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Equality Saturation

• Represent RTL designs as an e-graph
• Discover equivalent designs via constructive rewriting
• Maintain complete history

𝑥 ≪ 1 + 𝑥

𝑥 ∗ 2 + 𝑥

 𝑥 ∗ 3
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ROVERIFIX
1. Initialize Spec e-graph – apply 

datapath rewrites

2. Insert FIX(spec, impl) into e-graph

3. Propagate FIX operators to isolate 
the bug

4. Extract the design closest to impl 
that is equivalent to spec

Datapath Rewrite Examples:
• 𝑎 ≪ 𝑏 + 𝑐 → 𝑎 ≪ 𝑏 ≪ 𝑐 
• 𝑎 × 𝑏 ≪ 𝑐 → 𝑎 × 𝑏 ≪ 𝑐 

Database of 
correct designs



Results
Fix automatically generated by ROVERIFIX

Spec
𝐴 ≪ 𝑀 × 𝐵 ≪ 𝑁

Optimized
𝐴 × 𝐵 ≪ 𝑀 + 𝑁

24 hours 
inconclusive

Int 1

𝐴 × 𝐵 ≪ 𝑁 ≪ 𝑀

Int 2

𝐴 × 𝐵 ≪ 𝑁 ≪ 𝑀

ROVERIFY
Pass 0.1 secs 

Equivalence 
Checker

Proof automatically decomposed by ROVERIFY

Average 2.8x 
speedup in proof 

time across datapath 
benchmarks


	Slide 1: Automating Datapath Verification and Bug Correction via Equality Saturation 
	Slide 2: Datapath Debug and Verification
	Slide 3: Equality Saturation
	Slide 4: ROVERIFIX
	Slide 5: Results

