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Low-density parity-check codes [1] proposed in 1962 are
codes specified by a matrix containing mostly 0’s and only
a small number of 1's

Use Tanner graph [2] representation LDPC codes

« A Tanner graph consists of two kinds of nodes, variable

nodes and check nodes, and edges connecting them

Depend on code rate r=k/n M Check Nodes

o1 1 0 1 1 0 1 0 | —

E 5 152 ES = 152 ES ES 152 ES 52

— Check Equation D
— Check Equation E

1
0 | — Check Equation C
1
1

Representation code length N Variable Nodes
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e The sum-product algorithm (SPA) 1s an iterative algorithm
for decoding LDPC codes [1]

« Definition
— M(n) : The set of Check Node connected to Variable Node
— N(m) : The set of Variable Node connected to Check Node
— M(n)\n : The set M(n) excluding the n-th Variable Node
— N(m)\m : The set N(m) excluding the m-th Check Node
— Log-Likelihood Ratio (LLR) is a soft information of the receiver

L(u)=log oW =01¥) _\ o
P, =1],)

where u,, is the transmitted bit, y,, is the received bit, and L. = 2/02,
where o is the noise variance
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e Definition two LLR values

— LLR of Variable Node to Aot _ PooPos + PP
out —
Check Node 0 (0) PPy + PP,
A (U.)=log <=1
1 (@)
— LLR of Check Node to
Variable Node
Am_)n (un) — Iog { rm—>n (0)}
ey
* The iteration procedures of
SPA are summarized as three
follows:
— Initialization
Aom(Uy) =L(u,)
A, (U)=0 (1)
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 Iterative process
— Check Node Update:

Am—>n (un) :Sign H ﬂ’n'—>m (un‘/z)'¢_l( Z ¢|: n'—-m (u /2)]j (2)

n'eN(m)\n n'eN(m)\n

X

where 9(x)=1log ( Ex

1
fl) and 00 =¢()
Because ¢(¢(x))=

— Approximated formula (2) and called Sign-Min Algorithm [3]

Ao @) =8ign ] An(,/2)-min 4., (U, /2)  (3)

n'eN(m)\n
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— Variable Node Update:

ﬂ“n—>m (un) - L(un)+ Z Am'—m (un) (4

m'eM (n)\m

 Hard Decision

AU)=Lu)+ > AL, (5
meM (n)
G =0 if A (u)>0
u =1 if A(u)<O0

— After each iteration, a hard decision is made

— Compute the matrix 0 ,H" , if G, H" =0 or get up to maximum the
numbers of the decoding iterations, then halt the algorithm.

Otherwise, the algorithm repeats iterative process execute next
iteration
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n'eN (m)\n

Apn(u)=sign TT 24,5, 72)-¢7

> [ An(U,12)]

1.111111~1 o000t L || 000 (0)
1.100000~0 [P 5 e =D oDy - .453 001 (1)
0100000 C i AR ST 00 A s R o
0.001010=0-h ) 814 (3)
0.00001=0-po0k ——06-(«)
0.00001840.} 0T (%)
0.000001~0. it 11110 6)
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ﬂ“n—>m (un) - L(un)+ Z Am'—>n (un)

m'eM (n)\m

A,u)=Lu)+ D AL, )
e 1 bit
Decision Bit

4 bits '

Am—n(us) it)ls)- w Am—n(Us)
4 bits ' 4 bits
L(Un) +’-

SM : Sign-Magnitude

B 4

-> »ﬁ@«
/_D

L?

TC: Two’s Complement
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e Use 5041008 matrix [4] and 80 decoding iterations [5]

Bit Error Rate

: Sign—-Min
| —=— LUT 3-7[6]
SPA

0.5

SNR(dB)
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o Use 5041008 matrix [4] and 80 decoding iterations [5]

10

Bit Error Rate

[ — — — Sign-Min
: LUT 3-3
| —%— LUT 3-4
| —p>— LUT 3-5

i LUT 3-6
[| —8— LUT 3-7[6]
SPA
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Variable Node - . Check Node .

Variable Node . : Check Node
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Synthesized by TSMC 0.18um Artisan Standard Cell Library

Area Comparsion

AN

| |
Traditional LUT 3-7  Traditional LUT 3-4  Two's Complement
LUT 3-4

Version
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o Use 5041008 matrix [4] and 80 decoding iterations [5]

10

Bit Error Rate

—¥— OR Operation
[| —&— LUT 3-7[6]
SPA
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$56:0] #40 416]
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¢ Use 504x1008 matrix [4] and 80 decodlng iterations [5]

Bit Error Rate

H{ — — — Sign-Min

[| —%— OR operation

| —&— OR + pesudo carry
§ LUT 3-4 [6]

[| —=— LUT 3-7[6]

I SPA
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Synthesized by TSMC 0.18um Artisan Standard Cell Library

Area Comparison

AN

Traditional LUT Sign-Min OR operation OR operation +
3-4 pesudo carry

Version
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4 errors perore decoding
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e TSMC 0.18um Artisan
Standard Cell Library

| l |

Technology TSMC 0.18um

2.8 x 2.8 (7.84mm?)
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« The LDPC is an excellent code, and it is widely used In

communication standards.
« Algorithm study first, and then work out the hardware.

e The targets of the hardware are:

— Smaller chip size
— Lower power consumption
— Higher operational speed

« Team work is the key to win.

 We worked out a good cooperate model in our laboratory.
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