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The issues
• Research area on technological change 

and strategic innovation.
• Are innovations accelerating technological 

change?; or
• Are technological changes accelerating 

strategic innovations?
• Where engineering meets management?, 

or rather
• Where management meets engineering?



SCOPE

• In the very near future, the study of 
engineering complex systems is of 
paramount importance not only to 
engineering education, but also to 
business  education, more specifically in 
terms of  strategic management of 
science, technology and innovation



Complex Systems
and Complexity Sciences

• «I think the next century will be the century of complexity
(S.Hawking, 2001) »

• As reported by Chui, G. (2000). “‘Unified Theory’ is Getting Closer, 
Hawking Predicts.” 

• “In the twenty-first century complexity is not a vague science 
buzzword any longer, but an equally pressing challenge for 
everything from the economy to cell biology.”

• Albert-Laszlo Barabásí (2003). Linked: How Everything is 
Connected to Everything Else and What it Means for Business, 
Science and Everyday Life. New York: Plume.

• “Make things as simple as possible, but no simpler.” Albert 
Einstein
– But no formal definition (yet). 
– No recognised complexity science (yet)
– A broad range af multidisciplinary approaches
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Encyclopedia of Complexity and System Science, 
Springer Verlag 2009, 11 Volumes, 10370 pages.
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Complex Systems Modelling.
…and Engineering?

Dr. Edith Perrier
Director of Research at UMI UMMISCO, IRD

Head of the French National Network for Complex Systems

International Conference on Complex Systems Engineering, 
ENIM, Metz, September 21st, 2010
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RESEARCHERS
• In the late 1960's cyberneticians such as Heinz 

Von Foerster of the United States, . . . 
• . . . Humberto Maturana of Chile, . . . 
• . . . Gordon Pask and, . . .
• . . . Stafford Beer of Great Britain . . . defined 

cybernetics as, “the science of effective 
organization.”

• Edgar Morin calls, generalized complexity, it 
seems that a significant philosophical wedge was 
levied under the entire enterprise of the social 
sciences and is slowly altering the position and 
attitude of discourse.



FIRST AND SECOND ORDER 
CYBENETICS

• Whereas, first-order cybernetics dealt with 
controlled systems, 

• second-order cybernetics deals with 
autonomous systems.

• Applying cybernetic principles to social 
systems calls attention to the role of the 
observer of a system who, . . . 

• . . . while attempting to study and understand 
a social system, is not able to separate 
himself from the system or prevent himself 
from having an effect on it.



Ross Ashby
An introduction to cybernetics.1956.

 The second peculiar virtue of cybernetics is 
that it offers a methods for the scientific 
treatment of the system in which complexity is 
outstanding and too important to be ignored. 

 Such systems are, as we all know, only too 
common in the biological world.

 But science today is also taking the first steps 
towards studying “complexity” as a subject in 
its own right. 

Cybernetics offers the hope of providing effective 
methods for the study and control, of systems that 
are intrinsically extremely complex.



• Today, the stuff of management includes the four
Ms (Men, Materials, Machinery and Money), but is
best denoted as: COMPLEXITY.

• Management at every level, from our management 
of ourselves through every size of aggregation to
the management of the Earth is itself
‘complexifying’ –and it receives complexifying
interference from every other level too. 

• Thus complexity proliferates; and it has become
virtually inmanegeable with existing managerial
tools.

Stafford Beer. 
The Heart of Enterprise 1979



Definitions of Complex Systems
• A complex system is a highly structured system, which shows 

structure with variations (N. Goldenfeld and Kadanoff)
• A complex system is one whose evolution is very sensitive to 

initial conditions or to small perturbations, one in which the 
number of independent interacting components is large, or 
one in which there are multiple pathways by which the system 
can evolve (Whitesides and Ismagilov)

• A complex system is one that by design or function or both is 
difficult to understand and verify (Weng, Bhalla and Iyengar)

• A complex system is one in which there are multiple 
interactions between many different components (D. Rind)

• Complex systems are systems in process that constantly 
evolve and unfold over time (W. Brian Arthur)

Science, Special Issue Complex Systems, Vol. 284. No. 5411 (1999)
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SEBoK
• Systems engineering is “an interdisciplinary approach and 

means to enable the realization of successful systems” 
(INCOSE 2012). It focuses on holistically and concurrently 
understanding stakeholder needs; exploring opportunities; 
documenting requirements; and synthesizing, verifying, 
validating, and evolving solutions while considering the 
complete problem, from system concept exploration through 
system disposal.

• A systems engineer is “a person who practices systems 
engineering” as defined above, and whose systems 
engineering capabilities and experience include sustained 
practice, specialization, leadership or authority over systems 
engineering activities. 

• Systems engineering activities may be conducted by any 
competent person regardless of job title or professional 
affiliation.



THE KNOWLEDGE ECOSYSTEM





Characteristics of system elements and relationships for 
objective systems complexity. 

The following four features are given by Page (2009):
• 1. Independence: Autonomous system elements which 

are able to make their own decisions; influenced by 
information from other elements and the adaptability 
algorithms it carries with it (Sheard and Mostashari
2009).

• 2. Interconnectedness: System elements connect via a 
physical connection, shared data or simply a visual 
awareness of where the other elements are and what 
they are doing, as in the case of the flock of geese or the 
squadron of aircraft.



Characteristics of system elements and 
relationships for systems complexity. 

• 3. Diversity: System elements which are either 
technologically or functionally different in some way. For 
example, elements may be carrying different adaptability 
algorithms.

• 4. Adaptability: Self-organizing system element which 
can do what it wants to do to support itself or the entire 
system in response to their environment (Sheard and 
Mostashari 2009). Adaptability is often achieved by 
human elements but can be achieved with software. 

• Pollock and Hodgson (2004) describe how this can be 
done in a variety of complex system types, including 
power grids and enterprise systems.



ATTRIBUTES OF COMPLEXITY
• Sheard and Mostashari (2011) sort the attributes of 

complexity into causes and effects. 
• Attributes that cause complexity include being non-

linear; emergent; chaotic; adaptive; tightly coupled; self-
organized; decentralized; open; political (as opposed to 
scientific); and multi-scale; as well as having many 
pieces. 

• The effects of those attributes which make a system be 
perceived as complex include being uncertain; difficult to 
understand; unpredictable; uncontrollable; unstable; 
unrepairable; unmaintainable and costly; having unclear 
cause and effect; and taking too long to build.



The Complexification of
Engineering

Maldonado (2012) underlines that the complexification of engineering 
consists in:

(a) that shift throughout which engineering becomes a science; 
(b) thus it ceases to be a (mere) praxis or profession; 
(c) becoming a science, engineering can be considered as one of the 

sciences of complexity.
• In reality, the complexification of engineering is the process by which 

engineering can be studied, achieved, and understood in terms of 
knowledge, and not of goods and services any longer. 

• Complex engineered systems and bio-inspired engineering are so 
far the two expressions of a complex engineering.

2011 Wiley Periodicals, Inc. Complexity 17: 8–15, 2012



• The complexification of engineering is, 
however, not to be taken as a diversification 
of its fields and scopes neither in the use of a 
range of mathematical, technological, and 
computational tools. 

• Something deeper and from a wider scope 
and reach is at stake both within engineering 
and in its relationships with other sciences 
and disciplines, namely management. 

• What is truly going on affects the very nature 
of science and of nature, eventually.

The Complexification of
Engineering



• In his paper Maldonado points out the trend 
of engineering to complexity. 

• Thus, “We consider how engineering 
becomes a science on its own. In so doing, 
we define the relationship between 
engineering and complexity and we claim 
that engineering is going through a radical 
change of its very nature, even though such a 
trend is far from being general or normal.”

The Complexification of
Engineering



• More recently, a new conceptual field has 
been growing that focuses on systems or 
software that supports engineering activities. 

• The importance of computing, modeling, and 
simulation and even more widely the 
significance of microelectronic systems and 
components have triggered the importance of 
meta-engineering.

• As indicated in the SEBoK.

The Complexification of
Engineering



• Meta-engineering has been conceived as 
a sort of ‘‘engineering-engineering’’ with 
the help of software and/or systems that 
support all daily activities, choices and 
plans proposed or carried out by 
engineers. 

• The focus here is placed on design, and 
design is conceived as the most 
fundamental part of engineering at large.

The Complexification of
Engineering



• If classical engineering arose from its interest 
in controlling and superseding nature (from 
the 17th Century onwards), the new ‘‘nature’’ 
of engineering so to speak has become the 
world enterprises at large. 

• “By this we do not merely mean industrial 
engineering or the like, but a new array of 
literally engineering society, economics, 
finances and management”

The Complexification of
Engineering



• Several authors speak about enterprise
systems engineering, but is more to stress 
on system of systems engineering (SoSE). 

• Our preference lies in the fact that the 
concept of ‘‘system of systems’’ is wider 
and deeper than ‘‘enterprise’’, which can 
be rightly conceived as an element of 
SoSE.

The Complexification of
Engineering



• System of systems engineering (SoSE) 
represents not just a bifurcation within the 
engineering sciences but, more appropriately, 
a new territory for work and research. 

• While it has being paying a debt to classical 
and conventional engineering, it heads up 
toward the recognition of information and 
computing as 

• vital assets for engineering leaving in the 
backstage the traditional concern for matter
and energy.

The Complexification of
Engineering



• As the world introduces new materials and discovers a 
variety of different approaches, engineering becomes 
less attached to the knowledge introduced from a-far and 
starts to produce knowledge by itself. 

• As a result, engineering crosses the boundary that 
separates engineering from science and heads up to the 
production of knowledge as a vital process in 
engineering. 

• In such a transition, engineering becomes solidly a 
science and not just an application of knowledge
produced elsewhere.

The Complexification of
Engineering



• The definite complexification of engineering is introduced
thanks to the development of complex engineered 
systems (CES). 

• In this frame, the complexification is not to be taken as a 
complication of engineering sciences, but rather as the 
non-linearization of engineering, which entails the 
entrance into, or the transformation of engineering as, 
complex science. 

• The Figure synthesizes the evolution of engineering in 
time and hence its relationship to science.

The Complexification of
Engineering







• One recent fast development to be taken 
into account is materials sciences— a 
concept that crosses or encompasses 
physics, chemistry, and engineering;

• material sciences are in fact frontier 
science. 

• Development of composite materials, and 
completely new materials, including
ceferene and graphene.

The Complexification of
Engineering



• Engineering complex systems consists in 

producing systems capable of adaptation, 

change and novelty, and not any longer systems 

defined by stability, predictability, reliability, and 

Control.

• This last is more “management” oriented at 

enterprise level

The Complexification of
Engineering



• Two areas actively contributing to the 
development of complex engineered 
systems, namely living technology and 
synthetic biotechnology.

• It is our contention that such a theoretical 
framework can be provided by the other great 
component by which engineering becomes
complex science: bioinspired engineering.

• The Figure explains itself.

The Complexification of
Engineering





• What is the interest in tracing the map of 
the complexification of engineering?

• Three main reasons, namely 
I. Understanding what engineering

really is like is vital for the 
comprehension of technology.

• To be sure, that is the subject of 
philosophy of technology;

The Complexification of
Engineering



II. In the history of mankind the
relationships between science and 
technology have never been so passionate, 
vital, and crucial. In an optimistic view of future 
our fate depends on knowledge and research, 
and the engineering sciences play a 
fundamental role then;
III acting upon nature and society is a 
matter of both sensitivity and intelligence.
Two ways how we act are science and 
technology, not to mention art at large.

The Complexification of
Engineering



Training in complex systems
• Present curricula at the university level are based, all over the 

world, on well-focused, disciplinary subject matters because 
the cumulative built-up of scientific knowledge in every field 
inevitably requires specialization and results in fragmentation. 

• On the other hand, many experiences in research or 
management request interdisciplinary skills and viewpoints as 
well as integrated modelling tools accounting for multiscale
data and multiple interacting processes: The need for new 
educational paradigms emerges. 
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Training in complex systems
• The field of complex systems is not yet in a state to be 

taught in the same way as classical science at 

University, anyway many masters and PhD curriculum 

are now proposed to students to cross traditional 

boundaries . 

• We give here some examples of educational 

programmes which are in development in France and in 

Europe in this context.  
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New Masters
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New Masters and PhDs
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Teaching about complex systems in 
engineers schools? An open discussion

• How far concepts and tools from the complex 

systems scientific community are already taught in 

engineers schools or in mainstream education?

• To which extend a general overview of a broad 

range of mathematical or computer modelling 

approaches has to be taught in a given field of 

application?
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Teaching about complex systems in 
engineers schools? An open discussion

• Do we have to encourage autonomous distant learning 
through  the Internet and videoconferences or to build specific 
curricula?

• Which are so far the main type of applications in engineering?

• E. Morin (Seven Complex Lessons in Education for the 
Future, 2002) points out that learning means how to face 
uncertainty , given that «knowledge supposes navigating in 
an ocean of uncertainties through archipelagos of 
certainties”.
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What´s next?
• Recognize the need for strategic decision 

making, from the perspective of complexity.
• Introduce tools and general methods of the 

theory of complex systems within a general 
theoretical framework engineering student 
can adapt to their own research practice.

• Determine the type of emergent phenomena 
that require complexity theory for proper 
modeling, simulation and understanding, from 
the perspective of organizational 
management.



What´s next?
• Know the basic mathematical foundations of 

fractal geometry and fractal analysis of stochastic 
processes, and associate them with the research 
topics of interest to engineering education.

• Understand the basic tools for analyzing nonlinear 
dynamic systems and understand the 
phenomenon of chaos that such systems can 
reach display, and identify their applicability in the 
areas of education and research in engineering.

• Introduce some theoretical proposals to 
contextualize complex systems engineering.



Muchas gracias

leonardo.pineda@urosario.edu.co

mailto:leonardo.pineda@urosario.edu.co
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