

    
      
          
            
  
Welcome to PyQuEST-cffi’s documentation!

PyQuEST-cffi is a python interface to QuEST(https://github.com/QuEST-Kit/QuEST) based on cffi(https://cffi.readthedocs.io/en/latest/index.html) developed by HQS Quantum Simulations. QuEST is an open source toolkit for the simulation of quantum circuits (quantum computers).

PyQuEST-cffi provides two main functionalities:


	An interactive python to QuEST interface based on cffi, mapping QuEST functions to python and executing them during runtime.


	A compile function generating a complete QuEST c-source-file from python calls, building it and importing it into python via cffi ).




For more information see the detailed code documentation below



Note

Please note, PyQuEST-cffi is currently in the alpha stage and not an official QuEST project.

PyQuEST-cffi currently depends on a forked version of the development branch of QuEST. We plan to move dependency to the official QuEST master and bring PyQuEST-cffi to beta stage after the next official QuEST release.

In the developing branches of QuEST the QuEST project has implemented a ctypes-based python interface QuestPy(https://github.com/QuEST-Kit/QuEST/tree/PythonTesting/tests/QuESTPy) for unit testing.

Do not assume that any bugs occuring using PyQuEST-cffi are QuEST bugs unless the same bug occurs when compiling/using a QuEST c-programm with the official release version of QuEST(https://github.com/QuEST-Kit/QuEST).
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PyQuEST-cffi

Provides a python interface for QuEST.
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	Gate operations in PyQuest-cffi
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PyQuEST-cffi README
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PyQuEST-cffi is a python interface to QuEST [https://github.com/QuEST-Kit/QuEST] based on cffi [https://cffi.readthedocs.io/en/latest/index.html] developed by HQS Quantum Simulations. QuEST is an open source toolkit for the simulation of quantum circuits (quantum computers).

PyQuEST-cffi provides an interactive python to QuEST interface based on cffi, mapping QuEST functions to python and executing them during runtime.

For more information see the detailed code documentation [https://pyquest.readthedocs.io/en/latest/]


Note

Please note, PyQuEST-cffi is not an official QuEST project.

In the developing branches of QuEST the QuEST project has implemented a ctypes [https://docs.python.org/3.6/library/ctypes.html]-based python interface QuestPy [https://github.com/QuEST-Kit/QuEST/tree/master/utilities/QuESTPy] for unit testing.

Do not assume that any bugs occuring using PyQuEST-cffi are QuEST bugs unless the same bug occurs when compiling/using a QuEST c-program with the official release version of QuEST [https://github.com/QuEST-Kit/QuEST].



Installation

We do provide a PyPi source packages. The recommended way to install PyQuEST-cffi is

pip install pyquest_cffi





If you want to install PyQuEST-cffi in development mode we recommend

# PyQuEST-cffi add QuEST as a git submodule
git clone --recurse-submodules https://github.com/HQSquantumsimulations/PyQuEST-cffi.git
pip install -e PyQuEST-cffi/
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      	restype (pyquest_cffi.utils.reporting.reportPauliHamil attribute)

      
        	(pyquest_cffi.utils.reporting.reportQuESTEnv attribute)


        	(pyquest_cffi.utils.reporting.reportQuregParams attribute)


        	(pyquest_cffi.utils.reporting.reportState attribute)


        	(pyquest_cffi.utils.reporting.reportStateToScreen attribute)


      


  

  	
      	rotateAroundAxis (class in pyquest_cffi.ops.ops)


      	rotateAroundSphericalAxis (class in pyquest_cffi.ops.ops)


      	rotateX (class in pyquest_cffi.ops.ops)


      	rotateY (class in pyquest_cffi.ops.ops)


      	rotateZ (class in pyquest_cffi.ops.ops)


  





S


  	
      	seedQuEST (class in pyquest_cffi.cheat.measurement)


      	seedQuESTDefault (class in pyquest_cffi.cheat.measurement)


      	setAmps (class in pyquest_cffi.cheat.initialization)


      	setDensityAmps (class in pyquest_cffi.cheat.initialization)


      	setWeightedQureg (class in pyquest_cffi.cheat.initialization)


      	sGate (class in pyquest_cffi.ops.ops)


      	sqrtISwap (class in pyquest_cffi.ops.ops)


      	sqrtSwapGate (class in pyquest_cffi.ops.ops)


      	superoperator_matrix() (pyquest_cffi.ops.errors.mixDamping method)

      
        	(pyquest_cffi.ops.errors.mixDensityMatrix method)


        	(pyquest_cffi.ops.errors.mixDephasing method)


        	(pyquest_cffi.ops.errors.mixDepolarising method)


        	(pyquest_cffi.ops.errors.mixKrausMap method)


        	(pyquest_cffi.ops.errors.mixMultiQubitKrausMap method)


        	(pyquest_cffi.ops.errors.mixPauli method)


        	(pyquest_cffi.ops.errors.mixTwoQubitDephasing method)


        	(pyquest_cffi.ops.errors.mixTwoQubitDepolarising method)


        	(pyquest_cffi.ops.errors.mixTwoQubitKrausMap method)


      


  

  	
      	swapGate (class in pyquest_cffi.ops.ops)


      	syncQuESTEnv (class in pyquest_cffi.cheat.measurement)


      	syncQuESTSuccess (class in pyquest_cffi.cheat.measurement)


  





T


  	
      	tGate (class in pyquest_cffi.ops.ops)


  

  	
      	twoQubitUnitary (class in pyquest_cffi.ops.ops)


  





U


  	
      	unitary (class in pyquest_cffi.ops.ops)


  







          

      

      

    

  

    
      
          
            
  
Cheat

Cheated functions in PyQuest-cffi

Provides access to the wavefunction or density matrix.







	pyquest_cffi.cheat.measurement

	Measurement function in PyQuest-cffi



	pyquest_cffi.cheat.initialization

	Initialisation objects in PyQuest-cffi







Measurement

Measurement function in PyQuest-cffi


	
pyquest_cffi.cheat.measurement.basis_state_to_index(basis_state: Union[int, Sequence[int]], endianness: str = 'little') → int[source]

	Convert a basis state to index

Converts a up/down representation of a basis state to the index of the basis
depending on the Endian convention of the system


	Parameters

	
	basis_state – a sequence of 0 and one representing the qubit basis stae


	endianness – ‘big’ or ‘little’ corresponding to the least significant bit
being stored in the last or first element of the array respectively
In little endianness the qubit 0 corresponds to the bit at index 0 of basis_state
the qubit 1 to the bit at index 1 and so on.
Note however, that when initialising basis_state = np.array([0, 1, 1, 0,…])
the sequence of bits in the list needs to be inverted form the binary representation.
For example 4 which will be 100 in binary
would correspond to basis_state= np.array([0,0,1])






	Returns

	int










	
class pyquest_cffi.cheat.measurement.calcDensityInnerProduct(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate the Frobenius inner matrix product between two density matrix quregs


	Parameters

	
	qureg1 – first quantum register


	qureg2 – first quantum register









	
call_interactive(qureg1: Qureg, qureg2: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg1 – first quantum register


	qureg2 – first quantum register






	Returns

	float



	Raises

	
	RuntimeError – Qureg1 has to be a density matrix qureg but wavefunction qureg was used


	RuntimeError – Qureg2 has to be a density matrix qureg but wavefunction qureg was used

















	
class pyquest_cffi.cheat.measurement.calcExpecDiagonalOp(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Computes the expected value of the diagonal operator op for state qureg

Since op is not necessarily Hermitian, the expected value may be a complex number.


	Parameters

	
	qureg – quantum register that is measured


	operator – operator acting on a certain number of qubits (operator[0]: int)
and in a certain QuEST environment (operator[1]: tquestenv)









	
call_interactive(qureg: Qureg, operator: Tuple[int, QuESTEnv]) → complex[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register that is measured


	operator – operator acting on a certain number of qubits (operator[0]: int)
and in a certain QuEST environment (operator[1]: tquestenv)






	Returns

	float














	
class pyquest_cffi.cheat.measurement.calcExpecPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the expectation value of a product of Pauli operators


	Parameters

	
	qureg – quantum register that is measured


	pauli_hamil – a PauliHamil created with createPauliHamil()


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg









	
call_interactive(qureg: Qureg, pauli_hamil: PauliHamil, workspace: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register that is measured


	pauli_hamil – a PauliHamil created with createPauliHamil()


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg






	Returns

	float



	Raises

	RuntimeError – Qureg and PauliHamil must be defined for the same number of qubits














	
class pyquest_cffi.cheat.measurement.calcExpecPauliProd(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the expectation value of a product of Pauli operators

A product of Pauli operators (including Identity) is measured.
For each qubit in qubits a Pauli operator must be given in each sum term (can be identity)


	Parameters

	
	qureg – quantum register that is measured


	qubits – target qubits


	paulis – List of Pauli operators in the product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg









	
call_interactive(qureg: Qureg, qubits: Sequence[int], paulis: Sequence[Sequence[int]], workspace: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register that is measured


	qubits – target qubits


	paulis – List of Pauli operators in the product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg






	Returns

	float



	Raises

	RuntimeError – Need the number of qubits and pauli products to be equal














	
class pyquest_cffi.cheat.measurement.calcExpecPauliSum(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the expectation value of a sum of products of Pauli operators

A sum of products of Pauli operators (including Identity) is measured.
For each qubit a Pauli operator must be given in each sum term (can be identity)


	Parameters

	
	qureg – quantum register that is measured


	paulis – List of Lists of Pauli operators in each product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	coefficients – coefficients of the sum


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg









	
call_interactive(qureg: Qureg, paulis: Sequence[Sequence[int]], coefficients: Sequence[float], workspace: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register that is measured


	paulis – List of Lists of Pauli operators in each product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	coefficients – coefficients of the sum


	workspace – A qureg of same type and size as input qureg, is used as temporary
work qureg






	Returns

	float














	
class pyquest_cffi.cheat.measurement.calcFidelity(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate Fidelity of a quantum register


	Determine the fidelity of a qureg (wavefunction \(\left| \psi \right\rangle\)

	or density matrix \(\rho\))





with respect to a reference_qureg of a wavefunction \(\left| \psi_{ref} \right\rangle\)
Fidelity is defined as:


\[\begin{split}\mathcal{F} &= \left\langle \psi | \psi_{ref} \right \rangle \\
\mathcal{F} &= \left\langle \psi_{ref}| \rho | \psi_{ref} \right \rangle\end{split}\]


	Parameters

	
	qureg – a qureg containing a wavefunction or a density matrix


	qureg_reference – a qureg containing a wavefunction


	readout – the readout register for static compilation









	
call_interactive(qureg: Qureg, qureg_reference: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction or a density matrix


	qureg_reference – a qureg containing a wavefunction






	Returns

	float



	Raises

	RuntimeError – Reference qureg has to be a wavefunction qureg
but density matrix qureg was used














	
class pyquest_cffi.cheat.measurement.calcHilbertSchmidtDistance(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate the Hilbert-Schmidt distance between two density matrix quregs


	Parameters

	
	qureg1 – first quantum register


	qureg2 – first quantum register









	
call_interactive(qureg1: Qureg, qureg2: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg1 – first quantum register


	qureg2 – first quantum register






	Returns

	float














	
class pyquest_cffi.cheat.measurement.calcInnerProduct(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate the inner-product/overlap of two wavefunction quregs

Inner product defined as:
.. math:

\left\langle \psi_{qureg1} | \psi_{qureg2} \right \rangle






	Parameters

	
	qureg1 – a qureg containing a wavefunction


	qureg2 – a qureg containing a wavefunction


	readout – the readout register for static compilation









	
call_interactive(qureg1: Qureg, qureg2: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg1 – a qureg containing a wavefunction


	qureg2 – a qureg containing a wavefunction






	Returns

	float



	Raises

	
	RuntimeError – Qureg1 has to be a wavefunction qureg but density matrix qureg was used


	RuntimeError – Qureg2 has to be a wavefunction qureg but density matrix qureg was used

















	
class pyquest_cffi.cheat.measurement.calcProbOfOutcome(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate the probability that qubit #qubit of qureg is measured in state outcome


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	qubit – the index of the qubit for which the probability is determined


	outcome – the outcome of the measurement


	readout – the readout register for static compilation









	
call_interactive(qureg: Qureg, qubit: int, outcome: int) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	qubit – the index of the qubit for which the probability is determined


	outcome – the outcome of the measurement






	Returns

	float














	
class pyquest_cffi.cheat.measurement.calcPurity(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate the purity of a density matrix in qureg

Purity defined as:
.. math:

\mathcal{Tr}\left(\rho^2\right)






	Parameters

	
	qureg – a qureg containing a density matrix


	readout – the readout register for static compilation









	
call_interactive(qureg: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a density matrix



	Returns

	float



	Raises

	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used














	
class pyquest_cffi.cheat.measurement.calcTotalProb(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Calculate total probability

Check physicality of system by calculating probability of system to be in any state.
In other words check that trace of density matrix or norm of state vector is one.


	Parameters

	
	qureg – a qureg containing a density matrix or wavefunction


	readout – the readout register for static compilation









	
call_interactive(qureg: Qureg) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a density matrix or wavefunction



	Returns

	float














	
class pyquest_cffi.cheat.measurement.getAbsoluteValSquaredatIndex(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the absulute value squared of a wavefunction/state vector in a quantum register at index


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state









	
call_interactive(qureg: Qureg, index: Union[int, Sequence[int]]) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state






	Returns

	float



	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used














	
pyquest_cffi.cheat.measurement.getAmp

	alias of pyquest_cffi.cheat.measurement.getStateVectoratIndex






	
pyquest_cffi.cheat.measurement.getDensityAmp

	alias of pyquest_cffi.cheat.measurement.getDensityMatrixatRowColumn






	
class pyquest_cffi.cheat.measurement.getDensityMatrix(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the full density matrix of a quantum register


	Parameters

	qureg – a qureg containing a wavefunction or density matrix






	
call_interactive(qureg: Qureg) → numpy.ndarray[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a wavefunction or density matrix



	Returns

	np.ndarray














	
class pyquest_cffi.cheat.measurement.getDensityMatrixatRowColumn(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the value of the density matrix in qureg at row and column


	Parameters

	
	qureg – a qureg containing a density matrix


	row – The row index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state


	column – The column index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state


	readout – The readout register for static compilation









	
call_interactive(qureg: Qureg, row: Union[int, Sequence[int]], column: Union[int, Sequence[int]]) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	row – The row index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state


	column – The column index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state






	Returns

	float



	Raises

	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used














	
class pyquest_cffi.cheat.measurement.getEnvironmentString(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Set input string to a string

Set string contains the number of qubits in qureg, and the
hardware facilities used


	Parameters

	
	env – object representing the execution environment


	qureg – quantum register of which to query the simulating hardware


	string – string to be populated with the output string









	
call_interactive(env: QuESTEnv, qureg: Qureg, string: str) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	env – object representing the execution environment


	qureg – quantum register of which to query the simulating hardware


	string – string to be populated with the output string






	Raises

	NotImplementedError – Function added to QuEST.h but not QuEST.c














	
class pyquest_cffi.cheat.measurement.getExpectationValue(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the expectation value of an operator in matrix form

Not implemented for static compilation


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	operator_matrix – The operator in matrix form









	
call_interactive(qureg: Qureg, operator_matrix: numpy.ndarray) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	operator_matrix – The operator in matrix form






	Returns

	float














	
class pyquest_cffi.cheat.measurement.getImagAmp(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the imaginary value of a wavefunction/state vector in qureg at index


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state


	readout – The readout register for static compilation









	
call_interactive(qureg: Qureg, index: Union[int, Sequence[int]]) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state






	Returns

	float



	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used














	
class pyquest_cffi.cheat.measurement.getNumAmps(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the number of probability amplitudes in a qureg object, given by 2**number_qubits


	Parameters

	qureg – a qureg containing a wavefunction or a density matrix






	
call_interactive(qureg: Qureg) → int[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a wavefunction or a density matrix



	Returns

	int














	
class pyquest_cffi.cheat.measurement.getNumQubits(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the number of qubits in a qureg object


	Parameters

	qureg – a qureg containing a wavefunction or a density matrix






	
call_interactive(qureg: Qureg) → int[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a wavefunction or a density matrix



	Returns

	int














	
class pyquest_cffi.cheat.measurement.getOccupationProbability(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the full vector of occupation probabilities for each basis state


	Parameters

	qureg – a qureg containing a wavefunction or density matrix






	
call_interactive(qureg: Qureg) → numpy.ndarray[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a wavefunction or density matrix



	Returns

	np.ndarray














	
pyquest_cffi.cheat.measurement.getProbAmp

	alias of pyquest_cffi.cheat.measurement.getAbsoluteValSquaredatIndex






	
class pyquest_cffi.cheat.measurement.getRealAmp(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the real value of a wavefunction/state vector in qureg at index


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state


	readout – The readout register for static compilation









	
call_interactive(qureg: Qureg, index: Union[int, Sequence[int]]) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int of as a sequence
of 0 and 1 referencing the corresponding basis state






	Returns

	float



	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used














	
class pyquest_cffi.cheat.measurement.getRepeatedMeasurement(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get a measurement record of a repeated measurement


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	number_measurments – The number of measurement repetitions


	qubits_to_readout_index_dict – The mapping of qubit indices to the readout index
{qubit_index: readout_index}






	Returns

	A measurement record 2d numpy array with N columns, one or each qubit
and number_measuremnet rows. Each row contains one complete measurement result
for each qubit






	
call_interactive(qureg: Qureg, number_measurements: int, qubits_to_readout_index_dict: dict) → numpy.ndarray[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction or density matrix


	number_measurements – The number of measurement repetitions


	qubits_to_readout_index_dict – The mapping of qubit indices to the readout index
{qubit_index: readout_index}






	Returns

	np.ndarray














	
class pyquest_cffi.cheat.measurement.getStateVector(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the full statevector of a quantum register


	Parameters

	qureg – a qureg containing a wavefunction






	
call_interactive(qureg: Qureg) → numpy.ndarray[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – a qureg containing a wavefunction



	Returns

	np.ndarray



	Raises

	RuntimeError – Reference qureg has to be a wavefunction qureg
but density matrix qureg was used














	
class pyquest_cffi.cheat.measurement.getStateVectoratIndex(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Get the value of a wavefunction/state vector in qureg at index


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state


	readout – the readout register for static compilation









	
call_interactive(qureg: Qureg, index: Union[int, Sequence[int]]) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a wavefunction


	index – The index either as an int or as a sequence
of 0 and 1 referencing the corresponding basis state






	Returns

	float



	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used














	
pyquest_cffi.cheat.measurement.index_to_basis_state(index: int, num_qubits_represented: int, endianness: str = 'little') → List[source]

	Converst index to basis state

Converts an index of the basis to the  up/down representation of a basis state
depending on the Endian convention of the system


	Parameters

	
	index – the basis index


	num_qubits_represented – Number of qubits represented


	endianness – ‘big’ or ‘little’ corresponding to the least significant bit
being stored in the last or first element of the array respectively
In little endianness the qubit 0 corresponds to the bit at index 0 of basis_state
the qubit 1 to the bit at index 1 and so on.
Note however, that when initialising basis_state = np.array([0, 1, 1, 0,…])
the sequence of bits in the list needs to be inverted form the binary representation.
For example 4 which will be 100 in binary
would correspond to basis_state= np.array([0,0,1])






	Returns

	a sequence of 0 and one representing the qubit basis state



	Return type

	List










	
class pyquest_cffi.cheat.measurement.seedQuEST(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Seed the Mersenne Twister used for random number generation with a user defined seed

This function uses the mt19937 init_by_array function with numSeeds keys supplied by the user.
Subsequent calls to mt19937 genrand functions will use this seeding.
For a multi process code, the same seed is given to all process, therefore this seeding is only
appropriate to use for functions e.g measure where all processes require the same random value.


	Parameters

	seed_array – Array of integers to use as seed






	
call_interactive(seed_array: Sequence[int]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	seed_array – Array of integers to use as seed














	
class pyquest_cffi.cheat.measurement.seedQuESTDefault(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Seed the Mersenne Twister used for random number generation with an example default seed

This function uses the mt19937 init_by_array function with numSeeds keys supplied by the user.
Subsequent calls to mt19937 genrand functions will use this seeding.
For a multi process code, the same seed is given to all process, therefore this seeding is only
appropriate to use for functions e.g. measure where all processes require the same random value.


	
call_interactive() → None[source]

	Interactive call of PyQuest-cffi










	
class pyquest_cffi.cheat.measurement.syncQuESTEnv(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Guarantees that all code up to the given point has been executed on all nodes


	Parameters

	env – execution environment






	
call_interactive(env: QuESTEnv) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	env – execution environment














	
class pyquest_cffi.cheat.measurement.syncQuESTSuccess(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Performs a logical AND on all successCodes held by all processes.

If any one process has a zero successCode all processes will return a zero success code.


	Parameters

	success_code – 1 if process task succeeded, 0 if process task failed






	
call_interactive(success_code: int) → int[source]

	Interactive call of PyQuest-cffi


	Parameters

	success_code – 1 if process task succeeded, 0 if process task failed



	Returns

	int















Initialization

Initialisation objects in PyQuest-cffi


	
class pyquest_cffi.cheat.initialization.initBlankState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise classical zero state in quantum register


	Parameters

	qureg – qureg that is set to zero






	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – qureg that is set to zero














	
class pyquest_cffi.cheat.initialization.initClassicalState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise classical state in quantum register

Initialise classical state, a classical integer in binary representation in the quantum register


	Parameters

	
	qureg – The quantum register


	int – The integer that is initialised in binary representation in the quantum register









	
call_interactive(qureg: Qureg, state: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	state – The integer that is initialised in binary representation in the quantum register

















	
class pyquest_cffi.cheat.initialization.initDebugState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise debug state in quantum register


	Parameters

	qureg – quantum register






	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – quantum register














	
class pyquest_cffi.cheat.initialization.initPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise a PauliHamil instance


	Parameters

	
	pauli_hamil – PauliHamil instance to initialise


	coeffs – array of coefficients


	codes – array of Pauli codes









	
call_interactive(pauli_hamil: PauliHamil, coeffs: Sequence[float], codes: Sequence[Sequence[int]]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	pauli_hamil – PauliHamil instance to initialise


	coeffs – array of coefficients


	codes – array of Pauli codes






	Raises

	RuntimeError – Need one coeff and one set of codes per qubit of PauliHamil and
need one term in each set of codes per PauliProduct














	
class pyquest_cffi.cheat.initialization.initPlusState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise plus state in quantum register


	Parameters

	qureg – quantum register






	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – quantum register














	
class pyquest_cffi.cheat.initialization.initPureState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise pure state in quantum register

Initialises a pure state in one wavefunction quantum register
based on the pure state of another quantum register


	Parameters

	
	qureg_a – Quantum register that is initialised


	qureg_b – Quantum register that contains the reference pure state









	
call_interactive(qureg_a: Qureg, qureg_b: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg_a – Quantum register that is initialised


	qureg_b – Quantum register that contains the reference pure state

















	
class pyquest_cffi.cheat.initialization.initStateFromAmps(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise a state (from amplitudes) in quantum register

Initialise a wavefunction in a quantum register based on the real
and imaginary parts of the statevector


	Parameters

	
	qureg – the quantum register


	reals – The real parts of the statevector


	imags – The imaginary parts of the statevector









	
call_interactive(qureg: Qureg, reals: Union[numpy.ndarray, List[float]], imags: Union[numpy.ndarray, List[float]]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – the quantum register


	reals – The real parts of the statevector


	imags – The imaginary parts of the statevector






	Raises

	
	RuntimeError – Size of reals and imags needs to match


	RuntimeError – Shape of reals and imags for wavefunction should be: (1, 2**qubits)


	RuntimeError – Shape of reals and imags for density matrix should be:
(2**qubits, 2**qubits) OR (4**qubits, 1)


	RuntimeError – Shape of reals and imags for density matrix should be:
(2**qubits, 2**qubits) OR (4**qubits, 1)


	RuntimeError – Need to set real and imaginary amplitudes for each qubit:
2**qubits for wavefunction qureg, 4**qubits for density matrix qureg

















	
class pyquest_cffi.cheat.initialization.initZeroState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Initialise zero state in quantum register


	Parameters

	qureg – quantum register






	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – quantum register














	
class pyquest_cffi.cheat.initialization.setAmps(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Class setting the Amplitudes in statevector

Set the values of elements of the statevector in a quantum register


	Parameters

	
	qureg – The quantum register


	startind – The index of the first element of the statevector that is set


	reals – the new real values of the elements of the statevector
between startind and startind+numamps


	imgas – the new imaginary values of the elements of the statevector
between startind and startind+numamps


	numaps – the number of new values that are set in the statevector









	
call_interactive(qureg: Qureg, startind: int, reals: Union[numpy.ndarray, List[float]], imags: Union[numpy.ndarray, List[float]], numamps: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – The quantum register


	startind – The index of the first element of the statevector that is set


	reals – the new real values of the elements of the statevector
between startind and startind+numamps


	imags – the new imaginary values of the elements of the statevector
between startind and startind+numamps


	numamps – the number of new values that are set in the statevector






	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used














	
class pyquest_cffi.cheat.initialization.setDensityAmps(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Class setting the Amplitudes in density matrix

Set the values of elements of the vector representation
of the density matrix in a quantum register


	Parameters

	
	qureg – The quantum register of a density matrix


	reals – the new real values of the elements of the density matrix
between startind and startind+numamps


	imags – the new imaginary values of the elements of the density matrix
between startind and startind+numamps









	
call_interactive(qureg: Qureg, reals: Union[numpy.ndarray, List[List[float]]], imags: Union[numpy.ndarray, List[List[float]]]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – The quantum register of a density matrix


	reals – the new real values of the elements of the density matrix
between startind and startind+numamps


	imags – the new imaginary values of the elements of the density matrix
between startind and startind+numamps






	Raises

	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used














	
class pyquest_cffi.cheat.initialization.setWeightedQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Class setting a qureg as a weighted sum of two quregs

Set the values of elements of the vector representation
of the density matrix in a quantum register


	Parameters

	
	fac1 – prefactor of first qureg in sum


	qureg1 – first qureg in sum


	fac2 – prefactor of second qureg in sum


	qureg2 – second qureg in sum


	facout – prefactor of output qureg


	quregout – output qureg









	
call_interactive(fac1: complex, qureg1: Qureg, fac2: complex, qureg2: Qureg, facout: complex, quregout: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	fac1 – prefactor of first qureg in sum


	qureg1 – first qureg in sum


	fac2 – prefactor of second qureg in sum


	qureg2 – second qureg in sum


	facout – prefactor of output qureg


	quregout – output qureg






	Raises

	RuntimeError – Qureg has to be a wavefunction qureg but density matrix qureg was used

















          

      

      

    

  

    
      
          
            
  
Operators

Gate operations in PyQuest-cffi

Provides operators for unitary and error prone time evolution on digital quantum computers.







	pyquest_cffi.ops.ops

	Python classes for Quest functions



	pyquest_cffi.ops.errors

	Error operation in PyQuest-cffi







Unitary

Python classes for Quest functions


	
class pyquest_cffi.ops.ops.MolmerSorensenXX(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Molmer Sorensen gate

Implements a fixed phase MolmerSorensen XX gate (http://arxiv.org/abs/1705.02771)
Uses decomposition according to http://arxiv.org/abs/quant-ph/0507171


\[\begin{split}U = \frac{1}{\sqrt{2}} \begin{pmatrix}
    1 & 0 & 0 & i\\
0 & 1 & i & 0\\
0 & i & 1 & 0\\
i & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.applyDiagonalOp(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a diagonal operator to state

Apply a diagonal complex operator, which is possibly non-unitary
and non-Hermitian, on the entire quantum register.


	Parameters

	
	qureg – quantum register input, is not changed


	operator – operator acting on a certain number of qubits (operator[0]: int)
and in a certain QuEST environment (operator[1]: tquestenv)









	
call_interactive(qureg: Qureg, operator: Tuple[int, QuESTEnv]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	operator – operator acting on a certain number of qubits (operator[0]: int)
and in a certain QuEST environment (operator[1]: tquestenv)






	Raises

	RuntimeError – Qureg and DiagonalOp must be defined for the same number of qubits










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.applyMatrix2(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a general 2-by-2 matrix, which may be non-unitary

The matrix is left-multiplied onto the state, for both
state-vectors and density matrices. Hence, this function differs
from unitary() by more than just permitting a non-unitary matrix.


	Parameters

	
	qureg – quantum register input, is not changed


	qubit – qubit to operate the matrix upon


	matrix – matrix to apply









Warning

After applyMatrix2 the quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit to operate the matrix upon


	matrix – matrix to apply













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 2 by 2 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.applyMatrix4(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a general 4-by-4 matrix, which may be non-unitary

The matrix is left-multiplied onto the state, for both
state-vectors and density matrices. Hence, this function differs from
twoQubitUnitary() by more than just permitting a non-unitary matrix.


	Parameters

	
	qureg – quantum register input, is not changed


	control – qubit that controls the application of the matrix


	qubit – qubit to operate the matrix upon


	matrix – matrix to apply









Warning

After applyMatrix2 the quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, control: int, qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the matrix


	qubit – qubit to operate the matrix upon


	matrix – matrix to apply













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.applyMatrixN(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a general N-by-N matrix, which may be non-unitary, on any number of target qubits

The matrix is left-multiplied onto the state, for both
state-vectors and density matrices. Hence, this function differs
from multiQubitUnitary() by more than just permitting a non-unitary matrix.


	Parameters

	
	qureg – quantum register input, is not changed


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









Warning

After applyMatrixN the quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, targets: Sequence[int], matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate






	Raises

	RuntimeError – Shape of matrix and length of targets are different










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – N by N matrix that defines the N qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.applyMultiControlledMatrixN(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Apply a general N-by-N matrix, which may be non-unitary, with additional controlled qubits

A sum of products of Pauli operators (including Identity) is applied to a state.
The state is not changed but the corresponding copy with the Pauli sum applied is
written to qureg_out
For each qubit a Pauli operator must be given in each sum term (can be identity)


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









Warning

After applyMultiControlledMatrixN the quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, controls: Sequence[int], targets: Sequence[int], matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate






	Raises

	RuntimeError – Shape of matrix and length of targets are different










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – N by N matrix that defines the N qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.applyPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying PauliHamil (a Hermitian but not necessarily unitary operator) to state

This is merely an encapsulation of applyPauliSum(), which can refer to for elaborated doc.
Applies each Pauli product in pauli_hamil to qureg in turn, and adding the resulting
state to the initially-blanked qureg_out. Ergo it should scale with the total number
of Pauli operators specified (excluding identities), and the qureg dimension.


	Parameters

	
	qureg – quantum register input, is not changed


	paulis – List of Lists of Pauli operators in each product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	matrix – N by N matrix that defines the N qubit gate


	qureg_out – quantum register after application of Pauli sum









Warning

After applyPauliHamil the output quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, pauli_hamil: PauliHamil, qureg_out: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	pauli_hamil – PauliHamil instance to be applied


	qureg_out – quantum register after application of Pauli sum






	Raises

	RuntimeError – Qureg and PauliHamil must be defined for the same number of qubits










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.applyPauliSum(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a sum of Products of Pauli operators to state

A sum of products of Pauli operators (including Identity) is applied to a state.
The state is not changed but the corresponding copy with the Pauli sum applied is
written to qureg_out
For each qubit a Pauli operator must be given in each sum term (can be identity)


	Parameters

	
	qureg – quantum register input, is not changed


	paulis – List of Lists of Pauli operators in each product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	coefficients – coefficients of the paulis to be summed


	qureg_out – quantum register after application of Pauli sum









Warning

After applyPauliSum the quantum register is in general no longer normalised
and does no longer represent a physical valid state without normalisation.




	
call_interactive(qureg: Qureg, paulis: Sequence[Sequence[int]], coefficients: Sequence[float], qureg_out: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	paulis – List of Lists of Pauli operators in each product
encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	coefficients – coefficients of the paulis to be summed


	qureg_out – quantum register after application of Pauli sum






	Raises

	
	RuntimeError – Size of Qureg and number of lenght of PauliProduct does not match


	ValueError – Pauli arrays need to only have values in [0, 1, 2, 3]













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.applyTrotterCircuit(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a trotterisation of unitary evolution exp(-i*pauli_hamil*time) to qureg

This is a sequence of unitary operators, effected by multiRotatePauli(), which together
approximate the action of full unitary-time evolution under the given Hamiltonian.
These formulations are taken from ‘Finding Exponential Product Formulas of Higher Orders’,
Naomichi Hatano and Masuo Suzuki (2005).


	Parameters

	
	qureg – the register to modify under the approximate unitary-time evolution


	pauli_hamil – PauliHamil under which to approxiamte unitary-time evolution


	time – the target evolution time, which is permitted to be both positive and negative


	order – the order of Trotter-Suzuki decomposition to use


	repetitions – the number of repetitions of the decomposition of the given order









	
call_interactive(qureg: Qureg, pauli_hamil: PauliHamil, time: float, order: int, repetitions: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – the register to modify under the approximate unitary-time evolution


	pauli_hamil – PauliHamil under which to approxiamte unitary-time evolution


	time – the target evolution time, which is permitted to be both positive and negative


	order – the order of Trotter-Suzuki decomposition to use


	repetitions – the number of repetitions of the decomposition of the given order













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.collapseToOutcome(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Updates qureg to be consistent with measuring measureQubit and returns the probability.


	Parameters

	
	qureg – quantum register


	qubit – the measured qubit


	outcome – where to set the probability of the occurred outcome









	
call_interactive(qureg: Qureg, qubit: int, outcome: int) → float[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	outcome – where to set the probability of the occurred outcome






	Returns

	float














	
class pyquest_cffi.ops.ops.compactUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements general unitary gate U in compact notation


\[\begin{split}U = \begin{pmatrix}
\alpha & -\beta^{*}\\
\beta & \alpha^{*}
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix









	
call_interactive(qureg: Qureg, qubit: int, alpha: complex, beta: complex) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix






	Raises

	RuntimeError – compactUnitary needs parameters |alpha|**2+|beta|**2 == 1










	
matrix(alpha: complex, beta: complex, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledCompactUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled general unitary gate U in compact notation


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & \alpha & -\beta^{*}\\
0 & 0 & \beta & \alpha^{*}
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix









	
call_interactive(qureg: Qureg, control: int, qubit: int, alpha: complex, beta: complex) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix






	Raises

	RuntimeError – compactUnitary needs parameters |alpha|**2+|beta|**2 == 1










	
matrix(alpha: complex, beta: complex, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	alpha – complex parameter \(\alpha\) of the unitary matrix


	beta – complex parameter \(\beta\) of the unitary matrix


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledMultiQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Controlled general unitary gate acting on N qubits

Implements a general N-qubit gate defined by a matrix and controlled by a third qubit
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	control – controll qubit


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









	
call_interactive(qureg: Qureg, control: int, targets: Sequence[int], matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – controll qubit


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate






	Raises

	RuntimeError – Shape of matrix and length of targets are different










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|xy> |1xy> -> |1> U |xy>


	Parameters

	
	matrix – N by N matrix that defines the N qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledNot(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled NOT gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & 0 & 1\\
0 & 0 & 1 & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0x> -> |0>|x> |1x> -> |1> NOT |x>


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledPauliY(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled PauliY gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & 0 & -i\\
0 & 0 & i & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledPhaseFlip(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled phase flip gate also known as controlled Z gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & 1 & 0\\
0 & 0 & 0 & -1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledPhaseShift(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled phase flip shift also known as controlled Z power gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & 1 & 0\\
0 & 0 & 0 & e^{i\theta}
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – The angle of the controlled Z-rotation









	
call_interactive(qureg: Qureg, control: int, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – The angle of the controlled Z-rotation













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	theta – The angle of the controlled Z-rotation


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledRotateAroundAxis(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Rotation around a general axis.

Implements a controlled rotation around a vector \(\vec{v}\)
\(e^{-i \frac{\theta}{2} \vec{v} \vec{\sigma}}\)


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & \cos(\frac{\theta}{2}) & 0\\
0 & 0 & 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    0 & 0 & 0 & 0\\
0 & 0 & 0 & 0\\
0 & 0 & -i \sin(\frac{\theta}{2}) v_z & \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right)\\
0 & 0 & \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector









	
call_interactive(qureg: Qureg, control: int, qubit: int, theta: float, vector: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector






	Raises

	RuntimeError – vector needs to be a three component numpy array and unit-vector










	
matrix(theta: float, vector: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledRotateX(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled rotation around the X axis


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & \cos(\frac{\theta}{2}) & 0\\
0 & 0 & 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    0 & 0 & 0 & 0\\
0 & 0 & 0 & 0\\
0 & 0 & 0  &   -i \sin(\frac{\theta}{2}) \\
0 & 0 & -i \sin(\frac{\theta}{2})    & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation









	
call_interactive(qureg: Qureg, control: int, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	theta – Angle theta of the rotation


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledRotateY(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled rotation around the Y axis `


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & \cos(\frac{\theta}{2}) & 0\\
0 & 0 & 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    0 & 0 & 0 & 0\\
0 & 0 & 0 & 0\\
0 & 0 & 0  &   - \sin(\frac{\theta}{2}) \\
0 & 0 &  \sin(\frac{\theta}{2})    & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation









	
call_interactive(qureg: Qureg, control: int, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	theta – Angle theta of the rotation


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledRotateZ(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled rotation around the Y axis `


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & \cos(\frac{\theta}{2}) & 0\\
0 & 0 & 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    0 & 0 & 0 & 0\\
0 & 0 & 0 & 0\\
0 & 0 &    - i \sin(\frac{\theta}{2}) & 0 \\
0 & 0 & 0 & i \sin(\frac{\theta}{2})
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation









	
call_interactive(qureg: Qureg, control: int, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	theta – Angle theta of the rotation


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledTwoQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Controlled two qubit unitary gate

Implements a general two-qubit gate defined by a matrix controlled by a third qubit
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	control – controll qubit


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate









	
call_interactive(qureg: Qureg, control: int, target_qubit_1: int, target_qubit_2: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – controll qubit


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|xy> |1xy> -> |1> U |xy>


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.controlledUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a controlled arbitraty one-qubit gate given by a unitary matrix


	Parameters

	
	qureg – quantum register


	control – qubit that controls the unitary


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate









	
call_interactive(qureg: Qureg, control: int, qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the unitary


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate






	Raises

	RuntimeError – vector needs to be a (2, 2) unitary numpy array










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix

The control qubit is always assumed to be the most relevant
qubit |0xy> -> |0>|x> |1x> -> |1> U |x>


	Parameters

	
	matrix – Unitary matrix of the one qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.hadamard(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements Hadamard gate


\[\begin{split}U = \frac{1}{\sqrt{2}} \begin{pmatrix}
1 & 1\\
1 & -1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.invSqrtISwap(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements inverse square root ISwap gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & \frac{1}{\sqrt{2}} & \frac{-i}{\sqrt{2}} & 0\\
0 & \frac{-i}{\sqrt{2}} & \frac{1}{\sqrt{2}} & 0\\
0 & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.measure(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a one-qubit Measurement operation


	Parameters

	
	qureg – quantum register


	qubit – the measured qubit


	readout – The readout register for static compilation


	readout_index – The index in the readout register for static compilation









	
call_interactive(qureg: Qureg, qubit: int) → int[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to






	Returns

	int














	
class pyquest_cffi.ops.ops.measureWithStats(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Measures a single qubit and gives the probability of that outcome.


	Parameters

	
	qureg – quantum register


	qubit – the measured qubit


	outcome_proba – where to set the probability of the occurred outcome









	
call_interactive(qureg: Qureg, qubit: int, outcome_proba: float) → int[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	outcome_proba – where to set the probability of the occurred outcome






	Returns

	int














	
class pyquest_cffi.ops.ops.multiControlledMultiQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

General N-qubit unitary gate controlled by multiple qubits

Implements a general N-qubit gate defined by a matrix controlled by multipe qubits
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









	
call_interactive(qureg: Qureg, controls: Sequence[int], targets: Sequence[int], matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate






	Raises

	RuntimeError – Shape of matrix and length of targets are different










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiControlledPhaseFlip(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Phase Flip controlled by multipe qubits

Implements a multi controlled phase flip gate also known as controlled Z gate.
If all qubits in the controls are \(\left|1\right\rangle\) the sign is flipped.
No change occurs otherwise


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	number_controls – number of the control qubits









	
call_interactive(qureg: Qureg, controls: Sequence[int], number_controls: Optional[int] = None) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	number_controls – number of the control qubits













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiControlledPhaseShift(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Phase Shift controlled by multiple qubits

Implements a multi controlled phase flip gate also known as controlled Z power gate.
If all qubits in the controls are \(\left|1\right\rangle\) the phase is shifter by theta.
No change occurs otherwise


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	number_controls – number of the control qubits


	theta – Angle of the rotation around Z-axis









	
call_interactive(qureg: Qureg, controls: Sequence[int], number_controls: Optional[int] = None, theta: float = 0) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	number_controls – number of the control qubits


	theta – Angle of the rotation around Z-axis













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle of the rotation around Z-axis


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiControlledTwoQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Two qubit unitary gate controlled by multiple qubits

Implements a general two-qubit gate defined by a matrix controlled by multipe qubits
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	control – controll qubit


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate









	
call_interactive(qureg: Qureg, controls: Sequence[int], target_qubit_1: int, target_qubit_2: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – control qubits


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiControlledUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Generic unitary gate controlled by multiple qubits

Implements a multi-controlled arbitraty one-qubit gate given by a unitary matrix


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate









	
call_interactive(qureg: Qureg, controls: Sequence[int], qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – qubits that control the application of the unitary


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate






	Raises

	RuntimeError – vector needs to be a (2, 2) unitary numpy array










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – Unitary matrix of the one qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

General unitary gate acting on N qubits

Implements a general N-qubit gate defined by a matrix
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









	
call_interactive(qureg: Qureg, targets: Sequence[int], matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate






	Raises

	RuntimeError – Shape of matrix and length of targets are different










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – N by N matrix that defines the N qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.multiRotatePauli(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a set of different Pauli rotations to multiple qubits

A set of Pauli rotations with a given angle is applied to multiple qubits


	Parameters

	
	qureg – quantum register


	qubits – target qubits


	paulis – Pauli operators encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	matrix – N by N matrix that defines the N qubit gate









	
call_interactive(qureg: Qureg, qubits: Sequence[int], paulis: Sequence[int], angle: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubits – target qubits


	paulis – Pauli operators encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3


	angle – Angle of rotation of paulis






	Raises

	RuntimeError – Number of qubits different from number of applied Paulis










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiRotateZ(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Applying a Z-Rotation to multiple qubits

A Z-Rotation with a given angle is applyied to multiple qubits


	Parameters

	
	qureg – quantum register


	qubits – target qubits


	targets – list of target qubits of the N qubit gate
the first qubit in targets is treated as the least significant one
the second as the second least significant one etc.


	matrix – N by N matrix that defines the N qubit gate









	
call_interactive(qureg: Qureg, qubits: Sequence[int], angle: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubits – target qubits


	angle – Angle of rotation of the RotateZ gate













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.multiStateControlledUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

One qubit unitary controlled by multiple states

Implements a general one-qubit gate defined by a matrix controlled by
the state of multiple qubits
Contrary to the multiControlled function the unitary operation here can be executed
either when the controlling qubit is in state |0> or in state |1> depending
on the control_states


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	controll_states – list of ints defining if the controlling gate acts like a
a normal control or anti-control (unitary is applied when state is |0>)
For each entry: 1 -> normal controlled, 0 -> anti-controlled


	qubit – The qubit the unitary is acting on


	matrix – 2 by 2 matrix that defines the one qubit gate









	
call_interactive(qureg: Qureg, controls: Sequence[int], control_states: Sequence[int], qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	controls – controll qubits


	control_states – list of ints defining if the controlling gate acts like a
a normal control or anti-control (unitary is applied when state is |0>)
For each entry: 1 -> normal controlled, 0 -> anti-controlled


	qubit – The qubit the unitary is acting on


	matrix – 2 by 2 matrix that defines the one qubit gate






	Raises

	RuntimeError – Different Number of controls and control states










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.ops.pauliX(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements Pauli X gate


\[\begin{split}U =  \begin{pmatrix}
0 & 1\\
1 & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.pauliY(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements Pauli Y gate


\[\begin{split}U =  \begin{pmatrix}
0 & -i\\
i & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.pauliZ(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements Pauli Z gate


\[\begin{split}U =  \begin{pmatrix}
1 & 0\\
0 & -1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.phaseShift(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements pure \(\left|1 \right\rangle\) phase shift gate


\[\begin{split}U = \begin{pmatrix}
1 & 0\\
0 & e^{i \theta}
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the ro









	
call_interactive(qureg: Qureg, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the ro













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the ro


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.rotateAroundAxis(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements rotation around arbitraty axis on Bloch sphere


\[\begin{split}U = \begin{pmatrix}
     \cos(\frac{\theta}{2}) & 0\\
 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    -i \sin(\frac{\theta}{2}) v_z  &  \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right) \\
 \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector









	
call_interactive(qureg: Qureg, qubit: int, theta: float, vector: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector






	Raises

	RuntimeError – vector needs to be a three component numpy array and unit-vector










	
matrix(theta: float, vector: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.rotateAroundSphericalAxis(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements rotation around an axis given in spherical coordinates


\[\begin{split}U &= \begin{pmatrix}
     \cos(\frac{\theta}{2}) & 0\\
 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    -i \sin(\frac{\theta}{2}) v_z  &  \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right) \\
 \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
\end{pmatrix}\\
v_x &= \sin(\theta_{sph}) \cos(\phi_{sph})\\
v_y &= \sin(\theta_{sph}) \sin(\phi_{sph})\\
v_z &= \cos(\theta_{sph})\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	spherical_theta – Rotation axis, unit-vector spherical coordinates theta


	spherical_phi – Rotation axis, unit-vector spherical coordinates phi









	
call_interactive(qureg: Qureg, qubit: int, theta: float, spherical_theta: float, spherical_phi: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation


	spherical_theta – Rotation axis, unit-vector spherical coordinates theta


	spherical_phi – Rotation axis, unit-vector spherical coordinates phi













	
matrix(theta: float, vector: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the rotation


	vector – Direction of the rotation axis, unit-vector


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.rotateX(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements \(e^{-i \frac{\theta}{2} \sigma^x}\) XPower gate


\[\begin{split}U = \begin{pmatrix}
\cos(\frac{\theta}{2}) & 0\\
 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
0  &  -i \sin(\frac{\theta}{2})   \\
 -i \sin(\frac{\theta}{2})  & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)









	
call_interactive(qureg: Qureg, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.rotateY(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements \(e^{-i \frac{\theta}{2} \sigma^y}\) XPower gate


\[\begin{split}U = \begin{pmatrix}
     \cos(\frac{\theta}{2}) & 0\\
 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
    0  &  - \sin(\frac{\theta}{2})   \\
  \sin(\frac{\theta}{2})  & 0
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)









	
call_interactive(qureg: Qureg, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.rotateZ(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements \(e^{-i \frac{\theta}{2} \sigma^z}\) XPower gate


\[\begin{split}U = \begin{pmatrix}
     \cos(\frac{\theta}{2}) & 0\\
 0 & \cos(\frac{\theta}{2})
\end{pmatrix}
+ \begin{pmatrix}
     - i \sin(\frac{\theta}{2}) & 0   \\
0 &  i \sin(\frac{\theta}{2})
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)









	
call_interactive(qureg: Qureg, qubit: int, theta: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)













	
matrix(theta: float, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	theta – Angle theta of the rotation, in interval 0 to 2 \(2 \pi\)


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.sGate(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements S gate


\[\begin{split}U =  \begin{pmatrix}
1 & 0\\
0 & i
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.sqrtISwap(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a square root ISwap gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & \frac{1}{\sqrt{2}} & \frac{i}{\sqrt{2}} & 0\\
0 & \frac{i}{\sqrt{2}} & \frac{1}{\sqrt{2}} & 0\\
0 & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.sqrtSwapGate(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a square root SWAP gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & \frac{1}{2}(1+i) & \frac{1}{2}(1-i) & 0\\
0 & \frac{1}{2}(1-i) & \frac{1}{2}(1+i) & 0\\
0 & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.swapGate(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements a SWAP gate


\[\begin{split}U = \begin{pmatrix}
    1 & 0 & 0 & 0\\
0 & 0 & 1 & 0\\
0 & 1 & 0 & 0\\
0 & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, control: int, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	control – qubit that controls the application of the unitary


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.tGate(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements T gate


\[\begin{split}U =  \begin{pmatrix}
1 & 0\\
0 & e^{i \frac{\pi}{4}}
\end{pmatrix}\end{split}\]


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to









	
call_interactive(qureg: Qureg, qubit: int) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to













	
matrix(**kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	**kwargs – Additional keyword arguments



	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.twoQubitUnitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

General two qubit unitary gate

Implements a general two-qubit gate defined by a matrix
If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
the least significant qubit is the right qubit and the most
significant qubit is the left qubit


	Parameters

	
	qureg – quantum register


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate









	
call_interactive(qureg: Qureg, target_qubit_1: int, target_qubit_2: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	target_qubit_1 – least significant qubit


	target_qubit_2 – most sifnificant qubit


	matrix – 4 by 4 matrix that defines the two qubit gate













	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – 4 by 4 matrix that defines the two qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.ops.unitary(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Implements an arbitraty one-qubit gate given by a unitary matrix


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate









	
call_interactive(qureg: Qureg, qubit: int, matrix: numpy.ndarray) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register


	qubit – qubit the unitary gate is applied to


	matrix – Unitary matrix of the one qubit gate






	Raises

	RuntimeError – matrix needs to be a (2, 2) unitary numpy array










	
matrix(matrix: numpy.ndarray, **kwargs) → numpy.ndarray[source]

	The definition of the gate as a unitary matrix


	Parameters

	
	matrix – Unitary matrix of the one qubit gate


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray















Errors

Error operation in PyQuest-cffi


	
class pyquest_cffi.ops.errors.applyOneQubitDampingError(*args, **kwargs)[source]

	Bases: pyquest_cffi.ops.errors.mixDamping

One Qubit Damping - deprecated

Initialisation


	Parameters

	
	*args – Arguments


	**kwargs – Additional keyword arguments













	
class pyquest_cffi.ops.errors.applyOneQubitDephaseError(*args, **kwargs)[source]

	Bases: pyquest_cffi.ops.errors.mixDephasing

One Qubit Dephasing - deprecated

Initialisation


	Parameters

	
	*args – Arguments


	**kwargs – Additional keyword arguments













	
class pyquest_cffi.ops.errors.applyOneQubitDepolariseError(*args, **kwargs)[source]

	Bases: pyquest_cffi.ops.errors.mixDepolarising

One Qubit Depolarisation - deprecated

Initialisation


	Parameters

	
	*args – Arguments


	**kwargs – Additional keyword arguments













	
class pyquest_cffi.ops.errors.applyTwoQubitDephaseError(*args, **kwargs)[source]

	Bases: pyquest_cffi.ops.errors.mixTwoQubitDephasing

Two Qubit Dephasing - deprecated

Initialisation


	Parameters

	
	*args – Arguments


	**kwargs – Additional keyword arguments













	
class pyquest_cffi.ops.errors.applyTwoQubitDepolariseError(*args, **kwargs)[source]

	Bases: pyquest_cffi.ops.errors.mixTwoQubitDepolarising

Two Qubit Depolarisation - deprecated

Initialisation


	Parameters

	
	*args – Arguments


	**kwargs – Additional keyword arguments













	
class pyquest_cffi.ops.errors.mixDamping(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

One qubit damping error

Apply a pure damping error corresponding to zero temperature environments


\[\begin{split}\rho &= \mathcal{K} \rho \mathcal{K}\\\end{split}\]


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The damped qubit


	probability – The probability/ relative amplitude with which the dephasing occurs









	
Kraus_matrices(probability: float, **kwargs) → Tuple[numpy.ndarray, numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit: int, probability: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The damped qubit


	probability – The probability/relative amplitude with which the dephasing occurs






	Raises

	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used










	
superoperator_matrix(probability: float, **kwargs) → numpy.ndarray[source]

	The definition of the Superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixDensityMatrix(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Modifies qureg to become (1-probability)*qureg + probability*qureg_other

Both registers must be equal-dimension density matrices, and prob must be in [0, 1].


	Parameters

	
	qureg – quantum register to be modified


	probability – the probability of qureg_other in the modified qureg


	qureg_other – the quantum register to be mixed into qureg









	
Kraus_matrices(probability: float, **kwargs) → Tuple[numpy.ndarray, numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented










	
call_interactive(qureg: Qureg, probability: float, qureg_other: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – quantum register to be modified


	probability – the probability of qureg_other in the modified qureg


	qureg_other – the quantum register to be mixed into qureg






	Raises

	
	RuntimeError – Both quregs must be density matrix,
but at least one of them is a wavefunction


	RuntimeError – Qureg and Qureg_other must be defined for the same number of qubits













	
superoperator_matrix(probability: float, **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.errors.mixDephasing(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

One qubit dephasing error


	Apply the dephasing \(\sigma^z\) operator to a qubit q with probability p

	Can also be expressed as a Kraus operator \(\mathcal{K}\)






\[\begin{split}\rho &= (1-p) \rho + p \sigma^z_q \rho \sigma^z_q \\
\rho &= \mathcal{K} \rho \mathcal{K} \\
\vec{\rho} &= \mathcal{L} \vec{\rho} \\
\mathcal{L} &= \begin{pmatrix}
    1 & 0 & 0 & 0\\
     0 & 1-2p & 0 & 0\\
     0 & 0 & 1-2p & 0 \\
    0 & 0 & 0 & 1
\end{pmatrix}\end{split}\]


	
Kraus_matrices(probability: float, **kwargs) → Tuple[numpy.ndarray, numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit: int, probability: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit dephasing


	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2






	Raises

	
	RuntimeError – Probability of mixDephasing needs to be smaller that 1/2


	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used













	
superoperator_matrix(probability: float, **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixDepolarising(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

One qubit depolarisation error

Apply the depolarisation operators \(\sigma^x\), \(\sigma^y\) and \(\sigma^z\)
to a qubit q with an evenly distributed probability p`


\[\rho = (1-p) \rho + \frac{p}{3} \left( \sigma^x_q \rho \sigma^x_q
                  + \sigma^y_q \rho \sigma^y_q +  \sigma^z_q \rho \sigma^z_q \right)\]


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit depolarising


	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 3/4









	
Kraus_matrices(probability: float, **kwargs) → Tuple[numpy.ndarray, numpy.ndarray, numpy.ndarray, numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit: int, probability: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit depolarising


	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2






	Raises

	
	RuntimeError – Probability of mixDepolarising needs to be smaller that 3/4


	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used













	
superoperator_matrix(probability: float, **kwargs) → numpy.ndarray[source]

	The definition of the Superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixKrausMap(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

General error affecting one qubit

An error acting on one qubit is defined by a set of Kraus operators


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit the Kraus operators are acting on


	operators – The Kraus operators









	
Kraus_matrices(operators: Sequence[numpy.ndarray], **kwargs) → Sequence[numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit: int, operators: Sequence[numpy.ndarray]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit the Kraus operators are acting on


	operators – The Kraus operators






	Raises

	
	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used


	RuntimeError – Target qubit is not in the Qureg


	RuntimeError – Too many operators given, must be in [1, 4]


	RuntimeError – Number of target qubits and dimension of Kraus operators mismatch


	RecursionError – Not a valid Kraus map













	
superoperator_matrix(operators: Sequence[numpy.ndarray], **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixMultiQubitKrausMap(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Error affecting multiple qubits

An error acting on multiple qubtis simultaneously is defined by a set of Kraus operators


	Parameters

	
	qureg – a qureg containing a density matrix


	qubits – The qubits the Kraus operators are acting on


	operators – The Kraus operators









	
Kraus_matrices(operators: Sequence[numpy.ndarray], **kwargs) → Sequence[numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubits: Sequence[int], operators: Sequence[numpy.ndarray]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubits – The qubits the Kraus operators are acting on


	operators – The Kraus operators






	Raises

	
	RuntimeError – Number of target qubits and dimension of Kraus operators mismatch


	RuntimeError – Not a valid Kraus map













	
superoperator_matrix(operators: Sequence[numpy.ndarray], **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixPauli(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Error on qubit defined by three Pauli operator weights


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit the Pauli operators are acting on


	probX – The probability that Pauli X is acting on qubit as Kraus operator


	probY – The probability that Pauli Y is acting on qubit as Kraus operator


	probZ – The probability that Pauli Z is acting on qubit as Kraus operator









	
Kraus_matrices(probX: float, probY: float, probZ: float, **kwargs) → List[numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probX – The probability that Pauli X is acting on qubit as Kraus operator


	probY – The probability that Pauli Y is acting on qubit as Kraus operator


	probZ – The probability that Pauli Z is acting on qubit as Kraus operator


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit: int, probX: float, probY: float, probZ: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit – The qubit the Pauli operators are acting on


	probX – The probability that Pauli X is acting on qubit as Kraus operator


	probY – The probability that Pauli Y is acting on qubit as Kraus operator


	probZ – The probability that Pauli Z is acting on qubit as Kraus operator













	
superoperator_matrix(probX: float, probY: float, probZ: float, **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


	Parameters

	
	probX – The probability that Pauli X is acting on qubit as Kraus operator


	probY – The probability that Pauli Y is acting on qubit as Kraus operator


	probZ – The probability that Pauli Z is acting on qubit as Kraus operator


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray














	
class pyquest_cffi.ops.errors.mixTwoQubitDephasing(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Two qubit dephasing error


	Apply the dephasing \(\sigma^z\) operator to two qubits q1 and q2 with probability p

	
Can also be expressed as a Kraus operator \(\mathcal{K}\)





\[\begin{split}\rho &= (1-p) \rho + \frac{p}{3} \left( \sigma^z_{q1} \rho \sigma^z_{q1}
      + \sigma^z_{q2} \rho \sigma^z_{q2}
      +  \sigma^z_{q1}\sigma^z_{q2} \rho \sigma^z_{q2} \sigma^z_{q1} \right)\\
\rho &= \mathcal{K} \rho \mathcal{K}\end{split}\]






	Parameters

	
	qureg – a qureg containing a density matrix


	qubit1 – The first qubit dephasing


	qubit2 – The second qubit dephasing


	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 3/4









	
Kraus_matrices(probability: float, **kwargs) → Tuple[numpy.ndarray, numpy.ndarray, numpy.ndarray, numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, qubit1: int, qubit2: int, probability: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit1 – The first qubit dephasing


	qubit2 – The second qubit dephasing


	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 3/4






	Raises

	
	RuntimeError – Probability of twoQubitDepolariseErrors needs to be smaller that 3/4


	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used













	
superoperator_matrix(probability: float, **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray



	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.errors.mixTwoQubitDepolarising(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Two qubit depolarisation error

Apply any tensor product of two operators \(U\) \(\sigma^x\), \(\sigma^y\)
and \(\sigma^z\)  to two qubits q1 and q2 with an evenly distributed probability p`


\[\begin{split}\rho &= (1-p) \rho + \frac{p}{15} \sum_{A, B \in \{ I, \sigma^x, \sigma^y, \sigma^z\}}
        A_{q1}B_{q2} \rho B_{q2}A_{q1} \\
\rho &= \mathcal{K} \rho \mathcal{K}\end{split}\]


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit1 – The first qubit dephasing


	qubit2 – The second qubit dephasing


	probability – The probability/ relative amplitude with which the depolarisation occurs.
Needs to be smaller than \(\frac{15}{16}\)









	
call_interactive(qureg: Qureg, qubit1: int, qubit2: int, probability: float) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	qubit1 – The first qubit dephasing


	qubit2 – The second qubit dephasing


	probability – The probability/ relative amplitude with which the depolarisation occurs.
Needs to be smaller than \(\frac{15}{16}\)






	Raises

	
	RuntimeError – Probability of twoQubitDepolariseErrors needs to be smaller that 15/16


	RuntimeError – Qureg has to be a density matrix qureg but wavefunction qureg was used













	
superoperator_matrix(probability: float, **kwargs) → None[source]

	The definition of the superoperator acting on the density matrix written as a vector


\[\begin{split}\rho = A \rho B \\
\vec{\rho} = \mathcal{L} \vec{\rho}\end{split}\]

where A and B are arbitrary matrices


	Parameters

	
	probability – The probability/ relative amplitude with which the dephasing occurs,
probability needs to be smaller than 1/2


	**kwargs – Additional keyword arguments






	Raises

	NotImplementedError – not implemented














	
class pyquest_cffi.ops.errors.mixTwoQubitKrausMap(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Error affecting two qubits

An error acting on two qubtis simultaneously is defined by a set of Kraus operators


	Parameters

	
	qureg – a qureg containing a density matrix


	target_qubit_1 – The least significant qubit the Kraus operators are acting on


	target_qubit_2 – The most significant qubit the Kraus operators are acting on


	operators – The Kraus operators









	
Kraus_matrices(operators: Sequence[numpy.ndarray], **kwargs) → Sequence[numpy.ndarray][source]

	The definition of the Kraus Operator as a matrix


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	Tuple[np.ndarray]










	
call_interactive(qureg: Qureg, target_qubit_1: Sequence[int], target_qubit_2: Sequence[int], operators: Sequence[numpy.ndarray]) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – a qureg containing a density matrix


	target_qubit_1 – The least significant qubit the Kraus operators are acting on


	target_qubit_2 – The most significant qubit the Kraus operators are acting on


	operators – The Kraus operators






	Raises

	
	RuntimeError – Number of target qubits and dimension of Kraus operators mismatch


	RuntimeError – Not a valid Kraus map













	
superoperator_matrix(operators: Sequence[numpy.ndarray], **kwargs) → numpy.ndarray[source]

	The definition of the superoperator acting on the density matrix written as a vector


	Parameters

	
	operators – The Kraus operators


	**kwargs – Additional keyword arguments






	Returns

	np.ndarray

















          

      

      

    

  

    
      
          
            
  
Utils

Utilities to create and destroy environment etc.







	pyquest_cffi.utils.dataoperation

	Manage QuEST environments and quantum registers



	pyquest_cffi.utils.reporting

	Reporting of QuEST states







Dataoperation

Manage QuEST environments and quantum registers


	
class pyquest_cffi.utils.dataoperation.cloneQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Clone a qureg state into another one

Set qureg_clone to be a clone of qureg_original


	Parameters

	
	qureg_original – Qureg to be cloned


	qureg_clone – Cloned qureg









	
call_interactive(qureg_clone: Qureg, qureg_original: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg_original – Qureg to be cloned


	qureg_clone – Cloned qureg






	Raises

	
	TypeError – The quregs need to be of the same type, so either both density
matrices OR both wave functions


	ValueError – The quregs need to contain the same number of qubits

















	
class pyquest_cffi.utils.dataoperation.createCloneQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Create a clone of the qureg in a certain environment


	Parameters

	
	qureg – Qureg to be cloned


	env – QuEST environment the clone is created in









	
call_interactive(qureg: Qureg, env: QuESTEnv) → Qureg[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – Qureg to be cloned


	env – QuEST environment the clone is created in






	Returns

	cloned qureg



	Return type

	tqureg














	
class pyquest_cffi.utils.dataoperation.createDensityQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Allocate memory for a density matrix quantum/qubit register (qureg)


	Parameters

	
	num_qubits – number of qubits in the quantum register


	env – QuEST environment in which the qureg exists









	
call_interactive(num_qubits: int, env: QuESTEnv) → Qureg[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	num_qubits – number of qubits in the quantum register


	env – QuEST environment in which the qureg exists






	Returns

	tqureg














	
class pyquest_cffi.utils.dataoperation.createPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Create a Hamiltonian expressed as a real-weighted sum of products of Pauli operators


	Parameters

	
	number_qubits – the number of qubits on which this Hamiltonian acts


	number_pauliprods – the number of weighted terms in the sum, or the number of Pauli products









	
call_interactive(number_qubits: int, number_pauliprods: int) → <sphinx.ext.autodoc.importer._MockObject object at 0x7f982d2bd860>[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	number_qubits – the number of qubits on which this Hamiltonian acts


	number_pauliprods – the number of weighted terms in the sum/number of Pauli products






	Returns

	created Pauli Hamiltonian



	Return type

	PauliHamil



	Raises

	RuntimeError – number_qubits and number_pauliprods need to be positive integers














	
class pyquest_cffi.utils.dataoperation.createQuestEnv(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Creates the QuEST simulator environment, needed for all simulations


	
call_interactive() → QuESTEnv[source]

	Interactive call of PyQuest-cffi


	Returns

	tquestenv














	
class pyquest_cffi.utils.dataoperation.createQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Allocate memory for a wavefunction quantum/qubit register (qureg)


	Parameters

	
	num_qubits – number of qubits in the quantum register


	env – QuEST environment in which the qureg exists









	
call_interactive(num_qubits: int, env: QuESTEnv) → Qureg[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	num_qubits – number of qubits in the quantum register


	env – QuEST environment in which the qureg exists






	Returns

	tqureg














	
class pyquest_cffi.utils.dataoperation.destroyPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Destroy a PauliHamil instance


	Parameters

	pauli_hamil – PauliHamil to be destroyed






	
call_interactive(pauli_hamil: PauliHamil) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	pauli_hamil – PauliHamil to be destroyed














	
class pyquest_cffi.utils.dataoperation.destroyQuestEnv(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Deallocate QuEST simulation environment


	Parameters

	env – QuEST environment to be deallocated






	
call_interactive(env: QuESTEnv) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	env – QuEST environment to be deallocated














	
class pyquest_cffi.utils.dataoperation.destroyQureg(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Deallocate memory for a quantum/qubit register


	Parameters

	
	qubits – Qubits in system


	env – QuEST environment in which the qureg exists









	
call_interactive(qubits: List[int], env: QuESTEnv) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qubits – Qubits in system


	env – QuEST environment in which the qureg exists


















Reporting

Reporting of QuEST states


	
class pyquest_cffi.utils.reporting.reportPauliHamil(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Report PauliHamil to stdout

The output features a new line for each term, each with format:
“c p1 p2 p3 … pN”,
where c is the real coefficient of the term, and p1 … pN are
numbers 0, 1, 2, 3 to indicate identity, pauliX, pauliY and pauliZ
operators respectively, acting on qubits 0 through N-1 (all qubits).
A tab character separates c and p1, single spaces separate the Pauli operators


	Parameters

	pauli_hamil – instatiated PauliHamil






	
argtype

	Return argument type


	Returns

	List[str]










	
call_interactive(pauli_hamil: PauliHamil) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	pauli_hamil – instatiated PauliHamil










	
restype

	Return result type


	Returns

	str














	
class pyquest_cffi.utils.reporting.reportQuESTEnv(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Report the properties of the QuEST simulation environment to stdout


	Parameters

	env – QuEST environment for which the parameter are reported






	
argtype

	Return type of argument


	Returns

	List[str]










	
call_interactive(env: QuESTEnv) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	env – QuEST environment for which the parameter are reported










	
restype

	Return result type


	Returns

	str














	
class pyquest_cffi.utils.reporting.reportQuregParams(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Reports the parameters of a quantum register to stdout


	Parameters

	qureg – Quantum register for which the parameter are reported






	
argtype

	Return argument type


	Returns

	List[str]










	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – Quantum register for which the parameter are reported










	
restype

	Return result type


	Returns

	str














	
class pyquest_cffi.utils.reporting.reportState(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Report QuEST state


	Parameters

	qureg – Quantum Register (qureg)






	
argtype

	Return argument type


	Returns

	List[str]










	
call_interactive(qureg: Qureg) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	qureg – Quantum Register (qureg)










	
restype

	Return result type


	Returns

	str














	
class pyquest_cffi.utils.reporting.reportStateToScreen(interactive: bool = True)[source]

	Bases: pyquest_cffi.questlib._abstract._PYQUEST

Report statevector or density matrix in a qureg to stdout


	Parameters

	
	qureg – the quantum register


	env – the environment of the quantum register









	
argtype

	Return argument type


	Returns

	List[str]










	
call_interactive(qureg: Qureg, env: QuESTEnv, a: int = 0) → None[source]

	Interactive call of PyQuest-cffi


	Parameters

	
	qureg – the quantum register


	env – the environment of the quantum register


	a – integer













	
restype

	Return result type


	Returns

	str

















          

      

      

    

  

    
      
          
            
  All modules for which code is available

	pyquest_cffi.cheat.initialization

	pyquest_cffi.cheat.measurement

	pyquest_cffi.ops.errors

	pyquest_cffi.ops.ops

	pyquest_cffi.utils.dataoperation

	pyquest_cffi.utils.reporting




          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.cheat.initialization

"""Initialisation objects in PyQuest-cffi"""
# Copyright 2019 HQS Quantum Simulations GmbH
#
# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.
from typing import Union, List, Sequence
import numpy as np
from pyquest_cffi.questlib import quest, _PYQUEST, tqureg, paulihamil, ffi_quest, qreal
from pyquest_cffi import cheat


[docs]class initZeroState(_PYQUEST):
    r"""Initialise zero state in quantum register

    Args:
        qureg: quantum register

    """

[docs]    def call_interactive(self, qureg: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
        """
        quest.initZeroState(qureg)




[docs]class initPlusState(_PYQUEST):
    r"""Initialise plus state in quantum register

    Args:
        qureg: quantum register

    """

[docs]    def call_interactive(self, qureg: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
        """
        quest.initPlusState(qureg)




[docs]class initClassicalState(_PYQUEST):
    r"""Initialise classical state in quantum register

    Initialise classical state, a classical integer in binary representation in the quantum register

    Args:
        qureg: The quantum register
        int: The integer that is initialised in binary representation in the quantum register

    """

[docs]    def call_interactive(self, qureg: tqureg, state: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            state: The integer that is initialised in binary representation in the quantum register
        """
        quest.initClassicalState(qureg, state)




[docs]class initPureState(_PYQUEST):
    r"""Initialise pure state in quantum register

    Initialises a pure state in one wavefunction quantum register
    based on the pure state of another quantum register

    Args:
        qureg_a: Quantum register that is initialised
        qureg_b: Quantum register that contains the reference pure state

    """

[docs]    def call_interactive(self, qureg_a: tqureg, qureg_b: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg_a: Quantum register that is initialised
            qureg_b: Quantum register that contains the reference pure state
        """
        quest.initPureState(qureg_a, qureg_b)




[docs]class initStateFromAmps(_PYQUEST):
    r"""Initialise a state (from amplitudes) in quantum register

    Initialise a wavefunction in a quantum register based on the real
    and imaginary parts of the statevector

    Args:
        qureg: the quantum register
        reals: The real parts of the statevector
        imags: The imaginary parts of the statevector

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         reals: Union[np.ndarray, List[float]],
                         imags: Union[np.ndarray, List[float]]
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: the quantum register
            reals: The real parts of the statevector
            imags: The imaginary parts of the statevector

        Raises:
            RuntimeError: Size of reals and imags needs to match
            RuntimeError: Shape of reals and imags for wavefunction should be: (1, 2**qubits)
            RuntimeError: Shape of reals and imags for density matrix should be:
                (2**qubits, 2**qubits) OR (4**qubits, 1)
            RuntimeError: Shape of reals and imags for density matrix should be:
                (2**qubits, 2**qubits) OR (4**qubits, 1)
            RuntimeError: Need to set real and imaginary amplitudes for each qubit:
                2**qubits for wavefunction qureg, 4**qubits for density matrix qureg
        """
        reals = list(reals)
        imags = list(imags)
        assert len(reals) == np.max(np.shape(reals))
        assert len(imags) == np.max(np.shape(imags))
        size_amps = np.size(np.array(reals))
        if not size_amps == np.size(np.array(imags)):
            raise RuntimeError("Size of reals and imags needs to match")
        num_qubits = cheat.getNumQubits()(qureg=qureg)

        if size_amps == 2**num_qubits:
            if qureg.isDensityMatrix:
                raise RuntimeError("Shape of reals and imags for wavefunction should be: "
                                   + "(1, 2**qubits)")
            pointer_reals = ffi_quest.new("{}[{}]".format(qreal, len(reals)))
            for co, c in enumerate(reals):
                pointer_reals[co] = c
            pointer_imags = ffi_quest.new("{}[{}]".format(qreal, len(imags)))
            for co, c in enumerate(imags):
                pointer_imags[co] = c
            quest.initStateFromAmps(qureg, pointer_reals, pointer_imags)
        elif size_amps == 4**num_qubits:
            if not qureg.isDensityMatrix:
                raise RuntimeError("Shape of reals and imags for density matrix should be:"
                                   + "(2**qubits, 2**qubits) OR (4**qubits, 1)")
            size_amps_rows = np.size(np.array(reals), 0)
            size_amps_columns = np.size(np.array(reals), 1)
            if (not (size_amps_rows == np.size(np.array(imags), 0))
                    or not (size_amps_columns == np.size(np.array(imags), 1))):
                raise RuntimeError("Size of reals and imags needs to match")
            cheat.initZeroState()(qureg=qureg)
            if (size_amps_rows == size_amps_columns == 2**num_qubits):
                cheat.setDensityAmps()(qureg=qureg, reals=reals, imags=imags)
            elif size_amps_rows == 4**num_qubits:
                reals = np.array(reals).reshape((2**num_qubits, 2**num_qubits))
                imags = np.array(imags).reshape((2**num_qubits, 2**num_qubits))
                cheat.setDensityAmps()(qureg=qureg, reals=reals, imags=imags)
            else:
                raise RuntimeError("Shape of reals and imags should be (2**qubits, 2**qubits) OR "
                                   + "(4**qubits, 1)")
        else:
            raise RuntimeError("Need to set real and imaginary amplitudes for each qubit: "
                               + "2**qubits for wavefunction, 4**qubits for density matrix")




[docs]class initDebugState(_PYQUEST):
    r"""Initialise debug state in quantum register

    Args:
        qureg: quantum register

    """

[docs]    def call_interactive(self, qureg: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
        """
        quest.initDebugState(qureg)




[docs]class initBlankState(_PYQUEST):
    r"""Initialise classical zero state in quantum register

    Args:
        qureg: qureg that is set to zero

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: qureg that is set to zero
        """
        quest.initBlankState(qureg)




[docs]class initPauliHamil(_PYQUEST):
    r"""Initialise a PauliHamil instance

    Args:
        pauli_hamil: PauliHamil instance to initialise
        coeffs: array of coefficients
        codes: array of Pauli codes

    """

[docs]    def call_interactive(self,
                         pauli_hamil: paulihamil,
                         coeffs: Sequence[float],
                         codes: Sequence[Sequence[int]]) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            pauli_hamil: PauliHamil instance to initialise
            coeffs: array of coefficients
            codes: array of Pauli codes

        Raises:
            RuntimeError: Need one coeff and one set of codes per qubit of PauliHamil and
                need one term in each set of codes per PauliProduct
        """
        num_qubits = pauli_hamil.numQubits
        num_pauliprods = pauli_hamil.numSumTerms

        if (num_qubits == len(coeffs) == np.size(np.array(codes), 0)
                and num_pauliprods == np.size(np.array(codes), 1)):
            pointer_coeffs = ffi_quest.new("{}[{}]".format(qreal, len(coeffs)))
            for co, c in enumerate(coeffs):
                pointer_coeffs[co] = c
            flat_list = [p for product in codes for p in product]
            pointer_codes = ffi_quest.new("enum pauliOpType[{}]".format(len(flat_list)))
            for co, p in enumerate(flat_list):
                pointer_codes[co] = p

            quest.initPauliHamil(pauli_hamil, pointer_coeffs, pointer_codes)
        else:
            raise RuntimeError("Need one coeff and one set of codes per qubit of PauliHamil and "
                               + "need one term in each set of codes per PauliProduct")




[docs]class setAmps(_PYQUEST):
    r"""Class setting the Amplitudes in statevector

    Set the values of elements of the statevector in a quantum register

    Args:
        qureg: The quantum register
        startind: The index of the first element of the statevector that is set
        reals: the new real values of the elements of the statevector
               between startind and startind+numamps
        imgas: the new imaginary values of the elements of the statevector
               between startind and startind+numamps
        numaps: the number of new values that are set in the statevector

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         startind: int,
                         reals: Union[np.ndarray, List[float]],
                         imags: Union[np.ndarray, List[float]],
                         numamps: int
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: The quantum register
            startind: The index of the first element of the statevector that is set
            reals: the new real values of the elements of the statevector
                between startind and startind+numamps
            imags: the new imaginary values of the elements of the statevector
                between startind and startind+numamps
            numamps: the number of new values that are set in the statevector

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        reals = list(reals)
        imags = list(imags)
        assert len(reals) == np.max(np.shape(reals))
        assert len(imags) == np.max(np.shape(imags))
        assert len(reals) == numamps
        assert len(reals) == numamps
        if qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        quest.setAmps(qureg, startind, reals, imags, numamps)




# can't find it in the API


[docs]class setDensityAmps(_PYQUEST):
    r"""Class setting the Amplitudes in density matrix

    Set the values of elements of the vector representation
    of the density matrix in a quantum register

    Args:
        qureg: The quantum register of a density matrix
        reals: the new real values of the elements of the density matrix
               between startind and startind+numamps
        imags: the new imaginary values of the elements of the density matrix
               between startind and startind+numamps

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         reals: Union[np.ndarray, List[List[float]]],
                         imags: Union[np.ndarray, List[List[float]]],
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: The quantum register of a density matrix
            reals: the new real values of the elements of the density matrix
                between startind and startind+numamps
            imags: the new imaginary values of the elements of the density matrix
                between startind and startind+numamps

        Raises:
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        reals = list(reals)
        imags = list(imags)
        num_amps = cheat.getNumAmps()(qureg=qureg)

        if not qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")
        for i in range(num_amps):
            j = num_amps * i
            reals_flat = [real[i] for real in reals]
            imags_flat = [imag[i] for imag in imags]
            pointer_reals = ffi_quest.new("{}[{}]".format(qreal, len(reals_flat)))
            for co, c in enumerate(reals_flat):
                pointer_reals[co] = c
            pointer_imags = ffi_quest.new("{}[{}]".format(qreal, len(imags_flat)))
            for co, c in enumerate(imags_flat):
                pointer_imags[co] = c
            quest.statevec_setAmps(qureg, j, pointer_reals, pointer_imags, num_amps)


            # quest.setDensityAmps(qureg, pointer_reals, pointer_imags)  --> not yet in the API


[docs]class setWeightedQureg(_PYQUEST):
    r"""Class setting a qureg as a weighted sum of two quregs

    Set the values of elements of the vector representation
    of the density matrix in a quantum register

    Args:
        fac1: prefactor of first qureg in sum
        qureg1: first qureg in sum
        fac2: prefactor of second qureg in sum
        qureg2: second qureg in sum
        facout: prefactor of output qureg
        quregout: output qureg

    """

[docs]    def call_interactive(self,
                         fac1: complex,
                         qureg1: tqureg,
                         fac2: complex,
                         qureg2: tqureg,
                         facout: complex,
                         quregout: tqureg
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            fac1: prefactor of first qureg in sum
            qureg1: first qureg in sum
            fac2: prefactor of second qureg in sum
            qureg2: second qureg in sum
            facout: prefactor of output qureg
            quregout: output qureg

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        if qureg1.isDensityMatrix and qureg2.isDensityMatrix and quregout.isDensityMatrix:
            quest.setWeightedQureg((fac1.real, fac1.imag), qureg1,
                                   (fac2.real, fac2.imag), qureg2,
                                   (facout.real, facout.imag), quregout)
        elif (
            not qureg1.isDensityMatrix and not qureg2.isDensityMatrix and (
                not quregout.isDensityMatrix)):
            quest.setWeightedQureg((fac1.real, fac1.imag), qureg1,
                                   (fac2.real, fac2.imag), qureg2,
                                   (facout.real, facout.imag), quregout)
        else:
            raise RuntimeError("All three quregs need to be of the same type, so all three "
                               + "wavefunctions OR all three density matrices")






          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.cheat.measurement

"""Measurement function in PyQuest-cffi"""
# Copyright 2019 HQS Quantum Simulations GmbH
#
# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.
from pyquest_cffi.questlib import quest, _PYQUEST, tqureg, ffi_quest, qreal, tquestenv, paulihamil
import numpy as np
from typing import Sequence, Union, List, Tuple
from pyquest_cffi import cheat


[docs]class calcFidelity(_PYQUEST):
    r"""Calculate Fidelity of a quantum register

    Determine the fidelity of a qureg (wavefunction :math:`\left| \psi \right\rangle`
        or density matrix :math:`\rho`)
    with respect to a reference_qureg of a wavefunction :math:`\left| \psi_{ref} \right\rangle`
    Fidelity is defined as:

    .. math::
        \mathcal{F} &= \left\langle \psi | \psi_{ref} \right \rangle \\
        \mathcal{F} &= \left\langle \psi_{ref}| \rho | \psi_{ref} \right \rangle

    Args:
        qureg: a qureg containing a wavefunction or a density matrix
        qureg_reference: a qureg containing a wavefunction
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, qureg_reference: tqureg) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or a density matrix
            qureg_reference: a qureg containing a wavefunction

        Returns:
            float

        Raises:
            RuntimeError: Reference qureg has to be a wavefunction qureg
                but density matrix qureg was used
        """
        if not qureg_reference.isDensityMatrix:
            return quest.calcFidelity(qureg, qureg_reference)
        else:
            raise RuntimeError("Reference qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")




[docs]class calcInnerProduct(_PYQUEST):
    r"""Calculate the inner-product/overlap of two wavefunction quregs

    Inner product defined as:
    .. math::
         \left\langle \psi_{qureg1} | \psi_{qureg2} \right \rangle

    Args:
        qureg1: a qureg containing a wavefunction
        qureg2: a qureg containing a wavefunction
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg1: tqureg, qureg2: tqureg) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg1: a qureg containing a wavefunction
            qureg2: a qureg containing a wavefunction

        Returns:
            float

        Raises:
            RuntimeError: Qureg1 has to be a wavefunction qureg but density matrix qureg was used
            RuntimeError: Qureg2 has to be a wavefunction qureg but density matrix qureg was used
        """
        if qureg1.isDensityMatrix:
            raise RuntimeError("Qureg1 has to be a wavefunction qureg but "
                               + "density matrix qureg was used")
        elif qureg2.isDensityMatrix:
            raise RuntimeError("Qureg2 has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        return quest.calcInnerProduct(qureg1, qureg2)




[docs]class calcProbOfOutcome(_PYQUEST):
    r"""Calculate the probability that qubit #qubit of qureg is measured in state outcome

    Args:
        qureg: a qureg containing a wavefunction or density matrix
        qubit: the index of the qubit for which the probability is determined
        outcome: the outcome of the measurement
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, outcome: int) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or density matrix
            qubit: the index of the qubit for which the probability is determined
            outcome: the outcome of the measurement

        Returns:
            float
        """
        return quest.calcProbOfOutcome(qureg, qubit, outcome)




[docs]class calcPurity(_PYQUEST):
    r"""Calculate the purity of a density matrix in qureg

    Purity defined as:
    .. math::
         \mathcal{Tr}\left(\rho^2\right)

    Args:
        qureg: a qureg containing a density matrix
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if qureg.isDensityMatrix:
            return quest.calcPurity(qureg)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")




[docs]class calcTotalProb(_PYQUEST):
    r"""Calculate total probability

    Check physicality of system by calculating probability of system to be in any state.
    In other words check that trace of density matrix or norm of state vector is one.

    Args:
        qureg: a qureg containing a density matrix or wavefunction
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix or wavefunction

        Returns:
            float
        """
        return quest.calcTotalProb(qureg)




[docs]class getStateVectoratIndex(_PYQUEST):
    r"""Get the value of a wavefunction/state vector in qureg at index

    Args:
        qureg: a qureg containing a wavefunction
        index: The index either as an int or as a sequence
            of 0 and 1 referencing the corresponding basis state
        readout: the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, index: Union[int, Sequence[int]]) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction
            index: The index either as an int or as a sequence
                of 0 and 1 referencing the corresponding basis state

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        if hasattr(index, '__len__'):
            index = basis_state_to_index(index)
        if qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        cComplex = quest.getAmp(qureg, index)
        return cComplex.real + 1j * cComplex.imag




getAmp = getStateVectoratIndex


[docs]class getDensityMatrixatRowColumn(_PYQUEST):
    r"""Get the value of the density matrix in qureg at row and column

    Args:
        qureg: a qureg containing a density matrix
        row: The row index either as an int of as a sequence
            of 0 and 1 referencing the corresponding basis state
        column: The column index either as an int of as a sequence
            of 0 and 1 referencing the corresponding basis state
        readout: The readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         row: Union[int, Sequence[int]],
                         column: Union[int, Sequence[int]]) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            row: The row index either as an int of as a sequence
                of 0 and 1 referencing the corresponding basis state
            column: The column index either as an int of as a sequence
                of 0 and 1 referencing the corresponding basis state

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if hasattr(row, '__len__'):
            row = basis_state_to_index(row)
        if hasattr(column, '__len__'):
            column = basis_state_to_index(column)
        if qureg.isDensityMatrix:
            cComplex = quest.getDensityAmp(qureg, row, column)
            return cComplex.real + 1j * cComplex.imag
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")




getDensityAmp = getDensityMatrixatRowColumn


[docs]class getAbsoluteValSquaredatIndex(_PYQUEST):
    r"""Get the absulute value squared of a wavefunction/state vector in a quantum register at index

    Args:
        qureg: a qureg containing a wavefunction
        index: The index either as an int or as a sequence
            of 0 and 1 referencing the corresponding basis state

    """

[docs]    def call_interactive(self, qureg: tqureg, index: Union[int, Sequence[int]]) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction
            index: The index either as an int or as a sequence
                of 0 and 1 referencing the corresponding basis state

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        if hasattr(index, '__len__'):
            index = basis_state_to_index(index)
        if qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        return quest.getProbAmp(qureg, index)




getProbAmp = getAbsoluteValSquaredatIndex


[docs]class getRealAmp(_PYQUEST):
    r"""Get the real value of a wavefunction/state vector in qureg at index

    Args:
        qureg: a qureg containing a wavefunction
        index: The index either as an int of as a sequence
            of 0 and 1 referencing the corresponding basis state
        readout: The readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, index: Union[int, Sequence[int]]) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction
            index: The index either as an int of as a sequence
                of 0 and 1 referencing the corresponding basis state

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        if hasattr(index, '__len__'):
            index = basis_state_to_index(index)
        if qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        return quest.getRealAmp(qureg, index)




[docs]class getImagAmp(_PYQUEST):
    r"""Get the imaginary value of a wavefunction/state vector in qureg at index

    Args:
        qureg: a qureg containing a wavefunction
        index: The index either as an int or as a sequence
            of 0 and 1 referencing the corresponding basis state
        readout: The readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, index: Union[int, Sequence[int]]) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction
            index: The index either as an int or as a sequence
                of 0 and 1 referencing the corresponding basis state

        Returns:
            float

        Raises:
            RuntimeError: Qureg has to be a wavefunction qureg but density matrix qureg was used
        """
        if hasattr(index, '__len__'):
            index = basis_state_to_index(index)
        if qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")

        return quest.getImagAmp(qureg, index)




[docs]class getNumAmps(_PYQUEST):
    r"""Get the number of probability amplitudes in a qureg object, given by 2**number_qubits

    Args:
        qureg: a qureg containing a wavefunction or a density matrix

    """

[docs]    def call_interactive(self, qureg: tqureg) -> int:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or a density matrix

        Returns:
            int
        """
        if qureg.isDensityMatrix:
            return 2 ** cheat.getNumQubits()(qureg=qureg)
        else:
            return quest.getNumAmps(qureg)




[docs]class getNumQubits(_PYQUEST):
    r"""Get the number of qubits in a qureg object

    Args:
        qureg: a qureg containing a wavefunction or a density matrix

    """

[docs]    def call_interactive(self, qureg: tqureg) -> int:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or a density matrix

        Returns:
            int
        """
        return quest.getNumQubits(qureg)




[docs]class getExpectationValue(_PYQUEST):
    r"""Get the expectation value of an operator in matrix form

    Not implemented for static compilation

    Args:
        qureg: a qureg containing a wavefunction or density matrix
        operator_matrix: The operator in matrix form

    """

[docs]    def call_interactive(self, qureg: tqureg, operator_matrix: np.ndarray) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or density matrix
            operator_matrix: The operator in matrix form

        Returns:
            float
        """
        density_matrix = getDensityMatrix()(qureg)
        return complex(np.trace(operator_matrix @ density_matrix))




[docs]class getDensityMatrix(_PYQUEST):
    r"""Get the full density matrix of a quantum register

    Args:
        qureg: a qureg containing a wavefunction or density matrix

    """

[docs]    def call_interactive(self, qureg: tqureg) -> np.ndarray:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or density matrix

        Returns:
            np.ndarray
        """
        N = qureg.numQubitsRepresented
        density_matrix = np.zeros((2**N, 2**N), dtype=complex)
        if qureg.isDensityMatrix:
            for row in range(2**N):
                for column in range(2**N):
                    density_matrix[row, column] = getDensityMatrixatRowColumn()(qureg, row, column)
        else:
            state_vec = np.zeros((2**N, 1), dtype=complex)
            for index in range(2**N):
                state_vec[index] = getStateVectoratIndex()(qureg, index)
            density_matrix = state_vec @ state_vec.conj().T
        return density_matrix




[docs]class getOccupationProbability(_PYQUEST):
    r"""Get the full vector of occupation probabilities for each basis state

    Args:
        qureg: a qureg containing a wavefunction or density matrix

    """

[docs]    def call_interactive(self, qureg: tqureg) -> np.ndarray:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or density matrix

        Returns:
            np.ndarray
        """
        N = qureg.numQubitsRepresented
        prob_vec = np.zeros((2**N,), dtype=complex)
        if qureg.isDensityMatrix:
            for index in range(2**N):
                prob_vec[index] = (
                    (getDensityMatrixatRowColumn()(qureg, index, index))
                )
        else:
            for index in range(2**N):
                prob_vec[index] = getAbsoluteValSquaredatIndex()(qureg, index)
        return prob_vec




[docs]class getRepeatedMeasurement(_PYQUEST):
    r"""Get a measurement record of a repeated measurement

    Args:
        qureg: a qureg containing a wavefunction or density matrix
        number_measurments: The number of measurement repetitions
        qubits_to_readout_index_dict: The mapping of qubit indices to the readout index
            {qubit_index: readout_index}

    Returns:
        A measurement record 2d numpy array with N columns, one or each qubit
        and number_measuremnet rows. Each row contains one complete measurement result
        for each qubit

    """

[docs]    def call_interactive(self, qureg: tqureg, number_measurements: int,
                         qubits_to_readout_index_dict: dict) -> np.ndarray:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction or density matrix
            number_measurements: The number of measurement repetitions
            qubits_to_readout_index_dict: The mapping of qubit indices to the readout index
                {qubit_index: readout_index}

        Returns:
            np.ndarray
        """
        N = qureg.numQubitsRepresented
        number_qubits = qureg.numQubitsRepresented
        probabilities = np.zeros((2**N, ))
        measurement_record = np.zeros((number_measurements, N))
        return_record = np.zeros(
            (number_measurements, len(qubits_to_readout_index_dict)), dtype=int)
        if qureg.isDensityMatrix:
            for index in range(2**N):
                probabilities[index] = np.abs(
                    np.real(getDensityMatrixatRowColumn()(qureg, index, index)))
        else:
            for index in range(2**N):
                probabilities[index] = np.abs(
                    np.real(getAbsoluteValSquaredatIndex()(qureg, index)))
        outcomes = np.random.choice(range(2**N), number_measurements, p=probabilities)
        for co, out in enumerate(outcomes):
            measurement_record[co, :] = index_to_basis_state(out, number_qubits)
        for index in qubits_to_readout_index_dict.keys():
            output_index = qubits_to_readout_index_dict[index]
            return_record[:, output_index] = measurement_record[:, index]
        return return_record




[docs]class getStateVector(_PYQUEST):
    r"""Get the full statevector of a quantum register

    Args:
        qureg: a qureg containing a wavefunction

    """

[docs]    def call_interactive(self, qureg: tqureg) -> np.ndarray:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a wavefunction

        Returns:
            np.ndarray

        Raises:
            RuntimeError: Reference qureg has to be a wavefunction qureg
                but density matrix qureg was used
        """
        N = qureg.numQubitsRepresented
        state_vec = np.zeros((2**N,), dtype=complex)
        if qureg.isDensityMatrix:
            raise RuntimeError("Reference qureg has to be a wavefunction qureg but "
                               + "density matrix qureg was used")
        else:
            for index in range(2**N):
                state_vec[index] = getStateVectoratIndex()(qureg, index)
        return state_vec




[docs]class getEnvironmentString(_PYQUEST):
    r"""Set input string to a string

    Set string contains the number of qubits in qureg, and the
    hardware facilities used

    Args:
        env: object representing the execution environment
        qureg: quantum register of which to query the simulating hardware
        string: string to be populated with the output string

    """

[docs]    def call_interactive(self, env: tquestenv, qureg: tqureg, string: str) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            env: object representing the execution environment
            qureg: quantum register of which to query the simulating hardware
            string: string to be populated with the output string

        Raises:
            NotImplementedError: Function added to QuEST.h but not QuEST.c
        """
        # quest.getEnvironmentString(env, qureg, string)
        raise NotImplementedError("Function added to QuEST.h but not QuEST.c")




[docs]class calcExpecPauliSum(_PYQUEST):
    r"""Get the expectation value of a sum of products of Pauli operators

    A sum of products of Pauli operators (including Identity) is measured.
    For each qubit a Pauli operator must be given in each sum term (can be identity)

    Args:
        qureg: quantum register that is measured
        paulis: List of Lists of Pauli operators in each product
                encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
        coefficients: coefficients of the sum
        workspace: A qureg of same type and size as input qureg, is used as temporary
                   work qureg

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         paulis: Sequence[Sequence[int]],
                         coefficients: Sequence[float],
                         workspace: tqureg
                         ) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register that is measured
            paulis: List of Lists of Pauli operators in each product
                    encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
            coefficients: coefficients of the sum
            workspace: A qureg of same type and size as input qureg, is used as temporary
                    work qureg

        Returns:
            float
        """
        flat_list = [p for product in paulis for p in product]
        pointer_paulis = ffi_quest.new("enum pauliOpType[{}]".format(len(flat_list)))
        for co, p in enumerate(flat_list):
            pointer_paulis[co] = p
        pointer = ffi_quest.new("{}[{}]".format(qreal, len(coefficients)))
        for co, c in enumerate(coefficients):
            pointer[co] = c
        return quest.calcExpecPauliSum(qureg,
                                       pointer_paulis,
                                       pointer,
                                       len(coefficients),
                                       workspace
                                       )




[docs]class calcExpecPauliProd(_PYQUEST):
    r"""Get the expectation value of a product of Pauli operators

    A product of Pauli operators (including Identity) is measured.
    For each qubit in qubits a Pauli operator must be given in each sum term (can be identity)

    Args:
        qureg: quantum register that is measured
        qubits: target qubits
        paulis: List of Pauli operators in the product
                encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
        workspace: A qureg of same type and size as input qureg, is used as temporary
                   work qureg

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         qubits: Sequence[int],
                         paulis: Sequence[Sequence[int]],
                         workspace: tqureg
                         ) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register that is measured
            qubits: target qubits
            paulis: List of Pauli operators in the product
                    encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
            workspace: A qureg of same type and size as input qureg, is used as temporary
                    work qureg

        Returns:
            float

        Raises:
            RuntimeError: Need the number of qubits and pauli products to be equal
        """
        if not len(qubits) == len(paulis):
            raise RuntimeError("Need the number of qubits and pauli products to be equal")
        flat_list = [p for p in paulis]
        pointer_paulis = ffi_quest.new("enum pauliOpType[{}]".format(len(flat_list)))
        for co, p in enumerate(flat_list):
            pointer_paulis[co] = p
        pointer_q = ffi_quest.new("int[{}]".format(len(qubits)))
        for co, q in enumerate(qubits):
            pointer_q[co] = q
        return quest.calcExpecPauliProd(qureg,
                                        pointer_q,
                                        pointer_paulis,
                                        len(qubits),
                                        workspace
                                        )




[docs]class calcExpecDiagonalOp(_PYQUEST):
    r"""Computes the expected value of the diagonal operator op for state qureg

    Since op is not necessarily Hermitian, the expected value may be a complex number.

    Args:
        qureg: quantum register that is measured
        operator: operator acting on a certain number of qubits (operator[0]: int)
            and in a certain QuEST environment (operator[1]: tquestenv)

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         operator: Tuple[int, tquestenv],
                         ) -> complex:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register that is measured
            operator: operator acting on a certain number of qubits (operator[0]: int)
                and in a certain QuEST environment (operator[1]: tquestenv)

        Returns:
            float
        """
        diagonal_op = quest.createDiagonalOp(operator[0], operator[1])
        complex_return = quest.calcExpecDiagonalOp(qureg,
                                                   diagonal_op)
        return complex(complex_return.real, complex_return.imag)




[docs]class calcExpecPauliHamil(_PYQUEST):
    r"""Get the expectation value of a product of Pauli operators

    Args:
        qureg: quantum register that is measured
        pauli_hamil: a PauliHamil created with createPauliHamil()
        workspace: A qureg of same type and size as input qureg, is used as temporary
                   work qureg

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         pauli_hamil: paulihamil,
                         workspace: tqureg
                         ) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register that is measured
            pauli_hamil: a PauliHamil created with createPauliHamil()
            workspace: A qureg of same type and size as input qureg, is used as temporary
                    work qureg

        Returns:
            float

        Raises:
            RuntimeError: Qureg and PauliHamil must be defined for the same number of qubits
        """
        if not (cheat.getNumQubits()(qureg=qureg) == pauli_hamil.numQubits):
            raise RuntimeError("Qureg and PauliHamil must be defined for the "
                               + "same number of qubits")
        return quest.calcExpecPauliHamil(qureg,
                                         pauli_hamil,
                                         workspace)




[docs]class calcHilbertSchmidtDistance(_PYQUEST):
    r"""Calculate the Hilbert-Schmidt distance between two density matrix quregs

    Args:
        qureg1: first quantum register
        qureg2: first quantum register

    """

[docs]    def call_interactive(self,
                         qureg1: tqureg,
                         qureg2: tqureg
                         ) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg1: first quantum register
            qureg2: first quantum register

        Returns:
            float
        """
        return quest.calcHilbertSchmidtDistance(qureg1,
                                                qureg2
                                                )




[docs]class calcDensityInnerProduct(_PYQUEST):
    r"""Calculate the Frobenius inner matrix product between two density matrix quregs

    Args:
        qureg1: first quantum register
        qureg2: first quantum register

    """

[docs]    def call_interactive(self,
                         qureg1: tqureg,
                         qureg2: tqureg
                         ) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg1: first quantum register
            qureg2: first quantum register

        Returns:
            float

        Raises:
            RuntimeError: Qureg1 has to be a density matrix qureg but wavefunction qureg was used
            RuntimeError: Qureg2 has to be a density matrix qureg but wavefunction qureg was used
        """
        if not qureg1.isDensityMatrix:
            raise RuntimeError("Qureg1 has to be a density matrix qureg but "
                               + "wavefunction qureg was used")
        elif not qureg2.isDensityMatrix:
            raise RuntimeError("Qureg2 has to be a density matrix qureg but "
                               + "wavefunction qureg was used")

        return quest.calcDensityInnerProduct(qureg1,
                                             qureg2)




[docs]class seedQuEST(_PYQUEST):
    r"""Seed the Mersenne Twister used for random number generation with a user defined seed

    This function uses the mt19937 init_by_array function with numSeeds keys supplied by the user.
    Subsequent calls to mt19937 genrand functions will use this seeding.
    For a multi process code, the same seed is given to all process, therefore this seeding is only
    appropriate to use for functions e.g measure where all processes require the same random value.

    Args:
        seed_array: Array of integers to use as seed

    """

[docs]    def call_interactive(self, seed_array: Sequence[int]) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            seed_array: Array of integers to use as seed
        """
        quest.seedQuEST(seed_array, len(seed_array))




[docs]class seedQuESTDefault(_PYQUEST):
    r"""Seed the Mersenne Twister used for random number generation with an example default seed

    This function uses the mt19937 init_by_array function with numSeeds keys supplied by the user.
    Subsequent calls to mt19937 genrand functions will use this seeding.
    For a multi process code, the same seed is given to all process, therefore this seeding is only
    appropriate to use for functions e.g. measure where all processes require the same random value.

    """

[docs]    def call_interactive(self) -> None:
        r"""Interactive call of PyQuest-cffi"""
        quest.seedQuESTDefault()




[docs]class syncQuESTEnv(_PYQUEST):
    r"""Guarantees that all code up to the given point has been executed on all nodes

    Args:
        env: execution environment

    """

[docs]    def call_interactive(self, env: tquestenv) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            env: execution environment
        """
        quest.syncQuESTEnv(env)




[docs]class syncQuESTSuccess(_PYQUEST):
    r"""Performs a logical AND on all successCodes held by all processes.

    If any one process has a zero successCode all processes will return a zero success code.

    Args:
        success_code: 1 if process task succeeded, 0 if process task failed

    """

[docs]    def call_interactive(self, success_code: int) -> int:
        r"""Interactive call of PyQuest-cffi

        Args:
            success_code: 1 if process task succeeded, 0 if process task failed

        Returns:
            int
        """
        return quest.syncQuESTSuccess(success_code)




[docs]def basis_state_to_index(basis_state: Union[int, Sequence[int]], endianness: str = 'little') -> int:
    r"""Convert a basis state to index

    Converts a up/down representation of a basis state to the index of the basis
    depending on the Endian convention of the system

    Args:
        basis_state: a sequence of 0 and one representing the qubit basis stae
        endianness: 'big' or 'little' corresponding to the least significant bit
            being stored in the last or first element of the array respectively
            In little endianness the qubit 0 corresponds to the bit at index 0 of basis_state
            the qubit 1 to the bit at index 1 and so on.
            Note however, that when initialising basis_state = np.array([0, 1, 1, 0,...])
            the sequence of bits in the list needs to be inverted form the binary representation.
            For example 4 which will be 100 in binary
            would correspond to basis_state= np.array([0,0,1])

    Returns:
        int
    """
    b_state = np.array(basis_state)
    if endianness == 'little':
        index = np.sum(np.dot(np.array([2**k for k in range(0, len(b_state))]), b_state))
    elif endianness == 'big':
        index = np.sum(np.dot(np.array([2**k for k in range(len(b_state) - 1, -1, -1)]), b_state))

    return index



[docs]def index_to_basis_state(index: int,
                         num_qubits_represented: int,
                         endianness: str = 'little') -> List:
    r"""Converst index to basis state

    Converts an index of the basis to the  up/down representation of a basis state
    depending on the Endian convention of the system

    Args:
        index: the basis index
        num_qubits_represented: Number of qubits represented
        endianness: 'big' or 'little' corresponding to the least significant bit
            being stored in the last or first element of the array respectively
            In little endianness the qubit 0 corresponds to the bit at index 0 of basis_state
            the qubit 1 to the bit at index 1 and so on.
            Note however, that when initialising basis_state = np.array([0, 1, 1, 0,...])
            the sequence of bits in the list needs to be inverted form the binary representation.
            For example 4 which will be 100 in binary
            would correspond to basis_state= np.array([0,0,1])

    Returns:
        List: a sequence of 0 and one representing the qubit basis state

    """
    b_list = list()
    for k in range(0, num_qubits_represented):
        b_list.append((int(index) // 2**k) % 2)
    if endianness == 'little':
        basis_state = b_list
    elif endianness == 'big':
        basis_state = list(reversed(b_list))
    return basis_state





          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.ops.errors

"""Error operation in PyQuest-cffi"""
# Copyright 2019 HQS Quantum Simulations GmbH

# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at

#     http://www.apache.org/licenses/LICENSE-2.0

# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.


from pyquest_cffi.questlib import quest, _PYQUEST, tqureg, ffi_quest
import numpy as np
from typing import Tuple, Sequence, List
import warnings
from pyquest_cffi import cheat


[docs]class mixDensityMatrix(_PYQUEST):
    r"""Modifies qureg to become (1-probability)*qureg + probability*qureg_other

    Both registers must be equal-dimension density matrices, and prob must be in [0, 1].

    Args:
        qureg: quantum register to be modified
        probability: the probability of qureg_other in the modified qureg
        qureg_other: the quantum register to be mixed into qureg

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         probability: float,
                         qureg_other: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register to be modified
            probability: the probability of qureg_other in the modified qureg
            qureg_other: the quantum register to be mixed into qureg

        Raises:
            RuntimeError: Both quregs must be density matrix,
                but at least one of them is a wavefunction
            RuntimeError: Qureg and Qureg_other must be defined for the same number of qubits
        """
        if not qureg.isDensityMatrix or not qureg_other.isDensityMatrix:
            raise RuntimeError("Both quregs must be density matrix, "
                               + "but at least one of them is a wavefunction")
        elif not (cheat.getNumQubits()(qureg=qureg) == cheat.getNumQubits()(qureg=qureg_other)):
            raise RuntimeError("Qureg and Qureg_other must be defined "
                               + "for the same number of qubits")
        else:
            quest.mixDensityMatrix(qureg, probability, qureg_other)


[docs]    def Kraus_matrices(self, probability: float, **kwargs) -> Tuple[np.ndarray, np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class mixDephasing(_PYQUEST):
    r"""One qubit dephasing error

    Apply the dephasing :math:`\sigma^z` operator to a qubit q with probability p
        Can also be expressed as a Kraus operator :math:`\mathcal{K}`

    .. math::
        \rho &= (1-p) \rho + p \sigma^z_q \rho \sigma^z_q \\
        \rho &= \mathcal{K} \rho \mathcal{K} \\
        \vec{\rho} &= \mathcal{L} \vec{\rho} \\
        \mathcal{L} &= \begin{pmatrix}
            1 & 0 & 0 & 0\\
             0 & 1-2p & 0 & 0\\
             0 & 0 & 1-2p & 0 \\
            0 & 0 & 0 & 1
        \end{pmatrix}

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit: int,
                         probability: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit: The qubit dephasing
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2

        Raises:
            RuntimeError: Probability of mixDephasing needs to be smaller that 1/2
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if probability > 1 / 2:
            raise RuntimeError(
                "Probability of mixDephasing needs to be smaller that 1/2")
        if qureg.isDensityMatrix:
            quest.mixDephasing(qureg, qubit, probability)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")


[docs]    def Kraus_matrices(self, probability: float, **kwargs) -> Tuple[np.ndarray, np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        sqp = np.sqrt(probability)
        sqmp = np.sqrt(1 - probability)
        dephasing = np.array([[sqp, 0], [0, -sqp]], dtype=complex)
        residual = np.array([[sqmp, 0], [0, sqmp]], dtype=complex)
        return (residual, dephasing)


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1 - 2 * probability, 0, 0],
                           [0, 0, 1 - 2 * probability, 0],
                           [0, 0, 0, 1]], dtype=complex)
        return matrix




[docs]class mixDepolarising(_PYQUEST):
    r"""One qubit depolarisation error

    Apply the depolarisation operators :math:`\sigma^x`, :math:`\sigma^y` and :math:`\sigma^z`
    to a qubit q with an evenly distributed probability p`

    .. math::
        \rho = (1-p) \rho + \frac{p}{3} \left( \sigma^x_q \rho \sigma^x_q
                          + \sigma^y_q \rho \sigma^y_q +  \sigma^z_q \rho \sigma^z_q \right)

    Args:
        qureg: a qureg containing a density matrix
        qubit: The qubit depolarising
        probability: The probability/ relative amplitude with which the dephasing occurs,
                     probability needs to be smaller than 3/4

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit: int,
                         probability: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit: The qubit depolarising
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2

        Raises:
            RuntimeError: Probability of mixDepolarising needs to be smaller that 3/4
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if probability > 3 / 4:
            raise RuntimeError(
                "Probability of mixDepolarising needs to be smaller that 3/4")
        if qureg.isDensityMatrix:
            quest.mixDepolarising(qureg, qubit, probability)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")


[docs]    def Kraus_matrices(self,
                       probability: float,
                       **kwargs
                       ) -> Tuple[np.ndarray, np.ndarray, np.ndarray, np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        sqp = np.sqrt(probability / 3)
        sqmp = np.sqrt(1 - probability)
        residual = np.array([[sqmp, 0],
                             [0, sqmp]], dtype=complex)
        depol1 = np.array([[0, sqp],
                           [sqp, 0]], dtype=complex)
        depol2 = np.array([[0, -1j * sqp],
                           [1j * sqp, 0]], dtype=complex)
        depol3 = np.array([[sqp, 0],
                           [0, -sqp]], dtype=complex)
        return (residual, depol1, depol2, depol3)


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> np.ndarray:
        r"""The definition of the Superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        one_plus = 1 - 2 / 3 * probability
        one_minus = 1 - 4 / 3 * probability
        two_three = 2 / 3 * probability
        matrix = np.array([[one_plus, 0, 0, two_three],
                           [0, one_minus, 0, 0],
                           [0, 0, one_minus, 0],
                           [two_three, 0, 0, one_plus]], dtype=complex)
        return matrix




[docs]class mixDamping(_PYQUEST):
    r"""One qubit damping error

    Apply a pure damping error corresponding to zero temperature environments

    .. math::
        \rho &= \mathcal{K} \rho \mathcal{K}\\

    Args:
        qureg: a qureg containing a density matrix
        qubit: The damped qubit
        probability: The probability/ relative amplitude with which the dephasing occurs

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit: int,
                         probability: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit: The damped qubit
            probability: The probability/relative amplitude with which the dephasing occurs

        Raises:
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if qureg.isDensityMatrix:
            quest.mixDamping(qureg, qubit, probability)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")


[docs]    def Kraus_matrices(self, probability: float, **kwargs) -> Tuple[np.ndarray, np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        sqp = np.sqrt(probability)
        sqmp = np.sqrt(1 - probability)
        damping = np.array([[0, sqp], [0, 0]], dtype=complex)
        residual = np.array([[1, 0], [0, sqmp]], dtype=complex)
        return (residual, damping)


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> np.ndarray:
        r"""The definition of the Superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        sqmp = np.sqrt(1 - probability)
        matrix = np.zeros((16, 16), dtype=complex)
        matrix = np.array([[1, 0, 0, probability],
                           [0, sqmp, 0, 0],
                           [0, 0, sqmp, 0],
                           [0, 0, 0, 1 - probability]], dtype=complex)
        return matrix




[docs]class mixTwoQubitDepolarising(_PYQUEST):
    r"""Two qubit depolarisation error

    Apply any tensor product of two operators :math:`U` :math:`\sigma^x`, :math:`\sigma^y`
    and :math:`\sigma^z`  to two qubits q1 and q2 with an evenly distributed probability p`

    .. math::
        \rho &= (1-p) \rho + \frac{p}{15} \sum_{A, B \in \{ I, \sigma^x, \sigma^y, \sigma^z\}}
                A_{q1}B_{q2} \rho B_{q2}A_{q1} \\
        \rho &= \mathcal{K} \rho \mathcal{K}

    Args:
        qureg: a qureg containing a density matrix
        qubit1: The first qubit dephasing
        qubit2: The second qubit dephasing
        probability: The probability/ relative amplitude with which the depolarisation occurs.
            Needs to be smaller than :math:`\frac{15}{16}`

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit1: int,
                         qubit2: int,
                         probability: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit1: The first qubit dephasing
            qubit2: The second qubit dephasing
            probability: The probability/ relative amplitude with which the depolarisation occurs.
                Needs to be smaller than :math:`\frac{15}{16}`

        Raises:
            RuntimeError: Probability of twoQubitDepolariseErrors needs to be smaller that 15/16
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if probability > 15 / 16:
            raise RuntimeError(
                "Probability of twoQubitDepolariseErrors needs to be smaller that 15/16")
        if qureg.isDensityMatrix:
            quest.mixTwoQubitDepolarising(qureg, qubit1, qubit2, probability)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> None:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class mixTwoQubitDephasing(_PYQUEST):
    r"""Two qubit dephasing error

    Apply the dephasing :math:`\sigma^z` operator to two qubits q1 and q2 with probability p
        Can also be expressed as a Kraus operator :math:`\mathcal{K}`

     .. math::
        \rho &= (1-p) \rho + \frac{p}{3} \left( \sigma^z_{q1} \rho \sigma^z_{q1}
              + \sigma^z_{q2} \rho \sigma^z_{q2}
              +  \sigma^z_{q1}\sigma^z_{q2} \rho \sigma^z_{q2} \sigma^z_{q1} \right)\\
        \rho &= \mathcal{K} \rho \mathcal{K}

    Args:
        qureg: a qureg containing a density matrix
        qubit1: The first qubit dephasing
        qubit2: The second qubit dephasing
        probability: The probability/ relative amplitude with which the dephasing occurs,
                     probability needs to be smaller than 3/4

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit1: int,
                         qubit2: int,
                         probability: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit1: The first qubit dephasing
            qubit2: The second qubit dephasing
            probability: The probability/ relative amplitude with which the dephasing occurs,
                        probability needs to be smaller than 3/4

        Raises:
            RuntimeError: Probability of twoQubitDepolariseErrors needs to be smaller that 3/4
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
        """
        if probability > 3 / 4:
            raise RuntimeError(
                "Probability of twoQubitDepolariseErrors needs to be smaller that 3/4")
        if qureg.isDensityMatrix:
            quest.mixTwoQubitDephasing(qureg, qubit1, qubit2, probability)
        else:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")


[docs]    def Kraus_matrices(self,
                       probability: float,
                       **kwargs
                       ) -> Tuple[np.ndarray, np.ndarray, np.ndarray, np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        sqp = np.sqrt(probability / 3)
        sqmp = np.sqrt(1 - probability)
        residual = np.array([[sqmp, 0, 0, 0],
                             [0, sqmp, 0, 0],
                             [0, 0, sqmp, 0],
                             [0, 0, 0, sqmp]], dtype=complex)
        dephasing1 = np.array([[sqp, 0, 0, 0],
                               [0, 0, sqp, 0],
                               [0, 0, -sqp, 0],
                               [0, 0, 0, -sqp]], dtype=complex)
        dephasing2 = np.array([[sqp, 0, 0, 0],
                               [0, 0, -sqp, 0],
                               [0, 0, sqp, 0],
                               [0, 0, 0, -sqp]], dtype=complex)
        dephasing3 = np.array([[-sqp, 0, 0, 0],
                               [0, 0, sqp, 0],
                               [0, 0, sqp, 0],
                               [0, 0, 0, -sqp]], dtype=complex)
        return (residual, dephasing1, dephasing2, dephasing3)


[docs]    def superoperator_matrix(self, probability: float, **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        .. math::
            \rho = A \rho B \\
            \vec{\rho} = \mathcal{L} \vec{\rho}

        where A and B are arbitrary matrices

        Args:
            probability: The probability/ relative amplitude with which the dephasing occurs,
                probability needs to be smaller than 1/2
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()
        matrix = np.zeros((16, 16), dtype=complex)
        for ci in range(0, 16):
            matrix[ci, ci] = 1 if (ci % 4) == 1 else 1 - 2 * (probability)
        return matrix




[docs]class applyOneQubitDephaseError(mixDephasing):
    r"""One Qubit Dephasing - deprecated"""

    def __init__(self, *args, **kwargs) -> None:
        r"""Initialisation

        Args:
            *args: Arguments
            **kwargs: Additional keyword arguments
        """
        warnings.warn(
            "applyOneQubitDephaseError will be removed in future versions, use mixDephasing",
            DeprecationWarning)
        super().__init__(*args, **kwargs)



[docs]class applyOneQubitDepolariseError(mixDepolarising):
    r"""One Qubit Depolarisation - deprecated"""

    def __init__(self, *args, **kwargs) -> None:
        r"""Initialisation

        Args:
            *args: Arguments
            **kwargs: Additional keyword arguments
        """
        warnings.warn(
            "applyOneQubitDepolariseError will be removed in future versions, use mixDepolarising",
            DeprecationWarning)
        super().__init__(*args, **kwargs)



[docs]class applyOneQubitDampingError(mixDamping):
    r"""One Qubit Damping - deprecated"""

    def __init__(self, *args, **kwargs) -> None:
        r"""Initialisation

        Args:
            *args: Arguments
            **kwargs: Additional keyword arguments
        """
        warnings.warn(
            "applyOneQubitDampingError will be removed in future versions, use mixDamping",
            DeprecationWarning)
        super().__init__(*args, **kwargs)



[docs]class applyTwoQubitDephaseError(mixTwoQubitDephasing):
    r"""Two Qubit Dephasing - deprecated"""

    def __init__(self, *args, **kwargs) -> None:
        r"""Initialisation

        Args:
            *args: Arguments
            **kwargs: Additional keyword arguments
        """
        warnings.warn(
            "applyTwoQubitDephaseError will be removed in future versions,"
            + " use mixTwoQubitDephasing",
            DeprecationWarning)
        super().__init__(*args, **kwargs)



[docs]class applyTwoQubitDepolariseError(mixTwoQubitDepolarising):
    r"""Two Qubit Depolarisation - deprecated"""

    def __init__(self, *args, **kwargs) -> None:
        r"""Initialisation

        Args:
            *args: Arguments
            **kwargs: Additional keyword arguments
        """
        warnings.warn(
            "applyTwoQubitDepolariseError will be removed in future versions,"
            + " use mixTwoQubitDepolarising",
            DeprecationWarning)
        super().__init__(*args, **kwargs)



[docs]class mixMultiQubitKrausMap(_PYQUEST):
    r"""Error affecting multiple qubits

    An error acting on multiple qubtis simultaneously is defined by a set of Kraus operators

    Args:
        qureg: a qureg containing a density matrix
        qubits: The qubits the Kraus operators are acting on
        operators: The Kraus operators

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubits: Sequence[int],
                         operators: Sequence[np.ndarray],
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubits: The qubits the Kraus operators are acting on
            operators: The Kraus operators

        Raises:
            RuntimeError: Number of target qubits and dimension of Kraus operators mismatch
            RuntimeError: Not a valid Kraus map
        """
        for op in operators:
            if 2**len(qubits) != op.shape[0] or 2**len(qubits) != op.shape[1]:
                raise RuntimeError("Number of target qubits"
                                   + " and dimension of Kraus operators mismatch")
        operator_sum = np.sum([op.conjugate().T @ op for op in operators], axis=0)
        if not np.isclose(operator_sum, np.eye(operators[0].shape[0])).all():
            raise RuntimeError("Not a valid Kraus map")
        operator_pointers = ffi_quest.new("ComplexMatrixN[{}]".format(len(operators)))
        for co, op in enumerate(operators):
            operator_pointers[co] = quest.createComplexMatrixN(qureg.numQubitsRepresented)
            for i in range(op.shape[0]):
                for j in range(op.shape[0]):
                    operator_pointers[co].real[i][j] = np.real(op[i, j])
                    operator_pointers[co].imag[i][j] = np.imag(op[i, j])
        pointer_q = ffi_quest.new("int[{}]".format(len(qubits)))
        for co, qubit in enumerate(qubits):
            pointer_q[co] = qubit
        quest.mixMultiQubitKrausMap(
            qureg,
            pointer_q,
            len(qubits),
            operator_pointers,
            len(operators))
        for p in operator_pointers:
            quest.destroyComplexMatrixN(p)


[docs]    def Kraus_matrices(self, operators: Sequence[np.ndarray], **kwargs) -> Sequence[np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        return operators


[docs]    def superoperator_matrix(self, operators: Sequence[np.ndarray], **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.zeros((2 * operators[0].shape[0], 2 * operators[0].shape[0]), dtype=complex)
        for op in operators:
            matrix += np.kron(op, op.conjugate().T)
        return matrix




[docs]class mixTwoQubitKrausMap(_PYQUEST):
    r"""Error affecting two qubits

    An error acting on two qubtis simultaneously is defined by a set of Kraus operators

    Args:
        qureg: a qureg containing a density matrix
        target_qubit_1: The least significant qubit the Kraus operators are acting on
        target_qubit_2: The most significant qubit the Kraus operators are acting on
        operators: The Kraus operators

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         target_qubit_1: Sequence[int],
                         target_qubit_2: Sequence[int],
                         operators: Sequence[np.ndarray],
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            target_qubit_1: The least significant qubit the Kraus operators are acting on
            target_qubit_2: The most significant qubit the Kraus operators are acting on
            operators: The Kraus operators

        Raises:
            RuntimeError: Number of target qubits and dimension of Kraus operators mismatch
            RuntimeError: Not a valid Kraus map
        """
        for op in operators:
            if op.shape[0] != 4 or op.shape[1] != 4:
                raise RuntimeError("Number of target qubits"
                                   + " and dimension of Kraus operators mismatch")
        operator_sum = np.sum([op.conjugate().T @ op for op in operators], axis=0)
        if not np.isclose(operator_sum, np.eye(4)).all():
            raise RuntimeError("Not a valid Kraus map")
        operator_pointers = ffi_quest.new("ComplexMatrix4[{}]".format(len(operators)))
        for co, op in enumerate(operators):
            for i in range(4):
                for j in range(4):
                    operator_pointers[co].real[i][j] = np.real(op[i, j])
                    operator_pointers[co].imag[i][j] = np.imag(op[i, j])
        quest.mixTwoQubitKrausMap(
            qureg,
            target_qubit_1,
            target_qubit_2,
            operator_pointers,
            len(operators))


[docs]    def Kraus_matrices(self, operators: Sequence[np.ndarray], **kwargs) -> Sequence[np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        return operators


[docs]    def superoperator_matrix(self, operators: Sequence[np.ndarray], **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.zeros((2 * operators[0].shape[0], 2 * operators[0].shape[0]), dtype=complex)
        for op in operators:
            matrix += np.kron(op, op.conjugate().T)
        return matrix




[docs]class mixKrausMap(_PYQUEST):
    r"""General error affecting one qubit

    An error acting on one qubit is defined by a set of Kraus operators

    Args:
        qureg: a qureg containing a density matrix
        qubit: The qubit the Kraus operators are acting on
        operators: The Kraus operators

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit: int,
                         operators: Sequence[np.ndarray],
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit: The qubit the Kraus operators are acting on
            operators: The Kraus operators

        Raises:
            RuntimeError: Qureg has to be a density matrix qureg but wavefunction qureg was used
            RuntimeError: Target qubit is not in the Qureg
            RuntimeError: Too many operators given, must be in [1, 4]
            RuntimeError: Number of target qubits and dimension of Kraus operators mismatch
            RecursionError: Not a valid Kraus map
        """
        if not qureg.isDensityMatrix:
            raise RuntimeError("Qureg has to be a density matrix qureg but "
                               + "wavefunction qureg was used")
        if qubit not in list(range(qureg.numQubitsRepresented)):
            raise RuntimeError("Target qubit is not in the Qureg")
        if len(operators) < 1 or len(operators) > 4:
            raise RuntimeError("Too many operators given, must be in [1, 4]")
        for op in operators:
            if op.shape[0] != 2 or op.shape[1] != 2:
                raise RuntimeError("Number of target qubits"
                                   + " and dimension of Kraus operators mismatch")

        operator_sum = np.sum([op.conjugate().T @ op for op in operators], axis=0)
        if not np.isclose(operator_sum, np.eye(2)).all():
            raise RecursionError("Not a valid Kraus map")
        operator_pointers = ffi_quest.new("ComplexMatrix2[{}]".format(len(operators)))
        for co, op in enumerate(operators):
            for i in range(2):
                for j in range(2):
                    operator_pointers[co].real[i][j] = float(np.real(op[i][j]))
                    operator_pointers[co].imag[i][j] = float(np.imag(op[i][j]))

        quest.mixKrausMap(
            qureg,
            qubit,
            operator_pointers,
            len(operators))


[docs]    def Kraus_matrices(self, operators: Sequence[np.ndarray], **kwargs) -> Sequence[np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        return operators


[docs]    def superoperator_matrix(self, operators: Sequence[np.ndarray], **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        Args:
            operators: The Kraus operators
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.zeros((2 * operators[0].shape[0], 2 * operators[0].shape[0]), dtype=complex)
        for op in operators:
            matrix += np.kron(op, op.conjugate().T)
        return matrix




[docs]class mixPauli(_PYQUEST):
    r"""Error on qubit defined by three Pauli operator weights

    Args:
        qureg: a qureg containing a density matrix
        qubit: The qubit the Pauli operators are acting on
        probX: The probability that Pauli X is acting on qubit as Kraus operator
        probY: The probability that Pauli Y is acting on qubit as Kraus operator
        probZ: The probability that Pauli Z is acting on qubit as Kraus operator

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         qubit: int,
                         probX: float,
                         probY: float,
                         probZ: float,
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: a qureg containing a density matrix
            qubit: The qubit the Pauli operators are acting on
            probX: The probability that Pauli X is acting on qubit as Kraus operator
            probY: The probability that Pauli Y is acting on qubit as Kraus operator
            probZ: The probability that Pauli Z is acting on qubit as Kraus operator
        """
        quest.mixPauli(
            qureg,
            qubit,
            probX,
            probY,
            probZ)


[docs]    def Kraus_matrices(self,
                       probX: float,
                       probY: float,
                       probZ: float,
                       **kwargs) -> List[np.ndarray]:
        r"""The definition of the Kraus Operator as a matrix

        Args:
            probX: The probability that Pauli X is acting on qubit as Kraus operator
            probY: The probability that Pauli Y is acting on qubit as Kraus operator
            probZ: The probability that Pauli Z is acting on qubit as Kraus operator
            **kwargs: Additional keyword arguments

        Returns:
            Tuple[np.ndarray]
        """
        operators = [None, None, None]
        operators[0] = probX * np.array([[0, 1], [1, 0]], dtype=complex)
        operators[1] = probY * np.array([[0, -1j], [1j, 0]], dtype=complex)
        operators[2] = probZ * np.array([[1, 0], [0, -1]], dtype=complex)
        return operators


[docs]    def superoperator_matrix(self,
                             probX: float,
                             probY: float,
                             probZ: float,
                             **kwargs) -> np.ndarray:
        r"""The definition of the superoperator acting on the density matrix written as a vector

        Args:
            probX: The probability that Pauli X is acting on qubit as Kraus operator
            probY: The probability that Pauli Y is acting on qubit as Kraus operator
            probZ: The probability that Pauli Z is acting on qubit as Kraus operator
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        operators = self.Kraus_matrices(probX, probY, probZ)
        matrix = np.zeros((2 * operators[0].shape[0], 2 * operators[0].shape[0]), dtype=complex)
        for op in operators:
            matrix += np.kron(op, op.conjugate().T)
        return matrix






          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.ops.ops

"""Python classes for Quest functions"""
# Copyright 2019 HQS Quantum Simulations GmbH
#
# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.

from pyquest_cffi.questlib import (
    quest, _PYQUEST, ffi_quest, qreal, tqureg, tquestenv, paulihamil
)
import numpy as np
from typing import Sequence, Optional, Tuple
from pyquest_cffi import cheat


[docs]class hadamard(_PYQUEST):
    r"""Implements Hadamard gate

    .. math::
        U = \frac{1}{\sqrt{2}} \begin{pmatrix}
        1 & 1\\
        1 & -1
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.hadamard(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = 1 / np.sqrt(2) * np.array([[1, 1], [1, -1]], dtype=complex)
        return matrix




[docs]class pauliX(_PYQUEST):
    r"""Implements Pauli X gate

    .. math::
        U =  \begin{pmatrix}
        0 & 1\\
        1 & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.pauliX(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[0, 1], [1, 0]], dtype=complex)
        return matrix




[docs]class pauliY(_PYQUEST):
    r"""Implements Pauli Y gate

    .. math::
        U =  \begin{pmatrix}
        0 & -i\\
        i & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.pauliY(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[0, -1j], [1j, 0]], dtype=complex)
        return matrix




[docs]class pauliZ(_PYQUEST):
    r"""Implements Pauli Z gate

    .. math::
        U =  \begin{pmatrix}
        1 & 0\\
        0 & -1
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.pauliZ(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0], [0, -1]], dtype=complex)
        return matrix




[docs]class sGate(_PYQUEST):
    r"""Implements S gate

    .. math::
        U =  \begin{pmatrix}
        1 & 0\\
        0 & i
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.sGate(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0], [0, 1j]], dtype=complex)
        return matrix




[docs]class tGate(_PYQUEST):
    r"""Implements T gate

    .. math::
        U =  \begin{pmatrix}
        1 & 0\\
        0 & e^{i \frac{\pi}{4}}
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
        """
        quest.tGate(qureg, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0], [0, np.exp(1j * np.pi / 4)]], dtype=complex)
        return matrix




[docs]class compactUnitary(_PYQUEST):
    r"""Implements general unitary gate U in compact notation

    .. math::
        U = \begin{pmatrix}
        \alpha & -\beta^{*}\\
        \beta & \alpha^{*}
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        alpha: complex parameter :math:`\alpha` of the unitary matrix
        beta: complex parameter :math:`\beta` of the unitary matrix

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, alpha: complex, beta: complex) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            alpha: complex parameter :math:`\alpha` of the unitary matrix
            beta: complex parameter :math:`\beta` of the unitary matrix

        Raises:
            RuntimeError: compactUnitary needs parameters |alpha|**2+|beta|**2 == 1
        """
        if not np.isclose(np.abs(alpha)**2 + np.abs(beta)**2, 1):
            raise RuntimeError("compactUnitary needs parameters |alpha|**2+|beta|**2 == 1")
        else:
            calpha = ffi_quest.new("Complex *")
            calpha.real = np.real(alpha)
            calpha.imag = np.imag(alpha)
            cbeta = ffi_quest.new("Complex *")
            cbeta.real = np.real(beta)
            cbeta.imag = np.imag(beta)
            quest.compactUnitary(qureg, qubit, calpha[0], cbeta[0])


[docs]    def matrix(self, alpha: complex, beta: complex, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            alpha: complex parameter :math:`\alpha` of the unitary matrix
            beta: complex parameter :math:`\beta` of the unitary matrix
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[alpha, -np.conj(beta)], [beta, np.conj(alpha)]], dtype=complex)
        return matrix




[docs]class phaseShift(_PYQUEST):
    r"""Implements pure :math:`\left|1 \right\rangle` phase shift gate

    .. math::
        U = \begin{pmatrix}
        1 & 0\\
        0 & e^{i \theta}
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the ro

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the ro
        """
        if not (0 <= theta and theta <= 2 * np.pi):
            theta = np.mod(theta, 2 * np.pi)
        quest.phaseShift(qureg, qubit, theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the ro
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0], [0, np.exp(1j * theta)]], dtype=complex)
        return matrix




[docs]class rotateAroundAxis(_PYQUEST):
    r"""Implements rotation around arbitraty axis on Bloch sphere

    .. math::
        U = \begin{pmatrix}
             \cos(\frac{\theta}{2}) & 0\\
         0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            -i \sin(\frac{\theta}{2}) v_z  &  \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right) \\
         \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation
        vector: Direction of the rotation axis, unit-vector

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float, vector: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
            vector: Direction of the rotation axis, unit-vector

        Raises:
            RuntimeError: vector needs to be a three component numpy array and unit-vector
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        if not (vector.shape == (3,) and np.isclose(np.linalg.norm(vector), 1)):
            raise RuntimeError("vector needs to be a three component numpy array and unit-vector")
        else:
            vec = ffi_quest.new("Vector *")
            vec.x = vector[0]
            vec.y = vector[1]
            vec.z = vector[2]
            quest.rotateAroundAxis(qureg,
                                   qubit,
                                   theta,
                                   vec[0])


[docs]    def matrix(self, theta: float, vector: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the rotation
            vector: Direction of the rotation axis, unit-vector
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        vx = vector[0]
        vy = vector[1]
        vz = vector[2]
        matrix = np.array([[c - 1j * s * vz, s * (-1j * vx - vy)],
                           [s * (-1j * vx + vy), c + 1j * s * vz]], dtype=complex)
        return matrix




[docs]class rotateAroundSphericalAxis(_PYQUEST):
    r"""Implements rotation around an axis given in spherical coordinates

    .. math::
        U &= \begin{pmatrix}
             \cos(\frac{\theta}{2}) & 0\\
         0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            -i \sin(\frac{\theta}{2}) v_z  &  \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right) \\
         \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
        \end{pmatrix}\\
        v_x &= \sin(\theta_{sph}) \cos(\phi_{sph})\\
        v_y &= \sin(\theta_{sph}) \sin(\phi_{sph})\\
        v_z &= \cos(\theta_{sph})

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation
        spherical_theta: Rotation axis, unit-vector spherical coordinates theta
        spherical_phi: Rotation axis, unit-vector spherical coordinates phi

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float,
                         spherical_theta: float, spherical_phi: float,) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
            spherical_theta: Rotation axis, unit-vector spherical coordinates theta
            spherical_phi: Rotation axis, unit-vector spherical coordinates phi
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)

        vec = ffi_quest.new("Vector *")
        vec.x = np.sin(spherical_theta) * np.cos(spherical_phi)
        vec.y = np.sin(spherical_theta) * np.sin(spherical_phi)
        vec.z = np.cos(spherical_theta)
        quest.rotateAroundAxis(qureg,
                               qubit,
                               theta,
                               vec[0])


[docs]    def matrix(self, theta: float, vector: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the rotation
            vector: Direction of the rotation axis, unit-vector
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        vx = vector[0]
        vy = vector[1]
        vz = vector[2]
        matrix = np.array([[c - 1j * s * vz, s * (-1j * vx - vy)],
                           [s * (-1j * vx + vy), c + 1j * s * vz]], dtype=complex)
        return matrix




[docs]class rotateX(_PYQUEST):
    r"""Implements :math:`e^{-i \frac{\theta}{2} \sigma^x}` XPower gate

    .. math::
        U = \begin{pmatrix}
        \cos(\frac{\theta}{2}) & 0\\
         0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
        0  &  -i \sin(\frac{\theta}{2})   \\
         -i \sin(\frac{\theta}{2})  & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.rotateX(qureg,
                      qubit,
                      theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[c, -1j * s], [-1j * s, c]], dtype=complex)
        return matrix




[docs]class rotateY(_PYQUEST):
    r"""Implements :math:`e^{-i \frac{\theta}{2} \sigma^y}` XPower gate

    .. math::
        U = \begin{pmatrix}
             \cos(\frac{\theta}{2}) & 0\\
         0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            0  &  - \sin(\frac{\theta}{2})   \\
          \sin(\frac{\theta}{2})  & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.rotateY(qureg,
                      qubit,
                      theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[c, -s], [s, c]], dtype=complex)
        return matrix




[docs]class rotateZ(_PYQUEST):
    r"""Implements :math:`e^{-i \frac{\theta}{2} \sigma^z}` XPower gate

    .. math::
        U = \begin{pmatrix}
             \cos(\frac{\theta}{2}) & 0\\
         0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
             - i \sin(\frac{\theta}{2}) & 0   \\
        0 &  i \sin(\frac{\theta}{2})
        \end{pmatrix}

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.rotateZ(qureg,
                      qubit,
                      theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle theta of the rotation, in interval 0 to 2 :math:`2 \pi`
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[c - 1j * s, 0], [0, c + 1j * s]], dtype=complex)
        return matrix




[docs]class unitary(_PYQUEST):
    r"""Implements an arbitraty one-qubit gate given by a unitary matrix

    Args:
        qureg: quantum register
        qubit: qubit the unitary gate is applied to
        matrix: Unitary matrix of the one qubit gate

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            matrix: Unitary matrix of the one qubit gate

        Raises:
            RuntimeError: matrix needs to be a (2, 2) unitary numpy array
        """
        if not (matrix.shape == (2, 2) and np.all(np.isclose(matrix.conj().T @ matrix, np.eye(2)))):
            raise RuntimeError("matrix needs to be a (2, 2) unitary numpy array")
        else:
            mat = ffi_quest.new("ComplexMatrix2 *")
            for i in range(2):
                for j in range(2):
                    mat.real[i][j] = np.real(matrix[i, j])
                    mat.imag[i][j] = np.imag(matrix[i, j])
            quest.unitary(qureg,
                          qubit,
                          mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: Unitary matrix of the one qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




# Controlled and other Two-Qubit Operations


[docs]class twoQubitUnitary(_PYQUEST):
    r"""General two qubit unitary gate

    Implements a general two-qubit gate defined by a matrix
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        target_qubit_1: least significant qubit
        target_qubit_2: most sifnificant qubit
        matrix: 4 by 4 matrix that defines the two qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         target_qubit_1: int,
                         target_qubit_2: int,
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            target_qubit_1: least significant qubit
            target_qubit_2: most sifnificant qubit
            matrix: 4 by 4 matrix that defines the two qubit gate
        """
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.twoQubitUnitary(qureg,
                              target_qubit_1,
                              target_qubit_2,
                              mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class controlledTwoQubitUnitary(_PYQUEST):
    r"""Controlled two qubit unitary gate

    Implements a general two-qubit gate defined by a matrix controlled by a third qubit
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        control: controll qubit
        target_qubit_1: least significant qubit
        target_qubit_2: most sifnificant qubit
        matrix: 4 by 4 matrix that defines the two qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg, control: int,
                         target_qubit_1: int,
                         target_qubit_2: int,
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: controll qubit
            target_qubit_1: least significant qubit
            target_qubit_2: most sifnificant qubit
            matrix: 4 by 4 matrix that defines the two qubit gate
        """
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat[0].real[i][j] = np.real(matrix[i, j])
                mat[0].imag[i][j] = np.imag(matrix[i, j])
        quest.controlledTwoQubitUnitary(qureg,
                                        control,
                                        target_qubit_1,
                                        target_qubit_2,
                                        mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|xy> |1xy> -> |1> U |xy>

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        dim = matrix.shape[0]
        return np.block([[np.eye(dim), np.zeros((dim, dim))],
                         [np.zeros((dim, dim)), matrix]])




[docs]class controlledCompactUnitary(_PYQUEST):
    r"""Implements a controlled general unitary gate U in compact notation

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & \alpha & -\beta^{*}\\
        0 & 0 & \beta & \alpha^{*}
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        alpha: complex parameter :math:`\alpha` of the unitary matrix
        beta: complex parameter :math:`\beta` of the unitary matrix

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         control: int,
                         qubit: int,
                         alpha: complex,
                         beta: complex) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            alpha: complex parameter :math:`\alpha` of the unitary matrix
            beta: complex parameter :math:`\beta` of the unitary matrix

        Raises:
            RuntimeError: compactUnitary needs parameters |alpha|**2+|beta|**2 == 1
        """
        if not np.isclose(np.abs(alpha)**2 + np.abs(beta)**2, 1):
            raise RuntimeError("compactUnitary needs parameters |alpha|**2+|beta|**2 == 1")
        else:
            calpha = ffi_quest.new("Complex *")
            calpha.real = np.real(alpha)
            calpha.imag = np.imag(alpha)
            cbeta = ffi_quest.new("Complex *")
            cbeta.real = np.real(beta)
            cbeta.imag = np.imag(beta)
            quest.controlledCompactUnitary(qureg, control, qubit, calpha[0], cbeta[0])


[docs]    def matrix(self, alpha: complex, beta: complex, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            alpha: complex parameter :math:`\alpha` of the unitary matrix
            beta: complex parameter :math:`\beta` of the unitary matrix
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, alpha, -np.conj(beta)],
                           [0, 0, beta, np.conj(alpha)]], dtype=complex)
        return matrix




[docs]class controlledNot(_PYQUEST):
    r"""Implements a controlled NOT gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & 0 & 1\\
        0 & 0 & 1 & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        quest.controlledNot(qureg, control, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0x> -> |0>|x> |1x> -> |1> NOT |x>

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, 0, 1],
                           [0, 0, 1, 0]], dtype=complex)
        return matrix




[docs]class controlledPauliY(_PYQUEST):
    r"""Implements a controlled PauliY gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & 0 & -i\\
        0 & 0 & i & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        quest.controlledPauliY(qureg, control, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, 0, -1j],
                           [0, 0, 1j, 0]], dtype=complex)
        return matrix




[docs]class controlledPhaseFlip(_PYQUEST):
    r"""Implements a controlled phase flip gate also known as controlled Z gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & 1 & 0\\
        0 & 0 & 0 & -1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        quest.controlledPhaseFlip(qureg, control, qubit)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, 1, 0],
                           [0, 0, 0, -1]], dtype=complex)
        return matrix




[docs]class swapGate(_PYQUEST):
    r"""Implements a SWAP gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 0 & 1 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & 0 & 1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        quest.swapGate(qureg,
                       control,
                       qubit,
                       )


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 0, 1, 0],
                           [0, 1, 0, 0],
                           [0, 0, 0, 1]], dtype=complex)
        return matrix




[docs]class sqrtSwapGate(_PYQUEST):
    r"""Implements a square root SWAP gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & \frac{1}{2}(1+i) & \frac{1}{2}(1-i) & 0\\
        0 & \frac{1}{2}(1-i) & \frac{1}{2}(1+i) & 0\\
        0 & 0 & 0 & 1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        quest.sqrtSwapGate(qureg,
                           control,
                           qubit,
                           )


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, (1 + 1j) / 2, (1 - 1j) / 2, 0],
                           [0, (1 - 1j) / 2, (1 + 1j) / 2, 0],
                           [0, 0, 0, 1]], dtype=complex)
        return matrix




[docs]class sqrtISwap(_PYQUEST):
    r"""Implements a square root ISwap gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & \frac{1}{\sqrt{2}} & \frac{i}{\sqrt{2}} & 0\\
        0 & \frac{i}{\sqrt{2}} & \frac{1}{\sqrt{2}} & 0\\
        0 & 0 & 0 & 1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        matrix = self.matrix()
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.twoQubitUnitary(qureg,
                              control,
                              qubit,
                              mat[0])


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1 / np.sqrt(2), 1j / np.sqrt(2), 0],
                           [0, 1j / np.sqrt(2), 1 / np.sqrt(2), 0],
                           [0, 0, 0, 1]], dtype=complex)
        return matrix




[docs]class invSqrtISwap(_PYQUEST):
    r"""Implements inverse square root ISwap gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & \frac{1}{\sqrt{2}} & \frac{-i}{\sqrt{2}} & 0\\
        0 & \frac{-i}{\sqrt{2}} & \frac{1}{\sqrt{2}} & 0\\
        0 & 0 & 0 & 1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        matrix = self.matrix()
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.twoQubitUnitary(qureg,
                              control,
                              qubit,
                              mat[0])


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1 / np.sqrt(2), -1j / np.sqrt(2), 0],
                           [0, -1j / np.sqrt(2), 1 / np.sqrt(2), 0],
                           [0, 0, 0, 1]], dtype=complex)
        return matrix




[docs]class controlledPhaseShift(_PYQUEST):
    r"""Implements a controlled phase flip shift also known as controlled Z power gate

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & 1 & 0\\
        0 & 0 & 0 & e^{i\theta}
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        theta: The angle of the controlled Z-rotation

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            theta: The angle of the controlled Z-rotation
        """
        if not (0 <= theta and theta <= 2 * np.pi):
            theta = np.mod(theta, 2 * np.pi)
        quest.controlledPhaseShift(qureg, control, qubit, theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            theta: The angle of the controlled Z-rotation
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, 1, 0],
                           [0, 0, 0, np.exp(1j * theta)]], dtype=complex)
        return matrix




[docs]class controlledRotateAroundAxis(_PYQUEST):
    r"""Rotation around a general axis.

    Implements a controlled rotation around a vector :math:`\vec{v}`
    :math:`e^{-i \frac{\theta}{2} \vec{v} \vec{\sigma}}`

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & \cos(\frac{\theta}{2}) & 0\\
        0 & 0 & 0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            0 & 0 & 0 & 0\\
        0 & 0 & 0 & 0\\
        0 & 0 & -i \sin(\frac{\theta}{2}) v_z & \sin(\frac{\theta}{2}) \left(-i v_x - v_y \right)\\
        0 & 0 & \sin(\frac{\theta}{2}) \left(-i v_x + v_y \right) & i \sin(\frac{\theta}{2}) v_z)
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation
        vector: Direction of the rotation axis, unit-vector

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         control: int,
                         qubit: int,
                         theta: float,
                         vector: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
            vector: Direction of the rotation axis, unit-vector

        Raises:
            RuntimeError: vector needs to be a three component numpy array and unit-vector
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        if not (vector.shape == (3,) and np.isclose(np.linalg.norm(vector), 1)):
            raise RuntimeError("vector needs to be a three component numpy array and unit-vector")
        else:
            vec = ffi_quest.new("Vector *")
            vec.x = vector[0]
            vec.y = vector[1]
            vec.z = vector[2]
            quest.controlledRotateAroundAxis(qureg, control,
                                             qubit,
                                             theta,
                                             vec[0])


[docs]    def matrix(self, theta: float, vector: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            theta: Angle theta of the rotation
            vector: Direction of the rotation axis, unit-vector
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        vx = vector[0]
        vy = vector[1]
        vz = vector[2]
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, c - 1j * s * vz, s * (-1j * vx - vy)],
                           [0, 0, s * (-1j * vx + vy), c + 1j * s * vz]], dtype=complex)
        return matrix




[docs]class controlledRotateX(_PYQUEST):
    r"""Implements a controlled rotation around the X axis

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & \cos(\frac{\theta}{2}) & 0\\
        0 & 0 & 0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            0 & 0 & 0 & 0\\
        0 & 0 & 0 & 0\\
        0 & 0 & 0  &   -i \sin(\frac{\theta}{2}) \\
        0 & 0 & -i \sin(\frac{\theta}{2})    & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.controlledRotateX(qureg, control,
                                qubit,
                                theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            theta: Angle theta of the rotation
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, c, -1j * s],
                           [0, 0, -1j * s, c]], dtype=complex)
        return matrix




[docs]class controlledRotateY(_PYQUEST):
    r"""Implements a controlled rotation around the Y axis `

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & \cos(\frac{\theta}{2}) & 0\\
        0 & 0 & 0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            0 & 0 & 0 & 0\\
        0 & 0 & 0 & 0\\
        0 & 0 & 0  &   - \sin(\frac{\theta}{2}) \\
        0 & 0 &  \sin(\frac{\theta}{2})    & 0
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.controlledRotateY(qureg, control,
                                qubit,
                                theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            theta: Angle theta of the rotation
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, c, -s],
                           [0, 0, s, c]], dtype=complex)
        return matrix




[docs]class controlledRotateZ(_PYQUEST):
    r"""Implements a controlled rotation around the Y axis `

    .. math::
        U = \begin{pmatrix}
            1 & 0 & 0 & 0\\
        0 & 1 & 0 & 0\\
        0 & 0 & \cos(\frac{\theta}{2}) & 0\\
        0 & 0 & 0 & \cos(\frac{\theta}{2})
        \end{pmatrix}
        + \begin{pmatrix}
            0 & 0 & 0 & 0\\
        0 & 0 & 0 & 0\\
        0 & 0 &    - i \sin(\frac{\theta}{2}) & 0 \\
        0 & 0 & 0 & i \sin(\frac{\theta}{2})
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to
        theta: Angle theta of the rotation

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int, theta: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
            theta: Angle theta of the rotation
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)
        quest.controlledRotateZ(qureg, control,
                                qubit,
                                theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            theta: Angle theta of the rotation
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        c = np.cos(theta / 2)
        s = np.sin(theta / 2)
        matrix = np.array([[1, 0, 0, 0],
                           [0, 1, 0, 0],
                           [0, 0, c - 1j * s, 0],
                           [0, 0, 0, c + 1j * s]], dtype=complex)
        return matrix




[docs]class controlledUnitary(_PYQUEST):
    r"""Implements a controlled arbitraty one-qubit gate given by a unitary matrix

    Args:
        qureg: quantum register
        control: qubit that controls the unitary
        qubit: qubit the unitary gate is applied to
        matrix: Unitary matrix of the one qubit gate

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int, matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the unitary
            qubit: qubit the unitary gate is applied to
            matrix: Unitary matrix of the one qubit gate

        Raises:
            RuntimeError: vector needs to be a (2, 2) unitary numpy array
        """
        if not (matrix.shape == (2, 2) and np.all(np.isclose(matrix.conj().T @ matrix, np.eye(2)))):
            raise RuntimeError("vector needs to be a (2, 2) unitary numpy array")
        else:
            mat = ffi_quest.new("ComplexMatrix2 *")
            for i in range(2):
                for j in range(2):
                    mat.real[i][j] = np.real(matrix[i, j])
                    mat.imag[i][j] = np.imag(matrix[i, j])
            quest.controlledUnitary(qureg, control,
                                    qubit,
                                    mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|x> |1x> -> |1> U |x>

        Args:
            matrix: Unitary matrix of the one qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        mat = np.array([[1, 0, 0, 0],
                        [0, 1, 0, 0],
                        [0, 0, matrix[0, 0], matrix[0, 1]],
                        [0, 0, matrix[1, 0], matrix[1, 1]]], dtype=complex)
        return mat




# Multi-controlled and mutli-qubit Operations


[docs]class multiControlledTwoQubitUnitary(_PYQUEST):
    r"""Two qubit unitary gate controlled by multiple qubits

    Implements a general two-qubit gate defined by a matrix controlled by multipe qubits
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        control: controll qubit
        target_qubit_1: least significant qubit
        target_qubit_2: most sifnificant qubit
        matrix: 4 by 4 matrix that defines the two qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         controls: Sequence[int],
                         target_qubit_1: int,
                         target_qubit_2: int,
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: control qubits
            target_qubit_1: least significant qubit
            target_qubit_2: most sifnificant qubit
            matrix: 4 by 4 matrix that defines the two qubit gate
        """
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer = ffi_quest.new("int[{}]".format(len(controls)))
        number_controls = len(controls)
        for co, control in enumerate(controls):
            pointer[co] = control
        quest.multiControlledTwoQubitUnitary(qureg,
                                             pointer,
                                             number_controls,
                                             target_qubit_1,
                                             target_qubit_2,
                                             mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class multiControlledPhaseFlip(_PYQUEST):
    r"""Phase Flip controlled by multipe qubits

    Implements a multi controlled phase flip gate also known as controlled Z gate.
    If all qubits in the controls are :math:`\left|1\right\rangle` the sign is flipped.
    No change occurs otherwise

    Args:
        qureg: quantum register
        controls: qubits that control the application of the unitary
        number_controls: number of the control qubits

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         controls: Sequence[int],
                         number_controls: Optional[int] = None) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: qubits that control the application of the unitary
            number_controls: number of the control qubits
        """
        pointer = ffi_quest.new("int[{}]".format(len(controls)))
        if number_controls is None:
            number_controls = len(controls)
        for co, control in enumerate(controls):
            pointer[co] = control
        quest.multiControlledPhaseFlip(qureg, pointer, number_controls)


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError




[docs]class multiControlledPhaseShift(_PYQUEST):
    r"""Phase Shift controlled by multiple qubits

    Implements a multi controlled phase flip gate also known as controlled Z power gate.
    If all qubits in the controls are :math:`\left|1\right\rangle` the phase is shifter by theta.
    No change occurs otherwise

    Args:
        qureg: quantum register
        controls: qubits that control the application of the unitary
        number_controls: number of the control qubits
        theta: Angle of the rotation around Z-axis

    """

[docs]    def call_interactive(self, qureg: tqureg, controls: Sequence[int],
                         number_controls: Optional[int] = None, theta: float = 0) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: qubits that control the application of the unitary
            number_controls: number of the control qubits
            theta: Angle of the rotation around Z-axis
        """
        if not (0 <= theta and theta <= 4 * np.pi):
            theta = np.mod(theta, 4 * np.pi)

        pointer = ffi_quest.new("int[{}]".format(len(controls)))
        for co, control in enumerate(controls):
            pointer[co] = control
        if number_controls is None:
            number_controls = len(controls)
        quest.multiControlledPhaseShift(qureg, pointer, number_controls, theta)


[docs]    def matrix(self, theta: float, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            theta: Angle of the rotation around Z-axis
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError




[docs]class multiControlledUnitary(_PYQUEST):
    r"""Generic unitary gate controlled by multiple qubits

    Implements a multi-controlled arbitraty one-qubit gate given by a unitary matrix

    Args:
        qureg: quantum register
        controls: qubits that control the application of the unitary
        qubit: qubit the unitary gate is applied to
        matrix: Unitary matrix of the one qubit gate

    """

[docs]    def call_interactive(self, qureg: tqureg,
                         controls: Sequence[int],
                         qubit: int, matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: qubits that control the application of the unitary
            qubit: qubit the unitary gate is applied to
            matrix: Unitary matrix of the one qubit gate

        Raises:
            RuntimeError: vector needs to be a (2, 2) unitary numpy array
        """
        if not (matrix.shape == (2, 2) and np.all(np.isclose(matrix.conj().T @ matrix, np.eye(2)))):
            raise RuntimeError("vector needs to be a (2, 2) unitary numpy array")
        else:
            mat = ffi_quest.new("ComplexMatrix2 *")
            for i in range(2):
                for j in range(2):
                    mat.real[i][j] = np.real(matrix[i, j])
                    mat.imag[i][j] = np.imag(matrix[i, j])
            pointer = ffi_quest.new("int[{}]".format(len(controls)))
            for co, control in enumerate(controls):
                pointer[co] = control
            number_controls = len(controls)
            quest.multiControlledUnitary(qureg, pointer,
                                         number_controls,
                                         qubit,
                                         mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: Unitary matrix of the one qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError




[docs]class controlledMultiQubitUnitary(_PYQUEST):
    r"""Controlled general unitary gate acting on N qubits

    Implements a general N-qubit gate defined by a matrix and controlled by a third qubit
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        control: controll qubit
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg, control: int,
                         targets: Sequence[int],
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: controll qubit
            targets: list of target qubits of the N qubit gate
                    the first qubit in targets is treated as the least significant one
                    the second as the second least significant one etc.
            matrix: N by N matrix that defines the N qubit gate

        Raises:
            RuntimeError: Shape of matrix and length of targets are different
        """
        if 2**len(targets) != matrix.shape[0] or 2**len(targets) != matrix.shape[1]:
            raise RuntimeError("Shape of matrix and length of targets are different")
        dim = matrix.shape[0]
        mat = quest.createComplexMatrixN(len(targets))
        for i in range(dim):
            for j in range(dim):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer = ffi_quest.new("int[{}]".format(len(targets)))
        for co, target in enumerate(targets):
            pointer[co] = target
        quest.controlledMultiQubitUnitary(qureg,
                                          control,
                                          pointer,
                                          len(targets),
                                          mat)
        quest.destroyComplexMatrixN(mat)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        The control qubit is always assumed to be the most relevant
        qubit |0xy> -> |0>|xy> |1xy> -> |1> U |xy>

        Args:
            matrix: N by N matrix that defines the N qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        dim = matrix.shape[0]
        return np.block([[np.eye(dim), np.zeros((dim, dim))],
                         [np.zeros((dim, dim)), matrix]])




[docs]class multiControlledMultiQubitUnitary(_PYQUEST):
    r"""General N-qubit unitary gate controlled by multiple qubits

    Implements a general N-qubit gate defined by a matrix controlled by multipe qubits
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        controls: controll qubits
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         controls: Sequence[int],
                         targets: Sequence[int],
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: controll qubits
            targets: list of target qubits of the N qubit gate
                    the first qubit in targets is treated as the least significant one
                    the second as the second least significant one etc.
            matrix: N by N matrix that defines the N qubit gate

        Raises:
            RuntimeError: Shape of matrix and length of targets are different
        """
        if 2**len(targets) != matrix.shape[0] or 2**len(targets) != matrix.shape[1]:
            raise RuntimeError("Shape of matrix and length of targets are different")
        dim = matrix.shape[0]
        mat = quest.createComplexMatrixN(len(targets))
        for i in range(dim):
            for j in range(dim):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer_c = ffi_quest.new("int[{}]".format(len(controls)))
        for co, control in enumerate(controls):
            pointer_c[co] = control
        number_controls = len(controls)
        pointer = ffi_quest.new("int[{}]".format(len(targets)))
        for co, t in enumerate(targets):
            pointer[co] = t
        quest.multiControlledMultiQubitUnitary(qureg,
                                               pointer_c,
                                               number_controls,
                                               pointer,
                                               len(targets),
                                               mat)
        quest.destroyComplexMatrixN(mat)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class multiQubitUnitary(_PYQUEST):
    r"""General unitary gate acting on N qubits

    Implements a general N-qubit gate defined by a matrix
    If the matrix basis states are given by 0=|00>  1=|01> 2=|10> 3=|11>
    the least significant qubit is the right qubit and the most
    significant qubit is the left qubit

    Args:
        qureg: quantum register
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    """

[docs]    def call_interactive(self, qureg: tqureg, targets: Sequence[int], matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            targets: list of target qubits of the N qubit gate
                    the first qubit in targets is treated as the least significant one
                    the second as the second least significant one etc.
            matrix: N by N matrix that defines the N qubit gate

        Raises:
            RuntimeError: Shape of matrix and length of targets are different
        """
        if 2**len(targets) != matrix.shape[0] or 2**len(targets) != matrix.shape[1]:
            raise RuntimeError("Shape of matrix and length of targets are different")
        dim = matrix.shape[0]
        mat = quest.createComplexMatrixN(len(targets))
        for i in range(dim):
            for j in range(dim):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer = ffi_quest.new("int[{}]".format(len(targets)))
        for co, target in enumerate(targets):
            pointer[co] = target
        quest.multiQubitUnitary(qureg,
                                pointer,
                                len(targets),
                                mat)
        quest.destroyComplexMatrixN(mat)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: N by N matrix that defines the N qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class multiRotateZ(_PYQUEST):
    r"""Applying a Z-Rotation to multiple qubits

    A Z-Rotation with a given angle is applyied to multiple qubits

    Args:
        qureg: quantum register
        qubits: target qubits
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         qubits: Sequence[int],
                         angle: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubits: target qubits
            angle: Angle of rotation of the RotateZ gate
        """
        number_qubits = len(qubits)
        pointer = ffi_quest.new("int[{}]".format(len(qubits)))
        for co, q in enumerate(qubits):
            pointer[co] = q
        quest.multiRotateZ(qureg,
                           pointer,
                           number_qubits,
                           angle)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class multiRotatePauli(_PYQUEST):
    r"""Applying a set of different Pauli rotations to multiple qubits

    A set of Pauli rotations with a given angle is applied to multiple qubits

    Args:
        qureg: quantum register
        qubits: target qubits
        paulis: Pauli operators encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
        matrix: N by N matrix that defines the N qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         qubits: Sequence[int],
                         paulis: Sequence[int],
                         angle: float) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubits: target qubits
            paulis: Pauli operators encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
            angle: Angle of rotation of paulis

        Raises:
            RuntimeError: Number of qubits different from number of applied Paulis
        """
        if len(qubits) != len(paulis):
            raise RuntimeError("Number of qubits different from number of applied Paulis")
        number_qubits = len(qubits)
        pointer = ffi_quest.new("int[{}]".format(len(qubits)))
        for co, q in enumerate(qubits):
            pointer[co] = q
        pointer_paulis = ffi_quest.new("enum pauliOpType[{}]".format(len(qubits)))
        for co, p in enumerate(paulis):
            pointer_paulis[co] = p
        quest.multiRotatePauli(qureg,
                               pointer,
                               pointer_paulis,
                               number_qubits,
                               angle)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class multiStateControlledUnitary(_PYQUEST):
    r"""One qubit unitary controlled by multiple states

    Implements a general one-qubit gate defined by a matrix controlled by
    the state of multiple qubits
    Contrary to the multiControlled function the unitary operation here can be executed
    either when the controlling qubit is in state |0> or in state |1> depending
    on the control_states

    Args:
        qureg: quantum register
        controls: controll qubits
        controll_states: list of ints defining if the controlling gate acts like a
                        a normal control or anti-control (unitary is applied when state is |0>)
                        For each entry: 1 -> normal controlled, 0 -> anti-controlled
        qubit: The qubit the unitary is acting on
        matrix: 2 by 2 matrix that defines the one qubit gate

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         controls: Sequence[int],
                         control_states: Sequence[int],
                         qubit: int,
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: controll qubits
            control_states: list of ints defining if the controlling gate acts like a
                            a normal control or anti-control (unitary is applied when state is |0>)
                            For each entry: 1 -> normal controlled, 0 -> anti-controlled
            qubit: The qubit the unitary is acting on
            matrix: 2 by 2 matrix that defines the one qubit gate

        Raises:
            RuntimeError: Different Number of controls and control states
        """
        if len(controls) != len(control_states):
            raise RuntimeError("Different Number of controls and control states")
        mat = ffi_quest.new("ComplexMatrix2 *")
        for i in range(2):
            for j in range(2):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer_controls = ffi_quest.new("int[{}]".format(len(controls)))
        for co, control in enumerate(controls):
            pointer_controls[co] = control
        number_controls = len(controls)
        pointer_states = ffi_quest.new("int[{}]".format(len(control_states)))
        for co, state in enumerate(control_states):
            pointer_states[co] = state
        quest.multiStateControlledUnitary(qureg,
                                          pointer_controls,
                                          pointer_states,
                                          number_controls,
                                          qubit,
                                          mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




# Extra gates


[docs]class MolmerSorensenXX(_PYQUEST):
    r"""Molmer Sorensen gate

    Implements a fixed phase MolmerSorensen XX gate (http://arxiv.org/abs/1705.02771)
    Uses decomposition according to http://arxiv.org/abs/quant-ph/0507171

    .. math::
        U = \frac{1}{\sqrt{2}} \begin{pmatrix}
            1 & 0 & 0 & i\\
        0 & 1 & i & 0\\
        0 & i & 1 & 0\\
        i & 0 & 0 & 1
        \end{pmatrix}

    Args:
        qureg: quantum register
        control: qubit that controls the application of the unitary
        qubit: qubit the unitary gate is applied to

    """

[docs]    def call_interactive(self, qureg: tqureg, control: int, qubit: int) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the unitary
            qubit: qubit the unitary gate is applied to
        """
        matrix = self.matrix()
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.twoQubitUnitary(qureg,
                              control,
                              qubit,
                              mat[0])


[docs]    def matrix(self, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        matrix = np.array([[1, 0, 0, 1j],
                           [0, 1, 1j, 0],
                           [0, 1j, 1, 0],
                           [1j, 0, 0, 1]], dtype=complex) * (1 - 1j) / 2
        return matrix




# Apply operations


[docs]class applyDiagonalOp(_PYQUEST):
    r"""Applying a diagonal operator to state

    Apply a diagonal complex operator, which is possibly non-unitary
    and non-Hermitian, on the entire quantum register.

    Args:
        qureg: quantum register input, is not changed
        operator: operator acting on a certain number of qubits (operator[0]: int)
            and in a certain QuEST environment (operator[1]: tquestenv)

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         operator: Tuple[int, tquestenv],
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            operator: operator acting on a certain number of qubits (operator[0]: int)
                and in a certain QuEST environment (operator[1]: tquestenv)

        Raises:
            RuntimeError: Qureg and DiagonalOp must be defined for the same number of qubits
        """
        diagonal_op = quest.createDiagonalOp(operator[0], operator[1])
        if not (cheat.getNumQubits()(qureg=qureg) == diagonal_op.numQubits):
            raise RuntimeError("Qureg and DiagonalOp must be defined for the "
                               + "same number of qubits")
        quest.applyDiagonalOp(qureg, diagonal_op)
        quest.destroyDiagonalOp(diagonal_op, operator[1])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class applyMatrix2(_PYQUEST):
    r"""Applying a general 2-by-2 matrix, which may be non-unitary

    The matrix is left-multiplied onto the state, for both
    state-vectors and density matrices. Hence, this function differs
    from unitary() by more than just permitting a non-unitary matrix.

    Args:
        qureg: quantum register input, is not changed
        qubit: qubit to operate the matrix upon
        matrix: matrix to apply

    Warning:
        After applyMatrix2 the quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         qubit: int,
                         matrix: np.ndarray,
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit to operate the matrix upon
            matrix: matrix to apply
        """
        mat = ffi_quest.new("ComplexMatrix2 *")
        for i in range(2):
            for j in range(2):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.applyMatrix2(qureg, qubit, mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 2 by 2 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class applyMatrix4(_PYQUEST):
    r"""Applying a general 4-by-4 matrix, which may be non-unitary

    The matrix is left-multiplied onto the state, for both
    state-vectors and density matrices. Hence, this function differs from
    twoQubitUnitary() by more than just permitting a non-unitary matrix.

    Args:
        qureg: quantum register input, is not changed
        control: qubit that controls the application of the matrix
        qubit: qubit to operate the matrix upon
        matrix: matrix to apply

    Warning:
        After applyMatrix2 the quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         control: int,
                         qubit: int,
                         matrix: np.ndarray,
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            control: qubit that controls the application of the matrix
            qubit: qubit to operate the matrix upon
            matrix: matrix to apply
        """
        mat = ffi_quest.new("ComplexMatrix4 *")
        for i in range(4):
            for j in range(4):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        quest.applyMatrix4(qureg, control, qubit, mat[0])


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class applyMatrixN(_PYQUEST):
    r"""Applying a general N-by-N matrix, which may be non-unitary, on any number of target qubits

    The matrix is left-multiplied onto the state, for both
    state-vectors and density matrices. Hence, this function differs
    from multiQubitUnitary() by more than just permitting a non-unitary matrix.

    Args:
        qureg: quantum register input, is not changed
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    Warning:
        After applyMatrixN the quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         targets: Sequence[int],
                         matrix: np.ndarray,
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            targets: list of target qubits of the N qubit gate
                    the first qubit in targets is treated as the least significant one
                    the second as the second least significant one etc.
            matrix: N by N matrix that defines the N qubit gate

        Raises:
            RuntimeError: Shape of matrix and length of targets are different
        """
        if 2**len(targets) != matrix.shape[0] or 2**len(targets) != matrix.shape[1]:
            raise RuntimeError("Shape of matrix and length of targets are different")
        dim = matrix.shape[0]
        mat = quest.createComplexMatrixN(len(targets))
        for i in range(dim):
            for j in range(dim):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer = ffi_quest.new("int[{}]".format(len(targets)))
        for co, target in enumerate(targets):
            pointer[co] = target
        quest.applyMatrixN(qureg,
                           pointer,
                           len(targets),
                           mat)
        quest.destroyComplexMatrixN(mat)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: N by N matrix that defines the N qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class applyMultiControlledMatrixN(_PYQUEST):
    r"""Apply a general N-by-N matrix, which may be non-unitary, with additional controlled qubits

    A sum of products of Pauli operators (including Identity) is applied to a state.
    The state is not changed but the corresponding copy with the Pauli sum applied is
    written to qureg_out
    For each qubit a Pauli operator must be given in each sum term (can be identity)

    Args:
        qureg: quantum register
        controls: controll qubits
        targets: list of target qubits of the N qubit gate
                 the first qubit in targets is treated as the least significant one
                 the second as the second least significant one etc.
        matrix: N by N matrix that defines the N qubit gate

    Warning:
        After applyMultiControlledMatrixN the quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         controls: Sequence[int],
                         targets: Sequence[int],
                         matrix: np.ndarray) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            controls: controll qubits
            targets: list of target qubits of the N qubit gate
                    the first qubit in targets is treated as the least significant one
                    the second as the second least significant one etc.
            matrix: N by N matrix that defines the N qubit gate

        Raises:
            RuntimeError: Shape of matrix and length of targets are different
        """
        if 2**len(targets) != matrix.shape[0] or 2**len(targets) != matrix.shape[1]:
            raise RuntimeError("Shape of matrix and length of targets are different")
        dim = matrix.shape[0]
        mat = quest.createComplexMatrixN(len(targets))
        for i in range(dim):
            for j in range(dim):
                mat.real[i][j] = np.real(matrix[i, j])
                mat.imag[i][j] = np.imag(matrix[i, j])
        pointer_c = ffi_quest.new("int[{}]".format(len(controls)))
        for co, control in enumerate(controls):
            pointer_c[co] = control
        pointer = ffi_quest.new("int[{}]".format(len(targets)))
        for co, target in enumerate(targets):
            pointer[co] = target
        quest.applyMultiControlledMatrixN(qureg,
                                          pointer_c,
                                          len(controls),
                                          pointer,
                                          len(targets),
                                          mat)
        quest.destroyComplexMatrixN(mat)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: N by N matrix that defines the N qubit gate
            **kwargs: Additional keyword arguments

        Returns:
            np.ndarray
        """
        return matrix




[docs]class applyPauliHamil(_PYQUEST):
    r"""Applying PauliHamil (a Hermitian but not necessarily unitary operator) to state

    This is merely an encapsulation of applyPauliSum(), which can refer to for elaborated doc.
    Applies each Pauli product in pauli_hamil to qureg in turn, and adding the resulting
    state to the initially-blanked qureg_out. Ergo it should scale with the total number
    of Pauli operators specified (excluding identities), and the qureg dimension.

    Args:
        qureg: quantum register input, is not changed
        paulis: List of Lists of Pauli operators in each product
                encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
        matrix: N by N matrix that defines the N qubit gate
        qureg_out: quantum register after application of Pauli sum

    Warning:
        After applyPauliHamil the output quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         pauli_hamil: paulihamil,
                         qureg_out: tqureg
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            pauli_hamil: PauliHamil instance to be applied
            qureg_out: quantum register after application of Pauli sum

        Raises:
            RuntimeError: Qureg and PauliHamil must be defined for the same number of qubits
        """
        if not (cheat.getNumQubits()(qureg=qureg) == pauli_hamil.numQubits):
            raise RuntimeError("Qureg and PauliHamil must be defined for the "
                               + "same number of qubits")
        quest.applyPauliHamil(qureg,
                              pauli_hamil,
                              qureg_out)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class applyPauliSum(_PYQUEST):
    r"""Applying a sum of Products of Pauli operators to state

    A sum of products of Pauli operators (including Identity) is applied to a state.
    The state is not changed but the corresponding copy with the Pauli sum applied is
    written to qureg_out
    For each qubit a Pauli operator must be given in each sum term (can be identity)

    Args:
        qureg: quantum register input, is not changed
        paulis: List of Lists of Pauli operators in each product
                encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
        coefficients: coefficients of the paulis to be summed
        qureg_out: quantum register after application of Pauli sum

    Warning:
        After applyPauliSum the quantum register is in general no longer normalised
        and does no longer represent a physical valid state without normalisation.

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         paulis: Sequence[Sequence[int]],
                         coefficients: Sequence[float],
                         qureg_out: tqureg
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            paulis: List of Lists of Pauli operators in each product
                    encoded as int via IDENTITY=0, PAULI_X=1, PAULI_Y=2, PAULI_Z=3
            coefficients: coefficients of the paulis to be summed
            qureg_out: quantum register after application of Pauli sum

        Raises:
            RuntimeError: Size of Qureg and number of lenght of PauliProduct does not match
            ValueError: Pauli arrays need to only have values in [0, 1, 2, 3]
        """
        for product in paulis:
            if qureg.numQubitsRepresented != len(product):
                raise RuntimeError(
                    "Size of Qureg and number of lenght of PauliProduct does not match")
            if not all((pauli in [0, 1, 2, 3]) for pauli in product):
                raise ValueError("Pauli arrays need to only have values in [0, 1, 2, 3]")

        if qureg.numQubitsRepresented != qureg_out.numQubitsRepresented:
            raise RuntimeError("Size of Qureg and output QuregS does not match")
        flat_list = [p for product in paulis for p in product]
        pointer_paulis = ffi_quest.new("enum pauliOpType[{}]".format(len(flat_list)))
        for co, p in enumerate(flat_list):
            pointer_paulis[co] = p
        pointer = ffi_quest.new("{}[{}]".format(qreal, len(coefficients)))
        for co, c in enumerate(coefficients):
            pointer[co] = float(c)
        quest.applyPauliSum(qureg,
                            pointer_paulis,
                            pointer,
                            len(coefficients),
                            qureg_out)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




[docs]class applyTrotterCircuit(_PYQUEST):
    r"""Applying a trotterisation of unitary evolution exp(-i*pauli_hamil*time) to qureg

    This is a sequence of unitary operators, effected by multiRotatePauli(), which together
    approximate the action of full unitary-time evolution under the given Hamiltonian.
    These formulations are taken from 'Finding Exponential Product Formulas of Higher Orders',
    Naomichi Hatano and Masuo Suzuki (2005).

    Args:
        qureg: the register to modify under the approximate unitary-time evolution
        pauli_hamil: PauliHamil under which to approxiamte unitary-time evolution
        time: the target evolution time, which is permitted to be both positive and negative
        order: the order of Trotter-Suzuki decomposition to use
        repetitions: the number of repetitions of the decomposition of the given order

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         pauli_hamil: paulihamil,
                         time: float,
                         order: int,
                         repetitions: int
                         ) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: the register to modify under the approximate unitary-time evolution
            pauli_hamil: PauliHamil under which to approxiamte unitary-time evolution
            time: the target evolution time, which is permitted to be both positive and negative
            order: the order of Trotter-Suzuki decomposition to use
            repetitions: the number of repetitions of the decomposition of the given order
        """
        quest.applyTrotterCircuit(qureg,
                                  pauli_hamil,
                                  time,
                                  order,
                                  repetitions)


[docs]    def matrix(self, matrix: np.ndarray, **kwargs) -> np.ndarray:
        r"""The definition of the gate as a unitary matrix

        Args:
            matrix: 4 by 4 matrix that defines the two qubit gate
            **kwargs: Additional keyword arguments

        Raises:
            NotImplementedError: not implemented
        """
        raise NotImplementedError()




# Measurement


[docs]class measure(_PYQUEST):
    r"""Implements a one-qubit Measurement operation

    Args:
        qureg: quantum register
        qubit: the measured qubit
        readout: The readout register for static compilation
        readout_index: The index in the readout register for static compilation

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int) -> int:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to

        Returns:
            int
        """
        return quest.measure(qureg, qubit)




[docs]class measureWithStats(_PYQUEST):
    r"""Measures a single qubit and gives the probability of that outcome.

    Args:
        qureg: quantum register
        qubit: the measured qubit
        outcome_proba: where to set the probability of the occurred outcome

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, outcome_proba: float) -> int:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            outcome_proba: where to set the probability of the occurred outcome

        Returns:
            int
        """
        outcome_pointer = ffi_quest.new("{}[{}]".format(qreal, 1))
        outcome_pointer[0] = outcome_proba
        return quest.measureWithStats(qureg, qubit, outcome_pointer)




[docs]class collapseToOutcome(_PYQUEST):
    r"""Updates qureg to be consistent with measuring measureQubit and returns the probability.

    Args:
        qureg: quantum register
        qubit: the measured qubit
        outcome: where to set the probability of the occurred outcome

    """

[docs]    def call_interactive(self, qureg: tqureg, qubit: int, outcome: int) -> float:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: quantum register
            qubit: qubit the unitary gate is applied to
            outcome: where to set the probability of the occurred outcome

        Returns:
            float
        """
        return quest.collapseToOutcome(qureg, qubit, outcome)






          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.utils.dataoperation

"""Manage QuEST environments and quantum registers"""
# Copyright 2019 HQS Quantum Simulations GmbH
#
# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.

from pyquest_cffi.questlib import quest, _PYQUEST, tquestenv, tqureg, paulihamil
from typing import List
from pyquest_cffi import cheat


[docs]class createQuestEnv(_PYQUEST):
    r"""Creates the QuEST simulator environment, needed for all simulations"""

[docs]    def call_interactive(self) -> tquestenv:
        r"""Interactive call of PyQuest-cffi

        Returns:
            tquestenv
        """
        return quest.createQuESTEnv()




[docs]class destroyQuestEnv(_PYQUEST):
    r"""Deallocate QuEST simulation environment

    Args:
        env: QuEST environment to be deallocated

    """

[docs]    def call_interactive(self, env: tquestenv) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            env: QuEST environment to be deallocated
        """
        quest.destroyQuESTEnv(env)




[docs]class createQureg(_PYQUEST):
    r"""Allocate memory for a wavefunction quantum/qubit register (qureg)

    Args:
        num_qubits: number of qubits in the quantum register
        env: QuEST environment in which the qureg exists

    """

[docs]    def call_interactive(self, num_qubits: int, env: tquestenv) -> tqureg:
        r"""Interactive call of PyQuest-cffi

        Args:
            num_qubits: number of qubits in the quantum register
            env: QuEST environment in which the qureg exists

        Returns:
            tqureg
        """
        return quest.createQureg(num_qubits, env)




[docs]class createDensityQureg(_PYQUEST):
    r"""Allocate memory for a density matrix quantum/qubit register (qureg)

    Args:
        num_qubits: number of qubits in the quantum register
        env: QuEST environment in which the qureg exists

    """

[docs]    def call_interactive(self, num_qubits: int, env: tquestenv) -> tqureg:
        r"""Interactive call of PyQuest-cffi

        Args:
            num_qubits: number of qubits in the quantum register
            env: QuEST environment in which the qureg exists

        Returns:
            tqureg
        """
        return quest.createDensityQureg(num_qubits, env)




[docs]class destroyQureg(_PYQUEST):
    r"""Deallocate memory for a quantum/qubit register

    Args:
        qubits: Qubits in system
        env: QuEST environment in which the qureg exists

    """

[docs]    def call_interactive(self, qubits: List[int], env: tquestenv) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qubits: Qubits in system
            env: QuEST environment in which the qureg exists
        """
        quest.destroyQureg(qubits, env)




[docs]class createCloneQureg(_PYQUEST):
    r"""Create a clone of the qureg in a certain environment

    Args:
        qureg: Qureg to be cloned
        env: QuEST environment the clone is created in

    """

[docs]    def call_interactive(self, qureg: tqureg, env: tquestenv) -> tqureg:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: Qureg to be cloned
            env: QuEST environment the clone is created in

        Returns:
            tqureg: cloned qureg
        """
        return quest.createCloneQureg(qureg, env)




[docs]class cloneQureg(_PYQUEST):
    r"""Clone a qureg state into another one

    Set qureg_clone to be a clone of qureg_original

    Args:
        qureg_original: Qureg to be cloned
        qureg_clone: Cloned qureg

    """

[docs]    def call_interactive(self, qureg_clone: tqureg, qureg_original: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg_original: Qureg to be cloned
            qureg_clone: Cloned qureg

        Raises:
            TypeError: The quregs need to be of the same type, so either both density
                matrices OR both wave functions
            ValueError: The quregs need to contain the same number of qubits
        """
        if qureg_clone.isDensityMatrix and qureg_original.isDensityMatrix:
            if cheat.getNumQubits()(qureg=qureg_clone) == cheat.getNumQubits()(qureg=qureg_clone):
                quest.cloneQureg(qureg_clone, qureg_original)
            else:
                raise ValueError("The quregs need to contain the same number of qubits")
        elif not qureg_clone.isDensityMatrix and not qureg_original.isDensityMatrix:
            if cheat.getNumQubits()(qureg=qureg_clone) == cheat.getNumQubits()(qureg=qureg_clone):
                quest.cloneQureg(qureg_clone, qureg_original)
            else:
                raise ValueError("The quregs need to contain the same number of qubits")
        else:
            raise TypeError("The quregs need to be of the same type, so either both "
                            + "density matrices OR both wave functions")




[docs]class createPauliHamil(_PYQUEST):
    r"""Create a Hamiltonian expressed as a real-weighted sum of products of Pauli operators

    Args:
        number_qubits: the number of qubits on which this Hamiltonian acts
        number_pauliprods: the number of weighted terms in the sum, or the number of Pauli products

    """

[docs]    def call_interactive(self, number_qubits: int, number_pauliprods: int) -> 'quest.PauliHamil':
        r"""Interactive call of PyQuest-cffi

        Args:
            number_qubits: the number of qubits on which this Hamiltonian acts
            number_pauliprods: the number of weighted terms in the sum/number of Pauli products

        Returns:
            PauliHamil: created Pauli Hamiltonian

        Raises:
            RuntimeError: number_qubits and number_pauliprods need to be positive integers
        """
        if number_pauliprods <= 0 or number_pauliprods <= 0:
            raise RuntimeError("number_qubits and number_pauliprods need to be positive integers")
        return quest.createPauliHamil(number_qubits, number_pauliprods)




[docs]class destroyPauliHamil(_PYQUEST):
    r"""Destroy a PauliHamil instance

    Args:
        pauli_hamil: PauliHamil to be destroyed

    """

[docs]    def call_interactive(self, pauli_hamil: paulihamil) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            pauli_hamil: PauliHamil to be destroyed
        """
        quest.destroyPauliHamil(pauli_hamil)






          

      

      

    

  

    
      
          
            
  Source code for pyquest_cffi.utils.reporting

"""Reporting of QuEST states"""
# Copyright 2019 HQS Quantum Simulations GmbH
#
# Licensed under the Apache License, Version 2.0 (the "License");
# you may not use this file except in compliance with the License.
# You may obtain a copy of the License at
#
#     http://www.apache.org/licenses/LICENSE-2.0
#
# Unless required by applicable law or agreed to in writing, software
# distributed under the License is distributed on an "AS IS" BASIS,
# WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
# See the License for the specific language governing permissions and
# limitations under the License.

from typing import List
from pyquest_cffi.questlib import quest, _PYQUEST, tquestenv, tqureg, paulihamil


[docs]class reportQuESTEnv(_PYQUEST):
    r"""Report the properties of the QuEST simulation environment to stdout

    Args:
        env: QuEST environment for which the parameter are reported

    """

[docs]    def call_interactive(self, env: tquestenv) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            env: QuEST environment for which the parameter are reported
        """
        quest.reportQuESTEnv(env)


    @property
    def restype(self) -> str:
        r"""Return result type

        Returns:
            str
        """
        return "void"

    @property
    def argtype(self) -> List[str]:
        r"""Return type of argument

        Returns:
            List[str]
        """
        return ["QuESTEnv"]



[docs]class reportQuregParams(_PYQUEST):
    r"""Reports the parameters of a quantum register to stdout

    Args:
        qureg: Quantum register for which the parameter are reported

    """

[docs]    def call_interactive(self, qureg: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: Quantum register for which the parameter are reported
        """
        quest.reportQuregParams(qureg)


    @property
    def restype(self) -> str:
        r"""Return result type

        Returns:
            str
        """
        return "void"

    @property
    def argtype(self) -> List[str]:
        r"""Return argument type

        Returns:
            List[str]
        """
        return ["Qureg"]



[docs]class reportState(_PYQUEST):
    r"""Report QuEST state

    Args:
        qureg: Quantum Register (qureg)

    """

[docs]    def call_interactive(self, qureg: tqureg) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: Quantum Register (qureg)
        """
        quest.reportState(qureg)


    @property
    def restype(self) -> str:
        r"""Return result type

        Returns:
            str
        """
        return "void"

    @property
    def argtype(self) -> List[str]:
        r"""Return argument type

        Returns:
            List[str]
        """
        return ["Qureg"]



[docs]class reportStateToScreen(_PYQUEST):
    r"""Report statevector or density matrix in a qureg to stdout

    Args:
        qureg: the quantum register
        env: the environment of the quantum register

    """

[docs]    def call_interactive(self,
                         qureg: tqureg,
                         env: tquestenv,
                         a: int = 0) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            qureg: the quantum register
            env: the environment of the quantum register
            a: integer
        """
        quest.reportStateToScreen(qureg, env, a)


    @property
    def restype(self) -> str:
        r"""Return result type

        Returns:
            str
        """
        return "void"

    @property
    def argtype(self) -> List[str]:
        r"""Return argument type

        Returns:
            List[str]
        """
        return ["Qureg", "QuESTEnv", "int"]



[docs]class reportPauliHamil(_PYQUEST):
    r"""Report PauliHamil to stdout

    The output features a new line for each term, each with format:
    "c p1 p2 p3 ... pN",
    where c is the real coefficient of the term, and p1 ... pN are
    numbers 0, 1, 2, 3 to indicate identity, pauliX, pauliY and pauliZ
    operators respectively, acting on qubits 0 through N-1 (all qubits).
    A tab character separates c and p1, single spaces separate the Pauli operators

    Args:
        pauli_hamil: instatiated PauliHamil

    """

[docs]    def call_interactive(self, pauli_hamil: paulihamil) -> None:
        r"""Interactive call of PyQuest-cffi

        Args:
            pauli_hamil: instatiated PauliHamil
        """
        quest.reportPauliHamil(pauli_hamil)


    @property
    def restype(self) -> str:
        r"""Return result type

        Returns:
            str
        """
        return "floats/integers"

    @property
    def argtype(self) -> List[str]:
        r"""Return argument type

        Returns:
            List[str]
        """
        return ["Coefficient", "PauliMatrix"]
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