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Unit-4 

Translation Object Oriented design into implementation: 

Implementing an object-oriented design generally involves using a standard object oriented 

programming language (OOPL) or mapping object designs to databases. In most cases, it involves both. 

 

Implementation using Programming Languages 

Usually, the task of transforming an object design into code is a straightforward process. Any object-

oriented programming language like C++, Java, Smalltalk, C# and Python, includes provision for 

representing classes. In this chapter, we exemplify the concept using C++. 

The following figure shows the representation of the class Circle using C++. 
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Implementing Associations 

Most programming languages do not provide constructs to implement associations directly. So the task 

of implementing associations needs considerable thought. 

Associations may be either unidirectional or bidirectional. Besides, each association may be either one–
to–one, one–to–many, or many–to–many. 

Unidirectional Associations 

For implementing unidirectional associations, care should be taken so that unidirectionality is 

maintained. The implementations for different multiplicity are as follows: 

 Optional Associations: Here, a link may or may not exist between the participating objects. For 

example, in the association between Customer and Current Account in the figure below, a 

customer may or may not have a current account. 

 
 

For implementation, an object of Current Account is included as an attribute in Customer that may be 

NULL. 

 One–to–one Associations: Here, one instance of a class is related to exactly one instance of the 

associated class. For example, Department and Manager have one–to–one association as shown 

in the figure below. 

 
 

This is implemented by including in Department, an object of Manager that should not be NULL. 

 One–to–many Associations: Here, one instance of a class is related to more than one instances 

of the associated class. For example, consider the association between Employee and Dependent 

in the following figure. 

 
 

This is implemented by including a list of Dependents in class Employee. 

Bi-directional Associations 

To implement bi-directional association, links in both directions require to be maintained. 

 Optional or one–to–one Associations: Consider the relationship between Project and Project 

Manager having one–to–one bidirectional association as shown in the figure below. 
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 One–to–many Associations: Consider the relationship between Department and Employee 

having one–to–many association as shown in the figure below. 

 
 

Implementing Associations as Classes 

If an association has some attributes associated, it should be implemented using a separate class. For 

example, consider the one–to–one association between Employee and Project as shown in the figure 

below. 

 

Implementing Constraints 

Constraints in classes restrict the range and type of values that the attributes may take. In order to 

implement constraints, a valid default value is assigned to the attribute when an object is instantiated 

from the class. Whenever the value is changed at runtime, it is checked whether the value is valid or not. 

An invalid value may be handled by an exception handling routine or other methods. 

Example 

Consider an Employee class where age is an attribute that may have values in the range of 18 to 60. 

Implementing State Charts 

There are two alternative implementation strategies to implement states in state chart diagrams. 

Enumerations within Class 

In this approach, the states are represented by different values of a data member (or set of data 

members). The values are explicitly defined by an enumeration within the class. The transitions are 

represented by member functions that change the value of the concerned data member. 

Arrangement of Classes in a Generalization Hierarchy 

In this approach, the states are arranged in a generalization hierarchy in a manner that they can be 

referred by a common pointer variable. The following figure shows a transformation from state chart 

diagram to a generalization hierarchy. 
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Object Mapping to Database System 

Persistency of Objects 

An important aspect of developing object-oriented systems is persistency of data. Through persistency, 

objects have longer lifespan than the program that created it. Persistent data is saved on secondary 

storage medium from where it can be reloaded when required. 

Overview of RDBMS 

A database is an ordered collection of related data. 

A database management system (DBMS) is a collection of software that facilitates the processes of 

defining, creating, storing, manipulating, retrieving, sharing, and removing data in databases. 

In relational database management systems (RDBMS), data is stored as relations or tables, where each 

column or field represents an attribute and each row or tuple represents a record of an instance. 

Each row is uniquely identified by a chosen set of minimal attributes called primary key. 

A foreign key is an attribute that is the primary key of a related table. 

Representing Classes as Tables in RDBMS 

To map a class to a database table, each attribute is represented as a field in the table. Either an existing 

attribute(s) is assigned as a primary key or a separate ID field is added as a primary key. The class may be 

partitioned horizontally or vertically as per requirement. 

For example, the Circle class can be converted to table as shown in the figure below. 
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Mapping Associations to Database Tables 

1. One–to–One Associations 

To implement 1:1 associations, the primary key of any one table is assigned as the foreign key of the 

other table. For example, consider the association between Department and Manager: 

 
 

2. One–to–Many Associations 

To implement 1:N associations, the primary key of the table in the 1-side of the association is assigned 

as the foreign key of the table at the N-side of the association. For example, consider the association 

between Department and Employee: 

 
 

3. Many–to–Many Associations 

To implement M:N associations, a new relation is created that represents the association. For example, 

consider the following association between Employee and Project: 
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Mapping Inheritance to Tables 

To map inheritance, the primary key of the base table(s) is assigned as the primary key as well as the 

foreign key in the derived table(s). 

 

Example: 

 

 

2. PROGRAMMING STYLE 

According to Jenkins and Glasgow, most programmers work in one language and use only one 

programming style. They have not been exposed to alternate ways of thinking about a problem. 

Programming style is a way of organizing programs on the basis of some conceptual model of 

programming and an appropriate language to make programs written in the style clear.  

There are five main kinds of programming styles: 

 

1. Procedure oriented – Algorithms for design of computation  

2. Object oriented – classes and objects  

3. Logic oriented – Goals, often expressed in a predicate calculus  

4. Rules oriented – If then rules for design of knowledge base  

5. Constraint orient – Invariant relationships. 

Each requires a different mindset, a different way of thinking about the problem.  
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DOCUMENTATION: 

Documentation is an essential part of any software development process that records the procedure of 

making the software. The design decisions need to be documented for any non–trivial software system 

for transmitting the design to others. 

Documentation of object-oriented systems is different from documentation of traditional non-OO 

systems for two reasons; the use of an object-oriented model and the fact this model pervades all 

development activities. 

 

The object-oriented model brings classes, inheritance, association, aggregation, object etc. in addition to 

the existing notions of modules and composition. These concepts are used as fundamental building 

elements in the design process, where these concepts are used to express and document design ideas. 

The model can be described diagrammatically with a standard notation for these OO concepts, e.g. the 

UML standard, resulting in more uniform system documentation in different projects and between 

different companies in the industry.  

 

The use of some of these new concepts, e.g. the use of design patterns and some advanced use of 

polymorphism, requires an explanatory documentation as these new concepts are more powerful but 

also more complicated to understand than traditional functional concepts. However, design patterns are 

today so well known that they can be used to reduce the amount of documentation, as one can simply 

state that a certain part of the code realises e.g. the visitor pattern.  

 

The other difference emanates from the fact that OO concepts can be used in all activities starting with 

analysis activities, in design and finally in an actual implementation in a given programming language. The 

concept of a class embraces all these different activities and it can be expressed directly in an OO 

programming language.  

 

A software system often includes distribution of executable between different computers as well as 

multitasking where several processes or tasks are executed on the same computer in parallel or as 

simulated threads. Such aspects must also be documented. The UML standard includes notation useful 

for describing both distribution, and for specifying mapping to executables, components etc. 

 

Usage Areas 

Though a secondary product, a good documentation is indispensable, particularly in the following areas: 

 

 In designing software that is being developed by a number of developers 

 In iterative software development strategies 

 In developing subsequent versions of a software project 

 For evaluating a software 

 For finding conditions and areas of testing 

 For maintenance of the software. 

 

Contents: 

A beneficial documentation should essentially include the following contents: 

 

 High–level system architecture : Process diagrams and module diagrams 

 Key abstractions and mechanisms: Class diagrams and object diagrams. 
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 Scenarios that illustrate the behaviour of the main aspects : Behavioural diagrams 

Features: 

The features of a good documentation are: 

 

 Concise and at the same time, unambiguous, consistent, and complete 

 T a ea le to the syste ’s e ui e e t spe ifi atio s 

 Well-structured 

 Diagrammatic instead of descriptive 

 

Requirements for Documentation: 

 

The following requirements serve as a background for most of our discussions in the report, and we will 

return to them in the conclusion where we presents our recommendations on how to produce 

documentation of object-oriented software.  

 

1. The volume of system documentation should be minimal, but sufficient in order for the developer to 

locate the information required in order to modify and enhance the system.  

2. Since software development tends to evolve into a more and more (geographically) distributed process, 

the accessibility of documentation should be considered.  

3. When a developer joins an ongoing project or explores a completed system in order to enhance it, he 

or she should be able to understand the static and dynamic structure of the system.  

4. Writing the documentation should be a natural part of each iteration of the development process.  

5. Another important issue is to minimise redundancies, as they are possible sources of inconsistencies.  

6. Another topic is traceability, in the sense that it should be possible to identify how and where each 

requirement has influenced the design model and its implementation, and ideally it should be possible 

from each place in the implementation to trace back to the requirements that let to it.  

7. The main abstractions and general design decisions in the system should be easily recognisable.  

8. The documentation should be separated in sections describing different aspects of the system. 

Important aspects are the static architecture, the dynamic behaviour, and the reference 

documentation for all system entities.  

9. The documentation should include a basic description of the domain it is intended to model. This is 

important for providing an understanding of the environment in which the system will function and of 

the concepts introduced in the model.  

10. A concise description of the interface (input/output) to the environment is required to define precisely 

what is part of the system and what is not.  
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11. Finally, a description of how the OO system should act on the events from the environment should be 

included and contain a reference to the more specific documents describing the environment (HW, 

protocols etc.). 

 

Characterization of OOL’s: 

As more and more systems are built from existing components, it has become increasingly important to 

have proper characterization of components. Without such characterization, much effort is wasted on the 

comprehension and adaptation of components each time they are used. This has been evident from 

practice. Furthermore, characterization of components is crucial to the management of components as 

required by systematic component-based software engineering. 

 

It is still not clear how we should characterize components. In this paper, we have a look at how objects 

are characterized in the object oriented approach, and how components are treated in the context of 

software architecture research. Then, we contemplate an object-oriented characterization of 

components from the viewpoint of their use and management. 

 

1. Objects: Object technology has been widely adopted, and has become the standard for much of 

the software industry. Objects are the core concept of object technology. In general, objects have 

static and dynamic aspects with structural and behavioural definitions. In terms of 

characterization, objects take on different forms at different levels of abstraction. 

 

In object oriented programming, objects are characterized by attributes and operations: 

OOP:    object = attributes + operations. 

where all the constraints about the object structure and interaction are supposedly embedded in 

the operations. Object Interface Definition Language also follows this characterization. There are 

also cases where assertions are specified to state certain object invariants (or constraints). 

 

In object-oriented analysis and design, the characterization of objects are enriched to capture the 

sequencing and interaction of object manipulation: 

OOAD:    object = attributes + operations + sequencing [ ~ interactions/scenarios]. 

The sequencing of object operations usually takes the form of a state transition diagram for the 

object (class). The interactions of objects are set in the context of scenarios (rather than relative 

to individual objects), and are usually specified in object diagrams and interaction diagrams. In 

such characterization of objects, the constraints about the object behaviour are 

captured explicitly through sequencing and interaction specifications, which contributes towards 

the comprehension, management and use of objects in system development. 

2. Architectural Components: Over the past few years, we have seen growing research interests in 

software architectures and software architecture description languages (SADLs). In this context, 

the architecture of a software system is described in terms of components, connectors, 

configurations, constraints, and possibly other aspects. 

 

In the object-oriented paradigm, objects are characterized as independent entities and in terms 

of their usage and interactions with other objects in the system. It is our view that components in 

software architectures should be looked at in the similar manner. As such, the architectural 

components can be seen as follows: 

ArchComponent = attributes + operations + constraints/sequencing/interactions. 
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The attributes are the structural elements of the architectural component, and are usually those 

relevant to its interface (i.e., observables). The operations are those allowable on the architectural 

component. The constraints, sequencing requirements and/or interactions are those parts of the 

architecture description that constrain the usage/interaction and internal composition/state 

of the component. Different notations are used to describe constraints in SADLs. Some focus on 

the constraints on component usage/interaction, while others focus on the component's internal 

consistency. The constraints that serve as the internal invariants of a component are often not 

separated from restrictions about external interaction scenarios. 

 

In the current SADLs, in general, the encapsulation role of components and their relationships to 

the overall system architecture are not clearly defined or characterized. Consequently, the support 

for proper component characterization is not obvious in the SADLs. 

 

3. Object-oriented characterization of components 

As mentioned above, proper characterization of components is essential to the effective 

management and use of components in component-based software engineering. While there have 

been industrial/experimental projects that build systems from (existing) components, the 

approaches taken are ad hoc and heavily rely on the specifics of the systems and components 

concerned. That is, component-based system development is still very much in its infancy, and 

there are no proven systematic approaches to follow.   

 

Characterization of components is a step towards such systematic approaches and their enabling 

technologies, including component management infrastructures. In this section, we contemplate 

a characterization of components in a manner that is similar to but extends the characterization 

of objects in object technology, in the hope to provide a basis for the development, management 

and use of components. Therefore, it can be referred to as object-oriented characterization of 

components. 

To summarize the above characterization of components, we may have 

Component = attributes + operations + structural constraints + operational constraints + 

Events + multi-interfaces * scenarios + illities. 

 

 

As indicated above, there are still issues to be resolved. In existing approaches to software 

architecture description, the issues are addressed with different concerns and therefore result in 

varied treatments. For example, the port specifications in Wright can be seen as interaction 

protocol specifications on the one hand and operational constraints (in a fixed interaction 

scenario) on the other hand. In general, many existing approaches adopt fixed specifications of 

interaction protocols for a component (e.g., fixed ports). It is also quite possible that a more 

dynamic (or "fluid") approach is more appropriate, that allows the definition of varied interaction 

protocols for different scenarios (all subject to the other (fundamental) component characteristics, 

of course). Again, this is an open issue for further debate. 

It is pleasing to see that some industry-based component models are being actively pursued 

and/or used, including COM components, JavaBeans, and initial component model submissions to 

OMG. While providing valuable support for component-based system development, these 

technologies are still too simplistic and immature. Certain strategies taken are debatable. For 

example, key features of components are only enabled through some "design patterns" (in fact, 

just some naming conventions) in JavaBeans and some OMG submissions, which is obscure and 
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does not provide the "right" level of support for system developers. In some way, it may be due to 

the models and their support mechanisms' over reliance on the concept of objects. In general, 

components should "grow out-of and above" objects. 

Comparison of OOL: 

The key OOP features are well known, and I'm covering them only to be able to use a common terminology 

with you, before we proceed. 

 The first key feature is the definition of classes, abstract data types which encapsulate their 

representation, and make available some operations, or methods. Classes are usually the basis of 

modularity, encapsulation, and data abstraction in OOP languages. 

 The second key feature is inheritance, a way to define a new type inheriting the elements 

(representation and methods) of an existing one and modifying or extending it. This favours the 

expression of specialization and generalization. 

 The third feature is known as polymorphism, and allows you to refer to objects of different classes 

(usually within a sub-hierarchy) in a homogeneous way. This makes the classes even more 

reusable, the programs more easy to extend and maintain. 

Classes, inheritance, and polymorphism are fundamental features required by a languages to be described 

as an OOP language. (Languages not having inheritance and polymorphism, but only classes, are generally 

indicates as class-based). Having said this, different OOP languages follow completely different 

approaches. We can discriminate among different OOP languages comparing type checking mechanisms, 

the ability to support different programming models, and the object model they support. Then I'll move 

to specific language features. 

Compile-Time vs. Runtime Type Checking 

Programming languages can be evaluated rating how much "strongly-typed" they are. The checks on the 

type relate to the existence of the methods being called, the types of their parameters, the array range 

checks, and so on. 

C++, Java, and Object Pascal all favour compile-time type-checking, more or less extensively. Of the three 

C++ is probably the less precise, and Java the one enforcing type checking at the highest extent. The reason 

is that C++ maintains compatibility with the C languages, which supports compile-time type-checks, but 

in a very light way. For example C and C++ consider the arithmetic type as being all compatible (although 

when assigning a float to an int the compiler issues a warning). In Object Pascal and Java a Boolean value 

is not an integer, and a characters is another different and incompatible type. 

The fact that the Java virtual machine "interprets" the byte-code at runtime, doesn't mean that the 

language gives up the compile-time type-checking. On the contrary, in this language the checking is more 

thorough. Other OOP languages as Smalltalk and CLOS, instead, tend to do most if not all of the type 

checking at runtime. 
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Hybrid vs. Pure OOP Languages 

Another differences in among pure and hybrid OOP languages. Pure OOP languages are those allowing 

only one programming model, OOP. You can declare classes and methods, but you cannot have plain old 

functions and procedures, and global data. 

Among our three languages, only Java is a pure OOP language (as Eiffel and Smalltalk are), which at first 

seems a very positive idea. However, you end up using a lot of static methods and static data, which is not 

that different from using global functions or data, beside the more complex syntax. In my opinion pure 

OOP languages offer an advantage for OOP newcomers, because programmers are forced into using (and 

learning) the object oriented programming model. C++ and Object Pascal, instead, are two typical example 

of hybrid languages, which allow programmers to use traditional C and Pascal programming approaches. 

Notice that Smalltalk extended this concept of having only objects up to the level of defining as objects 

also the predefined data types, as integers and characters, and the language constructs (as the looping 

instructions). This is theoretically interesting, but reduces the efficiency quite a lot. Java stops much 

earlier, allowing the presence of native, non OOP, data types (although there are wrapper classes for the 

native types). 

Plain Object Model vs. Object Reference Model 

A third element discriminating OOP languages is their object model. Some traditional OOP languages allow 

programmers to create objects on the stack, the heap and the static storage. In these languages a variable 

of a class data type corresponds to an object in memory. This is how C++ works. 

Lately, there seems to be a trend to use a different model, called object reference model. In this model 

every object is allocated dynamically on the heap, and a variable of a class type is actually a reference or 

a handle to the object in memory (technically something similar to a pointer). Java and Object Pascal both 

adopt this reference model. As we'll see in a while this means that you should remember to allocate 

memory for the object. 
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OBJECT PROGRAMMING: 

Object-oriented programming (OOP) is a programming language model organized around objects rather 

than "actions" and data rather than logic. Historically, a program has been viewed as a logical procedure 

that takes input data, processes it, and produces output data. 

The programming challenge was seen as how to write the logic, not how to define the data. Object-

oriented programming takes the view that what we really care about are the objects we want to 

manipulate rather than the logic required to manipulate them. Examples of objects range from human 

beings (described by name, address, and so forth) to buildings and floors (whose properties can be 

described and managed) down to the little widgets on a computer desktop (such as buttons and scroll 

bars). 

The first step in OOP is to identify all the objects the programmer wants to manipulate and how they 

relate to each other, an exercise often known as data modelling. Once an object has been identified, it is 

generalized as a class of objects (think of Plato's concept of the "ideal" chair that stands for all chairs) 

which defines the kind of data it contains and any logic sequences that can manipulate it. Each distinct 

logic sequence is known as a method. Objects communicate with well-defined interfaces called messages. 

Simula was the first object-oriented programming language.  Java, Python, C++, Visual Basic 

.NET and Ruby are the most popular OOP languages today. The Java programming language is designed 

especially for use in distributed applications on corporate networks and the Internet. Ruby is used in many 

Web applications. Curl, Smalltalk, Delphi and Eiffel are also examples of object-oriented programming 

languages. 
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We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 
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