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Lattice Coding Theory for Cooperative
Communications and Security



s Networks

Cooperative Wireles

Wireless networks must deal with fading, interference & noise



Error Correcting Codes
over Finite Fields

Computers are digital
Finite field codes are highly suited
(and widely used)
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A circuit

Error Correcting Codes
over Real Numbers

The world is full of real-valued signals
Finite fields are not “signals”
Lattices are codes over real numbers
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QAM constellation



Error Correcting Codes
over Finite Fields

Error Detecting and Error Correcting Codes

By R. W. HAMMING
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Lattices are Codes
over Real Numbers
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26.

Extraits de lettres de M. Ch. Hermite & M. Jacobi
sur différents objets de la théorie des nombres.

( Continuation de ces lettres au cahier précédent.)

Deuxieme lettire.

Permettez-moi de venir enco
de rencontrer sur la théorie des form
que j'ai eu I’honneur de Vous écrire.
ma leitre, la démonstration de cette
délerminant, de se laisser distribuer e
élé amené a une méthode de réducti
a lalgorithme de Lagrange pour le
Monsieur, pour me pardonner, s’il m’a
que je n’ai pas encore suffisamment r
immense étendue, je cede au plaisir ¢
placés a I'abord de questions difficiles

C. Hermite
Journal fir die reine und angewandte
Mathematik, 1850
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A lattice A is a linear ad-
ditive subgroup of R"
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A lattice is an error-correcting
' code over the real numbers.
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Program
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9:10-9:50 7 ) ZEEH (BREX)
Turbo Signal Codes

9:50-10:30 BEMNS{LZ B\ REEE M FR] (GRX)
10 min
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An Introduction to Physical Layer

11:20-12:00 Network Coding: Lattice Codes as Groups

Brian Kurkoski (JAIST)




1 BRFDBEAARFSADILA : Signal Codes &Turbo Signal Codes
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- Recent lattice constructions approach
capacity (unconstrained) e
- Signal codes are a “convolutional VB | 12P

lattice code” which are well-suited for “ Lt dip |7 States

| ar . Trellis State |
wireless communications  LenmmmEmml
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- Superposition coding deals with broadcast phase
of relay channel

- Requires careful constellation design

- Cooperative communications tightly connected to
lattices.

QPSK®D &= (4-16QAM)
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- Cryptography based on lattices EFE (RENY ~LEE (SVP))

. Computational hardness of finding BB b v, ..., 0 € RT ¢
shortest vector problem kégig;&f?fﬁg%@%ﬁ{éﬁ(f
- Not wireless communications! - s

4 An Introduction to Physical Layer Network Coding

Brian Kurkoski (JAIST) \ °X.2%Z noise\
- Physical layer network coding for wireless '/. X o
hetworks X1 \ .
. Combat interference and increase throughput /
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- Tutorial on nested lattice codes . . g)h@XQ\
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