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Abstract 

The purpose of software testing is to detect errors in the software. The tester should ideally detect all errors  before 
the software is released to the customer. Full test coverage of a program is impossible. “Proving that a program is 
fault free is equivalent to the famous halting problem of computer science, which is known to be impossible” (Paul 
C. Jorgensen. 1995).The main principle of software testing  is the process  of executing a program with the intent of 
finding errors. Software Quality Assurance (SQA) as a ‘planned and systematic pattern of all actions necessary to 
provide adequate confidence that  the item or product conforms to established technical requirements'. SQA does 
this by checking that: plans are defined according to  standards;  procedures are performed according to  plans; 
products are implemented according to standards. 
 
 
1. INTRODUCTION: SOFTWARE TESTING PRINCIPLE 
  
To test the program more thoroughly a tester would need to evaluate the program to detect both types of errors. This 
principle is thus more detailed to “Test the program to see if it does what it is supposed to and to see if does what it 
is not supposed to do”.  Inorder for the tester to find these errors, he will devise a number of tests to execute on the 
software itself. These tests must be based on prior knowledge of the software. The two main thrusts of testing are 
firstly based on the composition of the software, i.e. its internal structure. Secondly based on the business or 
intended purpose of the software, i.e. the functional aspect of the software. 
Based on one of these box test paradigms the tester will write a series of tests (test cases) to detect any errors and to 
evaluate if the outcome of the test meets with the software design. “Invalid and unexpected input data are more 
effective at detecting errors than valid and expected data” (Glenford J. Myers, 2004). The problem here is 
determining whether or not the results of the tests are errors or actual expected results. 
Where errors are detected, it is prudent to test this area of the program in more detail as statistically more errors will 
be present in this area “The probability of the existence of more errors in a section of a program is proportional to 
the number of errors already found in that section” (Glenford J. Myers, 2004). 
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2 .PRINCIPAL TESTING METHODS  
 
2.1 Functional testing (black box)  
 

Functional testing is “testing that ignores the internal mechanism of a system or component and focuses 
solely on the outputs generated in response to selected inputs and execution conditions” (Jerry Zeyu Gao et al, 
2003). Functional testing is directed at executing test cases on the functional requirements of software to determine 
if the results are acceptable.  
“The use of equivalence classes as the basis for functional testing has two motivations: we would like to have the 
sense of complete testing, and at the same time, we would hope that we are avoiding redundancy .The method for 
equivalence classes / partitioning uses two rules:  
 
1. A test case must reduce by more than 1 the number of other test cases that must be developed to achieve 
some predefined goal of reasonable testing.  
2. It covers a large set of other possible test cases, i.e. it tells us something about the presence or absence of 
errors over and above this specific set of input values.  
(Glenford J. Myers, 2004).  
 
The second consideration is used to develop a set of challenging conditions to be tested. The first consideration is 
then used to develop a minimal set of test cases covering these conditions.  
“For the partition testing, input domain will be classified into different disjointed partitions. Ideally, every element 
in each partition has the same possibility to either reveal or hide a fault. But based on programming experiences, this 
is usually not true. Values that are close to the boundary of the partition are more likely to expose errors” (Jerry 
Zeyu Gao et al, 2003). 
Boundary value analysis explores test situations on and around the edges of equivalence classes. The conditions are 
those situations directly on, above and below the edges of input equivalence classes. The two differences between 
Equivalent partitioning and boundary analysis are:  
1. Boundary value analysis requires that each edge requires a test case, equivalence classes uses one input as 
one test case.  
2. The test cases in boundary analysis require the output space to be considered also for test cases. The output 
space of equivalence classes are not considered as test cases.  
Typically, a few rules of thumb can be applied so that both equivalent partitioning and boundary analysis can both 
be applied for test cases that are more comprehensive. The edges that are referred to are generally the upper and 
lower values permitted by an applications input such as the first and last months of the year. The output domain 
must also be considered so that the expected output is achieved and also to explore each alternative unexpected 
output. 
 
2.2 Structural testing (white box)  
There are two benefits of structural testing; the first is the creation of test cases based on the logic of the application. 
The second is the detection of how successful tests are by examining how many different paths through a program 
were executed.  
“In path testing, a major difficulty is that there are too many feasible paths in a program. Path-testing techniques use 
only structural information to derive a finite subset of those paths, and often it is very difficult to derive an effective 
subset of paths” (Jerry Zeyu GAO et al, 2003)  
The use of test cases based on the logic of programs would require a map of the nodes and connecting paths. You 
would also need equivalent methodologies to determine what test cases to create or to determine by some metrics 
how successful the test cases were. To test and evaluate the program the tester should select test data so that each 
path is covered at least once. This does not guarantee that all errors will be detected since there may be a 
substantially large number of paths in the programs logic. As each decision on a path has a subsequent decision on 
the same path the magnitude of nodes and different paths increases from 22 to 2n where n is the number of different 
paths through the code. To increase the rate of error detection a number of metrics can be calculated to evaluate just 
how successful test cases are.  
� Statement coverage  
� Decision Coverage  
� Condition Coverage  
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� Decision-condition coverage  
The complexity of the logic is determined by the number of different nodes and the number of different possible 
paths through the application. The use of the above metrics would enable the tester to determine how much of the 
code has been executed. The test case results demonstrate the likelihood of the future success of the application. 
 
2.3 Grey box testing  
Grey box testing is a blend of white and black box testing. In order to conduct white box testing the code needs to be 
analysed and the paths through the logic mapped out. This is a time consuming and expensive process which would 
typically require tool support. It would be conducted in the more mission critical software systems such as 
aeronautics, automotive and other mission critical systems. Not all software houses have such tools or the time or 
need to go to such depths for analysing the code. However ignoring structural testing and only conducting functional 
tests would leave a large percentage of defects unnoticed until the system goes live. To circumvent this grey box 
testing is used.  
The design or architecture of the system would be used to map out the logic of certain components in the system. 
The developers themselves would typically also be asked for input into how certain modules were coded. This 
information is invaluable in assisting the tester design intuitive positive and negative tests for the system. Test data 
could also be created that would give best coverage of the system.  
The data flow and business organisation of the application under test would also greatly assist the tester to ensure 
that the test cases adequately cover all of the functionality. The design of use cases that depict user scenarios help 
the tester to appreciate the important business rules and to focus on these. The flow of data during the business 
functionality is also critical for testing. “Use cases capture the system‟s functional requirements from the user‟s 
perspective; they also serve as the foundation for developing system test cases”. (William. E. Lewis. 2005) 
 
2.4 Thread Testing  
“An approach most suitable for real-time systems is that of thread testing. The system is segmented into threads 
where software test and construction are interwoven. The modules associated with each thread are coded and tested 
in the order that is defined within the schedule. Integrating the builds will eventually construct the entire system”. 
(De Millo et al. 1987).  
The feasibility of thread testing is dependent on a sequential development process. In a scheduled sequence the 
builds of software should deliver a certain component of functionality. The testing is conducted on each successive 
build or thread, each thread if successful is then integrated into the entire system. The test process is intertwined 
with the development process more closely than with other approaches. The most critical threads should be 
developed and tested first. The schedule for both development and test would overlap on the same components with 
development having a certain amount of lead time. A good visual representation would be a staggered production 
line, where certain components are assembled in a predefined order with one side of the line assembling the 
components with the opposite member conducting quality control checks. By the time that the product reaches the 
end of the line it should be fully complete and approved by quality.  
 
2.5 System Testing  
Subsequent to integration testing a complete system or application has been developed with working interfaces. This 
does not mean that the system is necessarily complete. In order to be satisfied that a system is both entirely complete 
and correct, you would need to be confident that all of its intended functionality exists and that it performs each 
correctly under every foreseeable circumstance that is possible during its operation. System testing is an attempt to 
demonstrate if the program as a whole does meet its stated objective.  
System testing is non trivial and is therefore broken down into many different test types, sometimes referred to as 
higher order tests. Each of the higher order tests targets a particular domain of the system. These domains are likely 
problem areas that could potentially prevent the system performing some of its intended purpose. System testing as 
its name suggests, means that each of the elected higher order tests are executed on the system as a whole.  
It is advantageous for an independent team to perform the system testing including some end users, a representative 
of the development team and of course the testers who have to know the system in its entirety and the target 
audience.  
“When you finish module-testing a program, you have really only just begun the testing process. This is especially 
true of large or complex programs. To complete testing, then some form of further testing is necessary. We call this 
new form higher-order testing. The need for higher-order testing increases as the size of the program increases. The 
reason is that the ratio of design errors to coding errors is considerably higher in large programs than in small 
programs.” (Glenford J. Myers, 2004).  
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3. The Test Process  
The creation of tests and the execution of tests is a process itself, it is also a sub process for the entire development 
effort, “Planning, design and performance of testing activities are carried out throughout the software development 
process. These activites are divided in phases, beginning in the design stage and ending when the software is 
installed at the customer‟s site”. (Daniel Galin, 2004).  
The test process is broken down into activities by individual testers where the main thrust of the test effort is 
concentrated. It is advisable to document the effort in an evolving timeframe where the planning and preparations 
are conducted first with the design and execution of test cases later. The management of the test process is crucial 
for an effective test effort, for individual applications the test process is used on a per project basis.  
“Software testing focuses on test planning, test design, test development, and test execution. Quality control is the 
process and methods used to monitor work and observe whether requirements are met. It focuses on structured 
walkthroughs and inspections to remove defects introduced during the software development lifecycle” (William E. 
Lewis, 2004). The topic of quality control or quality assurance is covered in the next chapter. It is noteworthy that in 
software development company‟s there is frequent confusion over the definition of testing and that of quality 
assurance. The team who perform testing are frequently titled quality assurance or QA, but are responsible for 
testing only. If the company do not have a dedicated quality assurance team then the testing team can bear this 
responsibility in addition to testing. It is because of this reason that I would like to combine test and QA practices 
into one process. This will be covered in chapter six. Currently the traditional testing only process will be discussed. 
 
The testing of a program alone does not guarantee that it will be error free or that it will meet with its intended 
requirements, as these requirements are susceptible to human error. It is a significant leap in the direction of being 
error free. A step further toward being error free is to test or evaluate each stage the development effort to ensure 
that the delivered program meets with its intended purpose and that it does this in a manner that bears well on its 
creators. A high quality program can not be achieved by testing alone; further effort must be made to achieve this. 
The quality of the completed program reflects on the efforts of all project parties, to this end, the quality assurance 
of the program and indeed the part of each party in its creation must be placed under scrutiny. 
 
 
4.  QUALITY ASSURANCE 
 
Quality Assurance has its roots in assuring the quality of a manufactured physical product; this is achieved by 
inspecting the product and evaluating its quality near its completion or at various stages of production. Software 
however is not as tangible as products that are more physical. Typically, a software product is its functionality and 
not its use. There is no physical software product to evaluate; there is code and not always accompanying 
documentation. This “invisible” nature of software adds to the complications of assessing its quality. “Industrial 
products are visible, software products are invisible. Most of the defects in an industrial product can be detected 
during the manufacturing process, however defects in software products are invisible, as in the fact that parts of a 
software package may be absent from the beginning” (Daniel Galin, 2004)  
There are further complications with assessing software quality; this is attributed to its inherent complexity. 
Software systems have grown from standalone systems on a single server to globally networked servers spanning 
multiple countries, and multiple servers. There are now multiple layers to software, where each layer must interface 
with the software layer above and that below before interfacing with other external systems. 
 

4.1 Factors that impact Software Quality  
McCall (1977 quoted in Daniel Galin, 2004, p.37) has identified three different categories of factors that software 
quality can come under. The factors are spread over the lifespan of the application and not only its original 
development.  
The first set of factors is associated with the original operation of the software product by a user. The second set of 
factors is directed towards the revision of the product from an existing product to new or enhanced product and how 
the quality of the original design and code allows for this revision. The last set of factors is concerned with the 
transition of the product to another target environment, such as a new data base or operating system.  
The factors are outlined in each of the tables below:  
Quality Factors for new software development : 
Product operational : Correctness ,maintainability , portability 
Product Revision : Reliability , flexibility , re-usability 
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Product transition  : Efficiency , interoperability ,testability ,integrity 
 
4.2 Software Quality Assurance  
 A planned and systematic pattern of all actions necessary to provide adequate confidence that a software work 
product conforms to established technical requirements.  
A set of activities designed to evaluate the process by which software work products are developed and/or 
maintained.(IEEE quoted in Daniel Galin, 2004) also SEI Carnegie Mello University Glossary of terms for CMM 
Key practices.  
For the purpose of this thesis Software quality assurance (SQA) is considered a process for the measurement of 
deliverables and activities during each stage of the development lifecycle. The objective of SQA is to quantify the 
quality of the products and the activities giving rise to them and also to guide a quality improvement effort. It is 
advantageous to integrate it into the software development process. SQA should also take into consideration the 
maintenance of a product, the technical solution, product budget and scope. Quality assurance differs from quality 
control in that quality control is a set of activities designed to evaluate the quality of a developed or manufactured 
product. The evaluation is conducted during or after the production of the product. Quality assurance however 
reduces the cost of guaranteeing quality by a variety of activities performed throughout the development and 
manufacturing process.  
For the purpose of this thesis I will focus on the following aspects to SQA. Each SQA activity that I discuss is 
modular; the SQA activities take place at each developmental stage of the development lifecycle. The stages are 
categorised into areas for requirements capture, system design and coding and testing and finally release. 
  
1. Verification – The process of evaluating a system or component to determine whether the products of a 
given development phase satisfy the conditions imposed at the start of that phase.  
2. Validation – The process of evaluating a system or component during or at the end of the development 
process to determine whether it satisfies specific requirements  
3. Qualification – The process used to determine whether a system or component is suitable for operational 
use.  
 
During the analysis, design and coding stages of product development the outputs of each stage need to be 
measured, monitored and managed so that each output can be verified against its predefined exit criteria. When the 
final product has completed the coding and integration stages it must be validated against the original user 
requirements and signed off by senior team members as passed validation testing. At each stage of this product 
development the efforts during the development must be improved upon where possible in order to cut costs and 
remain competitive.  
This is not an easy task when what is being produced is a program, which in itself is intangible. This is where the 
complications of software quality assurance lie.  

4.2.1 Verification versus Validation  
Verification originated in the aerospace industry during the design of systems. There are two criteria:  
1. The software must perform all intended functions  
2. The software must not perform any function itself or in combination with other functions that can degrade 
the performance of the system.  
An effective verification effort must show that all requirements have been carried out correctly, this is done by 
testing the requirements against the product buring delivery. These tests can be reexecuted to achieve the same 
results should the system be changed at a later date.  
Verification is showing that a product meet its specified requirements at predefined milestones during the 
development life-cycle. Validation checks that the system meets the customer‟s requirements at the completion of 
the development life cycle. 
  
4.3 Structure of Software Quality Assurance (SQA)  
In order to derive a plan for SQA, we must revisit the elements of software quality assurance. The fundamentals of 
SQA deal with a planned activity to evaluate the development process during its progress. This plan or architecture 
must be placed around the entry to and the output from each stage of the development effort.  
If the location and cause of the software defects or errors are taken into consideration during the software 
development, then there is a starting point for assuring the quality of each stage. These defects can also be 
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considered in relation to the factors that affect the software quality. The classification of the causes of the defects 
can be addressed by SQA.  
 
4.3.1 Planning from the project initiation and project planning stage  
Projects that are carried out „in house‟ are more  susceptible to failure than projects which go under the more formal 
external contract route. For this reason the schedule and budget failures are accompanied by lower than acceptable 
software quality, this is largely due to a more casual attitude to meet deadlines. Contract review can alleviate this by 
ensuring that the correct measures are put in place for the project. Following the contract review, the project plans 
and schedule should be documented. Any risks that are envisaged at this stage should also be documented with a 
probability of occurrence and a mitigation plan identified should the risk occur. 

Risk Management is a contributing factor to software quality should the risks materialise. It is worthwhile for SQA 
to independently evaluate that risk analysis and planning has been performed. “Identification of software risk items 
(SRI) should begin with the actual start of the project (pre-software stage) and be repeated periodically throughout 
the project until its completion”. (Daniel Galin, 2004)  

The evaluation of the identified SRI should be conducted for contingency plans to be put in place. A list of the 
SRI‟s should be compiled and a priority assigned to each risk in terms of determining the risk exposure.  
Risk exposure = Probability of materializing * Estimate damage  
 
 A typical quality plan should contain following items: elements of quality plan: 

1. List of Quality Goals : Quantitative – error severities, Qualitative measurements (Downtime, response 
time, throughput etc ) 

2. Review Activities : Design review, test case reviews, etc 
3. Software tests : Test strategy, plan, test design, environment etc 
4. Acceptance tests : Test strategy, plan, test design, environment etc 
5. Configuration management : Change control, version control etc 

 
4.3.2 Management of the Project life-cycle activities and components  
Software Quality Assurance Defect Removal  
Considering that there are several factors that affect software quality there are a number of activities that can be 
followed to improve the development stages in terms of software quality. The activities are discussed below. : 
 
Reviews  
The foundation of reviews is based on the human disposition to produce errors. The author of a document or code is 
unlikely to discover their own errors irrespective of the number of checks that they conduct. It is necessary for 
independent peers, experts, superiors or customers to conduct a review of the artefact in question.  
“Only others - those having different experiences and points of view, yet not directly involved in creating the 
document are capable of reviewing the product and detecting the errors unnoticed by the development team”. 
(Daniel Galin, 2004. pp. 150)  
 
Formal design review:  
Without the approval of this review the project may not continue on to the next stage.  
“Because the appointment of an appropriate review leader is a major factor affecting the DR‟s success, certain 
characteristics are to be looked for in a candidate for this position”.  
1. Review leader should have experience in development projects of this type.  
2. Seniority at a level similar to the project leader  
3. Have a good relationship with the project lead and the team.  
4. A position external to the project team.  
(Daniel Galin, 2004)  
Galin also mentions the review process in detail and explains what is required for the successful execution of design 
reviews.  
The design review (DR) process consists of the following items:  
� Preparation  
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� DR Session  
� DR Report  
 
Inspections  
Inspections are more formal than reviews.  
1. Inspections should contain professional participants who are acquainted with the language and technology 
being used on the project.  
2. An architect who is responsible for the analysis and design of the system under review.  
3. A coder who is familiar with the code language and who can spot errors.  
4. A Tester who can give a QA perspective who can spot defects that would normally be discovered at testing.  
 
Testing Process  
 It is worth mentioning that the testing must be planned with the project risks and quality attributes in mind. These 
will have been identified in the quality plan.  
Software  Configuration management.  
Software configuration management (SCM) is concerned with labelling, tracking, and controlling changes in the 
software elements of a system. The purpose of software configuration management is to control code and its 
associated documentation so that final code and its descriptions are consistent and represent those items that were 
actually reviewed and tested.  
Software configuration management identifies a system configuration in order to systematically control changes, 
maintain integrity, and enforce traceability of the configuration throughout its life-cycle.  
Components to be controlled include plans, analysis, design documentation, source code, executables, test plans, test 
cases and reports. The SCM process typically consists of five elements:  
 
Software Component Identification  
Identification  of components that make up a deliverable at each point in its development. A component would 
typically consist of a certain amount of code that collectively contains a number of functionality. Each component 
should be identified by a meaningful name and version number, such that new revisions contain enhanced 
functionality. The ability to roll back to previous revisions should be available.  
 
Software Version control  
This is the organised process to manage the changes in the software components and their relationships. This creates 
the ability to support parallel component development and maintenance. A component is identified and labeled to 
differentiate it from all other software versions and components.  
 
Change Control:  
“Change control is the process by which a modification to a software component is proposed, evaluated, approved or 
rejected, scheduled and tracked. Its basic foundation is a change control process, a component status reporting 
process and an auditing process” (William  E. Lewis, 2004. pp. 15 - 16). There should also be an impact analysis 
conducted to determine the dependencies of components. Change control consists of a change request, an impact 
analysis, a set of modifications and new components and a method for reliably installing the modifications as a new 
baseline. 
 
Templates  
“A template refers to a format created by units or organisations, to be applied when compiling a report or some other 
type of document” (Daniel Galin, 2004. p 326). It is a format that is created which is intended to be reproduced 
several times. The template document can be designed as a starting point for the reproduction of similar documents. 
The purpose of a template is to facilitate copying with outline generic contents which will act as a prompt to future 
authors. The templates can be written for every document on projects including, plans, tests and code. Templates 
will save time on future projects as they represent a part complete new document. Other benefits to templates 
include training material for new team members  
 
Checklists  
“The checklists used by software developers refer to the list of items specifically constructed for each type of 
document, or a menu of preparations to be completed prior to performing an activity” (Daniel Galin, 2004. p. 329) 
Checklists serve two purposes, they are a list of items specifically constructed that act as a concise list of items to be 
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verified as complete and also provide a record of items that have been verified as complete. Checklists can be 
applied to any activity or document to serve as a verification record of completion. The dual benefits to checklists 
are that they serve as a preparation material for an individual preparing for a review and also as a method for the 
action and record of a review activity. Checklists should be compiled during review activities and updated wherever 
necessary to keep apace with change. 
 
4.3.3 Defect Prevention process  
“The defect prevention process (DPP) is not itself a software development process. Rather, it is a process to 
continually improve the development process”. (Stephen H. Kan 2003, p.35) This is a lighter process that is again 
concentrating on continually improving the software quality output from an arbitrary development process. It is 
based on the following three steps and is in agreement with Deming‟s principles.  
1. Analyse defects or errors to trace root causes.  
2. Suggest preventative actions to eliminate the defect root causes.  
3. Implement the preventative actions  
 
4.3.4 Capturing and analysing defect metrics  
Reliability Models  
Software reliability models are used to assess software product reliability or to estimate the number of latent defects 
when it is available to customers. There are two direct benefits for using reliability models:  
1. As an objective statement of the quality of the product  
2. Resource planning for the maintenance effort  
Reliability models typically capture the number of defects per KLOC or the number of defects/FP (Function 
Points).  
 
Rayleigh Model:  
The Rayleigh model is a member of the family of the Weibull distribution. “The Weibull distribution is an extension 
of the two-parameter exponential distribution to three parameters. This model is quite popular as a life-testing 
distribution and for many other applications where a skewed distribution is required.” (Bain, J. Lee, 1978). “It is has 
been used for decades in various fields of engineering for reliability analysis, ranging from the fatigue life of deep-
groove ball bearings to electron tube failures and the overflow incidence of rivers. It is one of the three known 
extreme-value distributions”  (Tobias, 1986, quoted in Kan 2003). 
Its cumulative distribution function (CDF) and probability density function (PDF) are:  
CDF: F (t) = 1 – e – (-t/c) m  
Cumulative defect arrival pattern  
Where m is the shape parameter, c is the scale parameter, and t is time.  
PDF: f (t) = m (t) m e-(t/c) m  
T (c)  
PDF = Defect Density rate or defect arrival pattern.  
In both formulas m is the shape parameter, c is the scale parameter and t is time.  
It has been empirically well established that large software projects follow a life-cycle pattern described by the 
Rayleigh density curve (Norden, 1963; Putnam 1978). Using this knowledge past projects and current projects can 
be compared to each other to determine the state of a project at a number of different stages using graphs of each 
project as a tool for comparison.  
In 1984 Gaffney of the IBM Federal Systems Division developed a model based on defect counts at six phases of 
the development life-cycle; High level design inspections, low level design inspections, code inspections, unit test, 
integration test and system test. The defect pattern followed the Rayleigh curve. The model can be used to estimate 
defects, or project size and resource requirements. By validating the model with systems for which defect data are 
available (including the space shuttle development) Putnam and Myers (1992) found that the total number of defects 
was within 5% to 10% of the defects predicted from the model.  
Curves that peak earlier have smaller areas at the tail, the release phase. A value of 1.8 for the value of m might be 
best for software. “Three cases of Rayleigh underestimation discussed are from different software development 
organisations, and the time frame spans sixteen years from 1984 to 2000. We recommend the use of  Weibull with m 
= 1.8 in Rayleigh applications when estimation accuracy at the tail end is critical” (Stephen H. Kan 2003, p. 204) 
Fig :: indicates two projects with similar time frames but one has a higher defect injection rate and will have a higher  
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defect rate in the field (GA phase).  
 
 
5. Summary 
The testing of a program alone does not guarantee that it will be error free or that it will meet with its intended 
requirements, as these requirements are susceptible to human error. It is a significant leap in the direction of being 
error free. A step further toward being error free is to test or evaluate each stage the development effort to ensure 
that the delivered program meets with its intended purpose and that it does this in a manner that bears well on its 
creators. A high quality program can not be achieved by testing alone; further effort must be made to achieve this. 
The quality of the completed program reflects on the efforts of all project parties, to this end, the quality assurance 
of the program and indeed the part of each party in its creation must be placed under scrutiny. 
The assessment of software quality is determined by the number of defects in the software. The classification of 
defects was outlined in terms of faults, failures and errors.  
The discipline of software quality assurance was mentioned in relation to the evaluation of software quality and 
defects. The methods for SQA - verification, validation and qualification were discussed.  
The architecture of SQA was described in terms of quality planning from the outset and the assessment and 
measurement of quality in terms of defects and metrics 
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