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Notations: I

block code: C={c,....cpy} C A"
codewords of length n: ¢, = (Cm,1, . ,Cm,n)
alphabet: A, (cmi€A), |Al =q
code rate: R = lan chan]?lietl use]
cardinality: C| = M = 2f"
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Linear block codes over GF(q)

Advantages:
e encoding with linear complexity (in n)

e capacity R. and error exponent F(R) are equal to
the capacity and error exponent, resp., of the

corresponding coding channel

Disadvantage:

e optimal decoding NP-complete
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Linear block codes over GF(q)

Specific properties:

e Hamming distance invariant

e Hamming weight characterizable

But: Hamming distance is not detailed enough

o
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‘Signal point constellation'

mapping
f

S—

—

alphabet signal point constellation
a S
A%

signal point constellation: S, = {51,...,5,} CR”
mapping into signal space: f: A — S,
expected signal energy: E(S,)) =X, Pls|E(5)
E(5) = |5i°
Fuclidean distance distribution:
D(S,) = {du(5,5) | 1 < jil,j = 1,....q)
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orthonormal functions: ® = {¢;(t)}.",

coded waveforms:

Q?m(t) :Zi\il ZEm’Z¢z(t), m — 1,,M

mean-square difference between two waveforms:

oy = [lam(t) = s (OFdt = & (7, 7

For waveform channels a relevant distance measure 1s

alphabet
pﬁl

FEuclidean distance
\
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The Euclidean distance precisely expresses the

=J

quantity ot the difference

e between signal points,

e between Euclidean representations £ of codewords

from C and

e between corresponding coded waveforms.

But: distance invariance and weight characterization

are no longer valid.
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‘ Matched mappings I

Search for mappings f : A — S, preserving the

distance invariance and weight characterization for
induced FEuclidean distances.

Condition for f in case A is provided with a group
structure (G, %) |Loliger]: Vg,¢9 € G

de(f(9), f(9") =de(f(g”" 4, fe))

The corresponding vector constellation & is Euclidean

Kdistance invariant and Euclidean weight representabley
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‘RS codes and matched mappings'

Some RS codes are bad on the AWGN channel for
matched mappings defined on the modulo ¢ addition
of the elements of GF(q).
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/Proof (8 Parts):

1. Any vector constellation S’ matched to a group is

a group code for the Gaussian channel (see Loliger
1992).

2. Group codes for the Gaussian channel are

Euclidean distance invariant spherical codes (see
Slepian 1968).

3. For RS codes ¢ = n + 1 holds. Thus, for n — oo,

constant ¥ € IN and constant average energy, the

minimum Fuclidean distance in S tends to zero.
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4. Since Euclidean representations £* of block codes
C are FEuclidean distance invariant [Loliger 91],

&g are also Euclidean distance invariant.

5. SNR on the AWGN channel is constant for £*,
when n — oo and v and E(S}) remain constant,

because
nk E

;T T, T const
nyo Vo

SNR =

6. RS codes with generator polynomials not divisible

by (x — 1) contain all codewords of the form

f(l) — (wbwl)"' ﬂvbl)? wl < GF(Q)) [ = 17 y q-

~

/

Lazic, Zerfowski, Beth

@ ITAKS, University of Karlsruhe



EUROCODE 1994, October 24-28 12

o

/7. Let f(4;) and f(¢;) be of minimum Euclidean h

. For constant SNR the error exponent of constant

distance €. There exist two codewords of the form

7y = (), f(), -, F(Wn)
and 7Y = (f(¥;), f(¥;), ..., f(¥;)) such that the

normalized Euclidean distance d, = ¢ tends to

zero for n — oo (see part 3).

rate distance invariant block code families is zero
(see |Lazic,Senk 92|), and thus also the capacity,

when the normalized minimum distance tends to

Z€r0 as n — Q. /
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\ Conclusion I

The items 1. to 8. imply that the family of matched

FEuclidean representations of Reed-Solomon codes Egq,

whose generator polynomials do not contain the factor
(x — 1), have a family error exponent, and thus a
family capacity for the AWGN channel, equal to zero.
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