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IntroductionIntroduction

Product QualityProduct Quality  is definable as “is definable as “the totality ofthe totality of
features and characteristics of afeatures and characteristics of a
product or service that bear on itsproduct or service that bear on its
ability to satisfy stated or impliedability to satisfy stated or implied
needsneeds”    (”    (ISO 8402ISO 8402))
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IntroductionIntroduction
TrendTrend::
Growing attention towards project measurement (both ofGrowing attention towards project measurement (both of

process and product) in the Software Engineeringprocess and product) in the Software Engineering
community in order to reach optimal qualitative levelscommunity in order to reach optimal qualitative levels

PracticePractice: many companies consider only the Economic: many companies consider only the Economic
and /or Technical viewpoints in evaluations and in aand /or Technical viewpoints in evaluations and in a
quantitative mannerquantitative manner
ReasonsReasons: cultural and economic motivations: cultural and economic motivations
ResultsResults: an incomplete product evaluation: an incomplete product evaluation
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IntroductionIntroduction

A comprehensive Software Quality Assessment
should take into account multiple and distinct
viewpoints:

Actors Viewpoint Objectives
Managers Economic (E) Overall quality

Users Social (S) Usability

Developers Technical (T) Conformance to
requirements
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Quality Function DeploymentQuality Function Deployment ( (QFDQFD))
 TQM  (Total Quality Management) studies in
Japan have focused on the customers: a
widely applied technique is, for instance, QFD
(Quality Function Deployment).

 QFD is a method for translating customer
requirements (ref. “Voice of the Customer”) into
appropriate technical requirements throughout the
development and production of a product.
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House of QualityHouse of Quality
((HoQHoQ))

QFD includes a series
of matrixes,
as tools to represent
data.

Most commonly used
matrix: the “House of
Quality” (HoQ)
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HoQ symbolsHoQ symbols

Every point discussed in the HoQ must be rated. In the
figure, some of the most common rating and weights used
in QFD studies and applications:
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QFD in SoftwareQFD in Software Engineering Engineering
• Distributed QFD (DQFD) by DEC

• Project QFD by Richard Zultner

• Study by Eriksson, McFadden and Tittanen : focus on the need
to join process and product analysis to check whether the user requirements
concerning both the product and the project issues were correctly determined
and to get the customers’ acceptance of these points;

• SPI/HoQ model by Ita Richardson: a tool to help the
implementation of SPI action plan for SMEs (using Bootstrap as the reference
SPI model).

• Matrix of Change (MoC) project by the Massachusetts
Institute of Technology: as useful guidelines for Change Management.
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QFDQFD and and Software Software Engineering Engineering

nn ConclusionConclusion: QFD: QFD could be could be a a useful useful tool tool for other for other
Software Software Engineering applicationsEngineering applications

nn To be investigatedTo be investigated: can QFD: can QFD be applied to be applied to
improve theimprove the software software Quality Models Quality Models ( (QMQM))
actuallyactually in use, in use, and our and our QF QF technique technique??
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Quality ModelsQuality Models

A Quality Model (QMQM) is defined as:

♦ the set of characteristics and relationships
between them which provide the basis for
specifying quality requirements and evaluating
quality

♦ a structured set of properties required for an
object of a class to meet the defined purposes
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Quality ModelsQuality Models
So a QM is given by the decomposition of a valuable object
(process / product / organisation) in a list of:

♦ characteristics

♦ sub-characteristics

♦ measures

Scope: predict / assure / verify the achievement of
a defined goal about the object before (+ during +
after) producing it.
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Quality ModelsQuality Models

The best known QMQMs for software are those by:

♦ McCall et al. (1977) [called FCM - Factor/Criteria ModelFCM - Factor/Criteria Model]

♦ Boehm et al. (1978)

♦ ISO/IEC 9126 (1991 and 2000 updates)

♦ IEEE 1061 (1992)

♦ Dromey (1995)
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Quality ModelsQuality Models

♦  number of relationships between first two
layers   (1:n, n:m)
p.e. McCall’s model (FCM) -> every sub-characteristic is linked to one or
more characteristics while in ISO/IEC  9126  every characteristic has its
own set of sub-characteristics

It is possible to classify them depending on the:

♦ number of layers (2, 3)

LAYER BOEHM M CCALL ISO IEEE DROMEY

1 H-Level Charact. Factor Characteristic Factor H-Level Attribute
2 Primitive Charact. Criteria Subcharacteristic Subfactor Subordinate Attribute
3 (Metric) (Metric) (Metric) Metric
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Quality ModelsQuality Models

General Problems in QMs:

♦ insufficient list mapping with an everyday
reality more and more complex

♦ little assistance in building quality into software

♦ individual interpretations of models and of its
variables
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Quality ModelsQuality Models

But: there is strength and usefulness in
shared common interpretations, rather than
individual interpretations of quality

Solution: use of ISO standard because
they represents the largest international
consensus on a software quality model
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Quality Factor (Quality Factor (QFQF) -) -  BuglioneBuglione & Abran (1999) & Abran (1999)

The Quality Factor (QFQF) technique consolidates
into a single numerical value (based on ISO/IEC
9126 standard) integrating Users’ (U),
Developers’ (D) and Managers’ (M) opinions
about the quality of the software being
measured.

QF uses an open weight scale methodology
(does not force a single set of weights).
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QF - the procedure flowQF - the procedure flow
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QF:QF: Improvements required Improvements required

vv QF QF applied forapplied for ex- ex-post evaluation purposespost evaluation purposes

vv QF QF withwith ISO 9126: ISO 9126:19911991  versionversion  onlyonly
vv QF QF hashas a  a specific approach tospecific approach to match match

stakeholders’ viewpointsstakeholders’ viewpoints:: any other any other  oneone??
vv QFQF calculation calculation use use several tables several tables:: is it is it

possible to simplify thepossible to simplify the procedure? procedure?
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QFQF22D: a D: a new approachnew approach

nn ChallengeChallenge:: merging the merging the QF QF technique into technique into
thethe QFD QFD approach approach

nn ResultResult:: an improved technique to be an improved technique to be
referred to asreferred to as::  Quality Factor through  Quality Factor through QFD QFD
((QFQF22DD))
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Basic Basic improvements toimprovements to QF QF

• Multi-perspective evaluation (E, S, T) of
software quality in the development /
maintenance phases

    (not only in the assessment phase)

• Evaluation of QF on a percentage scale
(to obtain an easier intuitive understanding of results)

• Use of ISO 9126 and 14598 series
(for software quality attributes and evaluation)
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Advantages from HoQ usageAdvantages from HoQ usage

• Simplification and rationalisation of the
QF method;

• Summarisation of all data in one table;
• Use of histograms to prioritise in a visual

way the most relevant sub-characteristics
and target goals of products to be
evaluated
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QFQF22D D lifecyclelifecycle
2 Matrices:

• D/M (Development / Mainteinance)

• A (Assessment)
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QFQF22D D lifecyclelifecycle -  - D/MD/M matrix matrix

WHAT (rows):

• expresses the targets by the three interest groups (E, S, T)

• priority fixed on a Likert scale (from 1 to 5)

• considers the three groups of stakeholders (well-known quality models
like EFQM and Malcolm Baldrige also use their distinct viewpoints)

HOW (columns):

• represents the list of the new upcoming ISO/IEC 9126 standard sub-
characteristics (parts 2, 3 and 4)

In the Matrix:

• relationship between user requirements to be translated into product  features
and quality sub-characteristics expressed on the ISO/IEC 14598-1 scale (from 0
to 3), in place of the common QFD graphic symbols used in the HoQ
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QFQF22D D lifecyclelifecycle -  - AA matrix matrix

In the Matrix:

• relationship between product features and quality sub-characteristics
expressed on the ISO/IEC 14598-1 scale (from 0 to 3), in place of the
common QFD graphic symbols used in the HoQ

WHAT (rows):

• represents the list of the new upcoming ISO/IEC 9126 standard sub-
characteristics (parts 2, 3 and 4)

• priority fixed on a Likert scale (from 1 to 5)

HOW (columns):

• expresses the product features of the assessed product

• consider the three groups of stakeholders, as in well-known quality
models like EFQM and Malcolm Baldrige
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QFQF22DD symbols symbols

Mark QF2D Symbol Rating Global Rating

3 l Excellent
2 ¥ Good Satisfactory
1 m Fair
0 Blank Poor / Absent Unsatisfactory

• Foundation: use of the ISO standards for SwEng

• Application: ISO/IEC 14598-1 rating scale applied to QFD-
like symbols
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QFQF22D D matrices structurematrices structure -  - D/MD/M matrix example matrix example
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QFQF22D - the calculationD - the calculation

The instrument needed for the QF2D
calculation is:

♦ HoQ-like table: D/M (Development /
Mainteinance) or A (assessment) matrix

Template Excel available at:
http://www.geocities.com/lbu_measure/qf/qf2d.htm
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QFQF22D - the calculationD - the calculation  (D/M matrix)(D/M matrix)

6 Steps:
� Listing of the most relevant desiderata on the matrix
� Determination for each desiderata of:
v level of priority (1-5)
v which sub-characteristic(s) is (are) correlated it to the target
v which rating (0-3) of the sub-char is linked to the target (circle symbols)

� Calculation of the sub-characteristics values (SSV)
� Calculation of the whole characteristics values (CV)
� Calculation of the Total Characteristics Value (TCV)
� Determination of the final QF2D value (TCV / TCVmax)

Note: using a spreadsheet solution, you can automatically calculate priorities (histograms)
and delta values in the “Internal-external comparisons” zone of the matrix
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QFQF22D: D: main advantagesmain advantages

• Use of new ISO 9126:2000 standard series;
• Not only an assessment of product but also of

development/maintenance (with feedback loop);

• Use of ISO 14589-1 evaluation scale to express
relationships in the HoQ table;

• Greater granularity in the whole product evaluation
(at the sub-characteristic level);

• Use of a single table to collect data and visualise
results (for all participants from the three interest groups: E, S, T)
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ExampleExample

Assumptions:

• 5 respondents to the questionnaire (1 manager, 2 users,
2 developers)

• 31 quality sub-characteristics used
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Thus, it derives the
following formulas
for:

•SCV

•CV

•TCV (value, min,
max)

•QF2D
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ExampleExample
After filling the QF2D table, this is the result:
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ExampleExample

And this is
the analytic
result, in
order to
evaluate it
with more
attention:
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ExampleExample

Two levels of comparison are possible after filling the A
matrix:

• higher level: between the 2 QF2D values

• lower level: among the sub-char evaluation from the
D/M to the A matrix

The results from this analysis will represent the input for the
next D/M step.
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Conclusions Conclusions && Prospects Prospects

vv QFQF22D calculation:  D calculation:  for a more objectivefor a more objective
software quality measurement including asoftware quality measurement including a
multimulti-perspective viewpoint (E, S, T) and it-perspective viewpoint (E, S, T) and it
leverages the QFD (Quality Functionleverages the QFD (Quality Function
Deployment) techniqueDeployment) technique

vv QFQF22DD procedural flow is much simpler procedural flow is much simpler
vv This technique is aligned with the upcomingThis technique is aligned with the upcoming

version of ISO/IEC 9126:2000version of ISO/IEC 9126:2000
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Conclusions Conclusions && Prospects Prospects
vv QFQF22DD is very flexible: it can incorporate a is very flexible: it can incorporate a

variable number of target/productvariable number of target/product
characteristics characteristics ((to derive the final quality valueto derive the final quality value))

vv QFQF22DD can be used separately or jointly with can be used separately or jointly with
the QEST/LIME modelsthe QEST/LIME models
vv focussing either on a qualitative assessment only or asfocussing either on a qualitative assessment only or as

the qualitative assessment within a fullthe qualitative assessment within a full
multidimensional performance assessmentmultidimensional performance assessment
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Question Question TimeTime

Thank you for your attention!
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