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OO Chinese Remainder Theorem & Redundancy

Chinese Remainder Theorem N =TI, pi Example
LN — Lp, X% ... X Lp, N=3-5-7=105
avr— ([alpys- -, [alp,) K=3-5=15
a=6«w»(0,1,6)€Z3><Z5 X L
Redundancy 6 is the only integer
If we know that 0 < a < K < N = a € [0, 14] with
([alpys- -, [alp,) has redundant information [a]s =0
[als =1

Chinese Remainder code
Let p1 < ... < pp, let k < nthus K = Hf“':lpi < N = H?zlpi.

C=CR(N,K) = {([Clp,---,[C]p,) : 0< C < K}
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Evaluation - Interpolation codes

A =TF,[z]: Reed-Solomon codes
[ € Fgla]<
/N
Encoding T(z—a1) - T(z—an)
Y pY
¢=(fla1),..., flan))

—

7= (r1,...,m) < R(z) € Fylz]<n

f(x) € Fylz]<k

A = 7Z: Chinese Remainder codes

Cel0,K)
o o Ny,
WL b

¢=([Clpys- - [Clpa)

7= (Tl,...,Tn)(—)REZN

Cel0,K)
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OO Polyalphabetic code? Different metric!

CR(N,K) :=mp, x...xmp, ([0,K)) CZp, X...%X 7Ly,

Weighted Distance

A= Hz‘:m#cz- p; Error locator, dy.=logy(A, ) =

Zi:n;ﬁci 10g2 (pl)

Reed Solomon codes

Chinese Remainder codes

Linear
monoalphabetic
Hamming metric
MDS:d=n—-k+1

Not Linear
polyalphabetic
Weighted distance
d > log, (%)
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%% Interleaving

Burst Errors Channels

61,1761,2761,3,61,4,C1,5|C2,1,02,2,02,3702,4702,5 €3,1,C3,2,C33,C34,C35] - - -
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Burst Errors Channels (length bursts £ ~ 3)
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e 101,1, C€2,1,C3,1,C1,2,C22
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Burst Errors Channels (length bursts ¢ ~ 3)
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colent, e, 631, c1,2, 022, €3,2, B3, T3, C%3, C1,4,€2,4,C3.4, C1,5, C2.5, 03,5\ e
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Jent, e, 631,012,022, 632, Tq, E%35 €53, C1,4,C2,4,C3,4,C1,5,C2,5,C35

Interleaving

Burst Errors Channels (length bursts ¢ ~ 3)

er, 01,2,@, 1,4, C15/C2,1, Co7, @7 o, C25/3.1, 03,27@ C3,4,C35] -
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Co
: ¢ eC

—

Ce
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%% Interleaving

Burst Errors Channels (length bursts ¢ ~ 3)

e, 61,2,@, 1,4, C15/C2,1, Co7, @, T, C2,5/¢3,1, 03,2,@ C3,4,C35] -

.o.lera, 21,631,012, 022,032, Tq, E%35 €53, C1,4,C2,4,C3,4,C1,5,C2,5,C35
e Localized errors on common coordinates

C1
Ca .
I,(C) = : G eC e Increases the decoding radius beyond d,
c e Involves a failure probability analysis
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O% Decoding of Interleaved CR codes [LSN13]?

t columns ~ U (Zf;l)

—

0<Ci<K (C1),, - [Cil,, ; ) [(Ra],, - %Rﬁpn
o o coa - eom R ... IR

(Cl, y Ce) — [ 2]1)1 . [ 2]pn Channel [ 2]1’1 : 2 Pn € DC,§T
Y A N

1Li, Wenhui, Vladimir Sidorenko, and Johan SR Nielsen. "On decoding interleaved chinese remainder codes.” 2013 IEEE International Symposium on
Information Theory. |IEEE, 2013.
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O% Decoding of Interleaved CR codes [LSN13]?

t columns ~ U (Zf;l)

—_——
0<Ci <K (€, - a1, (M : M] [Ri],, - [Ri],,
(Ci,... Cp) s [02]P1 [Cﬂpn “ Chamel [32]1:1 [R2]pn € Do,
(Cily, - lCd,, ) A=IP (R, - (R,
1 R Ry
AC; = AR modN{zﬁi:fCi Vi=¢Ri mod N (p,1,...,0) € L= (:) N 0 c ozt
0 N

Short elements of £

‘(A,ACl,...7ACZ) € Sp={(ps01,..., ) EL:0< <27, i <2TK}gc\

1Li, Wenhui, Vladimir Sidorenko, and Johan SR Nielsen. "On decoding interleaved chinese remainder codes.” 2013 IEEE International Symposium on
Information Theory. IEEE, 2013.
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Our result
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(JO(%) |dea of the analysis

(A7ACI7"'7ACK) € SRZ{(SD;wh---»W) €£:0<§0< 2T7‘¢’L’ < 2TK} cL

Decoding
succeeds

LLL(L) € Sr Sr C(AACh,...,AC))Z

]P)fail < P(SR g (AaACh v 7ACZ) Z)
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%% Our Result [AAGL]?

Theorem (Decoding ICR codes)
Set

- Hil [log(N) —log(K) — log <67\/f+_1>] .

Choose d; < dmax, set 7 :=dy + log(yV/{ +1).

Consider R ~ D¢ g, such thatlog A, < d;.

Then the decoding algorithm on random input R outputs the center codeword C' of the
distribution D¢ ¢, , with a probability of failure Py upper-bounded by

/—1

P, < 2~ (1) (dmax—ds) | exp <_n > —1.
by

y

2Abbondati, Matteo, et al. " Probabilistic Analysis of LLL-based Decoder of Interleaved Chinese Remainder
Codes.” ITW 2023-1EEE Information Theory Workshop. 2023.
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Bonus Track...Not just ICR codes
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Rational Extensions of Evaluation-Interpolation Codes [P]?

Field of fractions of [F,[z] : Fy(z)
RF Codes

Fq(x)
Ul
{g € Fy(x) : do(f) < df,d°(g) < dg,gcd(f,g) = 1}

€V, /\evan

c= (%(a1)7 cee 5(04,))

Field of fractions of Z : Q

RN Codes
Q
Ul
{£e:lfI<P0<g<Ged(fig) =1}
evpl/\evpn

&= (Ul lglpts- -, Ul lgl;)

3Pernet, Clément. High performance and reliable algebraic computing. Diss. Université Joseph Fourier,

Grenoble 1, 2014.
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OO State of the Art
| | Previously | Us |
d < ¢y [log(N) ~1og(FG) ~log (677 +1)]
IRN 0 P; < 2-(H)max—de) 4 ey ( ) T
t < g(n—dy —dg+1) t < gg(n—dy—dg+1)
IRF | Pp< %t [cLz]* Py < & —orme—s OXP (3) +2

“Guerrini, E., Lebreton, R., & Zappatore, |. (2020). Enhancing simultaneous rational function recovery:
adaptive error correction capability and new bounds for applications. arXiv preprint arXiv:2003.01793.
15/16



Thank you for your attention!



	Chinese Remainder Codes
	Interleaving
	Decoding algorithm for ICR codes
	Our result
	Bonus Track...Not just ICR codes

