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Motivation

e Low Density Parity Check (LDPC) codes can correct transmission errors.

e LDPC codes allow low transmission energies and/or high transmission
throughputs.

e But, overall energy consumption may be limited by LDPC decoder energy
consumption and overall throughput may be limited by processing throughput.

e Voltage and clock scaling techniques can be employed for reducing processing
energy consumption and increasing processing throughput.

e These techniques might induce timing errors, but LDPC codes have an inherent
error correction capability.

e In fixed-point LDPC decoders, timing errors affecting the most significant bit are
catastrophic.

e In stochastic LDPC decoders, all bits have equal significance.
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Stochastic LDPC decoder

e LDPC codes have two types of nodes: Check Nodes (CNs) and Variable Nodes (VNSs).
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Figure 1: Stochastic CN degree 6. Figure 2: Stochastic VN degree 3.



Timing error analysis

e Timing errors occur when t, > Tk
- t, Is the propagation delay of the signal path p

— Tk is the clock period.

e Cause of timing errors:

— Excessive propagation delays owing to noise reducing the supply voltage.

e Effect of timing errors:

— Erroneous values are clocked into memories and/or output flip flops in VNs.
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Error correction capability

e (1056,528) WIMAX LDPC decoder, BPSK modulation over AWGN channel.
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Modified stochastic LDPC decoder.
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Error correction capability of the modified stochastic LDPC
decoder.
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Figure 8: BER with y=1.0V Figure 9: BER with ©t = 0.8 V



Performance comparison

e Similar error correction capabilities in the modified design at
(Vbp, Tak)=(0.8 V, 915.11 ps) and the conventional decoder at
(VDD, Tclk)=(1 .0 V, 1019.2 pS)
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Figure 10: Nominal with x = 1.0 V Figure 11: Modified with 4 = 0.8 V



Table 1: Average energy consumption per decoding iteration with = 1.0 V

Processing Energy Consumption

T = 476.90 PS

Toe = 568.41 ps

T = 1019.20 ps

TOTALcen

3.93 nd

3.69 nd

3.90 nJ

TOTALmed

3.99 nd

4.03 nd

4.02 nd

Table 2: Average energy consumption per decoding iteration with © = 0.8 V.

To = 726.54 ps

Tone = 915.11 ps

Tk = 1966.5 PS

TOTALeon

2.46 nd

2.29 nd

2.45 nd

TOTAL™d

2.48 nd

2.47 nd

2.50 nd




Conclusions

e Voltage- and clock-scaled modified LDPC decoder presents a similar decoding
performance of that of the conventional decoder at nominal operation conditions.
e This is translated into:
— 20% reduction in supply voltage
— 10.2% reduction in the clock period
— 36.7% reduction in processing energy consumption
e Stochastic LDPC decoders have an inherent tolerance to correct not only

transmission errors but also timing errors, when employing voltage and clock
scaling.
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LDPC decoder

e LDPC codes can be represented with factor graphs composed of VNs and CNs.
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Figure 12: Fraction of a factor graph.



e Type | timing error.
— Occurs when EM MUX selector signal has a constant value of O.
— Previous output value of EM Output signal is erroneously clocked into the
output flip flop.
e Type Il timing error.

— Occurs when EM MUX selector signal toggles and arrive late, but EM Output
signal arrives on time.

— Wrong signal is clocked into Output flip flop.

e Type lll timing error.

— Occurs when both EM MUX selector signal and EM Output signal arrive late
and EM MUX has been toggled.

— Previous values of signals are clocked into Output flip flop.



e Occurrence of timing errors when voltage scaling is applied.
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Figure 13: SPICE simulation demonstrating the occurrence of timing errors Type Il in
the conventional stochastic VN having a degree 3.



Table 3: Combinations of MUX selector signal values corresponding to each path p that is considered for timing analysis.

Path Node Degree Affected MUX selector signal

p d D-type Flip Flops (DFFs) | Edge Memory (EM) | Internal Memory (IM)
Output constant value

1 6 any
and EM (0 — 0)
Output constant value

2 3 any
and EM (0 — 0)

5 5 Output toggle value toggle at least
and EM (any) one value (any)

4 5 Output constant value N/A

VN and EM (0 — 0)

Output toggle value constant values

5 6 and EM (any) (at least one

is1 — 1)

6 5 Output toggle value constant values
and EM (0 —1) (both are 0 — 0)

7 3 Output toggle value toggle value
and EM (0 — 1) (any)

8 CN 7 Output N/A N/A




