
 

 

Reuse-oriented software engineering  

• In the 21st century, software development processes that focus on the reuse of existing software have 

become widely used.   

• Reuse-oriented approaches rely on a large base of reusable software components and an integrating 

framework for the composition of these components.   

• COTS or commercial off-the-shelf (readymade) systems.  

• The initial requirements specification stage and the validation stage are comparable with other software 

processes  

• The intermediate stages in a reuse oriented process are different.   

  

Stages:  

1. Component analysis   

Given the requirements specification, a search is made for components to implement that specification. 

Usually, there is no exact match and the components that may be used only provide some of the functionality 

required.  

2. Requirements modification   

Requirements are modified to reflect the available components. Where modifications are impossible, the 

component analysis activity may be re-entered to search for alternative solutions.  

3. System design with reuse  

 During this phase, the framework of the system is designed or an existing framework is reused. Some new 

software may have to be designed if reusable components are not available.  

4. Development and integration  

 Software that cannot be externally procured is developed, and the components and COTS systems are 

integrated to create the new system. System integration is part of the development process rather than a 

separate activity.  



 

 

  

  

Types of software component used in a reuse-oriented process:  

1. Web services that are developed according to service standards and which are available for remote 

invocation.  

2. Collections of objects that are developed as a package to be integrated with a component framework such 

as .NET or J2EE.  

3. Stand-alone software (independent) systems that are configured for use in a particular environment.  

Advantage   

1. Reducing the amount of software to be developed   

2. Reducing cost and risks.   

3. Leads to faster delivery of the software.   

Disadvantages:  

1. May not meet the real needs of users.   

2. Some control over the system evolution is lost as new versions of the reusable components are not 

under the control of the organization using them.  

Process activities  

The four basic process activities:  

I. Specification  

II. Development  

III. Validation  

IV. Evolution  

In the waterfall model, they are organized in sequence,  In 

incremental development they are interleaved.   

How these activities are carried out depends on the type of software, people, and organizational structures 

involved.   

 I.  Software Specification  

• Also called requirements engineering   

• Process of understanding and defining what services are required from the system and identifying 

the constraints on the system’s operation and development.   

• Particularly critical stage of the software process as errors at this stage lead to later problems in 

the system design and implementation.   

• Aim: To produce an agreed requirements document that specifies a system satisfying stakeholder 

requirements.   

Requirements are usually presented at two levels of detail.   



 

 

• End-users and customers need a high-level statement of the requirements;   System developers 

need a more detailed system specification.  

  
Four Main activities in the requirements engineering process:  

1. Feasibility study   

• Estimate of whether the identified user needs may be satisfied using current software and hardware 

technologies.   

• Whether the proposed system will be cost-effective from a business point of view   Whether it 

can be developed within existing budgetary constraints.   

• Whether or not to go ahead with a more detailed analysis.  

• Should be relatively cheap and quick.   

2. Requirements elicitation(induction) and analysis   

• Process of deriving the system requirements through observation of existing systems.  

• Involve the development of one or more system models and prototypes.   

• Helps to understand the system to be specified.  

3. Requirements specification   

• Translating the information gathered during the analysis activity into a document that defines a set 

of requirements.   

• Two types of requirements:  

I. User requirements are abstract statements of the system requirements for the customer 

and end-user of the system   

II. System requirements are a more detailed description of the functionality to be 

provided.  



 

 

4. Requirements validation   

• Checks the requirements for realism, consistency, and completeness.   

• During this process, errors in the requirements document are discovered.   

• It must then be modified to correct these problems.  

II.  Software design and Implementation  

  

• The implementation stage of software development is the processes of software design and 

programming.   

• But in an incremental approach, refinement of the software specification may also involve.  

• A software design is a description of o the structure of the software to be implemented,  o the data 

models used by the system,  o the interfaces between system components and o the algorithms 

used.  

  

  
  

Platform Info = OS + database….  

The requirements specification = functionality + performance + dependability requirements  

Architectural design →  identify the overall structure of the system, the principal components   

(Sub-systems or modules), their relationships, and how they are distributed.  

Interface design→  define the interfaces between system components.   

Component design→  take each system component and design how it will operate.   

It may be a list of changes to be made to a reusable component.  



 

 

  

Database design→ Design the system data structures   

  

  

  

III.  Software Validation   

• Also called as verification and validation (V&V)   

• Intended to show that a system both conforms to its specification and that it meets the expectations 

of the system customer.  

• The stages in the testing process are:  

1. Development testing   

The components are tested by the people developing the system.   

Each component is tested independently  

Eg. Functions, Class and Objects  

Tool: Test automation tools, such as Junit  

2. System testing   

System components are integrated to create a complete system.   

Finding errors that result from interactions between components and component interface 

problems.   

Functional and non-functional requirements testing  

3. Acceptance testing   

Tested with data supplied by the system customer rather than with simulated test data.   

Sometimes called as alpha testing.  

  

Note: In incremental development, each increment should be tested as it is developed. When a 

plan-driven software process is used (e.g., for critical systems development), testing is driven 

by a set of test plans.  

 Assignment: V- Model of software testing.  

  



 

 

  

IV.  Software Evolution  

   

Coping with Change   

Change is inevitable in all large software projects.  
Whatever software process model is used, it is essential that it can accommodate changes to the software being 

developed.  

Two ways of coping with change and changing system requirements: 1. 

System prototyping  

It allows users to experiment with the system before delivery and so refine their requirements.   

2. Incremental delivery,   

System increments are delivered to the customer for comment and experimentation.  

It allows changes to be incorporated into later increments at relatively low cost.  

  

1. Prototyping  

• An initial version of a software system that is used to  

▪ demonstrate concepts,   

▪ try out design options  and   

▪ Find out more about the problem and its possible solutions.   

• Rapid, iterative development of the prototype is essential so that costs are controlled.  

• Prototype is required in   

▪ Requirements engineering process in elicitation and validation of system requirements.  

▪ Design process to explore particular software solutions and to support user interface design.  

  

  



 

 

  

2. Incremental delivery  

▪ An approach to software development where some of the developed increments are delivered to 

the customer and deployed for use in an operational environment.   

▪ Customers identify which of the services are most important and which are least important to them.   

▪ A number of delivery increments are then defined, with each increment providing a sub-set of the 

system functionality.   

▪ The allocation of services to increments depends on the service priority, with the highest-priority 

services implemented and delivered first.  

  

Advantages:  

i. Customers can use the early increments as prototypes and gain experience that informs their 

requirements for later system increments. Unlike prototypes, these are part of the real system so 

there is no re-learning when the complete system is available.  



 

 

ii. Customers do not have to wait until the entire system is delivered before they can gain value from 

it. The first increment satisfies their most critical requirements so they can use the software 

immediately.  

iii. The process maintains the benefits of incremental development in that it should be relatively easy 

to incorporate changes into the system.  

iv. As the highest-priority services are delivered first and increments then integrated, the most 

important system services receive the most testing. This means that customers are less likely to 

encounter software failures in the most important parts of the system.  

Problems with incremental delivery:  

i. Most systems require a set of basic facilities that are used by different parts of the system. As requirements 

are not defined in detail until an increment is to be implemented, it can be hard to identify common 

facilities that are needed by all increments.  

ii. Iterative development can also be difficult when a replacement system is being developed. Users want all 

of the functionality of the old system and are often unwilling to experiment with an incomplete new 

system. Therefore, getting useful customer feedback is difficult.  

iii. The essence of iterative processes is that the specification is developed in conjunction with the software. 

However, this conflicts with the procurement model of many organizations, where the complete system 

specification is part of the system development contract. In the incremental approach, there is no complete 

system specification until the final increment is specified. This requires a new form of contract, which 

large customers such as government agencies may find difficult to accommodate.  

  

3. Spiral Model  

A risk-driven software process framework (the spiral model), proposed by Boehm (1988).  

Here, the software process is represented as a spiral, rather than a sequence of activities.  

Each loop in the spiral represents a phase of the software process.  

It assumes that changes are a result of project risks and includes explicit risk management activities to 

reduce these risks.  

The main difference between the spiral model and other software process models is its explicit recognition 

of risk.  



 

 

→ Objective setting Specific objectives for that phase of the project are defined. Constraints on the 

process and the product are identified and a detailed management plan is drawn up. Project risks are 

identified. Alternative strategies, depending on these risks, may be planned.  

→ Risk assessment and reduction For each of the identified project risks, a detailed analysis is 

carried out. Steps are taken to reduce the risk. For example, if there is a risk that the requirements are 

inappropriate, a prototype system may be developed.  

→ Development and validation After risk evaluation, a development model for the system is chosen. 

For example, throwaway prototyping may be the best development approach if user interface risks are 

dominant. If safety risks are the main consideration, development based on formal transformations may 

be the most appropriate process, and so on. If the main identified risk is sub-system integration, the 

waterfall model may be the best development model to use.  

→ Planning The project is reviewed and a decision made whether to continue with a further loop of 

the spiral. If it is decided to continue, plans are drawn up for the next phase of the project.  

  

  

  

  

  

  



 

 

The Rational Unified Process  

The Rational Unified Process (RUP) is an example of a modern process model.  

The RUP recognizes that conventional process models present a single view of the process.  

In contrast, the RUP is normally described from three perspectives:  

1. A dynamic perspective, which shows the phases of the model over time.  

2. A static perspective, which shows the process activities that are enacted.  

3. A practice perspective, which suggests good practices to be used during the process.  

Unlike the waterfall model where phases are equated with process activities, the phases in the RUP are 

more closely related to business rather than technical concerns.  

Phases in the RUP:  

  

1. Inception   

Goal→ to establish a business case for the system.   

You should identify all external entities (people and systems) that will interact with the system and 

define these interactions.   

Then use this information to assess the contribution that the system makes to the business.   

If this contribution is minor, then the project may be cancelled after this phase.  

2. Elaboration   

Goals→  to develop an understanding of the problem domain, establish an architectural framework 

for the system, develop the project plan, and identify key project risks.   

On completion, you should have a requirements model for the system ( eg. use-cases, an 

architectural description, and a development plan for the software. )  

3. Construction   

Involves system design, programming, and testing.  

On completion, you should have a working software system and associated documentation that is 

ready for delivery to users.  

  



 

 

  

4. Transition   

Concerned with moving the system from the development community to the user community and 

making it work in a real environment.   

Ignored in most software process models but is, in fact, an expensive and sometimes problematic 

activity.   

On completion, you should have a documented software system that is working correctly in its 

operational environment.  

  

  

  

  

  



 

 

  

  

The practice perspective on the RUP describes good software engineering practices that are recommended for use 

in systems development. Six fundamental best practices are recommended:  

1. Develop software iteratively   

Plan increments of the system based on customer priorities and develop the highest-priority system 

features early in the development process.  

2. Manage requirements   

Explicitly document the customer’s requirements and keep track of changes to these requirements. 

Analyze the impact of changes on the system before accepting them.  

3. Use component-based architectures   

Structure the system architecture into components, as discussed earlier in this chapter.  

4. Visually model software   

Use graphical UML models to present static and dynamic views of the software.  

5. Verify software quality   

Ensure that the software meets the organizational quality standards.  

6. Control changes to software   

Manage changes to the software using a change management system and configuration management 

procedures and tools.  


