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• Classical multiplication (naive) 

– Complexity: 𝑂 𝑛2  

• Karatsuba multiplication 

– Complexity: 𝑂 𝑛1.58  

• FFT multiplication 

– Complexity: 𝑂 𝑛. 𝑙𝑜𝑔2(𝑛)  
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- Limited RAM reads/writes 
- Limited hardware ressources 
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• Number of operations: 

• 3log2(n) /3
log2

m

2
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Total of 
products 
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products  

calculated with 
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• 2 types of FFT: 

– Classical FFT 

• Need to fill with zeros 𝑛 → 2. 𝑛 

– Negative Wrapped Convolution (NWC) 

• Reduction by 𝑋𝑛 + 1 

• No need to fill with zero 
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• General case: 
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operation 

Karatsuba FFT NWC FFT 

4 19683 7936 17408 

8 6561 3968 8704 

16 2187 1984 4352 

32 729 992 2176 

64 243 496 1088 

128 81 248 544 

256 27 124 272 

512 9 62 136 

1024 3 31 68 
16 Vincent MIGLIORE 



Technological 
barriers 

State of the art 

Definition and 
use case 

Introduction to 
SHE schemes 

Expected 
speedup 

Co-processor 
architecture 

Multiplication 
algorithms 

Speedup of  
Homomorphic  
multiplication 

FFT / Karatsuba comparison 

Coefficients per 
operation 

Karatsuba FFT NWC FFT 

4 19683 7936 17408 

8 6561 3968 8704 

16 2187 1984 4352 

32 729 992 2176 

64 243 496 1088 

128 81 248 544 

256 27 124 272 

512 9 62 136 

1024 3 31 68 
16 Vincent MIGLIORE 



Technological 
barriers 

State of the art 

Definition and 
use case 

Introduction to 
SHE schemes 

Expected 
speedup 

Co-processor 
architecture 

Multiplication 
algorithms 

Speedup of  
Homomorphic  
multiplication 

FFT / Karatsuba comparison 

Coefficients per 
operation 

Karatsuba FFT NWC FFT 

4 19683 7936 17408 

8 6561 3968 8704 

16 2187 1984 4352 

32 729 992 2176 

64 243 496 1088 

128 81 248 544 

256 27 124 272 

512 9 62 136 

1024 3 31 68 
16 Vincent MIGLIORE 



Technological 
barriers 

State of the art 

Definition and 
use case 

Introduction to 
SHE schemes 

Expected 
speedup 

Co-processor 
architecture 

Multiplication 
algorithms 

Speedup of  
Homomorphic  
multiplication 

Second architecture 

• Co-processor architecture: 
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- Limited bandwidth  
- Limited hardware ressources 
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• The first round of the FFT can be 
performed completely only if both 
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• Output coefficients can be pipelined. 

• Scheduling of input/output coefficients. 
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Multipliers Karatsuba FFT NWC Classical FFT 

→ 0 

≈ 30 

      → 
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Many thanks for your attention! 
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