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Abstract---Software systems and their applications come 

and go through a series of passages of time that account for 

their inception, initial development, techniques, productive 

operation, upkeep and retirement from one generation to 

another generation. This paper article categorizes in 

different ways and examines various numbers of methods 

and techniques for describing and modeling how software 

systems are developed. During software development 

process, software companies and industries are exposed to 

risks (unwanted events and causes) which leads to economic 

and competitive loss. Risk management technique and 

various methods are being used to minimize the loss in 

software systems and projects. Different software process 

improvement models are used to include risk management 

among their rules, methods and guidelines. The main 

purpose and goal of this paper is to emphasize on evaluation 

and analyzing how the models can be used as accordance 

with the comparison based study. 

Keywords: Development Models, Software Development, 

Software Management Processes, Software Development 
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I. INTRODUCTION 

No one can deny and refuse the importance of computer in 

our life, especially in present scenario. In fact, computer has 

become essential and indispensible in today's life and in 

various fields as it is used in many fields of life such as 

industry, commerce, education, medicine, and even also in 

agriculture. It has become an important element in the 

industry and technology of advanced as well as developing 

countries result of software industry fields and computer 

technology. Computer is considered as a time saving devices 

or equipment and used to execute complex program, long 

and repeated processes in a very short period of time in high 

speed. Additionally, to use computer for various work, 

people use it in other aspects for fun, games and 

entertainment. Noticeably, the various numbers of 

companies and industries that produce software programs 

and systems for the purpose of facilitating works of 

industries, offices, banks, administrations, etc. has increased 

in recently which results in the difficulty of enumerating 

such industries and other areas. During the previous four 

decades, software processes and systems has been 

developed from a tool used for finding and analyzing 

information for solving a problem to a product in itself. 

However, the early software programming stages have 

created various number of problems turning software as an 

obstacle to software development processes specially to 

those which relying on computers system. Software systems 

consist of documents and programs that contain numerous 

collections that have been established for being a part of 

software engineering procedures. The objective of software 

engineering process is to develop a very suitable work 

which constructs programs of high quality and efficiency. 

II. SOFTWARE PROCESS MODELS 

In software process model the representation of a process is 

abstract. It shows a description of a process from various 

essential perspectives which are as follows: 

1. Specification. 

2. Design. 

3. Validation. 

4. Evolution. 

 Various Software Process Models: A.

1. Waterfall model: Separate and distinct phases of 

specification and development. 

2. Prototype model. 

3. Rapid application development model (RAD). 

4. Evolutionary  development: Specification, development 

and validation are interleaved. 

5. Incremental model. 

6. Iterative model. 

7. Spiral model. 

8. Component-based software engineering: The system is 

assembled from existing components. 

9. Agile software development model [1-9]. 

III. SIX MODELS 

The process models are in abstract Representation for 

describing the process model from particular fields. There 

exists numbers of various models for software processes as 

Waterfall model, Evolutionary development, Formal 

systems development and Reuse based Development etc. 

This article will view the following six models [1-8]: 

1. Waterfall model. 

2. Iteration model. 

3. V-shaped model. 

4. Spiral model. 

5. Extreme model. 

6. Agile Model 

These above models are considered because their features 

are corresponding to most software development programs 

and systems. 

 Waterfall Model: A.

This model is the classical model in software engineering. 

This model represents the oldest models and is used widely 

in most of government projects and various industries and 

companies. It provides design issues before they are 

developed.  Its focused document and planning systems 

make it workable well for projects in which quality becomes 

measurable [1-3]. 

The pure waterfall lifecycle consists of various 

overlapping stages which are shown in the following figure. 
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The model representation starts with establishing system 

requirements and software requirements and then continues 

with the architectural design then detailed design after that 

coding, testing, and maintenance. The waterfall model is 

baseline for various other lifecycle models. 

 

Fig. 1: software development life cycle 

 
Fig. 2: Original Waterfall Model 

 
Fig. 3: Waterfall model [2]. 

The following are the details of steps for using the 

waterfall model in different scenario- 

1) System requirements phase: This provides the 

components for making the system, including the hardware 

and software requirement tools, and various necessary 

components. Many Examples include decisions on the 

hardware such as plug-in boards (acquisition speed, number 

of channels and so on), or decisions on various external 

parts of software such as databases or libraries systems. 

2) Software requirements phase: This provides the needed 

software functionality and identifies which system 

requirements of the software affects. Requirements analysis 

provides to determine interaction required with other 

applications like user interface requirements, databases and 

performance requirements and so on. 

3) Architectural design phases: This provides the software 

framework of the software system to meet various specific 

requirements. This designing phase defines the major 

components and interaction of components, but it does not 

provide the structure of each of the component. The external 

tools and interfaces which are used in the project can be 

determined by the designer of software system. 

4) Detailed design phases: This checks the software 

components which are defined in the architectural design 

phases and produces exact specification for how each 

component is being implemented. 

5) Coding phase:  This phase is used to implement the 

detailed design specification of system. 

6) Testing phase: This provides whether the software 

system meets the specified requirements and finds out any 

errors generated in the code. 

7) Maintenance phase:  This focuses on problems and 

enhancement of requests after the software releases in the 

system. 

 A change control board in any organization 

maintains the various quality of the product by reviewing 

the changes occurred in the maintenance phase [2]. When 

we consider to apply full waterfall development model then 

we can rectify the problems or can be implemented these 

enhancement requests. At the end of each phase, a review is 

used to determine whether the project can proceed to the 

next phase is occurred. This prototype can also be used into 

any phases from the architectural design and after other. 

Various people think that this model cannot be used in all 

situations. Let us consider with the pure waterfall model, the 

requirement phase must be used before starting the design 

phase and then complete design must be used before 

beginning the coding phase. There will not be any overlap 

between the phases. The waterfall models do not restrict the 

returning of an earlier phase as returning from the design 

phase to any other requirements phase. This generates costly 

rework. All the completed phases require formal review and 

other Extensive documentation development. Therefore, 

oversights made in the requirements phase will be expensive 

for correct later. Therefore, the actual development are 

generated late in the process, one does not see results for 

very long time period. This type of delay will be 

Disconcerting to management and various customers. 

Various people think about the documentation is inflexible 

and excessive. The waterfall models have its own 

weaknesses; these are instructive because it focuses on 

important phases of project development cycle [4]. 
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8) Advantages: 

1. Easily understandable and can be implemented easily. 

2. Widely known and used. 

3. Provides good habit of design-before-code and define-

before- design, 

4. Checks deliverables and milestones. 

5. Document driven, SRD, URD, etc. Published 

documentation standards, e.g. PSS-05. 

6. Process done well on mature products as well as weak 

teams. 

9) Disadvantages: 

1. Doesn’t match reality well and idealized. 

2. It doesn’t focus on iterative nature of exploratory 

development. 

3. It is Unrealistic to expect accurate requirements so fast in 

project. 

4. Software is delivered late in project, delays discovery 

becomes serious errors. 

5. It is difficult to integrate risk management. 

6. It is very difficult and costly to make changes in 

documents, “swimming upstream”. 

7. It is significant to administrative overhead, expensive for 

small teams and projects [6]. 

10) Pure Waterfall 

It is the classical development model. It has discontinuous 

phases such as- 

1. Concept. 

2. Requirements. 

3. Architectural design. 

4. Detailed design. 

5. Coding and development. 

6. Testing and implementation. 

11)  Pure Waterfall Summary 

The pure waterfall model works efficient for products with 

well understood requirements and working with well 

understood technical methods, tools, infrastructures and 

architectures. It has weaknesses which are frequently 

making this inadvisable after fast development is necessary. 

At this case, modified models can be more effective on it 

[2]. 

 
Table. 1: Strengths & Weaknesses of Pure Waterfall 

12) Modified Waterfall 

The modified waterfall is used for the same phase like the 

pure waterfall; rather it is not based on a discontinuous term 

basis. It enables the phase to overlap when it is necessary. 

The pure waterfall can also be split into various subprojects 

at the appropriate phase. 

 
Table. 2: Strengths & Weaknesses of Modified Waterfall 

 Iterative Development: B.

There are various problems related to the Waterfall Model, 

therefore a new model of developing systems is used to 

provide rapid results, needed less up-front information, and 

provide greater flexibility. With Iterative Development 

model, the various projects are divided into different small 

pieces. This provides the development team to show the 

results in the process and obtain efficient valuable feedback 

from various system users [9]. 

This provides to each iterations as a mini-Waterfall 

process. The feedback from one phase to another provides 

the information to the design of the other phase. In account 

of this model, various software products, which are 

generated at the end of each phase (or series of phase), can 

be gone into production immediately for incremental 

releases to the system. 

 

Fig. 4: iterative model 

 

1) Advantages of Iterative Model: 

1. It allows for rapid adjustment to the product during 

process of development. 

2. It provides the chance to observe the potential outcomes 

for every phase and various changes to field of concerns if 
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needed. 

3. It provides corrective actions at every interval and 

provides highly accurate and specific result. 

2) Disadvantages of Iterative Model: 

1. Iterative model generates loop when working on project 

people. 

2. All time involvement when user community needs to be 

worked in project. 

3 Creates confusion when Information after each phase is 

requested. 

 V-Shaped Model: C.

Same as the waterfall model, this V-Shaped model is a 

sequential path and used to execute the processes. Every 

phase should be completed before the next phase starts. 

Testing phase is used to focus on this model more than this 

waterfall model. The testing procedure is developed before 

in the life cycle before any code generation is done, during 

every phases preceding implementation. Requirements start 

the Life cycle model just as waterfall cycle. Before 

development begins, a system test plan is generated. The test 

plan emphasizes on meeting the functionality of the 

requirements gathering [11]. 

High-level design phase emphasizes on system 

architecture and design. The integration test plan is 

generated in the phase in accordance with the test of pieces 

of the software systems and ability to work together. The 

implementation phase is used for coding. When coding is 

complete then path of execution continues up the right side 

direction of the V where the test plans can be developed 

earlier are now put to use in the system [13]. 

 
Fig. 5:  V-Model [3] 

 

1) Advantages 

1. It is simple and easy to use. 

2. Each phase have specific deliverables. 

3. It has higher chance of success over the waterfall model 

and due to early development of test plans during the life 

cycle model. 

4. It Works well for small projects where requirements are 

easily understandable. 

 
Fig. 6: V-Shaped Life Cycle Model [7]. 

2) Disadvantages 

1. It is very rigid like the waterfall model. 

2. It is little flexible and adjusting scope is difficult and 

costly. 

3. The software is developed during the implementation 

phase; therefore no early prototypes of the software are 

being produced. 

4. This Model does not provide any clear path for problems 

found during testing phases [7]. 

 Spiral Model:- D.

The spiral model is quite similar to the incremental model, 

with more focused on risk analysis. This model has four 

phases: Planning, Risk Analysis, Engineering and 

Evaluation. A software project processes repeatedly pass 

through these above phases in iterations (called Spirals in 

this model). The baseline spiral, starting in the planning 

phase, requirements is collected and risk is assessed. Every 

subsequent spiral builds on the baseline spiral. 

Requirements are gathered during the planning phase. In the 

risk analysis phase the process is undertaken for the 

identification of risk and alternate solutions. This prototype 

is produced at the end of the risk analysis phase. Software is 

produced in the engineering phase, along with testing at the 

end of the phase. The evaluation phase allows the customer 

to evaluate the output of the project to date before the 

project continues to the next spiral [5]. 

In the spiral model, the angular component represents 

progress, and the radius of the spiral represents cost. 

1) Spiral model sectors 

1. Objective setting: Specific objectives for the phase are 

identified. 

2. Risk assessment and reduction: Risks are assessed and 

activities are put in place to reduce the key risks. 

3. Development and validation: A development model 

For the system is chosen which can be any of the general 

models. 

4. Planning: The project is reviewed and the next phase of 

the spiral is planned [1]. 
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2) Advantages 

1. High amount of risk analysis. 

2. Good for large and mission-critical projects. 

3. Software is produced early in the software life cycle. 

3) Disadvantages 

1. Can be a costly model to use. 

2. Risk analysis requires highly specific expertise. 

3. Project’s success is highly dependent on the risk analysis 

phase. 

4. Doesn’t work well for smaller projects [7]. 

 
Fig. 7: Spiral Model of the Software Process 

4) Win-Win Spiral Model 

The original spiral model [Boehm 88] began each cycle of 

the spiral by performing the next level of elaboration of the 

prospective system's objectives, constraints and alternatives. 

A primary difficulty in applying the spiral model has been 

the lack of explicit process guidance in determining these 

objectives, constraints, and alternatives [6]. The Win-Win 

Spiral Model [Boehm 94] uses the theory W (win-win) 

approach [Boehm 89b] to converge on a system's next-level 

objectives, constraints, and alternatives. This Theory W 

approach involves identifying the system's stakeholders and 

their win conditions, and using negotiation processes to 

determine a mutually satisfactory set of objectives, 

constraints, and alternatives for the stakeholders. In 

particular, as illustrated in the figure, the nine-step Theory 

W process translates into the following spiral model 

extensions: 

a) Determine Objectives: Identify the system life-

cycle stakeholders and their win conditions and 

establish initial system boundaries and external 

interfaces. 

b) Determine Constraints: Determine the conditions 

under which the system would produce win-lose or 

lose outcomes for some stakeholders. 

c) Identify and Evaluate Alternatives: Solicit 

suggestions from stakeholders, evaluate them with 

respect to stakeholders' win conditions, synthesize 

and negotiate candidate win-win alternatives, 

analyses, assess, resolve win-lose or lose-lose risks, 

record commitments and areas to be left flexible in 

the project's design record and life cycle plans. 

d) Cycle through the Spiral: Elaborate the win 

conditions evaluate and screen alternatives, resolve 

risks, accumulate appropriate commitments, and 

develop and execute downstream plans [8]. 

 Extreme Programming Model:- E.

An approach to development, based on the development and 

delivery of very small increments of functionality. It relies 

on constant code improvement, user involvement in the 

development team and pair wise programming. It can be 

difficult to keep the interest of customers who are involved 

in the process [14]. Team members may be unsuited to the 

intense involvement that characterizes agile methods. 

Prioritizing changes can be difficult where there are multiple 

stakeholders. Maintaining simplicity requires extra work. 

Contracts may be a problem as with other approaches to 

iterative development. 

1) Extreme Programming Practices 

(a) Incremental planning: Requirements are recorded on 

Story Cards and the Stories to be included in a release 

are determined by the time available and their relative 

priority. The developers break these stories into 

development “Tasks". 

(b) Small Releases: The minimal useful set of functionality 

that provides business value is developed first. Releases 

of the system are frequent and incrementally add 

functionality to the first release. 

(c) Simple Design: Enough design is carried out to meet 

the current requirements and no more. 

(d) Test first development: An automated unit test 

framework is used to write tests for a new piece of 

functionality before functionality itself is implemented. 

(e) Refactoring: All developers are expected to re-factor 

the code continuously as soon as possible code 

improvements are found. This keeps the code simple 

and maintainable. 

(f) Pair Programming: Developers work in pairs, checking 

each other’s work and providing support to do a good 

job. 

(g) Collective Ownership: The pairs of developers work on 

all areas of the system, so that no islands of expertise 

develop and all the developers own all the code. 

Anyone can change anything. 

(h) Continuous Integration: As soon as work on a task is 

complete, it is integrated into the whole system. After 
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any such integration, all the unit tests in the system 

must pass. 

(i) Sustainable pace: Large amounts of over-time are not 

considered acceptable as the net effect is often to reduce 

code quality and medium term productivity. 

(j) On-site Customer: A representative of the end-user of 

the system (the Customer) should be available full time 

for the Use of the XP team. 

(k) Agile Model: Agile development methodologies are 

emerging in the software industry [12-14]. 

 
Fig. 8: Agile development methodologies 

2) Agile Development and Principles: 

In February 2001, several software engineering consultants 

joined forces and began to classify a number of similar 

change-sensitive methodologies as agile (a term with a 

decade of use in flexible manufacturing practices [11] which 

began to be used for software development in the late 

1990’s [14]). The term promoted the professed ability for 

rapid and flexible response to change of the methodologies. 

The consultants formed the Agile Alliance and wrote The 

Manifesto for Agile Software Development and the 

Principles behind the Agile Manifesto [13, 12]. The 

methodologies originally embraced by the Agile Alliance 

were Adaptive Software Development (ASD), Crystal, 

Dynamic Systems Development Method (DSDM) [12], 

Extreme Programming (XP), Feature Driven Development 

(FDD) and Scrum [9-13]. 

3) The Principles 

The Agile Alliance also documented the principles they 

follow that underlie their Manifesto [9]. As such the agile 

methods are principle-based, rather than rule-based. Rather 

than have predefined rules regarding the roles, relationships, 

and activities, the team and manager are guided by these 

principles: 

1. Our highest priority is to satisfy the customer through 

early and continuous 

Delivery of valuable software. 

2. Welcome changing requirements, even late in 

development. Agile processes harness change for the 

customer’s competitive advantage. 

3. Deliver working software frequently, from a couple of 

weeks to a couple of 

Months, with a preference to the shorter time scale. 

4. Business people and developers must work together daily 

through the project. 

5. Build projects around motivated individuals. Give them 

the environment and support they need, and trust them to get 

the job done. 

6. The most efficient and effective method of conveying 

information to and within a 

Development team is face-to-face conversation. 

7. Working software is the primary measure of progress. 

8. Agile processes promote sustainable development. 

9. The sponsors, developers, and users should be able to 

maintain a constant pace 

Indefinitely. 

10. Continuous attention to technical excellence and good 

design enhances agility. 

11. Simplicity – the art of maximizing the amount of work 

not done – is essential. 

12. The best architectures, requirements, and designs 

emerge from self-organizing 

Teams. 

13. At regular intervals, the team reflects on how to become 

more effective, then tunes and adjusts its behavior 

accordingly. 

 
Fig. 9: Agile development Process 

 

4) Agile Methods:- 

Several methods that are often cited to be agile [11], e.g.,  

 Extreme Programming 

 Crystal Family 

 Open Source 

 Adaptive Software Development (ASD) 

 SCRUM 

 Feature Driven Development (FDD) 

 Dynamic System Development Method (DSDM) 

5) Examples of Agile Software Development 

Methodologies: 

The three were chosen to demonstrate the range of 

applicability and specification of the agile methodologies. 

For each methodology we provide an overview, and then 

discuss documents and artifacts produced by the 
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development team, the roles the members of the 

development team assume, and the process. 

 Extreme Programming (XP) F.

Extreme Programming (XP) [13] originators aimed at 

developing a methodology suitable for “object-oriented 

projects using teams of a dozen or fewer programmers in 

one location.” [12-14] the methodology is based upon five 

underlying values: communication, simplicity, feedback, 

courage, and respect. 

1) Communication. XP has a culture of oral 

communication and its practices are designed to encourage 

interaction 

2) Simplicity: Design the simplest product that meets the 

customer’s needs. An important aspect of the value is to 

only design and code what is in the current requirements 

rather than to anticipate and plan for unstated requirements. 

3) Feedback. The development team obtains feedback from 

the customers at the end of each iteration and external 

release. 

4) Courage. The other three values allow the team to have 

courage in its actions and decision making. 

5) Respect. Team members need to care about each other 

and about the project. 

 
Fig. 10: The XP Release Cycle 

6) Documents and Artifacts:- 

In general, XP relies on “documentation” via oral 

communication, the code itself, and tacit knowledge transfer 

rather than written documents and artifacts. 

7) User story cards, paper index cards which contain brief 

requirement (features, fixes, non-functional) descriptions. 

Task list, a listing of the tasks (one-half to three days in 

duration) for the user stories that are to be completed for an 

iteration. 

8) CRC cards [10] (optional), paper index card on which 

one records the responsibilities and collaborators of classes 

which can serve as a basis for software design. 

9) Customer acceptance tests, textual descriptions and 

automated test cases which are developed by the customer. 

2.1.2 Roles [8-13] 

10) Manager, owns the team and its problems. He or she 

forms the team, obtain Resources, manage people and 

problems, and interfaces with external groups. 

11) Coach, teaches team members about the XP process as 

necessary, intervenes in case of issues; monitors whether the 

XP process is being followed. The coach is typically a 

programmer and not a manager. 

12) Tracker, regularly collects user story and acceptance 

test case progress from the developers to create the visible 

wall graphs. The tracker is a programmer, not a manager or 

customer. 

13) Programmer, writes tests, design, and code; refactors; 

identifies and estimates tasks and stories (this person may 

also be a tester) 

14) Tester, helps customers write and develop tests (this 

person may also be a programmer) 

15) Customer, writes stories and acceptance tests; picks 

stories for a release and for an iteration. A common 

misconception is that the role of the customer must be 

played by one individual from the customer organization 

16) Visible Wall Graphs, to foster communication and 

accountability, progress graphs are usually posted in team 

work area. 

 Other important themes in agile approach:- G.

 Emphasis on working code and testing. 

 Emphasis on technical excellence and skills. 

 Iterative and incremental development. 

1) Advantages of Agile Model:- 

Customer satisfaction by rapid, continuous delivery of 

useful software. 

People and interactions are emphasized rather than process 

and tools. 

Working software is delivered frequent weeks rather than 

some months. 

Face to face communication is the best form of 

conversation. 

Continues attention on technical excellence and good 

design. 

Regular adaption of new changing circumstances. 

7. Even late changes in requirements are welcomed. 

2) Disadvantages of Agile Model: 

1. There is a lack of emphasis on necessary designing and 

documentation. 

2. The project can easily can take of if the customer 

representatives not clear what final outcome that they want. 

3.Only senior programmer are capable of taking decisions at 

changing environment. 

IV. CONCLUSION & FUTURE WORK:- 

After completing this research, it is concluded that: 

 Software systems come and go through a series of 

passages that account for their inception, initial 

development, productive operation, upkeep, and 

retirement from one generation to another.  

 Traditional software life cycle models that dominate 

most textbook discussions and current software 

development practices.  

 This is followed by a more comprehensive review of the 

alternative models of software evolution that are of 

current use as the basis for organizing software 

engineering projects and technologies. 

 Finally, some topics can be suggested for Future works: 

 Software process simulation. 

 Web-based software process models and process 

engineering environments. 

 Software process and business process 

reengineering models. 
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 Mathematical explanations of software models for 

low cost of deployments of software. 
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