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Table 1 Features of FHE schemes.

FEREL
FHE
5T . - Ny F LY
WEAR L gema wmm ALy :
HA X
BFV v integer N
BGV v integer N
CKKS v floating-point N/2
TFHE v binary 1
TFHE Hif v v floating-point 1
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Table 2 Libraries in which the FHE encryption schemes are

implemented.
FHE 475
5 7t

GRS OpenFHE Lattigo TFHEpp
BFV v v
BGV v v

CKKS v v

TFHE v v

TFHE T v v
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CPU: AMD Ryzen 7 5700G @ 3.8GHz

DRAM: 16GB
SSD: SK hynix PC711 (238GB)
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Decrypt(Encrypt(m) & Encrypt(n))
= Decrypt( Encrypt(m + n))
Decrypt( Encrypt(m) @ Encrypt(n))

= Decrypt(Encrypt(m x n))
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Table 3 Parameters used to compare BFV, BGV, and
CKKS schemes

(a) Parameters

B E A t N batch

BFV [ 32,768 32,768
BGV 6 32,768 32,768
CKKS 65537 65536 32,768

(b) Ciphertext modulus g

BEHX 3477

2 4 6 8 10
a g T 35 ! 52
BFV Lattigo 18 17 235 294 35
OPFHFHE 118 w7 236 295 354
N Lattigo 118 235 352 410 583
BGV o e 0 s
OpenFHE 118 236 354 472 590
Lattigo 146 236 326 416 506
CKKS A

OpenFHE 145 235 325 415 505
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Fig. 2 Comparison of the execution time of BFV, BGV, and
CKKS schemes using openFHE and Lattigo libraries.
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Fig. 3 Comparison of memory usage of BFV, BGV, and CKKS
schemes using OpenFHE and Lattigo libraries.
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Table 4 Parameters used to evaluate Zama’s variant of

TFHE scheme.

FATF) N n q gadgetBase  baseSK

OpenFHE 2,048 512 227 27 27
TFHEpp 2,048 500 232 26 24
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Fig. 4 Comparison of the execution status of Eq. (3) between
CKKS and Zama’s variant of TFHE.
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Fig. 5 Comparison of the execution status of Eq. (4) between

CKKS and Zama’s variant of TFHE.
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m Hyperthreading DH%)) /&N X 25

#F 8 hyperthreading A% - MERYRE O HE
Table 8 Comparison between when hyperthreading is enabled
and disabled.

R AR HAYEE

(5% 12) (AEHE 12) (5% 24)
FEFATREM (s) 477.33 605.57 623.67
RAILEE (s) 144.17 155.43 166.41
bootstrapping (s) 164.96 223.12 230.30

1IPC 2.56 2.49 2.19
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m Rotation: 48.41%
Bootstrapping: 35.43%
— Rotation ¥ Bootstrapping 232 A D F 5 1z & R E K]

% 8 hyperthreading A ZJEF - BN ok
Table 8 Comparison between when hyperthreading is enabled
and disabled.

kg A HREE

(5% 12) (IEF% 12) CIEFI % 24)
FEFEATREM (s) 477.33 605.57 623.67
AL (s) 144.17 155.43 166.41
bootstrapping (s) 164.96 223.12 230.30

IPC 2.56 2.49 2.19
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