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How to deal with Complexity?
(in engineered systems)



Causes of Complexity?

in Engineering vs. in Science

Complex vs. Complicated
- large number of components (in an “architecture”)
- multiple concerns/views/stakeholders → consistency?

- heterogeneity of components / views
- different formalisms
- different abstractions

- emergent behaviour (due to complex, non-modular interactions)

- engineering: 
- long requirements → design → implementation path
- insufficient understanding (uncertainty) of requirements, 

         system under study, …
- difficulty in collaboration
- modelling languages and tools may introduce “accidental complexity”

https://sonjablignaut.medium.com/7-differences-between-complex-and-complicated-fa44e0844606 
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“Model” Features
1973



To an observer B, an object A* is a model of an object 
A to the extent that B can use A* to answer questions 
that interest him about A.
Matter, Mind and Models 

Marvin L. Minsky



System under Study (SuS) vs. Model

Real-World
Model

Virtual
Model

Real-
World

SuS

Virtual 
SuS



Figure taken from page 11, The Meaning of Meaning: A Study of the Influence of Language upon Thought and of the Science of Symbolism, 1923, was co-
authored by C. K. Ogden and I. A. Richards, Magdalene College, University of Cambridge
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Moody “Physics of Notation”: communication theory



purpose



a

System under Study (SuS) =  “plant” || controller

SuS is not studied in isolation:  SuS || environment 

SuS



model must be “fit for purpose”

drives choice of:
level of abstraction, formalism, notation, ….



purpose



Model Validity Motivating Example: Electrical Resistor

Property of interest (PoI): 

geometry

https://grabcad.com/library/resistors-0-5w-pitch-12-7mm-500mil-1 

https://grabcad.com/library/resistors-0-5w-pitch-12-7mm-500mil-1


Model Validity Motivating Example: Electrical Resistor

Property of interest (PoI): 

constitutive relation 
between voltage drop V over resistor and current i through resistor 

R*i = v



https://msdl.uantwerpen.be/cloud/public/fcfc42

https://msdl.uantwerpen.be/cloud/public/fcfc42


Model Validity … Context?



Substitutability (wrt PoI) … but …. 

Modeller makes 
abstraction and 
approximation

modelling errors

IC/Parameter 
error

Model solution 
error

Input 
Uncertainty

System Evolution

validity

Properties of Interest distance/threshold error

PoI errorPoI error
Properties of Interest

Measurement device 
introduces

measurement error 

Model execution 
introduces 

numerical errors
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www.centuryspring.com

http://www.centuryspring.com/


W. Oberkampf, C. Roy. Verification and Validation in Scientific Computing. Cambridge University Press, 2010.
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++ Workflows
++ Inductive vs. Deductive



different ways of obtaining models
(in same or different formalisms)



requirements 
(i.e., a set of properties)

design
 
(may in turn serve as requirements ...)

– satisfied by →

note: product family
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Communication Theory

``Physics'' of 
Notations



Perceptual Discriminability 

``Physics'' of 
Notations



``Physics'' of 
Notations

Semantic Transparency: semantically perverse 
symbols

depends on context/user/. ..



https://diagrams.net (to build a “poor man’s” DSL)

https://diagrams.net/


“Accidental” Complexity

vs. “essential” complexity

Brooks, "No Silver Bullet Essence and Accidents of Software Engineering," in Computer, vol. 20, no. 4, pp. 10-19, April 1987, doi: 10.1109/MC.1987.1663532. 

f_by_value:
addiu $sp,$sp,-24
sw   $fp,16($sp)
move  $fp,$sp
sw   $4,24($fp)
sw   $0,8($fp)
lw   $2,24($fp)
addiu $2,$2,1
sw   $2,8($fp)
lw   $2,8($fp)
move  $sp,$fp
lw   $fp,16($sp)
addiu $sp,$sp,24
j   $31       

int f_by_value(int arg)
{
 int calc_res = 0;
 calc_res = arg+1;
 return calc_res;
}







Use “most appropriate” (for purpose/user/...) Formalism
Minimize “accidental complexity”



Low Code/ No Code (e.g., Mendix, Cordis Suite)
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“architectural” (hierarchical) (de-)composition 
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http://usatoday30.usatoday.com/news/nation/2007-02-26-volkswagen-recall_x.htm

“ … “ … a faulty brake light could work in a faulty brake light could work in 
tandem with the shift interlock to immobilize tandem with the shift interlock to immobilize 
the vehicle and require towing”the vehicle and require towing”

“ … “ … a faulty brake light could work in a faulty brake light could work in 
tandem with the shift interlock to immobilize tandem with the shift interlock to immobilize 
the vehicle and require towing”the vehicle and require towing”

http://usatoday30.usatoday.com/news/nation/2007-02-26-volkswagen-recall_x.htm


unexpected interactions 
(only “emerge” when doing full system evaluation)

http://usatoday30.usatoday.com/news/nation/2007-02-26-volkswagen-recall_x.htm

“ … “ … a faulty brake light could work in a faulty brake light could work in 
tandem with the shift interlock to immobilize tandem with the shift interlock to immobilize 
the vehicle and require towing”the vehicle and require towing”

“ … “ … a faulty brake light could work in a faulty brake light could work in 
tandem with the shift interlock to immobilize tandem with the shift interlock to immobilize 
the vehicle and require towing”the vehicle and require towing”

http://usatoday30.usatoday.com/news/nation/2007-02-26-volkswagen-recall_x.htm






Cause of Complexity: constrained resources   
 unanticipated interactions

VW Phaeton: “wiring harness” length > 2km, copper weight > 30kg



may use to reason (for a while) about abstraction “flock” 
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multiple viewpoints



multiple viewpoints











guarantees offered by the component 
assumptions on its possible context
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Most Appropriate Formalism(s)



Most Appropriate Formalism(s)



Most Appropriate Formalism(s)





“hybrid” modelling language
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Distributed parameter          Lumped parameter

Different abstractions
(same or different formalisms)



McLeod J. PHYSBE ... a physiological simulation benchmark experiment SIMULATION vol 7 no 6 December 1966 pp 324-329



● For performance
(scale-ability)

● For insight



purpose





purpose



Caveat: “Leaky” Abstractions (and approximations) 



abstraction



may use to reason (for a while) about abstraction “flock” 

abstraction depends on the properties of interest!
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Model-Based System Design

Simulation
Deployment

Testing

MiL, HiL, SiL, ...





XiL: X = Model, Software, Processor, Hardware
vertica

l  co
n sis te

ncy!

Ken Vanherpen. A contract-based approach for multi-viewpoint consistency in the concurrent design of cyber-physical systems. PhD thesis University of Antwerp. 2018. 
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28 different  modelling formalisms

50 transformations

FTG+PM: An Integrated Framework for Investigating Model Transformation Chains, 
Levi Lúcio, Sadaf Mustafiz, Joachim Denil, Hans Vangheluwe, Maris Jukss. 
Proceedings of the System Design Languages Forum (SDL) 2013, Montreal, Quebec. 
Lecture Notes in Computer Science (LNCS), Volume 7916, pp 182-202, 2013. 

FTG+PM (Process Model) 





- large number of components (in an “architecture”)
- multiple concerns/views/stakeholders → consistency?

- heterogeneity of components / views
- different formalisms (aka modelling languages)
- different abstractions

- emergent behaviour (due to complex, non-modular interactions)

- engineering: 
- long requirements → design → implementation path
- insufficient understanding (uncertainty) of requirements, 

         system under study, …
- difficulty in collaboration
- modelling languages and tools may introduce “accidental complexity”

https://sonjablignaut.medium.com/7-differences-between-complex-and-complicated-fa44e0844606 

Causes of Complexity … 

and how to deal with them

https://sonjablignaut.medium.com/7-differences-between-complex-and-complicated-fa44e0844606


Carreira P., Amaral V., Vangheluwe H. (eds) 
Foundations of Multi-Paradigm Modelling for Cyber-Physical Systems. Springer. 

https://doi.org/10.1007/978-3-030-43946-0_2

https://doi.org/10.1007/978-3-030-43946-0_2
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