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1973 “Model” Features

mapping feature A model is based on an original.’

reduction feature A model only reflects a (relevant) se-
lection of an original’s properties.

pragmatic feature | A model needs to be usable in place of
an original with respect to some pur-
pose.




model |v

system

SUS

Marvin L. Minsky

To an observer B, an object A* is a model of an object
A to the extent that B can use A* to answer guestions
that interest him about A.

Matter, Mind and Models



System under Study (SuS) vs. Model
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Triangle of Reference, Semiotic Triangle

THOUGHT OR REFERENCE

SYMBOL Stands for REFERENT
(an imputed relation)
* TRUE

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 |. A. Richards, Magdalene College, University of Cambridge



https://en.wikipedia.org/wiki/The_Meaning_of_Meaning
https://en.wikipedia.org/wiki/Charles_Kay_Ogden
https://en.wikipedia.org/wiki/I._A._Richards
https://en.wikipedia.org/wiki/Magdalene_College,_Cambridge
https://en.wikipedia.org/wiki/University_of_Cambridge













Moody “Physics of Notation”.: communication theory

mfurmatmn tra nsmltte:d
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Intended
message

_ _ Received
Visual Notation message

(Code)

"C:'—"
nc-:::dmg Diagram Dem-dmg
/ (signal)
// “l.
/ Diagram creator : 1 Diagram user
/ (Source) . ; (Destination)

Channel
(Medium)




purpose of modelling: substitutability (engineering), explainability (science)

REALITY ; MODEL
Real-World| Base <—— Properties of Interest
entity , Model (Pols)

only study behaviour in

. experimental CONEXt  uouceeememrererseses i
validity “frame” P ﬁ.l

within tontéxt Model Base
System S . Model M }‘ a-priori knowledge
f i
experiment Ny simulate
within context " = virtual expefiment
- e.g., Modelica Library
- " Validation
Experiment < ==p-| Simulation Results Modelling and Simulation
Observed Data properties$ of inierest Process

Bernard P. Zeigler. Multi-faceted Modelling and Discrete-Event Simulation. Academic Press, 1984.




Resistor Model’s Validity Range

Resistor Current (A)

system model

simulated (model) values

resistorl .
R_actual = R*(1 + alpha* (T _heatPort - T_ref));

I%:::::]%] v = R_actual*i;

o.'o..'o."'
Validity Range ....-00.00.0.0001 \
—/ ahe"e" measured values |
50TemperatureDependent
50Measured .
| + 1 | | | | | | |
0 10 20 30 40 50 60 70 80 90 100

R Input Voltage (V)

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



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

Abstract (In)Validity Frame

The (possibly infinite) Set of Experiments e for which the
Distance d between the obtained (computed) Properties of
Interest Pol from e carried out in the REAL world and e carried
out in the VIRTUAL world is (larger)smaller than a treshold Tr.

AVP}!” U AI'FF"H UF"H

Thanks to Rhys Goldstein

for the notion of abstract
AVE, NAlE, =@ frame - A\ AUTODESK.




Concrete (In)Validity Frame

e Concrete Validity Frame (CVF)
The finite set of performed experiments in which a model is valid

e Concrete Invalidity Frame (CIF)
The finite set of performed experiments in which a model is invalid

In

Rakshit Mittal, Raheleh Eslampanah, Lucas Lima, Hans Vangheluwe and Dominique Blouin.
Towards an Ontological Framework for Validity Frames. In the 20" MoDeVVa workshop at MoDELS 2023.
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Explicit Modelling of Modelling Languages/Formalisms (++ debugging)

Graph

model of Abstract Syntax
(aka meta-model)

model of model of transf

Concrete Mapping K

model of
Semantic Domain

model of
Semantic Mapping M

model of
(‘ Concrete Syntax

Semantic Domain

model of

model of

Concrete Syntax
Abstract Syntax

Operational vs/translational



Using the most appropriate formalism(s)

Mechanics

92

1.for{0 < z< zr—0}:

aX(z1t)
at

2.for{zr—6 < z< zr+G}:

dX(z1)
Jt

3.for{zr+o0<z< L}

dX(z1t)
at
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Business Process Business Process Diagram vith Lanes 7
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experiment: Network ‘

passengerArrival: PI-DEV | car: Network |

passengers: TFSA |

GENERATE _ -
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purpose of modelling: substitutability (engineering), explainability (science)

REALITY ; MODEL
Real-World| Base <—— Properties of Interest
entity , Model (Pols)

only study behaviour in

. experimental CONEXt  uouceeememrererseses i
validity “frame” P ﬁ.l

within tontéxt Model Base
System S . Model M }‘ a-priori knowledge
f i
experiment Ny simulate
within context " = virtual expefiment
- e.g., Modelica Library
- " Validation
Experiment < ==p-| Simulation Results Modelling and Simulation
Observed Data properties$ of inierest Process

Bernard P. Zeigler. Multi-faceted Modelling and Discrete-Event Simulation. Academic Press, 1984.







The Semiot
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Template for
- abstraction
- refinement
- validity
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Abstraction

e For performance
(scale-ability)
e For insight

Proceedings of the 2019 Winter Simulation Conference
N. Mustafee, K.-H.G. Bae, S. Lazarova-Molnar, M. Rabe, C. Szabo, P. Haas, and Y.-J. Son, eds.

TOWARDS ADAPTIVE ABSTRACTION IN AGENT BASED SIMULATION

Romain Franceschini Simon Van Mierlo
Hans Vangheluwe

University of Corsica Pasquale Paoli Department of Mathematics and Computer Science
UMR CNRS 6134 University of Antwerp - Flanders Make
Campus Grimaldi Middelheimlaan 1

Corte, 20250, FRANCE Antwerp, 2020, BELGIUM
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Formalism Transformation Graph (FTG)

Bran Seli¢: “fragmentation problem”

Multi-formalism coupled model: multi-formalism modelling

CouplingGraph

CoupledModel
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state frajectory data (observation frame)

Hans Vangheluwe and Ghislain C. Vansteenkiste. A multi-paradigm modeling and simulation methodology:
Formalisms and languages. In European Simulation Symposium (ESS) , pages 168 — 172. Society for Computer Simulation

International (SCS), October 1996. Genoa, Italy.



PDE Formalism Transformation Graph (FTG)
Bond Graph a-causg co-simulation
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s i v oo il Claudio Gomes, Casper Thule, David Broman, Peter Gorm Larsen, and Hans
Master Vangheluwe.

Co-simulation: A survey. ACM Computing Surveys (CSUR) , 51(3):49:1-49:33, 2018.
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Wireless Home Entertainment System




Multiple (consistent !) Views (in - Formalisms)
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E. Guerra, P. Diaz and J. de Lara, A formal approach to the generation of visual language environments supporting multiple views. 2005 IEEE Symposium on Visual Languages
and Human-Centric Computing (VL/HCC'05), Dallas, TX, USA, 2005, pp. 284-286, doi: 10.1109/VLHCC.2005.6.



View: Protocol Statechart
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Journal of Computer Languages 76 (2023) 101223

Contents lists available at ScienceDirect

Journal of Computer Languages

journal homepage: www.elsevier.com/locate/cola

Model consistency as a heuristic for eventual correctness

Istvan David **, Hans Vangheluwe ", Eugene Syriani *

Design artifacts p Properties

Preq(di) Psat(di)

}E}% p’

di e e A — PP Q‘*Q‘;b I

Preq(dj)

Set I:I Artifact — —»» Must satisfy
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Designing Requirements/Property Languages

SPOREEA

Oi{(gobAupl)v & ( floorOvidle)) — (= floor0)v—( floor(y
idle) Hf{ﬂoarﬂwdfﬁ}ﬂ[ ( floorQ)pv—( floorOvidle) ) U4(( floorDyv
idle) A (= floor0) v =i floor0D v idle))U{( floorD v wdle) A
[[ffom‘ﬂ =( floorOvidle) ([ floorﬂ\.-’zdfe A= floor0( floorQy
tdfe}}]}}]}}}]}vﬂ([fgﬂlﬂuplﬂdﬂmnl]vﬁfﬂmlthfe}]
(= floor1 v —( floor1 vidle) WA(( floor1vidle) A ({ floorl)v

=( floor v idle) U (( floor 1 vidle) A (—{ floor]) v —{ floor 1 v
idle ) )U({ floorlvidle)A(([ floor 1 )v—( floor 1vidle) ) ([ floor1v
idle) A (= floor 1| J"Imrlvtdfe}]]}})}}])}‘\-’[{f[go?ﬂdauln'?]
leﬂoarri”ﬂdie]-]l = ([~ floor2)v—( floor2vidle) ) 4(( floor2v
idle)A((( floor2)v—( floor2vidle) U (| floor2vidle)n((—( floor2)v

ﬂerV idle) \U({ floor2 v idle) A ([ floor2) v —( floor2 v
idle ) )U({ floor2vidle) Al —( floor2) U floor2vidle)))) )11

B. Meyers, R. Deshayes, L. Lucio, E. Syriani, H. Vangheluwe, and M. Wimmer. ProMoBox: A Framework for Generating Domain-Specic
Property Languages. In Software Language Engineering (SLE), Vasteras, Sweden, LNCS vol. 8706, pp. 1- 20. Springer. September 2014.



Designing Requirements/Property Languages

SBHEREE

reachesFloor

forall EX aﬂerm!g eventually

B. Meyers, R. Deshayes, L. Lucio, E. Syriani, H. Vangheluwe, and M. Wimmer. ProMoBox: A Framework for Generating Domain-Specic
Property Languages. In Software Language Engineering (SLE), Vasteras, Sweden, LNCS vol. 8706, pp. 1- 20. Springer. September 2014.



Designing DS Requirements/Property Languages

N i gp:

I DY EElMEnnRRE2 0
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n ~N
forall E aﬂer. evemually Sé u é\ fl —> u
& /

o

B. Meyers, H. Vangheluwe, J. Denil and R. Salay, "A Framework for Temporal Verification Support in Domain-Specific Modelling
in IEEE Transactions on Software Engineering. doi:10.1109/TSE.2018.2859946
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