

    
      
          
            
  
⚛📝 qbitkit Official Documentation

qbitkit is a framework that makes quantum computing a little easier by offering developers high-level abstractions to perform various tasks useful to quantum computing.
While the API for qbitkit is at this point fully documented, documentation besides API doc and gate specification does not exist at present.
You can track the progress of our continued documentation efforts here: https://github.com/qbitkit/qbitkit/issues/42
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Types of Quantum Computers

There are many different architectures of quantum computers, however unlike
the different architectures of classical computers (x86, Arm, RISC) the differences
between them are much more subtle than different instruction sets.



1. Superconducting Qubits

By far the most popular architecture of all, involving the use of cryogenic
hardware to unlock the superconductive properties of certain metals. Qubits
are driven using controlled pulses of microwave radiation emitted from an
Arbitrary Waveform Generator (AWG). For measurements, the same AWG is used
to read the qubit’s state. Both the pulses used to drive the qubit as well
as the measurements being taken are carried along control lines, typically
one per qubit on current systems.



2. Ion Trapping Qubits

Ion Trapping is rapidly growing in popularity as it continues to shatter records
for important metrics like Quantum Volume. By leveraging the precision of laser
beams, each qubit benefits from high fidelity rotations and long coherence times.
Additionally, ion trap quantum computers typically are fully connected, meaning
a 2 qubit gate can connect any pair of qubits – without the need for swap gates
that would waste precious coherence time.

What happens every time a shot is taken on an ion trap quantum computer is summarized
as follows:
1) A laser is used to ionize an atom of Ytterbium.
2) An ion trap uses electromagnetic force to hold a chain of these ions in a linear array.
3) A laser is used to both set the spin of all qubits to up (\(|0\rangle\) in lazy braket) and cool the qubits down using the doppler effect to the point where atoms nearly stop moving
4) One ‘global’ laser shining through all qubits sets the tempo like a drummer in a band, and each qubit has its own laser. When a qubit’s own laser interferes with the global laser, the qubit’s state is precisely altered to achieve the desired state
5) Once it’s time to read out the state of the qubits, each qubit’s laser shines on it’s own qubit and the light of the laser is measured. The state of each qubit, be it \(|1\rangle\) or \(|0\rangle\) can be deduced based on whether or not the laser was able to shine through a given qubit.



3. Photonic Qubits

When you think about the future of quantum computing, what comes to mind is a smaller
form factor. Cryogenics is a massive pain to set up and maintain over time, adding
a significant amount of bulk and cost to quantum hardware endeavors. So, just like
how classical computers started out as large hotel room sized device, perhaps
the next logical evolution of quantum is making a computer small enough to fit in
a standard rack-mountable enclosure.

Well, quite interestingly, there is a company that has already pulled off this feat
of reducing the size of a quantum computer down to something that can fit on a server
rack. This company is Xanadu, and they managed to accomplish this impressive feat of
engineering in large part thanks to choosing to use photonic qubits as their medium.

Each shot starts with a single photon emitter on each qubit, well, emitting a single
photon. These photons travel down optical channels that in spots have been doped to
allow programmable control of the state of the photon as it passes through its channel.
Once it’s time to read out the state of the photon, a single photon counter is used
to measure whether the photon made it all the way through its channel (making its value \(|1\rangle\)),
or if it instead did not make it (thus making its value \(|0\rangle\)).




            

          

      

      

    

  

    
      
          
            
  
Availible Quantum Gates
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Glossary

Every industry has its jargon, and quantum computing is by far no exception.
Here, we lay out terms we commonly use in qbitkit’s documentation in hopes of
making our explanations of things more accessible.



0. Quantum Computing Jargon


	
	Qubit
	
	Short for QUantum BIT


	Most basic unit of quantum computers, similar to classical computing bits.










	
	Bra-Ket notation
	
	
	Bra: \(\langle f |\)
	
	
	Denotes a linear form \(f: V \rightarrow \mathbb{C}\)
	
	e.g. a linear map mapping all of the vectors in \(V\) to a number on complex plane \(\mathbb{C}\)


















	
	Ket: \(| v \rangle\)
	
	Denotes a vector, \(v\), in a complex vector space \(V\).


	Represents the state of a quantum system.










	
	If you let the linear functional \(\langle f |\) act on vector \(| v \rangle\), you would write this out as:
	
	\(\langle f| v\rangle \in \mathbb{C}\)










	Bra-Ket: \(\langle x | y \rangle\)


	Also known as Dirac notation













	
	Lazy Bra-Ket notation
	
	
	Bra: <f|
	
	
	Denotes a linear form f \(:V \rightarrow \mathbb{C}\)
	
	e.g. a linear map mapping all of the vectors in \(V\) to a number on complex plane \(\mathbb{C}\)


















	
	Ket: |v>
	
	Denotes a vector, v, in a complex vector space \(V\).


	Represents the state of a quantum system.










	Bra-Ket: <x|y>


	Also known as Lazy Dirac notation










	
	Measurement
	
	The action of reading the state of a quantum entity, thereby ‘collapsing’ the state of the qubit to a binary value (|0> or |1>)










	
	Coherence
	
	Quantum mechanics only happen in coherent systems, therefore a quantum computer only functions inside the computer’s window of coherence time.


	At present, one of the limitations present in NISQ-era hardware is short coherence times.


	One analogy that comes to mind is coherence time is like having a maximum uptime on a classical computer after which the system shuts off.


	Coherence time is low due to the high amount of environmental noise from external sources of radiation, interfering with the carefully emitted pulses of microwave radiation used to drive superconducting qubits.










	
	Quantum Annealing
	
	Quantum annealing exploits quantum tunnneling to traverse an energy landscape in order to find the global minimum.


	By using precise magnetic forces to tune the strengths of Josephson junctions \(j\) acting as couplers connecting qubits together in order to form what’s called a chain.


	Through the process of minor embedding, you can convert various problem spaces to \(j\) coupler strengths and using superpositioned qubits to emit every possible answer (including incorrect answers) so that the couplers guide correct solutions iterated to lower energy states.


	This allows you to formulate even the biggest problems you can imagine as long as you can express them as a QUBO, Ising Model, BQM or Graph problem.


	
	Once the problem has been translated, and encoded by adjusting \(j\) values to their desired strengths, the annealer pauses to wait for the dilution fridge to cool it back down as using ferromagnetism adds small amounts of heat that negatively affect the accuracy of the annealing process by adding noise.
	
	This process of cooling the QPU back down after encoding is referred to as re-thermalization.


	You can also re-thermalize after sampling the energy landscape with each read or ‘shot’ you take, reducing heat leading to noise introduced by the readout process.


















	
	Interferometry
	
	One of the most important parts of any quantum computer is the ability to manipulate the qubit’s spin.


	Interferometry refers to a mechanism used to control the state of each qubit.


	
	The implementation of interferometry depends on the architecture of the quantum computer in question.
	
	See Types of Quantum Computers for a quick rundown of different quantum computing architectures.


















	
	QPU
	
	Commonly used acronym for Quantum Processing Unit


	Can be used to describe any quantum computing hardware


	D-Wave seems to use this acronym in their documentation more than any other vendor


	Fits nicely with acronyms used to describe different classical computing architectures (CPU, GPU, TPU)














1. Computer Science Jargon


	
	Big O Notation
	
	Common way to describe how much work there is to be done relative to the size of the problem space.


	
	Where \(N\) is the size of the problem space
	
	For example, \(N\) in the context of prime factorization of an 8-bit prime is equal to \(8\).










	
	Linear Scaling Example: \(O(N)\)
	
	Example: Simple arithmetic such as addition










	Logarithmic Scaling Example: \(O(\log(N))\)


	
	Exponential Scaling Example: \(O(2^{N})\)
	
	Example: Brute force prime factorization is \(2^{b}-1\) where \(b\) is the number of bits










	
	Quadratic Scaling Example: \(O(\sqrt{N})\)
	
	Example: Grover’s Algorithm






















2. qbitkit-Specific Jargon


	
	DataFrame
	
	Object from the popular Python data science library Pandas










	
	Circuit DataFrame
	
	DataFrame describing a quantum circuit















            

          

      

      

    

  

    
      
          
            
  
Providers Supported by qbitkit

Currently, qbitkit supports the folowing
quantum service vendors:


	
	Amazon Web Services Braket
	
	
	US Pricing Formula: \(p=.3t(sv)\)
	
	Where \(p\) is the total cost, \(t\) is the number of quantum tasks successfully submitted to an AWS braket hardware device, \(s\) is the number of shots or ‘reads’ for a given quantum circuit or annealing problem, and \(v\) is the vendor-specific cost per-shot or per-‘read’.










	Supports qbitkit.anneal for D-Wave 2000Q as well as the brand-new Advantage System v1 with over 5000 qubits and 35,000 Josephson Junction couplers, cooled to an insanely cold \(.01mK\).


	Supports qbitkit.circuit for AWS simulators, as well as industry-leading hardware from Rigetti and IonQ










	
	IBM Quantum Experience
	
	
	US Pricing Formula:
	
	Free for public machines


	IBM does not publicly list the pricing of priority access to public systems or access to systems not available to the public.










	Supports qbitkit.circuit for IBMQ Cloud simulators, as well as whatever IBM Q hardware your account has access to.










	
	D-Wave Leap
	
	
	US Pricing Formula:
	
	
	\(p=s+2000h\)
	
	Where \(p\) is total cost, \(s\) is any applicable taxes, and \(h\) is the amount of time spent actively using any quantum annealing hardware.


	Customers with a Canada-based billing address don’t seem to be subject to tax, so if you live in Canada make sure to use \(s=0\) in the above pricing formula.


	psst AWS Braket is cheaper for small experiments and doesn’t require a monthly plan


















	Supports qbitkit.anneal for D-Wave 2000Q as well as the brand-new Advantage System v1 with over 5000 qubits















            

          

      

      

    

  

    
      
          
            
  
Intro to Qubits

Qubits are the most fundamental unit of any quantum computer,
in much the same way bits are the most fundamental unit of any classical computer.



1. Classical Binary

Before we get too deep into talking about quantum bits, lets first try to understand
their classical counterpart. One bit can represent one of two states,
just like a light switch can be either ON or OFF at any given point in time.
These two states in binary are represented as follows:


	1 is ON


	0 is OFF




Because large amounts of data can’t be represented as just 1 or 0, bits are chained together.
For example, with two bits you can store these 4 values:


	00


	10


	01


	11




Each bit you add exponentially increases the total number of possible values that
can be stored. Mathematically speaking, the number of values that can be expressed
with \(n\) bits is equal to exactly \(2^{n}\).




            

          

      

      

    

  

    
      
          
            
  
The Quantum Stack

The “Quantum Stack” refers to the combination of all of the different software
and hardware pieces necessary for building a quantum computer.

To explain the quantum stack, we’ll go over each layer of the Quantum Stack
in order of lowest level (closest to the actual qubits used for a given quantum
computing task) to highest level (closest to the “end user”):


	Qubits


	
	Control Hardware
	
	Typically an AWG for superconducting qubits










	Pulse


	Circuit


	Algorithm


	Application




Layers 4-6 describe most of qbitkit’s functionality, with the majority of the library addressing layer 4.




            

          

      

      

    

  

    
      
          
            
  
API Reference



	qbitkit package
	Subpackages
	qbitkit.anneal package
	Submodules





	qbitkit.circuit package
	Subpackages

	Submodules





	qbitkit.error package
	Submodules





	qbitkit.io package
	Submodules





	qbitkit.logging package
	Submodules





	qbitkit.math package
	Submodules





	qbitkit.provider package
	Subpackages





	qbitkit.qasm package
	Submodules




















            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal.bcsp module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal.eigensolver module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal.embed module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal.ising module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal.qubo module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.anneal package


Submodules



	qbitkit.anneal.bcsp module

	qbitkit.anneal.eigensolver module

	qbitkit.anneal.embed module

	qbitkit.anneal.ising module

	qbitkit.anneal.qubo module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.circuit.circuits.basic module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.circuit.circuits.vqe module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.circuit.circuits package


Submodules



	qbitkit.circuit.circuits.basic module

	qbitkit.circuit.circuits.vqe module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.circuit.scale module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.circuit package


Subpackages



	qbitkit.circuit.circuits package
	Submodules
	qbitkit.circuit.circuits.basic module

	qbitkit.circuit.circuits.vqe module















Submodules



	qbitkit.circuit.scale module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.error.error module


	
class qbitkit.error.error.Log

	Bases: object


	
timestamp()

	Returns the current time and date with lots of precision.


	Parameters

	self (NoneType) – unused parameter that does absolutely nothing. (default None)



	Returns

	str – string describing the current time and date.










	
msg(print_msg=False)

	Attaches a timestamp to a specified message, and prints the message if specified. Returns formatted message.


	Parameters

	
	msg (str) – the message you would like to prepend a timestamp to and return and optionally print. (default None)


	print_msg (str) – specify whether or not to print the message in addition to returning it as usual. (default False)






	Returns

	str – timestamped and formatted message














	
class qbitkit.error.error.Errors

	Bases: object


	
not_specified(level='Warning')

	Throw an error warning the user that a specified resource has not been specified.


	Parameters

	
	resource (str) – name of resource to use in error message. (default None)


	level (str) – string with desired warning level (default ‘Warning’)













	
support_status(resource_name='this qbitkit feature', additional_notes=None)

	Generate a warning based on specified keyword arguments that warns users that a certain feature is at a certain support stage.


	Parameters

	
	feature_state (str) – The state of the feature, such as experimental or beta. (default ‘experimental’)


	resource_name (str) – The name of the feature (resource) to display the feature state of. (default ‘this qbitkit feature’)


	additional_notes (str) – Tack on a note to the end of the warning (default None)






	Returns

	str – the generated error message based on specified keyword arguments.
















            

          

      

      

    

  

    
      
          
            
  
qbitkit.error package


Submodules



	qbitkit.error.error module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.io.frame module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.io.list module


	
qbitkit.io.list.fill_range(fill='m', iterations=10)

	Fill a list with value fill repeated a specified number of times.


	Parameters

	
	fill (str) – String to repeat. (default str(‘m’))


	iterations (int) – Number of times to repeat string. (default int(10))


	append (list) – List to append generated list to. If None, does not append to a list. (default None)






	Returns

	list – Generated list.










	
qbitkit.io.list.count_range(start=0, end=9)

	Count between values start and end, appending each value to a list.


	Parameters

	
	start (int) – Number to start counting at. (default int(0))


	end (int) – Number to stop counting at. (default int(9))






	Returns

	list – Generated list.










	
qbitkit.io.list.count(lst=None)

	Count items in a specified list.


	Parameters

	lst (list) – The list to count items from. (default None)



	Returns

	int – Count of items in specified list.












            

          

      

      

    

  

    
      
          
            
  
qbitkit.io package


Submodules



	qbitkit.io.frame module

	qbitkit.io.list module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.logging.elasticsearch module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.logging.file module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.logging.logging module


	
class qbitkit.logging.logging.Braket

	Bases: object


	
class GateModel

	Bases: object


	
doc()

	Create a dictionary object containing information from the results of a Braket task, then return it.


	Parameters

	job (braket.tasks.quantum_task.QuantumTask) – a job object returned from running a Braket task. (default None)



	Returns

	dict – returns a dict containing measurement probabilities, measurement counts, measured qubits, and task metadata.




















            

          

      

      

    

  

    
      
          
            
  
qbitkit.logging package


Submodules



	qbitkit.logging.elasticsearch module

	qbitkit.logging.file module

	qbitkit.logging.logging module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.math.angle module


	
qbitkit.math.angle.deg2rad(degrees=180)

	Converts \(x\) degrees to \(y\) radians using: \(x*\pi/180=y\)








            

          

      

      

    

  

    
      
          
            
  
qbitkit.math package


Submodules



	qbitkit.math.angle module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.braket.circuit.circuitry module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.braket.circuit.scale module


	
qbitkit.provider.braket.circuit.scale.circuit(circuit=None)

	Appends a circuit to itself.


	Parameters

	circuit (braket.circuits.Circuit) – a Braket circuit to append to itself. (default None)



	Returns

	braket.circuits.Circuit – a scaled-up Braket circuit.












            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.braket.circuit package


Submodules



	qbitkit.provider.braket.circuit.circuitry module

	qbitkit.provider.braket.circuit.scale module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.braket.provider module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.braket package


Subpackages



	qbitkit.provider.braket.circuit package
	Submodules
	qbitkit.provider.braket.circuit.circuitry module

	qbitkit.provider.braket.circuit.scale module















Submodules



	qbitkit.provider.braket.provider module









            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.ibmq.circuit.circuitry module




            

          

      

      

    

  

    
      
          
            
  
qbitkit.provider.ibmq.circuit.scale module


	
class qbitkit.provider.ibmq.circuit.scale.Circuit

	Bases: object


	
append()

	Appends a circuit to itself.
:param circuit: a Qiskit circuit to append to itself. (default None)
:type circuit: qiskit.QuantumCircuit


	Returns

	qiskit.QuantumCircuit – a scaled-up Qiskit QuantumCircuit.
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qbitkit.qasm.generate.comment(self='')

	Generate a single-line QASM 2.0 comment from a string.


	Parameters

	self (str) – String to add as a comment in QASM 2.0 (default str(‘’))



	Returns

	str – Generated QASM 2.0 comment.










	
qbitkit.qasm.generate.headers(qasm_version=2.0, includes=['qelib1.inc'])

	Generate QASM 2.0 formatted headers.


	Parameters

	
	qasm_version (float) – a floating point value describing the version number. (default float(2.0))


	includes (list) – a list of strings describing what to import. (default list([‘qelib1.inc’]))






	Returns

	str – the generated headers to be placed at the top of a QASM string










	
qbitkit.qasm.generate.registers(c=None, q=None)

	Generate a QASM String containing the specified number of classical and quantum registers.


	Parameters

	
	c (int) – The number of Classic registers. (default None)


	q (int) – The number of Quantum registers, in other words the number of logical Qubits. (default None)






	Returns

	str – A string object containing the generated QASM.










	
qbitkit.qasm.generate.gate(self='h', targetA=None, targetB=None, targetC=None, angle=None, theta=None, Utheta=None, Uphi=None, Ulambda=None, custom_name=None, custom_params=None)

	Generate a gate from it’s name as a string passed to self, and a list of targets passed to targets.


	Parameters

	
	self (str) – The name used to represent the gate in QASM. For example, a Hadamard Gate is ‘h’. (default str(‘h’))


	targetA (int) – First target qubit. (default None)


	targetB (int) – Second target qubit. (default None)


	targetC (int) – Third target qubit. (default None)


	angle (float) – Angle to specify in Radians for rotation gates like RX, RY, RZ. (default None)


	theta (float) – Theta value in to specify for rotation gates like RX, RY, RZ. Exactly the same as the angle parameter. (default None)


	Utheta (str) – Theta value for U-gates. (default None)


	Uphi (str) – Phi value for U-gates. (default None)


	Ulambda (str) – Lambda value for U-gates. (default None)


	custom_name (str) – Name for user-defined opaque gate declarations, unitary gate declarations, and user-defined unitary gates. (default None)


	custom_params (str) – Parameters for user-defined opaque gate declarations, unitary gate declarations, and user-defined unitary gates. (default None)






	Returns

	str – A string object containing the specified gate as QASM.










	
qbitkit.qasm.generate.measurement(qreg=0, creg=0)

	Generate QASM that takes a measurement from a qubit and stores it in a classical register.


	Parameters

	
	qreg (int) – Number of the Qubit to measure. (default 0)


	creg (int) – Number of the Classical Register to store the measurement to. (default 1)






	Returns

	str – Generated QASM containing measurement instruction.










	
qbitkit.qasm.generate.if_statement(creg_name='c', operator='==', creg_val=0, gate_name='x', targetA=None, targetB=None, targetC=None, Utheta=None, Uphi=None, Ulambda=None, custom_name=None, custom_params=None)

	Generate a gate controlled by a classical if statement as a QASM string from specified parameters.


	Parameters

	
	creg_name (str) – Classical register to run if statement against. (default ‘c’)


	operator (str) – Operator to compare values with. (default str(‘==’))


	creg_val (int) – Value to compare with creg_name. (default int(0))


	gate_name (str) – The name used to represent the gate in QASM. For example, a Hadamard Gate is ‘h’. (default str(‘h’))


	targetA (int) – First target qubit. (default None)


	targetB (int) – Second target qubit. (default None)


	targetC (int) – Third target qubit. (default None)


	Utheta (float) – Theta value for U-gates. (default None)


	Uphi (float) – Phi value for U-gates. (default None)


	Ulambda (float) – Lambda value for U-gates. (default None)


	custom_name (str) – Name for user-defined opaque gate declarations, unitary gate declarations, and user-defined unitary gates. (default None)


	custom_params (str) – Parameters for user-defined opaque gate declarations, unitary gate declarations, and user-defined unitary gates. (default None)






	Returns

	str – A string object containing the specified gate as QASM.
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