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1- Introduction

The purpose of this report is to summarize the first-year of research activity related to Yann Argotti’'s PhD
inside the IC/ISI group at LAAS-CNRS. This PhD candidate is registered at EDSYS school and INSA Toulouse in
“Computer science and embedded systems” specialization track. Claude Baron, IC/ISI group responsible and
Philippe Esteban, member of IC/ISI group, are co-joint thesis directors. Thesis subject is “Study of Qualimetry
essentials applied to embedded software product and organization, with consideration”

During this first year, current topic was analyzed to understand the problematic. This analyze was completed
by a state-of-the-art start that allowed to identify what are the current technical road blockers and to have the
first contributions synthesized over the production of a research paper [1] that was accepted for the incoming
IEEE System Conference 2019 (see Annex). In parallel, the overall thesis approach was refined and consolidated
with the need for creating a tool to support the research activity.

Thus, in next parts of this report we are going to review the scientific context linked to our problematic, the
goals we are targeting with this PhD work, how we are organizing our research work, then go through the current
achievements and finally conclude.

2- Scientific Context

Today quality is a key project aspect that follows and drives software development since its beginning. Delay
and coding workload reductions, technical back and forth optimization linked to qualication, customer
acceptance and sustaining phases are essential stakes in project cost: solely, these activities represent around
65% of overall cost and bad testing processes can increase the risk of project delay or cancellation by 25 to 300%
[2]. Moreover, like in thermodynamics, software entropy [3], or complexity, increases during software system
lifetime, and then it is mandatory to measure those "disorders" to avoid to lose project control over time.

Qualimetry [4], [5] approach brings a set of good practices, fosters dysfunction detection, enhances control,
increases efficiency and productivity not only to developers but also to overall organization. Therefore mastery
of this scientific discipline is decisive in terms of efficiency improvement, through standardized quality model[6],
metrics and controlled process of software development.

Indeed, this qualitative approach, or control, of the quality is realized via quality models which can follow
either an adherence to process or capability level (e.g. CMM [7], ISO/IEC 15504 [8]) or assessment through a set
of attributes and metrics (e.g. McCall [9], ISO/IEC 25010 (ie SQuaRE) [10]). In addition, since 1977 with McCall's
model [8], many software quality models were regularly defined or derived from others, including some effort
of normalization. We can quickly identify Boehm's model [11], [12] in 1978, ISO/IEC 9126 [6] in 1986, FURPS
/FURPS+ model [13] in 1987 and then 2000, Evans & Marciniak's model [14] in 1987, Deutsch & Willis' model
[15] in 1988, Capability Maturity Model (ie CMM) [7] and Ghezzi's model [16] in 1991, Dromey's model [17] in
1992 and 1995, IEEE model [18] in 1993, SEI model [19] in 1995, SATC Model [20] in 1996, Bansiya's Quality
Model for Object Oriented Design [21] in 2002, Kazman's model [22] in 2003, Aspect - Oriented Software Quality
Model [23] in 2006, Component based Software development Quality Model [24] in 2008, DEQUALITE model
[25] in 2009, UML Conceptual Model [26] in 2010, Sehra S.K.'s model [27] and ISO/IEC 25010 (ie SQuaRE) [10] in
2011, ... and Optimized Quality model for Agile Development [28] in 2017. Aligned to what Figure 1 - extracted
from [29] - is also depicting, we can then state that there is no obvious quality model best choice, despite
comparison studies such as [30], [31] or [32], and none of the existing quality models are bridging the assessment
and the adherence sides.
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Finally, it is interesting to notice that software entropy, or "disorder", over time measurements, could be
characterized by software aging®[33], [34] and can be measured thanks to reliability quality characteristics [10].
However, by definition the related sub-characteristic metrics are performed in the context of continuous
software execution and don't include software maintenance or update impacts during the software product life:
slowly, the software product is being degraded by itself. We can conclude that strengthening a quality model
may require also further consideration to product life vs product realization with some metric refinements.

7 Figure 1 - enealogical tree of quality models - scope is related to web services [29]

Y our assumption here is that we consider software from the very beginning of its implementation (i.e. at its early age phase) and then,
over time, "disorder" is growing due to integration of patches to either bring new functionality or issue fix, and also due to its execution.
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3- Goals

Since Qualimetry is by definition the quantification of Quality for any object, including process, and
considering the technological barriers seen in previous section, the inceptive thesis main goal is to:

Define and evaluate an optimized Quality Model in order to bridge and quantify quality not only for
software development (ie requirements, models, source code) but also for software organization, with
conformance? to ASPICE MAN.6 [35], ISO/IEC 25010 [10], ISO 26262 [36] and ISO/TS 16949:2009 [36].

Main Goal

Secondary initial thesis goals are to exercise this quality model and achieve:
‘e Software Maturity within Continuous Integration process measurement :
o Traceability / Quality by design / Change impact
o Test efficiency

o Project Landing zone (Time to market vs risk & complexity)

Secondary Goals

e  Software Aging measurement
o Software Model Aging (e.g. Impact from Maintenance, FOTA and/or Complex system vs impact

to safety & reliability)
o Product Aging Landing zone ;

However, during this first year, our further study and analysis performed on Qualimetry and quality models
required us to refactor and consolidate these originals goals. Indeed, we were able not only to confirm our early
statement that there is no obvious solution for quality model for software development and for software
organization, but also that there is a misunderstanding about Qualimetry3 [1] and we identified gaps on quality
model classification and on decision for the quality model solution to apply/use. Comparison studies we can
found in [30], [31] or [32] illustrate clearly that fact. Only some work done by Oriol et al. [29] including ontology
consideration open the perspective of a solution. So, to be able to address our main initial goal, we can
decompose it into:

[ 1- Taxonomy for quality model h
a. Build a taxonomy for quality model,

e Complete state of the art on quality model classification, ontology and classification
in general,
e Build taxonomy based on

i
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1. Ontology with synonym and word constellation?,

2. Our unified quality model conception,
3. Definition of quality model pedigree,
4. Our polymorphism degree measure,
5. Any additional relevant approaches seen in state-of-the-art part,
b. Apply to our case study that taxonomy,
e Classify SW product quality models
o |dentify SW product quality model main genes
e Deliver a kind of “Charles Darwin Diagram” or cladogram, Figure 2, of SW product
quality models
2- Define an oracle for decision to get optimum quality model solution,
a. Build a decision oracle for quality model,
e Complete state of the art on decision related to quality model and on oracle in
computer science in general,

2 The company, welcoming student here, is in automotive field which therefore drives standard choices here.
3In general, qualimetry is understood as “applied qualimetry” and not really as qualimetry as a science.

4 See the http://www.atlas-semantiques.eu site for more details
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o |dentify inputs, context, constraints, heuristics and inference rules ...,
o Build oracle: Decision means “deciding which quality model fits the practical needs”
=> context
b. Apply to our case study that oracle,
e Proceed on case study: sw product quality model
e Evaluate result

Figure 2 - An example of Darwing diagram or cladogram

To help and support these two tasks, we are adding a third sub-goal that must be achieved in parallel to
these two ones: this the creation a unique tool and quality model database. Moreover, that tool will
demonstrate that our proposal is viable and usable.

3- Define and implement a tool to support quality model taxonomy & oracle
a. Compute automatically distance between two models,
b. Describe Quality model seen in state of the art (use Yaml for quality model description,
pedigree, setup bridge/dictionary of “synonym” =>http://www.atlas-semantiques.eu/?I=EN),
c. Apply the computation over the multiple quality model combination,

Main Goal: sub-goals

Darwin’s diagram / Cladogram generation,
e. Quality model decision helper (oracle?),

Thanks to this goal refinement, we can rewrite the first initial secondary goal relying on the
taxonomy and oracle studied and developed in our main goal. In addition, we understand that the
amount of work required to achieve it may bring risk to not be able to complete on time last initial
secondary goal (ie software aging). Therefore, the rewritten secondary goals are defined below:

e Quality Models and Metrics linked to CI
a. lIdentify characteristics linked to Cl: iteration, change patch, main characteristics/sub-
characteristics...
Identify Weight factors and applicable code metrics
Entropy metric within quality model and CI
Use taxonomy and oracle against Cl context

® o o o

Compare and impact result analyze: w/ & w/o weight factors, w/ & w/o a quality model,
entropy evolution

Rewritten Secondary Goals

e Software Aging measurement
a. Summarize problematic and difference against regular (ie often associated to reliability) vs our
definition of Software Model Aging
b. Takes examples: Impact from Maintenance, FOTA and/or Complex system vs impact to safety
& reliability, product aging landing zone

N o e



4- Organization of research work

Research work will be organized into several incremental steps, organized around the goals defined and
refined in previous section.

Indeed, the first step is to proceed on study and analyze the current concepts and problematics behind the
thesis subject. This study shall be based on a rigorous state of the art, started from the listed references, on
gualimetry, quality quantification, quality models and our fields of interested which are embedded software
product and its organization. As written in previous section, our analysis concluded on the need to build a
taxonomy for quality model and then followed by a need to construct a methodology on decision / oracle to
generate optimum quality model solution. This will be completed with the related metrics which must include
independent (e.g. Function Point, COSMIC [38]) or not measures of technical or quality characteristics,
considering also applicable norms and standard for embedded software development, process (agile [28] and in
V-cycle) and software organization.

This global approach is acting on the theory field. However, we will need to exercise regularly our findings
against the practical field, applying on some specific case studies, such as software product quality models and
continuous integration process. These experiments phases will allow us to loop back to correct, consolidate,
optimize our taxonomy and decision methodology. We are planning multiple back and forth loops between
theory and practice field to be able to converge on a suitable and practicable solution. To support also these
experiments, we are planning to implement a tool, with a first aim on computing distance against two quality
models.

The research work organization is summarized in Figure 3. We see the various task sequence, the theory
vs practice aspects, and their loopback and the tool supporting our overall approach. We can notice that we
have completed first task and are currently focusing on the quality model taxonomy (or classification
methodology).

Theory Field Practice Field
Wears here Creation of a tool !
e Methodology on Apply classification
Definition and Approach classification methodology on case
Understand conceptand Setup methodology to classify and ) studies
problematic organize quality model Classify and organize SW product
\ 4 quality models

Consolidate tool !

T = T Apply decision

| e Methodology on decision -~ methodology on case

— Setup methodology decide on quality ) studies
model suitability

Decide which SW product quality
models to apply to Cl (SW Labs)

Extend tool !

Extended metrics Deploy solution on case
L studies
SW entropy & aging metrics (SW y
Labs) Implementand deploy SW product
I quality modelsto Cl (SW Labs)

Qualimetry applied to SW Labs
with considerationto software entropy

Figure 3 - Current research and development flow
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5- Current achievements

In the section 4-, we saw how we organized our research work to answer to our goals and that our
initial task, “Definition and Approach”, is done now. During this task, where we proceeded on state-of-the-
art studies, we noticed that Qualimetry science was often misinterpreted, considering it more from its
applied side and therefore we noted some common mistakes such as missing weight factors, or derivation
rules for example. Thus, to leverage knowledge about this young science® and reconcile both theoretical
and apply aspect, we built a synthetic view of what Qualimetry is via what we named: the “House of

Qualimetry and its six pillars” (cf Figure 4).

Measurement

Qualimetry
Theoretical & Applied Qualimetry
Quality Model
gl L3 |2
2l 3| 53 |2
TR
| |
-;!- [F2| é
Object(s) of Interest

Figure 4 - The House of Qualimetry and its six pillars [1]

As a result of this analysis, we investigated both sides: quality model and measurements. On the quality
model we identified three main streams of work. The first one, done by Wagner [40], synthetize research
on quality control for software products based on quality model and measurements. The second one
corresponds to the qualimetry point of view, relying on Azgaldov et al. [4], [39]. The last stream we identified
is the one composed of all the common research and standard approaches about quality models. We
summarized our analysis in a Table I, showing some commonalities but also some differences and gaps.

Quality models
. has
Stream of Wagner cral.  [SU€ Azgaldov er al.
ISO/IEC 250
approach [18]. [47] o), e, 2 )
(291
- i System and
Q“.lsl?opl:m goéf:;:":m duar/S0 fiware productiAny area
andin use
Dalustion | Evaluation plan [Evaluation context
context &plan P

2 Purposes

|* Definition

* Assessment

l* Prediction

« Multi-purpose

* Definition
* Assessment
(evaluation part)

* Definition
* Assessment

[Not specified but

INot specified but

tic

QEME method - Rigorous method
3| toassess [ooumes aesnes + Short-cut method
ity 5 & * Approximate
WAy hethod imethod Lot
3 * Expert method
Sii:::'wlo;’";:: [Not sp ecified but|Not specified but|, ,\‘?n-erq)m
about values lassumes expert [assumes expert imethod (‘:
inQEM  [rethod imethod lanalytical method)
 Hybrid method
Data l* Hierarchical
5 | organizational |* .\Iel_zf_nodel * Hierarchical | Hierarchical
types * Statistical and |(» Meta-model)
(Tmp licit
Rules to
derives trees ['°7¢ [none (~30 rules
7 W eight factors [ " PP f:'p'°P°.f'§' [Pz property

tic

8 | Polymorphism

mone

lnone

mone

Table | - Comparison of the main three distinct streams of work supporting quality model specification

The rows of our table are summarizing the distinct attributes that we can use to characterize or design
quality models without limiting ourselves to a specific domain such as software product, for instance. Then

5 Qualimetry appeared as the genesis as a new science in former USSR since 1968 [39].
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for each row, or attribute, to generate its consolidated definition, we take the union of the results from
each stream. We note that there is one exception in our table. The “polymorphism” attribute is missing
from all these three streams of approach.

Indeed, this is our third contribution. We introduced the polymorphism concept - concept frequently
used in programming-oriented object- for quality model to reflect the facts that

1- For same type of objects

a. We may have common quality model “interface” (ie Ad hoc polymorphism) or
characteristics,

b. We may have some heritage between quality models with more or less important
variation of characteristics / sub-characteristics between “sister” quality models (e.g.
quality model for a generic chair can be derived as one for long chair and one for rocking
chair), (ie subclassing or inheritance)

2- Over a project or product life cycle, for example, quality model can change (e.g in design phase we
have different focus than in maintenance one),

Interestingly, genetic offers us a way to measure variety or polymorphism. This is the nucleotide
diversity formula (1) introduced by Nei and Li in 1979 [41]. With this fourth contribution to our research
work; we introduced a mathematical way to define and compute distance between quality models.

T = Z xixjﬂij
Y (1)
As final step to benefit to this study related to quality model, we organized these height quality model
attributes in a way where, if we rely on their sequential use, we have a unified conception process for quality

model. Figure 5 shows this process. The colored square boundaries indicate to which quality model pillar
the attributes are belonging.

Unified Qualty Model Conception

Metheds (QEM)
P —

o

Qualey Exadustion Methods (QEND

v source of infarmation abost v abees

Dats crgants stbomsd types

Gomersd rules

et i
Woighe tacten

P mcqlinn

Legend

Figure 5 - The unified quality model conception, aligned with the three “Quality Model” pillars
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The second architrave of our “House of Qualimetry” is the measurement. During our analysis around
this topic, we noted that usually measurement processes are sequential, invent if they include sometimes
some loopback to consolidate the process and data. However, we have proposed a refined process (cf Figure
6), aligned with Qualimetry, and decomposed into three main phases: initial, planning and execution.

quadtan e techrmues
Cotena

Data i usable foom|

Figure 6 - Our measurement process proposal articulated over three phases

In parallel to the elaboration of that process, we noticed in the literature that a measurement can be
affected by different types of transformations - scaling, rating, aggregation, threshold, validity & reliability
- which can be rearranged following a natural order. Indeed, if we take a raw measurement, the first step is
to assign to a specific scale, identifying which mathematical and statistical tools, for example, can be used
for that raw measurement. Then we are in a position where we can state if the measurement is valid and
reliable, get a rating of this measurement giving an early indication / interpretation of that measurement
... The Figure 7 is depicting this measurement transformation or refinement pipeline. This is our seventh
contribution.

The last study we performed for this first year, was about our objects of interest within the thesis scope
(ie embedded software and its organization). Therefore, we identified height main distinct objects belonging
to six object categories. The Figure 8 shows not only the multiple objects of interest, but also point out that
there are relationships between these objects and we have three distinct types of product: product in
development/conception, product in use and product as service.

To conclude on this section, we would like to highlight that we detailed and promoted our height
contributions with the achievement of three documents. First, we submitted a research paper with a scope
of system engineering. This paper covers our first seventh contributions and was accepted for the incoming
IEEE System Conference (SysCon) 2019 (see Annexe B). We completed another research paper at 95%. It is
targeting a journal with a scope of software engineering. Our third and last document is a procedure
document that we wrote to explain and describe measurement process from Figure 6 put in Automotive
SPICE [35] context. This document was reviewed internally to the company welcoming the student.
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Raw Scale
Measures

- Measure propertics
- Mathematical operators
- Permissible Statistics =~ Scaled

- Distributions Measures

Rejected Measures Validity &
- Reliability

N 72 -
©OEE E@®

Valid & Reliable
Scaled Measures

Rated, Valid & Reliable
Scaled Measures (- Weight Factors
J‘- Sub-characteristic measures
l |- Other relevant measures

Aggregation Ageregation
purpose operator

Quality Acceplance
Measures Thresholds 1 ryroet
Reference

Figure 7 - The measurement refinement process

ﬁaniution ﬁct @m / Software Life Cycle
p-=aea N - —— "

Development l'Evolutinn/

Maintenance
Process = Organizational

Technical
Project-Enabling Ltrtes

Technical

‘Management Processes
\GmETcei Ps ——
rocesses
Agreement
Supplier | Processes

People

Product

\ N

Figure 8 - Our objects of interest: organization, process, project, people, supplier, service and software product

6- Conclusion

In conclusion, this first year was quite productive in term of contributions and achievements: height new
contributions to current state of the art, in which seven of them are already acknowledged by peers- and two
main document achievements — IEEE conference paper and a company internal measurement procedure. In
addition, we showed that our research work scope covers not only software engineering but also system
engineering.

Regarding our research approach, it is a joint effort between theory and practice field using experiment
loopback. This is key for us because it allows to consolidate our theory and, at the same time, ensures that our
theory can be applied against practicable problems. Moreover, to foster the applicability aspect of our approach,
we initiated our tool for quality model classification and decision. The first implemented functionality is to
retrieve synonyms and word constellations from an online semantics atlas (cf. Annexe A).

In our next steps we are going to continue work on quality model taxonomy, relying on our contributions
and extending them with ontology consideration, weight factor inclusion and introduction of quality model
pedigree concept. Once completed, we will be ready to start our journey on the oracle part where context,
timeline and classification achievements will help us to bring an answer.
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Annexes

A- First part of quality model classification and decision tool: get_synonyms.py

This short python program is the first piece of our tool: it makes a web request to www.atlas-
smeantiques.eu site in order to get a json based result of synonym and their corresponding
constellations. The first text box below is an example of screen display of that python script: it
looks for “functional” synonym. The second text box is the python script itself.

$ /get_synonyms.py functional
Request word => functional

Constellations:

Lvl: 0 =>
in working order, operable, operational, operative, practical, running, serviceable,
usable, useable, useful, utilitarian, working

Lvl: 1 =>
official

#!/usr/bin/env python
import sys
import urllib, json

## active or not some debuge trace

debug = 0

try:
url = "http://www.atlas-semantiques.eu/view/synjson.php?r=" + sys.argv[l] + "&d=EN"
## here is an exemple of URL
## url = "http://www.atlas-semantiques.eu/view/synjson.php?r=functional &d=EN"

response = urllib.urlopen (url)
data = json.loads (response.read())
if debug:

print data

## Request: our root word
print "Request word => " + data["request"] + "\n"

## Word list: Assume that we are asking only EN => we have only one item
tab = data["words"][O0]
word list = tab["word"]
if debug:
print word list
## Fermeture : lists of words associated => constellations
print "Constellations:" + "\n"
lvli =0
tab = data["fermetures"]["fermeture"]
if debug:
print tab
## for each constellation, from the closest to the farest
for i in range(len(tab)):
elt = tab[i]
print "Lvl:", 1lvl, " => "
words = elt["wordRef"]
## get all words of that constellation (concatenate for nicer display)
res =""
for j in range(len(words)):
## we are getting only wordref, so we need to get the real walue
res += word list[words[j]]["text"]
if (j < (len(words)-1)):
res += ", "

print res + "\n"
1vl+=1
except:
print "Bad argument: expecting word to look-for as first parameter”
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Absracr—Nowadays, quality definition, azsessment, contraol
nﬂmeﬁcmrmntushhmedmsrsﬁmw
Ome common factor amonz these actvides iz quality
gquanfification. Therefore, thromghout this paper, the authors
forns on the problems relating to quality quantification in
systems engineering. They first identify the main drawbacks of
the cmrent approaches adopted im this domain They
demonsirate bow cwrent solutions are mot easily repeatable
and adaptable scross systems and bow in most cases, the
related standards such as ISOIEC 25010 or Axtomofive-
SPICE to dtfe just a few, are pot wsed az they are within
c ies today. For i Y, 4 YOUnE sclence
mrlthpm'posenfquhrrqluhﬁnm'prmmmmdsta
reselve these gaps. To be able to nse these tools, the awthors
propose a symthetic representation of gqualimetry and its six

musm:hxmmﬂnthﬂgnqnahhmﬂdmhﬁed
on fhese pnpmimprnt&smﬂtﬂglumm
the quality model Among thewe attribmtes, a mew ome i3
infroduced to capture and measure the quality model evolution
and adaptation aspect: the polymorphism and the
polymorphizm degree. Fimally, the awthor: comsolidate the
measurement part thanks fo 3 new measurement process
before retwrning to the benefits of these contributions to
SFEiems enginesTing.

Eeaywords
maasure, polm srp.hr.m

ineering, qualimerry, qualiny mode,

I INTRODUCTION

Chzbity quanbfication actvity and tts usaze m decision
nekmz 15 offen undsrestmated and failures on these
acthaties result fo pon-quality which costs compames 5%
tofal revenue [1]. Moreover, somstumes 1t happens that the
mmpact mlated to these fahwes 15 even worse with dramatic
consequences. We can refer to some well-krown examples.
On the 15* of Apul 1912, FMS Titanie sack dwing s
maiden voyage resubting i the loss of 1,523 people [2]. Thus
mumber could have been greatly reduced if the comect
decision was mkmdnrmg{hedﬂ.gnpha regarding the
waterproof quality of compartments. Over the 1983-1987

Therac-25 cansed massive radianon overdoses to sbx
pul:lmt.[3] The fahnes were the result of issues m the
desizn and development process. Om the 28% of January
1986, the Challenger spacacraft exploded 73 seconds affer sis
igmhoukilhngaﬁm‘enmwn:emher[ﬂ with a root
cause manly associated with NASA's company culfure and
its decision meking processes, On the 4% of JFume 1996,
becmufmmgmm‘edbwhnkedtoﬂmmofﬂm
same navigation software than Aname 4, Anane 5 was self-
destructed lecs than 40 seconds after 1pmtion 2s a result [3].
Following an umaddmssed mazjor defect m anbag, the

FOO-R-RO00- 00O D00 S0 00 e20XN TEEE

banknpt of Takata, an antomotive equpment manufacturer,
occurred [6] on the 26% of fune 2017, In each all of these
tragle events, ot cawses wee ather wmecaught or
maddressed L.sue(aj in the desipn architecfre product
change decision or development process. A proper quality
quanfification could have identified these 13sues leadme to
comectve action and resohifion before it was too late.

Quah quaniification. an mphert actviy assocated

with venficaion and validaton proceszes. 1z parbculardy
exeroised dimng the quabity comtrol part of these two
processes [7] It soverns not only the set of relevant qualiny
charzctenstics, but alse how we measre and assess them to
ensure that the system that 1= desizmed and produced meets
it requrements on bme In additen. @ grves us the tools to
evaluate how well these requirements are met from 2 quality
perpectve.

The cmrent techmgues used to quanfify qualfy m
systems engineening are usually specialized to a specific
domain, adapting standads ez, CMMI [8] or ISOIEC
25010 [9]) or latest research acluevement=. However, that
approach 15 too centric on the object currently under design,
development or production and therefore prevents to
generalize and benefit imediately fom advances on other

2reas of sysiEms.

In 1968, a mew science fimally emerped that could
generalize the qu:n:lt:ﬁczuou:l of quality: Qualimetry. This
science covers both the theor
quality quanfification for any domam whether it 15 techmeal
or noo-techmical. Unfortunately, this relafiely young
sclence, “hchhxahmmahmmdelvmdamm
systems enpmeenng where we encounfter only specifie
apphed qualmmetry case studies thlamnm&vde—
comelated fiom theorstical quahmetry. Thus, we ae
propesing to brng this sclence mibo systems enpinesrmg,
showing the field of parspectie offered by qualimetry.

In the following sechons of fus paper, we first review the
current context and problems linked to quality quannfication
m systens engineerng and see how quahmetry enshles ther
rezohutions. We then propose a svnthefized view on
qualimetry, represented by what we call the “House of
Oualimeny”, that fosters 1ts understandimg, depictng quality
models and mezsrement concepts. Next. we consolidate
these two concepts of modal and measurement by proposing
2 umfied qualty model conception and a pew measurement
process. Fimally, we mvew the mierests, mﬂ:!ﬁpecttn
systems enminesring of 3 qualmety approach remforced
with ow commbutons versus the tradional way of
quantifying quality.
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I CONTENT AND PROBIEMS OF QUALITY QUANTIFICATION IV
SYSTEMS ENGINEERING
We have seen from the exanmles m the mtroduction how
essential it is to properly evahiate and assess the quality of 3
system However, that task i= more complex than simgply
ing the above = Indesd 1t requires that we
have a clear defimthon of: what 1z beneath quality, the system
we aim to evaluate, the system dependencies, the way we are
d:man‘ermg the system quality, how and when we are
meaqming these charactenisties and controllmz then the
qtﬁ]tvizn‘aldlmﬂgeachstepsufﬂmg—hemh&cvde
descnbed 1 ISQVIECIEEE 15288:2015{9]. Hopefully, we
h.alre many years of work and hteratee upen which we can
rely.

Starting with quality, while its definetion evelved from
the 5% century B.C. Greek philosopher's thoughts in their
quest to know “whar iz knowledge™™ [111H{13], quality of
somethine or someons represerts the properties or
charactenztics of that thmz o bemnz. Nowaday: the
defimtion 15 more ousnced 1 that quabty 12 percerved as
positive by default. Howsver, to avoid amy finther debate
zbout the meanmsz of quality, we ae takang the defimbon
from IEEE Standard glossary [14]. winch 15 also the one
usad m the Infermatonal Soffware Testing CQualification
Board glossary [15]:

“The degree to which a system, componsnt, oF process mests
1-  Specified requirements,
2-  Customsr or user nesds or expeciations”

Regarding system and systems bfe cyele. TNCOSE
Handbock [16] gﬁumﬂmn@ﬂmlmmﬂed@aanﬂ
foundation. Mevertheless, one important thing we have to
tzke into consideration 15 that 2 system is a of
three dimensions: physical computational (or logeal) and
tmman [17]. Therefore, quantifyme and then controlling the
quality of a system conzists of beins able to
measiwe and assess each of thess dmmensions and thew
respeciive combinations.

TWhen we speak about system quality chasctenzanon we
refir to the general approach which identifies and orzamees
over a quality model [12]. [18] the relevant characterishes of
the svstem that we have to meaure and assess in order to be
zhle to draw 3 conchwion abowt its quality level In 2011
LSOEC 25010 standard [10], an evolution and extension to

field of the p standard ISCVIEC
91"6 [19] umpubhs]:edmﬂuﬂummm&mme
Moreover, ISOVIEC 25010 15 atself part of the ISOIEC
250xx standard semes [%], [20]{29] called System and
Softemre Chizlity Requuements Evaluatons aka
SChARE. Interestmsly, we are nobemg that SCuARE scope
doas pot cover System. Software and Hardware (1e. phy=ical
dimension of 3 system) bke 130 26262 [30] the “Rowd
vehicles — Functional sqfery” standard does.

However, despite the fact that s standard set mives us
MWM'WEMMWMMME
15 a2 weak standard that requmes complements and
clanfications. Az B. Bochm stated m 2 mecemt Spstems
Engineering Research Cemter talk [31], this standard 15 too
generic in that it atterrmi= to fit each and svery caze into one

¥ ISOVIEC 25010 describes product quality model, quality inuse model and
data qaality model.

and does not conzider the evolution of stakeholders needs
depending on time_ emromment and the type of stakeholder
This stafement 15 ilstated in the swvey camied out by
Wagner et al [32] who pefwmed a sunvey focused on
prachfionsrs and compames located in Gﬂmzndspea.kmg
countries. The result was that quality related standards’ were
wsed 1n less than 28% of the cases and out of this 28%
ahmost 79%: were more or less desp adaptations of the quality
model spemified by these standards. So, ow quality
quantification dilemma becomes a question of whether it 15
mﬂbewwmamquaﬁwmnd&!mmﬂwﬂmmmg

Most common and early methods to model
a1 the Factor / Criteriz / Metic (FCM) by MeCall aral in
1977 [33] and 1tz penerzhestion by Bamili er all m 1594 [34]
into the Goal / Qmestion [ Metrie (GOM) methnds. These
method: consist of gquality model constucfion wath
“what are the system guality factors and their respective
criteria’™ or “what are .rhe system quality goak and their
corresponding guestions””. Many of the quality models have
hemdmgnedmﬂlﬂ:memeﬂmds. mehding ISQOIEC 25010
wihich 1= based on GOM. Unfortunately, these methods are
mussmg some mportant aspects in the design and adaptatien
methodology. We can cite for mstance, the mtegranon of
quality model papose with the Definifion - Assessment -
Predicion (DAF) classafication from Dewssenboeck st al
[35]. see Fiz 1. This elassification depicts the increments]
relshonshup between these three purposes. starting from
definttion models. (her examples can be that factors or
quahity charactenshes can have different nmpact, or weight,
m the overall system quality, or also, the question of “amosng
the large nmumber af exizfing gquality modsl: and factors, or
quality characteristics, how fo select and adapt to them o
our system’

Assisaininl
Almbely

Prediction
Aladels

Fig 1- The DAP clasification inmoduced by Deissenboeck o ai. [35]

Igbal and Babar [36] were gnms an approach wme
fuzry logic to wentify which of the ISOIEC 23010 product
quality modsl charzeterizties has to be used m therr decizion
suppart system applied to “Miernet Banking” caze study, and
then relied on Likert scale to help on the quannficaton
aspect. On thew side, Gitto ef al [37] proposed 2
methodology based on FCM fo demgn conplex system
quality model Unfortumately, m both cases, the focus =
resincted to some specific subset of system and these authors
nuszed qualmmetry, the science of quantifieanon.

thmeuy,ﬁmﬂulamqm{u “of what kind” and the
Greek prrpess “to measwme”. 15 the sctence of qualiy
quanbificaion. It 15 relatively youns: its buth as a new
screntific discpline occmred m 1968 [12]. [38] I onan

? Standards such as ISOVIEC 9126, [SOVEC 25000, 150 9001, CHR
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came from the need to bkzve 2 genechizbon of quabity
quaniification over any domains and type of object or bems.

Natwally, as a scwence, it 1s conposed of both theoretical
and zpphed disciplmes. but due to itz youth qualmetry
requires some additions to procesd on systems engineering
qln]j:vqtﬂntﬁcamflmi\r zsylﬂilaﬁzadnenh

sary to foster an

ap;mad:mda]@mﬂhm[l’]hod&imqmﬁwmdﬂmbe
conpleted and wmified based on the work of Wagner ef al.
[18] and achievement dome on cwvent quahty model hkes
ISOTEC 25010, for example.

A proper quality model 15 ope side of the gqualiy
quaniification problem. Certainly, the other side concerns the
meanwement of the qualify characterichics and especially all

measimemert process actvities. Addwonally, and to be
complete here, a qualimetry approach mst intesrate some
mussing aspects such as an evaluaton plan measwement
record analyze and reparts. ISOIEC 25040 standard [29]
defines a linear evaluation process (seeFiz ) with the same
1=ze that we have with the rest of ISOVIEC 250mm standards:
1t 12 not precise encugh and therefors requures mterpretzhion
and stong complement.

Hopefully we may rely on mactical work camed ouf for
software related decision makers by MoGany e al [39]
winch introduces 2 process that includes evaluation plannmg.
analysis techmques and measwement mformation modals.
We can also find the meamrement process infroduction
emledmtbyhﬁ.l]ﬂa{n! [40]. whl.chha_.a;c:crpeuf
systems and the process published by Delkers ar
al. [41], = US-CERT team on secure soffware dev
ANl these works must be merzed together in order o have a
conselidated measmemsnt process. That consolidation also
depend= on the wnified quality mode! conception highhghted
m above parastaph and coversd m 2 later section of thes
paper.

Eerahibah the avainzica |
PR ETAE

| speity the evauion

| Deitgn the vaiazen |

| Evecn ibe maionien |

I Coachud: the |
b
Fig 2 - Soffware product quality svahmtion process defined by ROIEC
5020 [29]

Consequently, m the following sections of this paper, we
synthetize clearly the different concepts beneath quahmetry
fo make it more practieable. We then retum to the foundzhon
of the quality model design with a focus on qualimetry and
propese the conception of 3 umfied quality medel which can
hezpphedwan;mnmlfnemgmedmnwk

done within 2 nanow scope such as sofinare product. Wa
then propose an uperaded meznrement process, considenine
unified conception dependencies and mdssing parts. Fmally,
we make a final review and draw 2 conchusion on the interest

of our approach and next steps.

I HOUSE OF QUALIMETRY
In crder to leveraze this science to 2 lope ranpe of
andience foster its acourate understanding and ensure that no
mjmcmepﬁheneaﬂlitmdn&dmhgmhm_wem
proposing a synthetized view of the “Houze of Cualimety™
and 1ts & pallars, depicted by Fig. 3.

Qualimetry

EkesveHonl S ppied g mal ooy,

uality ¥ndel
|

Memsarement

Objeeis) of Interest
Fipg_ 3 - The "Howse af Quaimery” and &5 6 pillars.

As a3 scence’, qualimetry relies patwally oo two
mterlaced and cumpieumm disciplines: ﬂ!cmehl:z] 42
and applied quabmetry [43]. These two dicciplines ae
combined mto an entablanwe wiuch rebes on two
archutraves: “guality model and “measurement”. “"Ouality
model” covers the idendification orgamzation and
representation of the relevant quailty characteristics whils
“measurs” covers the evaluation mampulahon and confrol
of them

Futhermore, each of these two archiraves 5 relyinz on a sat
of three pillars, desenbed in sub-section 1) and 2}, settled on
2 basemsnt reflechins the object{s) of mterest (1e the one(z)
that 15 {are) ammed to be qualify quantified).

1} "Cualicy Model” pillars

Whale the fost pillar (1e. object analyms) 13 the major
one, the other two are also mandstory m cvder to achueve the
nght quality model.

al "Object analyziz™ pillar: Thes pillar zathers the
necessary kmowledze and actminies to mderstand . idemnfy
and crgamze the mlevant quality charactenstic inked to the
analy=is of owr object of inferest (1e the ope that its aums to
have it quality quantified). Thus, we fiost define the
pupose of owr analysis, alizned with the DAP classification.
(zee Fiz. 1}; we then anzlyze our object of mterest in order
to rdentify the qualiy charactenstecs, sub-charactensties and
sub-sub-charactensties. .. that are relevant to us; finally we
decide how we are going to orgamize all this data. We can
mote that quute often the data organization 15 achieved via a
erarchical structure (1e tree stuchure).

bl "Derivation rules ™ pillar: Here, the foous 15 with
regards to global and specific qualimetry rules [17] to help
uphmdaedﬂ@ofﬂ:em‘gmlzaﬂmldm oucture. For
example, maammm free height dmasion by equal
charzctenstic. banch 2 tree uphl only simple or quas-
anple characterisfics remain at its top fler.

¥ W imvite the rader to refer to Azzaidev et o {12] for 2 demoustration
about mulimerTy a5 2 schede
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ol “Weight facrors” pillar: Often forgotten, even in
standards such as ISOIEC 25010, the weighting factors are
cifical becanse they reflect the mmportance of quality
characteristics among  the same level of qualiny
characteniztes.

2} "Measurement ” pillars
Az was the case for the previous set of pilars, these thee
pillars are all mandatory n crder fo procesd zcourately on
measiwement takme. even if the “rheorias of measurement”

pullar represents the main one.

al "Theories of measurement” pillar: Thes pallar 15

of three main streams of measwrement theories.
f44]. [43]: opermational measurement (1o how to operate /
uze the measure), reprezentafional measurement (1.e. how to
represent the measwe) and “vanous ounor” theones In a
senze thes i3 a findamental pallar 25 it 15 bringing together all
mathematical and statistical tools for ow measurements.

bl "Aggreganons " pillar- The am 15 to deal with the
way of combiming (1e mean medin vanance and more
[JDj}m;eﬂ:melﬂJHﬂlora"ubsetcf:hemm_ t

quality medel such as MeGany et al [39] but the three sbove
streames a1e a good synthesis of current distinet approaches.
TABLE T provides 2 summmarized comparizon between each
approach based on thew scope and a2 hst of quality model
attributes. Thes attibute list has been elaborated by collecting
for each of the flwee distinct approaches. all the ativibutes
conziderad by thewr suthors when designing or charactarizing
the quality model. Indeed. we have noted that even 1f most of
these attnbutes are m commmon, they are not equally detailed
and nsed In addihon and to be complete. we propose an
desciibed further m this section.

Tazie I- COMPARISON OF THE MARN THREE IS ETREAMS OF
WORK SUPPORTING QUALITY MOREL SPECIFICATION

on ther pupese (15, The
mezsurements czn either be weizhted or un-weighted
o "Threshalds ” pillar: This pillar is associated with
the mezmme of the ability to assess, control® and therefore
ypes of thresholds: zcceptance and target Acceptance 15
often confimed with the reject thresheld even thoush they
are not the same: the acceptance threchold 15 the worst case
threchold level that may be accepted. it lies just above the
best case reject level In fact. four types of threshold exist as
followes [12]: reject. accept, target and reference Target
coresponds fo the threchold we are achmlly aimuns for
whereas refarence comesponds to the mfrence value used in
the mdusty or in the commmmity at the time when the

meznrement 1= taken

IV, UNIFIED QUALITY MODEL CONCEPTION

As we have seen m section Il one architrave m the
“Houze gf Oualiny”™ 15 the quality model A quzlity model 15
an orgamized and mmit-level representation of relevant
quality charactenshcs for an object of mierest. The mulh-
level aspect can be defined as the sub-sequent refinement of
charactenshes. For example, m ISQOTEC 25010, we have the
ﬁmcﬁmzl.nﬁnbﬂitychmacmidicwhichummposedof
three sub-charactenshes: fimefronal conpleteness, funchonal
correctness and fimetional appropriatensss.

To create such a quality model, we have identified three
main steane of approaches, Azgaldov, Wagmer and.
ISOTEC 250mn Azzaldew et al [12] = representine the
general qualimetry approach while Wagner [13] is describing
modeling a5 an terstve approach within the softemre
product scope. developed m the Quamoco research project
471 l"mal'l) ISOIEC 250nmn provades a zood ilishation of
the work that has been done om creating other sxistine
quality models that can be found 1n hfersture m general. We
mav nofe that there are other works that are very smular to

* We can use “criteria” imsesad of “threshold™ v fr asmessment
and comrol. bt the convept is idenfical and “threshold” terminaloey is
Limked to messursment.

ity models
Streamof  [Wemmeroral PECRE _laseslsoverar
approach F13L 47 9. 2327 [12]. [48]
2]
: i System and
Quality [Project and Saffoare product|Any ama
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So, based on these mw companson results, we first
merged them inte a3 consclidated hist of attmbutes to consider
whan demgning or charactenzng the quality modal This
merge meludes the most complete occowrence of each of
these atmbutes. Then n a second time. we ordered them to
generate 2 unified quality model concepnon as depieted m
Fig. 4: thus, to design or describe a quality model the user
mﬂml&a‘aﬂdu.&qﬁmﬂa&ve&hufﬂ:ﬁemhm

ane by ons.

al Evaluation Comtext & Plan: Before performung any
frther analy=is or desizn of 2 quality model, the first step 15
to understand what we want to aclueve. For example what i
the scope and what are the boundames of ths guality
quantificaion? What are the intenhons, lmutations,
dependencies? What audience are we tageting? What are
the responsibilities, tmeframe ste...? The answers to these
questions provide us with our evalustion context and plan
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Withowt knowing them we won't be able to design the risht

ol uaBty bl € i

o ap——

4 Whagie aen

o g of e

gl

Fig 4- 'ﬂlem.ﬁ.et[qmlﬂfmnde.cnmm aEpmed with the three
“{Juniiy Modei” pillars

bl Purpoze: Onee we have defined the context. we are
m 3 posifion to determine the intended usaze we are
three main pwposes, the ones deseribed in the DAP
clasmfication (see Fiz. 1). The Defimton pumpose
commesponds to the descrpbion usmg all the quahity
charactenctics that are melevant and meanngful dunng
quality quantification The Assessment purpose extends the
Defimtion puwpose with comesponding metnes. The
Prediction purpose 15 dedicated to predicting quality. In
zddition to these 3 categones, we can add a fowth mlt-
purpose category.. Here the quality modsl 15 used. not only
for defimtion but also for assessment and predichion.

&) Ouality Evaluation Methods (QEAM): GEM are not
antmomme to FCM and GOM methods. Indeed, while these
two methods do help to provide hmis on how to find certam
quality characteristies®, QEM are describing two methods
bmkad to how the quality model 15 going to be desizned and
subzequently svaluated. The first method charactenizes how

* Wee would to raise that both FOM and QCM are not method for quality
moodal desien tut meéher apport on how i analyze ur object(s) of mperest

exhanstive the analysiz and quality characterization of our
object of imterest will be: ngorous methed conducts to very
detatled guality model winle short-out considers the most
exsentizl quality characteristics and thevefore leads to 2
sowrce of informzhon that 15 bemg used It can be based on
the findings of domin experts, Denexperts or 2
combination of both.

di Dara ovganizatonal ppes: Now that we know
context and plan the purpose of quality model and the QEM
to idemtify owr quality charactenstics, we have to decide
bow we are going to orgamize these data. There are three
man types: erzrchical (ez tree), meta-model statishieal
and moplicit. Most of the quality models are taken from the
Iserarchacal type.

&) Derivation rules: As we have seen m section II,
theze rules are gndeline: that nmst be respected during the
orgamuzation of data. They are composed of global and
spectfic mles mamly dedicated to Inerarchical type.

) Weight Factors: This 15 the same concept as the
one desenbed m section ITL It is fundamental and mmst be
handled omce quality charactenstics are identified and
organized.

g} Pohmorphizm: We are intreducme a new znd final
attnbute to ow wmfied quality modsl concephon:
polymorphizm. This 15 the same concept than we have m
object-onented programmung. It reflects the capacity of 2
quality model to desenbe different fypes of objects as well
as to link with other quality models. To complete thas
concept we use the nuclectide divermty foromla (1)
mivoduced by Nei and L1 m 1979 [49] to measwe the
dezres of polymorphizm. or diversity, agamst other quahty
models and objects of nterest.

a= Z gy m
iy

V. MEASUREMENT PROCESS USDNGQUALITY MODEL

Mow that we have set a umfied qualify model conception
to join and extend covent quality model design and
chazetenization we can  comsider the qualimedry
‘meanwement aspect and more particularly the measurement
process. Indeed. the aim of 2 mezsurement process 15 not
only to proceed o or collect, measwe bt also to record and
anzlyze the results, control quabty, help on decizion malans,
meluding demz some predictions and commmmicating the
results to the nght stakeholders If we refer to the curent
process from ISOTEC 25040 [29] shown m Fig. 2 we have a
comse and lnear defimbion of the tasks that mmst be
achieved for measmement.

S0, & we indicated o section II we ae detailing and
conpletmz this process meludmg some practical and
conmplementary work m this feld mamby camed out by
MeGany et al [39]. Miller er al. [40]. Delkears & al [41]
and Autometive SPICE [30]. We arfieulate our proposal of
MEANIEMEN!  DIOCESS (r;E Fiz 5) into three sequental
phuses: Inifizl. Planming and Execution

‘Fcalﬁbsxm‘hrd.wemmsadﬂmghﬂlﬁ]\lﬁ
which gives a sat of thar alk
mmwﬂm&imm

process linkad
5 10 assess and
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1} Initial phase

The purpose of this phase 15 to understand, identify and
collect both requirsments and context linked to measuement
goals and actnaties. That phase 15 parformed over three tazks
which can be realized m parallel. The frst task focuses on
the 1demnfication and emmemton of all measurement
ohjectives, faking mezswement requirements a5 inputs. The
second fazk 15 dedicated fo the measwement comtext
defimtion which can be imderstosd as defiming the scope, the
boundaries, the dependencies and the emironment limked to
mwacu&iuz,.mladh_\kdthemalphu
relates to process mmprovement. In the first steration of thess
three phases we may not vet have amy lessons leamed or
post-morfem data from previous messwement activities to
take mto accoumt, however, with tme, we will be able to
miegrate thiz data m order to umprove owr cwvent process.
The diffarent outputs of these three tasks wall be merged and
usad as wputs to the second phase wiech 1= planmng.

2} Plamwing phase

Dhoing ths phase, we transfoom the requrements,
confext and process improvement info an evaluation plan
crtenia and stanstical andior quahtatne techmiques fo be
ready for the execufton of that plan Since that plan
aligned wath the system development bife eycle [10], [16]
this one 15 alse one mput of the planmng phase tasks. So. we
start to tansform measwrement requmements and comtext
mto the quality model and meanmement spacifications. Onece
thns bas been done, we nmist plan for thewr treatment. Forst by
planming for then collection and storage, where processes
anzlysis procedwe and criteria, or threshelds. te apply
assessment, confrol and predichem The final fazk of thes
phase is the synthesis and organizanon of all cutputs from
these three previous tasks into ome cntical document: the
evaluation plan.

3) Execution phaze

The last phase of ow process comesponds to the
execution of cwr evaluzfion plan which 15 ahzned wath the
system development life cycle phase The mam tazk here 13 2
loop to collect mezsirement datz at the frequencies defined
m the evaluation plan. Each time data 1= collected, 1t needs to
be stored as well as analyzed and assessed. The resulis,
contzinng anahms synthess, predictions, recommendations
and conclusions, are generated wnder vanous forms -
graphical dashboards, analvst summary, detatied resulfs and
reports- which are then copmmmueated to the stakeholders
for example, development teams, program memagers and any
key decizion makers.

To conclude on this new process defimbon achievement.
if we do an analogy, for instance, betwesn ISOVIEC 25040
process {cf Fig ”)a:xiwur]:mpma! {ef Fig. 3) we can
]:yeoux:hﬂe the standard process &5 & sub-part of o
proposed  process.  Indeed  “establish the  svalvation
requirements” 1s 2 subset of our “initial phase”, both “specify
the evaluation” and “design the evaluation” are included imto
our “plonning phaze”, and “exsente the svaluation™ with
“ronclude the evabuarion” are also 3 subset of the tasks of
our “execution phase”

Execution |

Fig 3 - Owr measurement process proposal aneoulated over thres phases

VI INTEREST OF THIS AFPROACH

Az we have seen the cument solutons are miemal and
adapted soluten with most offen some adaptations of
standards such as ISOTEC 23 nn which are weak: they are
trying to cover everytiing with only a few quality models,
for example These approaches are axmctly the omes that
motivated the sehup of qualimetry, that it to sz, to be able to
zeneralize adapt and repeat over nmitiple lands of system
quantification of qulity. In other words, we create an
ap]:loachhoquanhfyquzlﬂvfm’aspeﬂ.ﬁcnhxtmhasa
boat or a chair for example but once we are willing to buld
another shghtly different fype of mystem or object, ow
quality quantificaion method often does not fit So
qualimetry 15 the science that can help us here because its
scope 15 general repeatable and it mives us thecretical tools
to address our neads.

However, this science 15 shll quite voumg and not well
tm.demuoilndaed.mmteﬂ:mingenml]ikemm
enzneerng, there 15 some confusion about the temunology
becnﬁeﬂ:ehermquaﬁmeh}bquﬂeuﬂmmadmﬁﬁuﬂaa
specific apphication on  quality measwement and
mmutcmolqualﬂvandﬂ:uefumbdmgsmapphsd
qualmetry. So. wath o “Howse of Qualimeny”. we zove a
S\-ﬂhhcxwwufwharhbehmdﬂlarsmmnnght
we do not forget fo consider the most mmportant aspects
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dwng quabity quantification. Thes 15 what we call the pillas
of quality model and measrement.

Moreover, we have proposed 2 umfied concephon
for quahty model. apphesble to any feld It shows that if we
use one of the eosting quabty models, there are quality
mode] astinbutes that are ofien forgotten: weight factor aspect
15 one such attrbute, respect of dermation rules 1s another.
Addihonally. we have extended the curent defimfion of
quality model by mbroducmg the polvmophizm concept
which caphures the fact that quality model can cover nmltiple
types of object and a quality model can be an inctantiation of
mnquualmmodgim_,uwbecmuprmﬂz.
consistency over quality models

Fegarding the meanme aspect of qualimeny. we
addrzuedliezzp'iucmemedsﬁng.ﬂhlﬁcmamistanﬂard_
when we attenpied to apply them to an misrmal automoeine
project hyins on  Automofive-SPICE [50] and maore
paticulaly with the MANS measwmement management
process. A meanwement process s obwiously net 3 hnear
process conposad of a fewr tacks because of its dependancies
and the vanefy of tasks that nmst be performed Owr
mpcmdpu‘ucasarsmsm(nnlvdutm are 1dentifiing
each of the measrement requirements and confesxt but zlso
that we are imtesvating the use of the quality medel record
and conmmmpton (Le. assesmment amalysis, prediction,
production of reports and dashboards) of meamwement data
2z well as commmummcation to help decision makers.

In a more concrete way and to see how applicable ow
approach 15 fo real systems, we may considar the automotive
fiald’. Med.&memﬁann&\mehafmplaﬁ'mms
(ep mini-compact crossover, mupercar, comvertble,
commercial, sport, van ... )lhatcanhecunsuimadzs
wariants of a velicle. Moreover, each type of car plafform 15
2 conplex system itself compwsed of more than 40 systems
that are distrifbuted over more than 60 Electrome Control
Utz (ECU). An ECU 15 a compound of hardware and
software; it is chamctenzed by
charscteristios chared with other ECUs (ez. diagmoshe,
connection interface. power), 2 set of specific characterishies

mﬁofmn'xppmachbﬂﬂtnhmgmgmn
consistency and compatibility to quality quantification. In
additon. for the entice conmplex system - includmg its
different systems-. ow approack helps specify a jomnt
‘“:-cah:.izrf deﬁmngam:sblequahtvmdei(egfﬂl
mmp&aﬁiﬂmm}andhhe%ea]lm;m&lmmﬂ}
change monszement which iz key in agle development
methodolozy

WVIL COWLCUSIR
As we obzerved m the mivoduchon, quantifyine quality is
key m order to properly assess and confrol system quahity, as
well as o provide wseful support and datz to decision
mzkers  Consequently, it has  focused on
strengthenmg quality quartification for cystems engineermg.
starting with the main gaps 1dentified.

"In the same way, we could also take concrete examples fom the
aeromzatical fsld

We have seen that cument quality quanfification in
systemys ensinesrmz can be consolidated mto a specific
npphadquainneuj case study, nﬂuchbhmﬂedandcﬂm
prevents replication or geperabzston m
Moreover, and as Wagner ef al smvey [3"'] blzhhﬁﬂed,
approcamately 4% of conpames are desizming their owm
quality models diverzing mote or less from exshng
standards, such as ISOIEC 25010 or A-SPICE [50] for
mstance The man masen for that divergence 15 that those
models are not sufficiently precize fo fit company s needs.

Therefore, we propesed o step back to the foundaton
and use qualmetry, which 15 the science of quabty
quantificanon, to support vs m filling these gaps. Thereby,
our first contribution aime to clanfy, leverage and foster
knowledge related to quzhmetry by proposing the synthehic
wiew of the “Honse of Qualimenry” and 1t e pallars. Then,
to support this syothetic view. we have elaborated 1ts two
archifraves: qualbity model and measure.

Cwr  second and thud  contmbutions were the
identificaion of the height requred atibutes to
chavacterized and dewipn quabity model and the wmfied
qualn-vmndelcunceptm(cﬂ Fiz 4) respectively. This

mified concephon 15 2 sequential process to desizn adapt or
replicate quality model

Moreover, one of these height attributes constrhufes our
fowth coombution Thiz 15 the polymorphizm concept
spplied o owr qualfy model It caphmes quality modal
evolution adsptation and rephication aspects. We conmpleted
it with the polymorphizm desres which grves us a formmla to
evaluate mirinsie distanee betwean quality models.

Finally. our last confibution. owr measurement process
prupm.alcma!!da‘lndﬂ:& ‘Housze of Cualimsiy”, not onky
by exploiting the “measire” archirave, hna]mmbh_.!ung
= clear hok wath the “gualin: model™ an:ixihzw_

In conclumon. this paper opens a new perspective with
regards to guality quanbficaion m systems enginsering
thanks to qualimetry science which gves us the hinduight to
£l m the identified zaps using practical seluhons.
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