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N×Tqu 7−→
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Introdution Rank-Metri Constrution Deoding Conlusion BakupExtension to multishotMultishot rank-metri odes: R ⊆ (FNqM )nCodewords are n-sequenes of N-tuples over FqM :u = (u0, . . . , un−1) where eah uj ∈ F
NqMMetri: extended rank distane:dR(u, v) = n−1

∑j=0 dR(uj , vj),
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Introdution Rank-Metri Constrution Deoding Conlusion Bakup
Multilevel Constrution
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Introdution Rank-Metri Constrution Deoding Conlusion BakupConatenated odesPSfrag replaements
En H En R

 ≡ (mj)0≤j<n (uj )0≤j<nIngredients1 A p-ary (n, k , d) outer ode H (typially Reed-Solomon)2 A Q-ary (N ,K ,D) inner ode ROriginally binary: Q = 2Here rank-metri: Q = qMRequirement: p = QKIntrodued by Forney [Forney '65℄
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En H En R
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Introdution Rank-Metri Constrution Deoding Conlusion BakupGeneralized onatenated odes
PSfrag replaements

En H0En H1En Hm−1 ......
(0) ≡ (m(0)j )0≤j<n(1) ≡ (m(1)j )0≤j<n(m−1) ≡ (m(m−1)j )0≤j<n

En [R0/R1]En [R1/R2]En [Rm−1/Rm]
(v(0)j )0≤j<n

(v(1)j )0≤j<n
(v(m−1)j )0≤j<n (uj )0≤j<n

Introdued by Blokh and Zyablov [Blokh-Zyablov '74℄Also known as multilevel onatenated odes
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Introdution Rank-Metri Constrution Deoding Conlusion BakupParent ode partitioningReipe1 Start with a Q-ary (N ,K ,D) parent ode R with generator matrixG =











g0,0 g0,1 · · · g0,K−1g1,0 g1,1 · · · g1,K−1... ... . . . ...gN−1,0 gN−1,1 · · · gN−1,K−1 







2 Choose a dereasing sequene of integers: K = K0 > · · · > Km = 03 [Ri/Ri+1] is the ode generated by G[Ki+1 : Ki − 1]
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Introdution Rank-Metri Constrution Deoding Conlusion BakupParent ode partitioningExample
(N,K ) = (6, 4) m = 3 (K0,K1,K2,K3) = (4, 3, 1, 0)

















g0,0 g0,1 g0,2 g0,3g1,0 g1,1 g1,2 g1,3g2,0 g2,1 g2,2 g2,3g3,0 g3,1 g3,2 g3,3g4,0 g4,1 g4,2 g4,3g5,0 g5,1 g5,2 g5,3
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(N,K ) = (6, 4) m = 3 (K0,K1,K2,K3) = (4, 3, 1, 0)
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Introdution Rank-Metri Constrution Deoding Conlusion BakupParent ode partitioningExample
(N,K ) = (6, 4) m = 3 (K0,K1,K2,K3) = (4, 3, 1, 0)

[R2/R3] is generated by G[K3 : K2 − 1]
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Introdution Rank-Metri Constrution Deoding Conlusion BakupCode parametersResultA multishot rank-metri ode R ⊆ (FNqM )n with
|R| = |H0| · · · |Hm−1|and dmin ≥ min{d0D0, . . . , dm−1Dm−1}Proof.Adaptation of Lin and Costello [Lin-Costello '04 (Chapter 15)℄
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Introdution Rank-Metri Constrution Deoding Conlusion BakupTwo remarks1 Connetion with multilevel blok-oded modulation of Imai andHirakawa [Imai-Hirakawa '77℄:Originally for Eulidean metri odes (AWGN hannel)Starts with an m-level partitioning of a signal set (subset of R2)Protets eah level with lassial omponent odes2 Multilevel onstrution (or generalized onatenated odes) worksas long as:Overall metri is the sum of individual shot metrisComponent odes are Hamming metri
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Introdution Rank-Metri Constrution Deoding Conlusion BakupE�et of the parent ode dimension
Assumptions:1 Partitioning is the ��nest�2 Rank metri odes Ri are MRD: Gabidulin odes3 Component odes Hi are MDS: Reed-Solomon odesHow rate varies with parent ode dimension K?
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Introdution Rank-Metri Constrution Deoding Conlusion BakupE�et of the parent ode dimensionBinary: q = 2 Transmitted pakets: N = 8 Paket size: T = 40, so M = 32Number of shots: n = 10 Minimum distane: d = 110nT

0 1 2 3 4 5 6 7 8
0.00
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Introdution Rank-Metri Constrution Deoding Conlusion BakupHard-deision multistage deoding
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Introdution Rank-Metri Constrution Deoding Conlusion BakupFirst attemptProposal 1To extend the best 1-shot odePSfrag replaements
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Introdution Rank-Metri Constrution Deoding Conlusion BakupSeond attemptProposal 2Classi oding over the projetive spaePSfrag replaements
O WS1S2S3 ⇐⇒ 0 1 234
C2 = {OO,S1S1,S2S2,S3S3,WW }Cardinality

|C2| = 5 18 / 20Nóbrega, Uh�a-Filho � Multishot Codes for Network Coding using Rank-Metri Codes



Introdution Rank-Metri Constrution Deoding Conlusion BakupThird attemptProposal 3To onsider the metri spae P(F22)2
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Introdution Rank-Metri Constrution Deoding Conlusion BakupThe metri spae P(F22)2
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