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Abstract : To make a good reputation in the software industry,quality is an essential thing for any
organization. It totally depends on how satisfied the customers are with the product. The target can be
achieved only through proper standards and procedures. The big and renowned countries are
making progress in this field day by day. The different organizations are trying their best to develop
quality software. For this purpose, they made standards, but still, there can be different issues. There
are multiple reasons for the lower quality of software. In this paper, different problems were addressed,
corresponding to these issues; different techniques were elaborated, and corresponding solutions were
also defined, which led towards the quality of software.

IndexTerms - Software Process Improvement,SQA Metric,GP,SMMM,quality tools.

INTRODUCTION

In the development of any kind of project, quality plays the most important role. To achieve a
good position and reputation in IT, organisations really need to provide products that retain quality. A
product's quality can be corrected before its shipment. Once the product is in the hands of clients, its
correction takes a lot of money and time. Moreover,they need to provide extra packages like
warranties, replacement products, etc. Errors can be avoided if the proper quality plan that is made
before the practical is completely and properly all steps.If a business moves towards the launch of
automated products, then product quality must be maintained for the business organization.When
working on small projects, CMMI and 1SO models can be used for large projects but not for small
ones because they take a high cost. The quality problems are growing in different countries. They show
a correlation between team and corporation among them.[1]
If any error is pointed out, then it is very difficult to find defects in design because all digital systems
that are used are not continuous, and variables are not enough to test those errors. Testing is the basic
method to detect errors in the software. Once the error is found, it is now possible to remove it to
maintain the quality. If an error or issue is found, then it will indicate how much budget they will
require to maintain the quality. As soon as the error is found, the budget will not touch the sky. If
effective and careful testing is done, then errors can be minimised and the quality of the software
increased [2]. The different types of testing techniques and methods are done,along with the different
models associated with them, which guide what type of model can be used for what kind of product.
These models also have a few advantages and disadvantages. Whatever kind of testing is used,it’s
really need it in every phase of the implementation of the quality plan. The errors could
be of any type. The errors could be present in the documentation, code, design, or even the plan. One
testing technique might not be suitable for different techniques. It means different projects require
different types of testing. The outsourcing of projects that are given to a third party requires
high quality of the product and no compromise over qualifications, skills, or experience. The company
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should resolve these problems [3]. So, planned strategies must be adopted to produce a quality product
for outsourcing. All activities require complete knowledge and skills. Software quality not only
depends on a quality plan, but it also depends on quality management, verification, and the quality of
a product. Different people think and expect that this software will definitely help them do the job
properly. The product quality is characterised by reusability, portability, reliability, manageability,
flexibility, and usability [4]. The implementation of the peer objectives and differentevolution
techniques are followed. All members must be trained, responsibilities must be assigned to each
member, and products must be given to a quality assurance member. The checklist must be made so
that it is possible to check for errors.During the review, the moderator needs to write down all defects,
but there is no type of review that requires the product to be redesigned.

The participants need to ensure that they are fit for this project and the work associated with it [6].
The lack of communication among group members is a big issue. One reason could be the different
languages spoken by team members. If the physical distance is large, then it will also count as a lack
of communication; if there is less communication, then participants will not understand issues. The
time zone also matters because how much mature process is being used also counts [7]. The
management is not good if there is weak planning and coordination among team members. If there are
changes needed, either in schedule or planning, it will result in delays and errors. [8]. The software
quality, not the single method, is good, but it will require combinations of many methods to produce a
quality product. Only testing is not a solution. There is a special need to solve bugs in the database
[9]. The product quality depends on strong and systematic standards and procedures. [10]. Distributed
software development is a special methodology that has a strong impact on software development
[11]. If documentation and risk handling are not proper, then it will lead to the failure of the
project. The software quality assurance in the aspect of cost then decreases cost but benefits increase
[13]. Not only does quality review require software quality assurance, but each phase also requires a
quality process. The output will increase if a quality process is adopted. [14]. Quality management is
basically the most important thing. It is particularly important for large and complex projects. The
quality documentation shows the progress of a project, but for smaller projects, documentation is not
needed so much and the focus is on establishing culture. We cannot wait for specifications to improve
before giving attention to them. We must put quality procedures into place to improve the quality of a
product. To ensure the quality of software data, accuracy is one of the important factors.Don’t collect
unnecessary data. What the answer should beThose questions must be decided before the distribution
of the questionnaire. The people must be told what data should be

ng collected. Don’t rely on thememory write down all answers. If it is possible, then consult with
professionals. Software organisations use many error detection and
prevention techniques to describe those problems [15]. The organisations need to clearly define
quality standards before judging them [16]. Organisational structure has a strong impact on product
quality. After analysing and reading thoroughly, the result describes that a quality product can be
produced if there is a quality plan, which will be followed later. The different error removal techniques
must be applied; as soon as errors are found, they will be good to that level. For all progress,
communication must be there among team members. The following techniques can be used to solve
quality issues and provide a good software product: This paper is organised in sections: Section | gives
the introduction to the topic; Section Il defines the literature review; Section Il compares all
techniques used to solve multiple problems; Section IV describes the result, which comes after
comparison; and last but not least, Section V describes the conclusion.

LITERATURE REVIEW

In the literature review,different techniques are discussed.

CMMI
In this paper, many problems were discussed related to software quality assurance. To improve the
quality of software, they must be provided with software where the team can work and perform their
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responsibilities. There must be some ways to improve the quality of the software. In this research
paper, the authors discuss the main issues of budget, time, less use of standards to gain quality, internal
political issues, requirements engineers, and unrealistic deadlines. Keeping in mind these issues, they
proposed a technique called the CMMI Model, a certified and specialised SQA team. Requirement
engineers must have domain knowledge and must avoid internal political knowledge. The specialist
knows exactly how to deal with a problem. Requirements were cleared when members gained
complete knowledge. CMMI took many resources and time, but it removed errors. Secondly, a
specialised team first finds an error, then minimizes it. Due to no compromise on quality, the team
might have to face pressure, but it has proved beneficial [1]. Models
In their research paper, different quality factors are discussed and different problems are highlighted,
e.g. The occurrence of errors in the soft requirement document, design document, test plan, etc.
Further, they explained that requirements are not specified; they might consider it a big issue, so they
kept away from compliance. No standard was followed. Moreover,management issues were
highlighted. Different SDLC models are used: waterfall model, spiral model, prototype model, rapid
model, and V model; moreover, different testing techniques, e.g., black box testing, white box testing,
and grey box testing, are applied in each model. He explained that to improve the quality of software,
effective testing can be done to minimize errors. Different techniques were applied, which may reduce
errors, but in some ways, a few techniques need to be measured because they may not be clearly
attributed. So far, this V type model has been used. Testing can be applied in all phases, but not at one
particular stage [2]. Systematic methodology In this research paper, the authors explain related
outsourcing projects and identify different problems, e.g.

Development costs can’t be reconsidered; what type of

Hardware and software would be used in the project; the requirements are not clear and incomplete.
To solve these issues, different techniques were made that may prove to be effective, like at the start
of the project. Incremental approaches were used. They made versions, and the next version is based
on the previous version's output. They did comparative analysis, and different supporting tools were
used; moreover, the systematic methodology was adopted. He gave solutions regarding these issues.
He recommended soft metrics, testing the product using static and dynamic methods, and freezing
further.

requirements to assure quality. Due to these techniques, large
but sophisticated projects were being developed. If we freeze the requirements, then no more features
can be added, and later,it could prove to be low-quality software [3]. Divide and ConquerParnas
explained in his paper how to find and reduce errors froma problem, and make sure that it’s a
quality product. The main methodology or technique he used was dividing and conquering. He
explained in his research that if you are purchasing software that is free, then its quality is much better
than others. He gave a solution to the software inspection tool. Quality can be improved on the basis
of feedback. Indeed, the divide and conquer method takes time to find errors, but it will still find errors
to solve an issue. This method was used to find the quality of software, not a process. [4]

Automation Techniques In this paper, they discussed that problem errors occurred due to not having
clear communication, which gave a different interpretation of the same data. This causes an increase
in the ratio of errors. To assure the quality of the software, he proposed automation techniques that are
based on statistical and committed algebra. These techniques will definitely increase the quality of the
result and speed up delivery; they also help reduce unclear communication. Further, SDLC breaks
down into pieces and examines them at one time. These mathematical proofs are not sufficient because
they are not testing methods. Execution of programme may be correct, but we can’t say that all
requirements are met and fine [5].SQA metric problems occur when we are indented to make any
quality software, so these problems proved hurdles, e.g., feedback is not given after using the software
that they find. The requirements are not clear. The developer doesn’t know what customers think and
what features they implemented. Duplication may occur in projects. To cover these issues, the authors
highlighted the formal verification inspection method, checklists must be available to support
assurance, and the SQA metric was also applied to detect errors. These methods in the process and the
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product quality assurance processes, which are in PL, are implemented. While if you go for the
verification process, those requirements that were listed to be implemented are satisfied. Duplication
occurred, so they had to remove it by doubling the effort, but still, perspectives related to this case
were separately maintained [6]. CMM How implementation is framed for soft and how to result is
shown. How were errors removed? To improve the quality of software, different techniques are used,
e.g., testing and capability maturity model analysis, to show the code framing for software. Moreover,
development methods and integration of the rest of the techniques were used. XP is also used along
with CMM to ensure the quality. The capability maturity model is a better solution because it takes
time to determine whether all requirements are met and the quality process is not considered itself.
Instead of it, it will evaluate the quality of a development. The interactive approach proved to be
effective in obtaining feedback via XP. Quality verification will check what customers require.
Moreover, risk can be mitigated at early stages. Extremely complex programming needs some
evolution to fulfill CMM-specified requirements in combination with CMM.Indirectly, software
quality support is present in XPrules [7]. GSD Authors discussed the different issues a developer and
the entire project team face, including: Communication gap among team members If any change
occurs, then it proves to be problematic to manage; to increase quality, cost will increase; errors in
documentation and security issues will also o occurred. The GSD methodology was actually chosen to
remove these problems, which proved to be a hurdle. The agile method is used for customer
collaboration because it proves to be beneficial for error-free products. GSD creates conflict on the
platform that is related to code. Instead, GSD is good for quality software, but it still raises the question
of the evolution of the quality of the product. GSD allows continuing communication over broadband.
Still, there is no one model-defined rule [8]. Audit technique While during the development, different
risks occurred, which proved to be a hurdle in quality software, like technical and programmatic risks.
Some risks occurred, but those were very complicated to edit and maintain. Risk management is
leading to overruns in cost and schedule. Audit techniques and testing techniques are used. The audit
is a technique that evaluates procedures and standards. Different verification and validation techniques
are used. Testing is also done to evaluate risk. Audit gives the status of the software product and also
gives a view of management and assurance processes. These techniques are specially used for the
medical system. These techniques are not enough to find the error. It must carry through the life cycle
[9]. QFD, JADI In this research paper, multiple errors were discussed, e.g., the occurrence of errors in
the plan made for testing and cases that frequently occur in graphics. The requirements are specified
but unclear. Defects in the database and data warehouse increase costs. To resolve these problems,
different types of techniques are applied, e.g., JAD (Joint Application Design). Do analysis from the
root of the cause, QFD (quality function deployment), verification and validation [11], total quality
management, and code inspection to remove the defects. Using these techniques, defects in estimates,
complexity, and maintenance measures are improved. To ensure quality, one method is not enough,
but they really choose different combinations of methods to solve the major issues. [10]. Development
standard In the workshop, they discussed the relationship between cost,schedule, and quality of the
product. If we increase the quality
then it’s obvious that cost and schedule will be distracted from.the planning. Different standard
development methodologies Standard development methodologies were employed, which may
increase the software quality to a high level. Figure 1 explains the total techniques that are used for

QA.

SOFTWARE QUALITY ASSURANCE
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Engineering principles Software engineering is a field that applies engineering principles so that
software quality can be maintained. Most software faces problems with errors, which results in high
costs. For this, they proposed different quality assurance methods. It will eventually affect the quality
and enhance the quality attributes. SDLC software quality assurance functions, in which
systematic activities are done to evaluate the quality of the process. They tried to monitor all processes
that are performed during the development of software. They also discussed issues related to data
integrity. Database management was considered a result of security. The SDLC development process
was also followed. Figure 2 explains the engineering principles for software quality assurance.

4

IMPLEMENTATION

THE
SOFTWARE
DEVELOPMENT
CYCLE

Fig. 2: SDLC Plan

FAMI

In this paper, they address issues related to the quality of the product and how to maintain the defect.
FAMI was introduced, which was full of packages to enhance the quality. Basically, it depends on the
3 Ps. This basically leads to zero defects, but this is not good for innovative products. In this paper,
they discussed issues related to schedule, budget, and quality of software; they applied different
technologies and methods as well as metrics. But all these were applied through the proper process,
and the accuracy rate was continually checked. A number of quality models were available for
organisations; different models were used to enhance the quality of the product. Evaluation Technique
In this approach, better quality improvements and better quality measurements are used. Table 1 shows
all measurements for the model.

Table
Model Measure
Code closure | total freq Repeated freq
Complexity cyclomatic Fanin Fan out Weighted Sub class
method
Dependency Incoming closure Outgoing closure Layer info
direct direct
Code coverage | block Arc
Release visuval

Quality metrics In this paper, they discussed the quality metrics of the product. They highlighted
different measures that affect the organisation’s structure. If we do pre-planning about development,
then cost and schedule may affect it later. Delay can occur, but this is difficult because it depends on
variables. Strong decision-making They discussed the issues for the development of software and how
some conditions require rework to solve defects. But this leads us to understand how software will
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affect quality. If poor decision-making is done, then it will deviate from planned implementation.
Complicated design patterns also affect software development [18]. Coupling and InheritanceThe main
purpose of this research is to find the errors and predict their presence, so to find the errors, it may be
possible to find them again. Different measurements are used for object-oriented design. But these
measurements are not enough to find the fault and where it is located. Complete analysis procedures
are used to validate it. Figure 3 shows the coupling of hotel management classes to application classes.

Application Hotel
classes < »/ Management
classes

Fig 3.Coupling hotel management classes with application classes

Techniques used for this problem are coupling and inheritance measures, which will prove to be
significant in predicting the location of the fault. The result shows that fault leaves a strong impact on
the quality of software [19].

GP Different software quality methods are used to ensure the quality of the software. Reliability is one
of the factors that is considered important for quality. To resolve reliability issues, GP (genetic
programming) techniques are used. GP will generate metric input, which results in output that

predicts the existence of a fault. It will not count how many faults are found but rather predict
the existence of errors. It can be used as a tool to validate software development quality. Design
methodology Here, they discussed the IS design issues. It basically discusses the issues related to the
methodology for design science. Different methodologies were discussed to resolve it and meet
conducting issues in design science. They discussed design problems. For this artefact, it was given
[21]. Development practices They discussed software development practices. They talked about the
issues related to software development and traditional development; they tried to find the difference
between them and further discuss whether they could translate it into practical benefits or not. It might
not be supported by all scenarios. Statistics were given to resolve that in the proper context.
Multidimensional Techniques Implementation of the computer system allows following the specific
standard; performance measurements, modelling,and some analysis techniques are followed to
evaluate he system. Basically, these techniques determine the quality of a computer. It covers the
multidimensional characteristics of technology and people. These techniques deal with different
properties related to the group, employees, etc. Figure 4 describes the implementation of standards,
techniques, and analysis.

Fig. 4. Implementation of standards, techniques, and analysis

Implementation

Performance Analysis Modeling
Measurement
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SMMM

Here, they discussed software maintenance to maintain the quality of the software. For this, they
proposed a maintenance maturity model because it improves the maintenance and improves the quality
of the software. It totally depends on the practitioner as to how much he or she knows about it. SSQA
Methods If the usability of software is higher, more users can use it efficiently because they target
users in large numbers. For this, alayman must be considered, so by keeping them before,usability
must not be very limited. Strict software quality assurance methods were followed. Testing was also
done to approve this technique. Quality Tools Software quality is a question mark: why is it necessary
and what are its benefits? If a software product has no defined direction, then it is difficult to assure
its quality. Different methods and tools were used. Is everything right to develop software? Is there a
defined direction? TQM is the application of quantitative methods and human resources to improve
materials and services supplied to an organisation and all processes within the organization, to which
the needs of the customer are met. TQM combines basic techniques, improvement efforts, and tools
under a disciplined approach that is focused on continuous improvement. Figure 5 represents the TQM
pyramid.

R

Fig 5. TQM pyramid
Technical tool Data integrity is an issue such as security,
moreover, performance and accuracy matter a lot. There isa proper sequential way to meet the
quality requirements. Technical tools were used for this purpose. The focus was on nonfunctional
requirements so that software quality could be enhanced. Standard How is software quality perceived
in higher education? The answer is that they perceived it as the whole standard. To meet and fulfil the
requirements, the focus is on all aspects of the institution.Several techniques are used [30].Testing
Technique Software testing techniques are evaluated. Every testing technigue contributes to reducing
risks. In fact, a single technique is enough for complete risk reduction from software, while
combinations of software testing techniques are used to reduce the risk associated with them. They
took significant steps on a large scale; they further evaluated systematic testing techniques to make
them reliable. MDE Cloud computing is the most demanding technology nowadays. Basically, it
improves the quality and, at the same time, reduces the cost of system components. This will basically
cover both perspective business and technical. The MDE technique is used to cover it. Basically, this
technique will automate the engineering and forward engineering phases. SDLC In this paper, they
discussed economic issues if costs are changed. Basically, change leaves a strong effect not just on
marketing but also on a product that is intended to design, construct, and ship software to customers.
Inadequate communication becomes a hurdle to software progress. Due to this, project management
cannot deliver their message properly, so management becomes poor. If

Employers’ have poor knowledge about their field then of course then will choose the wrong
methodology, which will lead to wrong software development. Since the world is
progressing day by day, technology is also on the way of progress. If technology is not compatible,
change control could lead to disaster. Semantic web technologies In this paper, they discussed the
software requirements of the project. When customers note down their requirements, if their
requirements are not clear, it may create a hurdle to the success of the software. If changes are made,
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then it becomes very difficult to handle. because it requires a high cost. To handle this flaw, semantic
web technologies are used to define better SRS. The main approach used here, Onto SRS, secures the
flexibility,unambiguity, and traceability of the SRS document. Automated Analysis In this paper,
researchers define that whenever there is an need to develop a project, there is a need to clarify all
requirements related to software. Then all requirements are finalised, and the baseline is developed. All
requirements are finalized. Requirements are divided into two categories. In figure 6 requirements types
are discussed

figure 6 requirements types are discussed

Functional requirements Functional requirements include the basic functionality of the system and the
basic features that are demanded by customers or clients. Non-Functional Requirements
Nonfunctional requirements include quality, attributes, main functionality, the design of the system,
constraints, etc. Nonfunctional requirements have a strong impact on cost and schedule. In order to
make improvements to the SRS document, there is a need to do automated analysis. Basically, it
supports vector machines and automatically categorises requirements into further categories. REASQI
In this paper, they discussed the object-oriented analysis and design of the system. Basically, it focuses
on system functionality, but it ignores nonfunctional requirements, which result in tangled code that
becomes difficult to handle and maintain. Figure 7 shows REASQ integration.

quality in
use

| | | |

effectiveness productivity safety satisfaction

Fig 7.REASQ

It actually integrates the AOSD terms with requirements; the result of the approach is a conceptual
model. Test metrics In this paper, as the population is growing, technology is also progressing, but
with increasing technology, complexity ratios are also increasing. So to test a software product, high
costs are also required. During testing, there is a lot of pressure on employees. There is pressure for
high-quality products. There are so many chances of slippage of dates, limited offered resources, and
scattered organization. We have to face team dispersion, a distributed team, and resources. Test metrics
can be used for an effective and efficient software process. Basically, this paper evaluates the
measurement.

model, which can be adopted according to culture and lifecycle. This survey paper basically presents
a measurement of software quality from the basics of software quality metrics. These metrics basically
validate the quality of the software project. All metrics must be understandable to users. Secondly,
metrics related to the cost point of view, like spending 10% on metrics of total development, Before
applying these metrics, they must be tested. All metrics must have a schedule. Moreover, they must be
managed properly. Object Oriented If we talk about the product quality and
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about project code and design, then they have attributes for them. These attributes are shown in 8. The
five attributes are explained, while the rest of the attributes are also self-described.

Software quality attributes
Searpertabatty Mokt adatty Nty Mo savadty
Maicaratebn, Yeuatibty Aonrdatny Securiny

Sorer e azany Unasiny Rnbatisr, v Peitureance

Fig. 8. Object-Oriented Attributes

Basically, these attributes describe the characteristics of the project. So for this purpose, they proposed
some metrics, which are nine in number. Basically, they cover all aspects of the system, like all
structures and classes they used, polymorphism, coupling, encapsulation, and inheritance. For each
metric, there are a number of methods adopted, and the code and design will be workable if they are
used. Eventually, it leaves a very strong effect on software quality.

[11.COMPARISION

In Table 2, the problem, techniques, and all results are discussed.

REF NO PROBLEM TECHNIQUE RESULT

[1] Budget, Time, | CMMI, specialised | CMMI took many
Standards, team, and domain | resources and was
standards, and | knowledge time-consuming,
internal politics but it removed
cause problems. errors. The  team

might have to face
pressure because of

a lack of
commitment to
quality.

[2] Requirements  are | Incremental If we freeze the
incomplete, and | approach and | requirements, then
development costs | systematic no more features
can’t reconsider. methodology can be added.

[3] Finding and | Divide and conquer | This method was
reducing errors used to find the

quality of software,
not a process.

[4] unclear Automation These are not
communication techniques enough because
causes major they are not testing
hurdles in quality methods. Execution
software could be correct,

but there IS

uncertainty  about
the fulfilment of
requirements.

[5] Duplication of | Verification  and | More effort would
features inspection methods | be  needed to
and SQA metrics remove duplication
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[6] How to frame | XP,CMM XP needs to add
software some evolution
implantation  and along CMM to
reduce errors fulfill requirements
[7] The change | GSD and agile | Indeed,GSD is
occurred but | methodologies good but there are
difficult to manage no specific defined
rules
[8] Technical and | Audit These  techniques
programmatic technique,testing are not enough to
risks,cost and | verification and | find errors .we must
schedule over run | validation carry it along all
development life
cycle
[9] The occurrence of | JAD,QFD Different
errors in verification and | combination  are
graphics,testing validation ,code | required to solve
plans, and cases; | inspection these major issues
defects in  the
database and data
warehouse
[10] Risk management | Offshore Support  off-shore
distribution model | decision making
[11] Cost, Schedule and | Standard High level quality
quality of product | development of
mythology
[12] Errors in | Quality assurance | Enhanced the
documentation method quality
[13] Issues related to | SDLC development | Secure data
Data Integrity process
[14] Issues related to | FAMI Leads to zero
quality&&  defect defects
maintenance
[15] Issues related to | Metrics To enhance the
scheduled budgets quality of  the
and quality of product
software
[16] Measurements that | Pre-planning about | Delay can occur but
affect the | development this is difficult
organization
structure
[17] Defects poor | The rework to solve | Too much time
decision making defects consuming
[18] Complexity of | Analyze procedure | Effect quality

design

MOOD

characteristics
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I. RESULTS AND DISCUSSIONS

To improve the quality of software, different techniques were adopted and followed. Different issues
arose. So for different issues, different techniques and solutions were given, which led to the quality
of the software. For every problem, a solution is given, so each technique is found good enough to
improve the quality. If we talk about the incremental approach and systematic methodology, then it is
good, but it will freeze requirements. So, further changes in specifications will prove to be problematic.
FAMI found a good technique because it leads to zero defects. The different techniques can be good
to use if they are combined with other methods and techniques. No single technique brings exceptional
results. Otherwise, all techniques discussed with thirty-nine references leave an acceptable influence
on projects.

IV.CONCLUSION AND FUTURE WORK

In this paper, different problems related to software quality assurance are identified. The different
solutions were given by using different techniques. The software can get a position in the IT industry
in the case of quality software. It plays different roles in organizations because customer satisfaction
is totally based on whether their requirements are met or not. There is so much need to deliver the
product on time and exactly according to the specifications. The different techniques were used to
ensure the quality of the software. Every technique has its own impact on the quality of software.

In the future, further work will be done to assure and develop quality projects. A reputed and renowned
organisation can provide opportunities if the project is delivered on time and according to demands. In
the future, new techniques, their uses, and their implementation are going to be discovered in each and
every phase of the life cycle. This will help to increase the advantage of quality assurance, and it will
be proven for further development.
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