Gate Scheduling for Syndrome Measurements
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1 Background

Syndrome measurements are quantum operations that detect errors by mea-
suring the observable defined by the stabilizer generators of a quantum error-
correcting code. These measurements are typically realized through circuits
composed of CNOT and Hadamard gates, utilizing ancillary qubits. This
project focuses on designing shallow-depth circuits capable of performing all
necessary syndrome measurements efficiently.

For example, in the Steane code, the syndrome measurements involve the
operators Z1 727574 and X1 X2X3X4. The corresponding circuits are shown
in the following figure.

D) ANO R B

(D2) . BCST an

(Dy) . (D) D

(Dy) i (Dy) N

(4z) 10 D-D-D-DH] | “x) 10{r] (W H)
(@) 5 (b)

Figure 1: Two syndrome measurements for Steane code

Since both measurements act on qubits 1, 2, 3, and 4, and we need to
measure all these two measurements (and others), gate collisions may occur
if the operations are not properly scheduled.

Now we define the cost of a gate scheduling for a syndrome measurement
circuit more formally, following the basic rules:

1. For simplicity, we exclude single-qubit gates (primarily H gates) and
measurements from our analysis, as done in prior work [TBLC22].

2. We discretize time into steps (TICKs), where each CNOT gate opera-
tion consumes exactly one time unit.



3. Parallel execution is permitted for non-conflicting CNOT gates, with
the constraint that each qubit can participate in at most one CNOT
operation per time step.

2 Problems

1. Optimal Gate Scheduling: Determine the minimum-depth circuit
schedule for syndrome measurement in QLDPC codes [BE21] under
idealized hardware conditions (no topological constraints). You may
use SMT solvers for this task.

2. Hardware-Aware Scheduling (Research-level): Extend this to re-
alistic hardware with limited qubit connectivity. While the problem
was considered in [YZF+25] for superconducting architectures (e.g.,
Google’s Sycamore) with the help of SWAP gates, we instead focus on
the Reconfigurable Atom Array (RAA) platform for which there
are custom-made compilers (OLSQ-RAA) [TBLC22]. The challenge
lies in co-optimizing syndrome measurement circuits with RAA’s re-
configurable connectivity.

3 Contacts

Kai Zhang zhang-k23@mails.tsinghua.edu.cn

Jianxin Chen chenjianxin@tsinghua.edu.cn

4 References

[YZF+25] Keyi Yin, Hezi Zhang, Xiang Fang, Yunong Shi, Travis S Humble,
Ang Li, and Yufei Ding. QECC-synth: A layout synthesizer for quantum
error correction codes on sparse architectures. ASPLOS 2025.

[TBLC22] Bochen Tan, Dolev Bluvstein, Mikhail D Lukin, and Jason Cong.
Qubit mapping for reconfigurable atom arrays. ICCAD 2022.

[BE21] Nikolas P Breuckmann and Jens Niklas Eberhardt. Quantum low-
density parity-check codes. PRX Quantum, 2(4):040101, 2021.


https://github.com/UCLA-VAST/OLSQ/tree/RAA
mailto:zhang-k23@mails.tsinghua.edu.cn
mailto:chenjianxin@tsinghua.edu.cn

	Background
	Problems
	Contacts
	References

