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LDPC Codes

• Standards:
– DVB-S2
– IEEE 802.3an (10GBASE-T)
– IEEE 802.16e (WiMAX)
– IEEE 802.11n (WiFI)

• Turbo-like codes, but massively parallel
– Near-capacity reaching
– Iterative decoding with interleaver
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Goals

• Very high-throughput LDPC decoders
Fully-parallel
Routing congestion
Bit-serial message passing

• Correct as many errors as possible
Avoid the min-sum approximation
Use the sum-product algorithm

• Easy (and portable) design process
Digital, standard-cell
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Stochastic representation

• Encode probabilities as streams of random bits
• Common fallacy: low precision

– 0.001 (10 bits in fixed-point vs. 1000 bits in stoc)
• Robust applications

– Care about flow of changes of statistics of bits rather 
than on the precise value in a discrete frame of bits

P = 0.76 (= 19/25)
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Stochastic Parity-Check Node [Gaudet and Rapley, Elec. Letters 2003]
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FPGA Implemention 
Probability to stochastic conversion

• Distributed Randomization Engine provides the 
random numbers
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Hard-decisions

• At the end of each cycle the output bit of each 
equality node is passed to a saturating 6-bit 
up/down counter:

counter++  (if input=1 & counter < MAX)
counter-- (if input=0 & counter > MIN)
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Variable Nodes

• Significant sharing of random numbers
• Share between comparators / EMs

2 
in

pu
t b

its
 

ou
tp

ut
 b

it

ia
ib

ic

ia ib ic

} Regular states
} Hold states

new outcome
(regenerative bits)



Sharifi Tehani, Mannor ,and Gross

Parity-Check Nodes

used for early
termination of
decoding
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FPGA Implementation

Floating-Point 
SPA (32 iters.)

Min-Sum Decoding of 
a longer code

(max dv = 6, max dc = 7)

[Zarubica et al. 
Globecom 2007]
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FPGA Implementation

Floating-Point 
SPA (32 iters.)

Min-Sum Decoding of 
a longer code

(max dv = 6, max dc = 7)

Throughput Avg. clocks
Latency Max clocks

[Zarubica et al. 
Globecom 2007]
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FPGA Implementation

• Avg. clocks (10-8 BER ) = ~141
• Max clocks = 700 (740 w/ I/O)
• Latency = 3.3 μs @ 222 MHz   
(trade-off is possible)
• T/P > 1 Gbps for SNR > 3 dB
• 1.66 Gbps at SNR = 4.25 dB

[Zarubica et al. 
Globecom 2007]
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FPGA Resources

• Xilinx Virtex-4 LX200
• (1056, 528) (max (6,7))-irregular code
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FPGA Comparison

Darabiha et al. 
ISCAS 2006
(bit-serial 
approx MSA)

Zarubica et al. 
Globecom 2007
(3-bit MSA)

Sharifi Tehrani 
et. al. SIPS 
2007

Sharifi Tehrani 
et al. Trans SP, 
2008 (sub)

T/P / 
information bit
(Mbps –
normalized)

1.83 10 1.38 3.14 

Slices 
/ coded bit

69.3 33.8 32.1 43.6
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(1056,704) Irregular LDPC



Sharifi Tehani, Mannor ,and Gross

Conclusions

• First irregular fully-parallel LDPC decoder on FPGA
• One of the fastest (> 1 Gbps) and most area-efficient fully-

parallel decoders 
• Superior error-correcting performance
• Bit-serial interleaver and simple node H/W 

efficient ASICs
• Easy, scalable and portable design
• Easy trade-offs
• Potential for very low-power
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Extra Slides
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Comparison
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