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Core Point: ModelingToolkit makes it easy 
to design new and better simplification 

algorithms interactively



ModelingToolkit



Composability of MTK

XSystem ↦ YSystem

PDESystem ↦ ODESystem



Composability of MTK

XSystem ↦ YSystem

MomentClosure.jl

ReactionNetwork ↦ ODESystem



Composability of MTK

XSystem ↦ YSystem

MomentClosure.jl

SDESystem ↦ ODESystem



Composability of MTK

XSystem ↦ YSystem

ModelOrderReduction.jl

ODESystem ↦ ODESystem

Proper Orthogonal Decomposition and Discrete 
Empirical Interpolation Method (POD-DEIM)



Composability of MTK

XSystem and others ↦ YSystem

OM.jl

Modelica ↦ ODESystem



Clearly, many (young) contributors have easily 
added their own transformation passes in record 

time.

Why is MTK so hackable for writing 
transformations?

I will show the interactivity by describing the 
structural simplification passes!







Dummy derivative

Do all the variables with a 
prime have the same 
interpretation?



Symbols could be misleading

Algebraic variable

Differential variable



Dummy derivative: structural encoding

Tearing tells us which variable is solved by which equation

Int ↦ Union{Int, Nothing}

Actual differential variables cannot be algebraically solved by any equation

Int ↦ Union{Int, Nothing, SelectedState}

Hence, dummy derivatives are variables that appear to be differentiated, but its 
lower derivative is not a SelectedState.





Alias elimination



Alias elimination

Dummy derivative and 
tearing



Alias elimination

Not index 1



Alias elimination: singularity removal 



Stronger alias elimination



Stronger alias elimination



Stronger alias elimination



plot_tearing_state


