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E-graph
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• E-graphs compactly represent equivalent expressions
• Each e-class includes equivalent e-nodes

E-node

E-class



Equality Saturation (EqSat)
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• EqSat is the process of running a set of rewrite rules until a fixpoint or 
resource/time limit, and finally selects the optimal represented term.

• This solves the phase-ordering problem in the compiler community.
• Example: (𝑎×2)/2 → (𝑎 ≪ 1)/2 prevents canceling out 2/2.
• (𝑎×2)/2 → 𝑎×(2/2) → 𝑎×1 → 𝑎



Example: (𝒂×𝟐)/𝟐
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𝑥×1



Egg, Egglog
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• Egg[1] is an EqSat engine in Rust
• Egglog[2] is a logic programming language, so called “Unifying Datalog and 

Equality Saturation”.  Language + Engine.

(datatype Expr
  (Num i64)
  (Var String)
  (Add Expr Expr)
  (Mul Expr Expr)
  (Div Expr Expr)
  (Shl Expr Expr))

(let expr (Div (Mul (Var "x") (Num 2)) (Num 2)))
(rewrite (Mul x (Num 2)) (Shl x (Num 1)))
(rewrite (Div (Mul x y) z) (Mul x (Div y z)))
(rewrite (Div x x) (Num 1))
(rewrite (Mul x (Num 1)) x)
(run 3)
(extract expr) Output: (Var "x")

[1] Max Willsey, C. Nandi, Y. R. Wang, O. Flatt, Z. Tatlock, and P. 
Panchekha, “egg: Fast and extensible equality saturation,” POPL 
2021, doi: 10.1145/3434304.
[2] Y. Zhang et al., “Better Together: Unifying Datalog and Equality 
Saturation,” PLDI 2023, doi: https://doi.org/10.1145/3591239 

https://doi.org/10.1145/3434304
https://doi.org/10.1145/3591239
https://doi.org/10.1145/3434304
https://doi.org/10.1145/3591239


Spectrum of Rewriting Techniques
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• Destructive rewriting faces phase-ordering problem

(𝑎×2)/2 → (𝑎 ≪ 1)/2 → ??? 



Spectrum of Rewriting Techniques
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• Full EqSat causes OOM (Out of Memory) before reaching optimum
• What does “full” mean? Run all rules round by round.



Example: Isaria[1]
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[1] Samuel Thomas and James Bornholt. 
2024. Automatic Generation of Vectorizing 
Compilers for Customizable Digital Signal 
Processors. ASPLOS ‘24. 
https://doi.org/10.1145/3617232.3624873 

(let x (+ a b)
(let y (+ c d)
(Vec x y)))

(VecMAC a b c)

https://doi.org/10.1145/3617232.3624873
https://doi.org/10.1145/3617232.3624873
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Spectrum of Rewriting Techniques
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• Good strategy (like Isaria[1]) yields better solution

[1] Samuel Thomas and James Bornholt. 
2024. Automatic Generation of Vectorizing 
Compilers for Customizable Digital Signal 
Processors. ASPLOS ‘24. 
https://doi.org/10.1145/3617232.3624873 

https://doi.org/10.1145/3617232.3624873
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Spectrum of Rewriting Techniques
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• But we might write a bad strategy also 😭



Example: Isaria[1]
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Spectrum of Rewriting Techniques
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• We need to design a good strategy for a given problem!



Spectrum of Rewriting Techniques
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• EggMind uses LLM to evolve a good EqSat strategy



Strategy = Functor Loop
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DSL for Strategy
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• What does LLM generate?

(datatype Expr
    (Num BigRat)
    … ))
(let zero (bigrat (bigint 0) (bigint 1)))
(let one (bigrat (bigint 1) (bigint 1)))
(let two (bigrat (bigint 2) (bigint 1)))
(ruleset optimizations) 
(ruleset analysis)
(birewrite (Add x (Add y z)) (Add (Add x y) z) 
:ruleset optimizations) 
(birewrite (Mul x (Mul y z)) (Mul (Mul x y) z) 
:ruleset optimizations) 
…
(run-schedule     
  (repeat 2         
    (saturate (run analysis))         
    (run optimizations)))

Egglog 



Two Axes: Phase & Case
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Phase = a loop iteration

Case = a problem instance Like vectorizing one given program.



Phase Intelligence
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• Evolving across phases (runtime adaption)



Case Intelligence
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• Evolving across cases (learn from success and failure)



Still In Progress
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• Many problems being explored

• What are the statistics/experiences/… fed into LLM?
• Can LLM prompts be reused across problems?
• Vectorization, tensor compilation, logic synthesis, …

• How to prevent hanging/stuck/crashed from bad strategy/action? 
• …

• Implementation and evaluation



Thanks
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EggMind: An Intelligent Engine for
Scalable Equality Saturation


