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DISJUNCTIVE PROGRAMMING OVERVIEW
Logic Constraints

▪ Propositional Logic:

AND OR NOT IF ONLY IF

⋀ ⋁ ¬ ⟹ ⟺

▪ Constraint Programming Logic:

atleast(n, ∙ ) exactly(n, ∙ ) atmost (n, ∙ )

⋁

Generalized Disjunctive Program

▪ Represented via Disjuncts activated by Boolean Variables

▪ Example: Expansion Planning

▪ Conditionally enforce constraints based on values of Boolean vars!



User Facing Program Reformulated Problem

How to solve a GDP

▪ Solvers CANNOT solve GDP directly

▪ Solvers take Mixed Integer Programs (MIPs)

▪ Use methods like branch and bound

▪ Integrality subject to relaxation

▪ GDPs have MIP counterparts

▪ Recover an interpretable GDP
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GDP
Y ∈ {True , False}

Mixed Integer Program
Y ∈ {0,1}

Solver

Optimized Results

GDP
Y ∈ {True , False}



Big M Hull P-Split
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REFORMULATION TECHNIQUES
GDP Form

MIP Form (Big M)

Relaxed MIP region



GDP ➔ MIP ➔ Solve

▪ Some methods require subproblems
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REFORMULATION TECHNIQUES
Iteration 1 Iteration 2 Iteration 3

GDP ➔ Subproblems ➔ MIP ➔ Solve

▪ Cutting Planes solves for linear cuts

▪ Multiple Big M solves for coefficients

Each Mij is optimized for



DisjunctiveProgramming.jl
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GDP Form

Supported Reformulations:

Big-M
Hull
Indicator
P-Split 
Cutting Planes 
Multiple Big-M 

and their Infinite versions!



What is Infinite-dimensional Optimization (Infiniteopt) ?

J. L. Pulsipher, W. Zhang, T. J. Hongisto, and V. M. Zavala. “A Unifying Modeling Abstraction for Infinite-Dimensional Optimization.” Computers & Chem. Eng. 2022
Mettler Toledo. “Jacketed Reactors.” 2025. URL: https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html 

• Many real-world processes evolve over continuous domains like time and space

• Chemical processes, rocket trajectory, portfolio optimization, etc…

• Involves decision variables that are infinite-dimensional functions

• Example: Optimal control of a jacketed reactor

• Implemented in InfiniteOpt.jl

Decision variables: 
𝐶𝐴 𝑡 , 𝑇𝑡𝑎𝑛𝑘 𝑡 , 𝑇𝑗𝑎𝑐𝑘𝑒𝑡 𝑡
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Direct Transcription

https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html
https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html
https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html
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https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html
https://www.mt.com/us/en/home/products/L1_AutochemProducts/automated-reactor-control-systems/jacketed-reactors.html


▪ DisjunctiveProgramming.jl automates reformulation

▪ InfiniteOpt.jl automates transcription

▪ Techniques are adapted to the infinite setting
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INFINITE DISJUNCTIVE PROGRAMS
▪ Modeling GDPs over infinite domains
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WHY INFINITEDISJUNCTIVEPROGRAMMING.JL?

GDP Support

InfiniteGDP

Free 

▪ InfiniteDisjunctiveProgramming.jl adapts techniques for you

▪ Others like PyomoDAE do not bridge GDP and InfiniteOpt



CASE STUDY: 
SIMULATING SILVERSTONE CIRCUIT

Using InfiniteDisjunctiveProgramming.jl
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BACKGROUND

▪ 50/50 battery to fuel split in 2026

▪ State of charge is a real concern

4 Modes ➔ 4 disjuncts over space/time

▪ Regeneration: Recharging battery through brake

▪ Internal Combustion Engine (ICE): Using fuel

▪ Boost: Electric + ICE

▪ Clipping: ICE + Charging Battery
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MATH AND CODE



Results
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▪ State of charge changes over time

▪ Mode selection is intuitively sound

▪ One decision (ICE) proved to be redundant



METHOD SOLVE TIMES
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▪ Hull:            No feasible solution found

▪ Big-M:           No feasible solution found

▪ Indicator:  13.1% gap in 1 hour 

Multiple Big-M:  Optimal in ~2 minutes

 P-Split:         18.0% gap in 1 hour

Cutting Planes: Inappropriate technique



▪ Big M and Hull are extremes of MIP relaxation

▪ Other methods exist to compromise

▪ Method switching is tedious

▪ DisjunctiveProgramming.jl automates GDP to MIP

▪ InfiniteDisjunctiveProgramming enables dynamic GDP
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RECAP
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