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Lecture - 51
Software Quality Management

Welcome to this lecture. In the last lecture, we had discussed about risk management and
then we had started discussing about Software Quality Management. We had discussed
about some very basic concepts about software quality. For example, we discussed what
is a quality software. And we said that fitness of purpose is a good definition of quality
for traditional products, but for software products the fitness of purpose is defined as the

satisfaction of the requirements document.

But then, this is only a basic requirement for a quality product, one of the attributes of a
quality software, but a software product is said to be a quality one, when it has several
other desirable attributes in addition to the correctness or fitness of purpose. And we had
discussed about the various attributes, quality attributes and we said that there are several
quality models which define that what are the quality attributes and how to measure them

given a software product.

After that we had just started discussing about the evolution of the quality systems over
the years. Let us proceed from that point. We will continue with the evolution of

software quality.
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Evolution of Quality Systems
* Quality systems have evolved:
- Over the last six decades.
* Prior to World War Il:

- Accepted way to produce quality
products:
* Inspect the finished products
* Eliminate defective products.
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We had seen in the last lecture that before World War I1. The only way quality products
were produced is by testing, to test a product rigorously, identify all the bad products and

eliminate the defective ones. This was the only way that quality was used in

IIT KHARAGPUR

manufacturing.
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Evolution of Quality System
* Since World war |,

- Quality systems of organizations have
undergone:

* Four stages of evolution.
* Many advances came from Japanese:

— Helped resurrect Japanese economy.

h

NPTEL ONLINE \./’
CERTIFICATION COURSES 1 e
J |

But since then, the quality systems have rapidly evolved and there are four stages of
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evolution and many advances originated by the Japanese.
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: Product assurance
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Quality assurance (QA)
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The initial inspection and testing was superseded by quality control. We will see what is
quality control and statistical quality control and later the quality assurance techniques
evolved. And since then the total quality management techniques evolved and still we
are further developments in this area. As you can see that there are various stages of
growth of quality because the customers are becoming quality conscious and it is very

important for an organization to produce quality products.

And the manager has a very important role in an organization producing quality
software. If we look at the different developments that have occurred here from
inspection to total quality management, we will see that initially there was too much of
emphasis on the product, the product was tested thoroughly, but later we will see that we

do not really look at the product much we look more at the process.

The basic assumption is that the process if it is good it is bound to produce quality
products. We need not look at the product and reject the bad products that need not be
the emphasis, the emphasis should be on having a good process. Over the time that the
quality systems have evolved the emphasis has shifted from product assurance to process

assurance.
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Evolution of Quality Systems

* Initial product inspection method:
— Gave way to quality control (QC).
* Quality control - Basic principle:
— Not only detect the defective products
and eliminate them

— But also determine the causes behind
the defects.
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The initial technique deployed for quality was testing and inspection and later the quality
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control technique or QC started appearing. The basic principles of the quality control is
that not only test the manufactured products detect and eliminate the bad products, but
also determine what causes the defects. That is look at the process of manufacturing.

If it is the case that the rejection rate is high for a nuts and bolt manufacturer, just check
that what is causing this defect, is it that the temperature at which it is done is really
expanding the cost and the cost is not tolerant to the temperature and that is causing the
defect, then use a different cost. So, the quality control principle, as you can see that

gradual shift is there to the process, yes do the testing, inspection and testing.

That is still there it is one of the basic techniques even in the modern quality system
testing is there, eliminate the defect product, but also look at the process; why the
defective products have arise in the first place. This form the basic quality control

principles, but then we had the statistical quality control.
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Quality Control (QC)

* Quality control aims at correcting the causes
of errors:
— Not just rejecting defective products.

* Statistical quality control (SQC):

— Inspection or testing of all products is cumbersome
and many times not feasible.

- Quality of the output of the process is inferred
using statistical methods.
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The quality control not only in targets to reject the defective products, but also aims at

IIT KHARAGPUR

correcting the causes of the manufacturing process that was resulting in the defecting
products and slowly the quality control techniques evolved into statistical quality control
SQC, where the idea is that, many times testing each and every product is difficult, can
we use statistical techniques to make inferences about the quality of the product and also

make variations to the process and check whether the quality is improving or not.

So, the statistical quality control techniques, essentially use statistics to make inference
about the quality of the output produced, the quality of the process that is produced and

then make changes to the process and see whether the quality is improving.
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Quality Control (QC)

* The next breakthrough:

—Development of quality assurance
principles.
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And after quality control the next breakthrough was quality assurance.
(Refer Slide Time: 08:48)
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Quality Assurance

* Basic premise of modern quality
assurance:

— If an organization's processes are good
and are followed rigorously:

* The products are bound to be of
good quality.
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The main assumption in quality assurance is that to produce quality product, looking at
the finished product and then doing testing is not that important. The major focus of the
quality team should be on the process. If a good process is in place good products are
bound to result, if an organizations manufacturing process is good and is followed
rigorously then the products are bound to be of good quality. Just looking at the products
rejecting bad products is not a good way of ensuring quality.



Rather the team, the quality team needs to concentrate on having a good process and then

seeing that the process is followed rigorously. In that case we the products are bound to
be good.

(Refer Slide Time: 10:10)
e NI
Quality Assurance
* All modern quality paradigms
include:

— Guidance for recognizing, defining,
analyzing, and improving the
production process.
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The modern quality paradigms are based on the quality assurance principles and we will

see that there is guidance for recognizing, defining, analysing and improving the product
process. So, see the shift from the product to the process. The quality assurance
techniques have shifted from just testing based techniques to recognizing, defining,

analysing and improving the production process.
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Total Quality Management (TQM)
* TQM advocates:

—Continuous process
improvements through process

measurements.
-
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And even that further evolved into the total quality management principles. This was the
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next step of evolution. Here make process measurements that is how effective is the
process. Is it producing good products? Is it efficient? And other desirable characteristics
of the process, how effective is the process and then make changes to the process, so that
the process improves and the focus here is continuous process improvement through

process measurements.

We need to have metrics collected about the process and then see where there are
problems and then change the process itself and process continually improves.
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Total Quality Management (TQM)

* TQM goes beyond documenting processes
- Optimizes them through redesign.

* QOver the years the quality paradigm has
shifted:

- From product assurance to process
assurance.

)
Al 1
NPTEL ONLINE & |
IIT KHARAGPUR CERTIFICATION COURSES l ¥
' |

So, this is the total quality management principle. Here it is not just documenting a good

process, but then here the emphasis is to as the projects run to collect statistics, the
metrics regarding the process performance and find the bottlenecks in the process and
optimize them through this redesign. But one thing is clear that over the years the quality

paradigm has shifted from product assurance to process assurance.
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Total Quality Management

Software Quality Assurance

Software Quality Control

Software Testing
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Initially software testing was the primary means of manufacturing good quality products.

It is the basic technique, it is still there, but then we have the we had the quality control



as the next development. It incorporated software testing no doubt, but then the defective
products were analysed to identify what was the problem in the process that was

resulting in the bad products and modify the process. That is the software quality control.

In software quality assurance, the basic premise is do not focus on the product testing,
focus on having a good process, document the process and then follow it rigorously, then
the product is bound to be good. That was the next development you can see the shift
from testing to testing is a smaller activity and analysing the process the shift to process
here and then finally here software quality assurance have a good process, good products

are bound to follow.

And then the next step of development is total quality management where not only have
a documented process to start with a good documented process, but through process
measurements continuously improve the process. So, this diagram emphasizes that
software testing is still there, it is part of it is a smaller part now. There are many other

things that happen.

For example in software quality control, we not only do the testing and inspection, but
also we look at the defects analyse the defect and find out why the defects are arising
software quality assurance these things are still there, but then we also have documented
process. And total quality management we have processed measurements, find out the

bottlenecks and continuously change the process.
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Process Improvement
* Implies introducing process changes to
improve:
~ Product quality
— Reduce costs

— Accelerate schedules.
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The modern quality systems emphasize on process improvement and here the changes
are made to the process to improve the product quality, reduce costs and accelerate the
schedules. We find where are the process bottlenecks which are causing the product
quality to be poorer, resulting in higher cost, delays and so on and fine tune the process

to improve the product quality, reduce cost and accelerate the schedule.
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Process and Product Quality
* Agood process is usually required to produce
a good product.

* For manufactured goods, process is the
principal quality determinant.

* For design-based activity, other factors are
also involved:

— For example, the capabilities of the
designers.

! -
/" NPTEL ONLINE \
CERTIFICATION COURSES i ¥
]

One thing that is well accepted now is that a good process is required to produce good
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product. But we must remember that given a process a manufacturing plant, product
manufacturing plant can run the process again and again and each time good quality

products will come out, no doubt about that for traditional manufacturing.

Let us say we look at a iron manufacturing company it consumes iron ore and other raw
materials produce good quality of iron may be flat sheets or rods. And once the plant has
been set up and process is followed like getting good quality raw material and so on, it
will keep on continuing to produce good quality products once the process has been set
up. But for software development and other design activities, we cannot say that we set

up a good process and always good products will come out there are other factors.

For example, let us say the complexity of the problem. The process that we heard worked
well and good quality products came out for accounting software. But let us say we are

doing something very different in a telecom domain and maybe we cannot replicate that



process to have a good product in telecom. And also, the capability of the designers this

is the important fact, important factor in producing good quality.

Even though the process is there, but then if the designers and coders are inherently not
good, the product cannot be good. So, just making this point here that for traditional
products having a good process is enough to have good quality products, but for software
development having a good process is only part of the story, there are other factors

which affect the quality.
(Refer Slide Time: 18:51)
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1SO 9000
* |SO (international Standards

Organization):
— A consortium of 63 countries established to
formulate and foster standardization.

* 1SO published its 9000 series of :
standards in 1987. 0
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One of the early standards in quality is the 1SO 9000 series of standards. 1SO stands for

International Standards Organization it is a consortium of a large number of countries
established to formulate and foster standardization. The ISO 9000 series of the quality
standards were published quite some time back in 1987. These are basically sets of

documents which are guidelines for the process.

They do not really look at the product, it is not a product specific, it is based on the
process. And ISO 9000 came up with three documents, the 1SO 9001 standard, 9002
standard and 1SO 9003 standard.
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150 9000

* Based on the premise:

—If a good production process is
followed:

* Good quality products are bound
to follow.
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The 1SO 9000 is based on the quality assurance principles that if a good production
process is followed good quality products are bound to follow, you can see that this is

essentially the quality assurance principle and ISO 9000 is based on the quality assurance
model.
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1SO 9001
* Applies to:

—Organizations engaged in design,
development, production, and
servicing of goods.

—Applicable to most software
development organizations.
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Now, let us see what is the difference between ISO 9001, 2 and 3. ISO 9001 is applicable
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to organizations engaged in design, development, production and servicing of goods. So,

here for the manufacturing there is initial design and the design is used for development



and then production and then servicing. And therefore, this is the right standard for
software development organizations because they do these requirements design, develop,

test and service.
(Refer Slide Time: 21:21)
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* 1509002 applies to: 1SO 9002

- Organizations who do not design products:

* but are only involved in production, servicing.
* Examples of this category of industries:
— Steel or car manufacturing industries
— Buy the product and plant designs from
external sources:

* only manufacture products.

— Not applicable to software development

organizations.
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But there are the other standards 9002, it is applicable to organizations who do not do the
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product design, but are involved in production and servicing. For example that there is a
consultant organization who designed the plant. The company here did not design the
plant, there is a consultant organization which designed the plant and once the plant was
set up and the process was there then it just continued producing goods and then

servicing.

So, here the plant and the process is purchased and the company only manufactures. And
the 9002 series of standards is applicable to such organizations and of course, it is not
applicable to software development organizations because here the development
organization does requirements design, coding, testing, everything. It is not that it just

gets the design and code and just keeps on manufacturing.
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1SO 9003

* 1SO 9003 applies to:

—Organizations involved only in
inspection and testing of

products.
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ISO 9003 standard, this is another document that was produced by ISO it is applicable to
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organizations which do only inspection and testing of products.
(Refer Slide Time: 22:57)
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1ISO 9000 Structure

1SO 9000

150 9003

Quality System Model for
Quality Assurance in final
ion and test

1S0 9002
Quality System Model for Quality

in production, installation, and
servicing

1S0 9001

Quality System Model for Quality
Assurance in design, development,
production, installation and service

1SO 9000-3
Guidelines for the application of
150 9001 to the design,
development and maintenance of
software
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This is just pictorially represented here that 9001 here, the applicable to organizations
which do design, development, production, installation and service and software
companies come under 9001, but then 9002 and 9003 standards are applicable to 9002 is
applicable to those who do production installation and servicing whereas, 9003 is only
those who do the inspection and test.



But 9001 is a very generic standard applicable to many types of industries, those who
produce design and produce goods but then software is different. Here there is no raw
material that is consumed. Even as the software is being developed its not visible, only

when the software is finally, running you can see it.

And therefore, software needs a very different interpretation of the guidelines given in
the 1ISO 9001 document and this was felt because it became very difficult to apply the
clauses of 9001 to the software industry. And ISO later came up with a new document
called as ISO 9000 part 3, which provides the guidelines for software design

development and maintenance. This was specific to the software.
(Refer Slide Time: 24:52)
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1SO 9000 for Software Industry

* 1S0 9000 is a generic standard:

— Applicable to many industries,

* Starting from a steel manufacturing industry to
a service rendering company.

* Many clauses of I1SO 9000 documents:
- Use generic terminologies

— Very difficult to interpret them in the
context of software organizations.
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We must understand that 1SO 9000 is applicable to a wide variety of industry. It is a
generic standard starting from steel manufacturing to service industry and so on. And
ISO 9000 documents are written using generic terminologies which are difficult to
interpret for software organizations and therefore, 1ISO came up with a new document
which is ISO 9000 part 3 which provide interpretation of the ISO 9001 for the software
industry.
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Software vs. Other Industries

* Very difficult to interpret many
clauses for software industry:

—Software development is radically
different from development of
other products.
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The software industry is very different from the other industries.
(Refer Slide Time: 25:52)

* During software development: Software vs. Other

— The only raw material consumed is data. Industries

* For any other product development:

- Lot of raw materials consumed

+ e.g. Steel industry consumes large volumes of iron ore,
coal, limestone, etc.

* 1S0 9000 standards have many clauses
corresponding to raw material control .

* Not relevant to software organizations.
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For example, during software development the only raw material consumed is data, if we

can think of some raw material which is basically the data or inputs. Whereas, the other

types of development, manufacturing and development they consume lot of raw material.

For example, iron ore, coal, limestone and so on. And therefore, many of the clauses of

the 9001 pertains to raw material controller, input controller and that is not applicable to

software industry. These clauses are not relevant for software organization.
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Software vs. Other Industries

* Radical differences exist between
software and other product
development;

— Difficult to interpret various clauses

of the original ISO standard in the
context of software industry.
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And therefore, 1ISO came up with a new document applicable to the software industry. It
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recognized that there is a radical difference between software and other product and
came up with a new document which is ISO 9000 part 3, few years later the original is,
original documents were published in 1987 and the ISO 9000 part 3 came up in 1991.

(Refer Slide Time: 26:56)
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ISO 9000 Part-3
* |SO released a separate document

called 1SO 9000 part-3 in 1991.

—To help interpret the 1SO standard
for software industry.

* At present:

— Official guidance is inadequate.
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It helped to interpret the ISO standard for software industry, but still the official guidance
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is inadequate and it is interpreted by various consultants.



We will stop here. Almost at the end of the time and we will briefly look at what is the
requirement for 1ISO 9001 for the software industry, what areas it emphasizes and what is
the model that it proposes. And then the subsequently we will look at the software
engineering institute, capability maturity model. We will stop now.

Thank you.



