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Knowing information about complex systems require 
models across many domains
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Simulating a model provides a limited view of a system
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Constraint hypergraphs are a framework for universal, 
declarative systems modeling

𝑓2

L

S
E

N C
R𝑓3

𝑓1

CHG Definition Declarative Simulation Applications



5 of 26

Systems are described by either observations or simulations
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Observations are measurements we make of reality
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Simulations are predictions we make based on relationships
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Model relations are algebraic functions that describe behavior
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J. C. Willems, “The Behavioral Approach to Open and Interconnected Systems,” 
IEEE Control Systems Magazine (2007)

𝒇𝒏→e Name → Economy

𝒇𝒏→c Name → Capacity
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Functions can have multiple arguments

𝒇𝒏→e Name → Economy

𝒇ce→r Capacity ×  Economy
→ Range
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Functions compose to form greater functions
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𝑓2

Load
(L)

Speed
(S)

Economy
(E)

We can represent all models and variables as a constraint 
hypergraph (CHG)
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Every path in a CHG is a simulation
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Every path in a CHG is a simulation
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Declarative simulation in a CHGs is pathfinding

Imperative Declarative
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Declarative simulation provided by ConstraintHg

https://github.com/jmorris335/ConstraintHg
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There are three structures in a CHG that a declarative 
agent needs to process:
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Morris, J., Mocko, G., & Wagner, J. (2025). Unified System Modeling and Simulation via Constraint Hypergraphs. J. Comput. Inf. Sci. Eng.
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CHGs provide platforms for model-based engineering and 
digital twins

Maintains information in different contexts Maintains information with different models
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Simulation paths can cross between calculating software

Kinematic Analysis Mass PropertiesMaterial Mechanics
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Intra-platform CHGs show interactions 
calculated by different tools

independent software
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Demonstration: Microgrid Digital Twin
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Physical Microgrid at Naval Postgraduate School
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Previous Imperative Modeling of Microgrid

C. J. Peterson, “Systems Architecture Design and Validation Methods for Microgrid Systems,” Master’s thesis, Naval Postgraduate School, Monterey, CA, 2019
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Transformed CHG contains 594 nodes and 334 edges

https://github.com/jmorris335/MicrogridHg
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Includes all kinds of simulation and modeling

Database queries

Linear equation solvers

Dynamic simulation

File input/output

Stochastic models
Algebraic rules
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Autonomously observes and simulates the real system



John Morris
john.h.morris@uah.edu

CHGs provide a universal language for
systems modeling and simulation 
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Universal Modeling Declarative Simulation

More information on 
CHGs + JCISE paper

https://github.com/jmorris335/ConstraintHg


Additional Slides
Universal System Simulation via Constraint Hypergraphs
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Pendulum System
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Declarative simulation provided by ConstraintHg

https://github.com/jmorris335/ConstraintHg
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ConstraintHg Functionality

Provides methods for:

• Representing and visualizing CHGs

• Forming cycles, partial edges, and edge weights

• Pathfinding for declarative simulation
• Extensive logging tools

• Merging CHGs

Morris, J., (2026). “ConstraintHg: A Kernel for Systems Modeling and Simulation,” Journal of Open-Source Software.

https://github.com/jmorris335/ConstraintHg
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Process of making a CHG

Morris, J., Mocko, G., Wagner, J., & Ramnath, S. (2025). Declarative Integration of CAD Software into Multi-
Physics Simulation via Constraint Hypergraphs. ASME IDETC-CIE 2025 conference
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Declarative simulation requires only start & end points

hg.solve(
   target='theta’,
   inputs=(
      theta=0.785,
      omega=0.0,
      g=9.81,
      r=0.25,
      delta_t=0.02
   ),
   min_index=2,
)

└──theta(2)=0.7739
   ├──omega(2)=-0.5547
   │  ├──alpha(2)=-27.74
   │  │  ├──g=9.81
   │  │  ├──theta=0.785
   │  │  └──r=0.25
   │  ├──delta_t=0.02
   │  └──omega=0
   ├──delta_t=0.02
   └──theta=0.785

Simulation call Discovered, unraveled simulation
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