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MINI-PROJECT 3: OBJECTIVES

Choose a CSS code. We choose the self-dual [[15,7,3]] quantum
Hamming code.

Write a Qiskit function that takes an error probability p as its input
and outputs a quantum circuit that

prepares the logical all-zero state,
runs the state prepared through a random Pauli error channel with
error rate p (for each physical qubit),
measures syndromes and applies the recovery operations,
measures the data qubits and computes the success probability
(probability of measuring a component of the logical all-zero state at
the end).

The construction may use only Cli↵ord gates, measurements, and
classically controlled Pauli operations.
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THE SELF DUAL [[15,7,3]] QUANTUM HAMMING CODE

The Hamming codes are a family of [[2r �1,2r �2r �1,3]] quantum
error-correcting codes, for r = 3,4,5, . . . .

They are self-dual perfect CSS codes.

In this project, we fix r = 4. So, we use 24�1 = 15 physical qubits
and 15� (24�2(4)�1) = 8 syndrome qubits (for error correction).

The syndromes when placed as columns give us the stabilizer matrix

The components of logical zero state can be obtained from a basis
of the null-space of HX = HZ .



CONSTRAINED OPTIMIZATION STATE PREPARATION ERROR CORRECTION

THE CONSTRUCTION

Get the matrix HX in row reduced echelon form. Use that to prepare
the logical zero state. The only gates used are H, CX and SWAP.

Apply a random Pauli error depending on parameter p with
0 p  1/3.

We have P(Xerror) = P(Y error) = P(Zerror) = p.
We have P(no error) = 1�3p.

Extract and then measure the X and Z syndromes. The X
syndromes require only CX gates while the Z syndromes require CX
gates and H gates.

Correct the X and Z errors using X and Z gates respectively.

Use Aer simulator to measure the success probability with a given
number of rounds.
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VISUALIZING SUCCESS PROBABILITY VS P
#ROUNDS = 25
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VISUALIZING SUCCESS PROBABILITY VS P
#ROUNDS = 50
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VISUALIZING SUCCESS PROBABILITY VS P
#ROUNDS = 100



Thank You !
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