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Welcome Address by the EuroSPI? General Chair

i § EuroSPI? is an initiative with 5 major goals (www.eurospi.net):

1. An annual EuroSPI? conference supported by System, Software and
Services Process Improvement Networks from different European
countries.

2. EuroSPI? supported the establishment of a world-wide SPI Manifesto
(SPI = Systems, Software and Services Process Improvement) with
SPI values and principles agreed among experts world-wide. We
build clusters of experts and knowledge libraries for these values

ISCN, Austriallreland and principles.

3. Establishing a web-based experience library based on hundreds of
experience reports contributed to EuroSPI? since 1994 and which is
continuously extended over the years and is made available to
conference attendees.

Richard Messnarz

4. Establishing a European Qualification Framework for a pool of
professions related with SPI and management. This is supported by
Europe-wide certification for qualifications in the SPI area, exam
systems, and online training platforms (European Certification and
Qualification Association, www.ecqa.org).

5. Establishing a world-wide cooperation with publishers to support
thematic topics of EuroSPI (SPRINGER CCIS series, Wiley annual
volume about process Evolution, Volume in the SQP Journal of the
ASQ, and more).

EuroSPI? is a partnership of large Scandinavian research companies and experience networks
(SINTEF, WHITEBOX [formerly DELTA], FiSMA), the iSQl as a large German quality association,
the American Society for Quality, and ISCN as the co-coordinating partner. EuroSPI? collaborates
with a large number of SPINs (System, Software and Services Process Improvement Network) in
Europe.

EuroSPI" conferences are attended 50% by industry and 50% by research and the idea is to
create an innovation space between industry and university. Also EuroSPI does not promote just
one method, EuroSPI is a platform supporting a whole cluster of improvement and innovation
methods in systems, software and services process improvement (S3PI) because we believe
that methods need to be integrated and also experiences need to be integrated to achieve
success. A typical characterization of EuroSPI?> was stated by a company using the following
words:

”... the biggest value of EuroSPI? lies in its function as a European
knowledge and experience exchange mechanism for SPI and
innovation”.

EuroSPI is organising the conference every year in a different country of Europe (or Asian partner
associated with Europe) and the hosting country helps to organise social events demonstrating the
local culture and history. This way the participants learn to bridge different cultures in Europe, and
we do that since 23 years.

A cluster of European projects (supporting ECQA and EuroSPI?) contribute knowledge to the
initiative, including AE (Automotive Engineer), and AQU (Automotive Quality Universities). A pool
of more than 30 qualifications has been set up (see www.ecqga.org).

Join the community of cross-company learning of good practices!

Contact: Richard Messnarz, ISCN, Austria/lreland, e-mail: rmess@iscn.com
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Welcome by Alexander Poth — Co-editor of EuroSPI Books

In my opinion we can have more effective and efficient IT solutions with
better methods for professional development and improvement of
software systems and services.

.‘
l 4

| think a key to reaching this goal is to focus on methods that ensure the
- explicit and implicit demanded quality of IT systems and services leading
' to more customer and user satisfaction. In a user perspective added
value by IT solutions is based on adequate quality. To deliver adequate

ﬂ quality we have to continuously realign the quality of the IT solution with

the current quality demands of the users.

EuroSPI is a platform that brings together people from the industry and

Alexander Poth academic world to address this demand for more effective and efficient
high quality IT solutions. This is the reason why I'm an active member in

Volkswagen AG, the EuroSPI community. My personal objective is to give ideas and
Germany feedbacks to the EuroSPI community to improve innovative concepts

and methods for usage in the daily IT business to realize a higher added
value with IT solutions.

Alexander Poth received the Dipl. Ing. (Master) degree in 2004 in computer engineering from the
Technical University of Berlin. He is IT Quality Manager at Volkswagen AG.

Contact: Alexander Poth, Volkswagen AG, Germany, e-mail: alexander.poth@volkswagen.de
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Welcome by WHITEBOX, Editors of the Improvement Series

Jorn Johansen

WHITEBOX, Denmark

EuroSPI is the best and most efficient European conference for news and
experience in process improvement and innovation. Here you meet all the
experts, the researcher and companies with the deep interest for this topic.

| have taken part in EuroSPI form the very beginning more than 20 years
ago — and it has always been my best source for knowledge and
inspiration.

1% year ago, Whitebox was spun out of DELTA, mainly because the 3
partners in Whitebox wanted to continue to help companies to improve
their professionalism in product development — turn the blackbox, which
the development department often is, into a whitebox.

EuroSPI is the conference, where we can present our experience and get
new inspiration for our work.

Jorn Johansen has been working with Software Process Improvement
(SPI) for more than 25 years including maturity assessment according to
BOOTSTRAP, SPICE and CMMI.

He has an M.Sc.E.E. in IT. He has worked in a Danish company with
embedded and application software as a Developer and Project Manager
for 15 years.

For 20 years he has worked at DELTA as a consultant and registered
BOOTSTRAP, ISO 15504 Lead Assessor, CMMI Assessor and
ImprovAbility™ Assessor. He was the Project Manager in the Danish
Centre for Software Process Improvement project, a more than 25 person-
year SPI project and Talent@IT, a 26 person-year project that involves 4
companies as well as the IT University in Copenhagen and DELTA. The
Talent@IT project developed the ImproveAbility™ model, which help
organisations to improve more efficient. Latest Mr. Johansen was the
Project Manager of SourcelT project, an 18 person-year research project
focusing on outsourcing and maturity.

Mr. Johansen is also the co-ordinator of the Danish knowledge network
Tecpoint (www.tecpoint.dk).

Mr. Johansen was lead editor on ISO/IEC 33014 Guide for process
improvement, which was published November 2013.

Contact: Jgrn Johansen, WHITEBOX, Denmark, e-mail: jj@whitebox.dk
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Welcome from the Local Organization and Scientific Programme

Committee Chair in Graz
Welcome to the 23rd EuroSPF Conference in Graz, Austria

Since 22 years, EuroSPI is a most effective exchange platform for
innovation between industry and academia. Carefully addressing the needs
of both worlds lead to a sustained trust relationship within the EuroSPI
community. This allowed to plant, grow, and mature many ideas like the
ECQA, the SPI manifesto, many project initiatives like AQUA mentioned
_ further down, and enlarging an European initiative to a true global scale
. EuroSPI community that we see now.

Christian Kreiner, . oyer 200 years, Graz University of Technology has built up an

Graz University of  impressive record of achievements in teaching and research. Some 13,000

Technology, Austria students and 3,300 staff continue to carry forward its power of innovation
and vision into the future. Five Fields of Expertise, internationalisation, and
co-operations with science and industry go to form the profile of Graz
University of Technology. Sharing a common spirit with EuroSPI, Graz
University of Technology is proud to be the host the EuroSPI conference in
2016.

AQUA is one of the successful initiatives in EuroSPI. It started as an alliance for integrated Automotive
quality and engineering skills, covering the fusion of Automotive SPICE, Functional Safety
(1IS026262), and Design for Six Sigma, just like experienced in practical engineering of nowadays
complex Automotive systems. As a European Skills Alliance project, AQUA received high visibility by
the European Commission, Automotive clusters, and industry, in particular suppliers and their
European Association CLEPA. Almost from start, the AQUA alliance was growing - in terms of
geographic coverage, by extending the initial focus on vocational training to university and technical
school education programmes, and extending the scope of topics, e.g. incorporating security design in
practice to harden Automotive systems against malicious attacks. Follow-on projects "Automotive
Quality Universities" and "Automotive Engineer" currently roll out and extend AQUA skills in
Universities across Europe and technical schools - to grow and strengthen the AQUA alliance.

Dr Christian Kreiner serves as head of the competence group “Industrial Informatics” at Graz
University of Technology, Institute of Technical Informatics. Research topics are architecture and
quality engineering methods for industrial networked embedded and process management systems
with special focus on functional safety and security. This includes flexible platform architectures,
middleware, model-based techniques in engineering and run-time, domain specific languages, and
integrated development tool chains. Christian Kreiner is an intacs certified Automotive SPICE
assessor, coordinator and trainer of ECQA job roles Automotive Sector Skills Alliance AQUA (ECQA
Automotive Quality Skill integrated) and Functional Safety Manager. Christian Kreiner also has a long
history in automated logistics systems as company co-founder, software and product line architect,
and R&D head (previous Salomon Automation GmbH, now SSI Schafer Salomon).

Contact:
Christian Kreiner (E-Mail: christian.kreiner@tugraz.at)
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Welcome from the ECQA President

The European Certification and Qualification Association (ECQA) is a
not-for-profit association joining together institutions and several
thousand professionals from all over Europe and the world. The
association provides a world-wide unified certification schema for
numerous professions. The same exam pool, exam rules and the same
electronic exam system are used for certification exams in any
participating country. It joins experts from the market and supports the
definition and development of the knowledge required for job roles.
ECQA defines and verifies quality criteria for Training organizations and
trainers to ensure the same level of training all over the world.

Michael Reiner

ECQA, Austria

Nowadays it is important that training courses are really recognised and
attendees receive a certificate valid for all European countries. As a
backbone of this initiative the EU supported the establishment of the
ECQA almost 10 years ago.

The European Certification and Qualification Association (ECQA) is the
result of a number of EU supported initiatives in the last ten years
where in the European Union Life Long Learning Program different
educational developments decided to follow a joint process for the
certification of persons in the industry.

The overall objective of the project was to establish the ECQA which is supported by training
organisations from European countries (currently organisations from 18 countries participate)
developing and maintaining a set of quality criteria and common certification rules which are
applied across the different European regions in the Life Long Learning scope in the IT and
services, engineering, finance and manufacturing sectors.

This resulted in a pool of professions in which a high level of European comparability has been
achieved by an Europe-wide agreed syllabus and skills set, an European test questions pool and
European exam (computer automated by portals) systems, and a common set of certificate levels
and a common process to issue certificates.

Through the ECQA it becomes possible to attend courses for a specific profession in one country
and perform a Europe-wide agreed examination at the end of the course. The certificate will be
recognized by European training organizations and institutions in 18 member countries by more
than 60 ECQA members. With the help of Ambassadors the ECQA is also enhancing its activities
by expanding to all over the world (e.g. USA, China, Thailand, India, Singapore, Japan etc.).

Michael Reiner, president of the ECQA and lecturer for Business Administration and E-Business
Management at the IMC University of Applied Sciences Krems, has several years of experience
in the field of IT, Microsoft Office, Microsoft NAP (ERP), Knowledge Management, Business
Intelligence, Web 2.0, social networks and VR&AR. Moreover, Mr. Reiner coordinates and
participate various EU projects.

In the last nine years, ECQA has developed towards an international certifier issuing certificates
and establishing partnerships in all European countries as well as in India, South America, China,
Japan and Arabia. This expansion on the one hand enriches ECQA and its job roles with new
views and different cultural aspects but also shows that there be the need of approaches for the
solution of international certification schemas.

| wish you a good time and the EuroSPI? 2016 in Austria, a lot of interesting networking partners
and exploratory meetings.

Contact: Michael Reiner, President of ECQA and Lecturer of IMC University of Applied
Sciences, Austria, e-mail: ecqa_president@ecqa.org
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Integrating Automotive SPICE,
Functional Safety and Cybersecurity
Concepts - A Cybersecurity Layer Model

Richard Messnarz®, Christian Kreiner?, Andreas RielP

1 ISCN GesmbH, Liebenauer Hauptstrasse 2-6, Graz, Austria
rmess@iscn.com
2 Graz University of Technology, Inffeldgasse 16, 8010 Graz, Austria
Christian.kreiner@tugraz.at
3 EMIRAcle c/o Grenoble Alpes University. 46 av. Félix Viallet, 38031 Grenoble, France
andreas.riel@emiracle.eu

Abstract

Automotive companies need to develop more and more functionalities to stay competitive and
already more than 80% of functions in a car are controlled by electronics and software. Auto-
motive projects need to implement standards which help to cope with this new complexity
where more than 100 ECUs (Electronic Control Units) are networked by a bus system, and
vehicle functions are implemented by a real time sequence of commands to these ECUs actu-
ating several subsystems. In volume 17, Issue 3, June 15 of the Software Quality Professional
magazine we discussed the implementation of Automotive SPICE and Functional Safety in an
integrated approach. In this paper we extend this approach by integrating concepts of consid-
ering Cybersecurity threats and requirements as well.

Keywords

Automotive SPICE, functional safety, cybersecurity

Published in: ASQ Software Quality Professional
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Functional Safety Certification from
Automotive to Medical

Alastair Walker, Functional Safety Consultant. LORIT CONSULTANCY, Edinburgh, Scotland
alastair.walker@Iorit-consultancy.com

Abstract

The medical device sector has many international standards and guidance documents; it is al-
so a very wide ranging product sector. This paper aims to suggest a strategy for assessing
systems including either or both electronic hardware and software, that utilises some of the
techniques introduced in the ISO 26262: 2011[1] automotive functional safety standard. The
reason for suggesting this approach is to recommend processes that will help improve and
simplify the risk assessment and development activities of safety relevant medical devices.

The approach here is very much systems focussed on and relates to medical devices that are
within the remit of IEC 60601-1[2] and hence are defined as ME EQUIPMENT or ME
SYSTEMS (devices transferring energy to or measuring energy from the patient). Here there
are strong parallels with the functional safety strategy used in the automotive sector.

Not all products are deemed to be ME EQUIPMENT or ME SYSTEMS nor is IEC 60601-1 rel-
evant for all medical devices, others may be e.g. in-vitro or implantable devices. Not all soft-
ware that falls within the remit of the software life-cycle standard IEC 62304[3 is relevant to
IEC 60601-1 e.g. standalone software can be a medical device. [4], [5]

Keywords

Functional safety, ME SYSTEM, ME EQUIPMENT, risk analysis, HARM, HAZARDOUS
SITUATION.

Published in: ASQ Software Quality Professional
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Integrating Assessment Models for
ASPICE, Functional Safety and Cyberse-
curity

Christian Santer®, Richard Messnarz?, Alexander Much®, Damjan Ekert?, Andreas Riel*

TAVL LIST GMBH, A-8020 Graz, Hans-List-Platz 1, Austria
christian.santer@avl.com
2ISCN LTD/GmbH, A-8010 Graz, Schiessstattgasse 4, Austria
rmess@iscn.com
Elektrobit AG, Tennenlohe, Erlangen, Germany
alexander.much@elektrobit.com
“InnoPlusPlus, ISCN Group, 2 av. des Jeux Olympiques, 38100 Grenoble, France
ariel@iscn.com

Abstract

The ISO 26262-2 Chapter 6.4.8 demands one or more functional safety audits during the safe-
ty lifecycle, also a suitable ASPICE (Automotive SPICE ®) level is claimed in most of automo-
tive projects from suppliers by all major OEMs. In order to reduce the effort of audit and as-
sessment activities a combination of an ASPICE ISO/IEC 15504 Assessment and a Functional
Safety ISO Audit is strongly recommended. This paper will introduce a framework to extend
the Process Assessment Model (PAM) based on ISO 15504 (ASPICE) to meet the require-
ments of ISO 26262 for a functional safety audit. Also the paper will discuss current work in
SOQRATES (www.soqrates.de, a working party with participation of leading Automotive sup-
pliers) integrating the new requirements from the Cybersecurity standard SAE J3061.
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Abstract

In the context of safety critical software development for automotive steering systems at
Volkswagen, the establishment and maintenance of a web-based process management sys-
tem has lead to a set of experiences, best-practice approaches, new insights, and major certif-
icates for process maturity which shall be addressed in this paper.

The necessary prerequisites for the modelling system like the process meta-model to define
the relation amongst the different process elements and the different views for organising and
visualising processes are presented. To create the project specific instances of the processes,
there are smart solutions for tailoring elaborated.

A selection of aspects of process modelling — especially those which may lead to challenging
situations — will be addressed and suggestions for (re-)solutions presented.

Another topic is to guarantee completeness and consistency of the model with respect to re-
quirements coming from Automotive SPIiCE and topics like functional safety for road vehicles.
The mapping approach - which peaked in a certificate for ISO 26262 compliance up to ASIL D
by SGS TUV — will be explained.

Finally, a structured change management of the process modelling system and the methods to
involve user feedback to ensure continuous improvement are outlined.

Keywords

Embedded Systems Development; Process Management; Engineering Process Modelling;
Continuous Improvement; Automotive SPiCE; Functional Safety; ISO 26262; Automotive;
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1 Introduction

The development of electromechanical systems including embedded hardware-software systems is
one of the most difficult engineering challenges. Especially handling software complexity and safety
aspects are main factors for project success. Software process quality is an important factor and
should be a main focus. In the automotive domain, software features are a major part of the cars func-
tionality while software size and complexity rise continuously. As a solution for rating process quality
Automotive SPIiCE was established in the automotive industry for more than a decade. Additionally, for
safety relevant development like steering or braking systems the 1ISO 26262 is of high importance and
a ‘must have’ for the product development.

Based on this context, selected relevant experiences in developing electromechanical steering sys-
tems are presented. The engineering context is safety critical systems containing Automotive Safety
Integrity Level D (ASIL D).

The development experiences are documented in a web-based process management system called
KEEP (‘Komponenten Elektromechanik Entwicklungs-Prozess’) including about 60 processes, 500
activities, 50 roles, 120 method descriptions and 250 document templates with a total of more than
3000 chapters. As a novelty, all three disciplines (hardware, software, and mechanical engineering)
are fully covered and deployed at development teams working in different locations and domains.

Such a comprehensive process model handling that complexity and simultaneously giving the oppor-
tunity of an individual process tailoring for every project and focussing on user experience is — to our
knowledge - unique in the automotive domain.

KEEP builds upon Microsoft SharePoint combined with Microsoft Visio for graphical modelling. The
basic structures and functions for this system are enabled by an additional software suite (see
[QUAMY]). This combination enables active directory integration, bidirectional connections between
different elements, different context types and workflows.

In the first part of this paper the theoretical backgrounds like modelling issues are discussed, i.e. me-
ta-model, process hierarchy and in- and output concept. The chapter ‘modelling dilemmas’ discusses
design decisions to be made answering issues in the context of process complexity and modelling
concepts. Afterwards a tailoring mechanism resulting in project specific process instances is intro-
duced. The next chapters focus on covering Automotive SPICE, ISO 26262, and how do maximize the
resulting benefit. The last two chapters discuss organisational structures for establishing the process-
es and their continuous improvement.

2 Process Meta-Model

One of the starting points for setting up the process modelling system is the development of the pro-
cess meta-model which defines the general relations amongst different types of process elements like
activities, processes, roles, documents, templates, methods, milestones, trainings and guidelines.

Using a process meta-model has — based on our own experiences — several advantages:

o Focus: The meta-model helps to focus to put the information to the right elements e.g. explana-
tions ‘what to do’ should be put into activities, explanations for ‘how to do’ should be put into
method descriptions

o Life-cycle: By defining the borders of each element, it is easier to define the life-cycle (concerning
versioning, baseline, release) of the different process elements

o Tailoring: The clear description of the relations amongst the process elements implicate several
constraints concerning the tailoring of the process for the use in projects. Knowing these con-
straints (e.g. you can’t drop role X because it is responsible for activity A) is elementary for doing
correct and consistent tailoring.
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Together with the advantages of
the meta-model, there comes a set
of disadvantages: Whenever there
is a need to document some inte-
gral process steps which incorpo-
rate activities, methods, guidelines
and tool descriptions, you have to
split that information to the correct
process elements.

Amongst the various available and
established models (see [Meta-
Models]), the aspects which prom-
ised the best balance between low
complexities and fulfiling the re-
quirements were picked and put
together to develop the KEEP me-
ta-model (Figure 1).

The model is straight forward and
can be read as follows:

e Role X is responsible for per-
forming activity A

Session II: SPI and Organisational/Process Improvement
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Figure 1: KEEP meta-model

e An activity A is supported by method M

e Method M can be performed using Tool T

o For Method M there is a guideline G available

external Input/Output D t
internal Input/Output L

Two aspects need additional explanations: process hierarchy and input/outputs.

2.1 Process Hierarchy

The process hierarchy is defined by ‘process group’, ‘process’ and ‘activity’. Activities are the low-
est/smallest elements of the hierarchy. The activities belonging together are grouped within a ‘process’
and describe the steps that shall be performed.

At the beginning of setting up the whole system, processes belonging together were grouped within a
‘phase’. This was convenient for some engineering processes — but soon turned out to be too clumsy
for managing such big blocks in projects. So the projects started their planning based on processes -
and not on phases. The process modellers renamed the term ‘phase’ to ‘process group’ and now use
it as the top level hierarchy for the process modelling.

The meta-model implies a strict design which is bound to have exactly three layers in the hierarchy,
but the solution which was implemented proved to be much more flexible: the two lower layers ‘activi-
ties’ and ‘processes’ are the fixed layers, where all the attributes and rules according for the element
types apply. But the layer on the top, the ‘process group’ can be used in a flexible way: a process
group can be part of another process group; a process group can refer to processes belonging to oth-

er process groups. So this
layer can be used, to create
multiple, different views of
the processes. A simple
view for a process group
showing the dedicated pro-
cesses can be seen in Fig-
ure 2.
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Usually the amount of information displayed on one page or in one chart should be limited for easier
understanding. But we should not underestimate the users: engineers who are used to design and
implement complex systems. So based on feedback it makes sense to provide a summary view show-
ing all process groups with all their processes in one picture. Even if this view is almost unreadable for
the beginner, the engineers welcome it, because it is shaped like a V' — representing the development
approach — and contains all twelve process groups and all of the 60 processes (blue boxes) on one
page. Such a view can be used as the starting point for the user to quickly navigate into the model
(see Figure 3).

Quality Assurance
I I

Functional Safety
I (N

Project Management
5§ 3 |

Supplier Management
I N

Change Management
I N

Configuration Management =
I Software Development

Problem Resolution Management e Layer 3
I DN

abstracted, exemplary version of VW-process

Figure 3: Summary view of all process groups and processes

With this approach, it is possible to build several views e.g. showing only the supporting processes or
showing only the engineering processes without compromising the underlying process groups, pro-
cesses or activities.

2.2 Internal and External Inputs/Outputs

Concerning the input and output of processes, the KEEP meta-model defines: inputs and outputs are
assigned at the level of activities. Nevertheless, all inputs and outputs of a process can be shown by
simply putting all inputs/outputs of the activities — belonging to the process — together.

There is an additional distinction: internal versus external input/output:
e Aninternal input is an input that is produced by a preceding activity within the same process.

e An internal output is an output that is used as an input by a subsequent activity within the same
process.

o An external input is an input, which is produced by an activity from another process or an external
source (e.g. customer or supplier).

o An external output is an output of an activity, which is used as an input in an activity belonging to
another process or an external stakeholder (e.g. customer or supplier).

Consequently, the external outputs are those, which matter for achieving a milestone. Looking into the
processes there is usually an activity producing a relevant artefact (output) — which is still modelled as
an internal output, because subsequently it is used as an internal input for a review activity including
the release of the artefact. So this review activity now has an external output — which is still the same
artefact in our model, but labelled as ‘external’.
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An example for the activity ‘develop systems architecture’ — which is related to the SPICE ENG.2 pro-

cess - is depicted in Figure 4.
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Figure 4: Exemplary view of activity with inputs/outputs and additional information

3 Modelling Dilemmas

Although the basic concept for modelling is based on BPMN and supported by the tool [BPMN],
[QUAM], the approach for process modelling is determined by several goals for optimisation. Those
goals are different — and sometimes counteracting - depending on the involved stakeholders like engi-
neers, project managers, quality staff, and persons doing process modelling [BPMN1].

Such goals would be e.g.:

e To maximize readability of process descriptions,

e To minimize the time needed to understand the process description,
e To minimize ambiguity and misinterpretation,

e To minimize the length of the descriptions,

e To minimize the effort for maintaining the process descriptions.

For some contradicting goals, an acceptable balance can be achieved in the sense of optimisation —
and not as a bad compromise. For example, if you want to minimize misinterpretation of process de-
scriptions, you usually add additional explanations to guide the reader into the right direction of inter-
preting the process correctly and in the intended way. This directly constricts with other goals like to
minimize the length of descriptions. But between the extremes, there should be a solution where the
text is long enough to prevent most of the possible misinterpretations but at the same time is short
enough to be accepted by most of the users.

There remain serious design decisions, where the available alternatives don’t unfold to a win-win solu-
tion or an acceptable compromise. This is a typical dilemma situation and a few examples are given in
the next chapters.

3.1 Universalism versus Particularism:

If the processes are modelled in such a (universal) way, that only a minimum set of processes will be
needed, then there is the problem, that these processes are not able to serve all different variants of
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(particular) projects.

On the other hand, if there were individual (particular) solutions for each variant of the process (e.g.
hand code vs. auto code) to maximise applicability in each special case, this would increase the num-
ber of processes and also increase redundancy, be-
cause several processes would be very similar. o

It turned out, that there is no absolute rule, which path N

to take, but based on the meta-model (see Figure 5), it
is possible to solve the dilemma up to a certain de-
gree. If there are several processes/activities, where ..

the pattern of the process itself is in principle the R I

same, then one should not duplicate the processes I

and activities, instead several different methods should

be created which support the needed variants of the

process. Additionally each method description should

contain guiding information when to apply the method. Figure 5: Relation between Activities and

. ) ) Methods
This solution has some constraints, e.g. that the as-

signed roles and responsibilities for the activity and all the input/output artefacts need to be the same.

Process

supports

3.2 Maintaining Consistent Role Descriptions

The standard organigram for a project may contain fifty roles — which seems to be a lot, but it includes
all the necessary roles for all three disciplines: hardware, software, and mechanics development.
From the modelling system’s point of view, the only way to go is to provide the finest acceptable gran-
ularity for role descriptions. It does not make sense to combine several roles into one role — just to
lower the total number of roles — because then there will be big problems in assigning clear responsi-
bilities when modelling the processes and activities. So it is necessary to have that huge number of
roles described in the modelling system and a combination of roles is only done at the project level,
when a person plays two or more roles defined by the system. This also allows for different patterns of
assigning the roles depending on the type of project.

Still, one problem remains: There will be lots of similar roles, e.g.: SW-Unit-Tester, SW-Tester, HW-
Tester, Mechanics-Tester, Component-Tester, and System-Tester. So this example covers six roles
for ‘Tester’ — but on different levels or in different domains — and there would be another six similar
roles for doing the integration-testing. Here the challenge is to find a method to maintain consistency.

The proposed solution is to use generic roles (or abstract roles) as a pattern for creating the specific
roles like those above. In the given example, this means there would be a generic role description for
‘Tester’ which is formulated in such a way, that there is no restriction concerning the level or domain
the tester is working on. This generic role should not be used in any processes or activities and should
not be part of any organigram. The specific roles for testers in the different domains or levels now can
inherit the properties (like description of work, necessary qualifications, escalation) from the generic
role. Additionally those descriptions can be enhanced, to add the specific parts of the role — if neces-
sary. Of course, the name of the role, its abbreviation and the short description are not inherited from
the generic role.

Whenever a generic role is altered, all specific roles which were inherited from that generic role will be
changed automatically. So there is only a single source of information and thus, consistency is always
guaranteed.

Generic roles make sense not only for testing roles, also for architects or requirement engineers on
different levels or domains, for (sub-) project managers,and for test managers. However, the concept
of generic roles should not be used as often as possible; it should be used only if it saves time for
maintaining consistency, e.g. as a rule of thumb if there are at least three roles which have a common
core.
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3.3 Finding the Right Number of Layers

Between the top level of the engineering processes (called the system level) and the domain specific
levels on the bottom (HW/SW/Mechanics), there is usually the need for additional layers, which reflect
the principle of decomposition of the system to be able to manage the development.

There are two concepts for representing these layers between top-system and domain engineering:

Concept A: Simply define that the system layer (layer 1) is self-containing in regard to sub-systems.
So the parts of the system (as known as the sub-system or components, speaking of layer 2) can be
seen and handled like a system (layer 1) again.

Concept B: Explicitly define an additional layer 2 below the system (layer 1) with processes for analy-
sis, architecture, design, integration and test which is called ‘component development’. Note that this
layer 2 needs to be self-containing to be able to have additional decomposition layers; but layer 1, the
system level is unique.

From a process modelling point of view the advantages of concept A are: no duplication of similar
processes or activities; the model is as small as possible.However, there are disadvantages: All the
descriptions of the processes and activities on the top layer shall be formulated in such a way, that
they can be applied to the system level as well as to (any) sub-system level. This decreases readabil-
ity and understandability of the model.

Concept A should not be used at all, when the processes on system level have relevant differences to
the processes on component level: e.g. on system level, the whole process is interwoven with the
processes concerning management of functional safety and concerning qualification for different pro-
totype and release levels.

So in that case, it would be wise to use concept B with a separate layer for component development
between the top layer system development and the three domain specific layers for
HW/SW/Mechanical development.

The component layer should be iterated as necessary, to create the number of layers appropriate for
the project management of the product development.

There would be some redundancy in the description of the processes and activities amongst system
and component level, but these redundancies are not that hard to manage concerning consistency,
because there are not plenty of them, just the system and the component layer. So in this case it is not
worth implementing a mechanism similar to the generic roles (see 3.2) for processes and activities.
The only shortcut — compared to fully duplicating the layers — is to re-use all the templates of the sys-
tem level at the component level in case they fit.

3.4 Splitting SW-Development into Two Paths

For the implementation of safety critical software, there are additional requirements concerning design
methods, implementation methods and testing methods coming from ISO 26262. To reflect these re-
quirements, there can be two alternatives for designing the SW process:

Alternative A: Single path. Design the whole SW development process from SW requirements engi-
neering, SW architecture, SW design, SW implementation up to SW integration and SW testing mod-
elled in one single path — but whenever there are requirements concerning safety software, design the
process that way, that these requirements are addressed - but can be left out, if software is devel-
oped, which is not safety related.

Alternative B: Two paths. Duplicate all processes and activities, which have additional requirements
coming from ISO 26262. So there will be one path leading through the SW development process for
SW which is not safety related (usually called ‘functional software’) and there is a second path for SW
development in respect to functional safety called ‘safety software’.
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From the modelling point of view, alternative A would be the one to choose, because this would be the
solution which minimises redundancy — which is always good if you strive for consistency.

The disadvantages of alternative A are the readability and understandability of the described process:
there are a lot of engineers involved in creating functional software (not the safety related part) — but
the process always talks about what has to be done for safety related software. And because the pro-
cess modelling is not done for the sake of the modellers — it should fit the users (in this case the SW
engineers). Considering that, alternative B - having two paths for SW development — would be the
better choice.

The disadvantage is obvious: many activities (the exact number is 19) are almost identical — but now
there are two instances of them: one instance belonging to functional software, the other instance
belonging to safety software. The second instance is the one which is enhanced to contain the addi-
tional methods to support and comply with ISO 26262.

Having this as starting point, the descriptions of the activities for functional software development can
be fine-tuned for easy reading and understanding — and the user’s feedback will witnesses it: this
would be the right decision.

During the maintenance of the processes, additional requirements can be brought up:

e To be able to get an ISO 26262 certification (see 6. ISO 26262 Certification of KEEP) the process
for SW development of safety related functions shall follow a strict change management always
involving functional safety personnel.

e The functional SW development process needs to deal with alternative methods (e.g. auto code,
hand code, assembler, configurable SW-modules) and has a higher change rate, because adapt-
ing to projects’ needs more frequently.

Both requirements can be satisfied with the solution B. Of course there will still be the duplication and
redundancy, but it is better to have some known redundancy which can be managed than to hinder
any process improvements, because the concept of processes is too rigid.

4 Tailoring Concept and Project Instances

Tailoring an engineering process is an opportunity for reducing the engineering and development ef-
fort, because tailoring of processes means to fit the process based on the project’s needs. Processes
describe which outputs must be provided, depending on multiple project conditions like the safety rel-
evance and the type of development product. In the following a tailoring concept is presented:

The first step is to define the possible sets for tailoring — i.e. to define views of the process elements
which include only a subset of the whole system. The definition of views is straight forward: for each
type of process element (see 2. Process Meta-Model) there are two properties called: ‘project type’
and ‘aspect’ which refer to two lookup lists containing the available project types and the aspects for
tailoring. The property ‘project type’ is a rough filter used on the higher levels of the process hierarchy;
the property ‘aspects’ does the fine-filtering which is used on activity and document template levels.

In a second step, during the setting up of the project specific instance of the process model, the des-
ignated project manager selects the appropriate ‘project type’ (only one type of project can be select-
ed) and then the applicable ‘aspects’ which best fit the intended type of development. Because of the
huge amount of contents of the whole system, there is a preview mode, where the effect of the selec-
tion is shown on each web-page of the system — but only for the current user. After the visual inspec-
tion of the tailoring, the project’s instance of the processes is generated as a sub-web based on the
latest baseline.

One of the special features is the system’s capability to provide tailoring of document templates down
to chapter-level. In KEEP, each document template consists of one or more chapters arranged in a
hierarchy below the template. Each chapter is a separate data item with individual properties for pro-
ject types and aspects. Thus it is possible, to design e.g. one template for e.g. for documenting a re-
lease — and depending on the type of project (QM/ASIL A-D), there are different blocks (chapters) for
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e.g. the signature, defined by the selected tailoring.

The only challenge which needs clarification is the distinction between ‘not doing’ something (e.g.
tailoring or crossing out HW-Development, because the project is only SW) versus ‘have it done by
suppliers’. Concerning the first case, one can simply drop all activities, roles, templates etc. belonging
to HW-development processes. In the second case a special tailoring should be provided, where all of
the preparing activities (e.g. writing specifications), the accompanying activities (progress reviews,
controlling) and the approval activities (review, test) are still part of the process instance and only
those activities are dropped, which are fully in the responsibility of the supplier. In that case, the pro-
cess itself will still be part of the project instance, but on the lowest level activities will be greyed.

5 Covering Automotive SPiCE — HIS Scope — on Capability Level 3
and ISO 26262 up to ASIL D

When moving from a proprietary, file-based process modelling system to a database driven system
like KEEP, the process modellers could already build upon a sound set of processes which were as-
sessed on SPICE Capability Level 2 for HIS-Scope. So there was a sound basis, but additional ad-
vantages can be gained from switching from files to database: A mapping between KEEP process
elements and Automotive SPICE process elements can be established.

On the SPICE side, the mapping refers to pro-
cesses, outcomes, base practices and man-
agement practices.

On the KEEP side, the mapping refers to differ-
ent process elements like activities, processes,
process groups, roles, document templates,
guidelines, and methods.

As can be seen in Figure 6, multiple references
between any elements of the SPICE structure
(process groups, processes, base practices BP,
process attributes PA, and generic practices
GP) to any elements of the KEEP structure are
allowed — and there are no restrictions concern-
ing the level of hierarchy.

The mapping is used in both directions:

. Template 1
e During an assessment, the assessor can

L ]
navigate into the SPiCE structure and re- :
ceives links to activities, roles, templates —
and methods associated with the currently _
selected process or practice. e

°
®
°

Figure 6: Granularity of SPiCE mapping

e During regular quality checks of the process
modelling system - inspired by [BPMN2] -
the coverage of all relevant practices from SPiCE is
calculated and thus can be analysed to fill gaps if
they appear.

Additionally, it is also highly recommended to perform an audit by external experts, reporting the ability
to fully support capability level three for projects based on KEEP processes.

Complementing Automotive SPiCE, the most important normative reference for safety relevant electri-
cal/electronical car systems is ISO 26262. As mentioned before, referencing and linking to the re-
quirements from an international standard is a good way to proof consistency. This also applies to
ISO 26262. Maintaining a full mapping of activities, processes, methods and document templates on a
detailed level for each relevant requirement and work product of ISO 26262 is not only useful in as-

EuroSPI 2016 — 2.9

abstracted, exemplary version of VW-process



Session II: SPI and Organisational/Process Improvement

sessments: Focussing on completeness a mapping of process elements supports project specific tai-
loring while simultaneously being sure that all relevant normative requirements are fulfilled. In this
case, a full mapping means about 1200 elements from KEEP are mapped via about 1900 relations to
1100 chapters from ISO 26262 covering part 2 to 9.

As a conclusion, mapping norms and standards towards process elements and documenting this in a
coverage matrix is a good way to check consistency and completeness of normative requirements.

6 ISO 26262 Certification of KEEP

A highlight in contributing to process quality comes from certifying the KEEP process for compliance
with 1ISO 26262 up to ASIL D.

Reviewing and discussing the process model with external experts gives the opportunity of examining
the workflow and artefacts from another point of view. This can help becoming more efficient, closing
gaps and starting also discussions about alternative methods.

To maximize the benefit of certifying, it makes sense to choose a global, overall approach focusing on
the KEEP process and thus covering all projects and not only a single project. Consequently all pro-
jects using the KEEP process now can refer to this certification if needed.

The challenge is that ISO 26262 usually requires a process audit to be project specific. This can be
solved by focusing the certification procedure on the process model and providing representative
samples from projects, by giving context information and documents, and by explaining, how the pro-
cess is executed and how to work with the templates. This demonstrates the usability of the process
model and demonstrates a sound process context.

Having the processes certified saves money in every safety assessment, because the processes
themselves don’t need to be assessed anymore. Only the correct appliance of the process needs to
be proven. This can be done with a reasonable amount of quality records.

The following shows a possible approach for certification:

e |n afirst step an unattended review of the process model would be a good start. This makes sure
the process and its documentation is understandable without further context. This can give im-
portant hints for the clearness of processes’ descriptions and the way the process is documented.

e As a second step there should be a feedback to talk about findings and impressions. This step can
be done iteratively throughout the certification processes and helps to avoid misunderstandings
during analysation of the process model.

e As athird step a document template review is recommendable because the projects are directly
using these documents. The templates are the most important artefacts, which should be con-
sistent to 1ISO 26262 requirements. To speed up the process of certification there should be a con-
tinuous feedback loop between the auditors and der process team to fine-tune the process while
the review process is still going on.

e Finally an on-site assessment is a perfect way to review changes made through certification pro-
cess and to build a basis for future process improvements.

7 Managing the Process Model

The ongoing improvement of the processes and their associated descriptions, roles, templates, and
methods needs to respect the principles of sound configuration management: Every change is based
on a change request (CR). The CRs are processed in a Process Change Control Board (PCCB) with
defined roles (PCCB-Manager, responsible persons for certain process groups) and follow a stringent
CR workflow containing analysis, implementation, review and release activities. The workflow is an
integral part of the process management tool and is constructed in a way that process elements can'’t
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be modified without a CR explicitly assigned to the element and having the status ‘implementation’.
This mechanism effectively prohibits any uncontrolled changes to the process elements.

Additionally each process element has to have a built-in versioning mechanism, which allows roll
backs of one or more changes — if necessary. The versioning mechanism is connected to the roles
and rights assigned to each user so modellers and reviewers can see all of the latest modifications —
which is necessary during editing the processes — but normal users still see the last valid version,
which is part of the last baseline.

During times of intensive modifications of the process descriptions (e.g. when a process is split into
two processes) the whole system would not be useable as a blue-print for creating process instances.
Therefore you need to have a consistent state, where the relations amongst the process elements and
their descriptions fit together’. This consistency is achieved by defining and releasing baselines on a
regular basis (e.g. two months). From the technical point of view, a baseline is a copy of the whole
contents of the process modelling system at a certain point of time, stored as a read-only sub-web. Of
course, the intended level of consistency is not only reached by simply creating the baseline — it is
achieved by implementing and reviewing those CRs, which shall be finished up to the baseline date.
Automated consistency checks are helpful for judging upon the degree of consistency: e.g. each ac-
tivity needs to have at least one output; or to identify activities with no input.

8 Keeping Processes Alive - Continuous Improvement, User Feed-
back and User Acceptance

For continuous improvement of the processes, it is necessary to implement a mechanism which allows
user feedback in an easy way.

Four mechanisms for generating user feedback in the process management context are recommend-
ed:

e The first on is a feedback sheet which can be send to the process team directly per mail or can
easily be printed. It shall be accessible form every process element. So wherever the user has
some issues there should be a possibility to directly fill in the feedback sheet and send it to the
process management team.

e The second mechanism would be of organisational nature. As mentioned in 7 there are defined
responsibilities different processes. So every process has an ‘owner’. In each part of the organiza-
tion the process is used there are defined responsibilities for the process. Regular meetings called
‘process rounds’ including process owner and organisational responsibilities discussing process
usability and improvements are established. The discussion of best practices which can lead to
organisational comprehensive development process improvements is one of the most important
benefits in the context of an efficient development. It furthermore supports standardization of de-
velopment methods and tools, because every part of the organization is interested in the most ef-
ficient workflow.

e The third one is user questionnaires to force contact with the users. Experience has shown that a
lot of users do not give feedback on their own initiative. Surveys towards specific topics are a good
possibility to get a wider feedback spectrum. In this case it is important to give the user a chance
for answering in free text. A checkbox system is useful for getting easy metrics but restricts the
user’s possibility for answers. Best practice is a mix of checkboxes and free text with a maximum
of seven to ten questions.

e User meetings and trainings are an important medium as well to communicate processes and
changes in processes for multiple reasons. It is a good method to talk about the processes with
the engineers. This avoids the usual prejudice (which comes from missing knowledge, not from
facts) that processes were developed far away from practice and don't fit reality. Depending on the
system’s grade of detail it is important to talk about best practices documented in the process de-
scriptions and methods to make the users especially familiar with the documented workflows.
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Experiences show that several process improvements are the result of the process rounds and the
user meetings. Meaning direct communication between process modellers, process owners and users
is the most rewarding way for continuous process improvement.

Additionally to technical correctness a main point for user acceptance of a process model is usability
of the process management tool and the way of presenting the processes. Especially in large process
models with a lot of detailed information a user focused approach is highly recommended.

In large process models, which also contain methods, work instructions and tool guidelines (see Chap-
ter 2 Meta Model) a good structure of information is essential for success. The challenge is placing the
information, where users expect them to be. A use case based thinking while designing the user inter-
face is a good opportunity to make the navigation as simple as possible and place all relevant infor-
mation in the right context. This also avoids overloading the user with too much information. Especially
the entry point of a process model is of importance, because there should be navigation possibilities
for power users searching for a specific process element and new users which want to make them-
selves familiar with the process for the first time.

In the following some examples will give an impression of the user interface:

e A hierarchical navigation menu (‘breadcrumb path’ like Windows Explorer offers) allowing ac-
cess to all process elements makes it possible to navigate to every process element, meaning
activity, template or even chapter with even one mouse click. This is especially helpful for
power users knowing exactly which element to look for.

e As a new user a structured overview is important. Therefore a combination of long scrollable
sides and a horizontal navigation bar is useful. The navigation bar gives the opportunity to
easily scroll throw the side showing the different entry points of the process model, like the
process landscape, role model, documents, trainings and methods overviews. Having all ele-
ments on one page in a flat structure improves clarity and structure.

e It is important to balance the quantity of information on different grades of details in the pro-
cess. For example RACI-Matrix and a short description on process level are useful for a pro-
cess overview. Detailed information like engineering how-to and manuals towards specific top-
ics like generating a test specification or writing a change request are placed much better at
the corresponding activities. Resulting from this a view concept supporting the information
structure for different process elements is necessary.

Automotive SPICE and ISO 26262 require a set of output documents for every project. They are sup-
plemented by the organizations’ standards and best practices. These documents can be provided in a
generic template system. Making them available for every project increases reusability and saves best
practices and experiences for future projects. Providing templates is not an innovation, but especially
in this context a database based way of providing and managing templates will show advantages:

Holding chapters in a database give the opportunity to generate documents based on the same chap-
ters, without copying them over, just by linking them together. This allows consistency between differ-
ent documents. The following example explains the benefit:

All review protocols in the engineering processes contain a checklist for formal aspects. If there are
new requirements for formal aspects of a document, the related changes must be implemented in just
one chapter and all documents containing this chapter are updated automatically. This offers con-
sistency in an easy way and reduces process work significantly.

Starting a new project, one of the first steps is generating the basis for the project documentation.
Especially formal aspects like project name, name of the organization, location, name of factory are
pieces of information which do not change. Generating this information automatically reduces work-
load (and reservation) for creating and reviewing the documents.

The automatic document generation should contain table of content, list of figures, correct header and
footer information, and object id from the database. This combines the benefits of a classic office doc-
ument and a database based content management system.
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9 Summary and Conclusion

To our experience, there is no ‘golden way’ in modelling processes. A lot of decisions depend on the
goals of the organisation including established workflows and processes. This paper shows a meta-
model for an engineering process including comprehensive documentation and engineering methods
focusing on real life activities as the centre of information. The method-based tailoring concept allows
different workflows and tools in different projects using the same basic processes. A concept for ge-
neric roles helps keeping consistency and reduces workload for modelling specific roles. Another point
to guarantee completeness and consistency is mapping requirements derived from international
standards to the process elements. This enables structured consistency checks and supports the cor-
rectness of tailoring.

Additionally to the issues arising from process content, there is the aspect of managing the whole pro-
cess system, which is supported by a structured change management process. Concerning process
changes, the users need to be in focus and should be involved. They are the key of a well-
documented, established and informative process which improves development.

As a conclusion, a capable process management tool enables a lot of new possibilities especially
when it shall be used consistently in several locations and — as a novelty — covers the three disciplines
hardware, software, and mechanical development. The actual application of KEEP on all levels of
hierarchy enables Volkswagen to cope with the rising challenges of safety critical electronics devel-
opment.
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automotive supplier industry
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Abstract

The basic idea of reviews is simple but effective: a team inspects work products or processes and
detects discrepancies early on, long before something is tested or even delivered to a customer.
Based on the experience of several successful product developments within the truck and bus division
of ZF Friedrichshafen AG the time was right to work on a bachelor thesis exploring the current activi-

ties, methods and approaches uncovering key factors of this quality-ensuring activity.

Starting with an intensive literature research including current standards like ISO/IEC 15504, IEEE
1028 and ISO 26262 the goal was to establish a new internal directive ensuring the full effectiveness
of reviews for all future development projects. It is really simple to just perform reviews since they are
easy to learn and do not cost much except time and brainwork of the attendees. But why is it that
there seems to be a huge difference in usefulness and acceptance of reviews among different de-
partments or topics? Maybe it is the various methods applied or the actual phase of the project when
the review is performed? Is there a golden rule to the number of participants or who should be invited
after all? And should a project manager actively ask for reviews as a way to ensure success or simply

trust the specialists?

Many questions arise but what are the answers? ZF Friedrichshafen AG is trying to figure out what
works best in their environment between blindly following rules set by common standards and a long

company tradition based on trust.

Keywords

Review, Assessment, Audit, ISO/IEC 15504, 1ISO 26262, IEC 61508, IEEE 1028, VDA 6.3, ZF
Friedrichshafen AG, Quality assurance
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Abstract

The efficient and effective use of specialised language is a prerequisite for successful
communication in industry, education and scientific communities. Specialised
communication plays a crucial role in engineering /automotive / industry environments,
where terminology management has a direct impact on safety and security issues and,
as a consequence, on the liability of products and services. In the automotive industry,
user manuals are an integral part of the product, and the manufacturer is legally
responsible for it. In order to avoid safety and quality issues, terminology in user
manuals and in technical documentation need to be managed and the quality of texts
and translations needs to be measured.

There is a correlation between process quality, service quality and product quality.
Whenever organisations design their business processes and work-flows according to
general or industry-relevant quality standards, this has an influence (both direct and
indirect) on the quality of their processes, products and services. Terminology
management, quality assurance in technical documentation, state-of-the-art standards
and training of professionals are key success factors. Whenever an organisation tackles
one or two or all three of these aspects, this has an impact on the other aspects or the
entire quality system.

Keywords

Specialised language, engineering, technical documentation, safety and security,
terminology, quality, product liability, standards and training.
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1 Terminology and specialized communication

Terminology is the core component of all specialized communication. It is about the
linguistic and non-linguistic designations for concepts and objects in a given subject area.
Ontologies are the most important way to describe the relation between concepts and to
model a conceptual system. Through ontologies, we can make terminologies operational.

According to ISO 1087-1, terminology work is the systematic collection, description,
processing and presentation of concepts and their designations. This means that
terminology is concerned with concepts and conceptual systems, making them explicit by
means of definitions and designations as well as phrases within languages for special
purposes. Terminology science provides the basic concepts and best practices for
terminology work and terminography, i.e. for the systematic documentation and
maintenance of terms. Terminology and the study of language for special purposes is
situated on the intersection of various fields of knowledge (logic, ontology, linguistics,
information science, language policy, language planning etc.).

Terminological units can be seen not only from the linguistic dimension (that examines
existing linguistic forms as well as potential linguistic forms that can be created in order
to name new concepts) but from the cognitive dimension (which examines the concept
relations and how the concepts constitute structured sets of knowledge units or concept
systems in every area of human knowledge, as well as the representation of concepts by
definitions and terms) and the communicative dimension (that focus on the use of
terms as a means of transferring knowledge to different categories of recipients in a
variety of communicative situations and covers the activities of compilation, processing
and dissemination of terminological data in the form of specialized dictionaries, glossaries
or terminological databases, etc. (Sager 1990)).

Referring to specialist communication, terminology can be defined as the entirety of all
concepts and terms of a specific subject field. Efficient communication with regard to
technical language or standardization of concepts is not possible without an exact
definition of the concepts under discussion. That means that an onomasiological
approach is needed; i.e. the starting point is the concept that has to be defined in an
unambiguous way. Once the concept is defined within a concept system, such as a
taxonomy, the terms can be correctly assigned and different terms in different languages
can be correctly linked to the concept under discussion.

Communication is getting more and more complex, not only between specialists and
laypeople, but even between experts in one and the same discipline. This is especially
true when communicating across and beyond language and cultural borders. Today,
technical and specialist communication comprises around 80% of all information
exchanged across the new communication paths of a borderless and multilingual
information society. Within the given economic context, each company and institute faces
a growing technical, scientific and legal complexity. As a consequence, a lot of very
sophisticated documents have to be written and translated: e.g. legal and administrative
documents, technical specifications, spare parts catalogues, user manuals, procedures,
reports etc.
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1.1 Terminology management in engineering and technology
environments

The machinery sector as important part of the engineering industry can serve as example
of the need for professional terminology management. Machinery consists of an assembly
of components, at least one of which moves, joined together for a specific application.
The drive system of machinery is powered by energy other than human or animal effort.
Therefore, important EU Machinery Legislation has come into force. One of the main
legislations governing the harmonisation of essential health and safety requirements for
machinery at EU level is the Machinery Directive 2006/42/EC

The Directive promotes the free movement of machinery within the Single Market and
guarantees a high level of protection for EU workers and citizens. Correct and consistent
terminology is a quality and safety factor.

New products must be accompanies by information, most often as an Instruction Manual.
All European product safety Directives require information to be made available to end
users to enable the safe use of products. Not only end users are implied, also the
installers need technical information to enable the product to be safely installed. User
instructions should be comprehensive, easy to understand, and in the user’s own
language. Other information provided on the product such as warnings, which may be
given in pictorial form, should be explained in the user instructions. User instructions are
essential for safety and should be provided in printed form. Quality control in this field
includes terminology management in order to come to a clear understanding of the
technical instructions.

1.2 Terminology management in medical and health industry
environments

Health matters - in all communities, all over the world. Access to health services, quality
care, and safe medical practices and equipment is important to people everywhere. ISO
has over 1.300 standards that focus on health in many sectors, ranging from dentistry to
medical devices, and health informatics to traditional medicines.

Standards help improve health in many ways, including:

= Promoting global harmonization of medical practices

= Protecting the health and safety of patients and healthcare providers

= Supporting efficient exchange of information and protection of data and
= Improving the quality of care.

In the domain of medical supplies, drugs, and clinical studies, due to the critical nature of
the information, we have a lot of challenges in communication. Starting with the source
text quality, every step in the communication process is crucial and must be monitored
carefully.

We can refer to companies such as Medtronic, who implemented a perfect terminology
management systems starting with the source text, defining all the concepts they were
handling in critical medical devices, and then coining the terms in the different target
languages.

Another aspect of medical communication is the field of clinical studies. This involves

specialist to layman communication, and includes medical and ethical aspects. Clinical
trials are research studies that explore whether a medical strategy, treatment, or device
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is safe and effective for humans. These studies also may show which medical approaches
work best for certain illnesses or groups of people. Clinical trials produce the best data
available for health care decision-making. The purpose of clinical trials is research, so the
studies follow strict scientific standards. These standards protect patients and help
produce reliable study results. Clinical trials are one of the final stages of a long and
careful research process. All of these results are important because they advance medical
knowledge and help improve patient care. However, the Contract Research Organizations
(CRO) behind these procedures have to cope with huge challenges to improve the quality
of the communication. Faulty communication and the lack of terminology management
slows down their processes considerably.

2 Terminology Management as a crucial quality factor in technical
communication and documentation

In many organizations, the amount of content developed grows exponentially. The
amount of technical documents, legal and administrative information etc. is huge.
This has two reasons:

1) The impact of high-level technology in many products and processes triggers
more complex texts and information

2) Large companies have a complex structure with different departments dealing
with the products and processes on different levels. This is the reason for multiple
versions of the same content.

Managing the source texts in the company (i.e. the texts in the mother tongue) is a first
challenge where terminology management comes in as a key issue in non-ambiguous
information. The multiplication of the problems when dealing with multilingual issues and
translation will be touched upon later in this paper. Content management is a new
important issue in many large organizations and companies. And in the same way,
terminology is the key to good content management and a major organizational asset.

The quantity and difficulty of specialist texts have increased, along with the demands on
the technical and specialist documentation (laws, norms, customer and corporate
language). Experts in technical documentation must become familiar with the
terminology of their field. Frequently, parts and components have different names in one
and the same company. Often much time is lost before the clear terms established there
find their way into the linguistic usage of technical languages, not to mention the fact
that there is no possibility for all technical terms to be standardized. Thus, for the good
of specialist communication, it is very important that the meaning of complex terms be
defined as early as possible, the results be documented and made available to potential
communication partners. An example: one small modification, such as changing part of a
technical component, will affect all models in which this part can be found. This means
that all language versions of all model descriptions must be revised. This can be very
expensive and conceals the risk of errors and confusion among all stakeholders.

Both at European and at national level, lawmakers place special requirements on the
development of terminology, especially in the area of technical documentation. EU
standards, product liability, and certification require companies to deliver, as an integral
part of their products, documentation that meets safety requirements. Defective
documentation is considered a product defect that leads to complaints or even claims for
damages.
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Illustration 1: Stage of Document Life Cycle

Illustration 1 is an example of the costs of incorrect terminology (by Kjeldgaard):
Outsourced translations tend to cost up to 50% more if the terminology in the source
text is inconsistent.

The real wealth in a company is the knowledge that is handled and carried by the
different employees. This wealth is at the same time the liability in every commercial
institute; the companies will strive to make the implicit knowledge explicit, the
knowledge in the heads of the individual employees. Good information handling is guided
through correct communication, with clearly defined concepts and the terms related to
these concepts in the different languages.

Terminology is clearly seen as having a crucial role in good communication. This holds
both for internal AND external communication in a particular company. Not only the
communication between different departments or units within a particular organization
has to be clear and unambiguous; the customer must equally benefit from clear
handouts, manuals and other technical communication.

The solution to this type of complex data management can be found in the creation of a
central knowledge repository, where the concepts can be defined for the different
subdomains under discussion, and the relevant information and terminology can be
added.

Strong brands build on consistent communication, and this is impossible without
terminology management. Content management and retrieval of information thrives on
maintaining terminological consistency. If companies want to communicate both on
internal and external level in a clear way, they need an advanced content management
to be in place, together with a localization strategy to address customers and technical
agencies all over the world.

First there is the need to examine the quality of the source texts used in the company,

both for internal and external communication. This may be done using a terminology
extraction tool to create a first “lexicon” of the in-house terminology used. This

EuroSPI 2016 — 2.23



Session II: SPI and Organisational/Process Improvement

terminology database has to be made available to all departments and all the employers
in the company. The terminology has to be updated constantly, and new terms have to
be processed and included. This type of source text terminology management is
extremely relevant in the early stage of the product design: the authoring system and
the work of technical writers and other specialists will benefit from this step considerably.
The better the quality of the source text, the less confusion and mistakes will appear in
the translations. According to JDEdwards (Xerox), it costs 10 times more to fix a term at
the end of the production cycle than at the beginning.

Once the concepts and the correct terms have been defined, then the attention can go to
the multilingual target markets. How to make standard industry glossaries for individual
target markets? The multilingual terminology has to be integrated in a translation
memory, and has to be available for sharing with freelance translators. According to
Cerrella Bauer, S., eDITion, 2/2007, when localising an application where the character
strings contain approximately 20% of technical terminology, the use of a terminology
database containing approx. 70% of the technical terminology to be translated resulted
in a time saving of approx. 32%.

A typical example where inconsistent terminology use may occur, is the launch of new
software products, where all the terminology used in the user interface, the product
documentation, the help file, internal communication and training materials have to be
consistent. Inconsistent terminology makes it difficult for the user or the trainer to use to
product.

Companies tend to be hesitant to embark on a systematic approach to terminology
management, but this can be seen as a smart investment. It is not only beneficial to the
pure communicative and translation workload, but it leads to better processes, higher
quality and shorter turnaround time during the localization process.

EA No terminology manageme:nt

‘o

Terminology ma

K.J. Dunne, 2007

Illustration 2: How to present the business case for terminology project
according to Dunne, K. J. In: Multilingual April/May 2007, S. 32-38

3 Quality control methods, standards and metrics for engineering
environments
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Metrics have always been used to help guide managers with decisions about their
organizations. The quality of information in technical and user manuals has always
attracted attention. Companies are very careful as to how to monitor and control the
quality of their technical documentation. In this paper, we briefly touch upon two of
these metrics: the SAE 12450 and the ISO 17100.

3.1. The SAE 12450 metric for quality control of multilingual document
management for the automotive industry

In fall of 1997, “]J2450 Task Force on a Quality Metric for Language Translation of Service
Information” was formed under the auspices of the Society of Automotive Engineers, Inc.
(SAE). Its task was to create a standard to measure translation quality of service
manuals. Initially, the task force consisted of representatives from General Motors, Ford
and Chrysler as well as different translation service providers.

The purpose of the task force was the development of a standard for the automotive
industry which objectively measures and evaluates the translation quality of automotive
service manuals. The typical target groups were automotive technicians.

The standard was designed to measure the translation quality regardless of the source
language, regardless of the target language, and regardless of how the translation was
performed (i.e., human translation or machine translation). In contrast to the approaches
described below (ISO 17100), this standard is not a quality standard defining processes
and procedures, but a standardized, quantitative metric for the linguistic quality of a
translation.

Main Category Abbreviation Sub-Category Weights / m

2. Wrong Meaning WM 5/2

3 Omissi oM Serious 4/2
. Omission error

4. Structural Error SE 4/2

or

5. Misspelling SP minor 3/1
error

6. Punctuation Error PE 2/1

7. Miscellaneous Error ME 3/1

Illustration 3: Interpretation of the SAE J-2450 quality metric

Before SAE ]2450, quality measurement on language translation in the automotive
industry has largely been subjective, if such measurement was undertaken at all. If an
automotive company did set up a quality process with its translation suppliers, the
quality of translated service information would generally be reviewed by in-country
validators designated by the automotive company. Markups of the translated documents
were provided back to the translation supplier for correction and editing. There would
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likely not be any standardized measurement metrics for determining or rating quality in a
manner similar to methods used in the manufacturing side of the automotive business.
The risks of low-quality translations of service information include erosion of customer
confidence, higher warranty costs, and (at an extreme) damage to vehicles or injury to
people.

Thus, the objective of the metric was to establish a consistent standard against which the
quality of translation of automotive service information can be objectively measured. The
metric allows an evaluator to tag errors in a translation and compute a weighted,
numeric score that represents the quality of the translation.

The standard is applicable for any other industry where safety and security matters - and
where texts are written in specialized language with a high percentage of terminology.
Today, many industries, such as the automotive, aviation or health industries, assess the
quality of translated technical documentation and user manuals on a regular basis. After
lost cases and damaged reputation these industries are aware of their liability for the
translation of the technical documentation as part of the product.

3.2. ISO 17100: Translation services -- Requirements for translation services

The first multi-national standard to define requirements for the provision of quality
translation services has been the European Standard EN 15038 "Translation services -
Service requirements" published by the European Committee for Standardisation (CEN)
in 2006.

The standard specified requirements with regard to human and technical resources,
quality and project management of a Translation Service Provider (TSP). Special
attention was payed to the competences of translators and to the “revision” of translated
texts: As default, every translation shall be checked by a second, equally qualified
translator (see below).

For the first time, also the TSP/client relationship was tackled, requesting the TSP to
actively communicate with customers, in order to understand their needs, such as the
purpose and target audience of the translation, delivery dates, commercial terms and
conditions of the project, etc.

The procedures in translation services were specified and a major issue in EN 15038 was
- and still is in ISO 17100 - the requirement to revise translations, i.e. to apply the 4-
eyes-principle through a second, equally qualified translator who compares the translated
text with the source text.

According to Peter Jonas from Austrian Standards (Jonas and Sauberer 2014), the two
standards EN 15038 and ISO 17100 are identical with the exception of only a few minor
points. The most striking difference to EN 15038 is the "Terms and definitions section" in
ISO 17100. Whereas the European standards defines only a few terms which are used in
the standard and thus are needed to understand the standard itself, ISO 17100 goes far
beyond that approach by defining in total 42 terms which are commonly used in the
global translation industry. Thus, apart from being a standard for service provision, ISO
17100 may be considered as a terminology standard for the provision of translation
services.

Thus, to use ISO 17100 terminology in internal and external communication, has become
a quality criteria for TSPs, because unclear communication with customers, with concepts
and terms continuously mixed up, results in misunderstandings and in poor quality of
products and services. “"Revision” is a crucial step in the service provision process where
a second translator examines the translation output for any errors and other issues, and
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its suitability for purpose. Revision is a bilingual process, whereas editing, reviewing or
proofreading are all monolingual processes.

4 Certification and qualification of professionals

Professionals dealing with technical writing do terminology work and need professional
terminology management. The European Certification and Qualification Association
(ECQA) has the appropriate certificate meeting these needs: The ECQA Certified
Terminology Manager (CTM) basic, advanced, and for special industries, such
Engineering/Technology and Medical/Health, to be followed by Software Process
Improvement, etc.

TermNet joined the ECQA in 2007. Since then, certification schemes and a skill cards for
the job role ECQA Certified Terminology Manager have been developed by a consortium
of international terminology experts and TermNet members. The ECQA, together with
TermNet and their cooperation partners, guarantee that all certificate and preparation
courses worldwide are built according to the same structure and standards.

The training initiative ECQA CTM combines the various competences of professionals
active in the areas of information & communication, classification & categorization, and
translation & localization, offering training and qualification not only for language and
terminology professionals, but also for all experts in industries where terminology
management is a critical factor for quality and safety.

The ECQA CTM also considers the fact that terminology managers in today’s companies
and organizations don’t necessarily have a university degree in linguistics, translation or
terminology.

The training is design in different levels to address the needs of different groups of
professionals dealing with terminology projects. The basic level of CTM focusses on
understanding how terminology work is embedded in organisations and work
environments and the basic principles and methods of terminology management. The
ECQA Certified Terminology Manager - Advanced addresses professionals who already
have some experience in working with terminology; either as a full-time specialist or as
part of their regular job.

Since 2015, CTM is available also as specialised qualification for professionals in various
industry environments (engineering/technology, automotive/aviation and medical/health
terminology. Since 2010, more than 300 professionals all over the world qualified as
“"ECQA Certified Terminology Managers”.

5 Conclusions

In an increasingly international, globalized world, effective and unambiguous multilingual
communication has become crucial. Terminology plays an essential part in specialised
communication. Terminology management can be considered as integral and quality
assuring part of any product and service in the areas of

¢ information & communication
e classification & categorization
¢ translation & localization

The international information society has created a huge demand for multilingual
technical, scientific and legal documents. Professionals from all industries are faced with
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the need to care for high quality translations of texts, user manuals, etc. To know the
respective standards and quality requirements is highly relevant for all industries.

Competitive business environments with dynamic development processes, such as Agile
and SCRUM, make it necessary to constantly maintain and update corporate /
organisational knowledge and to make it accessible for changing users and user groups.

Terminology management and the use of reliable terminology resources play a crucial
role in quality assurance, consumer protection and cost savings.

1) Terminology helps to guarantee the quality of the product and process

All companies produce terminology in written and oral form.

Terminology is a part of the process and, also, of the product.

Terminology management is crucial at the production of source texts
(cooperate knowledge) and technical documentation and should be
implemented though out the process.

All stakeholders in a company should be included in the terminology policy
planning.

Terminology is an asset for a company and helps the company to stand
out from the competitors.

2) Terminology helps to protect costumers

Clarity and safety are key premises in technical documentation for the
medical industry.

Bad terminology management can influence the quality of the product and
lead to legal claims.

Technical documentation and, as a consequence, terminology are part of
the product.

Quality assurance is a key point for the industry and technical
documentation.

Wrong terminology in technical documentation can cause damages to the
costumers.

3) Terminology management saves costs

Terminology management in technical documentation can lead to:

5% reduction of the translations costs,

10% reduction of the general cost through a 100% matches in the
translation memories,

10% reduction of the work,

50% less in translation work,

reduction of 60% in the translations questions and queries.

(Schmitz und Straub, 2010)
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Abstract

Professionals in the automotive industry, teachers at Vocational Education and Training insti-
tutions (VETs), and training and consulting organizations from all over Europe developed a
curriculum of basic skills needed to assume modern Automotive Engineering job roles. Based
on this curriculum, defined in the form of two skill sets, training materials, as well as a text
book and exercise book have been authored. For VETs and industry pilot trainings were orga-
nized.

The training not only prepares automotive students for their future jobs in the automotive in-
dustry but also enables professionals in the automotive industry to teach their newly graduated
engineering employees in specific and fundamental knowledge and skills that form the basis of
the growing variety of engineering job roles in the automotive industry. This article describes
the experiences so far and looks ahead to the near future. The proposed Automotive Engi-
neering curriculum provides a value-added springboard for engineers to assume engineering
job roles in the modern automotive industry.
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Abstract

The European Automotive Quality Sector Skill Alliance AQUA has been establishing practice-
oriented education and training program on modern automotive engineering challenges since
2012. In the context of their most recent activity, they transfer their certified industry training
program on integrated automotive quality engineering and management to higher education.
This article introduces a practical example that is used in this new curriculum to explain the
functional safety dimension of integrated automotive quality. Since the students are highly in-
terested in electric and hybrid vehicles technologies, the example of an e-motor control for the
drivetrain was chosen as a case study.
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Abstract

Within the automotive industry, many important standards exists around the development pro-
cess. In order to effectively adopt these standards (or any standards, for that matter), it helps
to understand why the procedure have been established in the first place. The standards offer
some rationale for the policies but not always or it's not compelling or the rationale is not easy
to find. This paper describes the common approaches to policy justification and the reasons
justification is crucial for a robust adoption of policies (including changes in policy.) The paper
also provides an efficient method to communicate policy rationale, providing an example of the
method with some of the more common policy hurdles that the authors have encountered,
based on many years of experience in the automotive industry.

Keywords

Justification, Change Management, Implementing SPICE, CMMI, VDA, Standards, Automo-
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1 Introduction

Procedures, as defined by standards, are an essential part of most industries; they are ideally a con-
solidation of best practices. They help ensure predictability and, at the same time, provide a founda-
tion to improve upon. Procedures give an organization a standard language to discuss the way of
working. In the automotive industry, there are a number of development methodologies and stand-
ards, like ISO/IEC 15504, 1SO 26262, CMMI and VDA. And while many of the policies described in
the standards are intuitive for persons in the industry, other policies are not. One example is the re-
quirement to write down estimation rationales. If an engineer is new to estimating, it is not always clear
why one should bother documenting the justification for the estimate. Who’s going to read it anyway?
is a not infrequent challenge. If an organization is attempting to adopt a new policy or move to a new
standard, the lack of policy justification can be crippling.

The fact that so little attention is paid to policy justification is baffling, given the available research on
motivation. “All motivating messages, from Apple’s marketing to Martin Luther King’s “I Have A
Dream” speech, do the same thing: they start with Why. People are engaged and motivated by why
we do things more than what we do.” People are more engaged in something they think is im-
portant. [1]

And there are other benefits to understanding why:

o It allows an engineer to fill in the gaps and take initiative on decisions or situations where there is
ambiguity in the policy. [2]

o Clarifying the justification ensures that incorrect justifications are addressed. For example, devel-
opers may think that a policy is required solely because a standard dictates its use. Generally, a
policy is important for other reasons and this should be assessed and communicated. Why? the
standard could, for some reason, be removed, the associated behavior would then be stopped
and the unforeseen benefits with it.

o |f the rationale for the policy is understood, it helps ensure that the policy fits the purpose. If the
purpose changes or becomes obsolete, the policy can be tuned properly.

o Justification is also important because, unfortunately, there is a common perception that policies
are bureaucratic. Perhaps, this perception is in part due to the general lack of policy rationales —
no one explains why the policy is necessary. Or perhaps, your organizational policies really are
bureaucratic and may need tuning. In any case, determining the rationale for policies is a valuable
exercise.

o Apprehending the policy motive is useful in getting the policy implemented, more so than with
most types of development work, because the policy’s raison d'étre may be comparatively less
obvious. If an engineer implements code, it is generally apparent that the code is necessary for
the product; that doesn’t need explaining. If an engineer tests code, it is usually clear to the engi-
neer that testing helps identify bugs — crucial for quality! But, if an engineer has to document a so-
lution for a bug, then the reason for the effort starts to be less apparent. Policy justification is your
friend in these situations.

e The costs versus benefits of a policy can be better assessed by an organization when the policy
rationale is understood.

In our experience, we have seen various methods to address the motivation for policies:

o The most common: Ignore the justification for the policy altogether and leave people in the
dark.

o “We've always done it like that.”

Both are dangerous answers because, in the authors’ experience, they discourage use and ownership
of policies and consequently reduce continuous process improvement.
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Other methods:

e Provide an individual answer to the policy challenge impromptu and without documentation.
Not particularly efficient and can lead to varying (and incorrect or unchallenged) justifications.

e Provide a policy training with the relevant justification described. An important method be-
cause it places the motivation with the policy that needs to be motivated. However, trainings
can be very time-consuming for the trainer and inconvenient for the trainee (wrong time for the
trainee.) Reading training slides might be a substitute but it lacks the dynamism that comes
with interactive training.

e Provide a managed FAQ wiki with the policies most frequently challenged.

The use of an FAQ wiki has multiple advantages [3] compared to the other methods of communicating
policy justification:

e ltis interactive over a long period, unlike trainings.

¢ Unlike informal explanations to individuals, writing (an FAQ) has comparative permanency; the
re-use factor is much higher.

e |tis more efficient in communicating the rationale to a large and growing organization than in-
dividual answers or one-time trainings. When deployed properly, an FAQ wiki can touch more
people more easily. (Admittedly though, speaking to a person or group has a compelling na-
ture that a written communication lacks; but the other advantages of a wiki would help com-
pensate for the deficit. We recommend that the wiki be instituted in addition to trainings.)

o A wiki has easy editing, allowing the answer to be improved over time within the development
community, promoting community ownership.

e It builds a standardized answer (same understanding across the organization) compared with
an impromptu, undocumented response.

e It allows for continuous improvement of the justification through peer review.

An FAQ on challenging policy topics can demonstrate clearly how the policy benefits the engineer and
consequently can help speed up acceptance and use of policies within your organization. We illustrate
such a policy FAQ below. Please note that the answers are based on experience with larger compa-
nies and may not apply to your organization entirely.

The target audience for the FAQ is the engineer and not policy experts; hence the answers may not
always be instructional for experienced quality personnel.

Before implementing the FAQ, consider introducing a survey to baseline the current attitudes on poli-
cies, including the justification. Questions might include the following, with a rating from one to five:

e Do you have an influence, feel ownership on policies?

e Do you know how to suggest changes to the quality management system?
e Do you understand the rationale for policies?

e Are the policies continuously improved?

The survey might be executed before and sometime after the FAQ introduction to help evaluate its
impact and usefulness. Based on results on the above questions from various companies, we con-
clude that an FAQ is beneficial and very much appreciated by the users.

2 FAQ

The following sections contain an example for a Frequently Asked Questions wiki, containing policy
challenges we have often received from the development community. The FAQ should be tailored by
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the organization making use of it.

2.1 Why do we have to make tickets for Problem Reports?

Reference: Verband der Automobilindustrie, Quality Management in the Automotive Industry Process
Audit Part 3, Section P2.4, Is change management in the project ensured by the project organization?

Problems need to be reported from the party finding it to the party that will fix it. Telephone or e-mail
might seem sufficient and more efficient for this purpose and thus, the use of a more complex PR da-
tabase system (with ticketing) is regularly questioned by engineers new to this topic.

If problem reports (PR) are captured in a persistent and widely accessible way (via a database), the
related information can be shared in the community and everyone is able to contribute to the solution;
email exchanges generally limit the visibility (including long-term) within the team and organization.

Handling of duplicate findings is possible only if all PRs are persistently recorded in a searchable da-
tabase. If you want to ensure that you or your co-workers are not solving the same problem a second
time, recording the PR in a database is indispensable.

A basic activity in a project is to analyze PRs from the past in order, for example, to understand poten-
tial risks or plan for a new project: are there old, unresolved bugs we need to fix in this project? With-
out a PR data base, this becomes a painful exercise.

Such a data base is also able to require specific, formalized input for a new PR to ensure all the prop-
er information required for quick and successful analysis and solution are given. Something, a simple
e-Mail can never do.

2.2 Why do | need to write a project management plan?

Reference: A Guide to the Project Management Body of Knowledge 2000 Edition, Section 4.1, Project
Plan Development

We have heard the project management plan questioned over the years: “Why do we need to write a
project management plan? It is so much effort and nobody reads it!” One reason for writing a project
management plan is to prompt the appropriate actions (serving a checklist function) from the project
lead and consolidate the information in one place for easy reference, both for the project team but also
for the future; if a bug is found after the project is closed, it may be necessary to re-construct the pro-
ject environment and having a project management plan can greatly ease that high-pressure experi-
ence.

If no one is reading the project management plan, then perhaps a reading sign-off of the project man-
agement plan can be introduced in the team to help promote familiarity with the document. Or maybe
a re-evaluation of the content would make sense, to ensure it brings value to the project.

2.3 Why should | prepare for risk sessions?

Reference: Potential Failure Mode and Effects Analysis Reference Manual Fourth Edition, page 11,
Identify Functions, Requirements, and Specifications

Initial risk sessions in a project are often approached with limited enthusiasm, an exercise to get
through. However, identifying risks in a project is vital:

o Customers require detailed risk management.
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e Our standards require detailed risk management; standard adherence allows us to continue
supplying within the automotive industry.

But, even if we did not have those reasons, we would continue detailed analysis and management of
risks to protect ourselves and our customers from the risk of failures. (At this place in an FAQ, a sam-
ple of relevant industry failures could be helpful to list.)

24 Why do we make estimation rationales?

Reference: CMMI for Development, Version 1.3, Project Planning Process Area, Specific Practice 1.4,
Determine Estimates of Effort and Cost, Estimate the project effort and cost for the work products and
tasks based on estimation rationale.

In order to develop a proper plan for a project, estimating the effort (time, resources etc.) is a clear
element of that process. A wide range of possibilities exist to get estimates for individual tasks, build-
ing blocks or entire projects: simple expert judgement, 3-point estimates involving the whole team and
analysis of historical data are used.

What is forgotten to write down many times is the rationale for the estimate. Why, for example, a cer-
tain tasks takes 10 man days and not just 5? What were the ideas of the experts judging the effort?
Which historical data showed that it will take 10 days?

Recording the answers to those questions is important for several reasons: First, the rationale in-
creases confidence and creates a common understanding about the estimates with the people in-
volved in the project. But also people not directly involved can benefit: management may challenge
those estimates to ensure a project is a proper investment. Recorded rationales can help to defend
the estimates made by a project team.

Properly recorded estimation rationales are especially beneficial if the estimation data are reused in
another project. They explain why a certain estimation has been made. An assessment can then be
made, based on experience, on whether the explanation was correct and the new estimate can be
improved. Also, the team members don’t need to go through the effort of re-thinking the rationale —
there it is already, with the original task and estimate.

2.5 Why do we have to write down a configuration item list?

Reference: CMMI for Development, Version 1.3, Configuration Management Process Area, Specific
Practice 1.1, Identify Configuration ltems

Configuration items (Cl) are the fundamental structural unit of a configuration management system [2].
They are essentially the list of project deliverables and can serve to clearly divide the work in a project.
For design-driven engineering communities, Cls typically are:

e Design Data
e Documentation and reports
e Development and infrastructure tools

Identifying these items within a project and writing them down in a configuration item list can be helpful
for every member of the project. The key to maximum benefit is not just to name each configuration
item but in addition, to add proper attributes to them.

Design data and documents should not just contain the name but, in addition, the location of the files
(including the version control system) and the owner of the configuration item, which allows other en-
gineers to quickly find the person in case there are problems or questions for the CI.

For each of the documents and design data Cl, a short name is to be specified in the Cl list, identifying
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the CI across the whole project documentation — for example, Software Architecture Description, SAD;
this makes project communication more efficient, especially for new-comers.

Each tool required to create the project’s deliveries becomes an element in the ClI list. For software
engineering projects, for example, the software tool Cl contains not just the name but also the version
used and the download URL. With such a detailed Cl list of tools, it can be ensured that every engi-
neer in a project uses the exact same specific set of tools. Engineers joining the projects can create
the environment quickly since the exact tools are well defined. Project managers get a list of the soft-
ware licenses required to provide the team with the proper tools.

Besides the points above, there is another critical reason for Cl lists — imagine if you did not have a list
of Cl items for a particular project. The project closes, and 10 years later, a severe bug is found on
the corresponding product and the customer is very unhappy. The Failure Analysis team urgently
needs to analyze the bug, find the root cause and put a solution in place. They discover that the ver-
sion control system can be restored for the product and, oh joy! they find a reasonable-looking base-
line tag and are able to populate project files. But, the file that is needed — an architectural description
- is missing! Someone forgot to check it in and there was no control to ensure its inclusion in the tag.
That is where a Cl list comes to the rescue. It helps ensure that all the project deliverables are in the
version control system and there when you need them.

2.6 Why do we need formal decision-making and documentation?

Reference: CMMI for Development, Version 1.3, Decision Analysis and Resolution Process Area,
Specific Goal 1: Evaluate Alternatives.

Having a documented explanation on important decisions and a required set of stakeholders is vital for
several reasons:

e In case the decision needs to be re-visited in the future, a record of why the initial decision
was made is very helpful. Without it, the team may not remember the reasons and neglect
important aspects of the new decision.

o A critical decision generally requires complex analysis by multiple persons. Recording the de-
tails of the decision-making process protects that investment (especially if persons are no
longer in the company); it can serve as idea re-use when similar decisions are required in the
future.

e A required set of stakeholders and a formal structure for the decision (including criteria and
decision method) reduces the subjective nature of a decision.

2.7 Why do we need control on hardware/software interfaces?

Reference: Automotive SPICE Process Assessment / Reference Model, Version 3.0, SUP.10.BP5,
Approve change requests before implementation; and internal project policy: The project freeze date
for signal names is the silver milestone.

Silos often exist between hardware and software groups; hardware might freely make changes to in-
terface elements (such as a register or bit) and have very little understanding of the impact of the
change on the software code, using the same interface element. Because of this common soft-
ware/hardware disconnect, it is crucial to have dedicated control and review on the interfaces in order
to avoid uncontrolled consequences on the software schedule and stability.
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2.8 V-Model

Reference: Automotive SPICE Process Assessment / Reference Model, Version 3.0, Annex D.4,
Traceability and Consistency

2.8.1 Why don’t we have vertical links on the test side?

Within the Automotive SPICE depiction of the V-model, there are no links on the right side, between
the tests levels. However, we have seen right-side linkage introduced and explained to indicate re-use
of test cases; this is not the verification goal, according to the V-model. The aim instead is to create
tests for each specific V-model level to ensure that level-specific goals are addressed. Exclusively re-
using tests could mean maintaining any errors/holes in requirements interpretation. That is, if your
upper-level requirement is improperly broken down into lower-level requirements, re-running the set of
lower-level tests for the upper-level requirement won'’t highlight that breakdown problem; you would
need a different test for the upper-level requirement.

2.8.2 Why do we need requirements breakdown?

Breaking down a requirement into lower-level requirements helps organize the work into manageable
tasks for the team. It can foster an independent structure in the work breakdown structure that reduc-
es unnecessary interaction with other team members and gives clear ownership.

With the linkage from upper to lower level requirements clearly established, the impact of any pro-
posed change can be more easily determined.

A breakdown of all requirements helps ensure that a component is not forgotten. In the rush of a re-

lease, a component, which is not linked to an upper requirement, may not be properly instantiated. If
there is no link to an upper requirement, there also may be no linked test case. If no specific tests are
executed for the component, it could be overseen entirely at the time of the release.

2.8.3 Can upper-level requirements be satisfied with only lower-level tests?

Within requirements management, we encountered the idea that if we have, for a set of hierarchical
requirements:

e 100% vertical coverage
e 100% horizontal coverage at the lowest level of the V-model
e 100% successful passing test results at the lowest level

....then, by induction, the highest level requirements are tested. The problem with this line of reason-
ing is that the requirements may be imperfectly specified at the highest level and lowest-level testing
would not help to catch that error. Developing tests at every level helps to mitigate the risk of incorrect-
ly understood requirements. [4]

(This is true in the other direction; top-level tests don’t sufficiently cover lower-level requirements.
Top-level tests might not finely test every input combination for the bottom level units — a bug at the
low level may not be triggered.)

3 Results

Since we began to communicate policy rationale more actively, including through a wiki, we have seen
the engineering community take a more active role in driving changes, becoming a self-learning or-
ganization. (No doubt that the self-learning is attributable to multiple factors but users have clearly
said a justification is helpful.)

One example to help illustrate the point: previously, we had problems with schedule slippage due to
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misalignment on the hardware/software interface elements - in this case, the registers, including its
name and functionality. There was a policy in place that froze register names at a particular develop-
ment milestone and an unwritten rule that the changes would be limited. This policy worked well for a
while until the software started to become very complex and new persons entered the team (unaware
of the unwritten rule.) The hardware team would make many changes to register names and the soft-
ware team would struggle to update their code in time for release. Both sides thought they understood
the situation. The hardware team thought the changes were warranted and that the software team
was exaggerating the impact. The software team thought the hardware team was making frivolous
changes, careless of the software impact.

When we clearly discussed the justification for the freeze date of the register names — the far-ranging
and complex impact of a register change on software but also the hardware need for changes to regis-
ter names - we could appropriately update the policy: we introduced earlier reviews of potential regis-
ter changes. In the reviews, the hardware team explained the need for changes and the software
team discussed the impact; the teams then negotiated which changes would be accepted (also involv-
ing marketing and management for tougher decisions.) The updated policy met the goals of both
sides: the hardware designers could make necessary (and agreed) changes to register names and the
software team could keep their schedule under better control.

A crucial element of this story: the hardware and software teams closely cooperated to effect the poli-
cy changes, made easier by grappling with the policy rationale.

4 Deploying and Maintaining

Properly deploying and maintaining an FAQ is just as important as writing an FAQ in the first place.
Publishing the FAQ wiki in the company intranet is essential. From our experience, those intranet sys-
tems are not always equipped with a proper search and find functionality. Thus, make sure the FAQ
can be easily found with various search terms.

Advertising the FAQ at the organization’s internal home page with a “New” icon — at least for some
initial period - helps to publicize the page. Communicate the FAQ in kick-off meetings, new employee
trainings, workshops on related topics and how-to emails to the entire organization.

Once the FAQ is successfully deployed, it's important to keep it up-to-date, to maintain and improve its
content. To help with any necessary clean-up and monitoring, nominate an owner for the page and
ensure the owner’s name is clearly visible on the wiki page.

5 Conclusion

Understanding the rationale for a procedure is a requisite aspect for its acceptance by many engi-
neers. It is also vital for the organization to understand the benefits versus costs of policies to main-
tain its efficiency and effectiveness. In this paper, we have described the advantages of clarifying the
policy reasons to the development organization. We provide an example of an FAQ wiki with policy
questions and answers and describe the benefits of capturing the FAQ in a wiki format versus other
means of transmission. Results of this approach are encouraging and briefly described; we plan to
promote the wiki to a wider organization. The authors envision that the approach would work well in
other industries and welcome any feedback on its application in general.
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Abstract

One of the key challenges for manufacturers of automotive systems, hardware components
and software products is not only the process of defining explicit and implicit requirements but
also the ability to satisfy safety requirements such as those specified in ISO 26262. From an
element point of view, the Safety Element out of Context (SEooC) defined in 1ISO26262 is be-
coming a reference for developing systems, elements and components in the automotive sec-
tor. Integration teams have limited prior knowledge of how these third party devices have been
defined, the assumed requirements used during the validation and verification phases. Goal
Structuring Notation (GSN) can be used to define and document the assumed SEooC re-
quirements in a graphical manner. However, development teams are facing several challeng-
es for example how different requirements are implemented in SEooC, or how far GSN is able
to represent SEooC definitions. This paper provides a GSN based approach to represent
SEooC requirements in a practical example of an automotive hall sensor.
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Abstract

Projects in the Semiconductor branch consist of hardware devices and also software parts,
that communicates with them. The software that communicates directly with the hardware is
called firmware and gets written for every hardware device separately. In addition to that, a
middleware gets written once, which can deal with several hardware devices. Changing the
middleware for a new release, will raise the problem of ensuring that the software still works
for all available hardware devices, without losing the quality level. Because of the high quality
requirements and the close connection between hardware and software in this environment,
testing the software framework gets a complex task. To avoid the execution of the whole test
framework, which contains often several thousand tests, on several hardware chips, this paper
proposes an efficient solution to face this problem. For that, the problem will be first split into
three sub-problems, to reduce the complexity and also to focus on each one individually. After
that, the first two approaches will describe how to select the set of test cases, which cover the
modified parts of the software and ensures that all side effects will be tested, at the same time.
In the end, the third approach will show how this data can be used to automate the testing
process. All three approaches combined will form the solution that ensures the functionality of
a software change upon several hardware components.

Keywords

Test management, test case selection, Test plan generation

1 Introduction

Semiconductor components are nowadays wide spread on the market. Often found in mobile phones,
they are represented as stand-alone hardware chips that provide an interface for other components in
an embedded system. These hardware components are usually developed for a specific use case,
such as establishing a connection, using RFID technology. Therefore, the chip and also the software
that communicates with it, a so called firmware and middleware, are mostly developed by the same
company, to ensure a save connection and also to save costs. The solutions, provided by companies
in the Semiconductor branch often implement several OSI layers, to fulfill customer needs. Having
that, a customer has the possibility to choose which layers should be used and which should be cus-
tomized, to create a flexible end solution. However, all of the supported layers need to be tested, to
ensure a certain level of quality, independent to if it will be used in the end or not. Therefore it is obvi-
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ous that the testing process in the development process of hardware/software system engineering has
high priority, to fulfill the quality criterions.

As hardware and software components are often engineered by different teams within a company,
designing the chip and developing the dependent software are done in parallel. This makes the testing
process more difficult, as the final hardware is not available most of the time for real tests and needs
to be simulated in that case. Simulating the hardware device makes it hard to deal with hardware spe-
cific behavior like timeout, which can affect the test result and must be taken under consideration in
the implementation of the software as well. Also, the hardware components that shall be used in the
end are in terms of computational performance lower dimensioned than classic personal computers,
as they only fulfill one specific purpose. Simulating the hardware device in a powerful working envi-
ronment, makes it therefore possible to execute function tests on the software. However, there are
also tests, such as stress tests, that need to be executed directly on the hardware chip as they test the
system under real stress conditions for several hours.

A company in the Semiconductor environment, has several such hardware chips in place, to fuffill
similar use cases with slightly different requirements. As the firmware needs to work for one specific
hardware chip, the common middleware that uses this firmware needs to execute safely for all availa-
ble hardware components that are provided by the company. For that, the code base gets extended
every time, a new hardware component gets added, to support the new features. This means, the
more hardware components a company offers, the more versions of the firmware will be implemented,
that need to be supported by the middleware. Thus ensuring that this software works on several hard-
ware components without losing the quality standard gets a complex task, as it needs to be cross-
checked with every available firmware and therefore tested on all hardware devices. Because of that,
this paper will focus on this problem and presents an efficient approach to ensure that the modified
software version for a new release will always work safely for all provided hardware devices by only
testing the changed code parts.

2 Current situation and problem definition

Companies in the Semiconductor branch are confronted with the problem of having a big test frame-
work, to ensure high quality standards, which needs to be executed for every new hardware chip that
gets released. Releasing a new hardware component means to develop or extend the firmware and
update the middleware, to support the new functionalities. However, the changed software needs to
work for all produced hardware devices that are currently on the market. Therefore the whole test
framework gets executed for every available hardware chip, to check if the performed code changes
for the new hardware component did not cause any side effects. As executing always several thou-
sand test cases for several hardware chips before a new release takes a lot of time, an automated
approach is needed to select only those tests that are directly associated with the new code changes.
How to ensure that the software works for all available hardware components, by only testing the code
parts that got changed for a new release?

To analyze this question, the method of Systems Engineering gets chosen. This method follows in
general the approach of splitting a big problem into several sub-problems. [1] These problems will be
afterwards analyzed and solved separately. In the end, theses separate solutions will be combined to
form the solution for the main problem. For the question stated above, three sub problems got identi-
fied which will be discussed in this chapter. As the final solution needs to be integrated as easy as
possible into the current developing process, the software components which are currently in use will
be analyzed to determine how they can be combined. The idea is to select a set of test cases that
cover the modified changes of the middleware that needs to work for all available hardware devices.
For that, the first paragraph will therefore analyze the potential of the used version control system,
followed by the current test case setup. As third sub-problem, the test plan management will be ana-
lyzed.
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2.1 Managing the code base - Version Control Systems

As soon as the developing process of a software package involves more than one person, a central-
ized place where a team can store the written code occurs as beneficial to make it accessible easily
for every team member. Software solutions, such as Apache Subversion [2], in short SVN, or Git [3],
are used to store software in so called code repositories. These repositories provide a backup mecha-
nism by storing the source files on a centralized server which can be accessed easily directly via
command line or tools, such as Tortoise SVN [4], or SourceTree [5]. In addition, a version control sys-
tem holds information about the files contained in the repository associated with user accounts. Beside
security aspects, this makes it possible to determine who changed which file and which lines of the file
were affected. Every change made is stored in a so called revision which is included in a visual graph
that shows the changes in a timeline. This functionality is very beneficial, as every revision displays
which lines of code in a file got changed to the previous state. With that, a developer can determine
quickly which function got affected in case of maintaining. This revision graph does not only document
the changes, within a software project, it is also possible to go back to a specific revision, if needed.
To determine which revision was used for the released version, it is general practice to highlight this
change in the graph with a Tag, which holds a customized comment. But how to identify all functions
that have changed between two specific releases, using a Version Control system? That needs to be
clarified to use that given features for filtering the code by parts that are of interest.

2.2 Test cases and call-graphs

One way to validate the quality of a program is to test it via test cases. Having a given function under
test, a test case, represented in most cases by a program routine that calls the function with set input
values, determines via direct feedback if it meets the requirements, defined in the test, or not. Tools,
such as the NUnit framework [6] provide automated functionality to run test cases either via a plugin
for an integrated development environment (IDE) or as stand-alone solution via an external library.
Depending on the size of the software project, there can be several test case clusters that might be
assembled in a test framework. The bigger the system under test gets, the more test cases are in this
framework that might be double or test equal code parts then other tests. Therefore it might get com-
plicated when it comes to the selection of a specific test case, which covers code parts of interest for a
new release.

The testing framework, used by a company in the Semiconductors branch contains approximately
several thousand tests that get fully executed for every hardware component, which is currently avail-
able on the market. Using the V-model for describing the validation process of a software program as
displayed in figure 1, shows that testing bottom up will call first independent module tests for each
component, followed by function tests that will call parts of these module tests again, to test the whole
execution path in a specific context, down to the hardware abstraction layer (HAL), which communi-
cates directly with the underlying hardware component. Having multiple chips available, all of these
test cases get executed several times for a code change that might only affect a few functions. Follow-
ing this approach will raise the execution time steadily with every new hardware component that gets
released. Therefore, a solution is needed to reduce the amount of executed test cases. The idea is to
execute only these test cases that call the functions which got changed for the new release. How to
generate a call-graph for a specific function? Answering that, makes it possible to associate the
changed functions with the test cases that needs to be called, to validate the functionality. Having
such a call-graph available makes it also possible to determine possible execution paths that might
cause side effects. Figure 2 shows the general idea of such a call-graph, which displays the calling
path of a test case to an added function for a new release with all dependencies.

2.3 Test execution

To organize a list of test cases, a test plan can be implemented as structured way of clustering a set of
test cases for a specific purpose. A test plan is in general a logical entity that gives information about
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which test cases will be executed in a test run, to fulfill certain quality criterion. Therefore it can be
represented either written on paper or depicted as software solution. Defining which test cases should
be tested for a given quality criteria keeps the overview of the test procedure, defines clearly if a soft-
ware component meets the requirements and provides also the possibility to recycle the test plan for
similar future purposes. Test management tools, such as TestLink [8], provide the functionality to au-
tomate the execution of different test plans. The system can associate test cases directly to test plans.
However, TestLink only stores logical entities that describe the test framework and organizes it. To
execute the test case entity, which is stored in a test plan object of TestLink, with a programmed test
routine, a separate system must be used such as Jenkins that combines these two aspects. This
means the information, stored in test plan and test case objects of TestLink is by default independent
to the source code and needs to be maintained separately. Therefore the question is, how to automat-
ically generate a test plan based on a given set of test cases in TestLink?

Taken the Systems Engineering approach into account, all these three problem fields shall be ana-
lyzed and solved separately. Outcomes of these findings shall then be combined into a generic ap-
proach for reducing test efforts based on an on need basis. Main goal is to keep the test and therefore
system quality at highest level with reducing test time.

Test Framework

Component 1

Function a() Function tests

Component 2

Module tests

HAL

New feature (). Hardware tests

|
'
|
|
\

Figure 1: Validation process with several hardware components

Function c()
Functiona() ¢——— Function d()
Test case A

Function b() Functione() ——— New function()

Figure 2: Call-graph with highlighted path to the depending test case
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3 Theoretical background and problem analysis

This part of the paper will focus on possible approaches that are state of the art, to solve each of the
questions, defined in the previous chapter. According to the approach of Systems Engineering [1], it
will again discuss each question separately. The first section will describe possible solutions for de-
termining the functions that got changed since the last release, followed by approaches to create call-
graph that lead to their dependent test cases. The last section will describe possibilities of how to
maintain the test plan objects, stored in TestLink.

3.1 Analyzing changes between Revisions

Determining which code parts changed between two different releases follows in general a straight
forward approach. The easiest solution for that would be to simply compare two different working
states of a file and detect which parts differ. However, there are two types of version control systems
available that provide a diff mechanism that allows comparisons between files, dynamically out of the
revision history. The first version control technique uses a centralized repository and is set up as serv-
er-client solution. This means, that a user always works on a local copy of the repository content that
is located on an external server. For associating the local working copy with revision content, such as
committing or retrieving changes, the repository server needs to be accessed via a client program. A
free software solution that works on that basis is Apache Subversion. The diff command that comes
out of the box with it compares by default the current working copy of a file with the latest revision in
the repository. By using command parameters, it is possible to define that the working copy should be
compared to a specific revision or to show the differences of the file between two revisions [9].

The second version control system, uses a distributed version control technique, which brings the
possibility of having a repository either locally, on a remote server, or both. The main difference to
centralized repositories is that a user does not have to communicate to a remote server to be able to
access repository functionality such as accessing the revision history, as the local copy represents
itself a fully repository. However, it is still possible to sync the local changes to a remote server to
share the code and have a backup available. A software solution that implements this kind of technol-
ogy is for example Git, which is available for free. Calling the diff command of Git without any parame-
ters will compare the working copy with the version that is currently in the index. The index contains all
files of the local repository that are marked for an upcoming commit. It is therefore a layer between the
working copy and the repository itself. In comparison to SVN, the diff command of Git comes with a
big list of available options. Git also provides the possibility to include an overview of changes, or a so
called patch, for each revision when showing all available commits with the git log command. To ena-
ble that functionality, the parameter —p, or —patch must be added to the log command. [10] The output,
these commands produce is standardized in the so called unified diff format. This standard is well
documented and ensures therefore, that everybody that uses the tool can understand the printed re-
sult easily and may use it for post processing. The command can be either launched via the included
command line extension or from a tool that provides graphical user interface, such as TortoiseSVN [4]
or SoureTree [5].

There are also articles available that describe how one can extract information out of the log from a
concurrent version system (CVS), to determine changes by a commit. As a CVS recognizes changes
for each file separately, these commits need to get associated to form a context, similar to a revision.
Former approaches used that data to highlight which functions were changed in a software. [12,13]
Based on that preprocessing outcome, an IDE plugin like ROSE can be designed that is able to tell
connections within changed code parts, to raise the awareness of a developer about which functions
got changed together in the past, by keeping track with the information from the CVS. [14] As the
technique of a CVS got obsolete, subversion replaced it as successor by bringing new features, such
as revisions, out of the box. [15] Nevertheless, these approaches describe general strategies, that can
be used mostly system independent.
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3.2 Analyzing the program structure

In general, creating a call-graph follows the approach of analyzing source files that are of interest, to
establish connections between the caller and the callee of the contained functions. This process can
be either done statically, without compiling and running the corresponding program or dynamically by
profiling the program during runtime. However, static code analyzes works most efficiently for program
languages without generic datatypes, as the concrete type of a generic type gets defined during
runtime which makes it hard to determine statically. Also determining the program flow, as well as
creating code coverage during test case execution can be only achieved dynamically, as different
function parameters, create different call-graphs. If one wants to create a call-graph using static code
analyzes, tools such as GNU cflow, egypt and CodeViz are available freely for the programming lan-
guage C. The programs CodeViz and egypt also provides C++ support as well as Doxygen. [16, 17,
18, 19] All of the mentioned programs create a parseable output file, which can be used for further
analyzes or as input for the program Graphviz to create a graphical representation of the call-graph.

Another possibility to collect the needed data to create a call-graph of a program is to profile it during
execution. To achieve this, two general approaches are available. The first approach profiles the
needed data by injecting specific functionality into the binary during the compiling process. According
to the functionality of the tool, this injected code parts will produce profile output during the execution
of the binary, which can be used for post-processing steps to extract information about the program
behavior. A tool that can be used for this approach is for example GNU gprof. As part of the GNU Bi-
nary Utilities, which contains as well the GNU Compiler Collection (gcc), gprof comes together with the
compiler, one needs to compile a normal C/C++ program. However, to profile a program using gprof,
the compiler flag —pg needs to be set during the compilation of the source files. Using the output file of
the executable, as input for gprof to perform post-processing steps, will produce a call-graph in text
format. [20] The second approach can be invoked directly at the program startup as program parame-
ter, to create ready-to-use profiling output. To ensure, that the executable produces profiling data, the
program gets dynamically recompiled during the execution, to inject the profiling algorithm. This brings
the benefit, of being able to profile every available program that got written in C/C++ without neces-
sarily having the source code to compile it. However, recompiling the program dynamically takes a lot
of time, compared to normal execution. A solution which implements that technique is the program
Callgrind, which comes together with the Valgrind software suite. For invoking the tool, the command
line parameter —tool=callgrind needs to be included when starting a program, followed by parameters
that are documented on the official Callgrind homepage. Doing so will analyze the program during
execution and produce at the end a call-graph in readable text format. [21] As Callgrind is only availa-
ble on Linux, there is a Windows alternative called Very Sleepy that provides also a graphical user
interface. [22]

The topic of generating call-graphs is very well researched and consist of documents that describe
strategies starting with a general approach of how to create a call graph to complete frameworks that
provide automated enterprise solutions. [23, 24, 25] In addition to that, there are also empiric studies
available of static analyzing tools, as well as comparisons of different kind of call graphs. An aspect
that is often included in these former approaches are the different levels of precision during the crea-
tion of a call-graph and how to use interprocedural analyzes to improve the quality. The more a call-
graph focuses on the context, the more precise it gets, but also the more expensive. A context defines
all possible varieties, the input values of a function can get as well as all possible types a generic vari-
able can be. Therefore, a call-graph that displays different paths for every possible scenario according
to the context, is known as context-sensitive. As an input value of a function or concrete type of a ge-
neric variable might depend on actions a previous function performed, creating such graphs using
statically analyzes would take a lot of time, consume memory and cannot guarantee a precise context.
Because of that, a profiling approach is used to store the context of a program during its execution.
Displaying the plain calling path of a function, can be performed easily via statically analyzes and is
known as context-insensitive. [26] To be able to deal with polymorphism in object oriented languages,
there are also different approaches available that describe strategies of how to resolve code that in-
clude virtual functions and function pointers in a context-sensitive graphs. [27, 28]
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3.3 Analyzing possibilities to customize TestLink

Depending on the provided possibilities, customizing a stand-alone system, or its parts, can be done
in general either by using built-in maintaining options of the program or externally by using an Applica-
tion Programming Interface (API). As TestLink is a Test Management tool, that organizes logical enti-
ties, such as test plans with an underlying set of test cases in a MySQL database, both possibilities
are available. However, synchronizing the data of TestLink with a big Test Suite manually via the pro-
vided web interface takes time and will get outdated as soon as the set of test cases will change.
Therefore the API, will be used to update the database according to the test cases that cover the
changed code parts of a new release. Originally provided in PHP, the APl communicates with TestLink
using the XML-RPC standard [29] and is well documented by the community members. However,
adaptations that extend the support for different programming languages, such as C#, Python, Java,
and more are also available for free. These APIs are all open source and written by different people,
who provide the functionality for the active TestLink community. [30, 31, 32]

Former approaches describe ways to customize TestLink to achieve automated testing environments,
similar to the approach presented in this paper. For that, TestLink is mostly used as one part of a big-
ger test process, beside the system under test. In addition, there can be also external components
that trigger the execution of the provided test plan with specific input parameters, or to validate the
outcome of the test run, to serve customized information of the result. By default, TestLink only pro-
vides logical entities that describe a dependent test case which should be executed. However, to link a
test plan with source files, which contains the implementation of a test routine that can be executed
automatically, an external tool is usually needed. To include this mechanism, a solution is available
that adds this part directly into the implementation of TestLink. The solution describes a completely
out-of-the-box environment where a user can link the dependent source files, located on the server,
when creating a test case entity and execute it using a customized dashboard. [33]

4 Definition of an advanced testing approach

The former chapter elaborated which technologies are available for each problem individually. Having
that, this chapter will define what gets chosen to form the approach that gets implemented. The first
paragraph will describe the technique that will be used to determine the functions that got changed in
between of two specific releases. Having these functions, the next part will show the approach of how
to generate a call-graph out of them and in the end, a solution will be given how to combine these two
datasets, using TestLink to ensure automate test case execution. Figure 3 shows an overview, how
the separate components shall work together.

Version Control Changed functions —
System L 1 J Changed functions
l Z ! Test plan - Jrl'esf
Depending Tests generation Link
Testing Relation j
Framework Function / test case

Figure 3: Component Architecture Overview

4.1 Determining changed functions

To determine the functions that changed between two specific releases, the version Control system
Apache Subversion will be chosen. To extract the list of functions, two separate steps will be per-
formed. First, the diff command will be used, to generate a document in the unified diff format that
holds all changes to the last release. For that, the latest commit will be compared with the Tag of the
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last release. After that, an external program will be used to parse this document and extract the func-
tion names out of it. These extracted function names will be afterwards forwarded to a database that
holds a relation between function and depending test cases. To ensure, that the data is always up to
date, a SVN hook will be used, that triggers at every commit a defined script, that calls the actions
described. Figure 4 shows the general idea of the approach and describes the components.

e = a3
[ sn/trunk | Changed b{) ‘

Changed function f()
Test commit

9009
SVN Commit 9008 Extended funciton au%—b Function a() ‘ -
V‘ - 9007 Changed function af)
9006 Release A | Software release version A
Al SUN Hook 005
v 9004
9003
9002

Code refactoring
Added new property ‘

Figure 4: The components that extract the functions that changed since last release

4.2 Creating relations between Test Case and called Functions

For the generation of the call-graph, the profiling tool GNU gprof will be used. It can be invoked into
nightly builds, for automating test execution using Nunit. As these test runs always perform a full test
of the whole test framework, the created call-graph displays all possible functions that can be called by
a test case. This data will be analyzed with an external program afterwards to associate the test cases
to the called functions. As a result, this relations will be also pushed to the database. Figure 5 visual-
izes the general idea behind the approach. Together with the data about the functions that got
changed since the last release, it is now possible to associate the functions of interest to test cases
that cover them. With that an efficient solution for test case selection is done, as in the end only test
cases will be executed that code interesting code parts. To keep the data up to date, this mechanism
will be executed automatically as post-process after every nightly test run.

P ———

| Test case &

‘/ e D
E. profiling 1 m -
' e D

‘ n ef) ‘

Function ¢f) I Function 4} I Functios

Nightly build y |

Function i}

1

Figure 5: The external program that processes the test plans for TestLink
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4.3 Automated Test plan generation for TestLink

Having the functions that changed since the last release and the related test cases, the TetsLink API
will be used to create test plans for TestLink out of this data. This test plan will represent therefore one
release and will hold a list of test cases that test the changed functions. Therefore an external program
will used that communicates with TestLink and the database that holds the input data for the test
plans. As the database holds relations of all possible functions that can be called by the test frame-
work, a preprocessing step needs to be performed beforehand. For that a SQL query gets executed,
that creates an intersection between the dataset with the changed functions and the dataset with the
test case relations, to filter the test cases which cover the changed functions. Having this data pre-
pared, the TestLink API can be called to insert a new test plan that holds the list of test cases, created
with the data given. Figure 6 shows the general approach and describes how to components work
together.

Changed functions

V' —

functions n test cases = Depending Tests
—-

TestLink API

Figure 6: The program that creates the test plans for TestLink

5 Conclusion

This paper focuses on an efficient solution which ensures that a modified middleware will still work for
all available hardware components. For this, the method of Systems Engineering was used to split the
complex main problem into three sub-problems that got solved separately. [1] Out of a test framework,
the first two approaches collect the data which is needed to select the set of test cases that validate
the changed functionality and its dependencies of the middleware. For that, the first approach extracts
the function names out of a version control system that got changed since the last release. To find the
test cases, which test these functions, the second approach creates call-graphs of every executed test
case and saves the relation between the test case and the functions that got called. To conclude the
test case selection, an intersection will be made between the changed functions and the test case
relations, to create an association between these two datasets. This preprocessed data will be used in
the third approach to create and maintain the test plans in the test management tool TestLink for au-
tomating the execution of these test cases. However, the limitations for this approach is the usage of a
version control system as well as having a testing framework that contains executable test cases for
the functions of the software. The higher, the coverage of these test cases, the more precise the test
case selection will be. The next step is to create a testable solution of this approach, as at this point,
this paper just describes the general idea about the approach.
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Abstract

Software process improvement has become a logical way to address the growing need of in-
creasing the competitiveness in software development organizations. Unfortunately, not all
process improvement implementations have the desired results, because the existing models
and standards focus their attention on “which activities to implement” without addressing “how
to implement them”. However, identifying which are the activities to implement is not enough;
the knowledge of how to implement them is required for a successful implementation of soft-
ware process improvement initiatives. This paper shows a method that provides strategies for
the implementation of software process improvements based on the contextual aspects in
which the software is developed, so that, the strategy is provided according to the organization
needs and their work culture regarding project management.
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Abstract

Software development is a complex task. At the latest since COCOMO we know that many dif-
ferent cost drivers exist, which we need to control to keep a project successful. Each of this
cost drivers addresses a different aspect and needs attention. The search is on for the “magic
silver bullet”, which influences all of them. Our hypothesis is that no technical silver bullet ex-
ists, but a soft one. Looking at psychology and considering several established models, one
key factor for destructive (costly) behavior is a lack of self-worth. Therefore, the question is:
which cultural or organizational patterns influence this basic element, and how?

Keywords

Effectiveness; win-win; self-worth; improvement; productivity; comfort zone; transactional
analysis
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1 Introduction

Since 20 years, we are working in the area of change, process, and process improvement. Another 10
years older is the fascinating work on COCOMO from Barry Boehm (Boehm1986) (Boehm2000). One
part of the publication is an overview of cost factors in software development.

We do not want to discuss COCOMO or the question if the data of Boehms overview is correct or still
valid. We want to focus on some lessons learned from this overview. Two things that belong together,
somehow two sides of the same medal.

e there is a huge number of influencing factors: influencing the cost and the success of a project;
this leads to the finding that software development is a complex topic (Figure 1)

e there is no such thing as a “magic silver bullet”, because even the most influencing factors can
provide only a relative small effect
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Figure 1: Cost driver factors with scope. How to read it: a factor of 1.5 can increase cost (effort)
by 50%. Therefore, the topics with the highest values have the highest potential for savings
and the highest variation in the effect of good and bad performance.

If we look at the chart, we can see another thing, process people do not like to hear so much: pro-
cesses and process maturity is not one of the most influential factors. It is only one of several.

So how can we talk about a “single most important factor”?

Let us do some research and start with the mentioned scopes:

e Organization: organizational issues coming from the organization, which can also be solved in the
organization

e Project: similar to organization, but in the project—project issues coming from the project, which
can also be solved by the project
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e Uncontrolled: this summarizes all technical issues

There is a quote we have heard and used quite often: “all problems can be traced back to manage-
ment”. And from our experience this is true. Maybe not helpful, but true.

Gerald Weinberg states in his Second Law Of Consulting (Weinberg1985): "No matter how it looks at
first, it's always a people problem."

The basic notion behind this law is that there are no such things as “technical problems”. Technique
and technical solutions can be challenging, and some requests may be impossible (looking to the
basic problems of the theoretical computer science, talking about undecidable or non-calculable prob-
lems). But that’s it. They are not a problem in itself. The problem comes through an organizational
(management) system. Promises made, pressure build up based on business needs, not technical
reality.

So far, so true. Still not helpful.

When we talk about the “single most important factor”, we talk about the single element influencing all
others. This is the element organizations and projects are made of: humans. This leads us to the two
hypotheses we want to look at in this paper:

Hypothesis 0: Humans are the single most important factor for productivity.

Hypothesis 1: All problems in humans and human interaction result from self-worth (self-esteem), or
more precise from a lack of self-worth.

To check these hypotheses, we first look at a definition of self-worth and delimit it from similar terms.

2 Self-Worth and value

2.1 Definition

To get a clear picture fast, we start with the opposites. In (Ellis2016) three key beliefs of disempower-
ment are mentioned. Sadly, today these are common basic beliefs.

e Unworthiness: you believe that your worth is dependent on proving that you are worthy.
e Victimhood: you believe that others can harm you in some way.
o Powerlessness: you believe that you have little or no power to control your life.

There is an inherent logic, how these elements are interrelated. If you take a look at the social up-
bringing in the western world, key elements are “obeying to rules” and “performing to standard (expec-
tation)”. You find this already in kindergarten, school, during college/university, and later also in work
life. To be “okay” you have to fit in the expectation. You have to deliver your results and get the grades
you need. There is always someone else (first the grownups, later the teacher, then your manager),
who is judging (evaluating) you.

What you learn is: your value (worth) depends on your performance. There is always someone else
how judges your performance. This builds the inner beliefs of unworthiness and victimhood. In case,
you accept these beliefs in a broader view (which depends on your experiences), it will lead to the
feeling of powerlessness, which is “l am not in control of my life”.

These key beliefs keep people from personal growth, and let us stay in our comfort zone. (Luck-
ner1997) The risk with that is that when time passes | am not used anymore to step in the learning
zone. The learning zone, as well as the comfort zone becomes smaller, see Figure 2. | will panic about
everything outside my comfort zone. | will panic and will fight or flight according to the emotional type |
am.
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Figure 2: Basic model of the comfort zone (left). The concept of a collapsing comfort and learn-
ing zone on the right.

The definitions we look for are the reversals of these three key beliefs:

o self-efficacy which is the reversal for powerlessness: we see ourselves and others mastering skills
and achieving goals. This is the confidence that, if we learn and work hard in a particular area, we
will succeed; and it's this type of confidence that leads people to accept difficult challenges, and
persist in the face of setbacks (Bandura1977)

o self-confidence is the reversal for victimhood: based on the definition of the Oxford Dictionary,
self-confidence relates to self-assurance in one's personal judgment, ability, and power. It is the
idea that | am able to control my life by what | think and do. | am able to shape my life. | can act
and not only react. The more confidence | have, the more active | am, and the more control of my-
self, situations, and others do | have. The confidence comes from my experience and the feed-
back of others. So confidence is based on my looks, my abilities, my knowledge, my posses-
sion/status, my work/job, my achievements, and so on—and the reaction of others to each of
them. It is a very useful and valuable part of me, but nothing stable, because everything it is based
on can be lost. So it should only be a result of personal grows, never a goal in itself.

o self-esteem/self-worth is the reversal for unworthiness: the concept of self-worth is the fundamen-
tal pattern. It describes the inherent, not removable, not losable value you have as an individual.
Actually, it is based on nothing, but your mere existence. It includes all your strength and weak-
nesses. Moreover, even in the worst case of complete immobility, you are still a valuable individu-
al. You do not have to proof anything. You are valuable (worthy). Even if we rationally accept the
basic pattern (it is included in nearly all modern laws), it is rarely felt. The basis for the feeling and
personal acceptance of this concept comes from unconditional love and acceptance. So the self-
worth is the not changeable (losable) value each of us has. We cannot increase or decrease it.
There is no difference between anyone of us.

And one important basic element to find self-worth is:

o self-acceptance: As Robert Holden puts it in his book (Holden2015) “Happiness and self-
acceptance go hand in hand. In fact, your level of self-acceptance determines your level of happi-
ness. The more self-acceptance you have, the more happiness you will allow yourself to accept,
receive and enjoy. In other words, you enjoy as much happiness as you believe you're worthy of.”
We mention this additional concept, because it is the realistic enhancement of self-confidence.
Confidence focuses on strength and positive feedback. Self-acceptance includes all shades of my
personality. (Seltze2011) It is the first step to a healthy and holistic thinking and feeling.

The different concepts are related and interact with each other. Nevertheless, they address different
aspects. | want to stress the two different layers: the value that is based on my actions and any form of
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external feedback. This is constantly changing. The second layer is my connection to the inherent
value | have. No matter what happens and what anyone thinks and does.

Now the challenge: many people out there (this may include us) never established a connection to
their inner value or lost it in a context (culture) of conditional acceptance; or a culture in which victim-
hood, powerlessness, unworthiness are accepted and practiced mindsets.

2.2 The bigger context

After we explained the basic mechanisms, we want to look at the effects, which these beliefs (and
behaviors) have on the organization. We focus here mainly on the work about organizational health
(Lencioni2002) (Lencioni2012) and organizational culture (Logan2012).

The concept of tribal leadership presents 5 levels of cultural patterns:
o Alienated (1): this is basically a hostile culture in war with “the world out there”

e Separated (2): not in war anymore, but passively antagonistic; seen everything fail and no hope
for nothing

e Personal (3): the culture of heroes; | have to gather knowledge and save the world (so | am im-
portant)

e Collaboration (4): people are fully themselves and everyone seems happy and inspired; a culture
of interdependence

e Team (5): it's the culture of living a meaningful life; it is about following a bigger sense and having
impact; change the world and see the unlimited potential

In the long-term study performed on organizational units, it showed that only 2% of organizations have
a level 5 culture. On the collaboration level (4) are 22% of the organizations. So there is a huge poten-
tial wasted. (Logan2012)

Organizational health is the next level, which gives some indicators, why the different tribes behave as
they do. Therefore, we have certain characteristics teams can work on. Key characteristics are (Len-
cioni2002):

e trust and vulnerability

e open and unfiltered conflict around ideas
e commitment and unambiguity

e accountability and high standards

e focus on achievements and collective results

2.3 All the way down to the core

What we want to do now, is to close the link between the organizational observations, and our initial
topic. The models above discuss the behaviour of and in groups of people. This is the highest observ-
able level. But as in physics, modelling the interaction of elements on this level is quite difficult, if not
impossible.

In psychology we have two powerful approaches how the peer to peer interaction can be described.
And the type of the peer to peer interaction, defines the culture of the group.

We use the game theory and the transactional analysis. In game theory (Mér61998) (Spangler2003),
and also applied for management (Covey1989), we find the patterns of win and lose (win/lose).
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win lose

Win/win is the belief that everyone can | Lose/win is a situation where you give in
win in a situation. It is the attitude that | rather than to try to express your feelings
involves caring about both the other | or needs. You compromise your values
person and about yourself. Win-win is | and standards to make others happy.
about believing that there is plenty of
success to go around.

win

You

Win/lose is an attitude in which every- | Lose/lose is a situation where no one
thing and everyone is a competition. | comes out with what they need or want. It
While competition can be a very good | is a negative situation for everyone in-
lose thing, people working with this attitude | volved.

view life like a game — there can only
be one winner. Relationships are not
as important as being the best.

Figure 3: The simplified win/lose model.

Covey mentions that there are (extreme) situations, in which each of these patterns is acceptable. In a
collaborative (interdependent) reality, the only viable alternative is win/win. Inside our relationships
(organizations, projects) we always have to think win/win. Therefore, we need the win/win kind of peo-
ple, which have developed to live beyond their ego.

As you can easily see, these four patterns map quite well to the first four organizational levels. The
fifth level is based on the win/win attitude, but with an added sense of life/purpose. Covey addressed
this topic in (Covey2004).

Inside an organization or system, the only positive attitude is win/win. As long as we stay in one sys-
tem, the overall balance for all other combinations is zero or negative.

Win/win can be achieved with two strategies. The first is two operate on two different dimensions. This
is the standard use case in sales: you want the product and the producer wants your money. As long
as you value the product more than your money (and the producer the money more than the product),
you achieve win/win, because you use two independent dimensions. The second strategy is the “third
way”. Conflicts arise because there are two alternatives and every party wants to have it “their way”.
The third way is an alternative solution, which addresses the basic needs behind the proposed alter-
natives and tries to merge/fulfill them. This is much more than a compromise (where both parties lose
somehow, which makes a compromise lose/lose). The third way should be consents, that mean that
both parties get their needs fulfilled, which makes it win/win.

The second model we use to explain group culture based on peer to peer interaction is the transac-
tional analysis (Berne1964) (Harris1976). Transactional analysis distinguishes four life positions,
which reflect in the form of interaction we have. The life positions are based mainly on how | see my-
self, and how | see others.
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Okay Not Okay

This is the healthiest position | In this position the person sees him/herself
about life and it means that | | as the weak partner in relationships and
feel good about myself and that | feels that others in life are definitely better

iy | feel good about others and | than the self. The person who holds this
their competence. position will unconsciously accept abuse as
You OK

In this position | feel good about | This is the worst position to be in as it
myself but | see others as dam- | means that | believe that | am in a terrible
Not Okay | aged or less than me and this is | state and the rest of the world is bad as well.
usually not healthy. Consequently, there is no hope for any ulti-
mate support.

Figure 4: Basic Okay/Not Okay dimensions.

Equipped with these tools we go the chain down to the core. The elements of the transactional analy-
sis lead us already the right way: the basis for my interaction is, how | see myself and how | see oth-
ers. So we have the chain:

e behavior inside a group is based on
o the peer to peer interaction | chose, which is based on

o how | see myself (and feel about myself) and how | compensate.

So let’s take a look at the core of behaviour.

2.4 Core levels

Computer scientists love levels. Therefore, we provide a level model for self-worth or value. How valu-
able do you feel? Moreover, why is it that way? Still more important: How can | identify the level of
others based on their behavior.

Following the concept of the four levels of self-esteem/worth (Satir1991) (Pellier2012) (Martin2011)

e supplicative (1): these people see no value in themselves. Very sad for the person, but otherwise
nice to handle. This people depend on other people (reflect their value), and are quite nice be-
cause they buy stuff or do things to get value (earn your attention). (They accept lose/win)

e combative dynamics (2): these people do not feel as good as the others (they think they have a
lower value), therefor they try to decrease value from others. This destroys relations and team
spirit—-nothing you want to have in your team, and especially not between your manager/leader.
This kind of people is most difficult to control/interact with. (They accept win/lose and lose/lose)

Some further comments on this type: According to Adler (Adler1930), people who feel inferior go
about their days overcompensating through what he called “striving for superiority.” The only way
these inwardly uncertain people can feel happy is by making others decidedly unhappy. To Adler, this
striving for superiority lies at the core of neurosis. This is also highly related to narcissism.

“The two kinds of narcissists are the grandiose (who feel super-entitled) and the vulnerable (who, un-
derneath the bravado, feel weak and helpless). Some may argue that at their core, both types of nar-
cissists have a weak sense of self-esteem, but the grandiose narcissist may just be better at the cov-
er-up. In either case, when you’re dealing with someone who’s making you feel inferior, there’s a good
chance that narcissism is the culprit.” (Wang 2015)
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e competitive dynamics (3): They feel only good if they can show value. Therefore, they try to beat
others, be better. This can be aggressive, but it can also be used as motivation such as games
and competition. You can use their ambition. (They accept win/lose)

e cooperative dynamics (4): These people are looking for consent (win-win). They are happy if they
make other people happy (more valuable). They want to be effective and helpful, say nice things;
be positive. They have the inherent wish to grow; and that the system (which they are part of) im-
proves.

We understand that self-worth, the connection to our inherent value, is a key driver for a positive (sys-
tem wide positive) behavior. If this connection is lost or was never established, the behavior is driven
by insecurities and their compensation. To give you more hints and indicators here is some help and
guidance to spot insecurity (Krauss2015). Basically, you have to address all forms of narcissism.

To take the concept a step further we come back to hypothesis 1: all destructive behavior is a result of
compensation and a form of winning/losing (lose/lose or lose/win).

o mistrust/fear/insecurity/paranoia

e anger/aggression/threatening/being sarcastic or cynical

e passive behavior/work to rule/blame game

e lies including false reporting, bad talk behind back, gossip, ...

e bullying/mobbing (actually both parties suffer from the same low self-worth, just disguise it com-
pletely different)

e and everything else that destroys team spirit
These are exactly the dysfunctions we encounter on the organizational level.

Side note: The same holds true for the whole society, which is also a closed system (and nearly all
interactions are win/lose or lose/lose).

3 The cure

If we could bet, we would bet that 80% of our readers will now ask for a technical solution. Which pro-
cesses/tools/methods/techniques can we use to fix this? And we are sorry, but there is no quick fix.
There is never a technical solution to a personal issue. So it is about character development and cul-
tural development.

The basic idea is to understand that many common attitudes and behaviors seen as strength, are
nothing else than compensation and in many cases narcissistic behavior. Understanding the mecha-
nisms of insecurity will already change a lot. Because you understand in negative situations: the de-
structive behavior is not about me, it is the insecure core of the other person.

Now the cure: We learned that every (human) being wants love and acceptance. Everyone.

We can see it for ourselves. What we want is a beautiful life. We want to be loved and accepted. We
want peace. We want to be happy. We want enough to eat. We want to be effective in our work. We
want a sense of accomplishment, a sense of purpose. We want support. We want direction, when we
need it. We want trust. And so on. Moreover, we (EuroAsiaSPI people) want improvement --
continuous improvement.

All this is no problem, if we are surrounded by Level 4 (win/win) type people. Therefore, the cure for all
the insecurities and the lack of self-worth, which is the basis for this, is unconditional acceptance. Un-
conditional acceptance allows us to (re-)connect to our inner and inherent value. As soon as | rest in
this inner value, | am satisfied and in peace with myself. Then | do not have to prove anything any-
more and look after my hurt ego all the time. Therefore, | am free and have time and energy for the
work that has to be done.
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Now we face several problems (just an excerpt):

e This is a real soft topic; no simple engineering and no quick fix, no technical solution. It gets really
personal. Something we engineers do not like so much/cannot handle so well/don’t believe in.

e Unconditional acceptance (trust) is counter intuitive, because we are used to rules and control
(see the three destructive key beliefs). Some people believe in processes, because they do not
trust the people.

e In case of hierarchical organizations (Weinberg1986): If we have problems in our teams, then
managers do something wrong. That might mean we have a (few) managers, who are not yet
Level 4 personalities. How can we touch this topic without loss of face for them (and us)?

So now is the time for a paradigm switch, and we have a plan for this. You can use it step by step. It
does not matter, if you are a manager (appointed Leader) or a team member. You will lead by exam-
ple independent of your role. It is just work on your character. Good guidance gives the following say-
ing, which is actually quite old:

“Watch your thoughts, they become words;

waftch your words, they become actions;

waftch your actions, they become habits;

watch your habits, they become character;

watch your character, for it becomes your destiny.” (from the Talmud)

Now you find our proposal for some first few steps. You can start right now and very simple. No addi-
tional tool or technique needed:

1) Get your intention straight: Do we want to be cool or effective? It is not an easy way. We have
to grow humble and vulnerable. It’s not cool and sexy on first sight. However, to become Level
4 will change the world in the long run. This is the change from self-marketing to trust and vul-
nerability.

2) The first action is to look differently at people: no devaluing thoughts anymore. Allow yourself
no negative thoughts and feelings towards other people. Be curios. Try to understand what
drives the people around you. Separate the intensions from their behavior. (Satir1991) Sounds
easy, but this practice will show you quite fast where you have your personal problems and in-
securities. What are your personal challenges and where do you have to connect to your in-
herent not losable value.

3) Change your beliefs. The personal challenges are most likely connected to wrong (not helpful
for your purpose of effectiveness) beliefs. You have to understand your beliefs and challenge
them. Then you can change them.

4) Give unconditional acceptance. This is again about trust and respect. With an attitude of un-
conditional acceptance towards others, you will increase their value. All interactions in your re-
lationships will be beneficial, because it is not anymore about you, but about them and a high-
er purpose (collective goal).

Note: There are a lot of useful concepts and trainings developed since many years, which exactly
focus on the buildup of character and self-worth. One example is the “7 habits of highly effective peo-
ple” (Covey1989), which leads gradually to growth of self-worth and personal effectiveness.

All this will continuously stretch your comfort and learning zone (Figure 5). In addition, it will affect all
the people around you. Unconditional acceptance will release more power and motivation in the peo-
ple you work with or supervise (or who supervise you) than any other tool.

The buildup of self-worth will change you/them and every aspect (area) of your/their life. Because it
affects all relationships, we have: work, friends, family.

Coming back to Boehm: the effect of changed human behavior addresses 12 of the 20 shown cost
drivers in Figure 1; which gives a total cost factor of around 24. This is far more than we can achieve
using any other measure.
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4 Conclusion

The topic is not new. The oldest literature we quote is from 1930. Some basic concepts are well
known over 1000 years.

Our impression is that nowadays many people are tired of technical solutions to emotional problems.
As examples: Following LinkedIn pulse on Management and Leadership the demand for emotional
capable leaders is high and growing. In addition, the term Emotional Intelligence became more and
more popular over the last 20 years, even being around since 1964.

panic
zone

learning
Zone

comfort
zone

Figure 5: Growing comfort and learning zone.

The question is: has the time come for the next step in process improvement? To look at the complete
system and take a holistic approach, which must include the human nature and basic needs.

This leads also to a reevaluation of our concepts of rationality. The main drivers for our behavior are
not rational, and often even not conscious. Following the sketched concepts in this paper, you can see
rationality just as disguised emotions. (Damasio1999) If we want to be successful in change and im-
provement, we have to improve the people. Help them heal and grow. This approach will lead to a
new dimension of effectiveness.

Are you ready?
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Abstract

Scrum teams aim to deliver products productively with the highest possible value and quality,
so they try to deliver high priority and high value product backlog items (PBIs) first to increase
their productivity without compromising product’s quality. Besides, PBIs, which are going to be
delivered at the end of the sprint, are determined in sprint planning meeting. Therefore, plan-
ning a sprint properly is a significant issue to optimize value. Making size estimation of PBls
correctly is one of the most prominent factors for effective sprint planning.

Sprint retrospective meetings are an opportunity for the Scrum teams to improve product
quality, their productivity and estimation capability. Enhancing in those areas requires empiri-
cism as agility requires; hence measureable indicators for quality, productivity and estimation
capability should be inspected and adapted at regular intervals. Inspection and adaptation re-
quire transparency. For providing transparency, we studied how and what kind of historical da-
ta is required to be collected for monitoring, and how statistical analysis of data can be investi-
gated for inspection and adaptation in retrospective meetings.

We have experimented that statistical results of “Correlation between Story Point and Actual
Effort” and “Consistency of Relative Estimation” are very convenient for inspection and adap-
tation of estimation capability of the development teams in retrospective meetings. Past retro-
spective meetings also showed that statistical results of “Team’s Actual Effort on Product”,
“Team Velocity”, “Actual Effort for One Story Point”, “Innovation Rate” and “Velocity vs. Un-
planned Effort Rate” are very helpful to control and increase the productivity of the develop-
ment teams. “Actual Effort Rate of Quality Activities” and “Sub-component Defect Density” sta-
tistical results also helped a great deal on enhancing the product quality.

Keywords

Scrum, Relative Estimation, Productivity, Product Quality, Sprint Retrospective, Process Im-
provement, Statistical Analysis
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1 Introduction

1.1 Brief Information of the Project

In this study, we used the data generated during KAYS (Management System of Development Agen-
cies) that is an internet based management information system project, developed in TUBITAK-
BILGEM-YTE. YTE is a research and development institute providing e-government software solutions
with software engineering expertise. It is a middle scale institute with 150 employees, 60 of whom are
software engineers. During the software development, CMMI-DEV Version 1.3 [5] high maturity prac-
tices are followed by the organization with additional support of agile frameworks, methodologies and
practices approach [2].

One team, which consists of 6 team members, 1 scrum master and 1 product owner, is working on a
module of the project. The team is cross functional. Each member of the team has different skills and
specialties that are required for the job at hand. Hence, the team members complement one another.
They pull work for themselves, don't wait for their leader to assign work and manage their work like
identifying new work, updating an existing work, estimating its ideal time, entering its actual effort and
allocation as a group. Up until now, the development team ran 30 sprints. Each sprint was 2 weeks
long. Briefly, as shown in Fig 1, before a sprint, the product owner prioritizes PBIs and specifies its
type either as story, defect, enhancement, requirement change or task. They also have to set the re-
lated sub-module of each PBI. Afterwards, the team estimates the size of PBIs by using the relative
estimating method thus a sprint backlog emerges. During a sprint, the team does daily scrums. Finally,
they have a retrospective meeting with the results of the statistical analyses of the sprint data such as
story points, PBI type, sub-module and actual effort in order to monitor and improve quality, productivi-

ty and estimation capability.
‘Actual Time Actions,
\ Improve Quality,
Productivity and
[ Analyse Sprint J——R““"S

Figure 1. Workflow of the Team’s Activities

Daily Scrum

Make Daily Plans
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PBI Type,

Ub_mOdme

Finish Sub-task
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1.2 Relative Estimation

During the sprint planning meeting, in order to create the sprint backlog the development team deter-
mines the size of product backlog items (PBls) and selects the PBIs with the product owner according
to their priority, scope and the development team’s velocity [2]. The development team uses relative
estimating method while determining the size of the PBIs. The development team compares the PBls to
each other in terms of complexity and assigns a story point to each PBI in the product backlog. Namely,
it is a planning poker [3]. The team uses 0, 1, 2, 3, 5, 8, 13, 21, 34, 55 ... as a story point.

1.3 Daily Planning

During daily planning the development team members identify or update sub-tasks of PBls into sprint
backlog and estimate their ideal time. Operations like identifying new sub-tasks, updating an existing
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sub-task, estimating its ideal time [3], entering its actual effort and its transition from one state to anoth-
er state are often performed daily via an electronic board. For example, in “Progress” phase the team
members working on a PBI identify its sub-tasks [4] and estimate their ideal time [3]. After they finish
each sub-task, they log its actual effort. While verifying and validating a PBI, defects and enhancements
detected by the verifiers and the product owner are added as sub-defects or sub-enhancements of the
PBI into the electronic board. After correcting each sub-defect of the PBI and finishing each sub-
enhancement, the development team members save its actual effort into the board. Verification and test
activities of a PBI are added as sub-review and sub-test into the electronic board. Thus ideal time of a
PBI is calculated by sum of ideal time of its sub-tasks, sub-defects, sub-enhancements, sub-review and
sub-test. Actual effort of a PBI is calculated by sum of actual effort of its sub-tasks, sub-defects, sub-
enhancements, sub-review and sub-test.

1.4 Improving Estimation Capability and Productivity of the Team
and Product Quality

While the team is having a sprint review meeting, the sprint is analyzed independently by Quality and
Process Improvement Unit of the institute using the sprint data such as story points, ideal time, actual
effort and type of PBIs originated by the development team running the sprint. The Quality and Process
Improvement Unit produces results related to the development team’s productivity such as “Team’s
Actual Effort on Product”, “Team Velocity”, “Actual Effort for One Story Point”, “Innovation Rate” and
“Velocity vs. Unplanned Effort Rate”, its estimation capability such as “Consistency of Relative Estima-
tion” and “Correlation between Relative Estimation and Actual Effort” and product quality such as “Ac-
tual Effort Rate of Quality Activities” and “Sub-component Defect Density” that are input for considera-
tion in retrospective meetings. In a retrospective meeting, the team debates results and determine the
corrective actions if needed to take in the following sprints for improvement [6, 7]. For instance, while
the team is analyzing the “Consistency of Relative Estimation” results, they find out that relative estima-
tion of a PBI was incorrectly determined. In such a case, the team investigates its root causes and iden-
tifies the actions to be taken, when similar PBls will be estimated in the following sprints.

2 Materials and Method

In scrum, every sprint begins with a planning phase during which high-level user stories in the product
backlog are transformed into the more detailed tasks of the sprint backlog by the scrum team. Stories,
which the team needs to tackle first within the context of the sprint, are selected, negotiated and given
higher priority in points using Fibonacci numbers in the corresponding sprint backlog. Within the sprints,
the requirements are broken into tasks and each task’s effort is also estimated, hence everyone in the
team can be aware what will be completed and included in the sprint [7].

2.1 Dataset

All PBIs and their related sub-tasks are managed using an issue management tool called Atlassian
JIRA within the organization. The tool has the functionality to track, plan and follow a team’s activities.
In this study, we obtained all the necessary data fields using the JQL (JIRA Query Language) such as
PBI type, sprint info, status, closed date, ideal time, time spent, and story point.

2.2 Preprocessing Phase

Preprocessing takes considerable amount of effort in data analysis and it is an important preliminary
step for making data ready for further analysis. Since the quality of data affects the accuracy of the
results, noise reduction is applied. The first implementation is assigning the tasks into the correct sprint
on which it was resolved, because JIRA automatically moves the sprint label into the next one if the
issue was not resolved in the current sprint. This can be done comparing the closed date of the issue to
the Sprint start/finish dates and duration interval. While doing this, history log is searched in order to
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find out how much effort is planned and given to the duplicated issues taking the sub-issues’ log into
consideration. The second implementation is eliminating the issues with zero points. Those do not con-
tain novel information in terms of information retrieval. The third implementation is identifying and re-
moving the issues for which log records are not entered by the team members.

2.3 Data Analysis

Statistical methods are used to analyze the quantitative data in order to visualize the flow of process
and make better decisions in future planning activities [6]. Well established metrics help the team mem-
bers measure their performance and make further changes based on facts, not just on feelings. Metrics
make visible the impact of any modification during the development, from the introduction of new tech-
nology to changes in process or even team composition [8]. In this study, different types of metrics are
considered using parametric and nonparametric statistical methods.

Correlation between Story Point and Actual Effort: Correlation analysis is implemented in order to eval-
uate if there is a correlation between given story points to PBls and actual efforts. Since data does not
fit to normal distribution, Spearman correlation is interpreted considering the p-value in 95% confidence
level. This tells how effective the actual effort is assigned to each point. Expected result is that there
should be a correlation between story point-time spent logs.

Consistency of Relative Estimation: One of the most important analyses is identifying the outliers which
are extreme values considering PBIs with story point and actual efforts spent on each PBI. These PBls
are determined using box plot outlier analyze. By doing this, false story point assignments are identi-
fied. Consequently, this gives opportunity for more accurate relative estimation in following sprint plan-
ning meetings.

Team'’s Actual Effort on Product: Time spent distribution based on sprints is summed and area chart is
given since we expect to see similar level of actual effort in each sprint in order to see the team’s con-
centration on the product during a sprint.

Team Velocity: In each sprint planning stage, PBIs are given points and total points tell how big the
sprint is. At the end of sprint, closed PBls are evaluated and cumulative point is calculated. This metric
gives information about the team velocity. If the cumulative points are less, team is considered as slow-
ing down; on the other hand team velocity is getting better.

Actual Effort for One Story Point: Estimated number of story points had better become similar during
each plan. However, actual efforts spent on each PBI may vary. This can show the team motivation of
whether time is wasted or not while solving issues. In order to detect this, total number of estimated
story points is divided to actual efforts in each sprint. Hence, how much time is spent for a unit of story
point may be calculated.

Innovation Rate: Business value is the ratio of PBls whose types are story, enhancement and require-
ment change to the all PBls in a sprint. The trend is given on a line chart. Then, during a retrospective
meeting the team inspects the chart and if extreme situation exists in the sprint, root causes are investi-
gated in order to take corrective actions for adaptation.

Velocity vs. Unplanned Effort Rate: Finally, line chart is given in order to show the team velocity versus
the ratio of unplanned time spent within whole time spent in a sprint since hot fixes are currently added
to current sprint.

Actual Effort Rate of Quality Activities: As verification and test activities are increased, quality is also
enhanced for the final product. Not only fast development but also effective and proper test activities
are needed. Time allocation for verification and test activities are calculated by dividing to total efforts.
Expected result is to see an increasing trend.

Sub-component Defect Density: One of the informative metrics, which measure the defect density of
sub components, provides the ability to take action in order to decrease defects in each sub compo-
nents. Main aim is to reduce time spent for defects. This calculation is done by dividing time of working
on defects to total time spent in a particular sprint. Hence, less defect working time means high quality
considering density of defects.

3 Results

During software development, measurement is mostly the missing step to compare product and pro-
cess quality. Statistical analysis helps the team plan the following sprints in an effective and predictable
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way. Enabling agile projects to achieve the established quality and process performance objectives
without losing collaboration and interactions, depends on Quantitative Management techniques for ef-
fective monitoring and controlling of the agile process [8].

From the statistical analysis results, strong correlation between the story points and the actual effort for
PBIs is revealed. Spearman correlation coefficient is found as 79% with the p-value (0.00), which is
smaller than 0.05 and means the correlation, is significant. The presence of strong correlation between
actual effort and story points infers standardization across the team during relative estimation. This also
means productivity of various sprint plans of the same team could be compared.

Correlation between Story Point and Actual Effort
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Figure 2. Correlation between Story Point and Actual Effort

Relative estimation is done for each PBI; however some of them are incorrectly predicted. Outlier de-
tection may be useful for future sprint planning. Figure 3 shows the estimation capability of the team
from first sprint to 30" sprint. Box-plot between the story points and the actual effort shows that the
team mostly estimates 1-point PBls incorrectly. In addition, the highest variation is found in 5- points
and 8-points PBls as shown in Figure 3.
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Figure 3. Consistency of Relative Estimation
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