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Motivation



Finite Fields are the foundation of Arkworks
• Optimizations on basic arithmetic accumulate savings at protocol level


• Ark-ff offers performance and flexibility for arbitrary sized fields 
 

• Path toward SIMD/ vectorization and performance boost in serial 
 

• Rewrite arbitrary bit-length arithmetic with native types for moduli < 128 bits


• No breaking changes

Status Quo

Goal

🎉
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Roadmap



Overview of project scope
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fff-macros

test-curves

4 and 5  future work 
needed by this effort

Crates:



Instantiation



Existing

New

Familiar flow for user
• Supply same config to new macro


• Use the generated type as usual 🎉 
 
 
 
 

• Instead of BigInt, SmallFp macro uses u8, u16, 
u32, u64 or u128

Existing macro and new 
macro are orthogonal



Macro



Macro generates the backend functions

Same for 
all inputs 


Generate 
by macro



Trait



Trait implementation is filled in with the backend

Key difference Key difference



Results



Benchmarks (serial)

Addition ~ 20-35% improvement for all tested fields



Benchmarks (serial)

Inverse
~ 35-60% improvement for all tested fields



Benchmarks (serial)

Multiplication

128-bit multiplication WIP

fields that fit into u32 faster 3-5%

u64 ~45% improvement 




Benchmarks (serial)

Efficient Sumcheck

19% improvement

27% improvement

Drop-in replacement no code changes

2% improvement

Sumcheck Runtime: Fp vs SmallFp



Integration



• Trait in crate ark-f


• Macro in crate ff-macros


• Sample fields added to crate test-curves 

PR contains tests and 
benches



Future Work



2. Vectorized operations

1. Prime specific optimizations: Mersenne, Goldilocks, Babybear

Base + Extension field arithmetic!



Summary

21



Recap Arkworks Small Fields
• SmallFp and its macro are a drop in replacement that implement Field


• Requires no new code and contains no breaking changes


• High-level protocols expect up to 30% serial-runtime improvement for moduli < 128 bits 
 

• Clear path exists toward vectorization/ SIMD optimizations 
 
 

New

Bonus side-effect 🚀

Goal achieved 🎯


