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to syndrome compression at high code rates (low complexity)

• Code proposals are often very structured (i.e., deterministic):

• Conventional product codes [Justesen et al., 2010],
• Spatially-coupled (or convolutional-like) versions such as staircase codes

[Smith et al., 2012] and braided codes [Jian et al., 2013]

• However, asymptotic analysis is typically based on density evolution using
an ensemble argument ([Jian et al., 2012] and [Zhang et al., 2015])

• Exception: asymptotic analysis of product codes in [Schwartz et al., 2005],
[Justesen and Høholdt, 2007]

In This Talk . . .

• Deterministic code construction that recovers product codes, staircase
codes, and block-wise braided codes as special cases

• Rigorous density evolution analysis possible over the binary erasure channel

• Application: Spatially-coupled product codes and symmetric generalized
product codes
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• n: “problem size”, proportional to the total number of CNs
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• Equations have the same form, but different averaging matrices B and B̃

• One can show that ensemble performance can be “emulated”
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0 1 2 1 0 0
0 0 1 2 1 0
0 0 0 1 2 1
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







, 1
9








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1 2 3 2 1 0
0 1 2 3 2 1
0 0 1 2 2 1
0 0 0 1 1 1









staircase braided (simplified) w = 2 w = 3

• Equations have the same form, but different averaging matrices B and B̃

• One can show that ensemble performance can be “emulated”
• =⇒ ensemble threshold bounds in [Jian et al., 2012] apply to

deterministic codes!
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not used• A half-product code has the same threshold as a
product code, but less than half the block length

• Half-braided codes can outperform staircase and
braided codes in the waterfall region, at a lower error
floor and decoding delay [Häger et al., 2016]
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Conclusions and Future Work

• Density evolution can be applied to a large class of deterministic
generalized product codes.

• There exists a family of (deterministic) codes that performs asymptotically
equivalent to a previously studied spatially-coupled code ensemble.

• Symmetric generalized product codes can outperform their nonsymmetric
counterparts.

Thank you!
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