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WHAT IS INFINITE-DIMENSIONAL OPTIMIZATION?
▪ Variables and/or constraints indexed over continuous domains

▪ Three common domains
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UNIFYING ABSTRACTION
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SOLUTION VIA TRANSFORMATION
▪ Direct Transcription

▪ Alternative Methods
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APPLICATIONS
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▪ Captures wide envelope of problems

▪ Automates transformations

▪ Inspires new modeling approaches

Unifying Abstraction

Accelerated Solutions

Compact and Performant Modeling

Extensive Documentation
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WHAT ABOUT OTHER TOOLS?
Tool ODEs PDEs Stochastic Free Extensible ML Models GPU Measures
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INSPIRING NEW MODELING OBJECTS
Event Constraints Risk-Inspired 

Measures
Random Field 
Optimization

Infinite-Dimensional 
ML Surrogates



DEVELOPMENT HISTORY
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WHAT’S NEW WITH VERSION 0.6?
▪ Extensive features/changes over past 3 years

▪ User interface is largely unchanged

▪ New nonlinear expressions

▪ New transformation API

▪ Refactor reduced variables

▪ Functional bounds

▪ GPU accelerated solution

▪ ML model embedding

▪ Infinite GDPs

▪ Much much more 
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SIMPLIFIED CODE BASE
▪ Features and performance refactors steadily 

increased tracked source code lines

▪ Reduced code and increased performance

▪ Removed unnecessary complexity
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Version 0.1
Lines: 3,272

Version 0.2
Lines: 4,177

Version 0.3
Lines: 5,030

Version 0.4
Lines: 6,522

Version 0.5
Lines: 7,110

Version 0.6
Lines: 6,583



OPTIMIZER MODELS → TRANSFORMATION BACKENDS
▪ Before v0.6: Optimizer model API

▪ v0.6: Transformation backend API
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IMPROVED TRANSCRIPTION
▪ TranscriptionOpt provides large library of discretization methods

▪ E.g., finite difference, orthogonal collocation, quadrature, trapezoid, more

▪ v0.6 expands library to better support higher order derivatives

▪ All outputs now are given as N-dimensional arrays

▪ Where N is the # of infinite parameters
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InfiniteOpt.jl

↓
Automatic Transcription

JuMP.jl

↓
Manual Transcription



INFINITEINTERPOLATIONS.JL
▪ Use interpolation to return continuous 

function solutions

▪ Extension of Interpolations.jl

▪ Works on variables, constraints, and 
expressions
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FUNCTIONAL BOUNDS AND DOMAIN RESTRICTIONS
▪ Infinite variables support function bounds

▪ Semi-infinite variables now support 
bounds/starts

▪ Domain restrictions now take arbitrary 
function

▪ Previously limited to subintervals

▪ This is quite useful for PDEs
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IMPROVED PARAMETER SUPPORT
▪ Previously parameter updates required 

rebuilding the backend

▪ New persistent API added to 
transformation backends

▪ Can update finite parameter and 
parameter functions (new)
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WARMSTARTING
▪ Update start values via set_start_values

▪ Uses last solution

▪ Requires Interpolations.jl be imported

▪ Backend will be rebuilt

▪ Update start values via 
warmstart_backend_start_values

▪ Supports persistent backend

▪ Updates all possible variables

▪ The start values in the InfiniteModel are not updated
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INFINITEEXAMODELS.JL: ACCELERATING SOLUTION
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▪ Bridges the gap between                              &

▪ Automates transcription through intuitive interface

▪ Leverages repeated structure to reduce model creation time

▪ Supports CPU (via Ipopt) and GPU (via MadNLP) v0.1 is now 
released!



INFINITEEXAMODELS.JL: OPTIMAL CONTROL
▪ GPU performs & scales better than CPU workflows

▪ Significant time spent for solver initialization
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RAPID NONLINEAR MODEL PREDICTIVE CONTROL
▪ New persistent backend + InfiniteExaModels.jl + GPU → fastest known NMPC
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0.71 s per iteration

0.01 s per iteration



InfiniteOpt.jl

▪ Interfaces with ExaModels → GPU NMPC

▪ Supports ODEs and PDEs

▪ Supports orthogonal collocation and finite 
difference on GPU

▪ Support set notation (benchmark 22 lines)

▪ Supports persistent solves 

OptimalControl.jl

▪ Interfaces with ExaModels → GPU NMPC

▪ Supports ODEs

▪ Supports only finite difference on GPU

▪ Doesn’t support set notation (benchmark 63 lines)

▪ Rebuilds solver instance

OPTIMALCONTROL.JL VS. INFINITEOPT.JL FOR NMPC
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1.97s total time
22.6s total time



INFINITEMATHOPTAI.JL: EMBEDDING ML MODELS
▪ Acts as a bridge between                              & MathOptAI.jl

▪ Embed ML models directly in InfiniteOpt problems

▪ Enables use of neural ODEs

▪ Opens possibility for infinite ML models

▪ Gaussian processes

▪ Neural operators  
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INFINITEDISJUNCTIVEPROGRAMMING.JL: MODELING LOGIC
▪ Enables infinite-dimensional GDP

▪ Model ODE/constraint switching
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MTKINFINITEOPTEXT.JL: INTEGRATING MTK MODELS
▪ Ports ModelingToolkit models to 

InfiniteOpt

▪ Enables structural simplifications

▪ More work is needed to increase 
performance and better use 
InfiniteOpt’s extension API
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DEVELOPMENT ROADMAP (A PARTIAL SNAPSHOT)
▪ Add more features that JuMP supports

▪ Multi-objective, generic precision, complex values, etc.

▪ Enhance PDE support (e.g., support finite elements)

▪ Expand envelope of persistent backend API

▪ Develop GPU-accelerated parameter estimation workflows

▪ Infinite ML models

▪ Add support for larger collection of infinite-dimensional ML models

▪ Use simultaneous method to train neural ODEs

▪ Infinite GDP: Finish release and develop tailored solver
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TRY IT OUT!
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InfiniteExaModels.jl
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