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Preface 
 

 

 

Software engineering is a field which is totally practice oriented. A software engineer is 

supposed to build software products using well established software engineering 

processes. But only a software engineer well experienced in applying software 

engineering principles will be able to build good software products. In some ways 

software engineering is similar to other engineering disciplines like civil engineering, 

mechanical engineering etc. In any engineering discipline, proven and practical 

approaches are used to build things like dams, roads, machines etc. Engineering 

discipline is all about applying applied scientific discoveries to create goods for mass 

consumption. Software engineering is no different in this respect. 

 

Software engineering is also different from other engineering disciplines in many ways. 

While other engineering disciplines have been around for last 500 years or so, software 

engineering has been around only for the last 60 years or so. Thus software engineering 

processes are still maturing. It will take some more time before software engineering can 

be considered as a mature engineering discipline. 

 

I believe learning software engineering involves doing lots of practice. But learning the 

theory part should be the first thing to come. Without learning the techniques first, it is 

impossible to apply them. I have provided the theory part in this book in the simplest 

language possible. This definitely helps in learning software engineering concepts easier. 

I have provided enough material for each subject of software engineering. The first 

chapter is on software engineering methodologies. Both Waterfall and Agile software 

engineering methodologies have been discussed in length. I have also provided 

information as to how each methodology stacks up against each other. Scrum is 

especially covered extensively as it has become very popular and learning Scrum is 

essential as it is being used more and more on software projects. The second chapter is on 

software requirement engineering. After you have gone through this chapter, you will be 

able to build user stories and other types of software requirement engineering documents. 

The third chapter is on software project management. Since we learned as to how to 

create good software requirements in Chapter 2; now we can do project planning 

activities for these software requirements. The fourth chapter is on software feasibility 

studies. For each software requirement; we can find out feasible solutions using 

prototyping techniques which are discussed in this chapter. The fifth chapter is on 

software high level design. A software product consists of many pieces and 

understanding it from a higher level is important. Also using pre defined templates in 

form of architecture and software patterns helps in building software products more 

productively. Chapter 6 is devoted to learn user interface design. We can learn how to 

build user interfaces using mock up screens. Chapter 7 is concerned about learning as to 

how to design and program so that business logic can be implemented. We will learn all 

object oriented design concepts including class diagrams, object diagrams, sequence 

diagrams, statechart diagrams etc. Programming concepts like variables, methods, classes 

and objects are also covered extensively. Chapter 8 is about database design. We will 
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learn about Entity Relationship diagrams and other concepts to design databases for 

software products. Chapter 9 is about software testing. We will learn everything about 

unit, integration, system, and user acceptance testing in this chapter. Chapter 10 is about 

software maintenance. Apart from software maintenance; we will also learn about 

production instances of software products in this chapter. Chapter 11 is about project 

execution and conflict management. We will learn about project tracking techniques like 

Gantt charts for Waterfall projects and burn-down chart for Agile projects.  

 

Learning software engineering also involves project management. The main case study 

involves building a software product which is known as smart city. This software product 

can be used to provide information about a city (colleges, libraries, hotels, industries, 

parks, museums, zoos, restaurants, malls etc.). The case studies I have provided are all 

based on Scrum. Software engineering is completely aligned with Scrum in the case 

study. Software requirements are in form of user stories. Project management is provided 

in terms of Release and Sprint planning. Even daily planning is also discussed. As a 

software product must be developed incrementally; I have provided enough material to 

learn as to how to develop a software product incrementally. The Release and Sprint 

planning for the software products we will be building; are explained lucidly and you will 

learn these aspects while you build a software product. User interfaces are designed and 

implemented incrementally using mock up screens. Business logic is designed and 

implemented incrementally using classes. Even database is also designed incrementally. 

Unit, integration, system and user acceptance testing is also discussed in terms of 

incrementally building the software product. The smart city product is built over 3 

Releases using 10 Sprints. 

 

I have also taken pains for readers of my books to go beyond my books. I have created 

many small software products to learn software engineering. I have explained as to how 

to design and create user interfaces, business logic and databases for these products. I 

have also provided software requirement specifications in form of user stories. All these 

materials have been provided in my books or on my website. I have provided the source 

code for all these software products on my website 

https://ahmedashfaque.wordpress.com/software-engineering. I have also provided 

information as to how to configure the source code. There is one case study about online 

access to bank accounts (OBAAS) system. I will be building some more case studies for 

technical support system, software defect tracking system, software project management 

system etc. All the source code and design material will be available on my website 

https://ahmedashfaque.wordpress.com/software-engineering. In future, I will also 

concentrate on building some software products for mobile applications, artificial 

intelligence etc. 

 

I enjoyed writing this book. I am sure you will enjoy reading it. I love to get emails about 

feedbacks for my book. You can email me at ashfaque.a@gmail.com. 

 

Ashfaque Ahmed 

January 4, 2018 

 

https://ahmedashfaque.wordpress.com/software-engineering
https://ahmedashfaque.wordpress.com/software-engineering
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Chapter 1 

 

Software Engineering  
 

1.1 Introduction 

 

Software engineering is the process of creating large software products using a well 

defined methodology. So when we are building a software product, we are always 

concerned about 2 things: the artifacts which are required to build the software product 

itself and the process which helps in creating those artifacts.  

 

Software engineering methodology is the single most important factor which influences a 

project to build a software product. For example if a traditional Waterfall methodology is 

chosen for a project then all the software requirements will be gathered in the beginning 

of the project and complete software product design will be created. Later the complete 

software product will be developed by writing the source code. 

 

On the other hand if an Agile software engineering methodology is chosen for a project 

then a software product will be built incrementally.  

 

The process involved in creating a software product can be divided into many sub-

processes. The most common sub-processes of any software engineering methodology 

include requirement engineering, software design, software construction, software testing 

etc. 
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1.2 No standard software engineering methodology 

 

Before 1970s, software products used to get developed without using any standard 

software engineering methodology. At that time, some large software vendors like IBM 

used to use their own proprietary software engineering methodology. Other smaller 

software vendors were also trying to find out a good methodology so that they could 

develop software products economically and faster. It was a time when most software 

projects would fail because of lack of a proper approach to develop software products. 

 

You can easily understand why most software projects used to fail in that era. In our daily 

lives, we do things after doing some planning. For example if we need to paint our house 

then we need to know as to what is the size of our house. Then we need to know how 

much paint will be needed to paint the walls. We will also need to know which color of 

the paint will be applied on the walls. Then we will also need to know if doors, windows 

etc. also needs to be painted. Finally we will need to know how much effort will be 

required and how much it will cost to do the entire paint job. The 2 major cost 

components will include labor charge and cost of materials.  

 

  
 

 

 

 

Figure 1.1: Methodology to find cost & time for a paint job 

 

If you have previous experience of a paint job then you may remember some details as to 

how to plan. You can even chalk out a strategy similar to the one depicted in Figure 1.1. 

On the other hand if you call a painter and show him your place, the painter might give 
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you a better estimate. After all a painter does painting regularly and knows all about 

painting jobs better.  

 

The bottom line is that, people who have experience of doing things know to do it better 

than people who have no experience. An experienced person will definitely apply some 

methodology (consciously or unconsciously) to make a plan and his plan will stick better. 

 

In the early days of software industry; people had not much of an experience as to how to 

build a software product. The people who had some experience were not too many. The 

end result was that most software projects used to get failed for various reasons. But the 

root cause was always that these projects lacked a sound methodology. 

 

1.3 Waterfall methodology 

 

Waterfall software engineering methodology is one of the earliest standard 

methodologies which were used on software projects. In 1970s people had observed that 

most software projects used to fail either due to much higher costs compared to the 

original budget or ran for far many times more than planned. To address these issues, the 

Waterfall model was proposed. Since then the Waterfall model became so popular that 

most software projects adopted it. Till late 1980s it was the de facto software engineering 

standard for most software projects. 

 

 
 

 

 

Figure 1.2: The Waterfall model 
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Figure 1.2 depicts the Waterfall model. This methodology was named so because it 

resembles a typical waterfall. The processes involved in a Waterfall model flow from 

upstream to downstream just like water in a waterfall.  

 

1.3.1 Software development under Waterfall model 

 

Software development in Waterfall model involves gathering software requirements from 

end users at the beginning of the project. Software requirements gathered from users 

needs to be converted into formal specifications so that a software design can be created 

based on these specifications. Based on software design, software source code is written. 

The software product is created from the compiled source code by generating machine 

code. But before shipping the developed software product, it is tested to ensure that it 

does not contain any software defects.  

 

In Waterfall model; all these software engineering processes are depicted as watertight 

and separate processes. Software project teams are formed based on their specific skills. 

For the requirement engineering phase, business analysts who have domain experience in 

the type of industry for which the software product is being developed are hired. For 

example if the software product being developed is for steel industry then the business 

analysts must have steel industry experience. In the requirement engineering phase no 

other types of specialists (software designers, software programmers etc.) are required on 

the project. Similarly when software design process starts then the project will only need 

software designers. When software construction starts then only software developers will 

be needed. During software testing, only software testers will be needed.  

 

When a software product is deployed after it is developed and tested; then some software 

defects may be encountered which need to be fixed. Software maintenance is a separate 

process. Software maintenance is taken as a separate project where all types of people 

(business analysts, software designers, software developers and software testers) will be 

needed. In Figure 1.3 requirement of people as per software engineering process in 

Waterfall model is depicted.  
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Figure 1.3: requirement of people as per software engineering process 

 

Waterfall model essentially is a plan driven approach to software development. Complete 

project plan is needed before a Waterfall based software project can be executed. One 

advantage to such an approach is that it provides good visibility for the entire project. For 

example, once the project plan is in hand then it is easy to see what will be happening on 

the project 6 months down the line. This is possible because the project plan envisages all 

project activities happening for the entire duration of the project.  

 

 

1.3.2 Strengths of Waterfall model 

 

In Waterfall model, each software engineering process is watertight. Until a process gets 

completed, no activity is allowed to happen in any downstream process. In fact a quality 

gate is established at each process step on many Waterfall based software projects. A 

quality gate ensures that no work is left unfinished or no artifact has any defect. Only 

when this criterion is met then the software project is allowed to proceed to next process 

step. 

 

Waterfall model is based on having a concrete project plan before we could start 

executing the project. Since we have a plan in hand, we could see when a project task 

will start and will end. So we can plan for resources required well in advance. 

 

Since Waterfall projects are plan driven, they can be executed even from many places. 

All the people located at many places will have their own part of the project plans and 

project tasks in hand so they can work from anywhere. So we can have project teams 
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which are located far away from each other and still can work on the same project. 

Sometimes parts of the project team can even be on a different continent altogether. This 

is the reason for proliferation of off shore software development model. A plan driven 

approach also helps in getting things done quickly using concurrent engineering. A 

software design can be broken into many parts and given to different project teams so 

that all the software development can be done concurrently by these project teams.  

 

Since project work can be divided among many project teams; even very large software 

products can be developed fast. For example suppose we have to develop a very large 

software product. Its size is 2,000,000 lines of source code. Suppose we need to develop 

it in one year. Then what will be size of the project team considering that speed at which 

project team can write source code is 200 lines per day? Here 200 lines of source code 

per day is the average speed of project teams derived from empirical studies done for 

software projects. This figure includes all project work including requirement 

engineering, software design, software development and software testing. If only one 

project team works then it will take 10,000 days to develop this software product. 

Assuming there are 300 working days in a year then it will take some 33 years to develop 

it. But it is possible to develop this software product faster. If we can divide the software 

design in a such a way that 10 project teams can work concurrently then it is possible to 

develop this software product in 3 years. 

 

1.3.3 Weaknesses of Waterfall model 

 

Even though Waterfall model assumes that a project to build a software product can be 

planned well but in reality it is not true for most software projects. Software products are 

inherently complex and building a software product also involves implementing complex 

business logic. It is very difficult to estimate as to how much effort may be required for 

designing and implementing these complex business logic pieces. Thus it is very difficult 

to plan for designing and building software products accurately.  

 

But the biggest drawback of Waterfall model is that the customers never know if the 

software product being developed is as per their requirements. The software requirements 

are given to the project team by the customer at the beginning of the project. The 

software development itself may take less than one year or more depending on the size of 

the software product. By this time many things may have changed for the customer. Thus 

software requirements may also have changed. If the customer wants to change software 

requirements in the middle of the project then it may lead to lots of rework. Rework will 

mean waste of effort and time. It will also lead to deterioration in software product 

quality. 

 

However; developing some software products does not require too much of creativity. As 

we already know estimating effort required for a creative work is extremely difficult as is 

the case with complex software products. But suppose the project team has been working 

on developing same kind of software products for sometime. In this case, the project team 

is well versed in knowing how to design and implement similar software products. If a 
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new project is given to this project team to build a software product then they will be able 

to do it without facing much difficulty. It will also be not difficult to estimate the effort 

required in this case.  

 

One more weakness of Waterfall based software projects is related to the need to have 

people with different skills at different process steps on the project. Need of people with 

different skills needed at different times of a project also creates a problem. Activity of 

sourcing of people for a project becomes an ongoing activity. Fortunately since Waterfall 

projects have a good visibility, this activity can also be planned well in advance. 

 

 

1.4 Rational unified process (RUP) 

 

Rational unified process (RUP) is an improvement over Waterfall model. It was observed 

that many process steps in Waterfall model may require to be iterated for more than once 

to gain more clarity. For example when a software design is made then in the first pass, 

the design may not be good enough. After formal verification, some problems may be 

found in the design. So these problems may need to be fixed. The rework will take time 

and resources. But in a Waterfall model, there is no scope allocation can be done for any 

kind of rework. This is the reason in RUP; scope for many iterations exists for this kind 

of rework. 

 

In RUP there can be many such iterations exist to take care of fixing problems in various 

software engineering artifacts. 

 

1.4.1 Strengths of RUP 

 

RUP provides the facility for rework in any of the software engineering processes which 

was not possible in the Waterfall model. This makes this model more flexible compared 

to a Waterfall model.  

 

1.4.2 Weaknesses of RUP 

 

RUP is an improvement on Waterfall model. However the drawback of this model is that 

project planning becomes difficult as a result of iterations. It is difficult to estimate as to 

how many iterations will be there in a project phase. Similarly it is not possible to know 

as to how many iterations will be there in each project phase. So even though RUP tries 

to provide space in terms of time for refining an artifact (in form of many iterations); it 

does not help in creating a smooth project plan. 

  

1.5 Agile methodologies 
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In 1990s, the internet came into being. Suddenly business communities realized the 

potential of internet for business. Consequently business houses lined up with software 

vendors to create websites so that they will be able to do business over the internet. All 

these people realized that they should have their websites come up quickly so that they 

can reap the benefits of the internet.  

 

But the traditional methods of software development using Waterfall or RUP or variants 

of these software engineering methodologies would take years to build those websites. So 

some people came up with alternative methods to develop software products fast. At the 

same time they also wanted to remove the hurdles which were present in the traditional 

way of developing software products. The biggest hurdle of them all was the fact that the 

customers were never involved in the software development processes. Thus they were 

totally in the dark to know if the software product was being built as per their 

requirements.  

 

1.5.1 Software development under Agile methodologies 

 

We have observed that the biggest problem associated with traditional software 

development methodologies is the inflexibility of incorporating changed software 

requirements. To address this issue, many new software engineering methodologies were 

proposed. These new software engineering methodologies have not only mitigated the 

problems associated with older models but have also introduced new ways of developing 

software products which are helping the software industry immensely. 

 

The most popular among Agile methodologies include Scrum and Extreme 

Programming. 
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Figure 1.4: Breaking a software project into iterations 

 

We have seen how a software product is developed using a Waterfall model. We take all 

the software requirements at the beginning of the project and design and build the 

software product from this complete set of software requirements. We also discussed as 

to how this approach results in problems as customers want a change in software 

requirements as their needs change. The whole project becomes a mess due to changing a 

lot of things to take care of changing software requirements. 

 

What if we take only a few requirements at a time and build only a handful of software 

product features at a time? Once we build software product features for those software 

requirements, we can again take some more software requirements and build some more 

software product features on top of earlier built software product features. This way we 

can address the problem of changing software requirements. It is because each small set 

of software requirements can be implemented in form of a small set of software product 

features quickly (in as little time as 2 to 4 weeks). This concept is shown in Figure 1.4. In 

this figure it is shown that a software product is built using 3 iterations. In each iteration, 

all the software engineering processes including requirement engineering, software 

design, software construction and software testing are run to build a small bunch of 

software product features from a small set of software requirements over a small period 

of time. In the next iteration, some more software product features will be built on top of 

existing software product features. Ultimately the complete software product will be built 

over many such iterations. 

 

In real life a software product can be built over several iterations; sometimes running into 

even hundreds of such iterations. One more good point about Agile models is that after 
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completion of each iteration, the built software product features are executable. This 

means that each such built of the software product can be thought of as a version of the 

software product. This version of the software product can be released to customers and 

customers can use them. Customers can use this much smaller software product as it 

contains the software product features which are in demand in the market. The software 

project team can keep building new software product features on top of existing software 

product features and these features can be delivered to customers from time to time when 

they become ready to be shipped. This means that time to market a software product 

decreases dramatically. Whereas with older models like Waterfall; it used to take years to 

bring a software product into a market; with Agile models, a software product can be 

introduced to markets even within a few months even if not with all the software product 

features. 

 

Since software requirements are implemented almost in real time (with hardly a delay of 

2- 4 weeks), there is no longer the need for software requirement changes.  

 

1.5.2 Strengths of Agile methodologies 

 

We have already discussed in the previous section as to how Agile models work and how 

they benefit any software project. Agile models not only help in eliminating the need for 

changing software requirements but also help in many other ways.  

• Agile models eliminate unnecessary documentation. 

• Agile models eliminate high cost of project management. 

• Agile models help in building better quality software products 

• Agile models help in bringing a software product to market faster  

• Agile models help in aligning a software product to market demands 

 

 

1.5.3 Weaknesses of Agile methodologies 

 

Agile models are indeed good but they also have some shortcomings.  

 

• Agile models use small co-located project teams. Scaling agile models to include 

large project teams is a challenge 

• Agile models use multi skilled people on the projects. It does not believe in 

placing specialists on the projects. It becomes a problem when specialists are 

needed on a project. 

• Agile models rely on having experienced software engineers. There is no scope 

for fresh software engineers on these projects. 

• Agile models rely on self managed project teams. If project team members can 

not manage their own work then a software project faces problems. 
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1.6 Extreme programming 

 

Extreme programming is one of the earliest Agile models for software development. The 

name of this model is derived from the fact that it takes things to the extreme. For 

example when software developers write their code; they first test their business logic 

even before writing any code. Similarly code review is taken to the extreme by having 2 

people to write code. While one person writes the code, the other person reviews the code 

simultaneously to ensure the business logic is implemented correctly. 

 

Some of the popular techniques associated with Extreme programming model are test 

driven development (TDD), pair programming, customer on site etc. 

 

1.6.1 Strengths of extreme programming 

 

Extreme programming is one of the earliest Agile models used on software projects. 

Extreme programming advocated the use of Agile methods on software projects to 

address the problems associated with traditional Waterfall model and its variants. Like 

other Agile models, it advocated the use of frequent releases of the software product and 

build it incrementally.  

 

 

1.6.2 Weaknesses of extreme programming 

 

Extreme programming faces the same kind of weaknesses as any other Agile model. 

Scalability is an issue as this model insists on having a small co-located project team. 

Since a customer representative is always on the site, it can result in too much intrusion 

in working of the project team members.  

 

1.7 Scrum 

 

Scrum has become one of the most popular Agile models for software projects. Its 

popularity has risen because of its inherent ability to keep things simple on a project as 

well as to scale up when required.  

 

When you look up at organization structure in Scrum, you will see only 3 types of roles: 

Scrum master, product owner and project team. It looks so simple. The Scrum master is 

not a project manager role. The Scrum master does no manage the team. The Scrum 

master also does not create a project plan. A Scrum master is supposed to facilitate things 

for the project team as well as for the product owner. For the product owner, the Scrum 

master can help in organizing product backlog and bridging the gap between the product 

owner and the project team. For the project team, the Scrum master can help in solving 
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any technical or even non technical problems so that the team can concentrate on their 

work instead of wasting time. 

 

A product owner is the representative from the customer. The product owner provides the 

software requirements in form of user stories to the project team. The product owner also 

does acceptance tests at the end of each iteration (Sprint) to ensure that the software 

product features built in the Sprint are as per user stories.  

 

The project team is responsible for creating software designs, database designs, writing 

source code and testing the source code. There are no specialists in the team and anybody 

can do any of the project work. However it is a good idea to have one person who should 

own each project artifact. So even though other team members can also create project 

artifacts; the accountability for each project artifact is clearly established. 

 

The project team is self managed. The project team discusses as to who will be doing 

which task and assign the project work themselves. Each team member can create his/her 

own plan for the self assigned work. They work on their self assigned work and try to 

finish their work as per their own plans. 

 

As with other Agile models, Scrum believes that the only productive output of a software 

project is the source code. Because the source code is the only output which gives us the 

software product. All other project artifacts like user stories, software design etc. are only 

helpful in writing the source code. Apart from that they do not have any other use. 

Nevertheless they are important because without these inputs we can not build a software 

product. So the project team must ensure that these artifacts should not be created 

unnecessarily and only useful artifacts should be created. 

 

1.7.1 Features of Scrum 

 

Scrum has many features which stand out in comparison to other software engineering 

methodologies. Some of them are described here. 

 

Epic  

 

Epic is a long story. It is created by the customer at the beginning of the project. An epic 

describes what the proposed software product will do in form of a long story. An epic is a 

great way to anticipate what kind of software product will be developed on the Scrum 

project. 

 

User story 

 

A user story is a kind of software requirement specification. User stories are used on 

Agile software projects. A user story describes what a user wants the software product to 

perform in simple language. For example a user story could be “A student will be able to 

view list of all colleges and their information in a city after login into the system”.  
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A user story is accompanied by a list a of acceptance criteria. For example for the above 

mentioned user story, an acceptance criteria could be “The college list should contain 

information including college name, address, email address and phone number”. An 

acceptance criterion can describe anything; which is relevant to a user story. 

 

Releases 

 

A software product under Scrum is developed incrementally. The customer decides what 

software product features need to be released to the market. For this the customer creates 

a Release planning for the software product. A release of the software product can have 

2-3 or even more Sprints. 

 

Sprint  

 

A sprint is a time period in which a complete iteration of software development is carried 

out. At the beginning the customer provides some user stories which are a kind of 

software requirement specifications. Software design will be created for these user 

stories. Then source code will be written for creating the software product features based 

on the created software design. The developed software product features are tested to 

ensure that all software defects are removed. 

 

Product backlog 

 

A product backlog is a repository of all user stories for a software project. When a new 

Sprint starts, the customer will pull out the user stories which will be used to develop 

software product features for the Sprint; if it is available in the product backlog. If not 

then the customer will provide a new set of user stories to the project team. 

 

The customer keeps updating user stories when he/she gets feedback from the marketing 

team to keep the user stories relevant. These user stories can be pulled when a Sprint 

starts in future. 

 

Sprint backlog 

 

A Sprint backlog is the set of user stories which are being used for the current Sprint. 

Each user story in a Sprint backlog has a priority assigned. Higher priority user stories are 

taken first to develop software product features in a Sprint. User stories with least priority 

are taken if time permits in a Sprint. 

 

Time boxing  

 

In Scrum, each Sprint is time boxed. For example, a customer may decide that each 

Sprint should be of 2 weeks duration. As the project team size is fixed, the amount of 

work to be done in a Sprint is also fixed. This means you can not do more work by 

having more people on the project. To use project work efficiently in a Sprint, user 
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stories are prioritized. Higher priority user stories are taken first and implemented into 

software product features. If time is still left in the Sprint then lower priority user stories 

can be taken up. 

 

Product owner 

 

Product owner is the representative from the customer. The product owner is the de facto 

customer for the project team. The product owner provides user stories to the project 

team. For all clarifications regarding the user stories, the product owner is responsible. 

The product owner also does user acceptance testing after software product features are 

developed on the Sprint. 

 

Scrum master 

 

Scrum master is a facilitator for the project team. If project team is stuck due to any 

reasons; the scrum master is responsible to remove the obstacles. The scrum master is 

also responsible for helping the product owner with product and Sprint backlog.  

 

Project team 

 

The project team is supposed to do all the software development activity including 

software designs, software construction (code writing) and software testing. The project 

team is self managed. Each project team member assigns project work itself. Each project 

team member then estimates for the project work and creates his/her own plan for the 

work to be done in a Sprint. 

 

 

Refactoring  

 

In Scrum, software designs are made only for the software product features which are 

being developed in a Sprint. Over time, software design may become bulgy at some 

places and may not support addition of further code. For example, a class may become 

too big and adding more code in the class may become difficult. In such cases, it becomes 

necessary to divide the class in 2 or more new classes. The existing code may need to be 

redistributed among these new classes. This means the software is being redesigned. This 

kind of software redesigning is known as refactoring. 

1.7.2 Software development under Scrum 

 

Software development under Scrum is characterized by many specific activities and 

techniques. Some of these include non specialization roles, product backlog, Sprint 

backlog, daily planning, Sprint planning etc. We will learn all about them in this section. 

 

But first let us understand as to how software engineering processes relate to each other 

under Scrum. In Waterfall model, there is the concept of sequential occurring of software 
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engineering processes one after another. For example software testing always happens 

after software construction. In Scrum however, things are blurred. 

 

  
 

 

 

 

 

Figure 1.5: non linear software development pattern for a Scrum project 

 

 

In Figure 1.5 non linear nature of software development is depicted for a Scrum project. 

It shows activities of 2 software engineers. On Scrum projects, software engineers do not 

have specific roles defined for them. So in the above figure you can see that both 

software engineers doing various tasks including software testing, software construction, 

software design etc. This means that none of the software engineers have specialized 

roles on this project. You can also observe that there is no sequence of processes 

followed by these software engineers. It seems they are doing these processes randomly.  

 

Let us see why software development looks a set of random activities on a project 

following Scrum. 

 

• Each Sprint starts with analyzing the user stories for which software product 

features need to be developed. Usually each software engineer takes one user 

story to completely design, develop and test the corresponding software product 

features. 

• Software design is made for each software product feature by the software 

engineer. This design is only for that particular product feature and not for the 

complete software product. 
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• Since there is no upfront design for the complete software product, software 

design needs to be tweaked using refactoring sometimes so that new pieces of 

code can be added in existing source code build. So software design can be 

involved even at the very end of a Sprint. 

• Software testing is done before source code is written when test driven 

development is used. This type of testing is known as unit testing. After a unit of 

source code is written then again integration testing is performed. When all 

development is complete then system testing is carried out. 

 

 

 

1.7.3 Scrum planning 

 

Under Scrum, a good framework has been developed which allows for Sprint planning. 

 

 
 

 

 

Figure 1.6: Planning levels (Sprint and daily planning) in Scrum 
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Figure 1.7: Planning levels (Release planning) in Scrum 

 

Figure 1.6 shows planning levels in a software project following Scrum. Planning is done 

at 3 levels in Scrum: Release level, Sprint level and daily level. The release level is the 

topmost level followed by Sprint level and the lowest level planning is done at daily 

level. 

 

A software product is developed incrementally and many software releases are possible. 

In Figure 1.6 release 1 of the software product is shown. In Figure 1.7 release 2 of the 

same software product is shown. When a software product is developed incrementally 

then further development is done on top of the previously developed software product 

features. So in release 2 of the software product, you can see that further software 

development has taken place on top of the software product features which were 

developed in release 1. 

 

In Scrum, a project is executed using Sprints. A Sprint can be considered as an iteration 

in a software project to completely build a bunch of software product features from a 

bunch of software requirements. In a single Sprint all the software engineering processes 

including requirement engineering, software design, software construction, software 

testing etc are carried out. At the beginning of a Sprint, a handful of user stories are 

picked to develop some software product features and by the end of the Sprint, a bunch of 

software product features are fully developed.  

 

A Sprint is planned at the beginning of the Sprint. A meeting is held which is attended by 

the project team, Scrum master and the customer. The customer specifies which user 

stories need to be developed. The project team then makes plans about software design, 

testing and software construction so the most of the user stories can be converted into 

shippable software product features.  
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To make the project team even more productive, daily planning is also done on projects 

using Scrum. A meeting is organized in the morning to plan for project work which will 

be carried out for the day. If any work could not be carried out for the last day is also 

discussed to find out root cause for the delay. Thus daily meetings ensure that the project 

team is always productive and no work remains pending due to lethargy or any problems. 

 

 

 

 

1.7.4 Strengths of Scrum 

 

Scrum has many features which make it one of the most popular Agile software 

engineering methodologies. Using Scrum it is possible to create even large software 

products with extremely good quality. Some of the strong points of Scrum include: 

• Ability to plan to the minutest possible to be very productive: using Sprint and 

daily planning 

• Ability to build software product incrementally: so that the software product 

development is completely aligned to market demand. This is done by having 

many releases of the software product. 

• Ability to scale to build larger software products faster: using many separate 

project teams to build software product parts concurrently 

 

 

1.7.5 Weaknesses of Scrum 

 

Some of the weaknesses of Scrum include: 

• Well experienced project team members are needed: this is because in Scrum, 

project teams are self managed. There is no project manager who will provide 

directions to project team members as to what each person should be doing on the 

project. This can lead to chaos if team members can not manage their won work. 

• If a project needs people with specialized skills then it will be difficult using 

Scrum. Scrum models rely on project team members who are capable of doing all 

kinds of project work but they lack specialized skills.  

 

 

 

1.8 Case study 

 

We will be studying a case in this book to understand software engineering concepts 

better. This case is related to form a software project to build a software product. This 

software product is known as smart city as it deals with creating information about a city. 
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1.8.1 Software engineering methodology selection 

 

When we need to build a software product, we need to initiate a project. On any software 

project, we need to find out which software engineering methodology will be best suited. 

Here are some points about the project about developing the smart city software product. 

 

• Smart city product needs to be built incrementally 

• The project team will be small (4-6 people) and will be co-located 

 

 

Based on these points, it is clear that any Agile software engineering methodology will be 

well suited for our project. So we have decided to use Scrum. 

 

 

1.8.2 User stories 

 

The software requirements will be in form of user stories. From these user stories, the 

project team will create software designs. The customer will provide all the user stories. 

But these user stories will not be given by the customer in full. The customer will only 

provide a bunch of user stories at a time before start of each Sprint. 

 

 

1.8.3 Project planning 

 

There will be no project planning. Planning will be done at Release level first. The 

customer has indicated that there will be 3 releases of smart city software product. The 

next level of planning is done at Sprint level. For each Sprint, The customer provides user 

stories for each Sprint. The next level of planning is done at daily level. The daily 

planning is done by the project team. They decide what each of them will be doing for the 

day through a daily meeting. 

 

1.8.4 High level software design 

 

At the start of the project, not much is known about what kind of software product needs 

to be developed. These things become clear only after software requirements are 

gathered. At the same time in Agile methodologies, it is never clear as to what software 

product features will be there in the proposed software product; since the software 

product will be developed as per market demand. 

 

However, at the beginning of the project, the customer knows what kind of a software 

product will be built over several increments. The customer has provided an Epic. This 

epic tells about what kind of software product will be developed. 
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The project team decides what tools and programming platforms will be used. Our team 

has decided to use Eclipse programming platform. The programming language will be 

Java. The classes will be in Java and the server side scripts will be in Java Server pages. 

 

 

1.9 Chapter summary 

 

Software products need to be built using some proven software engineering methodology. 

A software project is bound to fail if it does not adopt a sound software engineering 

methodology. A software engineering methodology can be thought of as a process map to 

develop a software product. This process map can include many sub processes like 

software requirement engineering, software design, software construction and software 

testing. 

 

One of the earliest software engineering methodologies is known as Waterfall model. 

Under Waterfall model, the software engineering processes follow an upstream-

downstream pattern much like how water flows in a waterfall. In Waterfall model, 

software requirement engineering is done first and is followed by software design, 

software construction and finally software testing. 

 

Waterfall model has some weaknesses and so some new software engineering 

methodologies were evolved. Under these models, software development is aligned as 

per market demand. This is why they are known as Agile models. The most popular 

Agile software engineering models include extreme programming and Scrum. On 

projects based on Agile models, software is developed incrementally. A software product 

is brought to market quickly by having a version of the software product which has fewer 

product features. Later the project team keeps building additional software product 

features and they are incorporated in the software product by having new releases of the 

software product. 

 

Scrum is one of the most popular Agile software engineering methodologies. In Scrum 

there are roles of product owner, scrum master and project team. The product owner is 

the customer who provides software requirements in form of user stories. The project 

team implements these user stories to design and code and thus create the software 

product. The project team also tests the software product to ensure there are no critical 

defects in the software product. The scrum master facilitates working of the project team 

by removing hurdles faced by the project team.  

 

1.10 Questions 

 

1. What is software engineering? 

2. What is a software engineering methodology? 

3. What is Waterfall model? 

4. What are Agile models? 
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5. What is Scrum? 

6. What is Extreme programming? 

7. How a software product can be built incrementally? 

8. What is a Sprint? 

9. What roles are there in Scrum? 
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Chapter 2 

 

Software requirement engineering (User stories) 
 



Software Engineering in the Agile World 
 

 30 

 

2.1 Introduction  

 

All software products are built for some purpose. This purpose could be for doing 

scientific computations for scientific research, weather forecasting, medical research, 

patient management, sales management, procurement management etc. Recently social 

media has come up in a big way and so software product requirements from this area is 

also coming in a big way. 

 

The requirement to fulfill one of these purposes is known as software requirements. 

These software requirements are gathered from customers or end users who will be using 

the proposed software product.  

 

Software requirement engineering is the process of collecting software requirements, 

creating software requirement specifications and managing software requirements 

including software requirement change management. There are many ways in which 

software requirement engineering can be done. Some of the techniques to gather software 

requirements include interviews, meetings, emails etc. with users of the software product. 

Some of the well known techniques to develop software requirement specifications 

include use cases, software requirement specifications in form of text, user stories etc. In 

Agile methodologies, user stories are the preferred method of creating software 

requirement specifications. 

 

2.2 Software requirement gathering 

 

Software requirements are the basis on which all software designs are made. But from 

where these software requirements come? Who finds all those software requirements? 

For different software engineering methodologies, software requirement gathering is 

done differently.  

 

2.2.1 Software requirement gathering for Waterfall projects 

 

On all software projects, the first job of the project team is to get software requirements 

from the customer. It is the customer who provides the software requirements. On 

traditional software projects (using any variant of Waterfall software engineering 

methodology), a team of business analysts (who are part of the project team) used to visit 

customer sites. They would meet end users who were supposed to use the proposed 

software product. The team of business analysts would gather the software requirements 

from these end users using techniques like interviews, formal meetings etc. The process 

of gathering software requirements on Waterfall model projects is depicted in Figure 2.1. 

You can observe that all software requirements are gathered in the beginning of the 

project. 
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Figure 2.1: Software requirement gathering in Waterfall model 

 

2.2.2 Software requirement gathering for Agile projects 

 

With advent of Agile software engineering models like Scrum, extreme programming 

etc.; things have changed. Now instead of any project team members visiting customer 

sites, a representative of the customer sits with the project team at project site. We can 

call this representative of the customer as the customer. This customer is responsible for 

providing all the software requirements to the project team. The customer is also 

responsible for providing any clarifications about these software requirements.  

 

 
 

 

Figure 2.2: Software requirement for each Sprint in Agile model 

 

 

On Agile projects, how software requirements are managed is depicted in Figure 2.2. The 

customer sitting at project site provides all the software requirements to the project team 

for each Sprint. Thus the customer is not providing all the software requirements to the 

project team for the entire project. In Agile projects, software products are built 

incrementally. This means on each Sprint, only a few software product features are built. 

The customer provides software requirements at the beginning of each Sprint in form of a 

few user stories to the project team. The project team creates software designs and build 
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the software product features against the user stories provided to them. Once the Sprint is 

over, the customer again provides a few more user stories to the project team and the 

project teams build the software product features for these user stories. This entire 

process continues till the complete software product is built. 

 

 

2.3 Software requirement types 

 

Most people imagine that software requirements are mostly used to build software 

product features. But it is not exactly so. Suppose a software product is built using 

software product features which are derived from user stories. Even though the software 

product looks good but it still may not be user friendly. A user may have to go through 

unnecessary steps for doing very simple transactions. It may also be possible that the 

navigation in the software product is very bad. These problems may be due to the fact 

that usability factors were not considered while building the software product. So 

usability considerations are one kind of requirements for any software product. The 

usability considerations are known as usability software requirements. 

 

There are also other types of requirements which are not used to build software product 

features but are used to control the environment under which a software product operates. 

These types of software requirements include security, performance, scalability etc. All 

these types of software requirements are depicted in Figure 2.3. 

 

 
 

 

Figure 2.3: Software requirement types 
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Software requirements are generally of 2 types. The most common software requirements 

type is the one where we need to create a software product feature. For example we need 

to have a software feature to compute price for a toy including taxes. These types of 

software requirements are also known as functional software requirements. 

 

A computer and the programs which run on it are affected due to many environmental 

factors. For example a software program may be running on a computer which has low 

processing power. Due to low processing power of the computer, the software program 

may run slow. Similarly a software program may have been built with non standard user 

interface elements and thus users find it very difficult to use. 

 

Such kind of software requirements are known as non functional requirements. Here is a 

list of some of the important non functional requirements: 

• Usability – concerns navigation and user interface 

• Performance – concerns speed at which a software program may run 

• Security – concerns protection against unauthorized intrusion  

• Scalability – concerns ability to scale up when more software product features 

may need o be added to existing software product. 

• Portability – concerns ability of the software program to run on various types of 

platforms  

• Internationalization – concerns ability to be used by people using different natural 

languages 

 

 

 

2.4 Software requirement cycle 

 

Software requirements need to go through many changes before they become useful for 

the project. Depending on the software engineering methodology adopted for the project, 

the cycle of changes in software requirements will vary. 

2.4.1 Software requirement cycle in Waterfall model 

 

Software requirements on waterfall projects move through a long cycle. First they are 

gathered. Then they are converted into formal specifications. When software project team 

starts working on the project then many of the software requirements may need to be 

changed as per changed customer requirements.  
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Figure 2.4: software requirement cycle in Waterfall projects 

 

The whole process of software requirement cycle is depicted in Figure 2.4. You can 

observe that only after all the transformations done to a software requirement; it can 

become useful for creating a software design. 

 

2.4.2 Software requirement cycle in Scrum 

 

 

On Agile projects, software requirement cycle is much simpler. The customer provides a 

small bunch of software requirements. The project team builds the  

software product features against these software requirements. But before start working 

on software product features, the project team may elaborate the software requirements 

after discussion with the customer.  

 

When the customer provides a story the first time, it is not in a mature state. As the idea 

for the story becomes mature overtime, the story becomes more lucid. When a story is 

finally taken for implementation inside a sprint then at that time, the story takes the final 

shape.  

 

Here is the lifecycle of a user story: 

• Stakeholder (customer) writes the user story 

• It is put in the backlog 

• It is taken out of the backlog and put in the Sprint log  

• Priority of the user story is set 

• User story is implemented in the Sprint 

 

 

In Scrum, software requirements are known as user stories. The customer writes these 

user stories and puts them in a repository. This repository is known as product backlog. 

The product backlog is the repository of all user stories for a project.  

 



Software Engineering in the Agile World 
 

 35 

 
 

 

Figure 2.5: software requirement (user story) cycle in Scrum 

 

 

 

 

 

As depicted in Figure 2.5, when a new Sprint starts, the customer pulls out the set of user 

stories which will be used to create software product features in that Sprint. The customer 

also assigns priority to each user story. If the user story is not well understood then it will 

be analyzed. Generally for most user stories some amount of analysis is required. 

Sometimes user stories may also be not fully complete. Only after a user story is well 

understood, it can be taken for software designing. 

 

 

2.5 Software requirement specifications 

 

On traditional Waterfall projects; when we gather software requirements from customers; 

then at that time, the data related to these software requirements are mostly unstructured. 

If we want to use them to create software design then we will face lots of problems. Some 

of the problems may include: 

• No formal and rigid language used to describe software requirements.  

• Disparate sources of software requirements (user meetings, emails, interviews 

etc.)  leads to uneven language of software requirements which is difficult to be 

understood 

• Unrelated data present at one place: This factor will result in errors while creating 

software designs 

• Related data present at different places: This factor will again create errors while 

creating software designs 

• Data related to some software requirements may be missing but it will be difficult 

to find out: It is because data related to software requirements are scattered and so 

difficult to trace if any data is missing 
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If we want to create software design from software requirements, they must be very clear. 

Better yet, there must be a rigid and formal structure to write software requirements so 

that a software designer will not have a problem in understanding it. For example, all of 

us speak and write in English language. A person can easily understand what any other 

person has written or spoken. It is because of 2 things: 

• Both persons know English language well and can speak and write in English 

• English language is widely used and understood and so it is appropriate to use it  

• English language (in fact all natural languages) are very structured because of the 

grammar. There is no ambiguity in understanding as to what is being said or 

written  

 

Thus we can find that any language which has a formal and rigid structure is better suited 

for communication. The same is true for software requirement specifications. Software 

requirement specifications must be written or depicted through diagrams using a rigid and 

formal language which can be understood by everybody on the project. 

 

2.6 Use cases 

 

One of the techniques to develop software requirement specifications is to use “use 

cases”. A use case describes a user and his/her interactions with a software product. A 

use case can also be used at many levels. For example, a use case can be used to describe 

a user action at the system level. On the other hand, a use case may describe a user action 

which can happen at the usual transaction level at which users typically use a system.  

 

Use cases were first used with older software engineering methodologies like Waterfall, 

Rational Unified Process etc. Use cases use Unified Modeling Language (UML) 

notations to depict software requirement specifications. Each use case depicts interaction 

of a user with the system using a UML diagram. The UML diagram is followed by text 

explanations. 

 

 

A use case has a title, description, user level, actor and scope. A title should be chosen to 

aptly describe what the use case is all about. For example, if the use case is related to 

checking bank account online by a customer then a suitable title could be “check bank 

account”. Similarly if a use case is related to search a list of real estate properties for sale 

then a suitable title could be “search for suitable real estate properties” 
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Figure 2.6: Example of a use case 

 

You can see an example of a use case in Figure 2.6. It has a title, a scope, a goal level and 

an actor. The actor is the initiator of a business process. The actor is also the recipient of 

the outcome of business logic execution. The actor can be a user of the software product 

or any internal or external entity. For example, an actor can be a supporting business 

logic which can help in performing a business logic execution. 

 

The scope in a use case indicates the boundary under which the use case operates. A 

boundary or scope for a use case could be the system, sub-system or even a function. The 

goal level for a use case is the boundary of scope under which the actor is supposed to 

operate. A goal level could be at sub-user level, user level, sub-system level and system 

level.  

 

There is a difference between the scope and goal level. The goal level signifies scope 

from the perspective of the actor. The goal level is used to signify what level of action 

will happen when an actor interacts with the system. For example, suppose there is a 

form to create a user profile in the system. There is a submit button on this form. When 

this button is clicked after filling the form then the system will create entries in the 

database and the new user profile will be created. If the actor is supposed to press this 

submit button then the actor is working at the user level. On the other hand, if there is 

some event involved during form filling (e.g. for validation purpose) and this is the scope 

of the use case then the goal level of this use case is sub-user level. If a use case describes 

actions to happen (due to interaction of the actor with the system) which can have 

impacts at system level then the goal level will be at system level. 

 

A scope is rather static in nature as compared to a goal level. A scope is not related to any 

actions of the actor. It only signifies the boundary of the software product under which 

the use case operates.  

 

2.7 User stories 

 

User stories are a form of software requirements. User stories are used on Agile projects 

to depict software requirements. The customer writes the user stories and keep them in a 
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repository which is known as product backlog. Each user story corresponds to a software 

product feature. 

 

 

2.7.1 User story levels 

 

Usually a user story is used to describe a software product feature. In one simple 

sentence, it describes as to what it is supposed to do. For example a user story could be 

“the user should be able to view a list of colleges in the city”. This user story is clear and 

it indicates one action. But in many instances, we need to have a general idea about what 

a software program will do for the user. For example suppose we have to build a software 

product which will be used to list real estate properties which are up for sale. We can 

obviously figure out that this software program will show list of lots of entities to the user 

when the user searches various types of properties. From this scenario it is clear that there 

will be many actions required by the software program to show lists of each type of 

property, one at a time. For example we can have properties types based on location, 

budget range and property type like house, row house, apartment etc.  

 

Sometimes we need to write stories at aggregate level. When we are not sure about exact 

entities and their structure, we use stories at aggregate level. This type of story is known 

as an “epic” in SCRUM. But in most cases, user stories describe software requirements at 

software product feature level. For example in the real estate listing portal software 

product, a search of properties function is a software product feature and a description of 

this requirement is a user story. 

 

 

 

 

2.7.2 How to write user stories? 

 

How to write user stories for functional as well as non functional requirements? It is very 

important to write good user stories as they form the basic specifications on which all 

software designs are made. If a user story is unclear or wrong then the software designs 

will also become wrong. 

 

Let us understand how we can write a good user story. Suppose we need to build a 

software system to be used as a portal to list real estate properties which are up for sale. 

Some of the important features for such a portal will include following functionalities: 

• A search functionality to search for the appropriate properties based on some 

search criteria like location, property type, price range etc. 

• Creation of search criteria 

• Creation of properties so that they can be listed 

• Contact details of the seller of a properties 
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Once details about software requirements are clear, it is easier to write user stories. For 

example, we can write user stories for the real estate list portal like below: 

• As a potential buyer, I want to search for suitable real estate properties as per my 

budget, location preference and property type 

• As a potential buyer, I want to get contact details of the seller of the selected real 

estate property. 

• As a seller, I want to list my real estate property on the portal with my property 

details including budget range, property type, and location of the property. 

• As a seller, I want to receive notifications from potential buyers. 

• As an administrator, I want to create criteria for real estate property listing 

including budget ranges, locations, and property types. 

 

 

Creating user stories is not complete yet. Each user story should be accompanied by 

acceptance criteria. An acceptance criteria should include supporting information about 

the user story which will help in understanding the requirement for fulfilling the user 

story. Acceptance criteria will also help in creating test cases for the project.  

 

• As a potential buyer, I want to search for suitable real estate properties as per my 

budget, location preference and property type 

 

Acceptance criteria 

• On the real estate property search web page, a potential buyer should be able to 

select budget range, property type and location for searching properties. 

• The search result should show the list of properties based on the criteria selected.  

  

 

2.7.3 User story priority 

 

Generally a user story is written by the customer (stakeholder) on a card. Once a user 

story is written then it can be assigned a priority. Generally a user story is written well in 

advance of its implementation. In such cases, the user story is assigned a low priority. But 

in some cases, a user story is written for immediate implementation. In such cases, the 

user story will be given a high priority and will be taken immediately for implementation.  

 

User stories need to be prioritized because software development takes place in time 

boxed Sprints. The time is fixed and in this timeframe you are required to develop 

software product features for the given user stories. It is not known in advance as to how 

much time, it will take for developing software product features. Thus some of the 

software product features may not be developed within that timeframe due to shortage of 

time. If user stories are prioritized then the project team can software product features for 

the prioritized user stories first. Thus high priority user stories can be implemented within 

the Sprint even if lower priority user stories could not be taken. 
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2.7.4 Epic 

 

An epic is a long story which describes what a proposed software product may do and 

how users will be using this software product. 

 

An epic for the online portal for real estate property listing can be given as follows: 

 

Sean is moving to Mobile, Alabama from Fairfax, Virginia. He owns a house in Fairfax, 

Virginia. He wants to sell his house. He was wondering if his house can be listed as a 

property for sale. Since online portals provide a good way to reach a large number of 

potential buyers; he was interested in listing his property to one of those online real estate 

property portals.  

 

A seller can visit a real estate property listing portal and add his/her property. Once a 

property is listed then it can be viewed when a potential buyer searches for suitable 

properties. Generally a buyer will search for properties according to his/her budget, 

property type (independent house, row house, condominium etc.) and property location. 

From the list of suitable properties in the search result, a potential buyer can drill down to 

a particular and find out all the details of a property including the contact details of the 

buyer. A potential buyer then can contact the seller and thus a seller will be able to sell 

his/her property. 

 

 

2.8 Case study 

 

For our smart city project, we have used Scrum as the chosen software engineering 

methodology. The customer has provided the software requirements in form of user 

stories. The complete list of user stories is provided here. All the user stories are 

compiled in form of a product backlog. 

 

When a new Sprint starts, some of the user stories are picked up by the customer. These 

chosen user stories are then put in a Sprint backlog. These user stories from the Sprint 

backlog are then used to create software product features in that Sprint.  

 

2.8.1 Epic 

 

Eric is employed with city of Brisbane, Queensland, Australia. His job involves finding 

innovative ways to enhance infrastructure of the Brisbane city. Brisbane is one of the 

large cities in Australia and boasts of many facilities for recreation, education, industry 

and business. Sometime back, he had discovered that there was no way for the people of 

the city of Brisbane to know what facilities exists in the city. If a visitor or a resident 
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wants to know what facilities are available in the city then it is not possible to know 

currently. 

 

To overcome this problem, Eric decided to have an online software system (website) 

which can be easily accessed by people. This system will show parks, zoos, restaurants, 

malls, museums, colleges, libraries, industries, and hotels in the city. The system will also 

have a map of the city of Brisbane. 

 

The system will have rights enforced as per role. People can register on the website to 

have access to information about facilities available in the city of Brisbane. People can 

register as a student, businessman or tourist. A student can view all the information about 

colleges, libraries and recreational facilities (parks, zoos, restaurants, malls, and 

museums). A businessman can view all the information about industries, hotels and 

recreational facilities (parks, zoos, restaurants, malls, and museums). A tourist can view 

all the information about hotels and recreational facilities (parks, zoos, restaurants, malls, 

and museums). 

 

2.8.2 Complete product backlog 

 

1. A visitor or a resident of Brisbane city should be able to see a welcome page 

when the person directs his/her web browser to http://www.brisbane.com 

Acceptance criteria:  

a. The user must have a computer with a web browser installed. 

b. The user must have a connection with the internet on his/her computer. 

 

2. The welcome page should have facility to create user accounts so that different 

kinds of users can view relevant information. 

Acceptance criteria:  

a. A button or link should be there for each type of user 

(students/tourists/businessmen) to create user accounts. 

b. When this button or link is clicked then it should lead to a web page where 

the user should be able to create his/her account and thus be able to login 

to the system next time using his/her user name and password. 

 

3. The welcome page should also have facility to login so that already registered 

users can login into the system and can view relevant information. 

Acceptance criteria:  

a. There should be a button or link for login.  

b. When this button or link is clicked then it should lead to a web page where 

the user should be able to login in the system. 

c. A registered user should be able to login in the system by providing 

correct username and password in the login web page. 

d. If user name or password supplied is wrong then the system will show a 

dialog box to the user stating that either user name or password provided 

http://www.brisbane.com/
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is wrong. The user should be given a choice to try again or cancel further 

login attempts. 

 

4. Anybody who visits http://www.brisbane.com can view the welcome page. The 

welcome page should have a brief information about Brisbane city. 

Acceptance criteria:  

a. The welcome page should not have detailed information about Brisbane 

city. 

b. Visitors who seek detailed information about Brisbane city must create an 

account in the system. After account creation, they can try login in the 

system and only after successful login, they should be able to view 

appropriate information. 

c. The welcome page should be the only unsecured web page which can be 

accessed by anyone. All other web pages in the system should be fully 

secured and only after successful login in the system can be viewed. 

5. There should be 4 types of users of the proposed system: students, tourists, 

businessmen and administrators. 

Acceptance criteria:  

a. The system should be designed so that students, tourists and businessmen 

can use it effectively. 

b. All the information in the system will be created by administrators. So 

there should be a facility to create users of administrator type. 

c. The system should not allow any other type of users to be created. 

d. The user type creation should be provided at the time of user creation. 

6. The main website should have the facilities for creation of users of type students, 

tourists and businessmen. An account will be created for each user in the system. 

Acceptance criteria:  

a. Each user type should have a definite role. Based on the user type, a user 

can view only specific information.  

b. There is information about colleges, libraries and city information (malls, 

restaurants, parks, zoos etc.) which is valuable for students. Similarly a 

businessman needs information about hotels, industries etc. for his work. 

Thus each type of user should have appropriate views about facilities 

available in the city. 

7. The main website should have the facilities for viewing reports about city, 

colleges, industries etc. 

Acceptance criteria:  

a. Reports about a city should include information about zoos, parks, 

museums, restaurants, and malls located in the city.  

b. Each report should show information about these entities correctly. 

c. Reports about colleges, industries and hotels should be available separate 

from city information. 

 

8. The registered users (students, tourists and businessmen) should be able to login 

to the main website providing their username and password. 

Acceptance criteria:  

http://www.brisbane.com/
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a. The system should not allow anyone who is not a registered user to view 

secure information. Only after successful login in the system, a user can 

view information. 

9. Creation of people’s accounts for the role of administrator should be done using a 

separate web page located at http://www.brisbane.com/admin.jsp 

Acceptance criteria:  

a. It is important that the main website should contain information only for 

customers (students, businessmen, tourists). The job of an administrator is 

to create information in the website securely. Thus access to administrator 

accounts should be hidden from general public. 

b. Links to administrator web pages should not be available on the main 

website. 

c. There should be strict code of conduct for creation of administrator 

accounts. Currently it will not be enforced from the software itself. But in 

future, it can be enforced through the software. 

 

10. A new user should be asked to provide his/her name, username, password, phone 

number, email address, residential address at the time of registration in the 

system. 

Acceptance criteria:  

a. Apart from username and password, a user should also provide 

information for name, address, email address, and phone number. 

b. The phone number should only contain numerical data. The phone number 

can be up to 10 digits long. 

c. Password should be repeated again in a following field named 

“repassword” to ensure user authentication. Sometimes, users put a wrong 

password while registering and later they wonder why the system is not 

allowing them to enter the site even though they assume they have put the 

right username and password. The user entered data in the password and 

repassword fields must match. 

d. The name, username email address and password should be maximum 40 

characters long. It can be any combination of alphanumerical and special 

characters. There is no restriction. 

e. The address field should be maximum 100 characters long. Again there is 

no restriction to use any alphanumerical and special characters. 

11. The username should be unique. If a username already exists in the system and a 

new user tries to use username at the time of registration then the system should 

respond and remind the user that the particular username has already been taken 

and so the user should use another username. 

Acceptance criteria:  

a. Username should be checked in the database at the time of registration. If 

same username already exists in the database then the system should show 

a dialog box to the user that the username is already taken. The user 

should be provided an option to try again to register using a different 

username. 

http://www.brisbane.com/admin.jsp
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12. The administrator role is responsible for creating all the data for the city. Data for 

colleges, industries, libraries and hotels is separate from city information. City 

information itself consists of data for parks, zoos, museums, malls, restaurants 

and city map. 

Acceptance criteria:  

a. Only a person with administrator role will be able to create this 

information in the system. 

13. The administrator can create information in the system about colleges in the city 

with information: college name, address, departments and email contact. 

Acceptance criteria:  

a. College name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. College address can be 100 characters long. There is no restriction to use 

any combination of alphanumeric and special characters. 

c. Departments can be 100 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. Ideally department 

names can be separated using a colon but there is no rule enforcement as 

how department names can separated from each other. 

14. The administrator can create information in the system about libraries in the city 

with information: library name, address, phone number and email contact. 

Acceptance criteria:  

a. Library name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Library address can be 100 characters long. There is no restriction to use 

any combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

15. The administrator can create information in the system about industries in the city 

with information: industry name, address, industry type and email contact. 

Acceptance criteria:  

a. Industry name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Industry address can be 100 characters long. There is no restriction to use 

any combination of alphanumeric and special characters. 

c. Industry type can be 10 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. 

16. The administrator can create information in the system about hotels in the city 

with information: hotel name, address, phone and email contact. 

Acceptance criteria:  

a. Hotel name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Hotel address can be 100 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 
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17. The administrator can create information in the system about parks in the city 

with information: park name, address, phone and email contact. 

Acceptance criteria:  

a. Park name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Park address can be 100 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

18. The administrator can create information in the system about zoos in the city with 

information: zoo name, address, phone and email contact. 

Acceptance criteria:  

a. Zoo name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Zoo address can be 100 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

19. The administrator can create information in the system about museums in the city 

with information: museum name, address, phone and email contact. 

Acceptance criteria:  

a. Museum name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Museum address can be 100 characters long. There is no restriction to use 

any combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

20. The administrator can create information in the system about restaurants in the 

city with information: restaurant name, address, phone and email contact. 

Acceptance criteria:  

a. Restaurant name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Restaurant address can be 100 characters long. There is no restriction to 

use any combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

21. The administrator can create information in the system about malls in the city 

with information: mall name, address, phone and email contact. 

Acceptance criteria:  

a. Mall name and email contact can be 40 characters long. There is no 

restriction to use any combination of alphanumeric and special characters. 

b. Mall address can be 100 characters long. There is no restriction to use any 

combination of alphanumeric and special characters. 

c. Phone number can be 10 characters long. Only numerical input is allowed. 

 

22. The administrator can upload a map of the city. 
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Acceptance criteria:  

a. The map should fill most of the screen area. 

b. Currently the map will not be interactive. In future releases, through 

integration with Google maps, interactive maps can be uploaded in the 

system. 

c. The map should open in a new window. The user can close it by clicking 

the close window icon at top right corner of the window. 

 

23. A student can view colleges, libraries and city information after successful login 

in the system. 

Acceptance criteria:  

a. Any person who has registered in the system as student can view 

information about colleges, libraries and city information. 

b. Access to this information is available only after successful login in the 

system. 

c. Other information such as industries and hotels in the city can not be 

viewed by a student. 

 

24. A tourist can view hotels and city information after successful login in the system. 

Acceptance criteria:  

a. Any person who has registered in the system as tourist can view 

information about hotels, and city information. 

b. Access to this information is available only after successful login in the 

system. 

c. Other information such as industries and colleges in the city can not be 

viewed by a tourist. 

 

25. A businessman can view hotels, industries and city information after successful 

login in the system. 

Acceptance criteria:  

a. Any person who has registered in the system as a businessman can view 

information about hotels, industries and city information. 

b. Access to this information is available only after successful login in the 

system. 

c. Other information such as colleges and libraries in the city can not be 

viewed by a businessman. 

 

26. When a person successfully logins in the system then for the entire session, he 

will be logged in the system.  

Acceptance criteria:  

a. Session of the logged in users should be tracked by the system.  

b. The system should allow the logged in user to keep logged and browse the 

website until the user closes the web browser window or clicks the logout 

button. 

c. Cookies should be enabled on the user computer. 

27. When a person wishes to logout then he/she can click the logout button. 
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Acceptance criteria:  

a. The logout button or link should be available on all web pages after a 

person successfully logins in the system. 

b. When the user clicks this button then session of the user should end and 

the user should not be able to view any secure information in the system. 

c. After logout, a user can again be able to view secure information in the 

system after successful login again. 

 

28. A user should be able to edit his/her user profile. 

Acceptance criteria:  

a. An edit button or link should be provided on all web pages after a user 

logins in the system. 

b. When this edit button or link is clicked then the user should be provided a 

new web page where the user profile information is provided. 

c. A user can change any of the profile information and can save this 

changed profile information by clicking on the save button. 

 

29. A user should see relevant menus so that the user should not be able to view 

content for which he/she has no privileges.  

Acceptance criteria:  

a. A general menu system should appear before login. None of the menu 

should take the user to the secured areas of the website. 

b. After successful login, only the relevant menus should appear. For 

example, if the user is a student then only menus relevant for student 

should appear. 

 

30. A user after successful login as an administrator should see menus related to 

create colleges, libraries, industries, hotels and city information (parks, zoos, 

museums, malls and restaurants). The user should also be able to see a menu 

related to upload city map.  

Acceptance criteria:  

a. No menu should take the user to view any entity like hotels or industries 

etc. 

 

31. A user after successful login as a student should see menus related to view 

colleges, libraries and city information (parks, zoos, museums, malls and 

restaurants). The user should also be able to see a menu related to view city map.  

Acceptance criteria:  

a. No menu should appear which will take the user to create any entity. 

b. No menu should take the user to view hotels or industries. 

 

32. A user after successful login as a businessman should see menus related to view 

industries, hotels and city information (parks, zoos, museums, malls and 

restaurants). The user should also be able to see a menu related to view city map.  

Acceptance criteria:  

a. No menu should appear which will take the user to create any entity. 
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b. No menu should take the user to view colleges or libraries. 

 

33. A user after successful login as a tourist should see menus related to view hotels 

and city information (parks, zoos, museums, malls and restaurants). The user 

should also be able to see a menu related to view city map.  

Acceptance criteria:  

a. No menu should appear which will take the user to create any entity. 

b. No menu should take the user to view colleges, libraries or industries. 

 

 

 

2.9 Chapter summary 

 

People need software products to do many things. These needs of people are the basis for 

building software products. These needs are known as software requirements. On 

traditional Waterfall model based software projects, tools like emails, formal meetings, 

interviews etc. are used to gather these software requirements from users. When these 

software requirements are gathered from users, they are not in a well formatted form. 

Understanding software requirements from this unformatted form will be difficult for a 

software designer. So the software designs created using these unformatted software 

requirements will be faulty. For this reason, these software requirements are converted 

into software requirement specifications. Software requirement specifications can be in 

any form but a consistent format is a must. Some of the popular forms of software 

requirement specifications include use cases, software requirement specification 

documents etc. Customers also come up with changes to be made in software 

requirements from time to time. Software requirement change management is also comes 

in into picture on projects following Waterfall model. 

 

Software requirements are managed differently on Agile projects. Instead of a business 

analyst who is part of the project team, a representative of the customer sits at the project 

site and is available all the time. This representative of the customer is the de facto 

customer as far as the software product development is concerned. This customer 

provides the software requirements to the project team. The entire software requirements 

are not provided by the customer at the beginning of the project. Instead the customer 

keeps providing software requirements in the form of user stories from time to time. 

These user stories are compiled in a repository known as product backlog. When a new 

Sprint starts, the customer takes out some of the user stories from the product backlog 

and puts them in another repository which is known as Sprint backlog. The customer also 

provides priority to each of the user stories. Since each Sprint is time boxed, it is never 

known if all the user stories residing in a Sprint backlog can be implemented in the 

Sprint. The project team starts implementing higher priority user stories first to build 

software product features. If time is available then lower priority user stories are also 

taken for implementation. Otherwise they are moved into the next Sprint to get 

implemented. 
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2.10 Questions 

 

1. What is a use case?  

2. What is a software requirement? 

3. How software requirement management gets influenced by chosen software 

engineering methodology? 

4. How software requirements are managed in Waterfall model based projects? 

5. How software requirements are managed in Agile model based projects? 

6. What is a user story? 

7. What are parts of a user story? Please describe them in detail. 

8. What are parts of a use case? Please describe them in detail. 

9. What is an epic? Why it is important? 

10. What is a product backlog? 

11. What is a Sprint backlog? 
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Chapter 3 

 

Software Project Planning  
 

 

3.1 Introduction 

 

A project can never be successful if no planning is done before it starts executing. On 

Waterfall projects, planning is done upfront for the entire project. But for many software 

projects, it is not a good idea. This is because software product development is fraught 

with risks and upfront project planning may result in changing the plan many times 

during the project. This is the reason; Agile software engineering methodologies became 

popular in recent times. On Agile projects, project planning is never done. Instead a 

software product is built using small increments of software product features. These 

small increments of software product features are built within what is known as a Sprint 

or iteration. Planning is done at Sprint level in Agile projects.  

 

Customers are always concerned about software product quality and timely delivery. 

While product quality is taken care off by implementing quality assurance measures; 

timely product delivery can be taken care off by having a good sprint and release 

planning. A sprint planning is done for the immediately coming sprint. A release 

planning is done for a releasable version of the software product.  

 

 

 

3.2 Project planning for Waterfall projects 

 

Waterfall projects are characterized by an elaborate project plan upfront. Only after the 

complete project plan is chalked out, the project execution starts. Project planning for 

Waterfall projects include schedule planning, resource planning, quality planning and 

cost planning. The tools used for schedule planning include Gantt charts, Goldratt’s 

critical chain method, Critical path method (CPM) etc.  

 

The first thing to create a project plan for a Waterfall project is to do a breakdown of the 

project. It is known as work breakdown structure (WBS). Once you have the WBS then 

you can use CPM to create the schedule. Once you have schedule in hand then you can 

create Gantt chart. Gantt charts are good for tracking a project.  

 

3.2.1 Project effort estimate 
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Before a project plan can be chalked out, it is important to first know how much effort 

will be required on the project. Effort estimation itself is a problematic area for software 

projects. It is because how much effort will be required in each software engineering 

process is difficult to arrive. For example for creating a design for a software component 

for computing total cost for goods may involve a series of computing cost components 

first and then deriving the total cost. Estimating effort required for this component will be 

extremely difficult. 

 

However there are some ways which can help in deriving effort required for a project. 

• The software requirement specifications should be completely developed before 

effort estimation exercise. 

• Effort estimation should be done bottom up. From each software requirement 

specification, a sketch should be made for the smallest software components. 

• Finding out difficulty level in designing and building a software component. 

 

Any effort estimate requires that the amount of work should be known in advance. For a 

software project, amount of work involved becomes clear only after we have some idea 

about software requirements. This means that effort estimate should be made only after 

all the software requirements have been gathered. From here you can derive the estimate 

for the total amount of work involved. Care also needs to be taken to find out difficulty 

level of designing and building each of the software components. Finally you can derive 

the effort required for the project. 

 

Many techniques were developed to find out effort required for a software project. All of 

them use some kind of empirical formulas to derive effort required. So none of them are 

foolproof! The best approach is to use experience. People who have worked on similar 

projects in the past can give the best effort estimate. The empirical formulas used to 

estimate effort in fact can be used only by people who have experience. If a novice is 

asked to use these empirical formulas to estimate effort will result in wrong estimates! 

 

Now assume after all the estimation techniques used, we have following efforts for 

various tasks: 

Effort for Module-A design = 900 source line of code 

Effort for Module-B design = 900 source line of code 

Effort for Construction-A design = 2700 source line of code 

Effort for Construction-B design = 2700 source line of code 

Effort for Module-A test = 900 source line of code 

Effort for Module-B test = 900 source line of code 

 

Please note that we have used “source lines of code” as the measurement of effort for all 

types of project work. On software projects, source line of code (SLOC) is one of the 

standard ways of measuring size of a software product. For software activities which are 

not producing code (e.g. software design or software testing) an equivalent SLOC is 

assigned as the effort in such cases. 
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3.2.2 Work breakdown structure (WBS) 

 

Once we have the effort estimate for each part of the project work then we can create the 

Work breakdown structure (WBS). A WBS consists of a list of all project tasks. A project 

should be broken down in such a manner that the project tasks can be managed well. For 

example a software project has main tasks of software design, software construction and 

software testing. Software design again can be broken down into module-A design, 

module-B design etc. Similarly software construction can be divided into module 

construction-A, construction-B etc. For large projects, it is possible to break down these 

tasks even further.  

 

To keep project tasks which are broken down from a larger task together; a summary task 

is used. A summary task is nothing but aggregation of 2 or more smaller tasks. So a better 

way to depict a WBS is to have summary tasks also included. 

 

 

Table 3.1: A Work breakdown structure for a software project 

 

 

 
 

 

In Table 3.1 we have depicted a WBS for a software project. This software project has 2 

modules. So the design, construction and testing work can easily be broken down into 

tasks based on these modules. At the same time design, construction and testing can be 

shown as summary tasks. 

 

3.2.3 Project schedule 

 

So far we have done effort estimate and created WBS structure for our project. Based on 

effort estimate and WBS, we can now create project schedule. The best technique to 

create a project schedule is to use Critical Path Method (CPM).  

 

To create project schedule in CPM, following steps need to be taken: 
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• Find start date and end date of each task 

• Put each task on a straight line beginning with the task with the latest start date. 

• Put the next task whose start date is after end date of the first task immediately 

after the first task. Keep putting tasks on the straight line keeping in mind the start 

and end date of each task. 

• In case a task start date is before end date of another task, it should not be put on 

the straight line. Instead it should be put in parallel to the straight line on which 

all tasks are being placed. 

• Keep putting all the tasks on the straight line till no task is left. 

• Some tasks have dependencies with other tasks. For example a task can not be 

started before some other task finishes. These dependencies must be respected 

while drawing project schedule. 

 

After doing this exercise we will know following things: 

• What is the start date of the project? 

• What is end date of the project? 

• What is duration of the project? 

• If any slack is there in the project? 

• What are the parallel tasks in the project? 

 

We will find out answers to all these questions related to the software project we are 

discussing soon. But first let us find out how to create schedule for our project. If you see 

Table 1.1, we still have not put start and end dates of project tasks. We also have not 

defined dependencies for project tasks. So let us define them now. 

 

 

 

 

Table 3.2: WBS with start and end dates & dependencies 
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Table 3.2 depicts the WBS for our project with start and end dates & dependencies of 

project tasks. You can see that task 5 (Construction-A) is dependent on task 2 (Module-A 

design). Similarly task 6 (Construction-B) is dependent on task 3 (Module-B design). 

Dependencies for tasks 8 and 9 are also depicted. Dependency of task 5 with task 2 

means task 5 can not start before task 2 gets finished. Similar is the case with other tasks 

having dependencies.  

 

We had also estimated effort for project tasks in the project effort estimation section 

before. The task dates in the table 3.2 have come after the effort estimates we did in the 

previous section. The industry standard for average speed of software engineer is 30 

SLOC per day.  

 

 

Time required for Module-A design = 30 days (900 source line of code / 30) 

Time required for Module-B design = 30 days (900 source line of code / 30) 

Time required for Construction-A design = 90 days (2700 source line of code / 30) 

Time required for Construction-B design = 90 days (2700 source line of code / 30) 

Time required for Module-A test = 30 days (900 source line of code / 30) 

Time required for Module-B test = 30 days (900 source line of code / 30) 

 

Once you provide the start date for the earliest task (Module-A design) then dates for the 

rest of the tasks will come automatically after computations. This is how all the dates in 

Table 3.2 have been derived. 

 

Now that we have complete information about tasks, we can use CPM to create project 

schedule. 

 

Figure 3.1 depicts a Gantt chart for the software project we are discussing. The Gantt 

chart has been drawn after taking into account all the start and end dates and 

dependencies among project tasks. On top of the Gantt chart a task “summary project” is 

being shown. This is nothing but the task for the entire project. This task starts at the start 

date of the task with earliest date and ends at the end date of the task with latest date. 

Now you have start date, end date and project duration for the entire project. 

 



Software Engineering in the Agile World 
 

 55 

 
 

 

Figure 3.1: Wrong Gantt chart for a software project 

 

But the Gantt chart we have drawn in Figure 3.1 is wrong. Why? Because we have not 

taken into consideration the dependencies of tasks and putting the non critical tasks on 

the critical path. A critical path is a line on which all critical tasks should be put one after 

another without leaving a space between any of these tasks. In Figure 3.1, we can see that 

task “Construction-B” is not a critical task as it is dependent on task “Module-B design” 

which itself is not a critical task. You can observe that start and end dates of “Module-B 

design” do not impact any tasks immediately before or after. We have already defined 

dependencies in Table 3.2 and can see that task “Construction-B” is dependent on this 

task which itself is not on the critical path. Thus it is clear that these tasks should not be 

put on the critical path but should be put in parallel to the critical path. 
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Figure 3.2: Correct Gantt chart for a software project 

 

Figure 3.2 is a correctly drawn Gantt chart. Now we have taken into account critical tasks 

and mapping them on the critical path. You can see that there is no time gap between task 

Module-A design and Construction-A. Similarly there is no time gap between task 

Construction-A and Module-A test. There should not be any time gap between task 

Module-A design and Construction-A as per the definition of CPM. Similar is the case 

for time gap between task Construction-A and Module-A test. From the Gantt chart 

depicted above, we can see that the project duration is from the start date of task 

“Module-A design” to end date of task “Module-B test”. From the Gantt chart you can 

see that finding project duration is fairly simple. So the project duration for the project 

will be 06/01/2018 – 12/03/2017 = 180 days (approximately). 

 

3.2.4 Resource planning 

 

Once we have defined the project schedule, we can do resource planning. We now have 

all the information about each project task like nature of task, start date, end date, 

duration, dependencies on other tasks etc. After analyzing all the requirements for each 

project task, we can find and assign suitable resources for each of these tasks. 

 

So let us do it now. 

 

Table 3.3: WBS with schedule and resource planning 

 

 
 

Table 3.3 shows the WBS, schedule and resource planning for our software project. For 

each project task we found the skills and experience required and allocated them to the 

available resources. 

 

We can also easily find out the total time spent by all team members as we know which 

team member is working on which project task. 
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Time to be spent by Stanley = 30 days  

Time to be spent by Rebecca = 30 days  

Time to be spent by Leslie = 90 days  

Time to be spent by Lionel = 90 days  

Time to be spent by Robbie = 30 days  

Time to be spent by David = 30 days  

 

3.2.5 Budget planning 

 

Every project needs money to be spent for completing project tasks. On software 

projects, the most money intensive resources are the project team members. Salaries of 

project team can easily run into millions of dollars for large software projects. So budget 

planning is extremely important for software projects.  

 

Now let is plan for the budget for our project. Suppose the hourly rate for the resources 

are as following: 

 

Hourly rate for Stanley = USD 80  

Hourly rate for Rebecca = USD 85  

Hourly rate for Leslie = USD 70  

Hourly rate for Lionel = USD 75  

Hourly rate for Robbie = USD 60  

Hourly rate for David = USD 50  

 

Suppose each resource works for 8 hours a day then for each day, each resource’s salary 

will be 8 times the hourly rate. Now we can calculate total salary to be paid for each 

resource on the project by multiplying daily rate to number of days the resource has 

worked on the project. 

 

Total salary for Stanley = USD 80 X 8 X 30 = USD 19200 

Total salary for Rebecca = USD 85 X 8 X 30 = USD 20400 

Total salary for Leslie = USD 70 X 8 X 90 = USD 50400 

Total salary for Lionel = USD 75 X 8 X 90 = USD 54000 

Total salary for Robbie = USD 60 X 8 X 30 = USD 14400 

Total salary for David = USD 50 X 8 X 30 = USD 12000 

 

Total salaries to be paid to all resources on the project = USD 170400 

 

A software project also has costs related to management, rent, material etc. Generally 

these costs are not more than 30% of the cost for salaries of resources.  

 

Cost for management and other overheads = USD 21300 X 30% = USD 51120 

 

So total cost for the project = USD 170400 + USD 51120 = USD 221520 
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Thus the project must have a budget of USD 221520 for the entire project. 

 

After budget planning, our project planning is complete. Now project execution can start. 

But before starting project execution we need to baseline our project. 

 

3.2.6 Baselining the project 

 

When we need to measure project progress for a project, we must have the actual start 

date and the original planned start date of the project. Only then we can find out if the 

project is progressing well or is lagging behind the schedule. For example, if a project is 

supposed to be completed 40% after 3 months of execution. But actually it has completed 

only 20% in this time. This means the project is lagging behind the schedule. In the case 

of our project the start date is 12/03/2017 and end date is 06/01/2018. Suppose on 

04/01/2018 we want to know status of project progress. Since this date is exactly at half 

of project duration, some 50% work should have been completed. But when actually 

measured, suppose only about 40% of the work was found to be completed. This means 

the project is lagging behind the schedule by 10%. 

 

We were able to measure project progress because we had kept the original project plan 

dates. If these original planned dates are lost or altered then project progress 

measurement is impossible. 

 

Freezing the project plan dates is known as baselining the project. 

 

3.3 Project planning for Agile projects 

 

 

Traditionally project planning for software projects used to be done using Gantt Charts, 

Critical path Method etc. But with advent of Agile methodologies, these tools are no 

longer applicable. These techniques rely on fixing project scope (amount of work) and 

then finding out effort required to complete this amount of work. Finally the project 

schedule is calculated based on finding out the critical path. 

 

Agile projects are very different from the traditional software projects. In these projects, 

the project scope is not fixed. So amount of work to be done varies. Thus the old tools of 

project planning do not work. This is the reason; new techniques for project planning 

have evolved for agile projects. 

 

There are many new terminologies used for project planning for agile projects including 

velocity, story points, burn rate etc.  

 

Project planning for Agile projects is done at Sprint, release and daily levels. Here we 

will discuss all the planning techniques done in Scrum. 
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3.3.1 High level planning 

 

Even though release planning can be thought of as a high level planning on Agile 

projects; however it is still short on some considerations. The release plan does not take 

into account what kind of technology should be selected for the project. Infrastructure 

considerations are also missing in a Release plan. At high level design, infrastructure 

considerations as well as technology selection are done.  

 

In release planning, a customer focuses on the important software product features to be 

implemented. So many high level design considerations could be ignored. For all these 

reasons, a high level planning is important. 

 

Let us consider the high level design for an online property listing portal. How this 

software product should be designed? The most important consideration is the 

functionality to be achieved. But all the functionality can not be thought out at release 

planning level. Release planning is more about providing a tentative schedule for 

developing software product features and not for considering kind of design to be created.  

 

So let us list major software product features for the property listing software product: 

• Web page for creation of profile for administrator and sellers  

• Web page for login for administrators and sellers 

• Web page for creation of property types 

• Web page for creation of budget ranges 

• Web page for creation of locations 

• Web page for creating property listing 

• Web page for selecting criteria for searching the listing 

• Web page to view listings 

• Web Page to view details of a listing 

 

This listing looks to be a good starting point for the project. Next a release planning can 

be done based on this high level planning. 

 

It is difficult to quantify the effort required for high level planning as things are hazy at 

the beginning of the project. However it is important that the customer as well as the 

project team put some effort in finding out high level design aspects for the proposed 

software product. We have devoted Chapter 5 on high level design aspects for a project. 

The effort required for these considerations can be included in high level planning. 

3.3.2 Release planning 

 

In each Sprint, the project team delivers a workable release of a software product. But 

these releases may not have the software product features, the customer wants. Generally 

a software product has some extremely important software product features which a 

customer thinks is crucial for success of the software product. All of these special 
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software product features can not be created immediately. They may depend on some 

other software product features to be developed first. Only when these backbone software 

product features are built, the special software product features can be developed on top 

of them. So customers create release planning to mark such occasions when crucial 

software product features are added in a release of a software product. 

 

For example, suppose we are building a software product for searching and buying real 

estate properties for sale. One of the most crucial software product features here will be 

ability to search all the properties which meet a user’s criteria like budget, location, 

property size, property type etc. So the customer will like to know when this product 

feature will be ready so that it can be included in the software product. But this product 

feature can not be developed before product features like creation of properties, property 

type definitions, budget range definitions etc.  

 

 

Table 3.4: release planning for a project 

 

 
 

 

Table 3.4 depicts a project with release plans. In this project there are 2 releases, 3 

Sprints to implement 8 user stories. You can see that the most important user story from 

customer perspective would be user story number 6 and 8. But to build software product 

features for those user stories, we need to implement other user stories first. You can also 

observe that the software product release is done only after implementing user story 

number 6 (the first release of the software product). The customer had decided that it was 

of no value to release the software product until the functionality for property search is 

implemented. 
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There is one more aspect about release planning. It is done in advance and most of the 

release planning is done before any Sprints are actually started. So release planning is 

tentative in nature. Releases of a software product can be changed over time. The content 

(software product features) or the release date can both change due to various factors like 

change in market demand, financial considerations etc. 

 

 

3.3.3 Effort estimation 

 

Effort estimation for Agile projects is done at Sprint level. When a Sprint starts, the 

customer provides user stories to the project team which need to be used to create 

software product features in that Sprint. The customer also provides priorities for each 

user stories so that the project team knows which user stories must be converted into 

software product features and which may also to be worked out if time permits. The 

project team needs to find out if it is feasible to do the amount of work required in the 

Sprint. 

 

It should be noted that a Sprint is a time boxed event. Each Sprint can be planned for 2 to 

4 weeks. Once a team has adopted the time duration for each Sprint, the time duration is 

not changed for all Sprints which follow for the project. 

 

Each user story will have its characteristics. Developing software product features based 

on some user stories could be simple or complex. Some of them may involve lots of work 

while some of them may require only a small amount of work. Thus exactly how much 

work will be involved in implementing each user story must be found out so that the 

project team can provide accurate assessment as to how many of the user stories will be 

implemented in the Sprint.  

 

To provide effort estimate, the project team can use a planning poker game. For this 

game, the list of user stories is needed along with decks of cards. Each project team 

member will have a deck of cards. The user story with highest priority is first picked. 

Each team member will then have to estimate the effort to implement that user story. 

Each team member will secretly select a card from his/her deck of cards which will show 

the estimate. The project team can make an arrangement in advance as to how to show 

estimate using cards. For example, they can use numbers from 1 to 10 to show estimate: 

the bigger the number, the more the effort. Once all the team members have selected their 

cards, all cards are then displayed. Team members whose effort estimates are on higher 

or lower side can explain the basis for their estimates. Once a consensus is reached then 

the consensus estimate will be assigned to that user story. 

 

The planning poker game continues till estimates for all user stories are reached.  

 

Once estimates are done then it will become clear as to how many user stories can be 

implemented in the Sprint. If it is found out that there will be free time left even after all 
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the user stories are implemented then the customer can add some more user stories in the 

Sprint. This will ensure that the project team is kept productive and no time is wasted. 

 

The estimate number for a user story is known as a story point. There is no standard way 

to assign story points to user stories. Each project team derives its own way of assigning 

story points to user stories. Over time, a project team becomes proficient in assigning 

story points to user stories.  

 

 

Table 3.5: Story points for user stories 

 

 
 

 

Table 3.5 depicts user points assigned to user stories which are considered for the current 

Sprint. These story points are later used for various Sprint calculations. 

 

3.3.4 Sprint planning 

 

Sprint planning for Agile projects is the most crucial aspect of any planning done on 

these projects. As we have seen in release planning, each release of the software product 

is divided into many Sprints. That way, Sprints can also be thought as minor releases of 

the software product.  

 

The most striking feature of any Sprint planning is the time boxing concept. No matter 

what kind of software product feature you want to develop; it must be developed within a 

pre defined and fixed timeframe. In case, it could not be implemented completely in this 

timeframe; then the remaining work can be carried forward into the next Sprint. But in no 

instance, the timeframe of a Sprint can be changed. Similarly some user stories may not 

be taken up for implementation due to shortage of time. This in fact is the reason why we 

need to prioritize user stories so that at least high priority user stories get implemented 

during the Sprint. 

 

To measure Sprint progress, we use a measurement unit known as velocity. Velocity is 

the speed at which a project team can implement number of story points in a Sprint. 

Velocity is dependent on a project team. It is because each project team has variation in 

number of team members and their experience. If you give the same user stories to be 
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implemented by 2 project teams, they will take different amount of time in implementing 

them. Thus we can say that velocity of these 2 teams is different.  

 

After a few Sprints, velocity of a project team can be established. Velocity is the most 

important measure as it depicts the speed at which a project team can implement software 

product features. It also helps in finding out how long it will take to create a release of a 

software product. 

 

 

 

 

 

3.3.5 Daily planning 

 

In Scrum, planning at Sprint and release levels is not enough. In fact planning is done at 

daily level as well. There are meetings where team members discuss work to be done for 

the day, problems encountered on last day and also strategies to solve these problems.  

 

We have observed in Figure 3.3, the velocity of the team is 1.7 story points per day. 

Accordingly daily rate of work is established. So each day, each project team member 

knows where he/she stands as per the planned work as the team is supposed to implement 

1.7 story points per day. In the daily meetings, each team member discusses the work to 

be done today. If due to any issues, some work remained pending yesterday then it is also 

discussed to ensure that no pending work remains for tomorrow. 

 

Table 3.6: user stories with priority 

 

 
 

When the team plans for the daily activities, it first considers the priority of product 

features to be built. In Table 3.6 user stories with their priorities are listed for the Sprint. 

User story “A user can view contact details of property seller of the selected search 

result” is given number 1 priority by the customer. So this user story will be taken first by 

the project team. Only when it gets completed, the team may move on to user story with 

number 2 priority and so on. If time does not permit to implement a lower priority user 

story then it can be carried forward to the next Sprint. Sometimes it can also happen that 

one or more user stories could not get implemented completely in a Sprint. In such cases, 

the incomplete work can be carried forward to the next Sprint and get completed.  
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When setting priority for user stories, one thing should be kept in mind. Even though a 

software product feature may be important for a customer, nevertheless it can not be 

implemented if all supporting backbone for this product feature is already implemented. 

So an important user story still should be given a lower priority than user stories which 

will create the backbone for this product feature. 

 

3.3.6 Resource planning 

 

If you see all the discussion about Sprint, release or daily planning, you will notice that 

no project task is ever assigned to any specific resource. Why it is so? If you compare it 

to a project plan for a Waterfall based project, you will notice that all project tasks were 

assigned to some resource or the other. This is because in Agile methodology, all project 

work is considered to be a team effort and not individual efforts. Each person is supposed 

to be capable of doing any project work. Thus each team member is supposed to have 

almost identical skills. Moreover in Agile projects, no project managers are involved as 

the project team is self managed. This means no resource planning is required on Scrum 

or any Agile projects. 

 

The relationship of a project team with a software project in Scrum can be thought of as a 

constant. Once a software project team is formed then this team keeps working on the 

project till the software product gets completed. So in a way, resources are allocated to a 

project once, at the beginning of the project. Resource planning is not done at Sprint or 

Release level. 

 

3.3.7 Budget planning 

 

Same is true for budget planning as resource planning when it comes to Release or Sprint 

planning. Once time duration for a Sprint is fixed, the same amount of project expenses 

will be involved for each Sprint.  

 

Suppose we have a project team consisting of 6 team members. Eric has 8 years of 

experience, Malcolm and Suzanne have 6 years of experience each, Terry has 5 years of 

experience, John and Bob have 3 years of experience each. Since all of them are 

permanent members of the project team, they have fixed salaries. Here is the list of 

salaries for each project team member: 

Eric: USD 8,000 per month 

Malcolm: USD 7,000 per month 

Suzanne: USD 7,000 per month 

Terry: USD 5,000 per month 

John: USD 4,000 per month 

Bob: USD 4,000 per month 
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So total expenses for a month for salaries of project team members comes to USD 

31,000. Assume salary of Scrum master is USD 10,000 per month. So total expenses as 

salary will be USD 41,000. If each Sprint is of 4 weeks duration then for each Sprint, 

expected salary expenses will be USD 41,000 approximately. Other expenses like travel, 

training, office rent etc. can also be taken into consideration. 

 

3.4 Case study 

 

For our smart city project, we have done project planning using Scrum. The project 

planning includes release and Sprint plans. For daily planning, priorities for user stories 

have also been set.  

 

The project team consisted of 5 team members. Their experience ranged from 2 to 5 

years. All of them can do most of the project work alone. They are also able to estimate 

their own assignments and can predict when their project work can be completed. Each 

team members can design user interfaces, write business logic code, design databases and 

test their code.  

 

There is also a Scrum master whose main role is to facilitate the work of the project team. 

If any obstacles are encountered, then the Scrum master removes them.  

 

The customer is always available at project site. The customer provides the user stories 

and puts them in the product backlog. At the start of each Sprint, the customer picks 3-4 

user stories from the product backlog and puts them in the Sprint backlog. 

 

Each Sprint is of 2 weeks duration. In each Sprint, 3 to 4 user stories are provided by the 

customer. The customer also assigns priority to each user story. The project team 

estimates effort required for each user story in terms of story points.  

 

 

3.4.1 High level planning 

 

The smart city project has some major functionalities which are listed below: 

 

• Create the main web page 

• Create users with types student, businessman, tourist and administrator  

• User name should be unique 

• Create login functionality for various types of users 

• Create session management for login-logout and user session validity  

• Modify user profile by a user itself 

• Create city information for colleges, libraries, industries and hotels 

• Create city information for malls, restaurants, parks, zoos, museums 

• Upload city map in the system 
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• Create dynamic menu as per user 

• View city information for colleges, libraries, industries and hotels 

• View city information for malls, restaurants, parks, zoos, museums 

 

Even though we will be building smart city software product incrementally; nevertheless 

we simply can not take just any functionality and build it. For example, the view city 

information functionality can be developed only after the city entities are created first. 

Similarly login functionality can not be created unless user creation functionality is 

developed.  

 

The list of functionalities given above should be taken for development in the order they 

are listed here. Only then software development can be possible. 

 

Apart from the software design considerations, the project team also considered the 

software development platform, programming language selection, project tool selection 

etc. The project team selected following technologies for the project: 

 

• Programming language – Java 

• Server side scripting language – Java Server Pages (JSP) 

• Client side scripting – JavaScript 

• Programming platform (Integrated Development Environment) – Eclipse 

• Application server – Tomcat 

• Database – Oracle 

• Refactoring – Refactoring tools are in-built in Eclipse for Java 

 

3.4.2 Release planning 

 

Based on the high level design, we can create release plans. The release plans will 

include the user stories, their story points and the priority. 

 

From the high level design, we can see that we can have some 10 Sprints for the project. 

We can then plan for 3 releases for major functionalities as following: 

 

1. User creation, login functionality 

2. Entity creation 

3. Entity view 

 

Release 1: User creation with login functionality 

 

 

 

Table 3.7: Release plan 1 
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Release 1 of smart city software product only will have user creation and user login 

functionality (Table 3.7). Off course the first functionality to be developed is to create the 

welcome page for the website which will host the smart city software product. From the 

welcome page itself, the user can either login to the system (if already registered) or can 

register to get access. 
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You can also observe that some of the user stories have been given priorities and story 

points while for some others; they are not given. Since the release planning is done well 

in advance, many user stories are not analyzed properly. Even for the user stories which 

have been given these values, the values may change in future. 

 

Some of the user stories planned for release 1 may also be moved to some other release 

due to various reasons. For example, user story number 10 is not critical for developing 

software product features for release 2. So if time is not sufficient on hand at the time of 

release 1 then it can be moved to some other release in future. 

 

 

Release 2: Entities creation 

 

Table 3.8: release plan 2 
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Release 2 of Smart city software product will include functionality to create entities 

related to the city (Table 3.8). These entities include colleges, libraries, hotels, restaurants 

etc. located in the city. All of the user stories look to have same importance as each of 

them will help in creating entities for the city. If any of these entities are found not to be 

of significance later (at the time of Sprint planning) then they can be dropped to be 

developed later. It can also happen that the customer may ask to develop a different city 

entity than what is planned in the release. 

 

 

Release 3: Entities views 

 

 

Table 3.9: Release plan 3 

 

 
 

Release 3 of smart city will have functionality to view entities related to Brisbane city 

(Table 3.9). Depending on user rights, a user should be able to view entities for which 

they have appropriate rights. On the other hand if a user has no rights to view an entity 

then that entity can not be viewed by that user. 

 

A student will have the right to view colleges, libraries and city information (malls, 

restaurants, parks, zoos, and museums). A student can also view city map. 

 

A businessman will have the right to view hotels, and industries in the city. A 

businessman can also view city information (malls, restaurants, parks, zoos, and 

museums). A businessman can also view city map. 

 

A tourist will have the right to view hotels in the city. A tourist can also view city 

information (malls, restaurants, parks, zoos, and museums). A tourist can also view city 

map. 
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3.4.3 Sprint planning 

 

In the Release planning, we have tentatively placed user stories with their story points 

and priorities. When a Sprint starts, the customer sets priority of the user story. The 

project team first takes the user story with highest priority. The lower priority user stories 

are taken later after implementing the higher priority user story. 

 

 

Sprint 1 

 

 

Table 3.10: Sprint 1 plan 

 

 

 
 

In Sprint 1, the project team is supposed to implement 8 story points (Table 3.10). Since 

each Sprint is of 2 weeks duration, the velocity of the project team should be around one 

story point per 2 days or more. The velocity for the first Sprint has been kept on the lower 

side as team will take some time to work cohesively and will be more productive from 

subsequent Sprints. 

 

 

Sprint 2 

 

 

Table 3.11: Sprint 2 plan 
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In Sprint 2, the project team has to implement 12 story points (Table 3.11). Since the 

Sprint duration is 2 weeks, the velocity of the project team should be around 1 story 

points per day. This is understandable as velocity of the project team can pick up after an 

initial Sprint. The project team will now work more cohesively and will have more 

productivity. 

 

Sprint 3 

 

 

Table 3.12: Sprint 3 plan 

 

 
 

 

In Sprint 3, the project team will implement 13 story points (Table 3.12). So velocity 

should be coming at one story point per day.  

 

Sprint 4 

 

 



Software Engineering in the Agile World 
 

 72 

 

Table 3.13: Sprint 4 plan 

 

 
 

 

In Sprint 4 there are 18 story points planned (Table 3.13). More work was planned in this 

Sprint to see if project team can become even more productive. If some work gets 

pending from this Sprint then it can be carried forward to the next Sprint.  

 

Sprint 5 

 

 

 

Table 3.14: Sprint 5 plan 
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There are 11 story points planned in this Sprint (Table 3.14). The project team can 

complete all these story points and also pending story points from previous Sprint. If any 

work could not be completed then it can be carried forward to the next Sprint.  

 

Sprint 6 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3.15: Sprint 6 plan 

 

 
 

The project team needs to complete 15 story points planned for this Sprint (Table 3.15). It 

may be difficult to implement pending story points from previous Sprint as this Sprint 

already looks to have more work planned than velocity of the project team. If any work 

gets pending in this Sprint then it will be implemented in next Sprint. 

 

Sprint 7 

 

 

Table 3.16: Sprint 7 plan 
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The project team needs to complete the 12 story points planned for the Sprint (Table 

3.16). Since less work is planned in this Sprint; any pending work from previous Sprint 

can also be done here.  

 

Sprint 8 

 

 

Table 3.17: Sprint 8 plan 

 

 
 

In this Sprint, the upload map functionality needs to be implemented (Table 3.17). Since 

this functionality is different from other software product features; implementing it is a 

challenge. This functionality is also more complex. So; 9 story points have been allocated 

for this product feature.  

 

 

Sprint 9 

 

 

Table 3.18 Sprint 9 plan 
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The view of entities functionalities are being implemented in this Sprint (Table 3.18). 

These product features are not difficult to implement. So the project team will not have 

any difficulty in completing all story points planned for this Sprint.  

 

Sprint 10 

 

 

Table 3.19: Sprint 10 plan 
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In this Sprint 19 story points are planned (Table 3.19). Since the project team has a 

velocity of implementing 1 story point per day, it is not possible to implement 19 story 

points in this Sprint. Since this is the last Sprint, the project team will be given 3 extra 

days to implement all story points for this Sprint. 

 

3.4.4 Daily planning 

 

On projects based on Scrum, daily planning is an integral part of project work. We have 

found out that velocity of our team is around 1 story point implementation in every single 

day. To ensure that our team is able to maintain this speed of software development, 

every hurdle is resolved in the daily meetings.  
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The team used to meet for 15 minutes to half an hour in the morning to plan for the day. 

If some hurdles were encountered and pending work is there then the Scrum master also 

helps in resolving those issues and thus ensuring that project delays do not occur.  

 

 

3.5 Chapter summary 

 

Software project planning is a set of activities which should be done first on any software 

project. For Waterfall based projects, project planning is done for the entire project. Each 

and every project task is planned before project execution can start. As a part of project 

planning, you need to find out the project schedule, and then plan for resource and 

budget. To find the project schedule, you need to create a work breakdown structure 

(WBS) consisting of all project tasks. Care should be taken to make these project tasks 

manageable so that they can be tracked easily when the project starts executing. Effort 

estimates should also be made for these tasks so that task durations can be calculated. 

Once WBS is created then project schedule can be drawn using Critical Path Method 

(CPM). Once project schedule is ready, resource planning can be done. Once resource 

planning is done then project budget can be calculated. Some of the tools and techniques 

used for project planning include Gantt chart, CPM, Goldratt’s critical chain method etc. 

 

For Agile projects, project planning is done differently. Project work is done inside time 

boxes of fixed duration which are known as Sprints. Instead of fixing effort required for 

the project, the time duration for project tasks inside each Sprint is fixed. To ensure 

important software product features are implemented inside a Sprint, user stories are 

given priorities by the customer. The project team implements the higher priority user 

stories first in a Sprint. If time permits then the lower priority user stories are taken for 

implementation.  

 

On Agile projects, a software product is delivered to the market faster by having smaller 

sized software product quickly. Later software product features are added by having 

many releases of the software product. These releases are planned under release planning. 

A release of the software product can have many Sprints.  

 

On Agile projects, daily planning is also done to fine tune Sprint plans. Average daily 

project work is calculated from velocity of the project team and the number of story 

points to be implemented in a Sprint.  

 

 

3.6 Questions 

 

1. What is velocity? 

2. What is a story point? 

3. What is a Release plan? 

4. Why project planning is important? 
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5. What is a daily plan? 

6. How project planning is different on Agile projects as compared to that for 

Waterfall projects? 

7. What is a Gantt chart? 

8. What is Critical Path Method (CPM)? 

9. What is Work Breakdown Structure (WBS)? 

10. How resource planning is done on Waterfall projects? 

11. How budget is planned on Waterfall projects? 

 

 

3.7 Further reading 

 

1. Mastering software project management, Murali Chemuturi, Thomas M. Cagley, 

J. Ross Publishing, 2010 

2. Software project management for dummies, Teresa Luckey, Joseph Philips, John 

Wiley & Sons, 2011 

3. Applied software project management, Andrew Stellman, Jennifer Greene, 

O’Reilly Media Inc., 2005 

4. Software project management, Bob Hughes, Mike Cotterell, Tata McGraw-Hill 

Education, 1968 

5. Effective software project management, Robert K. Wysocki, John Wiley & Sons, 

2010 

6. Software project management: a concise study, S. A. Kelkar, PHI Learning Pvt. 

Ltd., 2012 

7. Software project management in practice, Pankaj Jalote, Addison-Wesley 

Professional, 2002 

8. The complete software project manager: mastering technology from planning to 

launch and beyond, Anna P. Murray, John Wiley and sons, 2016 

9. Software project management: a process driven approach, Ashfaque Ahmed, CRC 

Press, 2016 
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