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Problems & Ideas
• Problems of error propagation in the original Steane code:

– Prior work generally assumes that these encoding/decoding processes are perfect,
leading to an incomplete threshold analysis.

– There are related works that apply the flag-based syndrome method to encoding, but
they assume that everything except coding is perfect, that is, they do not consider the
errors introduced by the flag-based syndrome method and auxiliary quantum gates.

• Ideas: We systematically introduce fault-tolerant mechanisms in each
stage of the fault-tolerant Steane code for the first time.
– We improve the flag-based syndrome method to prevent it from introducing additional

error propagation itself and integrate this improvement into our work.
– We propose a fault-tolerant encoding and decoding method in Steane code, considering

errors on each quantum operation.

(a) Flag to detect the X error on the control qubit

(b) Flag to detect the Z error on the target qubitFault-tolerant encoding and decoding method



Main Contributions
• Contributions:

– Combined with the results of measuring stabilizers and redundant qubits after decoding,
most error cases can be identified within an error correction period.

– Different errors may lead to the same measurement results due to error propagation. To
address this, we apply the improved flag-based syndrome method, aiming to minimize
the interference.

– We propose an algorithm based on logical depth to estimate the threshold and obtain
conclusions through simulation.

Algorithm based on quantum logical depth. 

The figure and the table show only up to six levels of 

concatenated Steane code. 


