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ü To preserve messages sent through a noisy transmission channel by encoding the messages 
in an error-correcting code
Å More precisely: to make sure the rate of corruption of encoded (i.e., logical) information 

is lower than that of the same information sent without the extra encoding step.
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Google Scholar search: "quantum error correction"

Some material from: J. Preskill, QEC 2017 talk

Other pioneers:
ü Stabilizer codes (Gottesman + Calderbank, Rains, Shor, Sloane)
ü FT error correction (Shor, Steane, Knill)
ü QEC conditions (Knill, Laflamme)
ü Concatenated threshold theorem (Aharonov, Ben-Or)

Alexei Yu. Kitaev:
ü Topological quantum codes (1996-2003)
ü Physically protected quantum computing (1997)
ü Computing with nonabelian anyons (1997)
ü CSS-to-homology dictionary (1998)
ü Magic state distillation (1999-2004)
ü Majorana modes in quantum wires (2000)

Peter Shor:
ü Quantum error-correcting codes (1995)
ü Fault-tolerant syndrome measurement (1996)
ü Fault-tolerant universal quantum gates (1996)
ü Using QEC to prove security of QKD (2000)



1. Deterministic or random code constructions that reach boundary of what is possible. 

ÅMDS, perfect, random quantum, generalized homological product, good QLDPC, singleton-
bound approaching approximate, covariant, locally testable, triorthogonal

2. Constructing practical codes for near-term realization. 

Å2-3D surface, 2-3D color, dynamically generated (Floquet, spacetime circuit), tetron 
Majorana, single-shot, self-correcting quantum, cluster-state, homological rotor

3. Working with a quantum device to realize codes.

Å repetition, small distance block, 2D rotated surface, 2D color, two-component cat, square- 
and hexagonal-lattice GKP, dual-rail

4. Relating phases of quantum matter to error-correcting codes. 

Ågeometrically local Hamiltonian-based (topological, fracton, ETH, MPS)

5. Relating gravitational field theories, among others, to error-correcting codes. 

Åholographic (HaPPY), renormalization group cat, matrix model

6. Development of codes for sensing/metrology. 

ÅError-corrected sensing, metrological https://errorcorrectionzoo.org/







Measure the 
syndrome, not the 

data!
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1. Diagnose: measure error syndromes using ancillary qubits.
2. Decode: given a syndrome, determine which recovery Ὗ to apply.

ÅTo resolve code and error spaces (error diagnosis), measure eigenvalues of commuting set of 
observables (check operators; here, ὤὤὍ and Ὅὤὤ with ὤ „) and apply recovery Ὗ 
conditional on parity-check eigenvalue (error syndrome). This is one round of correction:

ÅCorrection rounds generalize straightforwardly to other types of errors and other codes.



The result superposition of error space collapses to one 
error space upon a round of EC:

1. Check operator measurement collapses system 
onto codespace or an error space.

2. Paulis are a basis for single-qubit operators
 Ą General errors are detectable!

Noise is continuous, 
but measured errors 

are discrete!

Example: Z-axis rotation:
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üErrors Ὁ are detectable iff they act trivially on the codewords:

Error-detection conditions

Example: constant need not be zero:

1. Environment does not distinguish codewords

2. Environment cannot connect distinct codewords:

üErrors Ὁȟ mapping to 

     ΧŘƛŦŦŜǊŜƴǘ ŜǊǊƻǊ ǎǇŀŎŜǎ ŀǊŜ correctable if they are detectable.
     Χsame error space are correctable if detectable + undo each other.

Error-correction conditions

Example: single-qubit bit flips are not correctable for four-qubit code b/c they cannot 
undo each other:
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Rel-n to data processing 
inequality:
quant-ph/9604034
[25] = quant-ph/9604022


