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UNIT I 

 

SOFTWARE PROCESS 

a process is defined as a collection of work activities, actions, and tasks that are 

performed when some work product is to be created. Each of these activities, 

actions, and tasks reside within a framework or model that defines their 

relationship with the process and with one another. 

The software process is represented schematically in Figure 2.1. Referring to the 

figure, each framework activity is populated by a set of software engineering 

actions. 

 

Each software engineering action is defined by a task set that identifies the work 

tasks that are to be completed, the work products that will be produced, the quality 

assurance points that will be required, and the milestones that will be used to 

indicate progress. a generic process framework for software engineering defines 

five framework activities—communication, planning, modeling, construction, and 

deployment. In addition, a set of umbrella activities—project tracking and control, 

risk management, quality assurance, configuration management, technical reviews, 

and others—are applied throughout the process. 

You should note that one important aspect of the software process has not yet been 

discussed. This aspect—called process flow—describes how the framework 

activities and the actions and tasks that occur within each framework activity are 

organized with respect to sequence and time. 



 

The existence of a software process is no guarantee that software will be delivered 

on time, that it will meet the customer‘s needs, or that it will exhibit the technical 

characteristics that will lead to long-term quality characteristics. Process patterns 

must be coupled with solid software engineering practice In addition, the process 

itself can be assessed to ensure that it meets a set of basic process criteria that have 

been shown to be essential for a successful software engineering. 

A number of different approaches to software process assessment and 

improvement have been proposed over the past few decades:  

Standard CMMI Assessment Method for Process Improvement 



(SCAMPI)—provides a five-step process assessment model that incorporates five 

phases: initiating, diagnosing, establishing, acting, and learning. The SCAMPI 

method uses the SEI CMMI as the basis for assessment CMM-Based Appraisal for 

Internal Process Improvement (CBA IPI)— provides a diagnostic technique for 

assessing the relative maturity of a software organization. 

SPICE (ISO/IEC15504)—a standard that defines a set of requirements for software 

process assessment. The intent of the standard is to assist organizations in 

developing an objective evaluation of the efficacy of any defined software process. 

ISO 9001:2000 for Software—a generic standard that applies to any organization 

that wants to improve the overall quality of the products, systems, or services that 

it provides. Therefore, the standard is directly applicable to software organizations 

and companies. 

 

Process Models 

All software process models can accommodate the generic framework activities, 

but each applies a different emphasis to these activities and defines a process flow 

that invokes each framework activity (as well as software engineering actions and 

tasks) in a different manner. 

 

The Waterfall Model 
There are times when the requirements for a problem are well understood—when 

work flows from communication through deployment in a reasonably linear 

fashion. This situation is sometimes encountered when well-defined adaptations or 

enhancements to an existing system must be made (e.g., an adaptation to 

accounting software that has been mandated because of changes to government 

regulations). It may also occur in a limited number of new development efforts, but 

only when requirements are well defined and reasonably stable. The waterfall 

model, sometimes called the classic life cycle, suggests a systematic, sequential 

approach to software development that begins with customer specification of 

requirements and progresses through planning, modeling, construction, and 

deployment, culminating in ongoing support of the completed software (Figure 

2.3). A variation in the representation of the waterfall model is called the V-model. 

Represented in Figure 2.4, 



 

The waterfall model is the oldest paradigm for software engineering. However, 

over the past three decades, criticism of this process model has caused even ardent 

supporters to question its efficacy [Han95]. Among the problems that are 

sometimes encountered when the waterfall model is applied are: 

1. Real projects rarely follow the sequential flow that the model proposes. 

Although the linear model can accommodate iteration, it does so indirectly. As a 

result, changes can cause confusion as the project team proceeds. 

2. It is often difficult for the customer to state all requirements explicitly. The 

waterfall model requires this and has difficulty accommodating the natural 

uncertainty that exists at the beginning of many projects. 

3. The customer must have patience. A working version of the program(s) will not 

be available until late in the project time span. A major blunder, if undetected until 

the working program is reviewed, can be disastrous. 

 

In an interesting analysis of actual projects, Bradac [Bra94] found that the linear 

nature of the classic life cycle leads to ―blocking states‖ in which some project 

team members must wait for other members of the team to complete dependent 

tasks. In fact, the time spent waiting can exceed the time spent on productive work! 

The blocking states tend to be more prevalent at the beginning and end of a linear 

sequential process. Today, software work is fast-paced and subject to a never-

ending stream of changes (to features, functions, and information content). The 

waterfall model is often inappropriate for such work. However, it can serve as a 

useful process model in situations where requirements are fixed and work is to 

proceed to completion in a linear manner. 
 

Incremental Process Models 
There are many situations in which initial software requirements are reasonably 

well defined, but the overall scope of the development effort precludes a purely 

linear process. In addition, there may be a compelling need to provide a limited set 

of software functionality to users quickly and then refine and expand on that 

functionality in later software releases. In such cases, you can choose a process 



model that is designed to produce the software in increments. The incremental 

model combines elements of linear and parallel process flows discussed in Section 

2.1. Referring to Figure 2.5, the incremental model applies linear sequences in a 

staggered fashion as calendar time progresses. Each linear sequence produces 

deliverable ―increments‖ of the software [McD93] in a manner that is similar to the 

increments produced by an evolutionary process flow (Section 2.3.3). For example, 

word-processing software developed using the incremental paradigm might deliver 

basic file management, editing, and document production functions in the first 

increment; more sophisticated editing and document production capabilities in the 

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

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

process flow for any increment can incorporate the prototyping paradigm. 

 

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

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

known, others unknown) remain undelivered. The core product is used by the 

customer (or undergoes detailed evaluation). As a result of use and/or evaluation, a 

plan is developed for the next increment. The plan addresses the modification of  

he core product to better meet the needs of the customer and the delivery of 

additional features and functionality. This process is repeated following the 

delivery of each increment, until the complete product is produced.  

The incremental process model focuses on the delivery of an operational product 

with each increment. Early increments are stripped-down versions of the final 

product, but they do provide capability that serves the user and also provide a 

platform for evaluation by the user. Incremental development is particularly useful 

when staffing is unavailable for a complete implementation by the business 

deadline that has been established for the project. Early increments can be 

implemented with fewer people. If the core product is well received, then 

additional staff (if required) can be added to implement the next increment. In 

addition, increments can be planned to manage technical risks. For example, a 

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

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

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

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

Evolutionary Process Models 
Software, like all complex systems, evolves over a period of time. Business and 

product requirements often change as development proceeds, making a straight line 

path to an end product unrealistic; tight market deadlines make completion of a 



comprehensive software product impossible, but a limited version must be 

introduced to meet competitive or business pressure; a set of core product or 

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

extensions have yet to be defined. In these and similar situations, you need a 

process model that has been explicitly designed to accommodate a product that 

evolves over time. Evolutionary models are iterative. They are characterized in a 

manner that enables you to develop increasingly more complete versions of the 

software. In the paragraphs that follow, I present two common evolutionary 

process models. 

 

Spiral Model.  
Originally proposed by Barry Boehm [Boe88], the spiral model is an evolutionary 

software process model that couples the iterative nature of prototyping with the 

controlled and systematic aspects of the waterfall model. It provides the potential 

for rapid development of increasingly more complete versions of the software. 

Boehm [Boe01a] describes the model in the following manner: The spiral 

development model is a risk-driven process model generator that is used to guide 

multi-stakeholder concurrent engineering of software intensive systems. It has two 

main distinguishing features. One is a cyclic approach for incrementally growing a 

system‘s degree of definition and implementation while decreasing its degree of 

risk. The other is a set of anchor point milestones for ensuring stakeholder 

commitment to feasible and mutually satisfactory system solutions. Using the 

spiral model, software is developed in a series of evolutionary releases. During 

early iterations, the release might be a model or prototype. During later iterations, 

increasingly more complete versions of the engineered system are produced. 



 

 

A spiral model is divided into a set of framework activities defined by the 

software engineering team. For illustrative purposes, I use the generic framework 

activities discussed earlier. Each of the framework activities represent one segment 

of the spiral path illustrated in Figure 2.7. As this evolutionary process begins, the 

software team performs activities that are implied by a circuit around the spiral in a 

clockwise direction, beginning at the center. Risk (Chapter 28) is considered as 

each revolution is made. Anchor point milestones—a combination of work 

products and conditions that are attained along the path of the spiral—are noted for 

each evolutionary pass. The first circuit around the spiral might result in the 

development of a product specification; subsequent passes around the spiral might 

be used to develop a prototype and then progressively more sophisticated versions 

of the software. Each pass through the planning region results in adjustments to the 

project plan. Cost and schedule are adjusted based on feedback derived from the 

customer after delivery. In addition, the project manager adjusts the planned 

number of iterations required to complete the software. 

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

can be adapted to apply throughout the life of the computer software. Therefore, 

the first circuit around the spiral might represent a ―concept development project‖ 

that starts at the core of the spiral and continues for multiple iterations10 until 

concept development is complete. If the concept is to be developed into an actual 

product, the process proceeds outward on the spiral and a ―new product 

development project‖ commences. The new product will evolve through a number 



of iterations around the spiral. Later, a circuit around the spiral might be used to 

represent a ―product enhancement project.‖ In essence, the spiral, when 

characterized in this way, remains operative until the software is retired. There are 

times when the process is dormant, but whenever a change is initiated, the process 

starts at the appropriate entry point (e.g., product enhancement). 

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

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

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

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

enables you to apply the prototyping approach at any stage in the evolution of the 

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

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

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

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

become problematic. 

 

One or more of the process models discussed in the preceding sections must be 

adapted for use by a software team. To accomplish this, process technology tools 

have been developed to help software organizations analyze their current process, 

organize work tasks, control and monitor progress, and manage technical quality. 

Process technology tools allow a software organization to build an automated 

model of the process framework, task sets, and umbrella activities. The model, 

normally represented as a network, can then be analyzed   determine typical 

workflow and examine alternative process structures that might lead to reduced 

development time or cost. Once an acceptable process has been created, other 

process technology tools can be used to allocate, monitor, and even control all 

software engineering activities, actions, and tasks defined as part of the process 

model. Each member of a software team can use such tools to develop a checklist 

of work tasks to be performed, work products to be produced, and quality 

assurance activities to be conducted. The process technology tool can also be used 

to coordinate the use of other software engineering tools that are appropriate for a 

particular work task. 

 

Software Measurements 

Software is measured to: 

 Establish the quality of the current product or process. 

 To predict future qualities of the product or process. 

 To improve the quality of a product or process. 



 To determine the state of the project in relation to budget and schedule. 

Measurements and Metrics A measurement is an indication of the size, quantity, 

amount or dimension of a particular attribute of a product or process. For example 

the number of errors in a system is a measurement. 

A Metric is a measurement of the degree that any attribute belongs to a system, 

product or process. For example the number of errors per person hours would be a 

metric. 

Thus, software measurement gives rise to software metrics. 

Metrics are related to the four functions of management: 

 Planning 

 Organising 

 Controlling 

 Improving 

Metric Classification Software metrics can be divided into two categories; product 

metrics and process metrics. 

Product metrics are used to assess the state of the product, tracking risks and 

discovering potential problem areas. The team's ability to control quality is 

assessed. 

Process metrics focus on improving the long term process of the team or 

organization. 

Goal Question Metric 

The GQM, developed by Dr. Victor Bassili defines a top-down, goal oriented 

framework for software metrics. It approaches software measurement using a three 

level model; conceptual, operational, and quantitative. At the conceptual level, 

goals are set prior to metrics collection. According to the GQM organizational 

goals are understood to shape project goals. Organizational goals may be set by 

upper management or by organization stakeholders. To establish Project goals 

Brainstorming sessions by the project team may be used. At the operational level, 

for each goal question(s) are established which when answered will indicate if the 

goal has been achieved. Finally, at the quantitative level, each question has a set of 

data associated with it which allow it to be answered in a quantitative way.  

The GQM is described as a seven step process. (Some authors give a different 

number of steps, leaving out step 7 or merging two steps into one). The first three 



steps are crucial and correspond to the main activities at each level in the model as 

described above. 

GQM Steps 

Step 1. Develop a set of Goals 

Develop goals on corporate, division, or project level. These goals can be 

established from brainstorming sessions involving project team members, or they 

may be set by organizational goals or from stakeholder's requirements. 

 

Step 2. Develop a set of questions that characterize the goals.  

From each goal a set of questions is derived which will determine if each goal is 

being met. 

Step 3. Specify the Metrics needed to answer the questions.  

From each question from step two it is determined what needs to be measured to 

answer each question adequately. 

Step 4. Develop Mechanisms for data Collection and Analysis 

It must be determined: 

 Who will collect the data? 

 When will the data be collected? 

 How can accuracy and efficiency be ensured? 

 Who will be the audience? 

Step 5. Collect Validate and Analyze the Data. 

The data may be collected manually or automatically. Metrics data can be 

portrayed graphically to enhance understanding. 

Step 6. Analyze in a Post Mortem Fashion 

Data gathered is analyzed and examined to determine its conformity to the goals. 

Based on the findings here recommendations are made for future improvements. 

Step 7. Provide Feedback to Stakeholders 

The last step, providing feedback to the stakeholders is a crucial step in the 

measurement process. It is essentially the purpose behind the previous six steps. 

Feedback is often presented in the form of one goal per page with the questions, 

metrics and graphed results. 

 



Metrics in Project Estimation 

Software metrics are a way of putting a value/measure on certain aspects of 

development allowing it to be compared to other projects. These values have to be 

assessed correctly otherwise they will not give accurate measurements and can lead 

to false estimations, etc. 

 

Metrics are used to maintain control over the software development process. It 

allows managers to manage resources more efficiently so the overall team would 

be more productive. Some examples of metrics include Size Projections like 

Source Byte Size, Source Lines of Code, Function pointers, GUI Features and 

other examples are Productivity Projections such as Productivity Metrics. 

 

The metrics can be used to measure size, cost, effort, product quality of a project as 

well as putting a value on the quality of the process taken and personal 

productivity. There are certain factors that have to be taken into account when 

comparing different projects with each other using metrics. If one project has was 

written in a different language then the number of lines of code could be 

significantly different or perhaps the larger project has many more errors and bugs 

in it. Measurements such as Function Pointers give a better indication because they 

are the actual methods that are in the project rather than the amount of lines. 

 

Using metrics companies can make much better estimations on the cost, length, 

effort, etc of a project which leads to them giving a more accurate view of the 

overall project. This better view will allow the company to bid for projects more 

successfully, make projects more likely to succeed and will greatly reduce the risk 

of late delivery, failure, being penalised for late delivery, bankruptcy, etc. 

 

The processes that manage the project and its code can have issues such as build 

failures, patches needed, etc that can affect the software metric's measures. By 

using ISO 9000 this can help alleviate these issues. 

 

For smaller companies where customer retention is important, using metrics to 

better the software development process and improve on overall project quality, 

delivery time, etc will make the customers happy which may lead to continued 

business. 

 



Size Projections 

Source Byte Size 

Source Byte Size is a measure of the actual size of the source code data (e.g. in 

Kilobytes). It measures the file size vs. packages, classes, methods, etc. 

 

The overall byte size of the project can be estimated which would give a better 

indication of the type/size of hardware needed to use the software. This becomes 

an issue on systems/devices where they are of a limited nature (e.g. watch, washing 

machine, intelligent fridge, etc) 

 

The byte size of the source code would vary greatly depending on which 

programming language was used to develop it. For example a program developed 

in Java could be much smaller than the same program coded in COBOL. 

 

If we were to compare executable byte size of programs written in different 

languages we would see that there would be a difference too. The compiler 

compiles source code into byte code so different compilers would give out 

different executable file sizes. 

 

As more development is done and the project increases, the overall byte size of the 

project increases. This will give estimations on how much space is needed to store, 

backup, etc the source files and also the size of transfers over the network. 

Although this is not much of a problem these days with the cost of storage, transfer 

bandwidth, etc being so cheap, it is a metric that can be used for this type of 

estimation (storage). 

 

As the byte size builds up, searching and indexing will take slightly longer every 

time it increases. 

Source Lines of Code (SLOC) 

SLOC gives the size of the project by counting all the lines of source code in a 

project. It is used to measure effort both before as an estimate and after as an actual 

value. It comes from the days of FORTRAN and assembly coding. 

 

SLOC gives a much clearer image to developers on the size of the project. 



 

When code is written, integration and unit testing can be performed so measures of 

programming productivity and quality can be assessed. 

 

Source lines of code themselves are not as meaningful as the other metrics. Just 

because one project has more lines of code than another does not make it more 

complex or give it a better quality rating. When using number of lines of code as a 

metric, other metrics would need to be used such as product quality. When product 

quality is looked at with number of lines of code, it gives a much better reflection 

on the overall project‘s quality; radio of good code to buggy code; efficiency of the 

code; etc. 

 

Source lines of code can be measured from another point of view. This is the 

measuring the actual number of lines of code written in a specific amount of time. 

When looking at a project level, the number of lines of code that is measured 

would typically come from the overall lines of code written throughout the project 

within a specific amount of time. 

If the SLOC metric was being applied to an individual developer or a team then the 

number of lines of code would obviously be measured on the lines written by the 

developer or team respectively. 

 

When developers use auto-generated code (from GUI designers, frameworks, etc) 

it can lead to incorrect productivity measures. These lines of code should be 

removed from the calculation to give a better indication of the actual number of 

lines written by the developer/team. 

 

When using SLOC to assess different projects written in different programming 

languages it cannot be taken directly. This is because different programming 

languages can take more/less lines to do the same functions. The measure of 

number of lines of code need to be condensed/expanded so more meaningful 

values can be assessed. The use of function points would give a better indication 

because the number of function points would remain the same (i.e. a function point 

may take 10 lines in C# and 30 lines in FORTRAN but there still is only one 

function). Since the number of lines of code would be different, even for the same 

functionality, the effort required would be completely different. 

 

When comparing projects by using SLOC, then it is far more useful if there are 

orders of magnitudes between them. 



 

There are two ways to measure lines of code: 

 

1. Physical SLOC = Lines of Source Code + Comments + Blank lines1 

2. Logical SLOC = Number of lines of functional code (―statements‖) 
1
 if blank lines are less the 25% of the section. 

 

Names of SLOC measures: 

 K-LOC – 1,000 Lines of Code 

 K-DLOC - 1,000 Delivered Lines of Code 

 K-SLOC - 1,000 Source Lines of Code 

 M-LOC - 1,000,000 Lines of Code 

 G-LOC - 1,000,000,000 Lines of Code 

 T-LOC - 1,000,000,000,000 Lines of Code 

[K – Kilo, M – Mega, G – Giga, T – Tera] 

Function Points 

Function Point metric was described by Alan J. Albrecht in 1979 at IBM and 

official release was in 1984 available for the community. This is a relatively old 

technique for measurement of certain software module or property. Function Point 

Analysis (FPA) is a technique accepted by International Organization for 

Standards (ISO) for measuring functional size of Information Systems (IS). 

Function Point is a measurement unit or software metric for FPA that is the end-

user analysis of the functions needed for the software. FPA doesn‘t take into an 

account technology used for the software project, programming language or tools. 

Function Points are grouped into five types of functionality: 

 Internal Logical Files – logical data that is nurtured inside the application. 

 External Interface Files – logical data that resides outside the application but is 

restrained with the application that is measured. 

 External Input – preservation, management and processing of logical data 

through external input through peripherals and other sources. 

 External Output – logical output of data by application. 

 External Inquiries – requests and responses for external data procedures. 

 Each of those types of functionality is given metric called weighting factor. 

Those weighted functions are known as Unadjusted Function Points (UFPs). 



Reviewing fourteen General System Characteristics (GSCs) and the summing 

those assessed GSCs we get Degree of Influence (DI). Technical Complexity 

Factor (TCF) is 0.65 + 0.01 * DI, further Function Points are calculated UFP‘s 

* TCF. Implementation of Function Point metrics is a very effective way to 

measure the size of the software at the beginning of the development phase 

after establishing needs and requirements of the software. Since late 70‘s up to 

nowadays software engineering has been developing and many of the ‗function 

points‘ have been outdated or less relevant to modern software development 

moving from procedural programming practice to object oriented. 

Objects 

In software development was a need for application extensibility and software 

reuse. Object Oriented languages like Java and C++ makes it possible to develop 

applications that are easy to change, add a new functionality by reusing existing 

resources. By the reuse of existing resources we have to manage dependencies that 

are between modules of the application and cause of the changes that may arise 

through the dependencies. These factors are described as software package metrics 

that are derived from: 

 Class Cohesion – a measurement for the unity of purpose in the object or class; 

elements within the class or object should make as much purpose as possible. 

 Coupling – dependency that are between two or more classes that are heavily 

related together. Changing one class may force drastic changes in other classes 

that are highly coupled together. Low coupling is by changing one class doesn‘t 

require any changes in another classes or modules because modules 

communicate together through well established interfaces. 

 Cardinality – number of objects in the relationship between classes. 

 Open-Closed Principle (OCP) – one of the most important principles of object 

oriented design. OCP means opened for module extension and closed from 

modification (changing the source code of the module). 

 Single Responsibility – changes may occur in the class domain logic or format, 

we need to minimize those reasons by separating the class into two or more 

classes, if we need to introduce a change. This change won‘t affect the whole 

class or module by placing into two separate responsibilities. 

 Dependency Inversion Principle (DIP) or Inversion of Control – dependency 

upon abstraction but not upon concretion. Every dependency should target 

interface or abstract class. 

 Interface Segregation Principle – creation of many client specific interfaces is 

better that general purpose interface. This is because if many clients depend on 



the functions of the same class that require change and recompilation of the 

project. 

 Listkov Substitution Principle – subclasses or derived classes should be 

substitutable for their base classes; the user of the base class should function if 

the derived class of the base class is passed to the base class. 

There are many other principles that make up software package metrics that define 

measure 

Cost Estimation 

Decomposition 

Cost estimations in general are based on a form of reference data also known as 

Analogy Data. This reference data can be data from previous successful projects, 

consultancy data, available models such as mathematical relationships or 

parametric cost models, and rules-of-thumb in software cost estimations. The apply 

factor of these forms of data depends on the current stage in the software life cycle. 

A combination of these methods can be especially useful in the early conceptual 

stages of development when available models are combined with high-level 

reference data which provide a general concept overview. When the requirements 

and design becomes clearer in a later stage of the project, more specified functional 

decompositions are likely to become the main method of cost estimation. 

Effort Estimates 

In order make a correct estimate of the costs involved in a project it is important to 

make a break down of the required work elements. A good tool to do this could be 

the application of a Work Break-down Structure (WBS). The main initial efforts 

can be decomposed in the following sections: 

 Software Management 

 Software Development 

 Software Systems Engineering 

 Software Engineering 

 Software Test Engineering 

 System-Level Test Support 

 Software Development Test Bed 

 Software System-level Test Support 

 Assembly, Test, Launch Operations (ATLO) Support for flight projects 

 Software Quality Assurance 

 Independent Verification and Validation (IV&V) 



Expert Judgement 

Suitable domain experts provide estimates for fine-grained tasks, and using 

suitable software and statistical tools a reliable measurement is achieved. The 

emphasis is on the knowledge and experience of the expert. 

Lederer and Prasad categorise expert judgement as either intuitive or structured[3]. 

Intuitive expert judgement relies solely on the experience and opinion of the 

expert. Structured judgement for cost estimation also relies on expert knowledge 

but validates estimates using historical data and statistical tools. 

At the task level, work breakdown structures are often used to achieve a high 

degree of granularity of tasks. The chosen expect then provides a range of 

estimated values for the task (actual, best case, worst case). Various statistical 

formulas are applied to these measures to ensure a reasonable result. 

Jørgensen[4] proposes the following steps for estimation experts: 

1. Evaluate estimation accuracy, but avoid high evaluation pressure 

2. Avoid conflicting estimation goals 

3. Ask the estimators to justify and criticize their estimates 

4. Avoid irrelevant and unreliable estimation information 

5. Use documented data from previous development tasks 

6. Find estimation experts with relevant domain background and good 

estimation records 

7. Estimate top-down and bottom-up, independently of each other 

8. Use estimation checklists 

9. Combine estimates from different experts and estimation strategies 

10. Assess the uncertainty of the estimate 

11. Provide feedback on estimation accuracy and development task relations 

12. Provide estimation training opportunities. 

These ideas reflect some of the practices laid out in PSP. 

Estimation by Analogy 

Use Estimation by Analogy (EBA) to identify completed projects and features that 

are similar to a new project and use that historical data to create estimates for the 

cost and effort of a newer project. 

EBA hinges on identifying the 'analogies' between previous projects and planned 

projects. Some software applications exist which can help identify such projects 

(e.g. The ANGEL Project). By identifying a feature or component that is of similar 

https://en.wikiversity.org/wiki/Software_metrics_and_measurement#cite_note-3
https://en.wikiversity.org/wiki/Software_metrics_and_measurement#cite_note-4
http://dec.bournemouth.ac.uk/ESERG/ANGEL/


complexity to a previous feature, and making a reasonable judgement on the 

relative sizes of the feature, an estimation can be arrived at. 

Steve McConnell outlines a five step approach to EBA[5] for a new project as 

follows: 

1. Get Detailed Size, Effort, and Cost Results for a Similar Previous Project 

2. Compare the Size of the New Project to a Similar Past Project 

3. Build Up the Estimate for the New Project's Size as a Percentage of the Old 

Project's Size 

4. Create an Effort Estimate Based on the Size of the New Project Compared to 

the Previous Project 

5. Check for Consistent Assumptions Across the Old and New Projects 

A few key factors govern the accuracy of estimates: 

 Break down the project into relatively detailed features. Measuring too few 

features will not provide enough accuracy, too much detail meanwhile risks 

introducing extraneous elements into the model. 

 Judgment is required when calculating comparisons. Measurements of 

completed projects may need to be adjusted to account for complexity, ability 

or other facts that had a bearing on the outcome of the that project. 

 McConnel stresses that you should resist the temptation to inflate estimates to 

accommodate inherent inaccuracy in estimates. For example, if your estimates 

suggest a figure between 40 and 50 weeks, resist the temptation to 

communicate an effort of 55 weeks. 

Quality concepts 

he drumbeat for improved software quality began in earnest as software became 

increasingly integrated in every facet of our lives. By the 1990s, major 

corporations recognized that billions of dollars each year were being wasted on 

software that didn‘t deliver the features and functionality that were promised. 

Worse, both government and industry became increasingly concerned that a major 

software fault might cripple important infrastructure, costing tens of billions more. 

By the turn of the century, CIO Magazine [Lev01] trumpeted the headline, ―Let‘s 

Stop Wasting $78 Billion a Year,‖ lamenting the fact that ―American businesses 

spend billions for software that doesn‘t do what it‘s supposed to do.‖ 

InformationWeek [Ric01] echoed the same concern: Despite good intentions, 

defective code remains the hobgoblin of the software industry, accounting for as 

much as 45% of computer-system downtime and costing U.S. companies about 

https://en.wikiversity.org/wiki/Software_metrics_and_measurement#cite_note-mac-5


$100 billion last year in lost productivity and repairs, says the Standish Group, a 

market research firm. That doesn‘t include the cost of losing angry customers.  

 

Because IT shops write applications that rely on packaged infrastructure software, 

bad code can wreak havoc on custom apps as well. . . . Just how bad is bad 

software? Definitions vary, but experts say it takes only three or four defects per 

1,000 lines of code tomakea program perform poorly. Factor in that most 

programmers inject about one error for every 10 lines of code they write, multiply 

that by the millions of lines of code in many commercial products, then figure it 

costs software vendors at least half their development budgets to fix errors while 

testing.  

In 2005, ComputerWorld [Hil05] lamented that ―bad software plagues nearly every 

organization that uses computers, causing lost work hours during computer 

downtime, lost or corrupted data, missed sales opportunities, high IT support and 

maintenance costs, and low customer satisfaction. A year later, InfoWorld [Fos06] 

wrote about the ―the sorry state of software quality‖ reporting that the quality 

problem had not gotten any better. 

Today, software quality remains an issue, but who is to blame? Customers blame 

developers, arguing that sloppy practices lead to low-quality software. Developers 

blame customers (and other stakeholders), arguing that irrational delivery dates and 

a continuing stream of changes force them to deliver software before it has been 

fully validated. Who‘s right? Both—and that‘s the problem. In this chapter, I 

consider software quality as a concept and examine why it‘s worthy of serious 

consideration whenever software engineering practices are applied. Quality . . . you 

know what it is, yet you don‘t know what it is. But that‘s self-contradictory. But 

some things are better than others; that is, they have more quality. But when you 

try to say what the quality is, apart from the things that have it, it all goes poof!  

 

There‘s nothing to talk about. But if you can‘t say what Quality is, how do you 

know what it is, or how do you know that it even exists? If no one knows what it 

is, then for all practical purposes it doesn‘t exist at all. But for all practical 

purposes it really does exist. What else are the grades based on? Why else would 

people pay fortunes for some things and throw others in the trash pile? Obviously 

some things are better than others . . . but what‘s the betterness? . . . So round and 

round you go, spinning mental wheels and nowhere finding anyplace to get 

traction. What the hell is Quality? What is it? Indeed—what is it?  

 

At a somewhat more pragmatic level, David Garvin [Gar84] of the Harvard 

Business School suggests that ―quality is a complex and multifaceted concept‖ that 

can be described from five different points of view. The transcendental view 



argues (like Persig) that quality is something that you immediately recognize, but 

cannot explicitly define. The user view sees quality in terms of an end user‘s 

specific goals. If a product meets those goals, it exhibits quality. The 

manufacturer‘s view defines quality in terms of the original specification of the 

product. If the product conforms to the spec, it exhibits quality. The product view 

suggests that quality can be tied to inherent characteristics (e.g., functions and 

features) of a product. Finally, the value-based view measures quality based on 

how much a customer is willing to pay for a product. In reality, quality 

encompasses all of these views and more. 

 

Software quality 

Even the most jaded software developers will agree that high-quality software is an 

important goal. But how do we define software quality? In the most general sense, 

software quality can be defined1 as: An effective software process applied in a 

manner that creates a useful product that provides measurable value for those who 

produce it and those who use it. 

There is little question that the preceding definition could be modified or extended 

and debated endlessly. For the purposes of this book, the definition serves to 

emphasize three important points: 

 

1. An effective software process establishes the infrastructure that supports any 

effort at building a high-quality software product. The management aspects of 

process create the checks and balances that help avoid project chaos—a key 

contributor to poor quality. Software engineering practices allow the developer to 

analyze the problem and design a solid solution—both critical to building high-

quality software. Finally, umbrella activities such as change management and 

technical reviews have as much to do with quality as any other part of software 

engineering practice. 

2. A useful product delivers the content, functions, and features that the end user 

desires, but as important, it delivers these assets in a reliable, error-free way. A 

useful product always satisfies those requirements that have been explicitly stated 

by stakeholders. In addition, it satisfies a set of implicit requirements (e.g., ease of 

use) that are expected of all high-quality software. 

3. By adding value for both the producer and user of a software product, high 

quality software provides benefits for the software organization and the end user 

community. The software organization gains added value because high-quality 

software requires less maintenance effort, fewer bug fixes, and reduced customer 

support. This enables software engineers to spend more time creating new 



applications and less on rework. The user community gains added value because 

the application provides a useful capability in a way that expedites some business 

process. The end result is (1) greater software product revenue, (2) better 

profitability when an application supports a business process, and/or (3) improved 

availability of information that is crucial for the business. 

 

ISO 9126 Quality Factors 
The ISO 9126 standard was developed in an attempt to identify the key quality 

attributes for computer software. The standard identifies six key quality attributes: 

Functionality. The degree to which the software satisfies stated needs as indicated 

by the following sub-attributes: suitability, accuracy, interoperability, compliance, 

and security. The amount of time that the software is available for use as indicated 

by the following sub-attributes: maturity, fault tolerance, recoverability. 

1. Usability. The degree to which the software is easy to use as indicated by the 

following sub-attributes: understandability, learnability, operability. 

2. Efficiency. The degree to which the software makes optimal use of system 

resources as indicated by the following sub-attributes: time behavior, 

resource behavior. 

3. Maintainability. The ease with which repair may be made to the software as 

indicated by the following sub-attributes: analyzability, changeability, 

stability, testability. 

4. Portability. The ease with which the software can be transposed from one 

environment to another as indicated by the following sub-attributes: 

adaptability, installability, conformance, replaceability. 

5.  

Like other software quality factors discussed in the preceding subsections, the ISO 

9126 factors do not necessarily lend themselves to direct measurement. However, 

they do provide a worthwhile basis for indirect measures and an excellent checklist 

for assessing the quality of a system. 

Quality Control 
Quality control encompasses a set of software engineering actions that help to 

ensure that each work product meets its quality goals. Models are reviewed to 

ensure that they are complete and consistent. Code may be inspected in order to 

uncover and correct errors before testing commences. A series of testing steps is 

applied to uncover errors in processing logic, data manipulation, and interface 

communication. 

A combination of measurement and feedback allows a software team to tune the 

process when any of these work products fail to meet quality goals. 

 



Formal Technical Reviews 

A formal technical review (FTR) is a software quality control activity performed 

by software engineers (and others). The objectives of an FTR are: (1) to uncover 

errors in function, logic, or implementation for any representation of the software; 

(2) to verify that the software under review meets its requirements; (3) to ensure 

that the software has been represented according to predefined standards; (4) to 

achieve software that is developed in a uniform manner; and (5) to make projects 

more manageable. 

In addition, the FTR serves as a training ground, enabling junior engineers to 

observe different approaches to software analysis, design, and implementation. The 

FTR also serves to promote backup and continuity because a number of people 

become familiar with parts of the software that they may not have otherwise seen. 

The FTR is actually a class of reviews that includes walkthroughs and inspections. 

Each FTR is conducted as a meeting and will be successful only if it is properly 

planned, controlled, and attended. In the sections that follow, guidelines similar to 

those for a walkthrough are presented as a representative formal technical review. 

If you have interest in software inspections, as well as additional information on 

Walkthroughs 

Six Sigma for Software Engineering 
 

Six Sigma is the most widely used strategy for statistical quality assurance in 

industry today. Originally popularized by Motorola in the 1980s, the Six Sigma 

strategy ―is a rigorous and disciplined methodology that uses data and statistical 

analysis to measure and improve a company‘s operational performance by 

identifying and eliminating defects‘ in manufacturing and service-related 

processes‖ [ISI08]. The term Six Sigma is derived from six standard deviations—

3.4 instances (defects) per million 

occurrences—implying an extremely high quality standard. The Six Sigma 

methodology defines three core steps: 

• Define customer requirements and deliverables and project goals via well defined 

methods of customer communication. 

• Measure the existing process and its output to determine current quality 

performance (collect defect metrics). 

• Analyze defect metrics and determine the vital few causes. If an existing software 

process is in place, but improvement is required, Six Sigma suggests two 

additional steps: 

• Improve the process by eliminating the root causes of defects. 

• Control the process to ensure that future work does not reintroduce the 



causes of defects. 

These core and additional steps are sometimes referred to as the DMAIC (define, 

measure, analyze, improve, and control) method. If an organization is developing a 

software process 

If an organization is developing a software process (rather than improving an 

existing process), the core steps are augmented as follows: 

• Design the process to (1) avoid the root causes of defects and (2) to meet 

customer requirements. 

• Verify that the process model will, in fact, avoid defects and meet customer 

requirements. 

This variation is sometimes called the DMADV (define, measure, analyze, design, 

and verify) method. A comprehensive discussion of Six Sigma is best left to 

resources dedicated to the 
subject. 

Software Reliablity 
There is no doubt that the reliability of a computer program is an important 

element of its overall quality. If a program repeatedly and frequently fails to 

perform, it matters little whether other software quality factors are acceptable.  

 

Software reliability, unlike many other quality factors, can be measured directly 

and estimated using historical and developmental data. Software reliability is 

defined in statistical terms as ―the probability of failure-free operation of a 

computer program in a specified environment for a specified time‖ [Mus87]. To 

illustrate, program X is estimated to have a reliability of 0.999 over eight elapsed 

processing hours. In other words, if program X were to be executed 1000 times and 

require a total of eight hours of elapsed processing time (execution time), it is 

likely to operate correctly (without failure) 999 times. 

Whenever software reliability is discussed, a pivotal question arises: What is meant 

by the term failure? In the context of any discussion of software quality and 

reliability, failure is nonconformance to software requirements. Yet, even within 

this definition, there are gradations. Failures can be only annoying or catastrophic. 

One failure can be corrected within seconds, while another requires weeks or even 

months to correct. Complicating the issue even further, the correction of one 

failure may in fact result in the introduction of other errors that ultimately result in 

other failures. 
 

Software Safety 
Software safety is a software quality assurance activity that focuses on the 

identification and assessment of potential hazards that may affect software 



negatively and cause an entire system to fail. If hazards can be identified early in 

the software process, software design features can be specified that will either 

eliminate or control potential hazards. 

A modeling and analysis process is conducted as part of software safety. Initially, 

hazards are identified and categorized by criticality and risk. For example, some of 

the hazards associated with a computer-based cruise control for an automobile 

might be: (1) causes uncontrolled acceleration that cannot be stopped, (2) does not 

respond to depression of brake pedal (by turning off), (3) does not engage when 

switch is activated, and (4) slowly loses or gains speed. Once these system-level 

hazards are identified, analysis techniques are used to assign severity and 

probability of occurrence. To be effective, software must be analyzed in the 

context of the entire system. For example, a subtle user input error (people are 

system components) may be magnified by a software fault to produce control data 

that improperly positions a mechanical device. If and only if a set of external 

environmental conditions is met, the improper position of the mechanical device 

will cause a disastrous failure. Analysis techniques [Eri05] such as fault tree 

analysis, real-time logic, and Petri net models can be used to predict the chain of 

events that can cause hazards and the probability that each of the events will occur 

to create the chain.  

 

Once hazards are identified and analyzed, safety-related requirements can be 

specified for the software. That is, the specification can contain a list of 

undesirable events and the desired system responses to these events. The role of 

software in managing undesirable events is then indicated. 

 

Although software reliability and software safety are closely related to one another, 

it is important to understand the subtle difference between them. Software 

reliability uses statistical analysis to determine the likelihood that a software failure 

will occur. However, the occurrence of a failure does not necessarily result in a 

hazard or mishap. Software safety examines the ways in which failures result in 

conditions that can lead to a mishap. That is, failures are not considered in a 

vacuum, but are evaluated in the context of an entire computer-based system and 

its environment. 
 

ISO 9000 

A quality assurance system may be defined as the organizational structure, 

responsibilities, procedures, processes, and resources for implementing quality 

management [ANS87]. Quality assurance systems are created to help organizations 



ensure their products and services satisfy customer expectations by meeting their 

specifications. These systems cover a wide variety of activities encompassing a 

product‘s entire life cycle including planning, controlling, measuring, testing and 

reporting, and improving quality levels throughout the development and 

manufacturing process.  

ISO 9000 describes quality assurance elements in generic terms that can be applied 

to any business regardless of the products or services offered. To become 

registered to one of the quality assurance system models contained in ISO 9000, a 

company‘s quality system and operations are scrutinized by third-party auditors for 

compliance to the standard and for effective operation. Upon successful 

registration, a company is issued a certificate from a registration body represented 

by the auditors. Semiannual surveillance audits ensure continued compliance to the 

standard. 

The requirements delineated by ISO 9001:2000 address topics such as 

management responsibility, quality system, contract review, design control, 

document and data control, product identification and traceability, process control, 

inspection and testing, corrective and preventive action, control of quality records, 

internal quality audits, training, servicing, and statistical techniques. In order for a 

software organization to become registered to ISO 9001:2000, it must establish 

policies and procedures to address each of the requirements just noted (and others) 

and then be able to demonstrate that these policies and procedures are being 

followed. 

 

SQA 

The SQA Plan provides a road map for instituting software quality assurance. 

Developed by the SQA group (or by the software team if an SQA group does not 

exist), the plan serves as a template for SQA activities that are instituted for each 

software project. A standard for SQA plans has been published by the IEEE 

[IEE93]. The standard recommends a structure that identifies: (1) the purpose and 

scope of the plan, (2) a description of all software engineering work products (e.g., 

models, documents, source code) that fall within the purview of SQA, (3) all 

applicable standards and practices that are applied during the software process, (4) 

SQA actions and tasks (including reviews and audits) and their placement 

throughout the software process, (5) the tools and methods that support SQA 

actions and tasks, (6) software configuration management (Chapter 22) procedures, 

(7) methods for assembling, safeguarding, and maintaining all SQA-related 

records, and (8) organizational roles and responsibilities relative to product quality. 
 


