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Introduction

Manufacturers and developers of technical products are legally required to pro-
vide correct technical documentation. Technical documentation is & summarised
term for all data, that 3 user of a product can be provided with. Technical docu-
mentation aims in transferring knowledge 1o the future reader of the documenta-
tion.

During a product life cycle, technical documentation can be split up into two main
types: Internal and external technical documentation. fnternal technical documen-
tation provides necessary data to empioyees, reflecting the definition and the
development of the product, c.g. specifications, documentation of the quality
assurance measures, construction documents etc.. External technical documenta-
tion is dirccted towatds the user, who has to be informed about the correct usage
of the product with the help of manuals, operating or safety instructions.

In general, development processes and their related authoring activities are
embedded in complex structures and accompanied by the following challenges
regarding the technical docamentation:

+ Distributed Data and Knowledge: Problems occur very often, where dated
knowledge: has been produced without exactly knowledge about the futurc
potential recipient. The *one-size-fits-all’-approach is out of place for
knowledge cxchange sitwations.

» Diversity of Available Data: Automated processing and reuse of concerned
data i3 therefore highly difficult to realise.

« Gap between Technica} Documentation and Knowledge Management:
evolved by lacking in process-driven and -supported loop between effi-
cient knowledge management strategies and the transfer in explicited, for-
mal knowledge into the tectinical documentation.

«  Different Understanding and Treatment of Technical Documentation: the
processing of internal technical documnentation seems to rely on its own
specific rules and does not utilise the methodologies widely used in exter-
na! documentation. In internal technical documentation processes the act
of writing the documentation is regarded as a subordinated task of the
actual process, e.g. faults diagnosis, usability testing with low focus on
writing understandable and re-usable documentation, This attitude of trea-
ting technical documentation as mandatory regulated acts is reflected
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along the product life cycle and results quite often in no or low reasonable
support for technical authors working in the field of external technical
docurnentation.

- Missing Reference Model: It seems obvious that ontologies and semantic
technologies can help not anly to ensure & common vocabulary but also to
move towards a new documentation paradigm and to enable a new pos-
sible processing of documentation-relevant data. In fact, there is no refe-
rence model for tectmical documentation along a product life cycle
available, that provides the evaluation of the several approaches and
methodologies.

This thesis combines the concepts technical documentation, ontology-based
modeling and reuse.

The driving force for combining the three topics is the idea for the necessary shift
in documentation paradigm to undetstand, formalise and use knowledge in such a
way, that it enables

s higher reuse of technical documentation and
s cost-saving approaches for processing technical documentation.

Related Work

Rockley (Rockley, 2003) as well as Ziegler (Ziegler, 2005) worked out basic con-
cepts for the reuse of technical documentation, The definition and naming of these
concepts influenced strongly the discussions in the area of content engineering,
Manufacturers of content management systems have been requested by the defi-
ned concepts to enable the implementation of these desited reuse possibilities.
Rockley and Zieglet base their concepts on already modularised documents. This
is not the case in every kind of technical documentation, especially not in internal.
The way how to achicve this desired modularisation is missing within the work of
Rockley and Ziegler.

Amongst existing methodologies for structuring technical documentation ((Rock-
ley, 2003), (Ament, 2003), (Wiegand, 1998), (Muthig& Schiflein-Armbuster,
1999 and 2001), (Lobin, 2000), (DITA, 2007a and 2007b), and (Ley, 2006)) the
recent js the structured text control (Ley, 2006): Ley proposed this methodology
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with application field of the devclopment of aircraft checking procedures. For this
application field Ley introduced modeling primitives for direct usage for the
required declarations.

Most of the methodologies are based on the functional aspects of texts, and have
their great benefit in concentrating in addition on how to write to optimise the
understandibility of texts. This is according to (Ziegler, 2006) desired on the top
level for linguistical and terminological consistency. Stock (Stock, 2007 focusses
in his work on the development of a new document model and its embesding in
the process of documentation, This document model was developed within his
research project at the BMW Group within the department of AR-based checking
procedurcs.

The aims of the to develop model have been
+  modularigation,
» pousibility to generate documents according to product instances, and
«  100% accuracy of the documentation.

Stock developed therefore a graph-based document structure that consists causal
relations and thereout resulting possible actions. His approach is in creating a all-
vehicle-context-containing documentation that can generate at runtime in depen-
dancy of the actual vehicle context the appropriate part of the documentation, Par-
allel Stock defined a specific product model that splits up the product into so-
called functional groups.

Ontologies in scope of this research work arc understood as conceptual hase for
communicating knowledge, The objective of technical documentation Is given as
transferring knowledge. In addition the ontological basis - the semiotic triangle -
is strongly reflecting the linguistic understanding of the world. Ontologies should
therefore constitute a possibility to achieve the objective of technical documenta-
tion, Although there is a lot of research in using ontologies for E-learning purpo-
ses (of. (Knight, Gadevic, & Richards, 2005)), there is no research interest in using
ontologies in the field of technical documentation.

Comparing the methodologies, that arc used for structuring technical documenta-
tion with those used for the design of ontologies ({Noy&Guinness, 2001),
(Pinto&Mariens, 2004), (Gémez&Fernindez, 2004), (Sure, 2003),
(Uschold&Griinninger, 1996), and (Swartout et al, 1996)), there 1% on the one
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hand a lack of common understanding for basic terms like data, knowledge, and
information, and on the other hand a gap to the used ontology-relevant terms
signs, concepts, and instances. '

The content principie as well as ontologies seem not yet to attract interest in the
field of technical documentation as well as the consideration of reuse-optimized
and cost-effective processing of technical documentation along the whole product
development cycle.

Research goals

The research work took place at the University of Miskole in 2006 and 2007 and
was supported by SAP AG department KPS - Knowledge Productization Services
in 2006. The work presented in this thesis is mainly the result of research perfor-
med within the BAYHOST-founded project ECIDISI and the supported research
work at SAP AG, Tt is higly influenced of practical insights, that I have gained in
the last 10 years during my professional experiences as service diagnostic devel-
oper at GM Europe GmbH and consultant and trainer in the field of technical
documentation,

This rescarch work faces the {ellowing research questions:
+  How do the concepts ontology and technical documentation rely on?

= What kind of methodologies are qualified for enabling and optimising
reuse of technical documentation along a product development cycle?

+ How can economical and quality-assurance methods be applied to techni-
cal documentation?

+ How can the new cognitions be applied in practice? What kind of shift in
paradigm will solve what kind of existing challenges?

Applied methodologies

In order to closc the gap between technical documentation and ontologies as foun-
dation for the new to develop data model signs are understood according to
Pcirce: signs can exist on three levels. Thus, Peirce differs the following semiotic
entities:
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+ Indices - Sign objects have a causal corelation to their meaning, e.g. the
causal correlation between the footprints in the sand that a subject percei-
ves and the presumed preceeded event, that a person has becn walking
here, whose footprints are still visible in the sand.

» Icons - Sign objetcs have a natural coherence o their meaning, ¢.g. an
iage of a person.

+  Symbols - Sign objects are arbitrarily correlated to their meaning. This cor-
relation is produced by convention, e.g. linguistic agreements, traffic
signs,

This understanding of signs and the embedding into the developped so called
semantic data model offered the possibility to create with this underlying basis the
reference modet for technical documentation - the semantic communication
model. Tn order to evaluate the existing methodologies for technical documenta-
tion and ontology design, the Quality Function Deployment (QFD) has been used.
QFD centers the concept quality as basic for every design and manufzcturing
decision (cf. (Akao, 1990)). The fundamental task of QFD is the systematic trans-
fer of customer requirements into product specifications (ASI, 1990). This hap-
pens with the help of the so-called Houses-of-Quality (HoQ) as core instrurpent.
According to Herzwurm the QFD can be adapted for the evaluation of software
(ef. (Herzwurm, 1997)).

The benefit in transferring the spirit of QFD for evaluation purposes lies

+ inthe precise capture of requirements, that is forced by the so-called Foice
of Customer Analysis,

+  in the usage of weighting factors for the determined requirements,
« in the usage of an intervall-based proceeding for rating the degree that

achieves the evaluated methodology as regards the fulfillment of the
requirements, and

«  the possibility to extend the developped HoQ for the design of a product
that covers the determined requirements in a better way than the evaluated
products.
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For the development of the to be executed evaluation the method of QFD was
applied with requirements weighting factors between 1 and 3 and rating dogroes
between 1 and 5. The customers are the enterprises (resp. their employees) that are
interested in applying that methodology providing optimised reuse pre-require-
ments. '
For the development of the new technical documentation paradigm ’intclligent
contcnt syndication’, the concept of lean production has been transferred to docu-
mentation application, Lean production has been developed by Eiji Toyota and
Taiichi Ohno at the Toyota Motor Company after the Sccond World War and was
therefore titled Toyota Production System (TP3) (cf. (Ohno, 1993)). The labour
costs are count fixed factor, viz. the production system saves not on employees,
but tries to optimisc the productivity of cmployees by the use of scveral approa-
ches, ‘
The lcan production is not a technique by itself: the basis for this production sys-
tem is a holistic approach consisting of the coaction of several concepts. Accor-
ding to (Tracger, 1994) the lean production can be partitioned into the following
principles: :

«  Kaizen (process of continuos improvement),

« Jidoka (automatisation resp. autonomation),

+  Muda (avoidance of wastc),

+ Just-in-Time (abdication of stock holding),

= Supplier-Relationship,

»  Customer-Orientation, and

+  Andon (visual control).

The concept of lean production is wide spread and is implemented in transferred
arcas of software engineering (lean programming), health carc (lean healthcare)
or military (lean military). Despite the fact, that the concept is implemented
worldwide very successfully and according to (Tracger, 1994) easy transferable to
other areas e.g. non-productive industries, there arc only three publications
(Abele, 1993), (Baker, 2003) and (Schott, 2006) identifying the possible mapping
1o lean documentation.
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Summary of research work

The contributions of thig thesis cover a broad spectrum of aspects related to practi-
cal teehnical documentation engineering along a product development cycle. The
technical documentation is a relatively new (approx. 15 years) engineering sub-
jeet and only since 10 years in Germany tcached at universities of applied sclences
in a very pragmatic way.

The same spirit is recognizable in industrial applications: technical documenta-
tion has o be written and i3 considered as a subordinated task. Mostly no or the
next best methodology is used for structuring technical documentation regardless
if the methodlogy serves reuse or cost-efficiency requirements.

The driving force for my thesis was therefore my idea for the necessary develop-
ment of a documentation paradigm that

+ gerves understanding, formalising and using knowledge
in guch & way, that it enables
= higher reuse of technical decumentation and
» cost-saving approaches for processing technical documentation.

With respect to these central objectives I provided in my thesis the following new
scientific results,

(1) Development of a new reference model for technical documentation

One basic approach of my research thesis has been, that ontologies and existing
methodologies for their design promise for use within technical documentation to
gain a higher reuse and enable morc intelligent processing of technical documen-
tation.

I compared the methodologies, that are used for structuring technical documenta-
tion with those used for the design of ontologics, and showed that thete is on the
one hand a lack of common understanding for basic terms like data, knowledge,
and information, and on the other hand a gap to the used ontology-relevant terms
sign, concept, and instance, As a consequence there exists no clearance, if and
how ontologies and/or their design methodologies can serve technical documen-
tation purposes,
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I analysed terminological statements/definitions and models for the concepts sign,
data, information and knowledge and developed with the gained cognitions the
novel semantic data model for closing the gap between data and semiotics. Based
on the underlying understanding of signs in terms of Peirce I gave definitions for
data and the appropriate terms within this novel model.

I extended this modal in two directions in order to achieve a clear identification
and solution for the following issues:

+ Tn the first extension — the multi-layer semantic data model - I introduced
a semantic network based on a lattice of concepts. This was addressing the
integration of conceptual dated knowledge, i.e. ontologies.

+ Tn the second extension — the semantic communication mode] I addressed
the integration of basic communication theories. I transferred therefore
Austins speech-act theory into a write-act, that takes place in technical
documentation, 1 analysed several communication theories and integrated
and transferred the concepts of message and noise into my model.

This novel semantic communication model constitates a reference model for tech-
nical documentation engineering,

Thesis 1: I have developed a new reference model for technical decumentation
that pravides a consistent term-system based on the understanding of sign in
terms of Peirce. The model integrates herewith data and semiotics. I have created
an multi-layer extension of that and proved a more flexible modelling of concepts.
I have worked out the extension of this multi-layer model in integrating the model
into a communicative frame, that represents technical documentation as a com-
municative acl.

(2) Development of a new evaluation method for methodologies

 transferred the method QFD (Quality function deployment) developped by Akao
and implemented it for the creation of an evaluation matrix for methodologies for
ontology-design and technical documentation with respect to the optimisation of
reuse. I gained therewith a supporting methodic approach for the definition of the
requitement criteria.

The criteria for reuse 1 cvoived from my novel semantic communication model.
This model reflects the communicative frame in which each kind of technical
documentation is embedded.

11
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T extended the obtained evaluation matrix in form of an guideline implementing
textual explanations for the to give points. For the application of the methodolo-
gies 1 assumed 2 special use case and applicd the new evaluation method for the
gvaluation of methodologies for structuring technical documentation and for
ontology-design, I could show this way, that none of the analysed and evaluated
methodologies fulfills the requirements concerning reuse in such a way, that opti-
mised reuse possibilitics can be gained, In fact, the possibility of personalisation
as a specialisation of reuse is lacking in all evaluated methodologies.

Thesis 2: I iransferred the method QFD (Quality function deployment) and imp-
lemented it for the creation of my novel evaluation method for methodologies for
ontology-design and technical documentation. I developed the requirement crite-
ria for this method with respect to the optimisation of reuse.

(3) Development of a new lean documentation model

The novel understanding of technical documentation and actual lack of reuse
focussing and optimisation along the product development cycle lead to my
approach to transfer the concept lean production to the domain of technical docu-
mentation.

1 worked out the basic concepts of lean production and transferred the measures
supporting these concepts on technical documentation. [ integrated the to be taken
measures into into the novel model for technical documentation and its enginee-
ring — the lean documentation.

\ analysed further the transaction cost theory with the result, that transferred to
technical documentation the consideration of transaction costs demand precise
descriptions of the desired process chain of documentation. This is actually
lacking in practice.

I developed therewith — by this novel model with the background of the transac-
tion-cost theory — the holistic approach to optimise the productivity of employees
who are participating in the chain of technical documentation processes along the
product development cycle.

Thesis 3: I developed a new lean documentation model based on the concepts and
measures of lean production. I analysed the applicability of ransaction cost the-
ory for technical documentation.
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(4) Application and integration of the results into the intelligent content syn-
dication paradigm

1 used the developed semantic communication model and the novel evaluation
method for the analysis of reuse potentials at the SAP AG within the departement
KPS (Knowledge Productization Services) and along the Product Innovation
Lifecycle (PIL). I applied the holistic approach for Jean documentation in the ana-
lysis as well as in the design of reuse and cost-efficiency optimiziations at the SAP
AG and at GM Europe GmbH in the Service Technology Group department.

The lessons learned are (in a nutshell):

+ Different processes drive technical documentation and knowledge
management projects, but "hurnan issues” might dominate other ones.

+  Guidelines for involved persons in industrial context have to be pragmati-
cal, otherwise they are unlikely to be understood and to be used at all.

« The existing boundaries between departments shouldn't be underestima-
ted,

+  The more linguistic background the involved persons have, the more diffi-
cult is standardising work.

+ Improvements to be implemented should be achievable in several loops.

The developed modcel of lean documentation served well in this practical appl ica-
tion as it is not a stringent framework but a conceptual holistic approach offering
the possibility to work out measures for the application domain. T have done this
in both cases on the one hand by introducing paradigm shifts in editorial organi-
gations and on the other hand in operational ones. The thereout gained improve-
ments enable horizontal as well as vertical integration and syndication of
intelligent dated knowledge. The reorganisations are partly implemented and
show promising effects for cost-efficient processing of technical documentation,

Thesis 4: The new developed models provide an efficient holistic paradigm to
improve analysis and implementation of existing technical documentation along
product development cycle. The new paradigm of intelligent content syndication
considers therewith both, internal and externul technical documentation. In the
practical application I worked out several new measures and splitted them up into
novel paradigm shifis in editorial and operational reorganisations.

13
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Applicability of results

I finally conclude by presenting some impact that this work already has on current
(research) projects combined with a future outlook on the upcoming research
agenda for ontology-based processing of technical documentation.

Semantics@PIL: Based on the research results and the new developed documen-
tation paradigm of intelligent content syndication, modelling primitives for docu-
mentation processes and their characteristics within technical documentation
along the Product Innovation Lifecycle at SAP are developed. It is desired that
the thereby resulting elements possess common behaviours, interfaces and inter-
action patterns that enable their enterprise wide management,

Further research directions

ORQE - Ontology- and Rule based Quality Engineering: The ORQE project
focusses on the analysis of {1) ontology-based enrichements of internal technical
documentation that is provided in the ficld of quality ensuring measures of a pro-
duct development cycle and (2) the therout resulting possibilities of automiscd
further processing of documentation modules for succeeding documentation pur-
pases and self generating diagnosability of documented products/services.

ROMTeDoc - Development of an Re-Use Optimized Methodology for Technical
Documentation: The ROMTeDoc project addresses the further development of
the Re-Use Function Deployment. It aims in utilizing the Quality Function Deplo-
yment for anchoring the requirements for Re-Use optimizations within technical
documentation processes. In contrast to the presented research work, where QFD
has been used in an adapted manner for the evaluation of methodologies, ROM-
TeDoc aims in the deployment of measures and metrics which arc meeting the
requirements.
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