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Outline

 Brief intro to channel coding

« Some Benelux contributors and highlights q

« My current research topics:
« Erasure coding for distributed storage
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Introduction
Channel coding plays a fundamental role in digital communication and in digital
storage systems. The position of channel coding in such a system is depicted in

Figure 4.1 overleaf. The channel encoder adds redundancy to the (possibly source
encoded and encrypted) messages generated by the information source, in order to

.
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On the Diamond Code Construction

C.P.M.J. Baggen and L.M.G.M. Tolhuizen
Philips Research Laboratories, Prof. Holstlaan 4, 5656 AA Eindhoven, The Netherlands

Absiract — We introduce a new error correcting I P tochannel
code,.whmh we call .Dm.m.ond code.. Plamond codes data A oI5
combine the error correcting capabilities of product ¥ 10D—»
codes and the reduced memory requirements from k (i 8D
CIRC, the code applied in the CD system. > TDG -
L M SD » o
I. DIAMOND CODE CONSTRUCTION g (I -
The Diamond Code C calls for two codes, Ci and C3, of equal 5 I_,,\; D <
length n and defined over the same alphabet. ' consists of R v, >
the bi-infinite strips of height n, with each column in C; and > EE/ CI parity
each diagonal in C,. r C2 parity W
A convenient way of constructing Diamond codes 1s by us- ' D e
. . . 2D !
ing linear weakly cyclic codes for C; and Cs. D
Definition: A linear code B 1s called weakly cyclic if
(Bos b1, .y buo2,0)€B < (0,60, b1, ..., ban)€B. Figure 2: Systematic Diamond encoder
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7) SONY CD
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Andries Hekstra Arie Koppelaar

Channel Log-Likelihoods
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Simultaneous zero-tailing of parallel concatenated codes

Marten van Dijk, Sebastian Egner, Ravi Motwani, Arie Koppelaar
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Bounds for Binary Codes of Length Less Than 25

[M R. BES'I‘IA E. BROUWEF} F. JESSIE MACWILLIAMS, ANDREW M ODLYZKOQ, MEMBER, IEEE, AND
NEIL 4. A. SLOANE, FELLOW, IEEE

Abstract—Improved bounds for 4 (n,d), the maximum number TABLE 1
of codewords in a {linear or nonlinear) binary code of word length VALUES OF A{n,d)
n and minimum distance d, and for A(n,d,w), the maximum number " ah % r PT)
of binary vectors of length n, distance d, and constant weight w in
the range n < 24 and d < 10 are presented. Some of the new values 6 4 2 1 1
are A(9,4) = 20 (which was previously believed to follow from the 7 8 2 1 1
results of Wax), A(13,6) = 32 (which proves that the Nadler code g ajg 2 2 1
is optimal), A(17,8) = 36 or 37, and A (21,8) = 512, The upper bounds dnb
. . . . 9 20 b 2 1
o on A(n,d) are found with the help of linear programming, making a
L’J use of the values of A{n,d,w). 1o 538 - o 6 2 2
Universiteit Twente L Lo 2 2 2
de ondernemende universiteit 12 144 - 160 24 ] 2
I. INTRODUCTION 13 256 3¢ i 2
HE MAIN purpose of this paper is to present | 512 6l B 2
tables! of two of the most basic functions in coding |5 1o2d 128 16 4
theory, namely: 16 anong 256 32 4
d
. . . 27 2560 - 3276 256 - 340 36 - 37" 6
I U /e A(n,d) = maximum number of codewords in any | . do130 - Gos oz - 680 I 0
(linear or nonlinear) binary code of lengthn | Sg7en - 1310k ook - 1a88 - .
Technische Universiteit ini i
pehiische Universited and minimum distance d between codewords |, | a0 e €01 - 2372 | €56 - 279 ko
University of Technology (see zTable I), and ) . ler | 93e86n - 43690 82560 - L0gs 512 4o - 55
A(n,d,w) = maximum number of codewords in any bi- |, Arpas - 8730 4096 - 6o Looh 148 - 50
nary code of length r, constant weightwand | | a0 i, B9 - 1377k 2048 64 - 150
minimuin dlStance d (See Table H)’ 24 Dgyg12 - 3uh636 216384 - 2L106 i14096 k128 - 280

in the range n < 24, d < 10. We also give a table of the

8 Hammina ~nda [24]
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Optimizing the Code Rate of Energy-Constrained
Wireless Communications With HARQ

Fernando Rosas, Member, IEEE. Richard Demo Souza, Senior Member, IEEE, Marcelo E. Pellenz,
Christian Oberli, Member, IEEE, Glauber Brante, Member, IEEE, Marian Verhelst, Senior Member, IEEE,
and Sofie Pollin, Senior Member, IEEE

Sofie Pollin

Parallel turbo coding interleavers: avoiding
collisions in accesses to storage elements

lnec

A. Giulietti, L. van der Perre and M. Strum Turbo Codes

o Liesbet
/ 5 Van der Perre
T‘%"_ i
TURBO-CODED DECODE-AND-FORWARD STRATEGY RESILIENT TO RELAY ERRORS
U c L Harold H. Sneessens, Jérome Louveaux, Luc Vandendorpe.
Université .

catholique Communications and Remote Sensing LLaboratory, Université catholique de LLouvain,
deLouvain Jerome Louveaux
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Kees ROOS

330 IEEE TRANSACTIONS ON INFORMATION THEORY, VOL. IT-29, NO. 3, MAY 1983

A New Lower Bound for the Minimum
Distance of a Cyclic Code

CORNELIS ROOS

DEDICATED TO JESSIE MACWILLIAMS ON THE OCCASION OF HER RETIREMENT FROM BELL LABORATORIES

Algebraic Codes for
Data Transmission

Again, the roles of £, and £; can be interchange
nents of V by B,

Richard E. Blahut Corollary 6.44 (Roos Bound). Let n be
GCD(n, b) = 1. The only vector in GF (@) o
l components V; equal zero for | = €, + £2b (
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New Upper Bounds on the Size of Codes Correcting JW
Asymmeftric Errors '

J. H. WEBER, C. pE VROEDT, anD D. E. BOEKEE

A SCHEME FOR COMBINED MODULATION
AND ERROR CORRECTION

Khaled A. S. Abdel-Ghaffar* Mario Blaum Jos H. Weber
University of California IBM Research Division Delft University of Technology
Dept. of E.E. and C.5. Almaden Resecarch Center Dept. of Electrical Pngineering

Davis, CA 95616 San Jose, CA 95120 2600 GA Delft
USA USA The Netherlands

Physical-layer Network Coding on
the Random-access Channel

Jasper Goseling*§, Michael Gastpar'¥$ and Jos H. Weber?

Concatenated Permutation Block Codes for
Correcting Single Transposition Errors

Reolyn Heymann*, Jos H. Weberf, Theo G. Swart* and Hendrik C. Ferreira*
* University of Johannesburg, Dept. E&E Eng. Science, South Africa




Current Research Topic:

Erasure Coding for Distributed Storage
(oint work with Khaled Abdel-Ghaftar)
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Context

Distributed Storage: data stored at multiple nodes (servers).

One or more nodes may fail -> erasures!

Repairing data from failed node(s) by accessing other nodes.
Employ coding!

-> Storage overhead (redundancy)

-> Transmission overhead (locality):
# nodes to be accessed in the repair process
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Storage

Khaled Liesbet

Software
Defined Radios

From Smart{er) to Cogitive




Duplication
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Single Parity Server
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Hamming Code Based System
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Summary: Trade-Off!

_ Redundancy Locality

Duplication 4 1
Single Parity 1 4
Hamming 3 3

N.B. Hamming code can also deal with 2 erasures!

Our contribution: bounds on cooperative locality
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Current Research Topic:
Detection and decoding techniques for channels
suffering from gain and/or offset mismatch

. . | \—JIFE (]
Joint work with B () kel S
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Codewords in Euclidean Space

O Members of a codebook C
' Transmitted codeword x = (z1,%2,...,2,) € C

® O
O O

O

O

Received word r = x + v,
where v is noise vector, e.g., v; ~ N(0,02) (Gaussian!)

O

Euclidean distance detector is very suitable in this case: |arg min Z — &)?
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Offset

O Members of a codebook C
' Transmitted codeword x = (z1,%2,...,2,) € C

® O
O O

Received word r = x + v + b1,

O where b is offset value (same in all dimensions!)
X+V

O

O

Euclidean distance detector is not very suitable in this case!
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Channel Model

r=a(x+v)+0b1

received vector ] codeword \ \

gain (>0) noise vector offset

N.B. noise varies per symbol; gain and offset vary per block
« Motivation: storage systems like flash memories

« Unknown gain and/or offset significantly degrade performance
of Euclidean distance based detectors

« Solutions: reference symbols, balancing constraints (expensive!)
Promising alternative: Pearson distance based detection!
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Performance Example (q=4, n=8)
Euclidean e
(a=1.07, b=o.mi

107k

a=1.07, b=0.07

Pearson ——

new detector

(any a and b) E

no mismatch

Euclidean /‘4

no mismatch) 10°° . . . . . . .
15 155 16 165 17 175 18 185 19
SNR (dB)
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Clarification (n=2, a=1)

Pearson-based measure between r and candidate codeword Xx: E (r; — &4 + x)?

i=1 _
RN J (Eucl. dist. between r and x — x1)
\\"
(
N \
‘ N
g
N /
rzx+v+b17’ .\

X+ Vv




Channel Coding in the Benelux

Conclusion:
Great history!

« Still nice areas to be explored!
N\ R K '"

f’? \\; ‘ ‘
. Greetings from the

_ Dutch coding maffia!
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