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For blockchains, smaller is better!

Can we go lower than 176 bytes?
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Approach 1: Free addition gates Approach 2: Custom gates

• Only pay cryptographic (e.g., MSM) 
costs for multiplication gates 

• Achieved by circuit-specific SNARKs  
[GGPR13, BCTV14, Groth16]

• Specialized gates for particular 
computations (e.g., EC addition, 
Poseidon S-box) 

• Proposed recently for TurboPlonk 
[GW19], used widely 
[RISC0,Plonky3,CBBZ23,STW23]

Unfortunately, no existing SNARK supports both! 
 

Can we fix this?
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𝒫 𝒱Compiles to only 4 group elements!

Requires numerous commitments, 
openings, and evaluation proofs 
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r
cm

18

Extractability
If the adversary outputs a commitment & proof that convinces the receiver, 
then it must know  that the following holds: 

• PC Extractability:  

• Equifficient constraint satisfaction:  can be represented with 
equal coefficients

p1, …, pn
p1(z) = v1, …, pn(z) = vn

p1, …, pn
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Step 1: Using regular KZG, commit to the polynomials and ̂zA, ̂zB, ̂zC

𝖼𝗄 = (1 ⋅ G, τ ⋅ G, τ2 ⋅ G, …, τn−1 ⋅ G)

𝖪𝖹𝖦 . 𝖢𝗈𝗆𝗆𝗂𝗍(𝖼𝗄, ̂zA) → cA
𝖪𝖹𝖦 . 𝖢𝗈𝗆𝗆𝗂𝗍(𝖼𝗄, ̂zB) → cB
𝖪𝖹𝖦 . 𝖢𝗈𝗆𝗆𝗂𝗍(𝖼𝗄, ̂zC) → cC

where    for cM := ∑
i

zM[i] ⋅ τi ⋅ G M ∈ {A, B, C}
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Step 2: Enforce the coefficient-equality constraint. 

 E := {𝒜, ℬ, 𝒞}

To do this, first we construct committer keys that encode each basis… 

𝒜 = { ̂a1, …, ̂an}

ℬ = {b̂1, …, b̂n}

𝒞 = { ̂c1, …, ̂cn}

𝖼𝗄A = [ ̂a1(τ)G, ̂a2(τ)G, ̂a3(τ)G, …, ̂an(τ)G]
𝖼𝗄B = [b̂1(τ)G, b̂2(τ)G, b̂3(τ)G, …, b̂n(τ)G]
𝖼𝗄C = [ ̂c1(τ)G, ̂c2(τ)G, ̂c3(τ)G, …, ̂cn(τ)G]
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 𝖢𝗈𝗆𝗆𝗂𝗍(𝖼𝗄, (zA(X), zB(X), zC(X))) → cA, cB, cC , c∗

 , cA = zA(τ) ⋅ G, cB = zB(τ) ⋅ G cC = zC(τ) ⋅ G

Consistency 
Commitment  =    +   +    c∗ ( α ⋅ ̂zA(τ) β ⋅ ̂zB(τ) γ ⋅ ̂zC(τ) ) ⋅ G
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Equifficient
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KZG-based EPC Construction

EPC Check KZG Check + Consistency check

KZG Check
Pass/fail← KZG.CHECK( , ,   )𝗏𝗄 cA vA, πA

Pass/fail← KZG.CHECK( , )𝗏𝗄 cB, vB, πB

Pass/fail ← KZG.CHECK( , )𝗏𝗄 cC, vC, πC

Consistency check

 e(c∗, H) ?= ∏
M∈{A,B,C}

e(cM, 𝗏𝗄M)

Step 4: Now, in the EPC check, do regular KZG verifications for each of  
 and  plus a consistency check using our new commitment   cA, cB cC c ∗

These proofs are computed by 
KZG.Open, which we omit for simplicity!
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Linear-time prover
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iacr.org/2024/1245 github.com/alireza-shirzad/garuda-pari


