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Introduction

o Goal:

What is the ultimate performance of ASD of RS Codes?

‘ Find better Multiplicity Assignment algorithms I

# Existing Multiplicity Assignment Algorithms for ASD:
s Kotter and Vardy Algorithm [KV03]
» Gaussian Approximation [PV03]
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Introduction

# n-dimensional vector over F: u = (uq, ..., uy)
® g xnarrays: W = (w;(8)), wherei=1,...,nand g € F.
® Cost.

|W|A1S‘S‘wz B +1).

1=1 BeF

® Score.
A n
i=1

® c € Cwill be an (n, k,d) Reed-Solomon code over F.
® Channel Output: APP matrix:

II = (mi(B)) = (Pr{c = B|ri})
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Algebraic Soft Decoding

1= ‘ Multiplicity Assignment Algorithm; A I:> M

o csTI A M

#® m;(F) IS a non-negative integer.
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Algebraic Soft Decoding

1= ‘ Multiplicity Assignment Algorithm; A I:> M

o csTI A M

#® m;(F) IS a non-negative integer.
® cisonthe GSlist if

(e, MY > Dp_1(|[M|)=ckFM

3/2
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Algebraic Soft Decoding

® Pr{&,} = ZneAPP Pr{E4|I1} Pr{Il}; E4={ck M}
® Theorem:

Pr{8A|H}:Z @P ZAC%M (c).

‘ Find A: Hard Problem! I
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Multiplicity Assignment Problem

# KV Simplificaton: x — II AM
»# Independence Assumption: P(x) = [[:_; m(x;)

P(ILM) 2 Y Alx¥ M]P(x)
xecF'n
#® ASD Decoder:
P(1I, = min P(lI,M
(11, ~) min (I, M)
M(I,~) = in P(II, M
(I1, ) argMMr?'l%P( , M)
P(Il,00) 2 lim P(II,~)

Y—0O0
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Multiplicity Assignment Problem

# KV Simplificaton: x — II AM

»# Independence Assumption: P(x) = [[:_; m(x;)

P(ILM) 2 Y Alx¥ M]P(x)

xXEcF™

® ASD Decoder: Hard Problem!

P(IT, )

M (TL, )

P(1II, 00)

||

min P(II, M)
| M| <~y

in P(I1, M
e i, P

lim P(II,~)

Y—0O0
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Soft Multiplicity Matrices

# Relax Integer Constraint: Q) = (¢;(5)) 'soft’ matrix.
#® Relaxed problem:

1>

P(IL, Q) Y Ax¥ QIP(x)

xEF'™

min P(II, Q)
Q<

arg min P(II, Q)
g|Q|§7 ( )

lim P*(II, ).

Y—00

1>

P*(I1, )

1>

Q*(IL,v)

1>

P*(I1, 00)
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Soft Multiplicity Matrices

® Theorem : P*(II, 00) = P(II, 00)
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Soft Multiplicity Matrices

® Theorem : P*(II, 00) = P(II, 00)

‘ Q* =7  Still a Hard Problem? I

# Minimize the Chernoff Bound on the Error Probability!
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The Chernoff Bound-Finite Cost

#® S, are independent r.v.;

(X,Q) = S0 =81+ + Sp.

¢i(s, mi, qi) = Es, {638"'} = mi(8)e’sP).
BEF

O(s, 11, Q) = Eg, {682?:18"} =[] ¢i(s, mi. q1)-
i=1

® Chernoff Bound:

Pr{Sy < 6} < min {685<1>(—5,H, Q)} |

s>0




The Chernoff Bound-Finite Cost
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Xi(B) = a(B)+1/2 L2=2y+L D' =Dy(y) + 3




The Chernoff Bound-Finite Cost

# Transformation [PV03]

Xi(B) = a(B)+1/2 L2=2y+L D' =Dy(y) + 3

® Transformed Problem:

P*IL.~) < mi '{SD’¢—,H,X}.
(L) < uin  minge™ &(=s I, X)

# The (sub)optimum matrix

X* = ar min min{eSD/CID —s, 11, X } .
SX | 2r2 520 ( )
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P(ILoc) = min, 37 A [(e 7)< Vi PG)




Chernoff Bound-Infinite Cost

® Theorem :(v =k — 1)

P(Loo) = min 3 A[(x.B) < Vo] P(x

® Chernoff Bound:

P(IT, 00) < min min{(I)(—s,H,R)es ”}
[R]?=1 s=0

#® (Sub)Optimum Matrix:

RX(II) = argp min min{CID —s,1I, R)e® U}
(1) = ang i i { (5,11, R)e
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The Lagrangian

# Constrained Optimization Problem:

n
min (sD’ + Z In ¢;(—s, m;, X,,,)>
1=1
subject to
s>0
1

%2 = 12 = 29 + gng.
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The Lagrangian

# Constrained Optimization Problem:

n
min (SD/ + Z In ¢;(—s, m;, XZ)>
i=1
subject to
s>0
1

%2 = 12 = 29 + gng.

# The Lagrangian:

- A
L(s,X,0) = sD' + Y Ingi(—s,mi, X;) + 7 (IIX|* — L?).
1=1
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The Lagrangian

=0 = [|X|2 = 17

ISIT 2004-Performance Enhancements for Algebraic Soft Decision Decoding of Reed-Solomon Codes — p. 14



The Lagrangian

Sliey. =0 = |IX])* =

;o [ 2per X;(B)mi(B)e s Xi(B) -
v ; ( ¢i(—s,m;, X;) =0
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The Lagrangian

oL
® % =0 = |[X]]*=1L7

n

-3

1=1

(

> ser Xi(B)mi(B)e=sX(D)
§b7;(—37 i, XZ)

S—=s8*

Xi(B) zn: (ZﬁeF Xz‘(ﬁﬁz‘(ﬁ)gSXAB)) - m(B)esXi0)
72

¢i(—s,mi, X;) ¢i(—s, mi, X;)
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The Lagrangian

oL
® % =0 = |[X]]*=1L7

<
o (D per Xi(B)mi(B)e 3K )
D" — =0
Z'Zl ( gb’i(_saﬂ_iaXi) g
<
X(5) - (Lper KOO | i(ge
L? i—1 ¢i(—8,7T7;,X7;) Qbr,j(—S,’]Ti,X,,;) _—
<
D’ Wi(ﬁ)e_S*Xi(B)
—_X; _ : —0
L? 2 > ger mi(B)e s XilP) KX+ s
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Convexity

® Define

La(5) = £7(5,X) ly_gomst » LX) = L7(5,5),_e

const
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Convexity

® Define

La(5) = £7(5,X) ly_gomst » LX) = L7(5,5),_e

const

® L (s)Isconvexin s
® Lx(X)Is convexin X
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lterative Algorithm

Initialize X° = %Q,H, s = 0.1 % % and j = 0.
Do
ji=j+1

I . Solve for s/,

o OL¥(s, X0
*(s, X071 = ! —
V(L (s, X777 e » 0
IT. Solve for X/,
. *(g) X
VX(E*(SJ,X)){(?E (j’ ),il,...,n,ﬁéF} =0
0X: (8) X
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lterative Algorithm

o For finite cost multiplicity matrix M = (m;(5)):

m; () = Round {max {0, X;(5) — 0.5} }.
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lterative Algorithm

o For finite cost multiplicity matrix M = (m;(5)):
m;(6) = Round {max {0, X;(5) — 0.5} }.

# Solve could be replace by a Newton type algorithm.
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lterative Algorithm

o For finite cost multiplicity matrix M = (m;(5)):
m;(6) = Round {max {0, X;(5) — 0.5} }.

# Solve could be replace by a Newton type algorithm.
# To reduce computational complexity:

Set X;(8) =0 if m;(B) < threshold
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Numerical Results & Conclusions

ASD of (15,11) RS code BPSK modulated over AWGN Channel

—A— Gauss,y=c
— Chernoff,y=co
= KVy=10* 5
. Chernoff,yzlo4

E,/N, (dB)

ISIT 2004-Performance Enhancements for Algebraic Soft Decision Decoding of Reed-Solomon Codes — p. 18



Numerical Results & Conclusions

ASD of (15,11) RS code over AWGN, Infinite Cost
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Numerical Results & Conclusions

ASD of (15, 11) RS Code 16-PSK modulated over AWGN

o HD- BM
—9— KV, C=»
.+ == Gauss, C=co E
| == Chernoff, C=ec |3

| =&= KV, C=1e4
.+ == Chernoff, C=1e4 |

.....................................
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Numerical Results & Conclusions

SD of (31,25) RS code BPSK modulated over AWGN Channel
10 ¢ T T T T T T T T

I
-~ HD-BM
—o— KV
—o— Gauss |
=4~ Chernoff |3

Codeword Error Rate

4 4.5 5 55 6 6.5 7 7.5 8 8.5 9
SNR (dB)
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Numerical Results & Conclusions

SD of (31,25) RS code BPSK modulated over AWGN Channel

100 @ T
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Future Work

Finding less complex Algorithms with high efficiency.

o o

Minimize the true Error Probabillity directly.

# Precondition II to have information from other symbols
and the channel.

# lterative Algebraic Decoding.
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http://mostafa.caltech.edu/Academia.html

| Thank You! |
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