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2. Literature Review 

 

2.1 Literature Review on Metamodeling 

“Laws are like sausages, it is better not to see them being made.”  

– Otto von Bismarck 

 

Metamodeling is the process of creating meta-models. A metamodel is simply the model of 

a model. In this respect every model has an associated metamodel and it is an instantiation 

of this meta-model. The metamodel describes the building blocks and the relations and 

constraints of using these building blocks for creating models. For example UML models 

are based on the UML metamodel. 

 

This model to metamodel relation creates the “four-layer metamodeling architecture” as 

shown in table 2.1. Here, elements in a given conceptual layer describe elements in the next 

layer down.  

 

Layer Description Example 

M3 
(Meta-

metamodel) 

• Defines a language for specifying a 
metamodel 

• Typically more compact than the 
metamodel it describes 

• Can define many metamodels 

MetaClass, MetaAttribute, 
MetaOperation 

M2 
(Metamodel) 

 

• Defines a language for specifying 
models 

• Is an instance of a meta-metamodel 
(every element of the metamodel is an 
instance of an element of the meta-
metamodel) 

Class, Attribute, Operation, 
Component 

M1 
(Model) 

• Defines a language that describe 
semantic domains  

• Is an instance of a metamodel 
• The things that are modeled reside 
outside the metamodel hierarchy 

Customer, Order, 
OrderItem, Product 
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M0 
(Instance) 

 

• Contains run-time instances of the 
model elements defined in a model 

<“Bill Gates”, 23, “New 
Your”> 

Table 2-1 Traditional four layer meta-modeling architecture 

2.1.1 Meta Object Facility (MOF) 

Currently in version 2.0 this is an OMG standard meta-meta model for creating modeling 

languages (i.e meta models). 

In the light of the traditional four layer meta-modeling architecture OMG now has, 

 

Layer Example instance 

M3 MOF (meta-meta model) 
M2 UML Metamodel 
M1 UML model 
M0 Computer system 

Table 2-2 OMG four layer meta-modeling architecture 

• The MOF meta-metamodel is the language used to define the UML metamodel, 

• The UML metamodel is the language used to define UML models, and 

• A UML model is a language that defines aspects of a computer system. 

 

However it should be noted that UML metamodel does not fit neatly as in instance of 

MOF and therefore there is a mapping defined by OMG [16]. This mapping from the 

UML meta-metamodel to the MOF meta-metamodel is direct. In fact, for most of the core 

constructs there is a structural equivalency in the mapping. 

For example: The MOF does not support UML AssociationClasses or qualified 

Associations. These constructs can be simulated in a MOF metamodel by introducing an 

extra Class to hold the AssociationClasses features and replacing the Association with two 

or more Associations. 

 

2.1.2 UML metamodel 

The complexity of the UML metamodel is managed by organizing it into logical packages. 

The top level contains three packages. 
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Figure 2-1 UML Metamodel – Top level packages 

Then the Foundation package is further sub divided. 

 

Figure 2-2 UML Metamodel – The Foundation package 

 

2.1.3 UML Extension Mechanisms 

“The Extension Mechanisms package is the subpackage that specifies how specific UML 

model elements are customized and extended with new semantics by using stereotypes, 

constraints, tag definitions, and tagged values. A coherent set of such extensions, 

defined for specific purposes, constitutes a UML profile” [15]. 

 

The extensibility mechanisms of the UML allows to customize and extend it by adding new 

building blocks and specifying new semantics in order to make the language suitable for a 

given problem domain. The three common extensibility mechanisms that are defined by 

the UML are stereotypes, tagged values, and constraints. 
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Extension 
Mechanism 

Description Examples 

Stereotypes 

Creates a virtual UML metaclass 
based on an existing UML metaclass. 
Provides a way to classify the base 

metaclass instances, and optionally to 
specify additional Constraints or 

required Tagged Values. 

The Stereotype «topLevelPackage» 
extends the UML metaclass 
Package. When applied to a 

Package instance, it constrains the 
instance to be not nested within 

another instance. 

Constraints 

Allows semantics for a model 
element to be specified linguistically. 
The specification is written as an 

expression in a designated constraint 
language such as OCL. 

The Class must be abstract if any of 
its Operations, either contained or 

inherited, are abstract 

Tagged 
Values 

Acts like an attribute of a UML 
metaclass. Allows arbitrary 

information to be attached to an 
instance. A set of Tagged Values can 
be associated with a Stereotype, to be 
applied to model elements carrying 

the Stereotype. 

Specify properties that are relevant 
to code generation or configuration 

management. 
Specify the programming language 

to which the class is mapped, 
Denote the author and the version 

of a component. 

Table 2-3 UML Extension Mechanisms 

These mechanisms can be used to specialize or refine the UML for a specific purpose [14]. 

 

 

Figure 2-3 UML 1.4.2 Extension Mechanisms 
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Graphical representation of extension mechanisms 

The following example illustrates the graphical representation of the extension mechanisms 

done according to the specifications “presentation options” and “style guide”. 

 

Figure 2-4 Graphical representation of extension mechanisms 

2.1.4 UML Profiles versus Metamodel extensions 

In Metamodeling we often require special languages for modeling domains. Here there is a 

choice between creating a new language and extending an existing language. Creation of a 

new language is defining a new metamodel based on MOF, and extending an existing 

language (i.e. a metamodel) is the creation of an UML profile.  

Few factors in choosing this can be summarized as follows [17]: 

The creation of an MOF based meta-model is more appropriate when: 

• The domain is well defined, and has a unique well accepted main set of concepts 

• A model realized under the domain is not subject to be transferred into other domains 

• There is no need to combine the domain with other domains 

The creation of a UML profile is more appropriate when: 

• The domain is not subject to consensus, many variations and point of views exist 

• The domain may be combined with other domains, in an unpredictable way 

• Models defined under the domain may be interchanged with other domains 

• Graphical editors are required for modeling 
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2.2 Literature Review on Model Serialization 

 

In the model-driven engineering processes model serialization is a key requirement 

especially in model interchange between different tools and also in different stages of the 

MDE process. The basic questions are, 

• How do we store and access models? 

• How do we export/import models between applications? 

 

The petal file format is the model serialization format of the popular modeling tool 

Rational Rose. Although there are API-definitions for this file format available [18] the 

format is not publicly available and is kept a proprietary standard [19]. 

 

One of the most promising new standards in the model-driven engineering field is the 

XML Metadata Interchange (XMI) specification by the OMG, which can be effectively 

used for model serialization and interchange. 

 

2.2.1 XML Metadata Interchange 

XMI specification provides a standardized way to model serialization. Importantly the XMI 

specification can serialize any MOF compliant language. Therefore not only UML models 

but any UML Profile or any other language conforming to the MOF metamodel can be 

serialized. Since the base technology of XMI is XML it is ideal as a cross-platform model 

interchange format also.  

The main purpose of XMI is to enable easy interchange of metadata between modeling 

tools (based on the OMG-UML) and metadata repositories (OMG-MOF based) in 

distributed heterogeneous environments. [20] 

XMI is an integration of three key industry standards: 

1. XML - eXtensible Markup Language (W3C standard) 

2. UML - Unified Modeling Language (OMG standard) 

3. MOF - Meta Object Facility (OMG standard) 
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The following describes the relationship between releases of XMI and releases of MOF: 

Version Release date MOF 

1.0 June 2000 1.1 

1.1 November 2000 1.3 

1.2 January 2002 1.4 

1.3 May 2003 1.4 

2.0 May 2005 1.4 

2.1 September 2005 2.0 

Table 2-4 Relationship between releases of XMI and releases of 

MOF 

2.2.2 Drawbacks of  XMI 

There have been few drawbacks or inherent problems identified of the XMI specification 

by [21]. First of such is the “Too Many Versions” problem. As Table 2-4 lists there are 

currently six versions of XMI and there have been seven versions of UML (1.0 to 1.5 and 

2.0). This means that a document containing a UML model can actually be serialized in 42 

different combinations of XMI and UML versions. The other problems are the lack of a 

proper way to identify the metamodel and model elements (a unique reference to model 

elements that distinguishes them from the rest of model elements). 

Appendix A shows how a simple model is serialized in XMI version 1.0 and XMI version 

1.2. This highlights the other problem of XMI: being to verbose. However with the 

introduction of namespaces in v1.2 this problem has been lessened. 
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2.3 Literature Review on Model Transformation 

 

Transformation is a fundamental theme in software engineering, where “computation” can 

actually be viewed as data transformation. 

 

A model is an abstraction of a system or its environment, or both. In software engineering, 

the term model is often used to refer to abstractions above program code. Since program 

code is also an abstraction of the underlying machine code, some authors especially in 

model-driven software development, have referred to them as models [24] Further begin 

visual is not a defining characteristic of models. 

 

Model transformation is often referred to as one of the key challenges in model-driven 

software development. [22] [23] It can be defined as the automated process that take one or 

more source models as input and produce one or more target models as output, while 

following a set of transformation rules. 

 

 

Figure 2-5 Basic concepts of model transformation 

From this definition, if the Target Metamodel is a high level programming language 

definition, then the Target Model is program text conforming (i.e. compliable) to that 

programming language definition. 

2.3.1 Model transformation techniques 

There are various categorizations done of the different model transformation techniques 

developed overtime. One such comprehensive categorization has been provided by [24]. 

The broad categorization for transformations is Model-to-text and Model-to-Model. The 

distinguishing factor is whether the target has a meta-model. In Model-to-text the 

transformation is from a model to simple text where there is no associated meta-model. 
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 Approach Description 
Example Frameworks 
and Implementations 

M
o
d
el
-t
o
-m

o
d
el
 

Direct 
manipulation 

Offers an internal model representation 
and some APIs to manipulate it. Have to 
implement transformation rules manually 

from a high level language like Java. 

Java Metadata Interface 
(JMI) [28] 

Structure-
driven 

In this approach the hierarchical structure 
of the target model is first created and then 
the references and attributes are set. Model 
elements can be copied from source to 

target. 

Java framework in 
OptimalJ 

Operational 

In this approach the meta-modeling 
formalism is extended with facilities for 
expressing computations. E.g. Extending 
OCL with imperative constructs. Tracing 

may also be offered. 

QVT Operational 
mappings, MTL, C-
SAW, and Kermeta. 

Template-
based 

In this approach Model templates are used. 
The models have embedded metacode that 

computes the variable parts of the 
resulting template instances. The metacode 

can have the form of annotations on 
model elements. (from a language like 

OCL) 

 

Relational 

Specify the relations among source and 
target element types using (often 
declarative) constraints. A logic 

programming language like Prolog or 
Mercury is often used 

QVT Relations, MTF, 
Kent Model 

Transformation 
Language, Tefkat, AMW 

Graph-based 
Based on theoretical work on graph 
transformations. Operates on typed, 

attributed, labeled graphs. 

AGG, AToM3, 
VIATRA, GReAT, 

UMLX, BOTL, MOLA, 
and Fujaba 

Hybrid 
Incorporates one or more of the above 
approaches in different stages of the 

transformation. 
ATL 

XSLT based 

When the models are serialized into an 
XML based format like XMI an XSLT 
based transformation can be done. An 

XSLT processor like Apache Xalan [25] or 
Saxon [26] should be used. 

 

Table 2-5 List of model-to-model transformation approaches 
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Approach Description 
Example 

Frameworks and 
Implementations 

M
o
d
el
-t
o
-t
ex
t 

Visitor-based 

A code-generation approach which 
provides some visitor mechanism to 
traverse the internal representation of 
the model and write text to a text 

stream. 

Jamda 

Template-based 

In this approach text templates can be 
created with placeholders for data 
from the source model. It contains 
splices of meta-code to access 
information from the source. A 

template engine like Apache Velocity 
or XDoclet is often used in 

frameworks. 

AndroMDA, 
ArcStyler, MetaEdit 

Table 2-6 List of model-to-text transformation approaches 

2.3.2 QVT and model transformations 

“Meta Object Facility (MOF) 2.0 Query/View/Transformation Specification” [27] has 

been issued by OMG recently (on July 2007). to seek a standard for model transformations. 

The current specification of the QVT standard only addresses model-to-model 

transformations, where models should conform to MOF 2.0 metamodel. Model to text 

transformations and transformations between non-MOF compliant models are currently 

outside the scope of QVT. 

 

2.3.3 XSLT based transformations 

 

XSLT 

Extensible Stylesheet Language Transformations (XSLT) is a language defined by the 

World Wide Web Consortium (W3C), for transforming XML documents into other XML 

documents. It is also used for transforming into non xml text transformations. 
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XPath 

XPath (XML Path Language) is a language defined by the W3C, for addressing portions of 

an XML document and for computing values based on the content of an XML document. 

XPath is used to navigate through elements and attributes in an XML document. It is a 

non-XML language and it is used internally in XSLT Stylesheets. 

 

XSLT Processing 

The XSLT processing model involves: 

• One or more XML source documents 

• One or more XSLT Stylesheet modules 

• The XSLT template processing engine (the XSLT processor) 

• One or more result documents. 

 

Graphically the process can be shown as follows: 

 

Figure 2-6 XSLT Processing model 

 

XSLT Processors 

As Figure 2-6 shows, an XSLT Processor is the heart of an XSLT Transformation. XSLT 

processors are applications that understand what to do with XSLT stylesheets. You tell an 

XSLT processor to use a particular Stylesheet with a particular XML document, and it runs 

the Stylesheet to give you a result. 

The author has surveyed several popular XSLT processors and has tabulated the 

characteristics below [29], [22]. 
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XSLT 
Processor 

OS XML 
Parser 

XSLT 
Versions 

Description 

Saxon Java Build-in Saxon 6 – 
XSLT 1.0 
Saxon 8 – 
XSLT 2.0 

Saxon (http://saxon.sourceforge.net/) was 
written by Michael Kay, the author of XSLT 
Reference, one of the best books on XSLT. 

Saxon is free. 

Xalan Java 
Win32 

Xerece XSLT 1.0 Xalan (http://xml.apache.org/xalan-
j/index.html) is part of the Apache XML 

Project. It has versions written in both Java and 
C++, both of them free. It is highly portable and 

easier to set up. 

xsltproc Win32 libxml2 XSLT 1.0 The xsltproc (http://xmlsoft.org/XSLT/) 
processor is written in C by Daniel Veillard. It is 
free, as part of the open source libxml2 library 
from the Gnome development project. It is 

considered the fastest of the processors, and is 
highly conformant to the specification. 

XT Java XP XT Version 
20051206 – 
XSLT 1.0 

James Clark's XT 
(http://www.blnz.com/xt/index.html) was the 
first useful XSLT engine, and it is still in use. It is 

free. 

MSXML Win32 Built-in XSLT 1.0 Microsoft's MSXML 
(http://msdn.microsoft.com/xml/) engine 

includes an XSLT processor. 

Sablotron Win32 -  Sablotron 
(http://www.gingerall.com/charlie/ga/xml/p_s
ab.xml), written in C++, from Ginger Alliance. 

4XSLT 
 

Win32 -  4XSLT 
(http://sourceforge.net/projects/foursuite/), 
written in Python, now an open project on 

SourceForge. 

Table 2-7 Popular XSLT Processors 

 

 



- 16 - 

 

Literature Review on Web Application Technologies 

Web application development is by now a quite matured area and has now grown into the 

era of framework based development. The discussion thus focuses mainly on web 

application frameworks and the future beyond it. 

 

2.3.4 Web application frameworks 

“A Web Application Framework is a reusable, skeletal, semi-complete modular platform that 

can be specialized to produce custom web applications, which commonly serve the web 

browsers via the Http(s) protocol” [36]. 

 

The major reasons for the shift to web application frameworks are the same as for software 

frameworks; the significant reduction in the amount of time, effort, and resources required 

to develop and maintain applications. 

 

There are two major types of web frameworks. The “Request based frameworks” and 

“Component based frameworks”.   

 

A Request-based Framework uses controllers and actions that directly handle incoming 

page requests, which are essentially stateless. A certain degree of statefulness can be 

achieved with server-side sessions. Frameworks have different ways of handling the above 

logic and statefulness. Some of the latest examples for such frameworks are listed below.  

• WebWork 

• Struts 

• Beehive 

• Stripes 

 

A Component-based Framework abstracts the request handling processes into reusable 

components in the framework. The state is also handled automatically by this framework. 

Frameworks have different ways of structuring the components and how they interact and 

form the component API. Some of the latest examples for such frameworks are listed 

below. 

• JSF 
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• Tapestry 

• Wicket 

 

2.3.5 Tapestry 

Tapestry [34] is an open-source framework for creating dynamic, robust, scalable web 

applications in Java. Tapestry complements and builds upon the standard Java Servlet API, 

and so it works in any servlet container or application server. Tapestry divides a web 

application into a set of pages, each constructed from components. This provides a 

consistent structure, allowing the Tapestry framework to assume responsibility for key 

concerns such as URI construction and dispatch, persistent state storage on the client or on 

the server, user input validation, localization/internationalization, and exception reporting. 

 

Developing Tapestry applications involves creating HTML templates using plain HTML, 

and combining the templates with small amounts of Java code using (optional) XML 

descriptor files. In Tapestry, an application is created in terms of objects, and the methods 

and properties of those objects – and specifically not in terms of URIs and query 

parameters. Thus Tapestry brings object-oriented development concepts to web application 

development. 
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2.4 Literature Review on Object Relational Mapping 

Most of the business applications developed today uses object-oriented programming for 

the front end and uses relational databases for storage at the backend. This leads to a 

straightforward correspondence between application classes and database tables. Further 

the need for object persistence has also risen recently. Object persistence is basically the ability 

of individual objects in the application to outlive the application process or in other words 

the ability of objects to be saved to a data store and be re-created at a later point in time.  

 

It has been a long running debate that, should application developers spend time over and 

over again and write CRUD (Create, Retrieve, Update and Delete) code to provide object 

persistence. On one hand we should automate these tasks and free the developers and on 

the other hand we should provide invisible persistence to the objects in the domain. This is 

the basic idea behind object-relational mapping (ORM), which essentially bridges the 

object-oriented world and the relational world. 

 

2.4.1 ORM frameworks 

There a proliferation of ORM frameworks and systems in existence at this time. Hundreds 

or thousands of ORM frameworks can be downloaded for free on the Internet and there is 

also an equal amount of proprietary ORM software in existence which are in private, 

internal use at individual software development companies [37]. 

Some of the popular ORM frameworks are, 

• Active Record 

• Hibernate 

• Apache iBATIS 

• Oracle TopLink 

• Neo 

• Gentle 
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2.4.2 Hibernate 

Hibernate is a popular ORM tool for Java. It basically maps the plain java objects in an 

application to a relational database, providing persistence and query services for those 

objects. Hibernate also allows the OOP relations between entities such as association, 

inheritance, polymorphism, composition, and collections. Further it allows expressing 

queries in its own portable SQL extension (HQL), as well as in native SQL. It is also said 

that Hibernate allows to take the full advantage of the powerful relational database and 

SQL. From the architectural point of view Hibernate uses the Data Mapper, Identity Map 

and Unit of Work design patterns. 

 

2.4.3 Active Record 

Active record is a design pattern usually found in Enterprise Applications. It is defined by 

[40] as follows: 

“An object that wraps a row in a database table or view, encapsulates the database 

access, and adds domain logic on that data.” 

 

Figure 2-7 Active record example 

It is an object that carries both data and behavior. Much of the data is persistent and needs 

to be stored in a database. Active Record uses the most obvious approach, putting data 

access logic in the domain object. This way all people know how to read and write their 

data to and from the database. 

There are many ORM tools that are actually implementations of this design pattern. Few 

such tools are,  

 Ruby on Rails – a Ruby implementation of Active Record  

 Grails – a Groovy implementation of Active Record 

Apache Torque – an open-source Java implementation of Active Record 
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2.5 Literature Review on Related Work 

There have been various attempts in achieving the goals of domain driven development. 

This brief section surveyed few of the popular such attempts. Each sub section discusses 

and tries to highlight the main concept behind their approach. 

 

2.5.1 Rails 

“Rails” is a seminal work in the area of domain driven development. It has given 

new meanings to the area of rapid application development and has in a way ridiculed the 

traditional ways of software development.  

“Rails” is an open source full-stack framework for developing database-backed web 

applications. The application is generated in the Ruby language. Ruby is a pure object-

oriented programming language with a clean syntax which was originated in Japan in early 

1990s [6].  

In Rails application development we need to build the database schema first and 

then Rails generates the web application over it using whatever metadata which can be 

obtained from the database schema. The web application as a whole is build around the 

MVC concept. There are facilities for “programming” logic later on, using the Ruby 

language. 

“Rails” has used a very important concept in enabling fast application development. 

That is that Rails has no configuration files and configurations are embedded in code as 

conventions. This has lead to the concept of “convention over configuration”. 

 

Convention over Configuration 

Traditional Java based web application development involves a lot of environment 

and framework configuring. These configurations are very often done using XML based 

configuration files which enables it to separate these configuration data from application 

code. However although XML is easy to use etc, it can be tedious to set up an 

environment. This may take away productivity as developers spend time understanding and 

maintaining framework configuration as the application grows. Adding or changing 

functionality in applications that use XML configuration adds an extra step to the change 

process next to writing application code which slows down productivity and may take away 

the agility of the entire process. 
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The solution to the above is a new programming paradigm called “convention over 

configuration”. Instead of XML files the framework uses naming conventions in the code 

to get the required configuration data. The concept has gained much popularity and is now 

referred to as a design paradigm.  

However there are both advantages and disadvantages of this paradigm. The 

following lists down some of them. 

Advantages 

o It allows new developers to learn the system quickly. 

o It promotes uniformity and creates a ubiquitous language for the development team. 

o It enables better dynamism since changes made are automatically propagated through 

the application without need for changing configuration files. 

Disadvantages 

o Requires familiarity to the naming conventions which should be included in the 

documentation also. 

o It makes the framework large where the responsibility of configuration has been 

moved from the developer to the framework.  

o It makes it hard to refactor existing frameworks to adopt a new naming convention.   

 

2.5.2 Grails 

“Grails” is another full-stack open-source web application framework. The 

application is generated in the Groovy language [8]. Similar to Rails, Grails is also built 

around the MVC concept.  

Groovy is an object-oriented programming language for the Java Platform. It is 

sometimes used as an alternative to the Java programming language. It can also be viewed 

as a scripting language for the Java Platform since it has features similar to those of Python, 

Ruby, Perl, and Smalltalk [9]. 

Grails uses GORM (Grails Object Relational Mapping) for mapping the objects to 

a relational database. GORM uses Hibernate 3 under the hood. 
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2.5.3 Trails 

“Trails” is a popular domain driven development framework developed for Java in 

the spirit of Ruby on Rails [12]. 

The basic approach in “Trails” is as follows. “Trails” creates the domain model using 

POJOs. The POJOs are marked (annotated) using EJB 3.0 style annotations which are 

defined in the Hibernate’s ORM specification. Trails takes in those annotated POJOs and 

builds a Tapestry web application connecting Hibernate for persistence. 

 

2.5.4 Model Driven Architecture (MDA) 

As mentioned previously the OMG’s initiative to standardize the domain driven 

development approaches is MDA. Apart from using OMG standards for all the activities of 

the process, the following is a major difference in MDA which is central to its concept.  

 

MDA defines three kinds of models based on three different viewpoints [13]:  

 

Computation-independent model (CIM) – This describes the requirements for a system and the 

business context in which the system will be used. The model typically describes what a 

system will be used for, not how it is implemented. CIMs are often expressed in business or 

domain-specific language. 

 

Platform-independent model (PIM) – This describes how the system will be constructed, without 

reference to the technologies used to implement the model. This model does not describe 

the mechanisms used to build the solution for a specific platform. 

 

Platform-specific model (PSM) – This describes a solution from a particular platform 

perspective. It includes the details that describe how the CIM can be implemented and how 

the implementation is realized on a specific platform. 

 

The rest of the standards describe the transformations from PIM to PSM which is 

essentially the heart of MDA. A detailed description of MDA was scoped out of this paper. 

However most of the standards defined in MDA have been described in detail such as 

MOF, XMI etc, which were applicable to the approach proposed by this paper. 
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2.6 Domain Driven Development in practice 

Most of the domain driven application generation tools are not in wide use 

commercially. This is partly because the field is still not very matured. However there are 

few attempts at explicitly testing the success or failure in the adaptation of the domain 

driven approaches in commercial organizations [10]. 

Benefits of the approach 

In this section some of the major benefits of domain driven development 

approaches to a software development organization are discussed. 

Increase in productivity – The responsibility of code generation and maintaining is the 

responsibility of the transformation process. The actual cost of software development is on 

the transformations tools and methods whether they are developed in house or bought. 

The cost of development and maintenance of the transformation tools and process can be 

capitalized as an investment by the organization. There have been various attempts to 

quantify the increase in productivity. One such attempt claims an increase by a factor of 5-

10. [11] 

Quality - The quality of the developed system in terms of cross-cutting concerns should be 

very high since it is essentially “built into” the system. The framework and the generated 

applications “template” should have a proven architecture.  

Maintainability - Software projects are often stuck with decisions that are mistakes, but are 

too costly to fix. However with this approach the changes (or mistakes) in the technology 

or in functionality are easily done. This is partly because all of the technology changes are 

with the transformation phases and all the functionality changes are with the model. The 

other reason is that the effect of any change can be verified instantaneously since the 

application generation is rapid. You can try out different ideas before making a final 

decision. 

Adaptability – Adding or modifying business functionality is straightforward where the 

changes are done in the model and re-generated.  
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Consistency – This is there by definition of generated systems. The transformation process 

usually has the responsibility of this. This especially useful since manually applying coding 

practices and architectural decisions is error prone.  

Repeatability – The approach is very powerful when it comes to repeatability. The return on 

investment for developing the transformation increases each time it is used. This makes this 

approach very attractive for evolutionary and prototyping based software development. 

Improved stakeholder communication – Since the language of application creation is very much 

friendlier to a lay person than program code it is easier to get the user’s involvement here 

than in any other approach. 

Improved design communication – Models help you understand systems at the design level, 

leading to improved discussion and communication about a system. Because models are 

part of the system definition, rather than documentation, they are never out of date and are 

reliable. 

Easier reuse of legacy systems – The legacy components can be either re-modeled manually. If 

there are a lot of components it can be reverse-transformed using another transformation 

process into the model. 

Changes in the organization 

If we think of an implementation of such a development process there are some 

major changes in the roles and responsibilities of the people and process in the 

organization. 

 

The modeling or the application creation should be done by people very familiar 

with the domain. These modelers would play a vital role in the organization. 

 

The architectural roles should also be very familiar with the domain and the 

domain-language of modeling. However the major responsibility is the architecture of the 

template application. All of the cross cutting concerns should be addressed by this 

architectural template. Further most of “Software development” effort is on the 

transformation tools. Documentation, Testing etc can also be part of the transformation. 


