
13

th

AAECC Symposium

On Applied Algebra, Algebraic Algorithms, and Error-Correcting Codes

Hawaii (USA),

November 15{19, 1999

Quantum Reed-Solomon Codes

Markus Grassl

Willi Geiselmann & Thomas Beth

Arbeitsgruppe Quantum Computing

Institut f

�
ur Algorithmen und Kognitive Systeme

Fakult

�
at f

�
ur Informatik, Universit

�
at Karlsruhe

Germany

M. Grassl IAKS Universit

�
at Karlsruhe AAECC-13



Overview

� Quantum information

� Quantum operations

� Quantum error-correcting codes (QECC)

� Construction of QECC

� Quantum Reed-Solomon codes

� Quantum implementation of linear transforms

� DFT over �nite �elds

� Concluding remarks

M. Grassl IAKS Universit

�

at Karlsruhe AAECC-13



Quantum Information

Quantum-bit (qubit)

basis states:
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Quantum Operations: \Gates"

NOT gate
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Simple Quantum Code: Bit-Flips
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Quantum Errors

Bit-
ip:

� interchange of the basis states j0i and j1i

� corresponds to \classical" bit error

� NOT gate resp. �
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Phase-
ip:

� inversion of the relative phase of the states j0i and j1i

� no classical analogue
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Quantum Codes (QECC)

(Calderbank & Shor/Steane)

De�nition:

Let C = [n; k; d] be a weakly self-dual linear binary code,

i. e., C � C
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Weakly Self-Dual Codes (I)

Construction of QECC:

Search for good linear binary weakly self-dual codes.

Dual basis:
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Weakly Self-Dual Codes (II)

The following diagram commutes:

C �! C

?

basis B
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?

y

?

?

y

dual basis B
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B(C) �! B
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(C
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,
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Idea:

� start with a weakly self-dual code C over F

2

`

and a

self-dual basis B

� obtain a weakly self-dual binary code B(C)

� obtain a CSS code

Advantages:

� correction of burst errors

� suitable for concatenation

� applies to Reed-Solomon codes

,!
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Quantum Reed-Solomon Codes

RS code C = [n = 2

`
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Encoding & decoding:

discrete Fourier transformation over F
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Example: Linear Transformation over F
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Quantum Circuit: DFT
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Conclusion & Outlook

� new method to construct QECC

� also applicable for BCH codes (see quant-ph/9910060)

� correction of burst errors

� decoding either as codes over F

2

`

or F

2

� a lot of encoding/decoding techniques exist, e. g., using

quantum linear shift registers (see quant-ph/9910061)

Further references:

http://iaks-www.ira.uka.de/home/grassl/

http://iaks-www.ira.uka.de/QIV/

and a lot of preprints at

http://xxx.lanl.gov/archive/quant-ph/
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