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Dynamic Coupled Truncated Distribution Design for Finite-Length LT Codes
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Abstract: To address the performance degradation of Luby transform (LT) codes under Gaussian
channels, where traditional robust soliton distribution (RSD) suffers from high decoding complexity and
excessive overhead due to noise accumulation and redundancy in high-degree symbols, this paper proposes
a dynamic coupled truncated distribution (DCTD). The proposed distribution first dynamically truncates
the RSD to suppress redundant high-degree symbols, thereby reducing computational complexity. It then
introduces a pre-optimized fixed distribution to further sparsify the probability density in the medium-to-
high degree region. To achieve an adaptive and smooth fusion of the two distributions, the Kullback-
Leibler (KIL.) divergence is employed to quantitatively measure the statistical difference between the
truncated RSD and the fixed distribution, based on which an adaptive switching point selection algorithm is
designed. Furthermore, a nonlinear mixing strategy is developed, incorporating a sinusoidal modulation
term to enhance the robustness of low-degree symbols and an exponential correction term to suppress
redundant high-degree connections, ensuring a smooth transition and improved probability allocation across
critical degree ranges. Simulation results demonstrate that at a code length of 1 000, DCTD reduces the
average decoding overhead by 21.5% compared to RSD while maintaining the same decoding success rate.
Additionally, the average degree is reduced by 29.90% to 46.49% across various code lengths, indicating
a significant reduction in decoding complexity. These results confirm that DCTD achieves a better trade-off
between decoding overhead, complexity and success rate, providing an effective degree distribution
solution for LT codes in noise-limited scenarios.

Highlights:

1. A DCTD is proposed to balance decoding efficiency and complexity for LT codes under Gaussian
channels by combining a truncated RSD with a pre-optimized fixed distribution.

2. The KL divergence is introduced to quantitatively measure the statistical difference between the two
distributions, enabling an adaptive switching point selection algorithm for dynamic and smooth fusion.

3. A nonlinear mixing strategy is developed, incorporating sinusoidal modulation to enhance low-degree
robustness and exponential correction to suppress redundant high-degree connections, achieving a smooth
transition in degree distribution.

4. Simulation results show that DCTD reduces decoding overhead by up to 21.5% and lowers the average
degree by 29.90% to 46.49% compared to RSD, while maintaining the same decoding success rate.
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Table 1 Degree distributions for various values of 4

k 32 64 128 256 512 1024
0, 0.110 0.110 0.060 0.040 0.025 0.015
0, 0.500 0.500 0.500 0.495 0.495 0.495
0, 0.130 0.110 0.160 0.167 0.167  0.167

0, 0.080 0.080 0.080 0.082 0.082

{HFAQ}ﬁB’J?Z‘%M{EEﬁE,ﬁ‘ﬁ%%‘l‘ﬁ‘ﬁﬁﬁ@ﬁﬁ’ﬂ% Q- 0.260 0.042 0.050 0.070 0.071 0.071
R A A R R XA AL 0037 0039 0050  0.04
Ak R RO . 3R 1R Y B A A R AR A B 2, 0.045 0.020 0.025 0.044 0.048
KB A AT B [ AR A Q, 0.060

[ 5 O AL JEE 49 7 30 2 G B BN IE . o, 0.063
GARBKG R T B TIRMERE AL o, 0.040
VETF R T e R S TR B, 2w 0.058 0035 0.043 0050
St D 375 5 17 4 S OB 0 A S AL, S i 0.049

H AR A . R AR O 0.023 0.023
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Fig.4 Successful decoding rate against overhead under different degree distributions
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Table 2 Average overhead for decoding % input
symbols and average degree per output
symbol for DCTD and RSD

TR TT RS/ 0 - 24 i 4

DCTD RSD DCTD RSD
200 95.2 104.5 4.80 8.97
500 75.3 85.4 5.98 10.81
1 000 55.6 77.1 8.79 12.54
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Fig.5 Bit error rate versus decoding iteration number for dif-
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