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“A system is a collection of variables” –Ross Ashby

Ashby, W. R. (1956). An Introduction to Cybernetics. Chapman & Hall. 

𝜽, 𝜶

𝒍𝒈



3 of 21

System behavior is given by functions relating these variables

𝛼 = −
𝑔

𝑙
sin(𝜃)𝒍

𝜽, 𝜶

𝒈



4 of 21

Simulating a model is wiring functions together
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Every program is composed of a series of functions
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The way functions composed is described by a modeling paradigm

Flowcharts
MATLAB

Gantt Charts
PERT Diagrams
Markov Chains

Bond Graphs
Constraint Graphs
Bayesian Networks

Petri Nets
Stock and Flow

Block Diagrams
State Machines

C++
SysML

Modelica
Circuit Diagrams

ER Diagrams
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Imperative frameworks are processes, declarative are structures
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Paradigm effects compared in a driven, double pendulum
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Simulation Comparison Cases

1. Imperative, Non-Functional (MATLAB) 2. Imperative, Functional (Block Diagrams) 3. Imperative, Functional, Object-Oriented (C++)

4. Partially Declarative, Object-Oriented (Modelica) 5. Declarative, Functional (Constraint Hypergraphs)



10 of 21

1. Imperative, Non-Functional (MATLAB)
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Non-functional imperative programs are fully abstracted
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2. Imperative, Functional (Block Diagrams)
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Imperative functions enforce a static wiring scheme
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3. Imperative, Functional, Object-Oriented (C++)
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OO frameworks encapsulate behaviors into static blocks
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Inherited objects must maintain imperative behavioral processes
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4. Partially Declarative, Object-Oriented (Modelica)
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5. Declarative, Functional (Constraint Hypergraphs)
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Declarative simulation requires a constructing agent
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Functional, declarative paradigms maximize a model’s 
interpretability

Paradigm Num. Simulations

Strictly imperative 1

Imperative-functional 1

Object-oriented-functional 6

Object-oriented-non-functional 4

Declarative-object-oriented 6

Declarative-functional 25



Please reach out to jhmrrs@clemson.edu

More information available at our documentation

https://github.com/jmorris335/ConstraintHg
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