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https://ioannouolga.blog/2017/09/14/complexity-theory-ii-m-woermann/

https://www.youtube.com/watch?v=atMdf0rhbpI

Ending scene from 1971 movie THX 1138



INTERCONNECTED WORLD
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Hackers remotely kill a Jeep on a highway

5 https://www.youtube.com/watch?v=MK0SrxBC1xs



Wicked problem

• Wicked problem is a problem that is difficult or impossible 
to solve.

• It emerges from complex systems / complex situations.

• The use of the term "wicked" here has come to denote 
resistance to resolution.
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At the beginning there was only chaos

• At the beginning there was only Chaos, 
Night, dark Erebus, and deep Tartarus. 
Earth, the air and heaven had no existence. 
[695] Firstly, blackwinged Night laid a germless egg in the 
bosom of the infinite deeps of Erebus, and from this, after 
the revolution of long ages, sprang the graceful Eros with 
his glittering golden wings, swift as the whirlwinds of the 
tempest. He mated in deep Tartarus with dark Chaos, 
winged like himself, and thus hatched forth our race, 
which was the first to see the light. [700] That of the 
Immortals did not exist until Eros had brought together all 
the ingredients of the world, and from their marriage 
Heaven, Ocean, Earth and the imperishable race of 
blessed gods sprang into being. Thus our origin is very 
much older than that of the dwellers in Olympus. We are 
the offspring of Eros; there are a thousand proofs to show 
it. We have wings and we lend assistance to lovers. [705] 
How many handsome youths, who had sworn to remain 
insensible, have opened their thighs because of our power 
and have yielded themselves to their lovers when almost 
at the end of their youth, being led away by the gift of a 
quail, a waterfowl, a goose, or a cock.

7 Chaos (cosmogony) - Wikipedia Aristophanes, Birds, line 685 (tufts.edu)

https://en.wikipedia.org/wiki/Chaos_(cosmogony)
http://www.perseus.tufts.edu/hopper/text?doc=Perseus%3Atext%3A1999.01.0026%3Acard%3D685


We started to understand the chaos

8 https://doi.org/10.1590/S0103-40142006000300022 

https://doi.org/10.1590/S0103-40142006000300022


Systems Thinking

Systems Thinking and Systems Science RA - Systems Thinking - SEBoK (sebokwiki.org)

Concepts of Systems 
Thinking - SEBoK 
(sebokwiki.org)

Principles of Systems 
Thinking - SEBoK 
(sebokwiki.org)
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https://www.sebokwiki.org/wiki/Systems_Thinking
https://www.sebokwiki.org/wiki/Concepts_of_Systems_Thinking
https://www.sebokwiki.org/wiki/Concepts_of_Systems_Thinking
https://www.sebokwiki.org/wiki/Concepts_of_Systems_Thinking
https://www.sebokwiki.org/wiki/Principles_of_Systems_Thinking
https://www.sebokwiki.org/wiki/Principles_of_Systems_Thinking
https://www.sebokwiki.org/wiki/Principles_of_Systems_Thinking


What is a System?
A system is a

<set, combination, group, collection, 
configuration, arrangement, organization, 

assemblage, assembly, ensemble [10]>

of

<parts, components, elements, objects, 
subsystems, entities [6]>

<combined, integrated, organised, configured, 
arranged [5]>

in a way that

<creates, enables, motivates [3]>

<properties, functions, processes, capabilities, 
behaviors, dimensions [6]>

not

<possessed, exhibited, presented [3]>

by the

<separate, individual, single [3]>

<parts, components, elements, objects, 
subsystems, entities [6]>10

Defining “System”: a Comprehensive Approach. 
27th Annual INCOSE International Symposium. 2017



• Complex systems are networks made of a number of 
components that interact with each other, typically in a 
nonlinear fashion. Complex systems may arise and evolve 
through self-organization, such that they are neither 
completely regular nor completely random, permitting 
the development of emergent behavior at macroscopic 
scales.
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Complex systems



COMPLEX SYSTEMS ARE A COMPLEX CHAOS
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Introduction to the Modeling and Analysis of Complex Systems 
- Milne Open Textbooks (opensuny.org)

https://textbooks.opensuny.org/introduction-to-the-modeling-and-analysis-of-complex-systems/
https://textbooks.opensuny.org/introduction-to-the-modeling-and-analysis-of-complex-systems/


• Emergence is a nontrivial relationship between the 
properties of a system at microscopic and macroscopic 
scales. Macroscopic properties are called emergent when 
it is hard to explain them simply from microscopic 
properties.

• Self-organization is a dynamical process by which a 
system spontaneously forms nontrivial macroscopic 
structures and/or behaviors over time.
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Some concepts
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Biological system
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Social systems

We Have Met the Enemy and He Is PowerPoint | It's About Learning (harapnuik.org)

http://www.harapnuik.org/?p=814


Mental Capital and 
Wellbeing Systems 
Maps.pdf 
(idiagram.com)

https://www.idiagram.com/assets/images/svg/Mental%20Capital%20and%20Wellbeing%20Systems%20Maps.pdf
https://www.idiagram.com/assets/images/svg/Mental%20Capital%20and%20Wellbeing%20Systems%20Maps.pdf
https://www.idiagram.com/assets/images/svg/Mental%20Capital%20and%20Wellbeing%20Systems%20Maps.pdf
https://www.idiagram.com/assets/images/svg/Mental%20Capital%20and%20Wellbeing%20Systems%20Maps.pdf
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Complex Sectoral Interactions

Sector Interactions, Multiple Stressors, and Complex Systems - 
Fourth National Climate Assessment (globalchange.gov)

https://nca2018.globalchange.gov/chapter/17/
https://nca2018.globalchange.gov/chapter/17/
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NASA Opens Up New Commercial Spaceflight 
Opportunities for Private ISS Astronaut 
Transportation - GovCon Wire

https://www.govconwire.com/2021/06/nasa-opens-up-2-new-spaceflight-opportunities-for-private-astronaut-transport/
https://www.govconwire.com/2021/06/nasa-opens-up-2-new-spaceflight-opportunities-for-private-astronaut-transport/
https://www.govconwire.com/2021/06/nasa-opens-up-2-new-spaceflight-opportunities-for-private-astronaut-transport/
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Complexity sciences
complexity map castellani map of complexity 
science, complexity theory, complexity science, 
complexity, brian castellani, durham sociology 
complexity (art-sciencefactory.com)

https://www.art-sciencefactory.com/complexity-map_feb09.html
https://www.art-sciencefactory.com/complexity-map_feb09.html
https://www.art-sciencefactory.com/complexity-map_feb09.html
https://www.art-sciencefactory.com/complexity-map_feb09.html
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The growth of complexity in systems

https://doi.org/10.4271/12-03-02-0011

https://doi.org/10.4271/12-03-02-0011




What is Systems Engineering?

Systems Engineering is a transdisciplinary approach and means, based on systems 
principles and concepts, to enable the successful realization, use and retiral of 
engineered systems.
It focuses on
• establishing stakeholders’ purpose and success criteria, and defining actual or 

anticipated customer needs and required functionality early in the development cycle,
• establishing an appropriate lifecycle model and process approach considering the 

levels of complexity, uncertainty and change

• documenting and modelling requirements and solution architecture for each phase of 
the endeavour

• proceeding with design synthesis and system validation
• while considering the complete problem and all necessary enabling systems and 

services.
Systems Engineering provides facilitation, guidance and leadership to integrate all the disciplines and specialty groups into a team effort forming an appropriately structured development process that proceeds from concept to production to operation, evolution and 
eventual disposal.

Systems Engineering considers both the business and the technical needs of all customers with the goal of providing a quality solution that meets the needs of users and other stakeholders and is fit for the intended purpose in real-world operation, and avoids or 
minimizes adverse unintended consequences.

A fresh look at Systems Engineering – what is it, how should it work? 
28th Annual INCOSE International Symposium - 201822



• The practice of systems engineering is concerned with 
both a systemic approach to understanding the 
problem, devising a solution, and understanding the  
interdependencies in the work to develop, deliver and 
evolve the solution; 

• and a systematic approach to establishing objectives 
and success criteria, analyzing and documenting the 
solution, predicting its effectiveness, and establishing 
and implementing an effective and efficient process for 
development, delivery and subsequent evolution.

The practice of Systems Engineering

23
Envisioning Systems Engineering as a Transdisciplinary Venture 

28th Annual INCOSE International Symposium - 2018



Engineered System X System Engineering

An engineered system is an system made of technical or 

sociotechnical elements that exhibits emergent properties not exhibited 
by its individual elements. It is created by and for people; has a purpose, 
with multiple views; satisfies key stakeholders’ value propositions; has a 
life cycle and evolution dynamics; has a boundary and an external 
environment; and is part of a system-of-interest hierarchy.

Systems engineering is “an transdisciplinary approach and 

means to enable the realization of successful (engineered) systems”. 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.

http://sebokwiki.org/wiki/Use_Case_0:_Systems_Engineering_Novices24



Four Aspects of Systems Engineering
• 1. some very basic and widely 

applicable SE tenets (principles and 
beliefs);

• 2. a general SE approach to complex 
and complicated problems;

• 3. the “SE process”, which we see 
evolving from the current SE process 
described in the INCOSE SE 
Handbook into a family of SE process 
models, targeted towards different 
system types; and

• 4. an SE toolbox of techniques and 
methods that are widely applicable 
across the spectrum.

25
Envisioning Systems Engineering as a Transdisciplinary Venture 

28th Annual INCOSE International Symposium - 2018



Tenants

• Systems Engineers often talk about using a “systems 
approach” to work their way into a problem that seems wider 
or fuzzier than “normal engineering” (whatever that is ). 

• Such a “systems approach” uses selected systems principles 
or beliefs that are of proven value in an engineering context 
and are also useful elsewhere. 

• We will use the term “systems engineering tenets” to refer to 
a key set of principles and beliefs drawn from various branches 
of systems thinking and the systems sciences, that seem to 
underpin most or all of what we currently recognize as systems 
engineering.

26
Envisioning Systems Engineering as a Transdisciplinary Venture 

28th Annual INCOSE International Symposium - 2018



12 Systems Engineering Tenets

1. Understand what success means
2. Consider the whole problem, the whole solution and the full lifecycle

3. Understand and manage interdependencies
4. Adapt the parts to serve the purpose of the whole
5. Recognize that Systems Engineering occurs at multiple levels

6. Base decisions on evidence and reasoned judgement
7. Recognize uncertainty while managing change, risk opportunities and 

expectations
8. Handle structure and behavior as two complementary aspects of any system

9. Understand and use appropriate feedback (loop)
10. Understand and manage value
11. Be both systemic and systematic

12. Respect the people
Envisioning Systems Engineering as a Transdisciplinary Venture 

28th Annual INCOSE International Symposium - 201827

Envisioning Systems 
Engineering as a 

Transdisciplinary Venture 
(researchgate.net)

https://www.researchgate.net/publication/327073164_Envisioning_Systems_Engineering_as_a_Transdisciplinary_Venture
https://www.researchgate.net/publication/327073164_Envisioning_Systems_Engineering_as_a_Transdisciplinary_Venture
https://www.researchgate.net/publication/327073164_Envisioning_Systems_Engineering_as_a_Transdisciplinary_Venture
https://www.researchgate.net/publication/327073164_Envisioning_Systems_Engineering_as_a_Transdisciplinary_Venture
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Every Engineering Has Its Logical Structure And
Semantics = Model/Lang

Electrical Eng.

Control Eng.

Mechanical Eng.

Thermal Eng.

Infrastructure Eng.
Systems Eng ???

29



Hortus delicIarium
(Garden of Delights)

• Medieval text compiled by 
Sister Herrad of Landsberg 
(1167). 

• It was used as a 
pedagogical tool for young 
novices at the convent.

• Philosophia et septem artes 
liberales (Philosophy and 
the Seven Liberal Arts)

•Rosalie Green, Michael Evans, Christine Bischoff, and Michael Curschmann(ed.) 

(1979) The Hortus Deliciarum of Herrad of Hohenbourg (Landsberg, 1176-96): A 

Reconstruction. Warburg Institute/E.J. Brill30



Trivium and Quadrivium
• The trivium is the lower 

division of the seven liberal 
arts and comprises grammar, 
logic, and rhetoric.

• Grammar is the art of 
inventing symbols and 
combining them to express 
thought; logic is the art of 
thinking; and rhetoric is the 
art of communicating thought 
from one mind to another, 
the adaptation of language to 
circumstance.

• The quadrivium is the upper 
division of the seven liberal 
arts and comprises 
arithmetic, geometry, music 
and astronomy.

• The quadrivium is the study 
of number and its relationship 
to space or time: arithmetic 
was pure number, geometry 
was number in space, music 
was number in time, and 
astronomy was number in 
space and time..

Kline, Morris (1953). "The Sine of G Major". In Mathematics in Western Culture. 
Oxford University Press.

Joseph, Sister Miriam (2002). "1, The Liberal Arts". The Trivium: The Liberal Arts of 
Logic, Grammar, and Rhetoric. Paul Dry Books. pp. 3, 9.31



Trivium

https://www.educatedclimber.com
/how-to-learn-anything/

https://casadacritica.com.br/site/
curso-trivium-versao-iv/

32



Trivium and this course

The integrated information 
(on the model) is the single 

source of truth that 
emerges

We need to understand 
the “thing as-it-is-

symbolized”

We need to understand 
the “thing as-it-is-

known”

We need to understand 
the “thing as-it-is-

communicated”

https://augustineacademy.com.au/subjects/trivium/ 33

https://augustineacademy.com.au/subjects/trivium/


As the entities of a system 
are brought together, their 

interaction will cause 
function, behavior, 

performance, and other 
intrinsic properties to 

emerge.

Principle of Emergence:  

This Photo by Unknown Author is licensed under CC BY-SA

http://n9neo.wordpress.com/2013/09/05/sep-5th-13-line-app-new-paid-stickers/mickey-mouse-wizard
https://creativecommons.org/licenses/by-sa/3.0/


• Emergence is the power and the magic of systems. Emergence 
refers to what appears, materializes, or surfaces when a 
system operates. Obtaining the desired emergence is why we 
build systems. Understanding emergence is the goal—and the 
art—of system thinking.

• What emerges when a system comes together? Most 
obviously and crucially, function emerges. Function is what a 
system does: its actions, outcomes, or outputs. In a designed 
system, we design so that the anticipated desirable primary 
function emerges (cars transport people).
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ARP-4754B
Guidelines for Development of
Civil Aircraft and Systems
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• The SAE Aerospace Recommended Practice (ARP)
provides recommendations fo the development of aircraft
and systems, taking account aircraft functions and
operating environments.
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Scope of the document
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