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a b s t r a c t

Knowledge based engineering (KBE) is a relatively young technology with an enormous potential for
engineering design applications. Unfortunately the amount of dedicated literature available to date is
quite low and dispersed. This has not promoted the diffusion of KBE in the world of industry and acade-
mia, neither has it contributed to enhancing the level of understanding of its technological fundamentals.
The scope of this paper is to offer a broad technological review of KBE in the attempt to fill the current
information gap. The artificial intelligence roots of KBE are briefly discussed and the main differences and
similarities with respect to classical knowledge based systems and modern general purpose CAD systems
highlighted. The programming approach, which is a distinctive aspect of state-of-the-art KBE systems, is
discussed in detail, to illustrate its effectiveness in capturing and re-using engineering knowledge to
automate large portions of the design process. The evolution and trends of KBE systems are investigated
and, to conclude, a list of recommendations and expectations for the KBE systems of the future is
provided.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Knowledge based engineering (KBE) stands at the cross point of
diverse fundamental disciplines, such as artificial intelligence (AI),
computer aided design (CAD) and computer programming. Though
these individual contributing disciplines are widely represented in
scientific literature, KBE as of yet, is not. To date, no scientific books
can be found that are dedicated to this topic. This can be explained
by the fact that KBE has been for many years the exclusive domain
of a few and highly competitive industries (aerospace and automo-
tive in particular) and has not entered mainstream academic
research.

The limited amount of available information, mainly in form of
pamphlets from KBE vendors, has not stimulated the scientific com-
munity interest in KBE as a real engineering discipline. In addition, it
has always been difficult to precisely position this technology with-
in the panorama of scientific research. Is KBE about CAD develop-
ment? Or is it about artificial intelligence? Or IT? Eventually, this
mix of inherent ambiguity and scarce information - possibly
encouraged by an inconvenient name: what kind of engineering is
not based on knowledge! – has marked the difficult story of KBE
to date.

At the beginning of 2000, a 20 page booklet entitled Achieving
Competitive Advantage through Knowledge-Based Engineering [1]

was prepared for the British Department of Trade and Industry,
with the stated aim of demystifying the terminology surrounding
KBE and to explain how such a technology could be deployed to
gain competitive advantage. In the format of a best practice guide,
it starts with a very brief and high level description of the funda-
mental concepts of KBE, then focuses on the possible impact of
KBE on the business and concludes with some implementation
and use guidelines. Although acknowledged to be one of the most
popular readings on KBE, this document did not offer sufficient
technical content to spark the interest of the scientific community.
Whilst the strengths and opportunities of using KBE are well
highlighted, no detailed information is given about the technology
underpinning KBE, neither indications on the sort of activities in-
volved in the development of a KBE application. In the same period,
two journal papers by Chapman and Pinfold were published,
offering a much more scientific look at KBE [2,3]. To date they
are possibly the two most cited publications in the field of KBE.
Yet, the main focus of those papers was on the specific application
cases rather than KBE technology.

So far, several other design cases claiming and demonstrating
the potential of KBE in the field of engineering design have been
published in scientific literature [4–10], but, still, almost nothing
that focuses just on KBE technology. The purpose of this paper is
to fill this gap and offer a review of the technological fundamentals
of knowledge based engineering. Although some references and a
few examples will be provided, no specific application and valida-
tion cases are thoroughly discussed in this paper.
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Knowledge based engineering technology can be positioned in
the group of so called knowledge technologies. In Ref. [11], Milton
makes used of this term to address ‘‘a set of new computer-based
techniques and tools that provide a richer and more intelligent use
of information technology’’. The power of knowledge technologies
comes from the way they combine ideas and applications from a
surprising broad and heterogeneous set of fields, including psy-
chology, philosophy, artificial intelligence, engineering, business
management, computer science and web technologies. The com-
mon denominator of knowledge technologies is their focus on
knowledge and its management: for example, how to identify rel-
evant knowledge in an organization; how to capture and formalize
it for more efficient reuse; how to represent and store it to improve
access, maintenance and transfer; how to embed it in computer
systems to provide benefit. The development of computer systems
that help engineers to increase the efficiency of their work by
enhancing the level of automation in the design process, is defi-
nitely the area of interest of KBE. Knowledge capture, representa-
tion, retrieval, as well as knowledge coding and inference are
some aspects which are definitely related to KBE and the develop-
ment of KBE applications; however they fall in the focus areas of
other contiguous disciplines, such as knowledge engineering and
knowledge management.

The boundaries and categorizations of these disciplines and
their relative (knowledge) technologies are quite fuzzy and subjec-
tive. In Ref.[12], McMahon et al. position KBE in the field of knowl-
edge management, together with other knowledge technologies,
such as data mining and ontology engineering, as well as with
those technologies for computer-supported collaborative work
that range from email to desktop sharing systems and video con-
ferencing. Within the Airbus company, one of the pioneering orga-
nizations in the adoption of KBE, and, similarly, inside the Dutch
aerospace companies Fokker Elmo and Fokker Aerostructures,
KBE is considered one technology in the broader field of knowledge
engineering.

According to the typical methodological approach to practice
KBE, before starting with the development of any KBE application,
it is required to proceed, first, with the identification, then the
acquisition and, finally, the codification of the relevant knowledge
that will have to be embedded in the KBE application itself. Once
developed, the given KBE application will be deployed, typically
as part of a broader and heterogeneous engineering design frame-
work, where it will be integrated with other computer aided engi-
neering tools by means of some workflow management system.
Already in this oversimplified description of the development
and deployment process of a KBE application, it appears that the
interest areas of KBE, Knowledge Engineering and knowledge man-
agement intersect, complement and specialize each other. While in
the KBE area, the focus is on the technical development of the KBE
application, in the knowledge engineering area, the emphasis is on
the acquisition and codification of knowledge. Within the knowl-
edge management area the attention is on the overall goal of nur-
turing and supporting initiatives that can enable a more efficient
and effective use of the knowledge assets in the organization. In

each of the three areas, specific tools and (knowledge) technologies
are developed and brought in use. A graphical representation of
this context is attempted in Fig. 1.

Aspects not strictly related to KBE and its technological funda-
mentals will not be treated further in this paper. However, the
reader is referred to the work of Shreiber et al. [13] to learn more
about methodologies to support the development of generic
knowledge based systems. The reader interested in the develop-
ment of methodologies specific for KBE systems, is advised to refer
to the work generated in the framework of the MOKA project [14–
16]. An overview on a broad set of knowledge technologies can be
found in Ref. [11]. Here, apart from KBE, a friendly introduction is
provided to semantic technologies and ontology languages to cod-
ify and exchange knowledge, such as KIF (knowledge interchange
format), RDF (resource description framework) and OWL (ontology
web language). Ref. [17] offers a step-to-step guide to knowledge
acquisition, which falls outside the area of KBE, but represents an
essential step toward the development of any KBE application.

In synthesis, this paper is not going to discuss when KBE should
be used, who should use it (further interesting readings in Ref.[18–
20]), and how it should be used, but it will focus on what KBE is and
what developing a KBE application is about, where KBE is coming
from, and, to conclude, where KBE is and should be going.

To achieve these aims, the paper is structured as follows. To be-
gin, a comprehensive definition of knowledge based engineering is
provided in Section 2. In Sections 3–4 the origins of KBE are inves-
tigated. The similarities and main differences with its AI ancestors
are then discussed in Section 5. Section 6 represents the main body
of the paper and deals with the programming approach of KBE.
Indeed, the use of a programming language is the main character-
istic of state-of-the-art KBE systems. The typical nature and main
features of KBE languages are covered in detail. Sections 7–8
provide a categorization of the design rules that can be manipu-
lated in a KBE system to perform generative design. Section 9 col-
lects some reflections on the convenience of the programming
language approach to support engineering design and the relative
positioning of KBE and CAD in the engineering design process. Sec-
tion 10 describes the evolution and the current trends in KBE tech-
nology, thereby covering the major advances in the field since the
time of the first best practice guide mentioned above. Section 11
provides a number of conclusions, together with a list of recom-
mendations and expectations for the future development of KBE.

2. Knowledge based engineering: a definition

Various definitions of knowledge based engineering can be found
in literature, which typically reflect the different views held by dif-
fering KBE stakeholders. A company manager can see KBE as a tech-
nology asset to compress product development time and cut
engineering costs. A KBE developer, i.e. the user of a KBE system
for the development of KBE applications, sees it as a refined type of
software development tool incorporating aspects of object oriented
(OO) and functional programming. Engineers and designers, i.e. the
typical users of KBE applications, might see KBE as a technology to

Nomenclature

AI artificial intelligence
CAD/CAE/CAA computer aided design/engineering/analysis
FBS frame based system
IT information technology
KB knowledge base
KBE knowledge based engineering
KBS knowledge based system

RBS rule based system
MDO multidisciplinary design optimization
MMG multi model generator
OO object oriented
PLM product lifecycle management
UML unified modeling language
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