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• Now we can build NISQ(Noisy Intermediate-Scale Quantum) 
• We have imperfect control over qubits 

• Fragile state ( to 0> state) 
• Device noise 

• Qubits are error-prone 
• Intermediate-scale qubits (50- few hundreds) 
• Simulation cost by brute force
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Why Quantum Computing is hard?
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Hard to scale up qubits

1. SQV is limited when we have more cubits

2. AQEC(= error correction) can boost up SQV



• Initial bit — suppose you have one bit to send  
• 0 & 1  

• The channel has noise to disturb the data (bit) 
• This can be mitigated by repeating bits by encoding 

• 0 -> 000 
• 1 -> 111 

• We can correct one-bit error by majority vote 
• 000 -> 000 (no error) 
• 001 -> 000 (error on 1st bit / bit flip 0->1) 
• 010 -> 000 (error on 2nd bit / bit flip 0->1) 
• 011 -> 111 (error on 1st bit / bit flip 1->0) 
• 100 -> 000 (error on 1st bit / bit flip 0->1) 
• 101 -> 111 (error on 2nd bit / bit flip 1-> 0) 
• 110 -> 111 (error on 1st bit / bit flip 1->0) 
• 111 -> 111 (no error)
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Error correction in classical computing



• n,k,d  = [3,1,3] 
• 3 bit 
• 1 ecoding bit 
• 3bit can be corrected with code distance 1 (d= 2t+1)
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Error correction in classical computing
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General Qubit state



• Bit flip 
• Error channel where (p = without error) 
• a|0> + b|1> —> b|0> + a|1>  
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Errors in Qubits



• Phase flip 
• Error channel where (p = without error) 
• a|0> + b|1> —> a|0> - b|1>  
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Errors in Qubits



• Bit-phase flip 
• Error channel where (p = without error) 
• a|0> + b|1> —> -bi|0> + ai|1>  
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Errors in Qubits
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Pauli equation
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Quantum error types
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How to correct bit flip error?
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How to correct phase flip?



• Measurement loses Qubit-state 
• Non-cloning theorem 

• It is impossible to create an independent and identical copy of unknown qubit 
states  

• Sign-flip should be covered  
• (classical coding can only detect/correct bit-flip error)
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Constraints of classical error correction
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Measure the error, not the data
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Redundancy, not repetition
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Correcting phase error
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Stabilizer example in 9-Qubit
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Operation in toric code
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Surface code
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Error detection
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Qubit error pattern
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Quantum error correction

Encoding Decoding
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Decoding should be fast
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Baseline error correction
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Constraints of baseline method

Reset Boundary Equal distance



• Any questions?
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Thank you


