
Declarative Integration of CAD Software 
into Multi-Physics Simulation
via Constraint Hypergraphs

John Morris, Gregory Mocko, Satchit Ramnath, John Wagner
Dept. of Mechanical Engineering
Clemson University



2 of 18

Complex systems are represented across different formalisms and 
software
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“A system is a collection of variables” –Ross Ashby

Ashby, W. R. (1956). An Introduction to Cybernetics. Chapman & Hall. 
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“A system is a collection of variables” –Ross Ashby

Ashby, W. R. (1956). An Introduction to Cybernetics. Chapman & Hall. 
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Behavioral models describe relationships between variables as 
functions
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Simulation is the use of these functions to transform a set of inputs 
to a set of outputs
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Unique sequences exist for every input/output pairing

𝜔 → 𝑦 y → 𝜃



8 of 18

Simulation sequences can be represented as trees with inputs as 
leaves and outputs are roots
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For a system of n variables, full simulation requires impractical 
number of sequences
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A constraint hypergraph gives declarative depiction of all 
simulation sequences

State variables
Functional relations

Morris, J., Mocko, G., & Wagner, J. (2025). Unified System Modeling and Simulation via Constraint Hypergraphs. Journal of Computing and 
Information Science in Engineering.
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Unique simulation sequences are described by paths in the 
hypergraph

Outputs

Inputs
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Simulation constructed using a Breadth-First Search of the graph



13 of 18

Process of forming an integrated constraint hypergraph model
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Constraint hypergraphs can describe simulation paths that go 
across calculating software

Kinematic Analysis Mass PropertiesGeometric Specifications
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The hypergraph declaratively integrates Onshape’s functionalities 
with the greater system model

CAD functionalities

Physical parameters

API specific

Legend
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Declarative modeling allows autonomous reordering of information
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Future work: describe a foundation for model-based engineering 
using constraint hypergraphs

PDM

Structural

Cyber-Physical

Analysis



Please reach out to jhmrrs@clemson.edu

More information available at our documentation

https://github.com/jmorris335/ConstraintHg

	Slide 1: Declarative Integration of CAD Software into Multi-Physics Simulation via Constraint Hypergraphs
	Slide 2: Complex systems are represented across different formalisms and software
	Slide 3: “A system is a collection of variables” –Ross Ashby
	Slide 4: “A system is a collection of variables” –Ross Ashby
	Slide 5: Behavioral models describe relationships between variables as functions
	Slide 6: Simulation is the use of these functions to transform a set of inputs to a set of outputs
	Slide 7: Unique sequences exist for every input/output pairing
	Slide 8: Simulation sequences can be represented as trees with inputs as leaves and outputs are roots
	Slide 9: For a system of n variables, full simulation requires impractical number of sequences
	Slide 10: A constraint hypergraph gives declarative depiction of all simulation sequences
	Slide 11: Unique simulation sequences are described by paths in the hypergraph
	Slide 12: Simulation constructed using a Breadth-First Search of the graph
	Slide 13: Process of forming an integrated constraint hypergraph model
	Slide 14: Constraint hypergraphs can describe simulation paths that go across calculating software
	Slide 15: The hypergraph declaratively integrates Onshape’s functionalities with the greater system model
	Slide 16: Declarative modeling allows autonomous reordering of information
	Slide 17: Future work: describe a foundation for model-based engineering using constraint hypergraphs
	Slide 18: More information available at our documentation

