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3.1 The Evolutionary Process Models 

There is growing recognition that software, like all complex systems, evolves over a 

period of time. Business and product requirements often change as development 

proceeds, making a straight path to an end product unrealistic; tight market deadlines 

make completion of a comprehensive software product impossible, but a limited 

version must be introduced to meet competitive or business pressure; a set of core 

product or system requirements is well understood, but the details of product or 

system extensions have yet to be defined. In these and similar situations, software 

engineers need a process model that has been explicitly designed to accommodate a 

product that evolves over time. 

The linear sequential model is designed for straight-line development. 

In essence, this waterfall approach assumes that a complete system will be delivered 

after the linear sequence is completed. The prototyping model is designed to assist the 

customer (or developer) in understanding requirements. 

In general, it is not designed to deliver a production system. The evolutionary nature 

of software is not considered in either of these classic software engineering 

paradigms. 

Evolutionary models are iterative. They are characterized in a manner that enables 

software engineers to develop increasingly more complete versions of the software. 

 

3.1.1 The Incremental Model 

The incremental model combines elements of the linear sequential model (applied 

repetitively) with the iterative philosophy of prototyping. Referring to Figure 1, the 

incremental model applies linear sequences in a staggered fashion as calendar time 

progresses. Each linear sequence produces a deliverable “increment” of the software. 

For example, word-processing software developed using the incremental paradigm 

might deliver basic file management, editing, and document production functions in 

the first increment; more sophisticated editing and document production capabilities 

in the second increment; spelling and grammar checking in the third increment; and 



advanced page layout capability in the fourth increment. It should be noted that the 

process flow for any increment can incorporate the prototyping paradigm. 

 
Figure 1: The incremental model 

 

When an incremental model is used, the first increment is often a core product. That 

is, basic requirements are addressed, but many supplementary features (some known, 

others unknown) remain undelivered. The core product is used by the customer (or 

undergoes detailed review). As a result of use and/or evaluation, a plan is developed 

for the next increment. The plan addresses the modification of the core product to 

better meet the needs of the customer and the delivery of additional features and 

functionality. This process is repeated following the delivery of each increment, until 

the complete product is produced. 

The incremental process model, like prototyping and other evolutionary approaches, 

is iterative in nature. But unlike prototyping, the incremental model focuses on the 

delivery of an operational product with each increment. Early increments are stripped 

down versions of the final product, but they do provide capability that serves the user 

and also provide a platform for evaluation by the user. 

Incremental development is particularly useful when staffing is unavailable for a 

complete implementation by the business deadline that has been established for the 

project. Early increments can be implemented with fewer people. If the core product 

is well received, then additional staff (if required) can be added to implement the next 



increment. In addition, increments can be planned to manage technical risks. For 

example, a major system might require the availability of new hardware that is under 

development and whose delivery date is uncertain. It might be possible to plan early 

increments in a way that avoids the use of this hardware, thereby enabling partial 

functionality to be delivered to end-users without inordinate delay. 

 

3.1.2 The Spiral model 

The spiral model, originally proposed by Boehm, is an evolutionary software process 

model that couples the iterative nature of prototyping with the controlled and 

systematic aspects of the linear sequential model. It provides the potential for rapid 

development of incremental versions of the software. Using the spiral model, software 

is developed in a series of incremental releases. During early iterations, the 

incremental release might be a paper model or prototype. During later iterations, 

increasingly more complete versions of the engineered system are produced. 

A spiral model is divided into a number of framework activities, also called task 

regions. Typically, there are between three and six task regions. Figure2 depicts a 

spiral model that contains six task regions: 

 
Figure 2 A typical spiral model 

 



• Customer communication—tasks required to establish effective 

communication between developer and customer. 

• Planning—tasks required to define resources, timelines, and other project 

related information. 

• Risk analysis—tasks required to assess both technical and management risks. 

• Engineering—tasks required to build one or more representations of the 

application. 

• Construction and release—tasks required to construct, test, install, and 

provide user support (e.g., documentation and training). 

• Customer evaluation—tasks required to obtain customer feedback based on 

evaluation of the software representations created during the engineering stage 

and implemented during the installation stage. 

 

As this evolutionary process begins, the software engineering team moves around the 

spiral in a clockwise direction, beginning at the center. The first circuit around the 

spiral might result in the development of a product specification; subsequent passes 

around the spiral might be used to develop a prototype and then progressively more 

sophisticated versions of the software. Each pass through the planning region results 

in adjustments to the project plan. Cost and schedule are adjusted based on feedback 

derived from customer evaluation. In addition, the project manager adjusts the 

planned number of iterations required to complete the software. 

Unlike classical process models that end when software is delivered, the spiral model 

can be adapted to apply throughout the life of the computer software. An alternative 

view of the spiral model can be considered by examining the project entry point axis, 

also shown in Figure 2. Each cube placed along the axis can be used to represent the 

starting point for different types of projects. A “concept development project” starts at 

the core of the spiral and will continue (multiple iterations occur along the spiral path 

that bounds the central shaded region) until concept development is complete. If the 

concept is to be developed into an actual product, the process proceeds through the 

next cube (new product development project entry point) and a “new development 

project” is initiated. The new product will evolve through a number of  iterations 

around the spiral, following the path that bounds the region that has somewhat lighter 

shading than the core. In essence, the spiral, when characterized in this way, remains 



operative until the software is retired. There are times when the process is dormant, 

but whenever a change is initiated, the process starts at the appropriate entry point 

(e.g., product enhancement). 

The spiral model is a realistic approach to the development of large-scale systems and 

software. Because software evolves as the process progresses, the developer and 

customer better understand and react to risks at each evolutionary level. The spiral 

model uses prototyping as a risk reduction mechanism but, more important, enables 

the developer to apply the prototyping approach at any stage in the evolution of the 

product. It maintains the systematic stepwise approach suggested by the classic life 

cycle but incorporates it into an iterative framework that more realistically reflects the 

real world. The spiral model demands a direct consideration of technical risks at all 

stages of the project and, if properly applied, should reduce risks before they become 

problematic. 

But like other paradigms, the spiral model is not a panacea. It may be difficult to 

convince customers (particularly in contract situations) that the evolutionary approach 

is controllable. It demands considerable risk assessment expertise and relies on this 

expertise for success. If a major risk is not uncovered and managed, problems will 

undoubtedly occur. Finally, the model has not been used as widely as the linear 

sequential or prototyping paradigms. It will take a number of years before efficacy of 

this important paradigm can be determined with absolute certainty. 

 

3.2 The formal methods model 

The formal methods model encompasses a set of activities that leads to formal 

mathematical specification of computer software. Formal methods enable a software 

engineer to specify, develop, and verify a computer-based system by applying a 

rigorous, mathematical notation. A variation on this approach, called cleanroom 

software engineering, is currently applied by some software development 

organizations. 

When formal methods are used during development, they provide a mechanism for 

eliminating many of the problems that are difficult to overcome using other software 

engineering paradigms. Ambiguity, incompleteness, and inconsistency can be 

discovered and corrected more easily, not through ad hoc review but through the 

application of mathematical analysis. When formal methods are used during design, 



they serve as a basis for program verification and therefore enable the software 

engineer to discover and correct errors that might go undetected. 

Although it is not destined to become a mainstream approach, the formal methods 

model offers the promise of defect-free software. Yet, the following concerns about 

its applicability in a business environment have been voiced: 

1. The development of formal models is currently quite time consuming and 

expensive. 

2. Because few software developers have the necessary background to apply formal 

methods, extensive training is required. 

3. It is difficult to use the models as a communication mechanism for technically 

unsophisticated customers. 

These concerns notwithstanding, it is likely that the formal methods approach will 

gain adherents among software developers who must build safety-critical software 

(e.g., developers of medical devices) and among developers that would suffer severe 

economic hardship should software errors occur. 

 

3.3 Component Based Software Engineering 

In the majority of software projects, there is some software reuse. This usually 

happens informally when people working on the project know of designs or code 

which is similar to that required. They look for these, modify them as needed and 

incorporate them into their system.  

This informal reuse takes place irrespective of the development process that is used. 

However, in the last few years, an approach to software development called 

component-based software engineering (CBSE), which relies on reuse, has emerged 

and is becoming increasingly used.  

This reuse-oriented approach relies on a large base of reusable software components 

and some integrating framework for these components. Sometimes, these components 

are systems in their own right (COTS or commercial off-the-shelf systems) that may 

provide specific functionality such as text formatting or numeric calculation. The 

generic process model for CBSE is shown in Figure 3. 



 
Figure 3 Component-based software engineering 

 
While the initial requirements specification stage and the validation stage are 

comparable with other processes, the intermediate stages in a reuse-oriented process 

are different. These stages are: 

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. During this stage, the requirements are analyzed using 

information about the components that have been discovered. They are then 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. The designers take into account the 

components that are reused and organize the framework to cater to this. 

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, in this model, may be part of the development process 

rather than a separate activity. 

Component-based software engineering has\the obvious advantage of reducing  the 

amount of software to be developed and so\reducing cost and risks. It usually also 

leads to faster delivery of the software. However, requirements compromises are 

inevitable and this may lead to a system that does not meet the real needs of users. 



Furthermore, 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. 

 


