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Complexity!Complexity!
        causes?causes?



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

- engineering: 
- long requirements → design path
- insufficient understanding of requirements, system under study, …
- difficulty in collaboration 
- modelling languages and tools may introduce 

    “accidental complexity”







WEST: modelling biological wastewater treatment.
Henk Vanhooren, Jurgen Meirlaen, Youri Amerlinck, Filip Claeys, Hans Vangheluwe and Peter A.Vanrolleghem.
Journal of Hydroinformatics 5 (2003) 27-50

http://scholar.google.com/scholar?oi=bibs&cluster=2149270492958540094&btnI=1&hl=en


http://www.mikebydhi.com/products/west

http://www.mikebydhi.com/products/west












How to deal with Complexity?
(in engineered systems)



at the most appropriate level(s) of abstractionat the most appropriate level(s) of abstraction
using the most appropriate formalism(s)using the most appropriate formalism(s)

explicitly modelling workflowsexplicitly modelling workflows





Joachim Denil

https://www.uantwerpen.be/nl/personeel/joachim-denil/


“Model” Features
1973



Mannequin comes from the French 
word mannequin, which had 
acquired the meaning "an artist's 
jointed model", which in turn came 
from the Flemish word manneken, 
meaning "little man, figurine".
The American Heritage Dictionary of the English Language. 
Houghton Mifflin Company. 2004. 

https://en.wikipedia.org/wiki/The_American_Heritage_Dictionary_of_the_English_Language






MPM



“System”



“System”



a

system = environment / “plant” / controller



purpose



model must be “fit for purpose”

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



purpose



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

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


Model Validity … Context?
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www.centuryspring.com

http://www.centuryspring.com/


Denil, J., Klikovits, S., Mosterman, P. J., Vallecillo, A., & Vangheluwe, H. (2017). 
The experiment model and validity frame in M&S. 
In Proceedings of the Symposium on Theory of Modeling & Simulation (Vol. 49).

Vanherpen, K., Denil, J., De Meulenaere, P., & Vangheluwe, H. (2016). 
Ontological Reasoning as an Enabler of Contract-Based Co-design. 
In C. Berger, M. R. Mousavi, & R. Wisniewski (Eds.), Cyber Physical Systems. Design, Modeling, and Evaluation: 6th International Workshop, CyPhy 
2016, Pittsburgh, PA, USA, October 6, 2016, Revised Selected Papers (pp. 101–115). Cham: Springer International Publishing.
http://doi.org/10.1007/978-3-319-51738-4_8

●

Experimental/Validity “Frame”   

http://doi.org/10.1007/978-3-319-51738-4_8


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

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

– satisfied by →

note: product family



How to deal with Complexity?
(in engineered systems)



Communication Theory

``Physics'' of Notations



Perceptual Discriminability 

``Physics'' of Notations



``Physics'' of Notations

Junaed Sattar, Gregory Dudek. Reducing Uncertainty in Human-Robot Interaction: A Cost Analysis Approach. ISER 2010: 81-95.



``Physics'' of NotationsSemantic Transparency: semantically perverse symbols

depends on context/user/. ..







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

Frederick P. Brooks, Jr. No Silver Bullet: Essence and Accidents of Software Engineering



How to deal with Complexity?
(in engineered systems)



“architectural” (hierarchical) (de-)composition 





How to deal with Complexity?
(in engineered systems)



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”

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”

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” 



How to deal with Complexity?
(in engineered systems)



multiple viewpoints



multiple viewpoints











guarantees offered by the component 
assumptions on its possible context



How to deal with Complexity?
(in engineered systems)



Most Appropriate Formalism(s)



Most Appropriate Formalism(s)



Most Appropriate Formalism(s)





“hybrid” modelling language



How to deal with Complexity?
(in engineered systems)



Distributed param.     Lumped param.

Different abstractions
(same or different formalisms)



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





purpose





purpose



“All non-trivial abstractions, to some degree, are leaky.”

Caveat: “Leaky” Abstractions (and approximations) 

Joel Spolsky
http://www.joelonsoftware.com/articles/LeakyAbstractions.html

http://www.joelonsoftware.com/articles/LeakyAbstractions.html


Caveat: “Leaky” Abstractions (and approximations) 



abstraction



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

abstraction depends on the properties of interest!





How to deal with Complexity?
(in engineered systems)



a



Model-Based System Design

Sim
ulation

Deployment

Testing

MiL, HiL, SiL, ...



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

rtica
l co

nsi sten
cy !

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



Deployment and Resource-Optimized Execution

Joachim Denil, Paul De Meulenaere, Serge Demeyer, and Hans Vangheluwe. DEVS for AUTOSAR-based system deployment modeling 
and simulation. SIMULATION: Transactions of the Society for Modeling and Simulation International , 93(6):489 – 513, 2017.



Deployment/Design-Space Exploration 
(trsf. To MILP, trsf. based) 

Joachim Denil, Hans Vangheluwe, Pieter Ramaekers, Paul De Meulenaere, and Serge Demeyer. DEVS for AUTOSAR platform modelling. 
In Spring Simulation Multiconference , pages 67 - 74. Society for Computer Simulation International (SCS), April 2011. Boston, MA, USA.



How to deal with Complexity?
(in engineered systems)



Multi-Disciplinary Teams

System properties: safety, correctness, (cost) optimal, …

DecompositionArchitectural Viewpoint

s

DESIGN

needs to satisfy



method/tool support exists for “downstream” activities

Modelling/Simulation/Verification/Synthesis/… Tools

PLM Tools



➢ CT first
➢ DE first
➢ contract first

http://www.destecs.org
(Design Support and Tooling for Embedded Control Software)

http://into-cps.org

http://crescendotool.org/
DE: Overture (VDM) +  CT: 20Sim (Bond Graph) 

DE: Overture (VDM) +  CT: Modelica       /FMI 

Integrated Tool Chain 
for Model-based Design 
of Cyber-Physical Systems

http://www.destecs.org/
http://into-cps.org/
http://crescendotool.org/


Requires developing common understanding/modelling  languages together
Tool support? Modelling Language Engineering: a posteriori typing?

Juan de Lara and Esther Guerra. A Posteriori Typing for Model-Driven Engineering: Concepts, Analysis, and 
Applications. ACM Trans. Softw. Eng. Methodol. 25(4): 31:1-31:60 (2017A Posteriori Typing for Model-Driven 
Engineering: Concepts, Analysis, and Applications. ACM Trans. Softw. Eng. Methodol. 25(4): 31:1-31:60 (2017).

What about Agile “early stage” Ideation (aka “sketching”)?



How to deal with Complexity?
(in engineered systems)



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) 





Recursive workflow: 
from Properties to Design 



Causes of Complexity … 

and how to deal with them

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

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

- emergent behaviour

- engineering: 
- long requirements → design → realization path (complex workflow)
- insufficient understanding of requirements, system under study, …
- difficulty in collaboration 
- modelling languages and tools may introduce 

    “accidental complexity”



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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