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Why a Competition?

Transparent unbiased evaluation

Equal treatment

Zero BS/faking

Off-the-chart motivation levels



Challenge 3: The Hardest Challenge of them All

2019-2020 2020-2021 2021-2022 2022-2023



Challenge 3: What Was so Challenging About it?

The Answer: Temporal Constraints



Challenge 3: What Was so Challenging About it?

Other Challenges: 
• 1e-8 Constraint Satisfaction (4 orders of magnitude drop!)

• Dense Reserve Constraints (thousands of nnz in one constraint)

• Different N-1 Post-Contingency Model
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A mere $9.6M in market surplus difference in the real-time market
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Challenge 3: What Was so Challenging About it?

Most Importantly: Other Competitors

My guess: TIM-GO was already including contingencies in Event 3!

The Power of Competitions: Seeing is Believing!



GravityX’s Approach
Decomposition + MIP + NLP

Rolling Horizon Time Decomposition
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GravityX’s Approach
Decomposition + MIP + NLP

From Lossless to Lossy Mixed-Integer Linear Power Flow Model (including reactive power)

<latexit sha1_base64="Q1xzhFwIBhMZDGdc77OyZyE4Trs="></latexit>

min c1
tx+ c2

ty

s.t. A1x+A2y  b

x 2 Rn, y 2 Zn
*Thanks for the free license!
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How to include Voltage Variables in the MIP?
And still have Gurobi solve it in time..

From Lossless to Lossy Mixed-Integer Linear Power Flow Model (including reactive power)

<latexit sha1_base64="Q1xzhFwIBhMZDGdc77OyZyE4Trs="></latexit>

min c1
tx+ c2

ty

s.t. A1x+A2y  b

x 2 Rn, y 2 Zn



Linear Relationship Linking Voltage Magnitude Square to P and Q?
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Modeling Thermal Limit Constraints
Outer-Approximation Cuts using Gurobi’s Lazy Callback



Modeling Thermal Limit Constraints
Outer-Approximation Cuts using Gurobi’s Lazy Callback



GravityX’s Approach
Decomposition + MIP + NLP

• Run ACOPF with unit commitment fixed to previous operating point

• Set rolling horizon length and heuristically decide which contingency to include

• Run rolling horizon MIP

• Fix all unit commitment binaries

•  Run rolling horizon NLP



Taking Advantage of Parallelism (access to 64 threads)
6 Parallel workers (10 threads each)

/* Worker 0: no mip, slack, reserve */
/* Worker 1: 1 mip, slack, reserve */
/* Worker 2: mip, no slack, no reserve */
/* Worker 3: mip, slack, reserve, 1 step  horizon */
/* Worker 4: mip, tuned */
/* Worker 5: mip, slack, reserve, LineSW or full horizon */
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6 Parallel workers (10 threads each)

Worker 0 Worker 1 Worker 2 Worker 3 Worker 4 Worker 5

$7,062.28M $7,115.62M $7,093.97M $6,166.02M $4,027.52M FAILED

Network Instance: C3S3N08316D2
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Taking Advantage of Parallelism (access to 64 threads)

Worker 0 Worker 1 Worker 2 Worker 3 Worker 4 Worker 5

$7,062.28M $7,115.62M $7,093.97M $6,166.02M $4,027.52M Time Out

Network Instance: C3S3N08316D2

6 Parallel workers (10 threads each)

Worker 0 Worker 1 Worker 2 Worker 3 Worker 4 Worker 5

$44,511,677 $45,274,116 Time Out $45,272,853 $45,274,116 $45,286,951

Network Instance: C3S4N00617D1 14 lines switched ON!
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1) Spatial Decomposition 
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Things I started but did 
not have time to finish:

1) Spatial Decomposition 

2) Dynamic Contingency Constraint 

Generation

3) Project the slack variables and use 

on/off constraints for line switching



Things I tried that 
miserably failed:

1) Conic Relaxations

2) Convex Restrictions

3) Rounding Heuristics

D. Lee et al. "Convex Restriction of Power Flow Feasibility Sets," in IEEE Transactions on Control of Network 
Systems, vol. 6, no. 3, pp. 1235-1245, Sept. 2019



Thanks!

”Competition is a lot like cod liver oil. First it makes you sick. Then it makes you better.” - Unattributed

“If you can't win, make the fellow ahead of you break the record.” - EVAN ESAR

“It is in vain for us to devise schemes by which competition can be put out of civilized life. Competition is the 
condition of life.” - LYMAN ABBOTT

“The ultimate victory in competition is derived from the inner satisfaction of knowing that you have done your 
best and that you have gotten the most out of what you had to give” - Howard Cosell


