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Recap on XP stabilizer formalism

Pauli Stabilizer Formalism: 

XP Formalism: To construct new quantum error correcting codes using fractional Z 
rotations to generate the stabilizer group 



Adding the new class: BaseXPPauli (DB)

● Understood structure of BasePauli class and pauli_rep module in qiskit-qec
● Created BaseXPPauli and xp_pauli_rep
● Added empty methods with placeholders in BaseXPPauli and xp_pauli_rep



Developing the new classes: BaseXPPauli, XPPauli 
and XPPauliList (DB)
● Developed classes XPPauli and XPPauliList  derived from BaseXPPauli
● Implemented following methods for XP operator algebra, based on Mark’s original code:

○ XPSetN (rescale_precision )
○ XPDistance (weight)
○ XPisDiag (is_diagonal )
○ XPDegree (degree)
○ XPPower (power)
○ XPMul (compose)
○ XPRound (unique_vector_rep )
○ XPD (antisymmetric_op )



Developing xp_pauli_rep [WIP] (DB)

Currently implementing the following string representations for XP operators:

● INDEX_SYNTAX : 'XP8((w,12)(XP4)2(X)1(X)0)'
● XP_SYMPLECTIC_SYNTAX : 'XP8(12|1 1 1 0 0 0 0|0 0 4 0 0 0 0)'
● PRODUCT_SYNTAX : 'XP8((w,12)(I)(I)(I)(I)(XP4)(X)(X))'
● LATEX_SYNTAX : 'XP_{8}((w,12)(XP^{4})_{2}(X)_{1}(X)_{0})'



Continuation of XP algebra (RL)

This includes the implementation of the following methods (based on Mark’s original implementation):

● XPInverse (inverse): A-1

● XPConjugate (conjugate): A
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● XPCommutator (commutator): A
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● XPFundamentalPhase (fundamental_phase): q such that Adeg(A) = ωqI

● XPSetEval (reset_eigenvalue): returns XP operator with +1 being an eigenvalue



Modular arithmetic & Howell matrix form (RL)

Modular arithmetics on ring Z/nZ: reside in qiskit_qec/arithmetic/modn.py

● Extended Euclidean algorithm for finding the greatest common divisor (gcd_ext)

● Quotient (quo)

● Divisor (div)

● Annihilator (ann)

● Stabilizer (stab)

● Unit (unit)

Howell matrix related functionalities:  reside in qiskit_qec/linear/matrix.py

● Generalization of the reduced row echelon form (RREF) that gives a canonical basis for the row 

span of a matrix over a ring

● Essential to algorithms for determining codespaces and logical operators (future work)

● howell: returns the Howell matrix corresponding to a given input matrix

● howell_complete: returns the Howell matrix, the transformation matrix, and the kernel matrix
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