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goals

• introduce key concepts in quantum error correction (QEC)

• identify primary objectives and challenges

• current research topics and recent breakthroughs

• future directions

• disclaimer: focus on “standard” QEC with qubits
• no bosonic QEC, measurement-based QC, measurement-free QEC
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motivation: quantum computing

•  
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lightening crash course: repetition code
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stabilizer codes
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data qubits

 



surface code
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data qubits

 



locality and overheads
•  
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fault tolerance and universal 
computation
•  
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Fowler, Mariantoni, Martinis, Cleland
Phys. Rev. A 86, 032324



bird’s eye view
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codes
• local codes

• topological codes ~ surface, color

• non-local codes
• “qLDPC” codes

• subsystem codes
• dynamical codes

• “Floquet” codes

challenges
• better codes
• better decoders
• fault tolerance
• universal quantum 
computation



recent(ish) breakthroughs!
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future of QEC research

• local codes
• faster (large-scale, real-time) decoding algorithms
• magic state factories

• non-local, subsystem, and dynamical codes
• codes + code families at small-to-moderate size
• universal computation
• better decoders

• QC + QEC architectures
• logical operations
• compatible quantum algorithms
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thank you


