
Accelerating modular arithmetic with special  
choice of moduli

Eugene Zima
Physics and Computer Science Department

Wilfrid Laurier University, Waterloo
e-mail: ezima@wlu.ca

Joint work with:
Alex Stewart (2005-2007), Yu Li (2018), Benjamin Chen (2022-2023)

mailto:ezima@wlu.ca
Eugene Zima

Eugene Zima



Modular arithmetic;
Approaches to acceleration;
Choice of moduli;
Eliminating divisions (Knuth – Mersenne; Fermat)
Reduction of large numbers (Mersenne trick)
Reconstruction
Eliminating computing inverses
Eliminating multiplications (do we  really need Horner scheme?)
Experimental results (matrix multiplication)
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Overhead related to the modular arithmetic involves overhead for conversion to the 
modular representation (division with remainders) and overhead for reconstruction.
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Another approach:
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Overhead related to the modular arithmetic involves overhead for conversion to the 
modular representation (division with remainders) and overhead for reconstruction.
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Eliminating Divisions
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Why do not we consider + instead of -?



Choosing moduli:

What is required?

1) Relative primality
2) Ease of pairwise inversion





1st surprise …
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2nd surprise …
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Initial reduction and tools 













Reconstruction













Eugene Zima















Experiments



















Three-term moduli: get balance of moduli size back
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Three-term moduli
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Consider



Consider

If k ~ 3/4 n the while loop has at most 4 iterations; If k ~ 1/2 n the while loop has at most 2 iterations;
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Choosing moduli:



Choosing moduli:

Similar conditions hold for different choice of +/- signs.

Additional requirement is related to the sparsity of inverses… and scalability. (Maple workbook)





Relation with polynomials (trinomials, pentanomials, fewnomials). 
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Thank you !



Application with one modulus – Fermat number














