.GUI" TemplateClass""GridSelectMany" OutputName-"gridSelectMany" 
AddClassNameToRoute- "YES" ParameterType- "NORM ALCLASSBYCLASS" > 

'GenerationUnit OutputSubFolder="WebContent/pages" OutputE.xtension="xhtml" 
TemplatePackage="cruise.ui.jsf.templates.impl.GUI" TemplateClass="GridSelectOne" OutputName=="gridSelectOne" 
AddClassNameToRoute="YES"ParameterType="NORMAL_CLASS_BY_CLASS" > 

GenerationUnit OutputSubFolder="WebContent/pages" OutputExtensionr "xhtml" 
TemplatePackage="cruise.ui.jsf.templates.impl.GUI" Templatedass-"BaseInsertableSingleton" ClassSuffix="Insertable" 
AddClassNameToRoutc--"YES"ParameterT)pe-"SINGLETON_CLASS_BY_CLASS'V':-

' GenerationUnit OutputSubFolder-"WebContent/pages" Output Extension "xhtml" 
TemplatePackage="cruise.ui.jsf.templates.impl.GUI" TemplateClass^ "BaseMain" ClassSuffix="Main" AddClassNameToRoute="YES" 
ParameterType="SlNGLETOTN_CLASS_BY_CLASS" > 
< GenerationUnits> 
<Tiles> 

'Directory InputFolder="files/compile-libs" OutputSubFolder~-"compile-libs" ••'> 
<Directory InputFolder="files/images" OutputSubFolder="WebContentimages", > 
'Directory InputFolder="fdes/lib" OutputSubFolder="WebCotitent'WEB-INF/tib" > 

•-Directory InputFolder="files/tomcat-libs" OutputSubFoIder-"WebContentAVEB-INF/lib" > 
<Directory InputFofder="fi!es/META-INF" OutputSubFoIder=" WebContent/M ETA-INF"/> 
•File InputFoldcr="files" OutputSubFolder="WebContent" Name="index.jsp" > 

<Files> 
< UmpleProject> 
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