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Quality Models
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 A Quality Model is defined as, “ the set of characteristics and the 
relationships between them which provides the basis for specifying 
quality requirements and evaluating quality”

 Software quality is described by specific quality models

 Standard quality models
 McCall (11 quality factors, 23 quality criteria)

 ISO/IEC 9126 (6 characteristics, 27 sub-characteristics)

 Boehm‟s Model (7 quality factors, 15 quality criteria)

 Application or company specific quality models
 FURPS

 GQM Approach



McCall’s Factor-Criteria-Metrics Model
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Classification into :

Factors (to specify):

 They describe the external view of the software, as viewed by the users.

Criteria (to build):

 They describe the internal view of the software, as seen by the developer.

Metrics (to control):

 They are defined and used to provide a scale and method for measurement.



McCall’s Quality Factors and Criteria
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 McCall, Richards, and Walters studied the concept of software quality in terms of two key 
concepts as follows:

 quality factors, and

 quality criteria.

 A quality factor represents the behavioral characteristic of a system.

Examples: correctness, reliability, efficiency, testability, portability, maintainability etc.

 A quality criterion is an attribute of a quality factor that is related to software 
development.

Example: Modularity is an attribute of the architecture of a software system. A highly modular 
software allows designers to put cohesive components in one module, thereby increasing the 
maintainability of the system.



McCall’s Factor Model Tree
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 The McCall Model aimed at system 
developers

 It is used during development process

 It identifies 3 areas of software work:

Product Revision (ability to undergo
changes)

Product Transition (adaptability to
new environments)

Product Operation (its operation
characteristics)

 Doesn’t say much about Functionality



McCall’s 11 Quality Factors
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 Product Revision
 Maintainability - Can I fix it?

 Flexibility - Can I change it?

 Testability - Can I test it?

 Product Transition
 Portability - Will I be able to use on another machine?

 Reusability - Will I be able to reuse some of the software?

 Interoperability - Will I be able to interface it with 
another application?

 Product Operation
 Correctness - Does it do what I want?

 Reliability - Does it do it accurately all the time?

 Efficiency - Will it run on my machine as well as it can?

 Integrity - Is it secure?

 Usability - Can I run it?



McCall’s Quality Criteria
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 Some Quality Criteria‟s from McCall‟s Model is listed below:
Accuracy (The precisions of computations and outputs)

Completeness (The degree to which the full implementation of the required 
functionalities has been achieved)

Error Tolerance (The degree to which the continuity of operations is ensured under 
adverse conditions)

Expandability (The degree to which software functions can be expanded)

Hardware Independence (The degree to which the software is dependent on the 
underlying hardware)

Modularity (The provision of highly independent modules)

 Simplicity (The ease with which the software can be understood)



McCall’s Quality Factors and Criteria
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 Relationship Between Quality Factors and Quality Criteria

Each quality factor is positively influenced by a set of quality criteria, and the same 

quality criterion impacts a number of quality factors.

• Example: Simplicity impacts reliability, usability, and testability.

If an effort is made to improve one quality factor, another quality factor may be 

degraded.

• Example: Portable code may be less efficient.

Some quality factors positively impact others.

• Example: An effort to improve the correctness of a system will increase its reliability.



ISO- 9126
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ISO-9126 Model

 Software quality characteristics:

A set of attributes of a software product by which its quality is described and evaluated.

A software quality characteristic may be refined into multiple levels of sub characteristics. (ISO 

9126:1991 ,3.13)

Each sub-characteristic is evaluated by a set of metrics.
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The Six Quality Characteristics

(ISO/IEC 9126)
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The Six Quality Characteristics

(ISO/IEC 9126)
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The Six Quality Characteristics

(ISO/IEC 9126)
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Selecting and Prioritizing Quality

Factors
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Relationships between quality

factors 
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Relationships between quality

factors
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Examples of the relationships between quality factors

Integrity vs. efficiency (inverse)

 The control access to data or software requires additional code and processing leading to a longer 

runtime and additional storage requirements.

Usability vs. efficiency (inverse)

 Improvements in the human/computer interface may significantly increase the amount of code 

required.

Maintainability vs. flexibility (direct)

 Maintainable code arises from code that is well structured. This will also assist any modifications or 

alterations that are required. Thus a direct relationship exists between these properties.



Hewlett Packard: F.U.R.P.S
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Hewlett Packard: F.U.R.P.S
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 Robert Grady at Hewlett Packard proposed a model called as FURPS Model in 1987 and 
later extended by IBM as FURPS+

 Factors:
 Functionality: represents all the system-wide functional requirements that we would 

expect to see described

 Usability: aesthetics, consistency, documentation

 Reliability: Availability, Accuracy, Recoverability

 Performance: response time, resource consumption, start up time, recovery time

 Supportability: can it be extended, adapted, corrected?

 FURPS is originally a company specific quality model

 FURPS+ is now widely used in the software industry.
 Design Constraints

 Implementation Constraints

 Interface Requirements

 Physical Requirements

 The + was later added to the model after various campaigns at HP to extend the
acronym to emphasize various attributes.



Hewlett Packard F.U.R.P.S+
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 Design Requirements

E.g. a relational database is required

 Implementation requirement

Constrains the coding or construction e.g. required standards, platform or 

implementation language

 Interface requirement

A requirement to interact with an external item

 Physical requirement

A physical constraint imposed on the hardware; for example, shape, size and weight



Hewlett Packard F.U.R.P.S+
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Classifying Requirements?

 The persistence will be handled by a relational database is a ------

requirement

 The database will be Oracle 8i is -------------- requirement

 The system will run 7 days a week, 24 hours a day is a -----------

requirement

 An online help system is required is a ----------- requirement

 All presentation logic will be written in Visual Basic is ---------

requirement



Boehm’s Model
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 Another software quality model called as Boehm’s quality model was given by 

Barry W. Boehm in 1978.

 7 quality factors, 15 quality criteria

 At the highest level of his model, Boehm defined three primary uses namely, as-is 

utility, the extent to which the as-is software can be used (i.e. ease of use, 

reliability and efficiency),

 maintainability, ease of identifying what needs to be changed. He defined 

testability, understandability and flexibility/modifiability as the sub characteristics 

of maintainability.

 portability, ease of changing software to accommodate a new environment.



Boehm’s Model
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GQM- Goal Question Metric

6/21/202525

 GQM, the acronym for “Goal, Question, 

Metric", is an approach to software metrics

 GQM approach provides a framework with 3 

steps:

Conceptual level(Goal):: List the major goals of 

the project/Process

Operational level(Question):: Derive from each 

goal the questions that must be answered to 

determine if the goals are being met

Quantitative level(Metric):: Decide what must be 

measured to answer the questions adequately



GQM- Goal Question Metric
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GQM- Example
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GQM- Example

6/21/202528



Cost of Quality
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 Cost of quality includes all costs incurred in the pursuit of quality or 

to perform quality related work

 The "cost of quality" isn't just the price of creating a quality product 

or service. It's also the cost of NOT creating a quality product or 

service.

 Every time work is redone, the cost of quality increases. Obvious 

examples include:

The reworking of a manufactured item.

The retesting of a component.

 In short, any cost that would not have been expended if quality were

perfect contributes to the cost of quality.



QUIZ-I (Time: 20 mins.)
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1. Define Software quality, quality control and quality engineering.

2. Briefly describe the different views of quality.
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Total Quality cost includes:

 Prevention cost:

 Appraisal cost:

 Failure cost:

 Internal failure cost

 External failure cost

Cost of Quality



Prevention Cost
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 Generally the most effective way to manage quality costs is to avoid having defects in the 
first place.

 It is much less costly to prevent a problem from ever happening than it is to find and 
correct the problem after it has occurred.

 Prevention costs support activities whose purpose is to reduce the number of defects from 
occurring.

 Examples are the costs of:

 quality planning

 testing equipment

 Staff training

Quality improvement process 

e.g. 6 Sigma



Appraisal Cost
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 The costs associated with measuring, evaluating or auditing products or services to 
assure conformance to quality standards and performance requirements.

 Any defective parts and products should be caught as early as possible in the 
production process.

 Appraisal costs, which are sometimes called inspection costs, are incurred to 
identify defective products before the products are shipped to customers.

 These include the costs of:

Inspections

 Testing

 Maintenance of test equipment

 Supervision of testing and inspection activities



Failure Cost
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 The costs resulting from products or services not conforming to 

requirements/design specifications or customer/user needs. Failure costs are 

divided into two categories.

Internal Failure Costs

External Failure Costs



Failure Cost
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 Internal Failure Costs

Internal failure costs result from identification of defects before they are shipped to 
customers.

The more effective a company's appraisal activities the greater the chance of catching 
defects internally and the greater the level of internal failure costs. This is the price that 
is paid to avoid incurring external failure costs, which can be devastating.

These include the costs of:
 Scrap

 Rework

 Repair

 Re-testing

 Rejected products



Failure Cost

6/21/202536

 External Failure Costs

Failure costs occurring after delivery or shipment of the product and during or after 
furnishing of a service to the customer.

 These include the costs of:
Warranty

 product return and replacement

 help line support

 Liability arising from legal actions against a company

 External failure costs usually give rise to another intangible cost. These intangible 
costs are hidden costs that involve the company's image. They can be 3 or 4 times 
greater than tangible costs. Missing a deadline, Lost sales arising from a reputation 
for poor quality or other quality problems can be intangible costs of quality.



Tangible vs Intangible Cost
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 What Does Tangible Cost Mean?

 A quantifiable cost related to an identifiable source or asset. Tangible costs 

represent expenses arising from such things as purchasing materials, paying 

employees or renting equipment. They are prevention costs, appraisal costs, 

internal failure costs, and external failure costs.

 Tangible cost is a cost that is seen instantly such as in purchasing products etc.

 What Does Intangible Cost Mean?

An unquantifiable cost relating to an identifiable source. Intangible costs represent a variety of 

expenses such as losses in productivity, customer goodwill or drops in employee morale.

 Intangible cost is a cost that is not seen but its effects are perceived later in future.

 Intangible cost of an action may be much greater than tangible cost.



Failure Cost
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 Cost of Good Quality

The first two categories of cost are associated with putting systems and processes in 

place to reduce the likelihood of a failure.

 Cost of Poor Quality

Internal failure costs, external failure costs and intangible cost that impair the goodwill 

of the company occur due to a poor quality so these costs are also known as costs of 

poor quality by some persons.



1 -10-100 Rule for Cost of Quality
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 The rule explains how failure to take notice of one cost escalates the loss in terms 

of dollars.

 1 -10-100 rule shows that one dollar spent on prevention will save 10 dollars on 

correction and 100 dollar on failure costs.



Quality Cost Conformance 

Model
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 The quality cost conformance model provides an example of a

constrained optimization approach. In this model the economic

conformance level (ECL) is obtained where prevention and

appraisal costs are equal to external and internal failure costs.

 Prevention and appraisal costs increase as the level of

conformance of quality increases.

 Failure costs are expected to decrease as the level of

conformance of quality increases. Therefore, the total costs

associated with conformance of quality will be U-shaped as

indicated in the figure.



The Quality Cost Conformance Model
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Repair Cost of Defects
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The Race for Quality has no finish line, 

technically it’s more like a death

march.
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