
Joint work with Jonathan Bootle, Alessandro Chiesa, Yuncong Hu

Gemini
Elastic proofs for diverse environments

ia.cr/2022/420

arkworks.rs/gemini

http://ia.cr/2022/420
http://arkworks.rs/gemini


Succinct arguments

⋮𝒫 𝒱



Succinct arguments

⋮

∃w . (x, w) ∈ 𝖱

𝒫 𝒱



Succinct arguments

⋮

(with preprocessing)

∃w . (x, w) ∈ 𝖱

𝒫 𝒱



Are we done?

3

Today, the biggest bottleneck is space.



Are we done?

3

Today, the biggest bottleneck is space.

• Proving time:  Õ(n)
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• Verification time: Õ(1)
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An example

f

• SHA256 compression function is ~30K constraints
• x100 is outside benchmarks in papers
• x1000 cannot be proven in modern implementations

f

ff

f

f f

f

…

…

fff f …

⋮ ⋮ ⋮ ⋮f



Space-efficient arguments

5

[BC12] [BHRRS20,21][BCCT13] [HR18][Val08]



Space-efficient arguments

5

[BC12] [BHRRS20,21][BCCT13] [HR18][Val08]

Recursive Proofs



Streaming provers

6



Streaming provers

6

In practice



Streaming provers

6

 in

𝖯

π

In practice



Streaming provers

6

 in

𝖯

π

In practice



Streaming provers

6

 in

𝖯

π

In practice



Streaming provers

6

 in

𝖯

π

In practice In theory



Streaming provers

6

 in 𝖯𝒮(in) → π
𝖯

π

In practice In theory



Elasticity
Our contribution

Two proving algorithms: 

• Time-efficient 

• Space-efficient 

Same proof.
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Streaming R1CS

Def. The stream of a R1CS relation consists of: 

• the full instance , 

• the matrices , etc., 

• the computation trace , . 

𝒮(z)
𝒮colmaj(A), 𝒮rowmaj(A)

𝒮(Az), 𝒮(Bz) 𝒮(Cz)
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∃z s.t. Az ∘ Bz = Cz

Can be generated composing streams!

Our contribution
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f′ 0 f′ 1 ; yield      [the first coefficient!]f′ ′ 0f′ ′ 0 := + r2 ⋅
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Inner product: complexity
• The proving algorithm can use  spacelog n
• .. and overall  time.                              n log n

14

Exploit divide and conquer structure:
• Fix a memory budget 

• Overall complexity  for arbitrary size,  from thresholdO(n log n) O(n)

threshold
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Contributing to arkworks-rs: streaming KZG and PST.

SortedStreamer<'_, _,  
      AlgebraicHash<'_, <E as PairingEngine>::Fr,  
                Tensor<'_, <E as PairingEngine>::Fr>, IterableRange>,  
                       JointRowStream<'_, SM, SM, SM, <E as PairingEngine>::Fr> 
                > 
      > 
>

Streams are Iterators: embed computation tree in the type.
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Srinath Setty, Spartan: Efficient and general-purpose zkSNARKs without trusted setup, 2019

Chiesa, Maller, Hu, Mishra, Vesely, Ward: Marlin: Preprocessing SNARKs with universal updatable CRS

Previous works: benchmarking stops at millions of gates.



Gemini in practice: SNARK

24

Hundreds of billions of gates

217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237
21

27

213

219

Instance size (n)

T
im

e
(s
)



Gemini in practice: SNARK

24

Out of memory 
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Gemini in practice: preprocessing SNARK
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Tens of billions of gates

Proving time: O(n log2 n)
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26

If you care about logarithmic factors, you care about constants
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Proving space: O(log n)
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