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errors introduced by the flag-based syndrome method and auxiliary quantum gates.

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

* |deas: 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.
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Contributions:

Algorithm 1 Efficient Computation of ¢ and max(p
1: Note: kmax. Fmax. Xmax are the preset upper bounds. 5.0 -
2. Initialize base_list « [Ry, R2, R3, Ra, Rs, Rg, R7]
3: listg « base_list 451
4: for k « 11to ke, do 4.0
5: if £k > | then
6 Initialize list; « [ ] 35
7 for all val € listy do &30
8: list;.append(val + R) E
9: list; .extend(base_list[1 :]) E 25
10: end for F 20
11: listy «— listy
122 endif 2]
13: for r « | t0 ryy do 1.0
14: Initialize list,,, « [ ]
15: for x < 1 t0 Xpue do 057
16: Precompute 7; = R; + yx fori « 2to 7 0.0
17: cog 0
18: for s « 0 to 7% step 7 do
19: Let A « listo[s] +yx
20: co — o+t AT, T+ 00 11
21: end for
22: ¢ cofT5!
23: pin — (rx/ro) 7 Je
24: listp,, .append(pra)
25: end for
26: max(pyy) < max(list,,, )
27: indexpmy, «— argmax(listp,, ) + 1
28: return k, r, index,,,, max(pp)
29: end for
30: end for

Main 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.
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The relationship among k,x,max(p;) in the data block.

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

concatenated Steane code.

The relationship among k,x.p;;, in the data block and auxiliary block.

Conclusion: Our simulation results show that the logical depth of a physical qubit for an error correction period is to
only execute one algorithmic fault-tolerant quantum operation when using the concatenated Steane code (k>1). The
error between the circuit performance of the error model with partial perfect operation assumptions and that without
perfect operation assumption is very small. Our error model does not affect the 0(10™%) order of the maximum
threshold and the logical depth of physical qubits in the executable algorithm corresponding to the maximum
threshold. This shows the performance of the fault-tolerant Steane code as much as possible while taking error

Algorithm based on quantum logical depth. Propagation into account.




