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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 processesexplicitly modelling processes

Enabler: (domain-specific) modelling language engineering, Enabler: (domain-specific) modelling language engineering, 
including model transformationincluding model transformation

Pieter J. Mosterman and Hans Vangheluwe. Computer Automated Multi-Paradigm Modeling: An Introduction. Simulation: Transactions of the Society 
for Modeling and Simulation International , 80(9):433- 450, September 2004. Special Issue: Grand Challenges for Modeling and Simulation.



  

●     Domain/Problem-Specific
●     Laws of Physics 
●     Power Flow 
●     a-causal (Mathematical)   ←   Modelica
●     Causal Block Diagrams 
●     Numerical (Discrete) Approximations
●     Computer Numerical (Floating Point, Fixed Point)
●     As-Fast-As-Possible vs. Real-time
●     Hybrid (discrete-continuous) modelling/simulation
●     Hiding IP: Composition of Functional Mockup Units (FMI)
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Boric Acid Transportation Pump

Product parameters

Design standards ： RCC-M
Flow ： 16.6m3/h
Head ： 85m
Temperature ： ~80℃
Pressure ： 1.6MPa

Used in 600MWe 、 900MWe 、 1000MWe PWR nuclear power plant boric acid transportation system.



  



  

R = V*i



  

SimHydraulics
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* Newton's Three Laws of Motion:

Fundamental relationship between the acceleration of an object and the total forces acting 
upon it.

● First Law  states that in order for the motion of an object to change, a force must act upon 
it, a concept generally called inertia.

● Second Law  defines the relationship between acceleration, force, and mass.
● Third Law  states that any time a force acts from one object to another, there is an equal 

force acting back on the original object. 

* Newton's Law of Gravity:

Explains the attractive force between a pair of masses. In the twentieth century, it became 
clear that this is not the whole story, as Einstein's theory of general relativity has provided a 
more comprehensive explanation for the phenomenon of gravity.

* Conservation of Mass-Energy:

The total energy in a closed or isolated system is constant, no matter what happens. 

* Conservation of Momentum:

The total momentum in a closed or isolated system remains constant. An alternative of this 
is the law of conservation of angular momentum.

* …
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Introduction to physical systems modelling with bond graphsFrom Jan Broenink's

http://www.uran.donetsk.ua/%7Emasters/2011/fknt/molodih/library/notmy3.pdf


  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Akira Ohata @ Toyota
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Multi-Domain
Modeling

this slide from Peter Fritzson's Modelica tutorial

http://www.modelica.org

http://www.modelica.org/


  

Acausal model
(Modelica)

Causal 
block-based
model
(Simulink)

Keeps the 
physical structure

Visual Acausal
Hierarchical 
Component 

Modeling

Multi-Domain
Modeling

this slide from Peter Fritzson's Modelica tutorial



  

●Model exchange/re-use standard (Modelica Association)

●Modelica Standard Library (MSL)

●Object-oriented, hierarchical; semantics based on flattening

●Computationally a-causal modelling; semantics based on DAEs

●Originated in Hilding Elmquist's 1978 PhD thesis @ Lund

●Early 1990's: Modelica Design Team (started in SiE)



  



  

●hybrid (discrete-time/discrete-event) constructs 
(e.g., used to model network protocols based 
 on TrueTime http://www.control.lth.se/truetime/)

●Limited support for Dynamic Structure models (i.e., no “agents”)

●Separate model from its (numerical) solution ... 

●Generate Functional Mockup Interface (FMI) compliant simulation units

●Currently: many commercial and open (OpenModelica) tools

●Related: Mathworks Simscape, EcosimPro, NMF, gProms, ...

http://www.control.lth.se/truetime/


  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Beware: variables are signals (functions of time)!



  



  



  



  

Meaning: set of Differential Algebraic Equations (DAEs) obtained by

 1. expanding inheritance/instantiation
 2. flattening hierarchy, unique names
 3. expanding connect() into equations (across vs. flow)
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Causal  Block Diagrams (syntax)



Operational Semantics



  



Causal  Block Diagrams (semantics)



Formalism Transformation Graph (FTG)
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Example Floating Point Format

• Smallest non-zero positive number = bm x b-1 = 1/8

• Largest non-zero positive number =  bM x (1 – b-s) = 7/4

• Smallest gap =  bm x b-s = 1/32

• Largest gap =  bM x b-s = 1/4

• Number of representable numbers = 2x((M-m)+1)x(b-1)xbs-1+1 = 33

   ... fits into available bits? Optimal number of bits?
● Note: fill the gap around 0: de-normalized
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www.fmi-standard.org

Functional Mockup Units (FMUs)

Bart Pussig, Bert Van Acker, Claudio Gomes

http://www.fmi-standard.org/


  

Model-Solver  Interface
Simulator-Environment Interface



  



  

Simulator

Model

Simulation Kernel

Simulator

Model

Simulation Kernel

Explicit Computational 
Semantics

Traditional 
Simulator

meaningful  operational semantics
(Models of Computation)



  

Models of Computation
Model Explicitly!

                    
Euler discretization

 y[k] = y[k-1] + h * y’[k] 



A GRAPH TRANSFORMATION RULE
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RULE SCHEDULING

• Using the MoTif language, we can execute our “simulate” rule as an SRule

• SRule: Apply the rule recursively as long as possible

– Find a match, rewrite the model, then re-match, rewrite the model, etc.
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A Rule

Joachim Denil's research



  

Transformation Schedule



  

Result of Transformation

● Explicit semantics
● Basis for analysis
● Give meaning to multi-formalism models
● Potential for global optimization
● Basis for complex Experimentation/Debugging environments



  


