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The AI4OPT Institute
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Use-Inspired Research

3

Seth	
Bonder	

Industrial	Partners Research Education	and	Diversity

International Innovation



July 2, 2024 AI for EnergyPascal Van Hentenryck, Copyright 2021-2025 

The Beauty of Optimization
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Optimization Model

Optimization Solver



July 2, 2024 AI for EnergyPascal Van Hentenryck, Copyright 2021-2025 

The Challenges of Optimization

‣ Optimization may be too slow in some circumstances
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Realities in the Fields

‣ Optimization over physical infrastructures

‣ Solving the same core problem repeatedly
– in situations that are relatively stable
– in situations where a lot of historical and forecasted data is available
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Optimization as a Function
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Optimization Model
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Parametric Machine Learning
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Machine Learning Model
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The Overall Approach

‣ Considering a multi-parametric optimization
– using a distribution of inputs

‣ Move the computational burden offline
– through machine learning

‣ Learning offline
– empirical risk minimization

‣ Evaluation at inference time / real time
– on a specific input with orders of magnitude improvement in efficiency
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The Challenges for AI in Engineering

‣ Empirical risk minimization under constraints
– physical, engineering, and/or business constraints

‣ Trustworthy AI by design
– not as an after-thought

‣ Reliability
– models to be deployed in critical infrastructures

‣ Performance guarantees
– quality of solutions (e.g., optimality gaps)

‣ Scalability (and energy efficient)
– input size of 1,000,000 and output size of 100,000
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AI
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AI is Ready  
for Critical Power Systems Applications
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AI

14

AI is the Key Technology Enabler  
for Critical Power Systems Applications
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 Energy Systems Operator Pipeline

‣ A sequence of optimization problems to decide 
– Commitments: Which generators do we switch on/off?
– Dispatches: How much power each generator produces and 

how much reserves it provides?
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Keeping the lights on!
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Physics and Engineering
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Economic Dispatch with Reserves
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load = generation
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Economic Dispatch with Reserves
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enough reserves
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Economic Dispatch with Reserves
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engineering 
constraints
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Security-Constrained Economic Dispatch
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Increased Volatility
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Real-Time Risk Assessment
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Probabilistic Forecasting

‣ High-dimensional time series forecasting
– Joint distribution of O(104) variables
– Uncertainty quantification
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Data-Driven v.s. Weather-Informed
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Data Driven

Weather-informed
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Forecasting Accuracy
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Hanyu Zhang, Reza Zandehshahvar, Mathieu Tanneau and Pascal Van Henten-
ryck. Weather-Informed Probabilistic Forecasting and Scenario Generation in Power
Systems. Applied Energy (to appear)
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Keeping the lights on!
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Optimization Proxy

31

feasible 
solution

Optimization Proxy

Predict: Repair: 

approximation
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Optimization Proxy
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ML
Proxy

Proxy
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Repair Step
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Training the Optimization Proxy
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The Primal ED Proxy
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Power Balance Layer

Reserve Layer

<latexit sha1_base64="69jgTZm+b0DsVS5QPT2MnV3+0cg=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclUR8LYtuXFawD2hCmUxv2qGTSZiZiCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOChDOlHefbWlldW9/YrGxVt3d29/btg1pHxamk0KYxj2UvIAo4E9DWTHPoJRJIFHDoBpPbwu8+glQsFg96moAfkZFgIaNEG2lg1zzN+BAyLyJ6HIRZkucDu+40nBnwMnFLUkclWgP7yxvGNI1AaMqJUn3XSbSfEakZ5ZBXvVRBQuiEjKBvqCARKD+bZc/xiVGGOIyleULjmfp7IyORUtMoMJNFRLXoFeJ/Xj/V4bWfMZGkGgSdHwpTjnWMiyLwkEmgmk8NIVQykxXTMZGEalNX1ZTgLn55mXTOGu5l4+L+vN68KeuooCN0jE6Ri65QE92hFmojip7QM3pFb1ZuvVjv1sd8dMUqdw7RH1ifP+gGlQU=</latexit>

p̃

<latexit sha1_base64="4VszVaBXDeSxp0OSNH6Hw/kPfA0=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwVRLxtSy6cSNUsA9oQphMJ+3QySTM3BRK6J+4caGIW//EnX/jpM1CqwcuHM65l3vvCVPBNTjOl1VZWV1b36hu1ra2d3b37P2Djk4yRVmbJiJRvZBoJrhkbeAgWC9VjMShYN1wfFv43QlTmifyEaYp82MylDzilICRAtvOPUoEvp8FHowYkFpg152GMwf+S9yS1FGJVmB/eoOEZjGTQAXRuu86Kfg5UcCpYLOal2mWEjomQ9Y3VJKYaT+fXz7DJ0YZ4ChRpiTgufpzIiex1tM4NJ0xgZFe9grxP6+fQXTt51ymGTBJF4uiTGBIcBEDHnDFKIipIYQqbm7FdEQUoWDCKkJwl1/+SzpnDfeycfFwXm/elHFU0RE6RqfIRVeoie5QC7URRRP0hF7Qq5Vbz9ab9b5orVjlzCH6BevjG8zekyE=</latexit>

M✓
<latexit sha1_base64="Gb3fP0/tRcabLkJ53JeCrlSOllk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjFPCBZwuxkNhkyO7vO9AphyU948aCIV3/Hm3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3n7g2IlYPOEq4H9G+EqFgFK3UyjqMSnI/7pbKbsWdgiwSLydlyFHrlr46vZilEVfIJDWm7bkJ+hnVKJjk42InNTyhbEj7vG2pohE3fja9d0yOrdIjYaxtKSRT9fdERiNjRlFgOyOKAzPvTcT/vHaK4ZWfCZWkyBWbLQpTSTAmk+dJT2jOUI4soUwLeythA6opQxtR0Ybgzb+8SBqnFe+icn53Vq5e53EU4BCO4AQ8uIQq3EIN6sBAwjO8wpvz6Lw4787HrHXJyWcO4A+czx+98I/K</latexit>

RRepair: Predict:

<latexit sha1_base64="ddjqi/73HkaB/pS6+7JvXjHPt/U=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkU3LivYBzShTCY37dDJJMxMKiX0T9y4UMStf+LOv3HSZqGtBy4czrmXe+8JUs6Udpxva2V1bX1js7JV3d7Z3du3Dw7bKskkhRZNeCK7AVHAmYCWZppDN5VA4oBDJxjdFX5nDFKxRDzqSQp+TAaCRYwSbaS+bXtPLIQh0bkXRDidVvt2zak7M+Bl4pakhko0+/aXFyY0i0FoyolSPddJtZ8TqRnlMK16mYKU0BEZQM9QQWJQfj67fIpPjRLiKJGmhMYz9fdETmKlJnFgOmOih2rRK8T/vF6moxs/ZyLNNAg6XxRlHOsEFzHgkEmgmk8MIVQycyumQyIJ1SasIgR38eVl0j6vu1f1y4eLWuO2jKOCjtEJOkMuukYNdI+aqIUoGqNn9IrerNx6sd6tj3nrilXOHKE/sD5/ABJOk00=</latexit>

bp
<latexit sha1_base64="c6HPqlWXWXD6aNeLiWl3CP443iI="></latexit>

qp



July 2, 2024 AI for EnergyPascal Van Hentenryck, Copyright 2021-2025 

Repairing the Power Balance
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proportional
response
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Increasing the Reserves
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Good Generators Greedy Generators
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Real-Time Risk Assessment

38

 15 min.              5 sec.       
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Security-Constrained OPF

‣ Power systems involve control systems
– closed loops

‣ We do not have full flexibility on the dispatch
– the control systems will react

‣ How to capture them?
– without modeling the dynamics

‣ Key idea
– capture the final (quasi) steady state

40
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Security-Constrained OPF
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Power Balance in 
the Contingencies

thermal limits

Contingencies



July 2, 2024 AI for EnergyPascal Van Hentenryck, Copyright 2021-2025 

Case Studies

42

Over 2.5 hours

Inference Times in ms

 2.5 hours          < 10 ms
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Self-Supervised Primal-Dual Learning
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The Primal and Dual Networks

44

Fully Connected 
Layer

Power Balance 
Repair Layer

Binary Search 
Layer

Estimating 
Slacks

Dual Net

Input Parameter
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"g $g
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Nominal dispatch

Generator contingency 
dispatch

Slacks

λ Lagrange multiplier
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AI is Ready  
for Critical Power Systems Applications
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AI is the Key Technology Enabler  
for Critical Power Systems Applications
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The Challenges for AI in Engineering

‣ Empirical risk minimization under constraints
– physical, engineering, and/or business constraints

‣ Trustworthy AI by design
– not as an after-thought

‣ Reliability
– models to be deployed in critical infrastructures

‣ Performance guarantees
– quality of solutions (e.g., optimality gaps)

‣ Scalability (and energy efficient)
– input size of 1,000,000 and output size of 100,000
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