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Stabilizer codes
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• Define a set of mutually commuting 
stabilizers

• They must also commute with logical 
operators

• Measure them repeatedly

• Compare successive measurements of the 
same stabilizer to check for errors

IBM



Subsystem codes
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• Define a set of gauge operators

• Find the mutually commuting stabilizers they 
create

• And the commuting logical operators

• Measure the gauge operators repeatedly

• Infer stabilizer measurements

• Compare successive measurements of the 
same stabilizer to check for errors

IBM

Bravyi et al., 2013



The rules of QEC

6

• The things you measure commute with the stabilizers

• The things you measure commute with the logical operators

• Now let’s break the rules!
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The rebirth of QEC: Part 1

7

Floquet codes

• Introduced by Hastings and Haah in 2021

• Gauge operators commute with stabilizers

• But don’t commute with logical operators!

– Logical operators are defined dynamically
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The rebirth of QEC: Part 2
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Matching codes with 2-body measurements

• Introduced by Wootton in 2021

• Gauge operators commute with some stabilizers

• But not all the stabilizers

– Checks defined dynamically

• And don’t commute with logical operators!

– Also defined dynamically
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The rebirth of QEC: Part 3
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Floquet Color code

• By Davydova et al and Kesselring et al in 2022

• Gauge operators don’t commute with the stabilizers

• Or the logical operators!
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The rebirth of QEC: Part 4
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Dynamic surface codes

• Introduced by McEwen et al in 2023

• A normal stabilizer code

• Implemented in a completely abnormal way
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A new framework for QEC
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Pauli webs

• Introduced by Bombin et al in 2023

• Analyzing circuits using ZX

• Checks and logicals defined by Pauli webs

IBM



Pauli webs in action
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We’ll look at two simple examples

• The 1D version of Hastings-Haah’s Floquet code

• The 1D version of my code

Though the 2D versions are distinct, the 1D versions look very similar
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Z Z

Z          Z

X X

X          X

Measure ZZ → YY → XX → YY … 



Pauli webs in action
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Two rounds of measurements, expressed in ZX



Pauli webs in action
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Pauli webs identify the plaquette checks

• Compare plaquette values for successive rounds



Pauli webs in action
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Also find the Hastings-Haah logical operator

• Dynamically defined: flips between XX and ZZ



Pauli webs in action
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Dynamically defined checks are also found on the rungs

• Required for Wootton code, but missed by Hastings-Haah



Pauli webs in action
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Pauli webs also find the Wootton logical operator

• Can be viewed as static with corrections, or dynamically defined



Conclusions
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• Fault-tolerance is in the midst of a revolution!

• Novel weird codes will lead the way

• ZX + Pauli webs seems a promising tool to map new lands

• But there are still things to figure out

• How to automate it?

• How to use it to inform decoding?

• How to find new approaches with it?



Thanks for your attention!
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Qiskit-QEC github.com/qiskit/qiskit-qec


