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Recursive composition is the  
backbone of many works!  
[CT10, BCCT13,BGH19,  

BCMS20, BDFG21, BCLMS21,  
KS22, CCS22, etc]
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IVC in Random Oracle Model?
• SNARKs exist in the ROM!

• Valiant’s construction: Random oracle is an oracle and a concrete 
function, and then an oracle again.

• Security gap!

• SNARKs in the ROM cannot be recursively composed [BCG24]!

• [HAN23] showed some barriers in the ROM

• Shows that SNARGs and IVC are fundamentally different problems
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• Proof size: .𝗉𝗈𝗅𝗒(λ, |𝖼𝖿 | , log T)

• Relies heavily on tools from prior works [PP22, DGKV22] on IVC for P

• Without extraction: Even more succinct IVC for “Trapdoor-NP” via a 
“Pure IO” approach.

• Proof size: ! 𝗉𝗈𝗅𝗒(λ, log T)

• We show how to achieve ZK in both settings.
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(over [DGKV/PP22]):  

We show this works for NP with 
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• If we follow the “proof merging” template, it seems like we are stuck with 
this “configuration” size dependence.

• Need to extract the intermediate configuration!

• Can we construct IVC without any extraction?

• SNARGs without extraction? Smells like iO :)
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Obfuscate these programs and publish as CRS!!
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• Idea: Cheating prover  Distinguisher for these hybrids →
• Can calculate cheating prover’s success probability in  using .𝖧real 𝖳𝖽
• This gives us soundness :)

• Marries ideas from [GSWW22], [DWW24], [WW25]!

• This approach does not use extraction and achieves -sized proof!𝗉𝗈𝗅𝗒(λ)

iO Gymnastics! (See paper)
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• We give an extraction-based approach to achieve IVC for NP.

• Proof size: .𝗉𝗈𝗅𝗒(λ, |𝖼𝖿 | , log T)
• We give an iO-based approach to IVC for “Trapdoor-NP”.

• Demonstrates a new approach to IVC without extraction!

• Proof size: .𝗉𝗈𝗅𝗒(λ)
• Open problem: Can we extend this to all of NP?
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Thank you for your attention!
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For construction, see [PP22, DGKV22, BDSZ24]
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• By index-hiding property of the BARG, should still cheat on this hop!!

• Extract  and recurse!!π

Construct a BARG proof  corresponding to: 
BARG Statement: . 
BARG Witness: Level  proofs .


Level  proof: .

π𝖡𝖠𝖱𝖦

(𝖼𝖿, 𝖼𝖿′￼), (𝖼𝖿′￼, 𝖼𝖿′￼′￼)
k π, π′￼′￼

k + 1 π′￼′￼= (𝖼𝖿′￼, π𝖡𝖠𝖱𝖦)

π(𝖼𝖿, 𝖼𝖿′￼,2k)
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Proof Strategy: BARG the BARG
Merge with  

rate-1 BARG
(𝖼𝖿, 𝖼𝖿′￼,2k)

(𝖼𝖿′￼, 𝖼𝖿′￼′￼,2k)

(𝖼𝖿, 𝖼𝖿′￼′￼,2k+1)π

π′￼
 = π′￼′￼ (𝖼𝖿′￼, π𝖡𝖠𝖱𝖦)

• Suppose  creates cheating proofs   
with prob. . 

𝒜 (𝖼𝖿′￼, π𝖡𝖠𝖱𝖦)
≥ ϵ

• By pigeonhole,  with prob  or, . WLOG first hop. 𝖼𝖿 ↛ 𝖼𝖿′￼ ≥ ϵ/2 𝖼𝖿′￼ ↛ 𝖼𝖿′￼′￼

• Switch BARG CRS binding accordingly! 

• By index-hiding property of the BARG, should still cheat on this hop!!

• Extract  and recurse!!π

Construct a BARG proof  corresponding to: 
BARG Statement: . 
BARG Witness: Level  proofs .


Level  proof: .

π𝖡𝖠𝖱𝖦

(𝖼𝖿, 𝖼𝖿′￼), (𝖼𝖿′￼, 𝖼𝖿′￼′￼)
k π, π′￼′￼

k + 1 π′￼′￼= (𝖼𝖿′￼, π𝖡𝖠𝖱𝖦)

π(𝖼𝖿, 𝖼𝖿′￼,2k)

Needs careful  
complexity leveraging for NP  

(this work, based on BKK+17)!  
Ask me later :)
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