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Subject: Object Oriented Analysis and Design    Subject Code: CS 5005 

Subject Notes 

Unit-3 

Object Design 

After the hierarchy of subsystems has been developed, the objects in the system are identified and 

their details are designed. Here, the designer details out the strategy chosen during the system 

design. The emphasis shifts from application domain concepts toward computer concepts. The 

objects identified during analysis are etched out for implementation with an aim to minimize 

execution time, memory consumption, and overall cost. 

The objective of this phase is to design and refine the classes, attributes, methods, and structures 

that are identified during the analysis phase, user interface, and data access. This phase also 

identifies and defines the additional classes or objects that support implementation of the 

requirement. 

Object design includes the following phases/steps: 

 Object identification 

 Object representation, i.e., construction of design models 

 Classification of operations 

 Algorithm design 

 Design of relationships 

 Implementation of control for external interactions 

 Package classes and associations into modules 

 

In analysis phase, a object model is created and a purpose of object design is to define a definition 

of classes of association and choose the algorithm for operation. 

The main task for object design is choosing appropriate algorithm for operation of classes and 

breaking the complex operation into simple one. 

Combination of the Model: 

OMT comprises of three models: 

 The object model represents the static, structural, 'data' aspects of a system; 

 The dynamic model represents the temporal, behavorial, 'control' aspects of a system; 

 The functional model represents the transformational, 'functional' aspects of a system. 

The three kinds of models separate a system into orthogonal views, they all describe one aspect of 

the system, but contain references to the other models. 
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The object model provides the data essential framework into which the dynamic and functional 

models can be placed, it defines the data stuctue that the other models operate on. In the end, the 

three models come together in implementation, which involves data (object model), sequencing 

(dynamic model) and operations (functional model). The object model is the prime model around 

which the design is constructed. 

 Object model: The object model represents the static and most stable phenomena in the 

modeled domain. Main concepts are classes and associations, with attributes and operations. 

Aggregation and generalization (with multiple inheritance) are predefined relationships.  

 Dynamic model: The dynamic model represents a state/transition view on the model. Main 

concepts are states, transitions between states, and events to trigger transitions. Actions can 

be modeled as occurring within states. 

 Functional model: The functional model represents flow of values from external inputs, 

through operations and internal data stores, to external outputs.   

 

Designing Algorithm 

The operations in the objects are defined using algorithms. An algorithm is a stepwise procedure 

that solves the problem laid down in an operation. Algorithms focus on how it is to be done. 

There may be more than one algorithm corresponding to a given operation. Once the alternative 

algorithms are identified, the optimal algorithm is selected for the given problem domain. The 

metrics for choosing the optimal algorithm is: 

 Computational Complexity: Complexity determines the efficiency of an algorithm in terms 

of computation time and memory requirements. 

 Flexibility: Flexibility determines whether the chosen algorithm can be implemented 

suitably, without loss of appropriateness in various environments. 

 Understandability: This determines whether the chosen algorithm is easy to understand 

and implement. 

 

The steps in object design are summarised below.  

1. Define operations for each process in the functional model and for each event in the dynamic 

model depending on the implementation of control.  

2. Formulate algorithms for each operation in the analysis model that implements it clearly and 

efficiently.  

3. Consider computational complexity. Sacrifice smaller earnings in performance for greater clarity.  

4. Internal classes and operations might be added for implementation purposes.  

5. Choose data structure that the algorithms chosen works efficiently on.  

6. Access paths to data are optimised. Add redundant associations to minimise access costs and 

maximise convenience.  

7. Rearrange computations for better performance.  

8. Save derived values to avoid recomputation.  
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9. Implement software control by following the approach chosen during system design.  

10. Adjust and rearrange classes to increase inheritance. Sometimes small adjustments in the 

definition of an operation can make it more general and it can cover more subclasses.  

11. Add common super-classes that implement common behaviour. This improves sharing and 

extensibility. When no true generalisation relationship exist to allow inheritance use delegation 

instead.  

12. Determine the exact representation of an attribute.  

13. Classes and associations must be packed into modules for editors, compilers and programming 

teams. Ensure information hiding for to make the program more robust. 

 

Design Optimization 

The analysis model captures the logical information about the system, while the design model adds 

details to support efficient information access. Before a design is implemented, it should be 

optimized so as to make the implementation more efficient. The aim of optimization is to minimize 

the cost in terms of time, space, and other metrics. 

However, design optimization should not be excess, as ease of implementation, maintainability, 

and extensibility are also important concerns. It is often seen that a perfectly optimized design is 

more efficient but less readable and reusable. So, the designer must strike a balance between the 

two. 

The various things that may be done for design optimization are: 

1. Add redundant associations 

2. Omit non-usable associations 

3. Optimization of algorithms 

4. Save derived attributes to avoid re-computation of complex expressions. 

 

Addition of Redundant Associations 

During design optimization, it is checked if deriving new associations can reduce access costs. 

Though these redundant associations may not add any information, they may increase the 

efficiency of the overall model. 

Omission of Non-Usable Associations 

Presence of too many associations may render a system indecipherable and hence reduce the 

overall efficiency of the system. So, during optimization, all non-usable associations are removed. 

Optimization of Algorithms 

In object-oriented systems, optimization of data structure and algorithms are done in a 

collaborative manner. Once the class design is in place, the operations and the algorithms need to 

be optimized. 

Saving and Storing of Derived Attributes 

Derived attributes are those attributes whose values are computed as a function of other attributes 

(base attributes). Re-computation of the values of derived attributes every time they are needed 
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is a time–consuming procedure. To avoid this, the values can be computed and stored in their 

computed forms. 

Design Of Association: 

Association defines a relationship between classes of objects that allows one object instance to 

cause another to perform an action on its behalf. This relationship is structural, because it specifies 

that objects of one kind are connected to objects of another and does not represent behaviour 

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. 

 

 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. 

 

 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. 

 

 

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. 

 

Physical Packaging: 

A component typically represents the physical packaging of otherwise logical elements such as 

classes, interfaces and collaborations. A component is a physical replaceable part of a system that 

complies with and provides the realization of a set of interfaces. We use components to model the 

physical things that may reside on a node, such as executables, libraries, tables, files and 

documents. 

Components and Classes 

In many ways, components are like classes. Both have names, both may realize a set of interfaces, 

both may participate in dependency, generalization and association relationships, both may be 

nested, and both may have instances. However, there are some significant differences between 

components and classes: 

 Classes represent logical abstractions, components represent physical things that live in the 

world of bits. In short, components may live on nodes, classes may not. 

 Components represent the physical packaging of otherwise logical components and are at a 

different level of abstraction. 

 Classes may have attributes and operations directly. In general, components only have 

operations that are reachable only through their interfaces. 

The relationship between a component and the classes it implements can be shown explicitly by 

using a dependency relationship in fig. below. 

Components and Interfaces 

An interface is a collection of operations that are used to specify a service of a class or a component. 

We can show the relationship between a component and its interfaces in one of the two ways. The 

first style renders the interfaces in its elided, iconic form. The component that realizes the interfaces 

is connected to the interface using an elided realization relationship. The second style renders the 

1 
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interface in its expanded form, perhaps revealing its operations. The component that realizes the 

interface is connected to the interface using a full realization relationship. In both cases, the 

component that accesses the services of the other component through the interfaces is connected 

to the interface using a dependency relationship. 

  

 Figure 1: Component and Classes 

    

Figure 2: Component and Interfaces 

 

Documenting Design Decision: 

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. 

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. 

Downloaded from  be.rgpvnotes.in

Page no: 6 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 Scenarios that illustrate the behavior 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 

 

Comparison of Use Case Driven approach: 

A use case diagram shows a set of use cases and actors (a special kind of class) and their 

relationships. Use case diagrams address the static use case view of a system. These diagrams are 

especially important in organizing and modeling the behaviours of a system. 

 

Use case driven means that use cases are used as a primary artifact for establish- ing the desired 

behaviour of system, for verifying and validating the system's architecture, for testing, and for 

communicating among the stakeholders of the project. 

 

I  ief, the pu poses of use ase diag a s a  e said to e as follows − 

 Used to gather the requirements of a system. 

 Used to get an outside view of a system. 

 Identify the external and internal factors influencing the system. 

 Show the interaction among the requirements are actors. 

 

Use ase diag a s a  e used fo  − 

 Requirement analysis and high level design. 

 Model the context of a system. 

 Reverse engineering. 

 Forward engineering. 

 

Use case driven approach 

 Identifying classes and their usage through sequence collaboration modelling 

 Recommended approach 

 Problem driven approach 

 Atleast one scenario be prepared for each significantly different use case instance 

 Use case diagram – high level view of the system 

 Sequence diagram – interaction among objects 

Downloaded from  be.rgpvnotes.in

Page no: 7 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

fig. Use Case for Automated Trading House 
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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 

rgpvnotes.in@gmail.com 
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