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Quantum Computer
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Linear algebra
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Linear algebra with noise
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Error-correcting codes

∥x∥ = #{i | xi ̸= 0}
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Rank metric error-correcting codes

∥x∥ = rank(Mat(x))
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NIST standardization process

2017: Candidate submissions

2017-2019: Round 1

2019-2020: Round 2

2020-2022: Round 3

2022: Announcement of selected
algorithms

2022-…: Round 4
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NIST standardization process

Round 1 Round 2 Round 3 Selected Round 4

Lattices 21 9 5 1 0
Codes (Hamming) 13 5 3 0 3
Codes (Rank) 4 2 0 0 0
Other 7 1 1 0 1

Table: Encryption schemes in the NIST standardization process
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A problem of size
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Reducing the size with cyclic structure
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Circulant matrix × vector
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Circulant matrices with noise
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Quasi-cyclic matrix
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Comparison of sizes
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Is it really secure?
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The multi-dimensional approach



The right proportion of noise
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Application to efficient encryption

The multiple dimensional approach was explored in various metric and settings:

Interleaved McEliece [HLPWZ19]

LowMS [ADG+22]

LRPC-MS [AMAD+22]

Multi-UR [BBBG22]
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Comparison of sizes

ECDH RSA FrodoKEM Kyber LRPC-MS
0

2000

4000

6000

8000

10000

pu
bl
ic 

ke
y 
 iz

e 
(b
yt
e 

)

36 / 37



Open problems that interest me

Applying multi-dimensional approach to build hash-and-sign signatures

Applications to homomorphic encryption

Thank you for your attention!
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