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Last Lecture
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Evolution of I(X;;Yiy) W

It is a hard problem to analyze the evolution of this
quantity for a decoder.

Tterative decoders exchange messages (extrinsic and
a-priori). What about "tracking” those messages...?
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Tracking of Messages W

Tracking of messages would mean tracking of pdfs.

Instead of tracking the pdfs we reduce the problem
to tracking of mutual information between the
messages and the codeword which are scalar

quantities.
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Tracking of Messages
1 = nai)

This assumes that

the decoder depends
only on mutual
information!

Problem:
How to compute the
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Extrinsic Channel Model
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Extrinsic Channel Model

Src

Ic

Enc 1

T,

comm. ch

Enc 2

Decoder

X
————

4
————

extr. ch

Y app
— —
a €
— —

A-priori messages are modeled as independent noisy
observations of the encoded source.

Assumptions:

- independent observations

I,

- model for extrinsic channel
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e I(X,L,Az) — I(‘/ZrAz)

I'p = 1(X;; Ey) < I(X Y A\)

with equality if the

decoder is optimal



Transfer Functions W
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Assuming a model for the extrinsic channel we can vary
I, by varying the channel parameter.

At the output of the decoder we can
measure/calculate Iy = I = f(I,)

This is only exact if the model of the extrinsic
channel is correct!
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Variable Nodes and BEC W
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Extrinsic channel is modeled as BEC (exact).
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Check Nodes and BEC W
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EXIT Chart of LDPC Code Rina
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Other Channels W

Modeling the extrinsic channel as a BEC is exact if the
communication channel is a BEC.

For other communication channels, the assumption of
the extrinsic channel is in general an approximation.

If the communication channel is an AWGN channel, we
model the extrinsic channel also as an AWGN, but this
is only an approximation!
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AWGN Channel
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Fig. 2. Extrinsic information transfer characteristics of soft in/soft out
decoder for rate 2/3 convolutional code; F, /Ny of channel observations serves
as parameter to curves.

Stephan ten Brink, "Convergence Behavior of Iteratively Decoded Parallel
Concatenated Codes”, IEEE Trans. Comm. October 2001
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Serial / Parallel Concatenation
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Serial concatenation:

e=app-a

Parallel concatenation:
e=app-a-y
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Information Combining BEC W

What is the effect on mutual information when we
add L-values?
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Intersecting Curves
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BER from EXIT Chart (BEC) Rina
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Information Combining AWGN
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Information Combining AWGN M
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BER from EXIT Chart (AWGN) {10
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Independent Observations

Messages received
from the extrinsic
channel are
independent
observations, which is
only fulfilled if N > «
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Fig. 8. Averaged decoding trajectories for different interleaver lengths; PCC

rate 1/2 memory 4, (G,, G) = (023, 037); averaged over 10° information

bits.



Statistics
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Summary of Assumptions W

- Messages received from the extrinsic channel
are independent observations, which is only

fulfilled if N > oo

- We use statistical quantities, which are only
correct if N — o

- We model extrinsic messages with an extrinsic
channel. This can only be done exact for the BEC.
The Gaussian assumption is an approximation.
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