
Design of the New OpenModelica 
Compiler High Performance Frontend

Per Östlund, Adrian Pop

Open Source Modelica Consortium
Programming Environment Laboratory

Department of Computer and Information Science
Linköping University

2009-02-02

2019-02-04

www.OpenModelica.org 



2

Outline

 Motivation

 Architecture

 Design

 Benchmarks

 Conclusions



3

Motivation

 Current front-end (CF)
 Makes it hard to fix issues
 Is hard to extend with new features
 Has issues with Scalability
 Has issues with some Modelica support (#2858)

 Decision
 Implement a new front-end (NF) from scratch
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Architecture

 65 Packages / Uniontypes
 Written in MetaModelica 3.0
 Much better modularization
 Much easier to follow



Design

 Performance and Scalability 
 Pointers that link component 

references to definition and 
application (use)
 Arrays of basic types and 

arrays of models are not 
expanded until Scalarization
phase
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Design – CF vs NF

 CF
 Scode->DAE as an atomic operation for 

each component
 Component focused
 Dependencies are re-processed all over 

again

 NF
 Find ways to break dependencies 

between the various frontend phases
 Model focused (the entire model is 

processed before calling the next phase)
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Design – Instantiation

 Builds an instance tree for that model
 The instance tree consists of the class 

instance corresponding to the model as the 
root node, with the component instances of 
the class as child nodes that themselves have 
component instances

 Three stages
 partial instantiation (local classes + imports)
 expansion (base classes + local components)
 full instantiation (modifiers)
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Design – Exp Instantiation

 CF
 Component references are stored as 

(name, type, subscripts, 
next_component_reference)

 Lookup needed again when extra info was 
required

 NF
 Component references are stored as 

(reference_to_instance_tree, type, 
subscripts, next_component_reference)

 Find correct instance via lookup
 No lookup needed again (just once)
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Design – Typing

 Two stages
 Typing components, including 

dimensions
 Typing expressions, bindings, 

equations, algorithms
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Design – Flattening
 Traverse instance tree and flatten it 

to a list
 Prefixing of component names and 

element name references
 Collect and handle connect equations, 

overconstrained connection graph
 Unroll for loops
 Scalarization of arrays of models
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Design – Constant Evaluation
 Evaluate everything needed
 Constants
 Structural parameters (and 

Functions if needed)
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Design – Simplification
 Simplify expressions, algorithms 

and equations
 1 + 2 => 3
 Zero size for loops removed
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Design – Scalarization
 Expand all arrays
 Expand arrays of basic types

 Function Collection
 Collect all functions used from 

expressions and derivative 
annotations
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Design – DAE Conversion

 Convert from FlatModel to 
DAE
 Convert all NF data types to 

DAE data types
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Benchmarks
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Conclusions
 NF – new frontend
 Implemented from scratch
 Designed for high performance and scalability
 Speed comparable to commercial tools
 Work in progress – MSL 3.2.3 423 of 424 models flatten

 Future work
 Finalize the implementation (expandable connectors)
 Test with more libraries and solve the remaining issues
 Handle non-expanded array in the backend
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End

Thank You!
Questions?

OpenModelica Project
http://www.OpenModelica.org
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stebr461, x08joekl, x08kimja, Dongliang Li, jhare950, x97davka,
krsta, edgarlopez, hanke, henjo, wuzhu.chen, fbergero, harka011,
tmtuomas, bjozac, AlexeyLebedev, x06klasj, ankar, kajny, vasaie_p,
niemisto, donida, hkiel, davbr, otto@mathcore.com, Kaie Kubjas,
x06krino, afshe, x06mikbl, leonardo.laguna, petfr, dhedberg, g-
karbe, x06henma, abhinnk, azazi, x02danhe, rruusu, x98petro,
mater, g-bjoza, x02kajny, g-pavgr, x05andre, vaden, jansilar,
ericmeyers, x05simel, andsa, leist, choeger, Ariel.Liebman, frisk,
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