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Rebirth of a Discipline: "Knowledge Engineering"

Ziya Aktas1 and Semih Cetin2

Abstract: The knowledge society has been developed and shaped by amazing
improvements during the last two decades. On that development and improvement,
social sciences such as psychology or anthropology have also had significant im-
pact as much as real sciences like medicine or engineering, in particular, Informa-
tion Technology or Information and Communications Technology. The new trends
and explosion of knowledge due to Internet and Web technologies have radically
changed the way we structure business and its main building block, i.e. “knowl-
edge”. Though information/knowledge system development efforts have been re-
garded formerly as mere information technology activities, now we have been ex-
periencing alternative ways that a business department models, designs and exe-
cutes the actual business where information technology professionals assist them
with the relevant tools and techniques. Hence, all these advancements force us to
revisit the classical definition of "knowledge engineering” which was merely “ex-
pert system development”. This paper points out the needs for this redefinition by
reviewing the steps forward in software engineering and how these steps have sup-
ported the knowledge engineering so far. Also, authors put forward an improved
definition of knowledge engineering, which raises on the pillars of emerging en-
gineering disciplines such as domain, service and business engineering, as well as
transdisciplinary approaches. In short, the authors claim the need for the “rebirth”
of Knowledge Engineering.

1 Introduction

The whole world has been experiencing amazing developments in “knowledge so-
ciety” during the last two decades. The “Knowledge Age” has put knowledge to the
forefront of every resource for countries, public or private organizations, and indi-
viduals as noted by OECD (2006). Hence, Information Technologies (IT) or rather
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Information and Communications Technologies (ICT) have had an interesting role
in this development: on one side it became the key reason of all the developments
in the new society, on the other side yet, it has been restructured, reshaped and
continuously reconfigured, thus also became one of the results as stated by Aktas
(2006).

Since 1990s, Information or Knowledge Society developments have been chang-
ing and re-shaping all the countries and institutions on earth. The Internet and
electronic commerce have been changing the way business is conducted and have
increased the need to improve operations of the enterprise as a whole. A new type
of economy, i.e. knowledge-based economy, is growing globally.

Following the Information or Knowledge Society developments in the USA during
nineties and in parallel with the Japanese Millennium Project started in the end
of 1999, the creation of a Europe of knowledge has been a new strategic goal for
the European Union after the European Council Summit in Lisbon of March 2000.
The outcome of the Summit became the “eEurope Project”, in order to strengthen
employment, economy and social cohesion as part of a knowledge-based economy.

Some countries, e.g. OECD countries, are already being compared in “Investment
in Knowledge”, which is defined and calculated as the sum of expenditure on re-
search and development, on total higher education (public and private) and on soft-
ware OECD (2006). It is also noted in the same report that for most countries,
increases in software expenditure were the major source of increased investment in
knowledge. The United States and Japan are moving rapidly towards a knowledge-
based economy than EU: since 1994, their investment in knowledge-to-GDP ratios
has grown at a higher rate than that of the EU.

Being aware of the key role of education in the new society, Knowledge Society,
European Commission began supporting a mobility program named Erasmus Pro-
gram for European students and academicians in 1987, which is later incorporated
under the Socrates Program starting in 1995. It is Europe’s education program and
its main objective is to build up a Europe of knowledge and thus provide a response
to the major challenges of this new century. The Erasmus action and its different
activities fit later into the mobility program promoted by the Bologna Process that
is initiated in 1999 and followed up by Prague-2001, Berlin-2003, Bergen-2005,
London-2007 and Leuven-2009 meetings of the Ministers of Education of the sig-
natory countries of the Bologna Process. The Bologna Process has basically aimed
at the creation of a European Higher Education Area by 2010 and promotion of the
European system of higher education worldwide.

In the Leuven-April 28 and 29, 2009 conference, the Ministers responsible for
higher education in the 46 countries of the Bologna Process convened on to take
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stock of the achievements of the Bologna Process and to establish the priorities
for the European Higher Education Area (EHEA) for the next decade. As it was
stated in the official Bologna Process website 2010-2012123, The European Higher
Education Area (EHEA) was launched along with the Bologna Process’ decade
anniversary, in March 2010, during the Budapest-Vienna Ministerial Conference.
As the main objective of the Bologna Process since its inception in 1999, the
EHEA was meant to ensure more comparable, compatible and coherent systems
of higher education in Europe. During 1999 - 2010, all the efforts of the Bologna
Process members were targeted to creating the European Higher Education Area,
that became reality with the Budapest-Vienna Declaration of March, 2010. The
next decade would be aimed at consolidating the EHEA. In the Communiqué of
the Conference, the following priorities are stated under the heading of Learning
for the future: higher education priorities for the decade to come: Social
dimension: equitable access and completion, Lifelong learning, Employability,
Student-centered learning and the teaching mission of higher Education, Educa-
tion, research and innovation, International openness, Mobility, Data collection,
Multidimensional transparency Tools(such as Quality Assurance and Recognition),
Funding.

The next regular ministerial conference will be hosted by Romania in Bucharest on
27-28 April 2012. The following ministerial conferences will be held in the years
2015, 2018 and 2020.

In the year 2010, IBM started a move that they call “Let’s build a smarter planet”
and declared “The decade for a smarter planet”. In that move, IBM claims that “Our
political leaders are not the only ones who have been handed a mandate for change.
Leaders of businesses and institutions everywhere have a unique opportunity to
transform the way the world works. We find ourselves at this moment because the
crisis in our financial markets has jolted us awake. We are seriously focused now
on the nature and dangers of highly complex global systems. And this isn’t our first
such jolt. Indeed, the first decade of the twenty first century has been a series of
wake-up calls with a single theme: the reality of global integration. The problems
of global climate change and energy, global supply chains for food and medicine,
new security concerns ranging from identity theft to terrorism - all issues of a hyper
connected world - have surfaced since the start of this decade. The world continues
to get “smaller” and “flatter.” But we see now that being connected isn’t enough.
Fortunately, something else is happening that holds new potential: the planet is
becoming smarter. That is, intelligence is being infused into the way the world

1 www.ehea.info
2 http://www.ibm.com/smarterplanet/us/en/smart_grid/ideas/index.html?re=CS1
3 GridWise Global Forum 2010, Washington, DC, September 21, 2010
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literally works — into the systems, processes and infrastructure that enable physical
goods to be developed, manufactured, bought and sold. That allows services to be
delivered. That facilitates the movement of everything from money and oil to water
and electrons. And those help billions of people work and live.

The European Commission has launched the ‘EUROPE 2020 Strategy’ to go out
of economic crisis and prepare EU economy for the next decade on 3rd of March
2010. The Commission identified three key drivers for growth to be implemented
through concrete actions at EU and national levels: smart growth (fostering knowl-
edge, innovation, education and digital society), sustainable growth (making our
production more resource efficient while boosting our competitiveness) and inclu-
sive growth (revising participation in the labor market, the acquisition of skills and
the fight against poverty). Right after declaration of EUROPE 2020 Strategy on
March 3rd , the European Commission declared the European Digital Agenda on 19
April 20104 which consisted of a series of flagship initiatives. One of these ini-
tiatives was expressed as: A digital agenda for Europe-All Europeans should have
access to high speed internet by 2013.

In her foreword to the UNESCO Science Report 20105 Bokova, Director-General
of UNESCO, was noting that during the last five years while the disparities between
countries and regions remained huge, the proliferation of digital information and
communication technologies was increasingly modifying the global picture. By
making codified information accessible worldwide, it has been having a dramatic
effect on the creation, accumulation and dissemination of knowledge, while at the
same time providing specialized platforms for networking by scientific communi-
ties operating at a global level.

Information System (IS) and Knowledge System (KS) development efforts have
been regarded so far as the mere activity of IT departments, stated earlier by Aktas
(1987). Also, for the sake of correctness and entirety, business professionals have
been incorporated into the life cycle no more than necessary. However, it has been
now realized that such an approach does not prevent the chaos or crisis in software,
which is first named in 1968 in NATO (1968) and reiterated somewhat recently by
a Standish Report (2003). Instead, alternative models have been put into action
with Business Process Management (BPM), Service-Oriented Architecture (SOA)
and more recently by Cloud Computing trends, where “IT departments” are pro-
viding tools and infrastructure and aligned “business departments” are using them
to model their businesses, apply the rules, vigorously change the flows, introduce
the document exchange triggers, and even monitor and measure the productivity in

4 i2010 - A European Information Society for growth and employment, DIGITAL AGENDA, Brus-
sels, 19 April 2010

5 UNESCO Science Report 2010, UNESCO, 2010
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business cycles stated by e.g. Aktas & Cetin (2006) and Brown (2007). Such a
vision has brought deeper agility to Business Process Engineering (BPE) since the
businesses are getting more complex, and decisions require greater analysis and
expertise. Hence, much of the responsibility for managing an enterprise has been
more and more being delegated to domain experts, or “knowledge workers”, as
noted by Awad & Ghaziri (2004).

Software and software engineering of seventies and eighties had been followed by
knowledge-based systems (expert systems) or “knowledge engineering” of nineties.
Though the cliché terms of “knowledge” or “knowledge-based systems”, and even
“knowledge engineering” are not new at all, however we strongly believe that the
true “Knowledge Engineering” has not been realized yet. Because, all the previous
developments and especially a knowledge explosion due to Internet and Web tech-
nologies have been forcing us to rename “Knowledge Engineering” and to have a
new content as well as a new meaning as if “rebirth” of this discipline.

Before making a proposal in the paper, the term ‘knowledge’ will be elaborated
first in the next section. In a very short historical summary, software development
process from its early years to the most recent and modern ways of software engi-
neering is presented next. The software crisis or chaos in software engineering is
discussed with a search for the solution. Later, knowledge-based systems or expert
systems are summarized and the role of business professionals in software devel-
opment has been debated next. After presenting the knowledge management, due
to the relevance to the topic, transdisciplinary approaches have been included in
the paper. Later the proposal has finally been made: knowledge engineering with a
new content. The paper ends with a conclusion and relevant references.

2 Knowledge and Knowledge Worker

Before proceeding further, it may now be proper to have a closer look at the term
“knowledge”. Intellectual capital might be any asset that cannot be measured but
is used by a company to its advantage. Knowledge, collective expertise, good will,
brand value, and patents fail to show up on conventional accounting documents. In
the end, the only competitive edge that sustains is knowledge as stated by Tiwana
(2002).

Human knowledge has been classified as explicit or tacit knowledge coined by
Nonaka (1995) as the two main types of human knowledge. “Tacit knowledge” is
considered to be the most valuable knowledge as stated by Awad & Ghaziri (2004)
and Becerra-Fernandez et al. (2004). “Explicit knowledge” is the knowledge codi-
fied in documents, books, or other repositories. Tacit knowledge is the knowledge
used to create explicit knowledge; the mind-set of individuals that includes intu-
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itions, values, insights and beliefs that stem from experience.

One may define knowledge as “understanding gained through experience or study”.
It is “know-how” or a familiarity with how to do something that enables a person
to perform a specialized task. It may also be an accumulation of facts, procedural
rules, or heuristics.

Another way to classify knowledge is to determine whether it is shallow or deep
e.g. Awad & Ghaziri (2004):

The knowledge based on reading and training is much different from the knowl-
edge based on practical experience that spans many years. The knowledge based on
know-how or accumulated lessons of practical experience are the things needed for
building expert systems. Awad & Ghaziri (2004) define the conversion of knowl-
edge between tacit and explicit forms as Figure 1.

 
 

Tacit to Tacit                            Tacit to Explicit 
(Socialization)                           (Externalization) 

 
Team Meetings                          Dialog within Team 
and Discussions                         Answer Questions 

 
Explicit to Tacit                       Explicit to Explicit 

                             (Internalization)                         (Communication or Combination) 
                                        Learn from a Report                  e-Mail a Report 

 
Figure 1.Knowledge conversion 

 Figure 1: Knowledge conversion

Choo (1996) described that conversion as follows in Figure 2.

Such an organization is called Knowing Organization which possesses information
and knowledge so that it is well informed, mentally perceptive, and enlightened.
Its actions are based upon a shared and valid understanding of the organization’s
environments and needs, and are leveraged by the available knowledge resources
and skill competencies of its members. The Knowing Organization possesses in-
formation and knowledge that confers a special advantage, allowing it to maneuver
with intelligence, creativity, and occasionally, cunning. Drucker (1993) has called
knowledge, rather than capital or labor, the only meaningful economic resource of
the post-capitalist or knowledge society. For him, the right role of management
is to ensure the application and performance of knowledge, that is, the application
of knowledge to knowledge. The creation and use of knowledge is a particular
organizational challenge. Knowledge and expertise is dispersed throughout the or-
ganization, and is often closely held by individuals or work units.
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Figure 2: Organizations as knowledge creating enterprises

Davenport (2005) states that Drucker was the first person to describe knowledge
workers to any substantial degree first in 1969 and he later stated in 1997 that:
“The productivity of knowledge and knowledge workers will not be the only com-
petitive factor in the world economy. It is, however, likely to become the decisive
factor, at least for most industries in the developed countries.” Davenport, himself
in 2005 was saying that” I’ve come to the conclusion that the most important pro-
cesses for organizations today involve knowledge work. In the past, these haven’t
really been the focus of most organizations-improving administrative and opera-
tional processes has been easier- but they must be in the future”. Davenport defines
a knowledge worker as follows: “Knowledge workers have high degrees of exper-
tise, education, or experience, and the primary purpose of their jobs involves the
creation, distribution, or application of knowledge.” And he claims” Knowledge
workers think for a living”.

Maruta (2011) tries to identify useful approaches to improve the productivity of
non-production work by exploiting information technologies. According to him
knowledge creation involves the interaction of three factors: Information, Insight
and Knowledge. Knowledge workers perform their assigned tasks by applying or
creating knowledge.

Becerra-Fernandez et al. (2004) states that knowledge resides in several differ-
ent locations. They encompass people, including individuals and groups; arti-
facts, including practices, technologies, and repositories; and organizational en-



140 Copyright © 2011 Tech Science Press CMES, vol.76, no.2, pp.133-161, 2011

tities, including organizational units, organizations, as well as inter-organizational
networks.

3 A brief story of software and Software Engineering

As noted by Aktas & Cetin (2006), if you are at the age of fifty or nearly so, then
you will still remember the good old days of data and information. It was all the
way simple: raw information was data and the processed data was information. The
machines that processed data were called computers or Electronic Data Processing
(EDP) machines. The administrative units were Computer Centers or EDP Centers.
Programmers of that time were highly prestigious, untouchable and lofty creatures.
Punch cards were almost symbol of high status. The young generation of today
would not understand how difficult it was for us to differentiate between mainframe
and mini-computers. It did not take too long to amplify our misery when we got the
new brand of machines: desktop computers, microcomputers, personal computers
and so on. From vacuum tubes to integrated circuits, silicon chips etc., everything
had been so fascinating technologically and we were like in a dream.

We then woke up and saw the fact that electronic revolution that was going on is
fantastic, BUT. . . Afterwards, we started debating whether computer expertise to
be an art or science or engineering. More than that, together with the technological
developments in computers, we were on the way to point out information systems.
If you point out any system, you would then try to define it and to model it. Eventu-
ally that is what we did. Near the end of seventies, the specialty was in deep details
so we were talking about databases and database management systems as parts and
/ or tools of the information systems.

In early 80’s it was a kind of excitement for all of us when we first heard that
Japanese initiated a project called “Knowledge-Based Machines” or Fifth Genera-
tion Computers instead of our good old (!) data processing machines or computers.
Yes, we had been using the term “knowledge” in conjunction with Artificial Intel-
ligence (AI) for two or three decades but knowledge-based machines were a new
enthusiasm for all of us.

Well, it did not take too long to put the project aside and forget it. But the term
“knowledge” has already left a mark in our mind. Soon we realized that the el-
ements of the triple “data-information-knowledge” were not the same but were
very closely interrelated. A message may be either data or information or knowl-
edge for a decision-making process depending on the person, time and conditions.
Knowledge is known to have the utmost meaning and related to a future intelligent
decision making situation.

When it was realized that modeling of information systems is a must we then started
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talking about modularity and structured system development after a few years of
modular programming and structured programming in the late 70’s and early 80’s.

Before elaborating the differences between classical approach and structured ap-
proach for software development, it is worth to recall Information System Life
Cycle (ISLC) e.g. Aktas (1987). We then defined the “classical approach” as the
one that follows information systems life cycle phases with the proper steps includ-
ing some tools. Although there may be some variations among individual steps and
tools utilized, we expected to have a successful information system at the end.

Classical approach or Waterfall approach for information systems had been a famil-
iar model embodied explicitly in contracts and institutionalized as the development
and documentation standards in various types of organizations, more a managerial
than a technical tool. Indeed, the classical approach emphasizes documentation
essence almost to the exclusion of development.

Yes, documentation is a must for an accomplished information system develop-
ment, but a list of problems and numerous failures in information systems have
shown for years over and over that the documentation alone is not enough for a
thriving information system development process. On the contrary, the develop-
ment process itself must receive more emphasis than documentation, and docu-
mentation should be recognized simply as a by-product of a development process.

Limitations of the classical approach such as over intended discrete steps in the
life cycle and heavy documentation had yielded a new school of thought called
“structured approach” for the complicated information systems development aris-
ing in early eighties. The modularity and decomposition principles of structured
programming proposed earlier by Parnas (1972) have had supported that new ap-
proach.

We recall early 80’s not only because of Knowledge-Based Machines endeavor, but
also together with the revival of Artificial Intelligence (AI) and also for the debates
on the terms informatics (IT-ICT) / software engineering / computer engineering.
Instead of Classical Approach for Information System (IS) development, a new
modeling and relevant approach emerged from such a debate; and thus “structured
approach” seemed as the cure, the panacea.

During eighties, many structured system development methodologies and relevant
tools have had appeared e.g. Aktas (1987). Such a methodology would specify how
to recognize a good design, how to create a good design, how to communicate over
a good design. In addition, an effective methodology would plainly incorporate
purposeful structuring and modularity of the system under consideration.

After structured approach of eighties, throughout the nineties, object-oriented soft-
ware engineering had become the paradigm of choice for many software product
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builders and for a growing number of information systems and professionals. By
that time object technologies had replaced the classical and even structured infor-
mation system development methodologies.

In an Object-Oriented (OO) approach the objects are manipulated with a set of
functions (called methods, operations, or even services) and communicate with
each other via a set of messages. Objects are categorized into classes and subclasses
and supposed to survive on their own in a distributed space. The intent of object-
oriented analysis (OOA) is to define all classes (and the relationships and behavior
associated with them) that are relevant to the problem to be solved, e.g. Pressman
(2010).

Object-oriented software engineering also follows the same major phases and steps
as conventional approaches such as classical and structured approach. Object tech-
nologies lead to reuse, and reuse (of program components) leads to more rapid
software development and higher-quality programs. Object-oriented software is
easier to maintain because its structure is inherently decoupled. In addition, object-
oriented systems are more adaptable to changes and measurable to scaling (i.e.
large systems can be created by gathering reusable subsystems).

Definitely, the arrival of Internet and Web-based applications by the beginning
of 90’s, signaled the beginning of a new era through which almost everything is
reshuffled and redefined. Then we started using the vocabulary of components,
interfaces, services (even Web Services), dot-com, .NET, Java Enterprise Edition
(formerly J2EE), Service-Oriented Architecture (SOA), Plain Old Java Objects
(POJO), Cloud Computing and many other things in practice. In the same way,
Capability Maturity Model (CMM), Software Process Improvement Capability dE-
termination (SPICE), Capability Maturity Model Integrated (CMMI), and agile ap-
proaches have appeared as the software process management approaches in indus-
try. In addition to the practical and academic thoughts and tools, the Software
Factories concept was recently put into reality and Software Product Lines (SPL)
became the new relevant technique as stated by Aktas & Cetin (2006). Those pro-
cess centric capability measurement models would facilitate the acquisition of in-
formation systems as well, commented by Cetin (1998). One such frame approach
has been introduced in Europe as EUROMETHOD during as early as nineties and
it has now turned out to be Information Services Procurement Library – ISPL, see
ISPL (2001) after CMMI, SPICE and RUP and UML developments worldwide.

In parallel with these developments in ICT, there are also some attempts in busi-
ness management to build a bridge on the gap between business and ICT fields. The
Business Rules Management (BRM), Business Process Management (BPM), Busi-
ness Process Orchestration (BPO), and Business Intelligence (BI) have become the
fascinating topics. Knowledge Management became the new term coined nearly
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more than a decade ago.

4 The software crisis

Despite the advancements in ICT summarized in the previous sections, there has
been still a very keen effort to search for the better in software. Yes, the soft-
ware development life cycles were more definite than before, information systems
analysis and design techniques were even more capable, software development en-
vironments and tools were dramatically enhanced as compared to 60’s, 70’s and
even 80’s, but anyhow end users were not so much happy even at the beginning of
a new century, say the years 2000’s, with the current status of software industry.

This unbridled discontent was mainly stemmed from overall complexity of the soft-
ware process, variety of applications and the relative immaturity of software devel-
opment as a vision. Later pointed out by several people as “software crisis”, this
catastrophic state manifested itself in several ways: projects running over-time and
over-budget, low quality end products, and unmet requirements.

Unfortunately, after three decades, even after biting a few silver bullets, we are
more or less debating the similar problems of software crisis today but in a differ-
ent extent, stated by Harel (1992). As an example, take ”2003 Chaos Chronicle
Report” of Standish Group(2003), which stated: “Over 66% of all software devel-
opment projects fail or are severely compromised, meaning they are drastically over
budget or time, and/or they deliver significantly less scope than promised. Despite
the introduction of a multitude of decent technologies, tools, techniques, method-
ologies, and industry standards organizations, the software industry remains in the
state of crisis”.

5 Search for a solution

The widespread use of Internet all over the world during the late 90’s has blown the
strong wind in the sail of deep oceans of software engineering. Known as the “new
era of software engineering”, Web-based development has introduced enormous
amount of reflections into the field. As noted by Cummins (2002), the Internet and
electronic commerce have been changing the way business is conducted and have
increased the need to improve the operation of the enterprise as a whole. Businesses
need to exploit commercial-off-the-shelf (COTS) applications where custom solu-
tions no longer provide a competitive advantage. Undoubtedly, another most im-
portant concept was “software architectures”. It may be defined as the structure or
structures of a program or computing system, which comprise software elements,
the externally visible properties of those elements, and the relationships among
them, e.g. Bass, Clements & Kazman (2003) and Braude & Bernstein (2011).
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Web has changed the life in a way that any Web-based solution today has millions
of potential users over there waiting to use your application. This new “e-style” of
computing also named the period of 90’s as the “programming in the world” as the
last style of computing.

Software quality was one of the major concerns of 90’s if it was not the most sig-
nificant. Business world had been seriously revolutionized to have an increasing
demand on high quantity and quality of services, which should have been met by
the information technology solutions. Faced to such a tremendous demand, the
software industry acted upon by the extensive vision of “process maturity” and
“final product supremacy”.

Software process maturity was not a new concept at 90’s. Improvements in soft-
ware development life cycles, iterative-incremental techniques, spiral approach,
and clean-room development model have all been put into reality beforehand. Even
more, the Software Engineering Institute at Carnegie Mellon University has de-
veloped the well-known CMM, which has been extensively used for a while for
avionics software and government projects since it was created in the mid-1980s.
By the end of 1999, SEI has subsequently released a revised version known as the
CMMI, which contains 25 key process areas indicating the aspects of product de-
velopment that are to be covered by company processes as noted by Chrissis et al.
(2003). In parallel to CMM and CMMI efforts, the Joint Technical Subcommit-
tee formed by International Standardization Organization (ISO) and International
Electro-technical Committee (IEC) has developed a "framework for the assessment
of software processes" under the well-known name of SPICE or “ISO/IEC 15504”.
SPICE is used much like CMM and CMMI.

Both CMMI and SPICE try to conceptualize the software processes in a well-
defined and well-tracked manner. That is why they are mostly known as formal
or rather heavy methodologies since they mainly discipline the software develop-
ment and ease the project monitoring efforts. Nevertheless, such formalism some-
times obstructs the nimbleness of small to medium software organizations noted by
Cetin, Tufekci, Buyukkagnici & Karakoc (2006). Agility in software development
is then needed badly today to cope with the ever-changing requirements of business
departments. Unfortunately, such agile attempts sometimes have been misinter-
preted like “anarchy in the software engineering”, thus pioneers of the agility have
agreed on establishing “The Agile Alliance” as a non-profit organization for stress-
ing the “discipline” in agility in a much more comprehensive manner producing
Agile Manifesto as stated by Braude & Bernstein (2011).

Although people has been only busy with process maturity models to assure the
quality in software for more than three decades, the perception of software quality
has been slightly changed in the second half of 90’s. Unsurprisingly, this change
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has been primarily stemmed from the difficulty of Web-based implementations.
Then, people started rethinking about the definition of software quality and quan-
tifiable factors affecting it. Such attempts have ended up with the formal definition
of software quality and the associated quality factors in ISO/IEC Draft 9126-1. An-
ticipating the idea of more assembling instead of individual development obligated
the practice of proper application partitioning. The foremost attempt was the pro-
vision of very clearly defined and independent interfaces among components under
the name of “services”. This idea later on emerged a brand new concept called as
Service Oriented Architecture (SOA), which includes activities, services and pro-
cesses. For more granulated autonomy, another school of thought has leveraged
the well-known idea of “separation of concerns”. In fact, everything has started
with particularly isolating those crosscutting concerns, which yielded the Aspect-
Oriented Programming (AOP) models like AspectJ e.g. Laddad (2003). Today
Aspect-Oriented Software Development (AOSD) has an extensive vision to iden-
tify and separate the aspects of software systems as early as possible and even
before coding. So-called “early aspects” targets at applying the aspect-oriented
methods even at the requirements analysis phase and propagating to the later stages
of design and coding as in the case of OO modeling as noted by Cetin, Altintas &
Solmaz (2006).

For more dynamic information systems, the study of software architectures has
even stretched the development efforts to the automatic generation of entire code.
Somehow like the incarnation of Computer-Aided Software Engineering (CASE),
this new school of thought has an objective to model information systems regardless
of the architectures and generate the executables for a specific platform. Known
as Model-Driven Development (MDD) in general, the Model-Driven Architecture
(MDA) proposed by Object Management Group (OMG) has blown a strong wind
both in academia and industry.6

6 Where are the business professionals?

Until recently, information system developments have been acknowledged as the
mere activity of IT or ICT departments. Moreover, for the sake of correctness and
entirety, business professionals have been incorporated into the life cycle no more
than necessary. However, this model is known to be static and inflexible to the
dazzling changes in the very dynamic business environments. Instead, just imagine
an alternative model where ICT departments are providing tools and infrastruc-
ture and business departments are using them to model their businesses, apply the
rules, vigorously change the flows, introduce document exchange triggers, and even

6 OMG: http://www.omg.org/mda/
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monitor and measure the productivity in business cycles. This model should also
enable us to understand and design the information systems in terms of very coarse-
grained elements, which should not expose the sizzling facts. The technical facts
such as objects, components, tables, scripts etc should be hidden but more intelli-
gible services, processes, rules and workflows will be the essential ingredients of
information system development noted by Altintas and Cetin (2005).

In leading our way towards the solution for software crisis or chaos, we strongly
believe that the basic problem, among others, in software development still stems
from the fact that there exists a habitual misconception or disaccord between busi-
ness and information technology units. All the methodologies, techniques, soft-
ware standards, process models so far have been primarily devised to resolve this
misconception. However, a relatively recent research nevertheless shows that only
54% of the originally defined features are delivered, and even more troubling is the
realization that, of those features that are delivered, a full 45% are never used. The
requirements that are developed and agreed (and supported by large paper docu-
ments) often do not represent what the customer wants or needs - but this isn’t
apparent until significant cost has been devoted to development and testing based
on these flawed requirements. The rework required and the trade-offs expected
from the customer are simply mind-boggling as stated by Standish (2003).

Today, business agility urges the use of “enterprise intelligence”. Enterprise intel-
ligence is the integration of people and systems, sharing information (and knowl-
edge) collaborating on solutions and plans, and communicating decisions and events
so that the enterprise responds intelligently in a manner reflecting enterprise-wide
optimization. It is a strategic objective to enable the enterprise to achieve and main-
tain competitive advantage as noted by Cummins (2002).

Building a bridge between business professionals and ICT departments is the key
reason and motivation behind the proposal that we are going to make at the end
of our paper. Before we do that, it will be useful to present some more relevant
topics in the next sections such as AI and Knowledge-Based Systems, Knowledge
Management, and Transdisciplinarity.

7 Artificial Intelligence and Knowledge-Based Systems or Expert Systems

One may define Artificial Intelligence (AI) as the area of computer science that en-
deavors to build machines exhibiting human-like cognitive capabilities as stated by
Becerra et al. (2004). Historically, computers have excelled at performing logical,
repetitive tasks such as complex arithmetic calculations or database storage and re-
trieval. One aspect common across these repetitive tasks is that they are algorithmic
in nature. That is, they involve a precise and logically designed set of instructions
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that yield a single correct output.

Humans, on the other hand, excel at solving problems using symbols to which
meaning can be attached. The manipulation of these symbols is arguably the basis
of AI: symbol manipulation. One may then redefine AI as the science that pro-
vides computers with the ability to represent and manipulate symbols so they can
be used to solve problems not easily solved through algorithmic models. Tiwana
(2002) defines AI as the science that “. . . encompasses computational techniques
for performing tasks that apparently require intelligence when performed by hu-
mans.”

Most modern AI systems are founded on the realization that intelligence is tightly
intertwined with knowledge. Knowledge is associated with the symbols we manip-
ulate. Many other technologies either currently fall, or at one time fell, under the AI
umbrella of technologies. Becerra et al. (2004) classified them as: a) Case-based
reasoning; b) Neural networks; c) Inductive learning.

Becerra et al. (2004) states that KBSs are different from general search systems
and from conventional software because of three fundamental concepts:

• The use of highly specific domain knowledge;

• The heuristic nature of the knowledge employed from how it is used;

• The separation of the knowledge from how it is used.

Rules (also called productions) are the most popular and natural way to represent
the former; frames are typically the most suitable way to represent the latter. The
automated reasoning process is closely associated with the inference engine. It
defines how the knowledge is exercised to yield the desired results.

8 Knowledge management

Knowledge Management (KM) simply involves the retention of and access to knowl-
edge that is of value to the enterprise. The KM process is concerned primarily with
capturing, preserving, and using knowledge as an asset of the enterprises noted by
Cummins (2002). According to Tiwana (2002), KM is the management of orga-
nizational knowledge for creating business value and generating a competitive ad-
vantage. KM is not a business process reengineering. It is about supporting critical
processes such as business decisions with the right knowledge at the right time for
the right decision maker. Roknuzzaman&Umemoto (2008) defines KM as a rela-
tively new area of investigation which integrates a wide range of concepts, theories
and practices from different disciplines. The emergence of knowledge has led to
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the transformation of post-industrial information society into knowledge based so-
ciety. Referring to the Gartner Group, they define KM as a discipline that promotes
an integrated approach to the creation, capture, organization, access, and use of the
information assets of an enterprise. These assets include structured databases, tex-
tual information such as policy and procedure documents, and most importantly,
the tacit knowledge and expertise resident in the heads of individual employees.

According to Becerra et al. (2004), KM consists of the following four distinct
processes:

1. Knowledge Discovery: Combination and Socialization,

2. Knowledge Capture: Externalization and Internalization,

3. Knowledge Sharing: Socialization and Exchange,

4. Knowledge Application: Direction and Routines.

Tiwana (2002) also outlines a few points as an answer to the question: “What
Knowledge Management is NOT about?” :

1. KM is not knowledge engineering.

2. KM is about process, not just digital network.

3. KM is not about building a smarter intranet.

4. KM is not about a one-time investment.

5. KM is not about enterprise-wide “infobahns”.

As noted earlier, knowledge can be either explicit or tacit. By definition, explicit
knowledge is already captured in an understandable form. This is not so for tacit
knowledge. It is, therefore, important to elicit tacit knowledge and then capture it
in a form that makes it easily manageable. Knowledge elicitation does not need to
be limited to the process of developing knowledge-based systems. Humans seek
and acquire knowledge in our everyday activities. We read books, magazines, and
articles; and we observe others perform tasks. More significantly, we often ask
questions of knowledgeable people, for example, at the auto parts store, the com-
puter store, the hardware store, and the travel agency. We occasionally take classes
to accelerate our learning process. All these activities are part of the process of
managing knowledge.

Awad & Ghaziri (2004) states that Knowledge Management is rooted in many disci-
plines, including business, economics, psychology, and information management.
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It is the ultimate competitive advantage for today’s firm. Knowledge management
involves people, technology, and processes in overlapping parts. Figure 3 depicts
the KM defined by Awad & Ghaziri (2004).
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According to Awad & Ghaziri (2004), up to 95% of information in an organization
is preserved as tacit knowledge. It is the fuel or raw material for innovation- the
only competitive advantage that can sustain a company in an unpredictable busi-
ness environment. It is not intended to favor expert systems of the early 1990s,
when computers were programmed to emulate human experts’ thought processes.
The goal is to present a balanced view of how computer technology captures, dis-
tributes, and shares knowledge in the organization by linking human experts and
documented knowledge in an integrated KM system. The goal is for an organi-
zation to view all its processes as knowledge processes. This includes knowledge
creation, dissemination, upgrade, and application toward organizational survival.

An alternative definition of KM is also given by Awad & Ghaziri (2004) as “KM is
a conscious strategy of getting the right knowledge to the right people at the right
time; it is also helping people share and put information into action in ways that
strive to improve organizational performance”.

The increasing dominance of knowledge as a basis for improving the effectiveness
triggered many companies to find the means for utilizing the knowledge they have
gained from previous experience. Awad & Ghaziri (2004) outlines the major chal-
lenges in building KM Systems as:

1. Culture: getting people to share knowledge;
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2. Knowledge evaluation: assessing the worth of knowledge across the firm;

3. Knowledge processing: precisely documenting how decisions are reached;

4. Knowledge implementation: organizing the knowledge and integrate it with
the processing strategy for final deployment.

The key differences and the similarities of the System Life Cycles of information
systems and KM systems are also analyzed by Awad & Ghaziri (2004). It thus indi-
cates that KM is not the Knowledge Engineering that is defined as the knowledge-
based systems. Referring to Yang (2009) for another discussion, one may state that
KM is a management theory which emerged in the 1990s, since 1995 to be exact.
It seeks to understand the way in which knowledge is created, used and shared
within organizations. KM comprises a range of practices used by organizations to
identify, create, represent, and distribute knowledge for reuse, awareness and learn-
ing. Most large companies have resources dedicated to Knowledge Management,
often as a part of “Information Technology” or “Human Resource Management”
departments, and sometimes reporting directly to the head of the organization.

As effectively managing information is a must in any business, Knowledge Man-
agement is already a multi-billion dollar worldwide market. There has been an
increased focus in recent years on knowledge engineering, particularly in academic
institution and enterprises. Artificial intelligence has a relatively long history in
dealing with knowledge from both a theoretical and practical perspective. The
many influences on artificial intelligence (e.g. philosophy, psychology and linguis-
tics) bring to it a rich heritage of ideas and a sound foundation in applied field.
Over the past 25 years, knowledge engineers have developed a number of prin-
ciples, methods and tools that have made knowledge acquisition an efficient and
effective activity. Interestingly, many of principles, methods and tools of knowl-
edge engineering may have relevance to knowledge management.

9 Transdisciplinary approaches

Exploring the needs of transdisciplinary approaches in engineering solutions is not
new at all. Even, the International Center for Transdisciplinary Research (CIRET)
is a non-profit organization, located in Paris and founded in 1987. The aim of that
organization is to develop research in a new scientific and cultural approach - the
transdisciplinarity - whose aim is to lay bare the nature and characteristics of the
flow of information circulating between the various branches of knowledge.

European Universities Association (EUA) is a European organization that tries to
bring all the European universities for the creation of Knowledge Europe as a part
of Knowledge Society of Europe. The most important topics of EUA in the recent
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years have been interdisciplinary and/or transdisciplinary research and education
in European Universities. The Society for Design and Process Science (SPDS)
especially for transdisciplinary topics has been founded already nearly two decades
ago in the USA, the researchers and educators, our colleagues, therefore deserve
also a special attention and congratulation referring to Ertas (2006).

Noting the constantly growing complexity of problems in various fields such as
environmental sciences, life sciences, ICT, technology and society, materials sci-
ence, mobility and transport etc., and also realizing the fact that it is almost im-
possible to generate comprehensive solutions from a single discipline only, then
inter- and transdisciplinary work becomes more and more inevitable. Referring to
Wikipedia, one may define transdisciplinarity as a principle of scientific research
and intradisciplinary practice that describes the application of scientific approaches
to problems that transcend the boundaries of conventional academic disciplines.
Any phenomena, such as the natural environment, energy, and health, may be re-
ferred to as transdisciplinary or approached and better understood through a process
of transdisciplinary modeling. Transdisciplinarity can also be found in the arts and
humanities.

A similar concept is interdisciplinarity which usually refers to collaborative projects
in which scientists from several fields work together. Interdisciplinarity or intradis-
ciplinarity is considered to be different than transdisciplinarity. Interdisciplinarity
concerns the transfer of methods from one discipline to another. Like pluridis-
ciplinarity, interdisciplinarity overflows the disciplines but its goal still remains
within the framework of disciplinary research.

As the prefix "trans" indicates, transdisciplinarity concerns that across the different
disciplines, and beyond each individual discipline. Its goal is the understanding
of the present world, of which one of the imperatives is the overarching unity of
knowledge. We strongly believe that such an approach will have a particular contri-
bution to the knowledge society development in the whole world. As in the case of
disciplinarity, transdisciplinary research is not antagonistic but complementary to
multidisciplinarity and interdisciplinarity research. Transdisciplinarity is neverthe-
less radically distinct from multidisciplinarity and interdisciplinarity because of its
goal, the understanding of the present world, which cannot be accomplished in the
framework of disciplinary research. The goal of multidisciplinarity and interdisci-
plinarity always remains within the framework of disciplinary research as noted by
Ertas et al. (2003).

Finally, thinking aloud, the need for earthquake engineering among the disciplines
of civil and geology engineering, geological sciences, even, health sciences, so-
cial sciences, media and communications; a very new topic with a not- new name,
knowledge engineering, among the disciplines of computer sciences/engineering,
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expert systems (knowledge-based systems or early ‘knowledge engineering’), man-
agement, business, business engineering, knowledge management, artificial intelli-
gence etc., one would feel how timely and proper will then be a transdisciplinary
approach for such topics, fields and new disciplines.

10 A proposal: Knowledge Engineering ‘Reborn’

As noted by Cummins (2002), businesses have been becoming more complex and
decisions require greater analysis and expertise. Therefore, much of the respon-
sibility for managing an enterprise has been more and more being delegated to
specialists, or “knowledge workers”. We propose in this paper that these workers
are named “knowledge engineers”.

Knowledge Management is the distribution, access and retrieval of unstructured in-
formation about human experiences between interdependent individuals or among
members of a workgroup. It involves identifying a group of people who have a
need to share knowledge, developing technological support that enables knowledge
sharing as well as creating a process for transferring and disseminating knowledge.
(e.g. Wikipedia, Knowledge Management)

The knowledge is increasing at an astronomical rate. The management of such
a fabulous level of knowledge is not a simple task today and requires systematic
engineering techniques. Consequently, the early definition of “Knowledge Engi-
neering” of AI and relatively recently proposed Knowledge Management alone are
no longer applicable to the situation. Knowledge Engineering should now involve
acquiring, formalizing and refining the knowledge. Knowledge engineers are there-
fore, concerned with building and presenting knowledge as the knowledge system
responds to the needs of the user (whether human or machine) and allows a con-
nected understanding of the topic rather than a fragmented understanding of pieces
of knowledge in isolation. This also implies the logical and intelligent navigation
of information / knowledge.

Nowadays, information systems are projected to include and manage the knowl-
edge, thus information system development should be more or less a sort of knowl-
edge engineering practice as well. However, the classical separation of concerns
for business development and information system development of the past is not
capable today for generating the elegant and successful information systems. At
every step of information system development life cycle, business experts and in-
formation technology experts should work together in a synergy to avoid tangling
relationships, which amplifies the severe communication and lack of understand-
ing. In that sense, existing process maturity models, pure OO methods, agile ap-
proaches and even supporting tools are not adequate enough. Definitely, there is a
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need for a new approach.

The separation of concerns at this conceptual level is the hot topic of software
industry today. It may be performed dividing into three as: “business services”,
“business processes” and “business rules”. Subsequently, business services will be
implemented with an Enterprise Service Bus (ESB – a sort of SOA engine), busi-
ness processes with a Business Process Model (BPM) engine, and finally business
rules with a Business Rules Model (BRM) engine, respectively. The only miss-
ing thing in this picture is the “Business to Business (B2B)” integration, which
will be implemented with Business Process Orchestration (BPO) engines. Such an
imaginary model will provide a meta-model for business experts of business de-
partments to define their own model and the information technology departments
are expected to design and implement these four aforementioned engines and the
others as expected to build the needed bridge on the gap between IT and Business
Units.

We strongly envisage that this imaginary model will constitute the foundation of
contemporary “Knowledge Engineering”.

David Garlan and Mary Shaw from Carnegie Mellon University have used another
statement in their lecture notes: engineering enables ordinary people to do things
that formerly required virtuosos. In addition to classical engineering disciplines,
there are some new engineering fields relevant to knowledge such as:

1. Business Engineering

2. e-Business Engineering

3. Enterprise Engineering

4. Biomedical Engineering

5. Data Engineering

6. Knowledge Engineering (BUT ...)

Nearly twenty years ago, the term “Knowledge Engineering” started to be used as
a part of AI concerned with the principles, methods and tools for acquiring knowl-
edge and developing knowledge-based systems. Relatively recently, Preece et al.
(2001) stated that “In the 1990s, knowledge engineering emerged as a mature field,
distinct from but closely related to software engineering. Among its distinct aspects
are a range of techniques for knowledge elicitation and modeling, a collection of
formalisms for representing knowledge, and a toolkit of mechanisms for imple-
menting automated reasoning.”
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More recently we have been talking about “knowledge workers” in various occa-
sions. We, therefore, believe that it will be very timely to propose a new context
for “Knowledge Engineering” to include not only AI but also business engineering,
e-business engineering, computer science/engineering, software engineering, ICT
and knowledge management. A similar claim had already been put by Solvberg &
Kung (1993) by introducing the term “information systems engineering”.

An interesting discussion is given by Kendal & Creen (2007) as follows: “The
terms ‘knowledge management’ and ‘knowledge engineering’ seem to be used as
interchangeably as the terms data and information used to be. The term ‘manage’
relates to exercising executive, administrative and supervisory direction, whereas,
to engineer is to layout, construct or contrive or plan out, usually with more or less
subtle skill and craft. The main difference seems to be that the (knowledge) man-
ager establishes the direction the process should take, whereas the (knowledge) en-
gineer develops the means to accomplish that direction. We should therefore find
knowledge managers concerned with the knowledge needs of the enterprise, e.g.
discovering what knowledge is needed to make decisions and enable actions. They
should be taking a key role in the design of the enterprise and from the needs of the
enterprise they should be establishing the enterprise level knowledge management
policies. On the other hand, if we were to look in on the knowledge engineers we
should find them concerned with data and information (and knowledge) represen-
tation and encoding methodologies, data repositories, etc. The knowledge engi-
neers would be interested in what technologies are needed to meet the enterprise’s
knowledge management needs. The knowledge engineer is most likely a computer
scientist specializing in the development of knowledge bases but a knowledge man-
ager may be the chief information officer or the person in charge of the information
resource management.” One may read that part considering the more general con-
cept that we propose for knowledge engineering term and we feel that there is a
very close parallelism.

Though there are dozens of terms ascribed to knowledge leaders by consulting
firms, the five main categories of knowledge leadership in the corporations are in-
troduced by Bergeron (2003):

1. Chief Knowledge Officer (CKO)

2. Knowledge Analyst

3. Knowledge Engineer

4. Knowledge Manager

5. Knowledge Steward
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Thus, it will be right time to open a discussion for the content of a Knowledge En-
gineering program especially to include the following specialization topics among
others:

1. Knowledge Management and Engineering

2. Artificial Intelligence

3. Software Engineering

4. Domain Engineering

5. Data Bases and Data Mining

6. Knowledge-based Systems

7. Knowledge Elicitation

The way we redefine “Knowledge Engineering” is demonstrated in Figure 4.

“Software Engineering” rising on the shoulders of “Computer Engineering” for the
past 40 years has been enriched by the early birth of systematic classification and
manipulation of computer-based knowledge using “Artificial Intelligence (AI)” and
“Expert Systems” during the last two decades. Therefore, it used to be the com-
mon understanding that “Knowledge Engineering” has fully covered the structural
knowledge on top of AI and Expert Systems. However, the recent advancements
like Ontology-Based Software Engineering (OBSE) and Model Driven Develop-
ment (MDD) in software engineering have led the “knowledge workers” to con-
centrate more and more on modeling the specific “domain know-how”.

These advancements have formed the six basic pillars of “Knowledge Engineering”
given in Figure 4 to leverage epistemology more in business execution:

1. Requirements engineering deals with exploring the exact needs of systems
and various stakeholders, where functional and non-functional (quality re-
lated) issues should be extracted, elicited, and associated correctly for a bet-
ter knowledge management.

2. Domain engineering, as an emerging discipline, manages the reusability of
knowledge through commonality and variability models in software product
design. Using systematic techniques such as Feature-Oriented Domain Anal-
ysis (FODA) and Feature-Oriented Reuse Method (FORM), Domain Engi-
neering aims to help industrialize the software production process.
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Figure 4.The Foundations and Six Pillars of Knowledge Engineering 
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3. Data engineering approaches to classification of raw data in a way that proper
level of knowledge can be extracted and structured by suitable mining tech-
niques, which is essential to transform the data into knowledge within an
extremely growing size of information in the World Wide Web era.

4. Service engineering is required to structure the huge amount of data system-
atically in a cross- business environment for a loosely-coupled management
of knowledge, where new trends such as “Web 2.0” and “Software as a Ser-
vice (SaaS)” concepts are pushing enterprises every day to understand the
need for epistemology in their daily businesses.
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5. Systems engineering is an interdisciplinary way to manage the “enterprise
knowledge” by means of integration of disciplines within a business or across
businesses. It integrates other disciplines and specialty groups into a team
effort, forming a structured information management process that proceeds
from concept to production and later to operation and disposal.

6. Business engineering leverages the rest of five pillars to use knowledge for
creating more business opportunities through Business Process Management
possibly with the segregation of business rules, processes, services, persis-
tence, and presentation models.

We feel that we are lucky to have the job title "Knowledge Engineers" already be-
ing used relevant to knowledge-based systems or expert systems for nearly twenty
years. What we propose now in short is to use it instead of “knowledge work-
ers”, “information engineers” or “information systems engineers”. We also propose
to expand the previous content of “Knowledge Engineering” to include in parts,
computer engineering, software engineering, business management and knowledge
management. Additionally, in addition to expert systems and the six pillars in-
troduced by Figure 5, we define “Knowledge Engineering” as a new synthesis
of “Transdisciplinary Approach” for better “Business Management” and “Knowl-
edge Management”. This vision shifts the existing focus of “Knowledge Engineer-
ing” from “domain knowledge” to futuristically significant “knowledge domain”
in which the “Knowledge Engineering” will try to model “ontology of ontologies”
across transdisciplinary domains.

11 Conclusions

It has been a fascinating experience for both of us to overview especially the last
three decades of software development process. Although there have been many
attempts over and over during these years to improve the process it is dramatic that
we are still talking about “software crisis” or “chaos in software development”.
We therefore believe that it may be a proper time to initiate a debate on the cur-
riculum content of a new engineering discipline named “Knowledge Engineering”
as a result of a transdisciplinary approach that will be especially over Computer
Science/Engineering or simply ICT, and Business Management and Engineering
disciplines.

We strongly believe that it will be the Knowledge Engineering that will put sand-
gravel and steel, the data - information -knowledge and wisdom into the construc-
tion of buildings, knowledge systems; using cement - software components. The
rest are just basic process modeling issues and pure technology.
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Topic is interesting yet quite extensive. It is almost impossible to include all the
facets in a single paper. It is our only hope that this paper stirs an attention and
provides a discussion platform for the future of our professions. We know and
understand the difficulty to change the meaning of a term, say ‘knowledge engi-
neering’ after nearly thirty years. But again all these years may become the reason
to make the change as a proof of imminent need.
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