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Example Applications

* Verifiable Delay Function: Let I’ be a delay function [BBBF19 ]

* ZK-rollups: Let F validate new blockchain transactions
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Converging Application: Zero-Knowledge Virtual Machines

Proofs for recursive computations imply proofs for VM execution.
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Direct Approach: Memory-Bound [ BCTV13 ,WSHRBW15,AST23 |

Use a SNARK to check the entire unrolled computation trace.
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-
Jolt [AST23 ] proves 17M RISC-V cycles in 125 seconds using 512GB.

Limitation: Memory scales linearly with iterations.



Memory-Efficient Approach: IVC | Val08 ,BGH19 ,BCLMS21 ,KST21 |

Solution: Locally process each chunk of execution and incrementally update
the proof without increasing its size.
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IVC Approaches Computation F’
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Computation F’ The core idea is to use
the sumcheck protocol to
-> r =  reduce non-linear
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constraints.

We achieve a recursion

overhead dominated by 1
GSM and d log | F’| CHRFs.



Folding CCS

FOLD_CCS

Tces —

I—[LCCS




. Checking proofs 75 and 7 -~ reduces
FOldlng CCS to checking evaluations of polynomial O

and multilinear polynomials ., L,, and
L respectively.
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We can reduce to checking evals of a
single polynomial G by embedding evals

of ) and L; as Lagrange coefficients and
random linear combinations.
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Foldin g CCS We can use the textbook sum-check
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Foldin g CCS We can fold the task of checking L1(,12),3

and Ll(,22),3 into the task of checking L ; ,

using a random linear combination.
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