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ML Deco ding vs. LP Deco ding

Maximum-lik eliho o d (ML) deco ding:

x̂ = arg min
x 2 conv(\ m

j =1 Cj )

nX

i =1


 i x i :

Linea r p rogramming (LP) deco ding:

!̂ = arg min
! 2\ m

j =1 conv(Cj )

nX

i =1


 i ! i :
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ML Deco ding Decision Bounda ries

Decision regions under MLD when only the zero co dew o rd is comp eting

against the co dew o rd x0

. (F o r any co dew o rd x0

, w e de�ned x0 , 1 � 2x0
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Note: the MLD decision b ounda ry only go es through the o rigin if the

mo dulated versions of the t w o comp eting co dew o rds have the same energy .
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LP Deco ding Decision Bounda ries

Decision regions under LPD when only the zero co dew o rd is comp eting

against the pseudo-co dew o rd ! . (W e de�ned ! , 1 � 2! .)
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! virt is de�ned such that the decision hyp erplane is at the same Euclidean

distance from ~
 � 0 and from ~
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LP Deco ding Decision Bounda ries
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A W GNC Pseudo-W eight

wAWGNC
p (! ) ,

k! k2
1

k! k2
2
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� 2
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i 2 [n] ! 2

i
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BSC Pseudo-W eight

Let ! 2 Rn
+ . Let ! 0

b e a vecto r of length n with the same comp onents as !
but in non-increasing o rder. Intro ducing

f (� ) , ! 0
i (i � 1 < � � i; 0 < � � n);

F (� ) ,
Z �

0
f (� 0)d� 0;

e , F � 1
�

F (n)
2

�
;

the BSC pseudo-w eight wBSC
p (! ) is de�ned to b e wBSC

p (! ) , 2e.

If ! = 0 then wBSC
p (! ) = 0 .

Note that the quantit y e is obviously related to the median of the �p df �

given b y f (� )=F(n) .
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BEC Pseudo-W eight

wBEC
p (! ) = j supp (! )j:
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F ractional and Max-F ractional W eight

wfrac(! ) = k! k1 :

wmax� frac(! ) ,
wfrac(! )
k! k1

=
k! k1

k! k1

:

F o r ! = 0 w e de�ne wmax� frac(! ) , 0.

Note that w e use a slightly di�erent notation than [F eldman:03]. Here,

wfrac and wmax� frac a re de�ned fo r any vecto r in Rn
+ , whereas in

[F eldman:03], wfrac and wmax� frac already denote the minimum of these

values over all nonzero vertices of the fundamental p olytop e.
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Minium Pseudo-W eights (P a rt 1)

The minimum A W GNC, BSC, and BEC pseudo-w eight and the minimum

fractional and max-fractional w eights a re de�ned to b e, resp ectively ,

wAWGNC ;min
p (H ) , min

! 2V (P (H )) nf 0g
wAWGNC

p (! );

wBSC;min
p (H ) , min

! 2V (P (H )) nf 0g
wBSC

p (! );

wBEC ;min
p (H ) , min

! 2V (P (H )) nf 0g
wBEC

p (! );

wmin
frac (H ) , min

! 2V (P (H )) nf 0g
wfrac(! );

wmin
max� frac(H ) , min

! 2V (P (H )) nf 0g
wmax� frac(! );

where V(P(H )) n f 0g is the set of all non-zero vertices of the

fundamental p olytop e P(H ) .
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Minium Pseudo-W eights (P a rt 2)

It is imp o rtant to note that the ab ove minimal pseudo-w eights dep end

on the choice of pa rit y-check matrix H , i.e. di�erent pa rit y-check

matrices fo r the same co de can lead to di�erent minimal w eights.

This is in contrast to the minimum Hamming w eight of a co de which is

indep endent of the sp eci�c choice of pa rit y-check matrix b y which a

bina ry linea r co de is rep resented.
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Minium Pseudo-W eights (P a rt 3)

Lemma

wAWGNC ;min
p (H ) = min

! 2P (H )nf 0g
wAWGNC

p (! ) = min
! 2K (H )nf 0g

wAWGNC
p (! );

wBSC;min
p (H ) = min

! 2P (H )nf 0g
wBSC

p (! ) = min
! 2K (H )nf 0g

wBSC
p (! );

wBEC ;min
p (H ) = min

! 2P (H )nf 0g
wBEC

p (! ) = min
! 2K (H )nf 0g

wBEC
p (! );

wmin
max� frac(H ) = min

! 2P (H )nf 0g
wmax� frac(! ) = min

! 2K (H )nf 0g
wmax� frac(! ):

Note that there is no such statement fo r the fractional w eight.
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LP Deco ding of

Co des based on Finite Geometries

Consider the PG(2,2)-based [7; 3; 4] bina ry linea r co de.

Here is its minimal pseudo-co dew o rd sp ectrum :
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LP Deco ding of

Co des based on Finite Geometries

Consider the EG(2,4)-based [15; 7; 5] bina ry linea r co de.

Here a re some minimal pseudo-co dew o rd sp ectra fo r di�erent pa rit y-check matrices of this co de:
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LP Deco ding of

Co des based on Finite Geometries

Consider the PG(2,4)-based [21; 11; 6] bina ry linea r co de.

Here is its minimal pseudo-co dew o rd sp ectrum :
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LP Deco ding of

Co des based on Finite Geometries

Consider the EG(2,4)-based [15; 7; 5] bina ry linea r co de. The follo wing

plot sho ws upp er and lo w er b ounds on the w o rd erro r rate of LP and

ML deco ding.
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EG(2,4)-based code: LP-union upper bound
EG(2,4)-based code: ML-union upper bound
EG(2,4)-based code: ML Seguin lower bound
EG(2,4)-based code: LP UUB minus ML SLB
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LP Deco ding of

Co des based on Finite Geometries

Consider the EG(2,4)-based [15; 7; 5] bina ry linea r co de. The follo wing

plot sho ws the w o rd erro r rate fo r di�erent deco ding algo rithms.
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EG(2,4)-based code: SPA (after max. 8 Iterations)
EG(2,4)-based code: SPA (after max. 256 Iterations)
EG(2,4)-based code: LP
EG(2,4)-based code: ML
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BEC Pseudo-W eight Sp ectrum

Consider the PG(2,4)-based [21; 11; 6] bina ry linea r co de.

Here is its BEC pseudo-w eight minimal pseudo-co dew o rd sp ectrum :
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Kashy ap and V a rdy (ISIT 2003) lo ok ed at a related issue: sizes of

minimal stopping sets.
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A W GNC / BSC / BEC

Pseudo-W eight Sp ectra
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