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(G, τG, τ2G, …, τnG)
Powers of Tau

Structured Reference Strings

• Limit the # of constraints proven

• Largest SRS <  constraints [1]


• Difficult setup ceremonies [1,6, 7]

227

Proving Memory

Streaming SNARKs (Gemini)
< 1.2 GB for  constraints [2]231

Distributed SNARKs (DIZK)
< 12.8 hr for  constraints [3,4]231

5.2 TB RAM with 20 machines

< 1.7 days

Monolithic SNARKs
• Plonk, Marlin, Groth16, STARKs
• Linear Memory (TBs RAM)[1,5,8]

Limited by SRS size



Scalable SNARKs
• Prove arbitrary number of constraints


• Transparent setup


• Minimal hardware requirements (can 
run even on a laptop)


• Memory efficient streaming prover


• Support for distributed proving
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Mangrove



7

Techniques



7

C(x, w) = 0 Arbitrary Circuit SAT
Techniques



7

C(x, w) = 0 Arbitrary Circuit SAT

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



8

C(x, w) = 0 Arbitrary Circuit SAT

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



8

C(x, w) = 0 Arbitrary Circuit SAT

Folding Scheme 
for Polynomial 

Relations
Single chunk

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



9

C(x, w) = 0 Arbitrary Circuit SAT

Folding Scheme 
for Polynomial 

Relations
Single chunk

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



9

C(x, w) = 0 Arbitrary Circuit SAT

Folding Scheme 
for Polynomial 

Relations
Single chunk

\

Succinct Proof
Proof Carrying 

Data [10]

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



10

C(x, w) = 0 Arbitrary Circuit SAT

Small & Identical chunks 
(Polynomial Relation)

Uniform Compiler

Techniques



Uniform Compiler - Encoding Circuits

11

×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Encoding Circuits

12

x1 x2 w3 w4 w5 w6 w7 w8 w9 Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Encoding Circuits

13

1 0 1 Binary Vector

x1 x2 w3 w4 w5 w6 w7 w8 w9 Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Encoding Circuits

14

1 0 1 Binary Vector

1 2 7 4 5 8 3 6 9 Permutation

x1 x2 w3 w4 w5 w6 w7 w8 w9 Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Encoding Circuits

15

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

Gate Constraint 1 xx1 x2 w3=

1 2 7 4 5 8 3 6 9



Uniform Compiler - Encoding Circuits

16

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

1 xx1 x2 w3=

0 +w4 w5 w6=

1 2 7 4 5 8 3 6 9

Gate Constraint



Uniform Compiler - Encoding Circuits

17

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

1 xx1 x2 w3=

0 +w4 w5 w6=

1 xw7 w8 w9=

1 2 7 4 5 8 3 6 9

Gate Constraint



Uniform Compiler - Encoding Circuits

18

1 2 7 4 5 8 3 6 9

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

x1 x2 w7 w4 w5 w8 w3 w6 w9
Permuted 


ValuesCopy Constraint:

=



Uniform Compiler - Encoding Circuits

19

1 2 7 4 5 8 3 6 9

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

x1 x2 w7 w4 w5 w8 w3 w6 w9
Permuted 


Values

= =
Copy Constraint:



Uniform Compiler - Encoding Circuits

20

1 2 7 4 5 8 3 6 9

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

x1 x2 w7 w4 w5 w8 w3 w6 w9
Permuted 


Values

= =
Copy Constraint:



Uniform Compiler - Chunking

21

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)

1 2 7 4 5 8 3 6 9
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Chunking

22

1 2 7 4 5 8 3 6 9

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9



Uniform Compiler - Chunking

23

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

4 5 80
w4 w5 w6

1 2 71
x1 x2 w3

3 6 91
w7 w8 w9

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

1 2 7 4 5 8 3 6 9



Uniform Compiler - Chunking

24

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

4 5 80
w4 w5 w6

1 2 71
x1 x2 w3

3 6 91
w7 w8 w9

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

1 2 7 4 5 8 3 6 9



Uniform Compiler - Chunking

25

1 0 1

x1 x2 w3 w4 w5 w6 w7 w8 w9

Binary Vector

Permutation

4 5 80
w4 w5 w6

1 2 71
x1 x2 w3

3 6 91
w7 w8 w9

Values (x, w)
×

x1 x2

w3

+

w4 w5

w6

×

w7 w8

w9

1 2 7 4 5 8 3 6 9



Uniform Compiler - Chunking

26

w4 w5 w6x1 x2 w3 w7 w8 w9

4 5 801 2 71 3 6 91



Uniform Compiler - Chunking

27

0
w4 w5 w6

1 2 71
x1 x2 w3

1
w7 w8 w9

xx1 x2 w3= +w4 w5 w6= xw7 w8 w9=

Gates 4 5 8 3 6 9



Uniform Compiler - Chunking

28

0
w4 w5 w6

1 2 71
x1 x2 w3

1
w7 w8 w9

Copy 4 5 8 3 6 9



Uniform Compiler - Chunking

28

0
w4 w5 w6

1 2 71
x1 x2 w3

1
w7 w8 w9

Copy

x1 x2 w3 w4 w5 w6 w7 w8 w9

x1 x2 w3 w4 w5 w6 w7 w8 w9

4 5 8 3 6 9



Uniform Compiler - Chunking

28

0
w4 w5 w6

1 2 71
x1 x2 w3

1
w7 w8 w9

Copy

x1 x2 w3 w4 w5 w6 w7 w8 w9

x1 x2 w3 w4 w5 w6 w7 w8 w9

Problem: 
Copy constraints 


requires global access!  

4 5 8 3 6 9



Uniform Compiler - Chunking

28

0
w4 w5 w6

1 2 71
x1 x2 w3

1
w7 w8 w9

Copy

x1 x2 w3 w4 w5 w6 w7 w8 w9

x1 x2 w3 w4 w5 w6 w7 w8 w9

Problem: 
Copy constraints 


requires global access!  

Solution:  
Multiset Arguments


[11, 12, 13, 14]  
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• Estimated performance from benchmarks


• Mangrove Prover (Macbook Pro):


• For  constraints, 2 mins (400 MB)


• For  constraints, 8 hrs (800 MB)


• Gemini (EC2 c5.9xlarge):


• For  constraints, 19 mins (1.2 GB)


• For  constraints, 80 hrs (1.35 GB)

224

232

224

232



• Mangrove 34 MB (independent of instance size)


• Gemini 13 - 27 KB for  -  instance size


• Compressed Proof (Spartan [15]): < 1 min and < 14 KB
212 235

Performance - Proof Sizes
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