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ABSTRACT 
 
 
 

Model Driven Development (MDD) is considered as a powerful emerging paradigm for 
developing system software and services. MDD relies heavily on the models to generate part of 
the code for implementation. It is virtually inevitable that changes at the model level result in 
breaking the compatibility with the existing code base. The study presented in this thesis is 
performed in an industrial setting. Our industrial partner is involved in MDD and has experienced 
compatibility problems described above. The aim of this thesis is to identify the changes that can 
be made to UML class diagram and investigate what kind of negative impact they pose on the 
compatibility with already existing Java implementations. Apart from identifying possible model 
changes and assessing their negative impact the thesis provides suggestions and guidelines of 
how to perform such modifications so that their negative impact will be minimized.  

 
 

Keywords: Model Driven Development, Model-To-Code Transformations,                
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1 Introduction 
 
Model Driven Development (MDD) is a contemporary form of software development 
where models are viewed as an essential part of the development process rather than 
merely serving an inessential supporting purpose [Selic 2006]. Model-Driven 
Development promises to increase productivity and reduce time to market by providing 
the capability of development at higher level of abstraction and using concepts closer to 
problem domain [Sendall & Kozaczynski 2003]. The methodology consists of developing 
a Platform Independent Model (PIM) and mapping it to one or more Platform Specific 
Models (PSM) [Czarnecki & Helsen 2003]. Object Management Group’s Unified 
Modeling Language (UML), which is considered as the industry’s de-facto standard for 
software modeling, is the key to MDD[OMG 06a] along with several other technologies 
related to modeling [OMG 03, OMG 04, OMG 05, OMG 06b]. At the heart of MDD are 
Model Transformations [Sendall & Kozaczynski 2003]. Transformations play an 
important role in MDD and should be considered first class citizens and should be given 
special treatment [Völter & Bettin 2007]. Model Transformation is the process by which 
one or more source models are translated into a one or more target models automatically 
following a set of transformation rules [Sendall & Kozaczynski 2003]. Transformations 
can be divided into two main categories namely Model-to-Model and Model-to-Code 
Transformation [Czarnecki & Helsen 2003]. Model-to-Model transformations are used to 
bridge large abstraction gaps between PIM and PSM through generating intermediate 
models which are more close to PSM. On the other hand, Model-to-Code transformations 
are used to generate program code from models.  
 
MDD has been applied in many different forms depending upon the level of automation 
[Selic 2003]. Most typically, you first build a class model using UML and then part of the 
code is generated automatically using a code generation tool.  The rest of the 
development is done manually by writing custom code. IBM Rational Software 
Architect, for example, can create Java classes from UML class model which acts as code 
skeletons. It is important to know that the models do not just get abandoned once the 
code is generated or implementation has started. In the world of MDD, models are the 
primary artifact for the developers to work on which is unlike the traditional way of 
software development where the programming language is the primary concern. 
Therefore, there is high dependency of code on model. Even a slightest of the change at 
system modification time can create significant impact on the already generated code and 
existing implementations breaking the compatibility between the two. This is one of the 
many challenges that industry is currently working on and finding ways to enhance 
existing tool support.  
 
In addition to citing many challenges based on industrial experience with MDD, [Selic 
2003] highlights the issue of scalability and compatibility in the context of large-scale 
application development which involves hundreds of developers working on hundreds of 
different but related set of models. We all know that changes are inevitable once we build 
a system and deliver it to a customer for a variety of different reasons like maintenance, 
re-factoring and adding a new feature or extending the functionality.  
 

 
 

3 



Take a simple example; let’s assume we have modeled an association relationship 
between two classes as shown in Figure 1 below. The code snippets shown below are 
generated using UML-To-Java5.0 Transformation feature available in IBM Rational 
Software Architect version 7.0 [IBM 2007a].  
 
 
 
 

 
 
 
 
 
 
 
 

 
 

 
 
 

Figure 1: Example of Breaking Compatibility between Generated Code  
And Existing Implementation 

 
Let’s suppose that the nature of relationship between ‘Person’ and ‘Account’ demands for 
a 1-1 multiplicity. The code that will be generated for the first time would typically look 
like the one as depicted in Figure 1.When the implementation starts, a developer writes a 
client class and uses the get method. Now let’s suppose the business need changes and a 
person is allowed to maintain up to two accounts. In that case, the multiplicity is changed 
in the model and updated to 1...2 at the desired association end. Since there is change at 
the model level, when the transformation runs again, the generated code will update the 
signature of ‘get method’ to accommodate the multiplicity change. As a result, all 
dependent class(s) like the one represented in the Figure 1 as ‘Client’ written manually by 
a developer would be impacted and become incompatible.  
 
Considering the example above, it is quite evident that such small changes could make a 
negative impact on the existing system implementations that consist of both manually 
written and auto-generated code but there is a lack of research that focuses on the these 

Public Class Person { 
    Private Account account; 
 
Public Account getAccount () { 
             return account; 
}  
 
 
 
 
        

Public Class Person { 
    Private Account [ ] account; 
 
Public Account [ ] getAccount () { 

return account; 
}  
 

At Time T3: 
The multiplicity of Account 
Object is changed to 1...2 

 

Public Class Client 
{ 
    Person person = new Person (); 
    Account account = person.getAccount ();     
} 
 
   
 
 
 
 
 
        

Public Class Client 
{ 
    Person person = new Person (); 
    Account account = person.getAccount ();     
} 
 

At Time T1: 
A 1-1 Multiplicity is added to 
the association relationship 

At Time T2: 
A Client Class uses 
the get method 

At Time T4: 
The method call no 
longer valid 

 Code Generated by 
Tool (First Time) 

Hand Written Code  by Developer 

Hand Written Code  by Developer 

Code Generated by 
Tool (Changed) 
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compatibility concerns and much of the change impact research has its focus on program 
code (Implementation). Therefore, the main motivation of our work is twofold: 
 
 To determine the impact of UML model changes on compatibility with already 

written/existing code. 
 To provide suggestions for minimizing the potential incompatibility. 
 

Moreover, we have tried to bring some order and structure to the discussion of change 
impact analysis.  We believe this work will prove to be helpful to those desiring to 
provide automated tool support for facilitating model driven development.  The benefits 
are manifold; from realizing the cost of change and effort involved based on evaluating 
change impact to making informed decisions and reducing the time-to-market. 

1.1 Research Context 
 
The research is conducted in an industrial setting in collaboration with an industry partner 
who is currently working with few development projects following the MDD approach 
and faces similar kind of compatibility problems between model and code as mentioned 
earlier in the introduction which occurs due to changes in the conceptual design (model). 
A reference group has been formed in order to provide support and feedback to our work. 
This group is the primary source of contact for us and consists of three members from 
one of the development teams in the organization. The roles that these members represent 
are System Manager, Architect and Developer. 
 
The choice of technology for conducting this research is selected with the 
recommendation of our industry partner i.e. UML Class Diagram is selected to inspect 
various changes at the model level and impact of changes on the compatibility with the 
exiting implementation is determined with respect to Java.  
 
The reason for choosing Java as the implementation language is due to the fact that our 
partner is working with Java and considers it as the primary object oriented programming 
language for developing various products and services. The reason for choosing class 
diagram is again the fact that our industry partner widely uses it as part of developing 
their analysis and design artifacts and it makes up an integral part of their conceptual 
modeling. Also, most of the modeling elements involved in class diagrams have a precise 
mapping to an object orients programming language like Java.   

1.2 Thesis Outline 
 
This section outlines how the thesis is structured. A brief description of each section and 
its contents is provided below. 
 
Section 2 (Related Work) provides an overview of the existing literature regarding the 
change impact analysis and identifies the research gap. 
Section 3 (Research Design) presents the research approach for carrying out this study. It 
presents the research questions based on the research gap, research methods being used to 
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answer these questions and describes how the research methods have been used to answer 
these questions. 
Section 4 (Research Results) presents the findings from the study. 
Section 5 (Discussion) provides a discussion on important aspects of the study. 
Section 6 (Conclusion) concludes the study and presents a summary of the work.  

2 Related Work 
This section presents an outline of what has been stated in the literature about change 
impact analysis. Section 2.1 provides an overview of various approaches which have 
been used so far to determine the impact of UML model change on existing 
implementation. In Section 2.2, we have pointed out the missing elements in the existing 
literature and the gap that we intend to fill in this research. 

2.1 Overview 
 
[Briand et al 2005] proposed a methodology to determine the impact of changes made to 
UML model elements on other model elements with the help of a prototype (iACM 
Tool). The methodology consists of four steps including verifying consistency of UML 
models, detecting changes by comparing two models based on a change taxonomy, 
determining the impact and prioritizing the impact on the basis of distance between 
changed and the impacted elements. The study does not determine the impact of all 
properties of elements in a UML class diagram. For example properties like static and 
abstract modifiers are missing.   
 
Jucknath and Doltze discussed different visualization techniques to estimate and 
communicate how much a change on one side at the model level may affect the other 
side, say program code [Jucknath & Doltze 2006]. It is argued that the visualization 
approach is intuitive and gives a direct impression of the amount of impact to the 
designers. One of the visualization techniques proposed in the paper i.e. cross-table 
approach suggests selecting one part of the model and relating it to one part of the code. 
The decision regarding which part of the model (sequence/class diagram) should be 
chosen depends upon the given audience. The major problem with the approach is that 
for large projects the cross-table could grow substantially bigger and difficult to manage.  
 
[Jang et al 1998] proposed an approach for analyzing the change impact in a class 
hierarchy which is based on a class firewall method. The approach takes a member 
function as the unit of test in order to determine the change impact and relies on member 
dependency graph (MDF) to represent dependencies among class members. Although the 
research explored various kinds of changes that can occur at the level of data member, 
member function, class and inheritance, the work misses different types of relationships 
that exist within class diagrams.     
 
[Chauman et al 1999] have used change impact analysis to study dependency between 
design and changeability of systems from maintenance perspective. They have identified 
13 types of changes at conceptual level for a Class Diagram and mapped and extended 
those changes to a system developed in C++ and have determined the impact using a 
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truth table. Their impact analysis is of static nature i.e. they have considered successful 
compilation of a change as a non-impacting change and have overlooked changes causing 
semantic and runtime impact. 
 
[Abdi et al 2006] proposed an approach for analyzing and predicting the impact of 
changes in object oriented systems. The approach involved adapting an existing change 
impact model and developing an impact calculation technique based on meta-model 
which was later on used to perform empirical study targeted at Java platform. Their work 
is focused only on syntactic impact and the adapted change impact model lacks many fine 
grained changes.  
 
[Fluri & Gall 2006] has presented change taxonomy of source code changes for change 
analysis of object oriented languages particularly Java. The taxonomy is based on tree 
edit operations in abstract syntax tree.  They have classified every change type in 
taxonomy either as functionality modifying or functionality preserver and have associated 
a significance level with every change type expressing how strong the impact of a change 
is. Their change taxonomy is fine grained and covers most of the changes done in a class 
diagram but misses a few change types e.g. change taxonomy lacks change types for 
static modifiers and exception statements.  
 
[Kung et al 1994] has discussed different types of code changes which can be made to an 
object oriented class library and have provided a formal method and tool support to 
identify different kind of code changes and their impact on other classes in the library. 
There work is targeted towards C++ thus describes change types only for C++. 

2.2 Research Gap  
 
Most of the research on impact analysis is targeted towards source code changes 
(implementation) and very few studies have been conducted to address model level 
changes. Especially in the context of model driven development, it is very important to 
realize that the complexity of accessing the impact of model changes is extremely high. 
None of the research has determined the impact of changes from the perspective of code 
generation and communication with existing applications. Although there are few change 
taxonomies discussed in the literature but there is a need to evolve old taxonomies in 
order to evaluate changes and their impact at the model modification time.      
 
What is missing is the generalization of the obtained results from various research 
findings in the form of suggestions and guidelines that can help prevent making 
potentially risky and fault prone model changes. Also, little has been said and written 
about how to minimize such impact of changes by taking appropriate measures and 
design decisions which make the system more open for extension and adaptable to 
changes.  
 
Most of the algorithms, methods and analysis techniques we surveyed such as program 
dependency graph, program slicing, impact modeling and class firewall method, which 
have been developed to address software change management issues, do not cater for all 
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constituents of a certain model view and miss certain elements or properties that may or 
may not prove to be equally vulnerable to a change. It is slightly difficult to get a 
complete picture and differentiate what kinds of changes are trivial and what changes 
could make huge impacts on existing system implementation.   

3 Research Plan 

3.1 Research Steps & Questions  
 
Figure 3 outlines our research plan showing the relationship between research steps, 
questions and the methods that are used to answer the questions. Our research steps are 
defined in such a way that each one of them provides necessary input to the next step in 
order to move forward and progress through the research.  
     

RQ 1
Literature Survey 

Literature & Tool Survey

Consensus Meeting 

Informal Interviews

QuestionsSteps Methods

Filter Changes       
(Most Critical)

 List of  Changes 
with Change Impact 

(All Possible)

Latest Tool Support  
(If Available)

Support Methods/ Guidelines/ Rules 
(Minimizing Change Impact)

RQ 2

RQ 3

RQ 4

RQ 6

RQ 5

 R e s e a r c h    Plan

Merge Changes       
(Similar Ones)

 
 

Figure 3: Research Steps-Questions-Methods Matrix   
 
We have formulated a total of six research questions as shown in Figure 3.  The steps and 
motivation behind putting all these questions together is described as follows: 
 
The first thing that we plan to do is to identify a list of changes that can be made to a 
class diagram. This activity involves classifying different elements of a class on which 
we can focus separately. With every change, we have tried to analyze possible scenarios 
where a change would make a severe impact and can break the compatibility with the 
existing implementation. For this purpose, we have formulated two research questions as 
stated below i.e.           
      
RQ 1  What possible changes can be made to UML Class Diagrams?  
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RQ 2 What can be the impact of each change in the class diagram that breaks 
the compatibility of the model with the existing implementation?     

 
Once we have the list of changes and their impact, then we need to find out the relative 
importance of each change. With the help of the reference group, we have filtered out all 
changes that are trivial from those which are of critical nature. The following research 
question is formulated i.e. 
  
RQ 3 What changes pose most critical impact on the compatibility? 
 
The scoped down list of changes are further examined to see if we can find out any sort 
of similar pattern in the change listing.  This is an important step to conduct in order to 
merge various changes together so that the impact could be generalized. The research 
question that corresponds to this part is as follows     
 
RQ 4  What changes can be merged together to generalize the impact?   
      
The next step is to search and evaluate some commercial off-the-shelf tools that support 
Model Driven Development. We have tried to evaluate whether these tools provide any 
built-in support and have the answers to solve model-to-code compatibility concerns as 
identified in our work. The reason we have performed the survey is to make sure that our 
efforts do not get overlap in providing solution to the problems which are already 
addressed. The research question that corresponds to this step is stated below: 
 
RQ 5 Is there any kind of tool support already available which can help analyze 

the change impact at the model level before making any change 
corresponding to our findings? 

 
Lastly, we will take the scoped down listing and suggest appropriate design measures that 
can be taken so that the affect of changes can be either avoided or minimized. These 
measures refer to the idea of providing some sort of tool support to the new or in the 
existing integrated development environments (IDE). Described below is the last related 
research question i.e. 
 
RQ 6 What support can be provided to minimize the impact of changes? 

3.2 Research Methods  
The answers to our research questions are sought through:  
  
 Literature Survey 
 Consensus Meetings and Informal Interviews 
 Tool Survey 

 
Figure 3 in the previous section illustrates the mapping between the research methods and 
the questions. Each method is used to answer one or more questions. A brief description 
of each employed method follows: 
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3.2.1 Literature Survey  
 
In order to answer the first two Research Questions RQ1 (What possible changes can be 
made to UML Class Diagrams?) & Research Questions RQ2  (What can be the impact 
of each change in the class diagram that breaks the compatibility of the model with the 
existing implementation?), we have performed a literature survey to get a clear picture of 
UML class modeling from the perspective of understanding different constituents that 
make up a class diagram.  The study includes examining UML 2.0 specifications [OMG 
06a] and Java Language Specifications [JLD 2007] for determining the impact of change 
on the implementation. We have also investigated some already developed software 
change taxonomies which helped us in associating the impact uniquely with each type of 
change without making any redundancy. We decided that if we will not be able to find 
any suitable taxonomy then we will develop one of our own. It could also be a possibility 
that we would partially re-use an old one and extend it to address our problem domain.  
 
For answering Research Question RQ6 (What support can be provided to minimize the 
impact of changes?), various design guidelines and principles will be studied to build 
solid grounding for our recommendations.        

3.2.2 Consensus Meeting and Informal Interviews  
 
In order to answer Research Question RQ3 (What changes pose most critical impact on 
the compatibility?) & Research Question RQ4 (What changes can be merged together to 
generalize the impact?); few informal interviews were conducted and a workshop was 
arranged with the reference group. Each change scenario and associated impact was 
critically discussed and debated. The following was expected to be the outcome from the 
meetings: 
 
 A filtered/scoped down list of changes comprising of only those change scenarios 

which could relatively make a larger/ critical impact on the system. 
 Changes which pose a similar kind of impact on the system so that they can be 

merged together.          
 
The feedback, recommendations and suggestion improvements from the reference group 
proved to be very valuable because of the following reasons: 
 
 The reference group consists of experienced and skilled professionals with 

expertise in design and development using several different technologies 
including UML and Java. 

 
 The group is involved with large scale development using MDD approach. Since 

they have to deal with change management issues due to changes at the model 
level and have compatibility concerns with respect to new and existing 
implementations. Therefore they are aware of the potential problems and the 
bottlenecks they create in the development process.  
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 The group recognizes the importance of conducting this study and has shown their 
willingness to support us in every possible way.  

 
Since the research is performed in an industrial setting, we have tried to engage the 
reference group in informal meetings throughout the research work. These meetings 
played a vital role in keeping our work in the right direction and help us save substantial 
time.  

3.2.3    Tool Survey  
 
In order to answer Research Question RQ5 (Is there any kind of tool support already 
available which can help analyze the change impact at the model level before making any 
change corresponding to our findings?), we have performed a tool survey to find out 
whether there is any kind of tool support already available which could help the designers 
determine the impact before making any changes at the model level and make informed 
decisions. We have evaluated a few commercially available off-the-shelf tools and 
research prototypes.  

4 Research Results  
 
This section provides a detailed description of the results obtained through conducting 
this research and is broadly divided into two main sub-sections. 
  
Section 4.1 (Change Identification and Change Impact) is further composed of four sub-
sections highlighting four different parts of our research findings i.e. Section 4.1.1 
explains the development of new change taxonomy and its role in identifying different 
types of class diagram changes. For a complete listing of change categories, an appendix 
is added to this section (See Appendix A). Section 4.1.2 defines various change impact 
categories and distinguishes them from one another. Section 4.1.3 presents a consolidated 
list of model changes along with their potential impact making use of the results as 
described in previous sections. This section also describes the rationale behind filtering 
out some change impact scenarios and merging changes which pose similar type of 
impact.  For a complete listing, an appendix is added (See Appendix B). 
 
Section 4.2 (Existing Tool Support) presents the state of the current tool support available 
which could address the identified problems. Section 4.3 (Modeling Suggestions and 
Guidelines) presents our suggestions to minimize the change impact for improving 
compatibility. For a complete listing of our suggestions (See Appendix B).     

4.1 Change Identification and Change Impact 

4.1.1 Proposed Change Taxonomy  
 
In order to derive a change taxonomy that will help us in categorizing various UML Class 
Diagram changes, literature survey and analysis of UML 2.0 and Java Language 
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Specification were performed [JLD 2007]. A few of the change taxonomies which we 
found in literature [Chauman et al 1999][ Kung et al 1994] addressed changes in source 
code and UML models but were not complete and fine grained enough to be used directly 
in the study. The nature of this study demanded a more comprehensive and fine-grained 
change taxonomy than those found in literature. To derive the change taxonomy each 
property of each element in a UML class diagram was analyzed.  
 
[Mens et al 2002] proposed a change taxonomy of software evolution which undertook a 
holistic approach by focusing on when, where, what and how of software changes, as 
shown in the Figure 4. This taxonomy is designed to provide a framework for comparing, 
combining and evaluating software evolution tools and techniques and their potential use 
for maintenance or change context. 
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Figure 4: Change Taxonomy for Software Evolution 

 
In Figure 4, four different logical groupings can be seen.  The taxonomy is read from left 
to right in counter-clockwise order. The first group address the when question                      
i.e. when a change is made to a software. The second group addresses the where question 
i.e. where a change can be made. The third group addresses what question i.e. what can 
be changed. The fourth and the last one addresses the how question i.e. How can we 
provide support to facilitate change mechanisms [Mens et al 2002]. We have adopted the 
logical grouping as the basis and revised all dimensions within each grouping to fit our 
needs. We believe that the taxonomy framework shown in Figure 4 is not only useful for 
structuring our research work but also effective for defining our own dimensions relevant 
to UML class diagram changes. The new revised taxonomy along with its dimensions is 
shown in Figure 5 below.    
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Figure 5: Change Taxonomy for Class Diagrams 

 
Below is a brief discussion for the logical groupings and their dimensions. 

Temporal Properties (When) 
  
The temporal properties address the question when there is need to make a change to a 
model. In our case, it is the time when the change is required to be done to model a new 
requirement or modify an already modeled requirement. We call it System Modification 
Time which can occur during any phase of the software development lifecycle i.e. either 
during/after completion of design, development, testing or during customer support 
(when the system is built and delivered to the customer).     

Object of Change (Where) 
 
The object of change in our case is the UML 2.0 Class Diagram which is one of the six 
diagrams defined in the modeling language and represents the static application structure 
[OMG 06a].  

Object Elements (What) 
 
Object Elements (referred as object properties in Figure 5) represents broad change 
categories of different elements contained within an object i.e. class diagram. Each object 
element is defined by a set of properties denoting a unique characteristic of that element. 
For example, an element ‘Method’ is defined by using properties like method name, 
parameters, return types and access modifiers. Thus, each change to an object element 
involved identifying whether any of the associated properties have been changed.  
 
A typical class diagram consists of a set of elements including packages, classes, 
interfaces and relationships [OMG 04]. Each element is different from other elements and 
serves a different purpose. Each of these elements consists of its own elements e.g. class 
diagram consists of attribute and methods. For the purpose of analysis we have 
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categorized those changes which are applicable to each element and combined them into 
change taxonomy. A brief overview of each object element/category is described below.   
 
Package:  A package organizes classes and interfaces. Package changes include changes 
involving addition, deletion and updating of classes and interfaces into a package. 
 
Class: A class consists of attributes and methods. Class changes include changes which 
are applicable to class signature, addition and updating of methods and attributes into the 
class and constraints on the usage of class e.g. adding a new attribute to the class, 
deleting an attribute from a class, changing class to leaf etc. 
 
Interface: Interface includes method definitions and attribute declarations. Changes to 
interface include addition, deleting and updating of methods in the interface. 
 
Method: Method consists of a method signature and body. Changes to method include 
change in signature, return type, constraint on return type and message body e.g. change 
in parameter list, the multiplicity of return type, etc. 
 
Attribute: An attribute consists of an identifier, type and optional modifiers and default 
values. Attribute changes include changes to identifier, type, modifier and default value 
as well as constraint on the attributes e.g. changing the type of attribute, changing 
visibility modifier of an attribute, etc.  
 
Relationship: A relationship is a link between UML elements and adds meanings to class 
diagram. Relationship changes include those changes which can be made to relations 
between two or more classes or interfaces e.g. changing association multiplicity, deleting 
a dependency etc. 
 
The complete list of changes based on the change taxonomy consists of a total of 113 
changes divided into 6 categories and is presented in Appendix A. A detailed discussion 
about all those changes and their impact on compatibility is presented later in Section 
3.1.4.    

Change Support (How) 
 
The grouping of this taxonomy required us to categorize the various support mechanisms 
that can be provided to facilitate the change process. For the purpose of fulfilling our 
research goal, we addressed only two dimensions: (i) Tool Support which is used to look 
for literature and tools to find out the level of support currently available to address 
model changes as identified in our work (ii) Suggestions and Guidelines which is used to 
propose guiding principle for supporting the change process.  
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4.1.2 Change Impact Categorization  
 
The impact of making changes to the class diagram on implementation is determined 
with respect to the issue of incompatibility. A change at class diagram level can have 
impact on implementation in such a way that the system’s functionality is changed due to 
this change. We have divided incompatibility in two types and this division is based on 
the impact types defined by [LEE 1998] (as described in Section 2.1). 
Static Incompatibility: Changes in the class diagram, which can make the generated code 
incompatible with the existing code but these changes can be detected by the compiler at 
compile time or by an Integrated Development Environment (IDE) like Eclipse [TEF 
2007] at development time. For example, if the visibility of a method is changed from 
public to private and it has been used by some other class, the compiler or an IDE would 
display it as a non-accessibility error in the program.  
Dynamic Incompatibility: Changes in the class diagram, which can induce 
incompatibility in such a way that cannot be detected by a complier or an IDE but it 
requires the program to be executed.  For example, changing an attribute from non-static 
to static can go undetected through compilation and it may be detected during testing or 
program execution only. There is a risk that such changes may demonstrate themselves as 
late as in testing or even at customer site. 
 
There are few changes which do not create any of the above defined incompatibilities but 
are discouraged because they may lead to potential problems. We have defined this type 
of changes as following: 
 
Compatible but Not Recommended (CNR): Changes in the class diagram, which do not 
induce any of the two incompatibilities described above but are considered bad design as 
they may lead to unintentional errors in the system. For example, changing type of an 
attribute from private to public does not result in static or dynamic incompatibility but it 
is considered both as bad practice to have public attributes and a source of potential bugs 
as public attributes can be written unintentionally.  
 
The static incompatibility and dynamic incompatibility is explained further in the 
following example with two classes. The example change scenario shown in Figure 6 is 
meant to illustrate the two incompatibility types and is not a real world example as it does 
not make any real sense. The “Teacher” class needs to know the number of students in a 
course which is available in class “Course” in the form of a static variable (static 
variables are usually depicted as underlined in a class diagram) as shown in the class 
diagram in Figure 6(a). Later the class diagram is transformed to generate code resulting 
in code of two classes shown in Figure 6(b). The two lines of code in the constructor of 
the Teacher class are written manually and are accessing the attribute “totalStudents” by 
using both the instance of “Course” class available in “Teacher” class and also by using 
the static reference i.e. class name without any problems. Later on, the scope of the 
attribute is changed from static to non-static in the model; a significant change in the way 
“totalStudents” should be used as shown in Figure 6(c). When code is generated again 
from the changed class diagram, the changes in the code are only partly detected by the 
compiler (static incompatibility) i.e. the compiler reports an error stating that a “non-
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static variable cannot be used through a static reference” as shown in strike-through text 
in sample code in Figure 6(d). Though, the information is still available through the 
instance of class “Course” but the semantic of the information has been changed now (i.e. 
now for every object of course type a separate student counter will be created) and it is 
not possible for the compiler to detect this (dynamic incompatibility as shown in double 
strike-through text in Figure 6(d)).  
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6a) Class “Teacher” referencing the static attribute “totalStudents” in class “Course” 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6b) Automatically generated code from class diagram in (6a) 

 
6c) Class diagram after the change, static attribute has been changed to non-static 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6d) Generated code from changed model in (6c) 

 
Figure 6: Example of static and dynamic incompatibilities 

public class Teacher { 
  
private Course course;  
 
 public Teacher(){ 
 
   int totalStudents = getCourse().getStudentCount(); 
   int tempStudents = Course.getTotalStudents(); 
 } 
  
 public Course getCourse() { 
   return course; 
 } 
 
 public void setCourse(Course theCourse) { 
   course = theCourse; 
 } 
  
} 

Access through 
instance variable 

Access through 
classs name 

 
public class Course  
{ 
  
private static int totalStudents; 
 
  
public static int getTotalStudents() { 
 return totalStudents; 
} 
 
public void setTotalStudents(int 
theTotalStudents){  
  
 totalStudents = theTotalStudents; 
} 
  
} 

public class Teacher { 
 
 private Course course;  
 
 public Teacher() {   
 
 int totalStudents = getCourse().getStudentCount(); 
 int tempStudents = Course.getTotalStudents(); 
 
 } 
 
 public Course getCourse() { 
 return course; 
 } 
 
 public void setCourse(Course theCourse) { 
 course = theCourse; 
 }   
} 

 
public class Course  
{ 
  
private int totalStudents; 
 
  
public int getTotalStudents()  
{ 
 return totalStudents; 
} 
 
public void setTotalStudents(int 
theTotalStudents) {  
  
 totalStudents = theTotalStudents; 
} 
  
} 

Static Incompatibility  
 

Dynamic 
Incompatibility 

Static  

Changed from 
Static to non-static 
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4.1.3 Change Scoping  
 
Though every single and smallest change is important from change impact analysis 
perspective as even a small change can impact the system enormously. There are few 
changes which have either very trivial impact or are of less practical importance from 
industry perspective i.e. class diagram elements involving those changes are not used 
very often or the development technology used cannot incorporate those changes e.g. 
automatic garbage collection feature in Java takes the responsibility of removing unused 
objects [TJT 2006] and thus minimizes the need of “isComposite” property for attributes 
in class diagram to some extent. The “isComposite” property when set to true, specifies a 
composite aggregation (i.e. whole part relationship) which requires that when the whole 
is deleted, its parts must also be deleted [OMG 04] thus requiring explicit deletion of 
parts in the whole object. In Java, garbage collector does it automatically thus minimizing 
the need of “isComposite” as it would delete the unused objects no matter the aggregation 
is composite or not. 
 
In order to emphasize and focus on more critical and important changes we decided to 
scope down the list of changes by  
 

- Filtering out the changes which have very trivial impact and are not practical 
from industry perspective. 

- Merging together all those changes in one category which have similar type of 
impact.  

 
In order to scope down the list of all changes, we analyzed the impact of all changes 
presented in Appendix A and either filtered out or merged them together. Examples of 
filtering out and merging few changes together are given in the following: 
 
 One very important aspect of the change impact analysis process is the 

importance of a change from practical perspective i.e. how frequently properties 
of an element are used. Few changes which were filtered out due to this reason in 
the consensus meeting with the reference group. For example change no C74 and 
C78 in Appendix A were scoped out due to this reason. 

 
 Changes which have very trivial impact have been filtered out. For example, 

changing the “isDerived” and “isDerivedUnion” are considered trivial and 
changes C45 and C46 have been filtered out due to this reason. 

 
 Changes which have similar type of impact are merged into one change. For 

example, changing the visibility modifier for an attribute from private to public, 
private to protected and private to default, protected to public, default to public, 
etc has almost the same type of impact so it is possible to merge this type of 
changes into one change i.e. changing attribute visibility from more restricted to 
less restricted. For example, change number C26, C27, C28, C31, C32 and C34 
from Appendix A has been merged into change SDC-4 in Appendix B. 
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 Changing lower multiplicity or upper multiplicity of a return value is similar in 
terms of impact, so both are merged into one change i.e. changing multiplicity. 
Changes C76, C77 from Appendix A has been merged into change SDC-20 in 
Appendix B. 

 
 Changing data type to a large date type of the same category has similar impact as 

changing to a different data type so these three categories were merged into one 
category namely changing the data type. For example, changing data type from 
integer to float or from double to float has similar type of impact. For example, 
changes C38, C39 and C40 from Appendix A have been merged into change 
SDC-1 in Appendix B. 

  
 Changes which address renaming of elements e.g. renaming an attribute, method, 

class, etc have been filtered out because they have the same impact as adding and 
deleting of elements. For example, if a method is renamed in a class it is similar to 
removing an existing method and adding a new method. For example, changes 
C100, C101, C106 have been scoped out due to this reason. 

 
 It is mentioned in the UML 2.0 Specification that the instantiation of multi-valued 

multiplicity involves a collection of values [OMG 04]. This implies that in Java 
the code for realizing an association relationship which involves a multi-valued 
multiplicity at one of its association ends would require arrays, lists or any other 
collection type. This is also true for single-value multiplicity which is greater than 
1. Therefore, all changes which involve updating the multiplicity from 1 to a 
higher value have been group together into one change i.e. Changing Association 
Multiplicity.    

 
The impact of every change along with incompatibility type from the scoped down list 
has been presented in Appendix B using the layout in Figure 7. This layout is an 
extension of the layout used by [Briand et al 2003]. We found this layout useful as it is 
possible to represent each change with its impact and incompatibility type independently. 

 
Figure 7: Change layout description 

No   Change index 

Title A short title for the change 

Changed Element Element which has been changed 

Changed Property Describes the property of the element which has been effected 

Change Description A short description of the change 

Impact 

Impacted Element(s) All the elements which will be impacted by this change 

Impact Description Incompatibility 

Impact description for every impacted element  Defines an incompatibility type (see section 3.1.2) 
corresponding to every impact description  
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An example change and its impact are shown in Figure 8 using the change presentation 
layout presented in Figure 7. 

 
Figure 8: An example change impact scenario 

 
Our full list of changes contains 113 changes (see Appendix A). Due to the reasons 
described above the change list was scoped down to 34 changes in a consensus meeting 
(see Section 2.2.2). For these scoped-down changes we provide suggestions and 
guidelines later (see Section3.33). The filtered out changes are listed with strike-through 
text while the merging of changes is shown with drawn arrows in Appendix A.   

4.2 Existing Tool Support 
Model Driven Development Tools such as IBM’s Rational Software Architect [IBM 
2007a], Rational Rose Developer for Java [IBM 2007b], Altova’s UModel [Altova 2007], 
Open Source, AgroUML [Tigris 2007], Objecteering Software [Objecteering 2006] and 
all other tools of this generation provide the core functionality for automatic generation 
of model from code and code from model. Besides this key function, such tools also 
provide some support features which help engineers in the design process.  

Comparison to Our Work  

The common and somewhat relevant feature of all is the support for implementing certain 
design patterns in the tool which could be some what related to our work in the way that 
by applying design patterns we are actually making our design more flexible and 
extendable. This helps engineers because when re-factoring is done or changes are 
required to be made to the design, relatively less needs to be changed thus reducing the 
impact of changes on the existing implementations. A brief description of the surveyed 
tools follows below: 

No   3 

Title Attribute Scope Modifier Change: Static to Non-Static 

Changed Element Attribute 

Changed Property Scope Modifier 

Change Description The modifier is changed from static to non-static 

Impact 

Impacted Element(s) Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

Derived Classes and Associated Classes will not be able to access the method using 
Class Name anymore i.e. attribute cannot be used in static context anymore.  

Static 

As a static attributes can be accessed though the instance of class owning the attribute, 
changing it to non-static is not detected by the compiler even though the semantic of 
the attribute is entirely changed which will change the program logic thus possibly 
causing dynamic incompatibility. 

Dynamic 
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Rational Software Architect:  IBM’s Rational Software Architect comes with an impact 
analyzer which performs two functions. Firstly, finds dependencies among data objects. 
For example, “if you want to copy a schema from the Database Explorer to the Data 
Project Explorer, you can find which objects have dependencies on the schema to ensure 
that all references are resolved” [IBM 2007a]. Secondly, determines the impact of 
making changes to data objects on the underlying schema. For example, “if you want to 
copy a schema from the Database Explorer to the Data Project Explorer, you can find 
which objects have dependencies on the schema to ensure that all references are 
resolved” [IBM 2007a]. 

UModel: This tool provides two key features such as merging and overwriting for 
synchronization between model and code. The former feature allows merging of the 
model changes in the existing code and vice versa. The later simply creates an exact 
replica of the model, removing any additional code which is not represented in the model 
in any way [Altova 2007].  
 
AgroUML: Agro UML supports identification of design problems and offers a feature 
called Design Critique. Design Critique feature is realized by a set of agents that 
continuously execute in the background. These agents are meant to provide assistance to 
the developers working with UML designs. The suggestions include possible design 
improvements, syntax error indication, style guidelines and reminders for completing 
unfinished design parts. Design critics also provide solution to design problems with the 
help of wizards. This feature is called corrective automation and is partially automated 
[Tigris 2007]. 
 
Rational Rose J: Rose Java includes support for 20 design patterns covered in the book 
Design Patterns, Elements of Reusable Object-Oriented Software, by The Gang of Four 
[Gamma et al 2005]. Each of these design patterns is either a creational, structural, or 
behavioral design pattern. When the design pattern is applied, the tool adds new required 
classes and components to implement a pattern which can be used by developers to 
further add the functionality and finish implementation [IBM 2007b].  
 
Objecteering:  Objecteering is delivered with design patterns and programming patterns 
that you can be used by Java designer [Objecteering 2006]. 
 
All in all, though some of these tools provide support for creating design from scratch but 
none of these provide any support feature for determining the impact on the compatibility 
with the existing implementation before making any change to its design model. 

4.3 Modeling Suggestions and Guidelines  
 
In Appendix B we have presented a list of those changes which were considered most 
important to address. As a next step in the study we tried to identify suggestions and 
guidelines that would minimize the potential negative impact of those changes. We 
believe that these suggestions will facilitate the change process in the following ways:  
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 Where possible changes will leave the generated code and already written code in 
compatibility with each other so that the system is functional even after the 
change. 

 Changes will be done in such a manner that the existing system is least impacted 
by the change. If two alternatives are available for a change, the better one will be 
the one which conforms to object oriented principles and impacts the existing 
code least. 

 Designers will be aware of the impact of every change they are going to make to 
class diagram and thus can make better decisions than without these suggestions. 

 Changes are made in a consistent manner i.e. no matter who makes the change; it 
is likely that following the set of suggestions will have the same effect on the 
class diagram. 

 Sometimes, in order to provide a quick solution to a problem or to incorporate a 
new feature, changes are made without foreseeing the long term effects of the 
change or the future enhancement of the system. As the changes are made hastily 
it could lead the designer to adopt quick but compromised options. As these 
suggestions will be readily available thus helping the designer in making both 
quick and good decisions to the problem. 

 
The suggestions we present, strive to provide a better alternative for making changes so 
that their negative impact is either avoided or minimized on rest of the system. In order to 
come up with suggestions, Design Patterns [Gamma et al 2005], Object Oriented Design 
Principles, Good Design Practices and Anti Patterns were studied and informal meetings 
with reference groups were held. The suggestions have been presented on the following 
bases: 
 
 Better Alternative Available: There are few changes which can be replaced with 

some alternative way of achieving the same result and the impact of the 
alternative on the system is minimal and it is more beneficial to adopt the 
alternative. For example, instead of changing a parameter list in a method it is 
better to write an overloaded method for this function. Change SDC-29 in 
Appendix B fall in this category. 

 
 No Alternative Available: There are few changes, which neither can be avoided 

nor there is any alternative available for these changes. For example, making a 
attribute non-static to static cannot be replaced and only the designer can be 
warned about the impact of this change. For these changes we suggest a warning 
mechanism to make the designer aware of the impact. Changes DC-2 and SDC-3 
come under this category. 

 
The mapping between scoped-down changes in Appendix B and suggestions and 
guidelines are presented in Table 1 (Change Guideline Mapping). The changes which are 
marked as “√” represent that there exist a better alternative to avoid the change. The 
changes which are marked as “X” represents that there is no alternative available to avoid 
such a change. 
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Table 1: Change Guidelines Mapping 

 
Change Change Guidelines 

No Title   
SDC-1 Attribute Data Type Change: Change to a Different Type √ (See Appendix C-G1)  
SDC-2 Scope Modifier Change: Non-Static to Static  X 
SDC-3 Attribute Scope Modifier Change: Static to Non-Static  X 
SDC-4 Attribute Visibility Modifier Change: More Restricted to 

Less Restricted  
 X 

SDC-5 Attribute Visibility Modifier Change: Less Restricted to 
More Restricted  

 X 

SDC-6 Attribute Modifier Change: Non-Read-Only to Read-Only  X 
SDC-7 Attribute Default Value Change: Default Value Changed  X 
SDC-8 Attribute Multiplicity Change: Multiplicity Changed  X 
SDC-9 Attribute Multiplicity Change: Ordering Changed  X 
SDC-10 Method Visibility Modifier Change: More Restricted To 

Less Restricted 
√ (See Appendix C-G2)  

SDC-11 Method Visibility Modifier Change: Less Restricted To 
More Restricted 

√ (See Appendix C-G3)  

SDC-12 Method Scope Modifier Change: Static to Non-Static  X 
SDC-13 Method Scope Modifier Change: Non-Static to Static  X 
SDC-14 Method Leaf Modifier Change: Non-Leaf to Leaf  X 
SDC-15 Method Abstract Modifier Change: Non-Abstract to 

Abstract 
 X 

SDC-16 Method Return Type Change:  Return Type Change  X 
SDC-17 Method Exception Statement Change:  Exception 

Statement Change 
 X 

SDC-18 Method Return Parameter Constraint Change:  isUnique 
Changed 

√ (See Appendix C-G4)  

SDC-19 Method Return Parameter Constraint Change:  isOrdered 
Changed 

√ (See Appendix C-G4)  

SDC-20 Method Return Parameter Constraint Change:  Multiplicity 
Change  

 X 

SDC-21 Method Parameter List Change √ (See Appendix C-G4) X 
SDC-22 Method Concurrency Changed  X 
SDC-23 Delete a Member Attribute  X 
SDC-24 Delete a Member Method  X 
SDC-25 Change Class Modifier: Non-Abstract to Abstract  X 
SDC-26 Change Class Modifier: Abstract to Non-Abstract √ (See Appendix C-G5) X 
SDC-27 Change Class Modifier: Non-Leaf to Leaf  X 
SDC-28 Interface Change: Method Declaration Added  X 
SDC-29 Interface Change: Method Declaration Updated √ (See Appendix C-G6)  
SDC-30 Interface Change: Method Declaration Deleted  X 
SDC-31 Relationship Change: Association Deleted  X 
SDC-32 Relationship Change: Association Multiplicity Updated √ (See Appendix C-G7)  
SDC-33 Relationship Change: Generalization Deleted  X 
SDC-34 Relationship Change: Interface Realization Deleted  X 
 
 
The list of suggestions and guidelines is provided in Appendix C. 
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5 Discussion 
 
Model Driven Development promises to shift the focus of software development from 
writing code to building models where models are considered as primary software 
artifacts driving the development process. Besides other challenges, it is very important 
for the industry not only to be aware of all the change management issues that could 
hinder the adoption of MDD but also find solution to the problems. Although, our 
research focuses on model-to-code compatibility within MDD, it is equally relevant in 
the context of traditional software development involving UML class modeling.  
 
The good thing about our work is that anyone who is interested in extending the research 
can adopt our change taxonomy for class diagrams and determine the change impact for 
any other language such as C#, Visual Basic or XML XSD (Schema Definition 
Language). This is possible because our taxonomy is based on UML specification which 
is platform independent. The important thing to notice here is the fact that since we have 
used the taxonomy to determine the impact with respect to Java; it makes the impact 
analysis part of our work dependent on the Java language.  
 
We believe that the change impact analysis with respect can benefit in the following 
manners:  
 
 To clearly understand the impact of every change and to distinguish between 

impact of different changes. We believe it would be beneficial if the impact of a 
change is determined as early as at design level thus helping the designer in 
making better decisions.  

 Every change to a class diagram results in some amount of rework. The 
categorization can help the designer in estimating the amount of rework required 
to incorporate a change. 

 Whenever a system undergoes changes, ripple effects may be created and 
regression testing is needed. We believe that the Test Case Designers can use this 
incompatibility information in deciding the type of test case required for certain 
changes made to the class diagram. For example, the changes falling in the static 
category needs not testing at all while changes falling in the dynamic category 
must be tested. 

 Another perspective associated with categorization is that of cost.  Changes which 
have static impact are less costly to incorporate as the program semantic is not 
changed and only recompilation is needed while changes falling in the dynamic 
category are more costly because incorporation of these changes needs some 
amount of testing as well. 

 
Although the change taxonomy we present covers most of the changes applicable to a 
class diagram according to UML 2.0 but there are still few class diagram elements which 
have not been included due to the time constraint. A brief description follows below  
 

• Changes to Annotations, Enumerations and Package operations have not been 
included in the taxonomy and thus their impact has not been determined.  
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• Advanced Association Relationships are not considered. These include but are not 

limited to relationships like Recursive, Derived, Qualified and AssociationClass 
Relationships. Similarly, there are certain advanced UML properties that can be 
applied to an association relationship which have been dropped out. These 
properties are called property strings and are enclosed in curly braces. These 
include {subsets}, {redefined}, {union}, {ordered}, {bag} and {sequence} 
property strings      [OMG 04]. 

 
One important aspect that has emerged from the study is that there is nothing much one 
can do to avoid model changes that create a severe affect on the code compatibility. This 
is evident from the small number of suggestions and guidelines we could come up with.  
One possible solution that seems likely to solve the problem is by making adaptable and 
extendable design from the beginning.    
 
As a possible future work we see that in addition to class diagrams other UML diagrams 
could also be analyzed from changeability perspective. This will help in finding the 
dependency and determining the impact of changes on other related UML views within a 
same model e.g. If we update a method signature in a class diagram, what would be the 
impact of this change on the sequence diagram while message passing?. Also, a proof of 
concept (POC) can be developed in order to measure the feasibility and usefulness of 
applying our suggestions to counter negative change impact. This can be achieved by 
implementing a plug-in and evaluating it with some open source integrated development 
environment like IBM Eclipse [TEF 2007] that supports MDD.   

6  Conclusion 
 
With the emerging trend towards Model Driven Development, there is an ever increasing 
demand to develop new software integrated design and development tools which are not 
only capable of leveraging the benefits of MDD but also supporting the development 
process in some way. Our research work provides elementary though consolidated 
findings to tool vendors who want to envision and enhance the currently available tool 
support. We believe that software engineers can benefit if they (developers, designers or 
architects) can get the kind of change support mentioned in our work in their 
development environments.  
 
We have extended an already developed change taxonomy framework for categorizing 
various changes of UML class diagrams. The taxonomy is platform independent and can 
be used by anyone who is interested in examining class diagram from changeability 
perspective. For the purpose of this work, we have used the taxonomy to determine the 
impact of every change which can create potential incompatibility with the new or 
existing implementations in Java. We have categorized the impact either as breaking the 
compilation of the system (i.e. static incompatibility) or as modifying the logic of the 
system (i.e. dynamic incompatibility). In addition to these two categories we have 
defined another category for those changes which may lead to potential problems. Based 
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on our research results, we have suggested some suggestions and guidelines to minimize 
the impact of changes, keeping in mind perceived tool support for the future.  
 
An interesting finding is that some model changes does not result directly in static 
incompatibility rather create logical problems which might be discovered late when the 
system is put to operation. Although, any such problems are exposed during the testing 
phase but the cost of fixing them will be much higher by the time it will be discovered. It 
is, therefore, important to know and keep track of even the smallest of the design measure 
while performing class modeling to avoid any inappropriate model-to-code 
transformation which may disturb the compatibility.     
 
It is also interesting to find out that many system modifications can be avoided if proper 
design measures are taken when the requirements are being modeled for the first time. 
This can possibly be achieved through applying various design patterns and principles. 

6.1 Answers to Research Questions 
 
Q1. What possible changes can be made to UML Class Diagrams? 
 
This question was answered by categorizing and identifying 113 different class diagram 
elements which are seen as potentially vulnerable changes that can be made during 
system modification time. All of these changes are based on change taxonomy that we 
defined using an existing change taxonomy framework. Our change taxonomy for class 
diagrams can either be extended further to analyze more advanced elements of UML 
class diagrams from changeability perspective or it can be re-used to determine the 
negative impact of model changes on compatibility with exiting implementation 
technologies other than Java.  
 
Presenting all these changes in one place based on the change taxonomy is one of the 
contributions of the thesis.    
  
Q2. What can be the impact of each change in the class diagram that breaks the 
compatibility of the model with the existing implementation? 
 
This question was answered by creating one or more potential change scenarios 
applicable to each class diagram element presented in Question 1 and determining the 
negative impact of making such changes at the model level which can break the 
compatibility with the generated or existing hand-written Java implementation/ code.  
 
By determining and categorizing the impact of changes, which is one of the major 
contributions of our work, this thesis contributes to the area of Change Impact Analysis.   
 
Q3. What changes pose most critical impact on the compatibility? 
 
The thesis discusses and filters out trivial change scenarios from those which pose most 
critical impact on the compatibility. Since, the impact criticality is determined based on 
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both our analysis and the feedback from industry practitioners, therefore it carries a lot of 
importance for anyone who wants to distinguish the relative severity of the different class 
diagram changes which is one of the contributions of our work.  
 
Q4. What changes can be merged together to generalize the impact?   
 
By answering this question, we have merged together all class diagram changes which 
pose a similar type of impact in one category. This is an important contribution since we 
do not have any such information available in the literature.     
 
Q5. Is there any kind of tool support already available which can help analyze the   

change impact at the model level before making any change corresponding to 
our findings? 

 
This question was answered by surveying few commercially available off-the-shelf tools 
which revealed that none of them provide any support which helps designers in 
determining the negative impact of class diagram changes on the compatibility with the 
existing implementation. The results ensure and highlight the importance of our 
contribution in the thesis.  
 
Q6. What support can be provided to minimize the impact of changes? 
 
This question was answered by presenting solution to the problems mentioned in the 
thesis in the form of suggestions and guidelines. This is a major contribution of the thesis 
because these guidelines can be used to implement an automated tool support mechanism 
which can assist developers in making design changes at system modification time.  
 
The mechanism could be like helping the designers through automatically detecting the 
change impact and showing Warning messages, Popup windows, Task To-Do listing in 
their development environments or any other meaningful and user friendly way of telling 
them what to do or what can be done with a particular change.    
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8 Appendix A: Change Listing 
 
The change listing is divided into 6 categories. Changes which have been scoped out are 
shown with strike-through text. The merging of changes is shown with drawn arrows.  
 
 

Class

C15 Change Member Attribute

C14 Delete Member Attribute

C13 Add Member Attribute

C16 Add Member Method

C20 Non-Abstract to Abstract

C17 Delete Member Method

C19 Abstract to Non-Abstract

C18 Change Member Method

C22 Non-Leaf to Leaf

C21 Leaf to Non-Leaf

C23 Class Invariant

C24 IsActive

C25 Stereotype

C1 Private to Default

C7 Protected to Default

C2 Private to Protected

C6 Default to Public

C5 Default to Protected

C4 Default to Private

C3 Private to Public

C8 Protected to Private

C9 Protected to Public 

C12 Public to Protected

C11 Public to Default

C10 Public to Private

Merged With Attribute 
Visibiliy  Modifiers
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Attribute

C26 Private to Package

C32 Protected to Package

C27 Private to Protected

C31 Package to Public

C30 Package to Protected

C29 Package to Private

C28 Private to Public

C33 Protected to Private

C34 Protected to Public 

C37 Public to Protected

C36 Public to Package

C35 Public to Private

C38 Small to Large

C39 Large to Small

C40 Different Type

C41 Static to Non-Static

C42 Non-Static to Static

C44 Non-Read-Only To Read-Only

C43 Read-Only to Non-Read-Only

C45 IsComposite

C46 IsDerived

C48 Multiplicity

C47 IsDerived Union

C49 Ordering

C50 Default Value

Less Restrcited to More Restricted

More Restricted to Less Restricted

Different Type

C51 IsLeaf

C52 IsUnique
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Method

C53 Private to Package

C59 Protected to Package

C54 Private to Protected

C58 Package to Public

C57 Package to Protected

C56 Package to Private

C55 Private to Public

C60 Protected to Private

C61 Protected to Public 

C64 Public to Protected

C63 Public to Package

C62 Public to Private

C65 Static to Non-Static

C66 Non-Static to Static

C67 Leaf to Non-Leaf

C68 Non-Leaf to Leaf

C69 Abstract to Non-Abstract

C70 Non-Abstract to Abstract

C71 ReturnType

C74 IsQuery

C72 Exception Statement 

C73 IsOrdered

C75 IsUnique

C76 Lower Multiplicity

C77 Upper Multiplicity

C78 Method Body Constraint

C80 Method Post-Condition 

C79 Method Parameter List 

C81 Method Pre-Condition 

C82 Concurrency

Less Restrcited to More Restricted

More Restricted to Less Restricted

Multiplicity Change
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Interface

C95 Method Declaration Added

C96 Method Declaration Updated

C83 Private to Default

C89 Protected to Default

C84 Private to Protected

C88 Default to Public

C87 Default to Protected

C86 Default to Private

C85 Private to Public

C90 Protected to Private

C91 Protected to Public 

C92 Public to Private

C94 Public to Protected

C93 Public to Package

C97 Method Declaration Deleted

C98 IsAbstract

C99 IsLeaf

Merged With Attribute 
Visibiliy  Modifiers

 
 
 

 
 
 
 

 
 

34 



Package

C100 Change Package Name

C101 Rename Class

C105 Delete Interface

C104 Add Interface

C103 Delete Class

C102 Add Class

C106 Rename Interface  
 
 

Class Relationships

C107 Association Deleted 

C108 Aggregation Deleted

C111 Interface Realization Deleted

C110 Generaliation Deleted

C109 Composition Deleted

C112 Dependency Deleted 

C113 Association Multiplicity Changed

Merged With 
Association Deleted
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9 Appendix B: Scoped-Down Changes 
 
This list contains all the scoped-down changes and brief description of the impact of 
every change. 
 

 
Attribute Changes 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

No   SDC-1 

Title Attribute Data Type Change : Change to a Different Type 

Changed Element Attribute 

Changed Property Data Type 

Change 
Description 

The data type is changed from one data type to another data 
type or size of the attribute is changed within same data type 
e.g. int to float, int to long, etc. 

Impact 

Impacted 
Element(s) 

Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

Expressions using this attribute in impacted elements may 
require to be changed. 

Static 

Assignment statements in all impacted elements may require to 
be changed. 

static  

Can cause precision problems as some assignment statements 
may go un-detected e.g. if two float attributes were assigned in 
an assignment statement and one on the right is changed to an 
int, compiler will not complain as it is permissible to assign an int 
to a float. 

Dynamic 
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No   SDC-2 

Title Attribute Scope Modifier Change : Non-Static to Static 

Changed Element Attribute 

Changed Property Scope Modifier 

Change 
Description 

Scope modifier is changed from non-static to static 

Impact 

Impacted 
Element(s) 

Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

As this attribute was being used as an instance member before 
and static attributes can be used in instance methods without 
any problems, this change will go undetected by the compiler 
even though the semantic of the attribute has been entirely 
changed. 
 

Dynamic 

No   SDC-3 

Title Attribute Scope Modifier Change: Static to Non-Static 

Changed Element Attribute 

Changed Property Scope Modifier 

Change 
Description 

The modifier is changed from static to non-static 

Impact 

Impacted 
Element(s) 

Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

Derived Classes and Associated Classes accessing this attribute 
with static reference will not be able to access the method using 
Class Name anymore i.e. attribute cannot be used in static 
context anymore. 

Static 
 
 
 

As a static attribute can be accessed though the instance of 
attribute’s owner class, changing it to non-static is not detected 
by the compiler even though the semantic of the attribute is 
entirely changed and will change the program functionality, thus 
causing dynamic incompatibility. 
 

Dynamic 
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No   SDC-4 

Title Attribute Visibility Modifier Change : More Restricted  to Less 
Restricted 

Changed Element Attribute 

Changed Property Visibility Modifier 

Change 
Description 

Visibility modifier is changed from more restricted to less 
restricted e.g. private to public, protected to public 

Impact 

Impacted 
Element(s) 

 

Impact Description Incompatibility 

Spirit of encapsulation may be violated as the internal state of 
the class (attributes) may become visible outside. 

CNR 

No   SDC-5 

Title Attribute Visibility Modifier Change : Less Restricted to More 
Restricted 

Changed Element Attribute 

Changed Property Visibility Modifier 

Change 
Description 

visibility modifier is changed from less restricted to more 
restricted e.g. public to private, protected to private 

Impact 
Impacted 

Element(s) 
Associated classes, Derived Classes 

Impact Description Incompatibility 

Depending on the previous visibility of the attribute different 
classes will fail to access it and will fail to compile. e.g. if the 
member was public and changed to default, all associated 
classes from other packages will complain and fail to compile, if 
the member was protected and made private all derived classes 
will complain and fail to compile. 
 

static 
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No   SDC-6 

Title Attribute Modifier Change : Non-Read-Only to Read-Only 

Changed Element Attribute 

Changed Property Read-Only Modifier 

Change 
Description 

The Read Only modifier is changed from Non-Read Only to 
Read-Only 

Impact 

Impacted 
Element(s) 

Owner Class, Associated classes, Derived Classes 

Impact Description Incompatibility 

All the classes writing to this attribute will fail to write it and will 
fail to compile. 

static 
 

No   SDC-7 

Title Attribute Default Value Change : Default Value Changed 

Changed Element Attribute 

Changed Property Default Value 

Change 
Description 

default value of the attribute has been changed 

Impact 
Impacted 

Element(s) 
Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

As the attribute may have been used with the default value, any 
change to default value will affect all references of this attribute. 

Dynamic 
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No   SDC-8 

Title Attribute Multiplicity Change : Multiplicity Changed 

Changed Element Attribute 

Changed Property Multiplicity  

Change 
Description 

multiplicity of the attribute has been changed 

Impact 

Impacted 
Element(s) 

Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

If the multiplicity is changed such as 1 to many, 1 to 10 etc i.e. 
the attribute is changed from a single instance to an array or list 
then the classes using this will complain and will fail to compile. 

Static 
 

If the multiplicity is changed within a range e.g. multiplicity was 
one to 10 and now has been changed to one to 5, than this 
change will affect the functionality of the classes using this 
attribute. 

Dynamic 

No   SDC-9 

Title Attribute Ordering Change : Ordering Changed 

Changed Element Attribute 

Changed Property Ordering Constraint 

Change 
Description 

The ordering of the attribute has been changed from true to 
false or false to true 

Impact 

Impacted 
Element(s) 

Owner Class, Associated Classes, Derived Classes 

Impact Description Incompatibility 

This property is only applicable to collections and change in this 
property affects whether the collection is ordered or not. If the 
property is changed, the change cannot be depicted in generated 
code and thus may go unnoticed. 

Dynamic 
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Method Changes 
 

 
 

 
 

 
 

No   SDC-10 

Title Method Visibility Modifier Change : More Restricted To Less 
Restricted 

Changed Element Method 

Changed Property Visibility Modifier 

Change 
Description 

Visibility modifier is changed from more restricted to less 
restricted e.g. private to public, package to public 

Impact 

Impacted 
Element(s) 

Derived Classes 

Impact Description Incompatibility 

The methods in derived classes overriding this method with more 
restricted modifier will complain and fail to compile as it is only 
permissible in Java to override with a visibility modifier less 
restricted than in base class or with one having the same 
visibility. 
 

Static 

No   SDC-11 

Title Method Visibility Modifier Change : Less Restricted To More 
Restricted 

Changed Element Method 

Changed Property Visibility Modifier 

Change 
Description 

Visibility modifier is changed from less restricted to more 
restricted e.g. package to private, public to protected 

Impact 

Impacted 
Element(s) 

Associated Classes, Base Class 

Impact Description Incompatibility 

Associated classes will not be able to access the method and will 
complain and fail to compile. 

Static 
 
 

If the base class would have a method with less restricted 
modifier than this class will complain and fail to compile as it is 
only permissible in Java to override with a visibility modifier less 
restricted than in base class or with one having the same 
visibility. 

Static 
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No   SDC-12 

Title Method Scope Modifier Change : Static to Non-Static 

Changed Element Method 

Changed Property Scope Modifier 

Change 
Description 

Scope modifier is changed from Static to Non-Static 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

Classes accessing this method with static reference i.e. class 
name will complain and fail to compile. 

static 
 

It will not be possible to use the method in static context after 
this change i.e. a non-static method cannot be accessed in a 
static method. 
 

static 

No   SDC-13 

Title Method Scope Modifier Change : Non-Static to Static 

Changed Element Method 

Changed Property Scope Modifier 

Change 
Description 

Scope modifier is changed from  Static to  Non-Static 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

Derived Classes will not be able to override the method because 
method is not associated with any instance now. 
 

Static 
 

If the owner class of this method is implementing this method 
using non-static member attributes, it will fail to compile. 

Static 

As it is possible to access static methods by using instances, the 
classes accessing the method through instance will not complain 
even though the methods semantic has been changed 
considerably. 

Dynamic 
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No   SDC-14 

Title Method Leaf Modifier Change : Non-Leaf to Leaf 

Changed Element Method 

Changed Property Leaf Modifier 

Change 
Description 

Leaf modifier is changed from  Non-Leaf to Leaf 

Impact 

Impacted 
Element(s) 

Derived Classes 

Impact Description Incompatibility 

Derived Classes will not be able to override the method any 
more and will fail to compile 
 

Static 

No   SDC-15 

Title Method Abstract Modifier Change : Non-Abstract to Abstract 

Changed Element Method 

Changed Property Abstract Modifier 

Change 
Description 

Abstract modifier is changed from  Non-Abstract to Abstract 

Impact 

Impacted 
Element(s) 

Derived Classes, Associated Classes 

Impact Description Incompatibility 

Derived classes either have to provide a concrete implementation 
for the abstract method or propagate the abstraction further 
down the hierarchy. 
 

Dynamic 
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No   SDC-16 

Title Method Return Type Change :  Return Type Change 

Changed Element Method 

Changed Property Return Type 

Change 
Description 

The method’s return type is changed 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

Associated classes using this method may fail to compile and 
may have to adjust according to new return type. 
 

static 
 

If the method is participating in polymorphism then it will 
affect the base class as well as the other classes derived from 
its parent but not directly associated with this class. 
 

static 

Derived classes will be affected as they will have to change 
their implementation of accessing and overriding this method 
  

Static 

No   SDC-17 

Title Method Exception Statement Change :  Exception Statement 
Change 

Changed Element Method 

Changed Property Exception statement 

Change 
Description 

Exception statement is changed 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

Impacted classes may fail to compile and will have to change 
accordingly either to catch or throw the changed exception. 

Static 

If the exception is changed to one of the subtypes of the 
exceptions handled by the invoking method, then there might be 
no changes required in the invoking method, but it may affect 
the exception handling functionality. 

Dynamic 
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No   SDC-18 

Title Method Return Parameter Constraint Change :  isOrdered 
Changed 

Changed Element Method 

Changed Property Return Parameter Constraint 

Change 
Description 

Return parameter constrain “isOrdered” is changed from true 
to false or from false to true 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

For multi-valued return types it specifies whether the elements 
in the instance returned by this element are ordered or not. As 
this cannot be visible in generated code it will be undetected by 
the compiler. 
 

Dynamic 

No   SDC-19 

Title Method Return Parameter Constraint Change :  isUnique 
Changed 

Changed Element Method 

Changed Property Return Parameter Constraint 

Change 
Description 

Return value constraint “isUnique” is changed from true to 
false or from false to true 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

It specifies whether the return parameter is unique or not, this 
change cannot be depicted in generated code, so compiler will 
not be able to report this change. 
 

Dynamic 
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No   SDC-20 

Title Method Return Parameter Constraint Change :  Multiplicity 
Change  

Changed Element Method 

Changed Property Return Parameter Constraint 

Change 
Description 

multiplicity of the return parameter is changed 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

If the multiplicity is changed such as 1 to many, 1 to 10 etc 
i.e. the attribute is changed from a single instance to an array 
or list then the classes using this will complain and will fail to 
compile. 

Static 
 

If the multiplicity is changed within a range e.g. multiplicity 
was one to 10 and now has been changed to one to 5, than 
this change will affect the functionality of the classes using this 
attribute. 

Dynamic 

No   SDC-21 

Title Method Parameter List Change 

Changed Element Method 

Changed Property Method Parameter List 

Change 
Description 

data type of at least one parameter or number of parameters 
is changed in the method parameter list 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

All impacted classes using this method will complain as method 
cannot be invoked in the same way and will fail to compile. 

static 

Can cause precision problems as sometimes parameters can be 
changed in such a way that it is still possible to invoke the 
method but precision is changed e.g. if a parameter is changed 
from int to float, it is still possible to invoke the function with an 
int. 

Dynamic 
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Class  Changes 
 
 
 

 

 
 
 
 
 

No   SDC-22 

Title Method Concurrency Changed 

Changed Element Method 

Changed Property Method Concurrency 

Change 
Description 

Method concurrency is changed between sequential, guarded 
and concurrent 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

As the property determines how different objects can invoke this 
method in a multithread environment, changing this will affect all 
the threads invoking this method. 

Dynamic 

No   SDC-23 

Title Delete a Member attribute 

Changed Element Class 

Changed Property Owned attributes 

Change 
Description 

An attribute has been deleted from the class 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

All Derived and associated classes using this attribute directly or 
indirectly i.e. through access methods will complain about it and 
will fail to compile 
 

static 
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No   SDC-24 

Title Delete a Member Method 

Changed Element Owned Methods 

Changed Property A member method has been deleted from the class 

Change 
Description 

Owner Class, Derived Classes, Associated Classes 

Impact 

Impacted 
Element(s) 

Owner Class, Derived Classes, Associated Classes 

Impact Description Incompatibility 

Polymorphic behavior will not be possible to implement if the 
method was being used and overridden from derived classes. 
 

Dynamic 

All impacted classes using this method will complain and fail to 
compile. 

Static 

No   SDC-25 

Title Change Class Abstract Modifier: Non-Abstract To Abstract 

Changed Element Class 

Changed Property Abstract Modifier 

Change 
Description 

The class abstract modifier has been changed from non-
abstract to abstract. 

Impact 

Impacted 
Element(s) 

Associated Classes, Derived Classes 

Impact Description Incompatibility 

All derived classes not implementing abstract methods in this 
class will fail to compile i.e. they will have to implement abstract 
methods or propagate abstraction further down. 
 

 
static 
 

Associated classes will not be able to create instances of this 
class anymore as the class is abstract now. 

Static 
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No   SDC-26 

Title Change Class Modifier: Abstract To Non-Abstract 

Changed Element Class 

Changed Property Abstract Modifier 

Change 
Description 

Class has been changed from abstract to non-abstract 

Impact 

Impacted 
Element(s) 

Associated Classes, Derived Classes 

Impact Description Incompatibility 

As the abstract class is designed to enforce the sub-classes to 
have certain desired functionality, making it non-abstract may 
result in some classes not providing the desired functionality. 

Dynamic 

No   SDC-27 

Title Change Class Modifier: Non-Leaf To Leaf 

Changed Element Class 

Changed Property IsLeaf property 

Change 
Description 

Class has been changed from non-leaf to leaf 

Impact 

Impacted 
Element(s) 

Derived Classes 

Impact Description Incompatibility 

As the class was not final, there might have been some classes 
inheriting this class which will not be able to inherit this class any 
longer and will complain and fail to compile. 

Static 
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Interface Changes 
 
 

 
 

 
 

 
 
 
 
 
 

No   SDC-28 

Title Interface Change : Method Declaration Added   

Changed Element Interface 

Changed Property Method 

Change 
Description 

A new method has been added in an interface. 

Impact 

Impacted 
Element(s) 

Implementing Class 

Impact Description Incompatibility 

Classes implementing this method will fail to compile and will 
have to implement the new method. 

Static 

No   SDC-29 

Title Interface Change : Method Declaration Updated 

Changed Element Interface 

Changed Property Parameters, Return Type  

Change 
Description 

A method has been changed in an interface. 

Impact 

Impacted 
Element(s) 

Implementing Class 

Impact Description Incompatibility 

Class implementing this method will fail to compile and will have 
to adapt according to the new declaration. 

Static 
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Relationship Changes 
 
 

 
 
 
 
 

No   SDC-30 

Title Interface Change : Method Declaration Deleted 

Changed Element Interface 

Changed Property  

Change 
Description 

Associated Classes 

Impact 
Impacted 

Element(s) 
Implementing Class 

Impact Description Incompatibility 

If an interface object (cast with Implementing class object) is 
used to call the method, the call will no longer remain valid i.e. 
The polymorphic behavior will be affected. 

Static 

No   SDC-31 

Title Relationship Change :  Association Deleted  

Changed Element Association Relationship  

Changed Property  

Change 
Description 

The association relation between two classes has been 
deleted. 

Impact 

Impacted 
Element(s) 

Associated Classes, Dependent Classes  

Impact Description Incompatibility 

The class that owns the association referencing the methods and 
attributes of the associated class will fail to compile.  

Static 

All dependent classes that access the class that owns the 
association will fail to compile. 

Static 
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No   SDC-32 

Title Relationship Change : Association Multiplicity Changed   

Changed Element Relationship  

Changed Property Multiplicity  

Change 
Description 

The multiplicity is changed at one of the association ends.  
For example 0/ 1/ 0..1/ 1..0/ to 2/ x…n where x is either 0,1 
or any other digit and n> 1    

Impact 

Impacted 
Element(s) 

Associated Classes, Dependent Classes 

Impact Description Incompatibility 

All dependent classes that use get and set methods in the class 
that owns the association will fail to compile. 

Static 

No   SDC-33 

Title Relationship Change : Generalization Deleted   

Changed Element Generalization  

Changed Property Generalization Relationship 

Change 
Description 

The generalization relation between a child and super class 
has been deleted 

Impact 

Impacted 
Element(s) 

Derived Class 

Impact Description Incompatibility 

Method invocations and references to attributes from previous 
base class still exist in the derived class but are no longer valid.  
 

Static 
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No   SDC-34 

Title Relationship Change : Interface Realization Deleted   

Changed Element Interface Realization 

Changed Property  

Change 
Description 

The interface realization is deleted. 
     

Impact 

Impacted 
Element(s) 

Inherited Interfaces, Implementing Classes  

Impact Description Incompatibility 

The interface methods realized by the implementing classes 
would convey a different meaning. The classes are not supposed 
to expose such a behavior as the contract no longer exists.  

Dynamic   

The polymorphic behavior will be impacted  Static 
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10 Appendix C: Suggestions and Guidelines 
 
 
 
 

 
G1: Prefer Large Data Types 

 
Change Ref: SDC-1 (Attribute Data type Change: Change to a Different Type) 
 
Suggestion: Choose large data types provided there are no resource constraints  
 
Rationale: If large data types are defined, no change would be required in order to 
accommodate future data growth.           
 
 
 

 
G2: Do not increase the Visibility of an Overridden Method in a Base 
Class   

 
Change Ref: SDC-10 (Method Visibility Modifier Change: More Restricted To Less 
Restricted) 
 
Suggestion: Do not increase the Visibility of an Overridden Method in a Base Class   
 
Rationale:  The polymorphic behavior will be preserved  
 
 
 

 
G3: Do not reduce the Visibility of an Overriding Method in a Derived 

Class   
 

Change Ref: SDC-11 (Method Visibility Modifier Change: Less Restricted To More 
Restricted) 
 
Suggestion: Do not reduce the Visibility of an Overriding Method in a Derived Class   
 
Rationale:  The polymorphic behavior will be preserved 
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G4: Overload Instead of Changing Original Method Implementations 

 
Change Ref:  
SDC-18 (Method Return Parameter Constraint Change:  isUnique Changed) 
SDC-19 (Method Return Parameter Constraint Change:  isOrdered Changed) 
SDC-21 (Method Parameter List Change) 
 
Suggestion: Method overloading should be done where possible instead of making 
changes to original methods.   
 
Rationale: Already implemented classes can continue using the old method and new 
classes can use the overloaded version.  
 

 
 

G5: Maintain Abstraction through Inheritance  
 
Change Ref: SDC-26 (Change Class Modifier: Abstract To Non-Abstract) 
 
Suggestion: Instead of making an abstract class non-abstract, provide 
implementation of this class through derived class by implementing abstract 
methods in it. 
 
Rationale: Ensures that no design violation is made which could change the original 
purpose of defining the abstract class  
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G6: Use Inheritance to Extend Interfaces 
 

Change Ref: SDC-29 (Interface Change: Method Declaration Added) 
 
Suggestion: Always create a new Interface and extend the already implemented 
interface to add more functionality 
 
Rationale: The clients already using the interface will continue using the old one and 
can choose to upgrade to new interface when required.  
 
The approach is shown in the figure below. Let’s suppose you design an interface and 
a “Client” class implements it. Later, you have to change the interface because a new 
method “DoSomethingElse()” is required to be added to the interface as illustrated 
by an arrow in the figure. If you add this method to the interface, then the client 
code will break because it will have to implement this new method. The better 
approach to model this change is to extend the original interface and add method to 
it so that it would not break the compatibility and the client code remain functional.          
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The following two suggestions correspond to the idea that many system 
modifications can be avoided if proper design measures are taken when the 
requirements are being modeled for the first time.    
 
 
 

 
G7: Prefer Multiplicity of (one-to-more) over (one-to-exactly n)  

 
Change Ref: SDC-32 (Relationship Change: Association Multiplicity Changed) 
 
Suggestion: Prefer Multiplicity of (one-to-more) over (one-to-exactly n) where you 
feel that there might be a chance to change it in the future.    
 
Rationale: It is better to leave the room for extensibility and instead of defining 
multiplicity of one-to-exactly n, define one-to-more. The rule holds true for both 
Aggregation and Composition being specialized forms of Association Relationship.  
 
The figure below illustrates this change scenario. To read the change description 
(See Introduction Section)  
 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Public Class Person { 
    Private Account account; 
 
Public Account getAccount () { 
             return account; 
}  
 
 
 
 
        

Public Class Person { 
    Private Account [ ] account; 
 
Public Account [ ] getAccount () { 

return account; 
}  
 

At Time T3: 
The multiplicity of Account 
Object is changed to 1...2 

 

Public Class Client 
{ 
    Person person = new Person (); 
    Account account = person.getAccount ();     
} 
 
   
 
 
 
 
 
        

Public Class Client 
{ 
    Person person = new Person (); 
    Account account = person.getAccount ();     
} 
 

At Time T2: 
A Client Class uses 
the get method 

At Time T4: 
The method call no 
longer valid 

 Code Generated by 
Tool (First Time) 

Hand Written Code  by Developer 

Hand Written Code  by Developer 

Code Generated by 
Tool (Changed) 

 

At Time T1: 
The multiplicity is defined 
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G8: Prefer Interfaces over Inheritance 
 
Suggestion: Use interfaces instead of inheritance for achieving polymorphic 
behavior and make your design approach extensible. The guideline corresponds to 
the “Open-Closed Design Principle”.  
 
Rationale: Let’s assume that you have to model part of the application that deals 
with finances and processing of salaries. Suppose initially the requirement involves 
only employees whose salaries need to be processed.  The Employee could be either 
SalariedEmployee or ContractualEmployee. The model would most likely look like the 
following  

 
Now, suppose a client object AccountsReport has been be written down as shown 
above whose purpose is to get the payment information for an employee and process 
request subsequently.  Later in the project it is discovered that the payments to a 
few other service providers, which belong to the same company, also need to be 
catered and made part of the system. Therefore a few extra classes are added to the 
domain model as shown below.  

 
The problem is that in order to address such a changing scenario, the client object 
needs to be updated to be able to pay for both ServiceProvider and Employee. There 
is no way you could tell to the function that Employee is a ServiceProvider or vice 
versa and change to the client object is inevitable. The solution to this problem is to 
write a contract so that all payments for all types could be satisfied. The figure below 
portrays the preferred approach 

 

 

Public Class AccountsReport { 
 
Public void Payment (Employee paymentTo)  
{ 

Object obj = paymentTo.getSalaryDetails(); 
ProcessPayment(obj);  

}  
 

Public Class AccountsReport { 
 
Public void Payment (Employee or ServiceProvider paymentTo) 
{ 

Object obj = paymentTo.getSalaryDetails(); 
ProcessPayment(obj);  

}  
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Warnings  

 
Change Ref:  SDC-2 (Attribute Scope Modifier Change: Non-Static to Static)  

          SDC-3 (Attribute Scope Modifier Change: Static to Non-Static)  
 SDC-4 Attribute Visibility Modifier Change: More Restricted to Less      
                     Restricted)  
 SDC-5 Attribute Visibility Modifier Change: Less Restricted to More      
                     Restricted  
          SDC-6 (Attribute Modifier Change: Non-Read-Only to Read-Only) 
 SDC-7 (Attribute Default Value Change: Default Value Changed) 
 SDC-8 (Attribute Multiplicity Change: Multiplicity Changed) 
 SDC-9 (Attribute Multiplicity Change: Ordering Changed) 
 SDC-12 (Method Scope Modifier Change: Static to Non-Static)  
 SDC-13 (Method Scope Modifier Change: Non-Static to Static)  
 SDC-14 (Method Leaf Modifier Change: Non-Leaf to Leaf)  
 SDC-15 (Method Abstract Modifier Change: Non-Abstract to Abstract)  
 SDC-16 (Method Return Type Change:  Return Type Change)  
 SDC-17 (Method Exception Statement Change:  Exception Statement   
                       Change) 
 SDC-20 (Method Return Parameter Constraint Change:  Multiplicity  
    Change) 
 SDC-22 (Method Concurrency Changed) 
 SDC-23 (Delete a Member Attribute) 
 SDC-24 (Delete a Member Method) 
 SDC-25 (Change Class Modifier: Non-Abstract to Abstract) 
 SDC-27 (Change Class Modifier: Non-Leaf to Leaf) 
 SDC-29 (Interface Change: Method Declaration Updated) 
 SDC-30 (Interface Change: Method Declaration Deleted) 
 SDC-31 (Relationship Change: Association Deleted) 
 SDC-33 (Relationship Change: Generalization Deleted) 
 SDC-34 (Relationship Change: Interface Realization Deleted) 

 
Rationale: A reminder to the designer will make him cautious about making the 
change.  
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