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Design Requirements

Scalable prover + post-quantum security
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Proof
SNARK-prove

root statement

+“Fold”.Verifier

“Fold”

Faster than SNARKs

E.g. Nova vs Halo2: 100x faster

Heuristics: Instantiating RO
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[BGH’19, BCLMS’20, KST’21]

|RNP| ≈ |Racc|

Properties:
- Completeness + Knowledge soundness + Succinctness

- Advantage: faster provers & verifiers than SNARKs
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Nice features
• Plausible post-quantum security

• Fast prover + succinct verifier

Lattice-Based Folding

Prior/Concurrent Work

● LatticeFold [BC’24] / Neo [NS’25] :

- MSIS [LS’15] + Sumcheck-based norm proof

● Lova [FKNP’24] :

- SIS [Ajtai’96] + Euclidean norm proof

- Less concretely efficient 

Prover: Require computing

many helper commitments
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Key technique
• An algebraic norm proof without high-arity decomposition

• log(𝑑)-factor fewer helper commitments than prior work
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Technical Overview
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𝑅cm,𝐵
𝐵 =

𝕩 = cm ,𝕨 = 𝑓 ∈ 𝑅𝑛 s. t.
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Idea: random linear combination

Challenge: Norm control
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of degree 2𝑏
Sumcheck Protocol 
[LFKN’90]

𝑥 = cm∗, 𝑟, 𝑣 , ҧ𝑓∗

∈? 𝑅acc, 𝐵

Pros: Polylogarithmic verifier time

Prover overhead: Fix 𝐵 = 𝑏𝑘

• Small 𝑏 & Large 𝑘: Expensive computation to cm1, … , cm2𝑘

• Small 𝑘 & Large 𝑏: Expensive high-degree Sumcheck
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𝑎 ∈ [0, 𝑑) ∩ ℤ ∃Δ = 𝑋𝑎 ∶ 𝑎 = ct(𝑇 𝑋 ⋅ Δ)

𝑇 𝑋 = ෍

𝑖∈[0,𝑑)

−𝑖 ⋅ 𝑋𝑑−𝑖

−𝑎 ⋅ 𝑋𝑑−𝑎 ⋅ 𝑋𝑎 = 𝑎



An Algebraic Norm Proof over Rq

12

Over ℤ𝑞:

𝑎 ∈ [0, 𝑑) ∩ ℤ ෑ

𝑖= 0,𝑑

𝑎 − 𝑖 = 0 mod 𝑞

Degree = d

Over 𝑅𝑞 = ℤ𝑞 𝑋 /(𝑋𝑑 + 1) :

𝑎 ∈ [0, 𝑑) ∩ ℤ ∃Δ = 𝑋𝑎 ∶ 𝑎 = ct(𝑇 𝑋 ⋅ Δ)

Degree = 1
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Ԧ𝑓 ∈ 𝑅𝑛𝕩 = CM( )

P V

58

Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛
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Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛
E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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E.g., want 
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Ԧ𝑓 ∈ 𝑅𝑛𝕩 = CM( )

P VD = 𝑋𝐹𝑖,𝑗
𝑖∈ 𝑑 ,𝑗∈[𝑛]CM( )

61

Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛

1 double commitment

E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛

Constant check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ F𝑖,𝑗 = ct(𝑇 𝑋 ⋅ D𝑖,𝑗)

E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛

Constant check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ F𝑖,𝑗 = ct(𝑇 𝑋 ⋅ D𝑖,𝑗)

Monomial check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ D𝑖,𝑗 ∈ 0,1, 𝑋, … , 𝑋𝑑−1

E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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Ԧ𝑓 ∈ 𝑅𝑛𝕩 = CM( )

P VD = 𝑋𝐹𝑖,𝑗
𝑖∈ 𝑑 ,𝑗∈[𝑛]CM( )
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Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛

Constant check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ F𝑖,𝑗 = ct(𝑇 𝑋 ⋅ D𝑖,𝑗)

Monomial check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ D𝑖,𝑗 ∈ 0,1, 𝑋, … , 𝑋𝑑−1

A (batched) deg-3 

Sumcheck over ℤ𝑞

E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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Ԧ𝑓 ∈ 𝑅𝑛𝕩 = CM( )

P VD = 𝑋𝐹𝑖,𝑗
𝑖∈ 𝑑 ,𝑗∈[𝑛]CM( )

65

Coef Ԧ𝑓 = F ∈ ℤ𝑑×𝑛

Constant check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ F𝑖,𝑗 = ct(𝑇 𝑋 ⋅ D𝑖,𝑗)

Monomial check

∀𝑖 ∈ 𝑑 , 𝑗 ∈ 𝑛 ∶ D𝑖,𝑗 ∈ 0,1, 𝑋, … , 𝑋𝑑−1

A (batched) deg-3 

Sumcheck over ℤ𝑞

𝕩′ = cm∗, 𝑟, 𝑣 , ҧ𝑓∗

∈? 𝑅acc

E.g., want 

F𝑖,𝑗 ∈ 0, 𝑑 ∀𝑖, 𝑗
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The actual scheme:
• Support larger norm ranges than [0, 𝑑)

• Support smaller modulus 𝑞 via tensor-of-rings [NS’25, BC’25]

• Folding committed R1CS relations



Extensions & Summary
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The actual scheme:
• Support larger norm ranges than [0, 𝑑)

• Support smaller modulus 𝑞 via tensor-of-rings [NS’25, BC’25]

• Folding committed R1CS relations

Summary
● Lattice-based folding is easier to build than lattice SNARKs

● Faster & parallelizable provers + succinct verifiers

● Core technique: A new lattice-based algebraic range proof



Future Work
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QROM analysis?

Efficient ℓ2-norm range proofs?

Non-prime modulus q?

Non-power-of-2 cyclotomic rings?
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Eprint:2025/247

https://eprint.iacr.org/2025/247
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