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Installation

QuCumber only supports Python 3, not Python 2. If you are using Python 2,
please update! You will also want to install the following packages, if you
have not already.


	Pytorch v0.4.1 (https://pytorch.org/)


	tqdm (https://github.com/tqdm/tqdm)





Github

Navigate to the qucumber page on github (https://github.com/PIQuIL/QuCumber)
and clone the repository by typing:

git clone https://github.com/PIQuIL/QuCumber.git





Navigate to the main directory and type:

python setup.py install








Windows

Navigate to the directory (through command prompt) where pip.exe is installed
(usually C:\Python\Scripts\pip.exe) and type:

pip.exe install qucumber








Linux / MacOS

Open up a terminal, then type:

pip install qucumber











          

      

      

    

  

    
      
          
            
  


Theory

For a basic introduction to Restricted Boltzmann Machines,
click here.





          

      

      

    

  

    
      
          
            
  


Download the tutorials

Once you have installed QuCumber, we recommend going through our tutorial that
is divided into two parts.


	Training a Wavefunction to reconstruct a positive-real wavefunction (i.e.
no phase) from a transverse-field Ising model (TFIM) and then generating new
data.


	Training an Wavefunction to reconstruct a complex wavefunction (i.e. with a
phase) from a simple two qubit random state and then generating new data.




We have made interactive python notebooks that can be downloaded (along with
the data required) here [https://github.com/PIQuIL/QuCumber/releases/tag/v0.3.1.post4]. Note that the linked examples are from the most
recent stable release (relative to the version of the docs you’re currently
viewing), and may not match the examples shown in the following pages.
It is recommended that you refer to documentation for the latest stable
release: https://qucumber.readthedocs.io/en/stable/.

If you wish to simply view the static, non-interactive notebooks, continue to
the next page of the documentation.

Alternatively, you can view interactive notebooks online at: [image: BinderBadge] [https://mybinder.org/v2/gh/PIQuIL/QuCumber/v0.3.1.post4],
though they may be slow.





          

      

      

    

  

    
      
          
            
  


This is a static, non-editable tutorial.

We recommend you install QuCumber if you want to run the examples locally.
You can then get an archive file containing the examples from the relevant release
here [https://github.com/PIQuIL/QuCumber/releases/tag/v0.3.1.post4].
Alternatively, you can launch an interactive online version, though it may be a bit slow:
[image: Binder badge]
  
    
    Reconstruction of a complex wavefunction
    

    
 
  

    
      
          
            
  


This is a static, non-editable tutorial.

We recommend you install QuCumber if you want to run the examples locally.
You can then get an archive file containing the examples from the relevant release
here [https://github.com/PIQuIL/QuCumber/releases/tag/v0.3.1.post4].
Alternatively, you can launch an interactive online version, though it may be a bit slow:
[image: Binder badge]
  
    
    Sampling and calculating observables
    

    
 
  

    
      
          
            
  


This is a static, non-editable tutorial.

We recommend you install QuCumber if you want to run the examples locally.
You can then get an archive file containing the examples from the relevant release
here [https://github.com/PIQuIL/QuCumber/releases/tag/v0.3.1.post4].
Alternatively, you can launch an interactive online version, though it may be a bit slow:
[image: Binder badge]
  
    
    Training while monitoring observables
    

    
 
  

    
      
          
            
  


This is a static, non-editable tutorial.

We recommend you install QuCumber if you want to run the examples locally.
You can then get an archive file containing the examples from the relevant release
here [https://github.com/PIQuIL/QuCumber/releases/tag/v0.3.1.post4].
Alternatively, you can launch an interactive online version, though it may be a bit slow:
[image: Binder badge]
  
    
    RBM
    

    
 
  

    
      
          
            
  


RBM


	
class qucumber.rbm.BinaryRBM(num_visible, num_hidden, zero_weights=False, gpu=True)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L29]

	Bases: torch.nn.modules.module.Module


	
effective_energy(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L76]

	The effective energies of the given visible states.


[image: \mathcal{E}(\bm{v}) &= -\sum_{j}b_j v_j             - \sum_{i}\log                 \left\lbrack 1 +                       \exp\left(c_{i} + \sum_{j} W_{ij} v_j\right)                 \right\rbrack]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible states.



	Returns

	The effective energies of the given visible states.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
effective_energy_gradient(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L102]

	The gradients of the effective energies for the given visible states.


	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible states.



	Returns

	1d vector containing the gradients for all parameters
(computed on the given visible states v).



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
gibbs_steps(k, initial_state, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L218]

	Performs k steps of Block Gibbs sampling. One step consists of sampling
the hidden state [image: \bm{h}] from the conditional distribution
[image: p(\bm{h}\:|\:\bm{v})], and sampling the visible
state [image: \bm{v}] from the conditional distribution
[image: p(\bm{v}\:|\:\bm{h})].


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of Block Gibbs steps.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it is provided.













	
initialize_parameters(zero_weights=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L50]

	Randomize the parameters of the RBM






	
partition(space)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L248]

	Compute the partition function of the RBM.


	Parameters

	space (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A rank 2 tensor of the visible space.



	Returns

	The value of the partition function evaluated at the current
state of the RBM.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
prob_h_given_v(v, out=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L154]

	Given a visible unit configuration, compute the probability
vector of the hidden units being on.


	Parameters

	
	h (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The hidden unit.


	out (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The output tensor to write to.






	Returns

	The probability of hidden units being active given the
visible state.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
prob_v_given_h(h, out=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L126]

	Given a hidden unit configuration, compute the probability
vector of the visible units being on.


	Parameters

	
	h (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The hidden unit


	out (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The output tensor to write to.






	Returns

	The probability of visible units being active given the
hidden state.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
sample_h_given_v(v, out=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L200]

	Sample/generate a hidden state given a visible state.


	Parameters

	
	h (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible state.


	out (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The output tensor to write to.






	Returns

	Tuple containing prob_h_given_v(v) and the sampled hidden
state.



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple](torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor])










	
sample_v_given_h(h, out=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/rbm/binary_rbm.py#L182]

	Sample/generate a visible state given a hidden state.


	Parameters

	
	h (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The hidden state.


	out (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The output tensor to write to.






	Returns

	Tuple containing prob_v_given_h(h) and the sampled visible
state.



	Return type

	tuple [https://docs.python.org/3/library/stdtypes.html#tuple](torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor], torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor])

















          

      

      

    

  

  
    
    Quantum States
    

    
 
  

    
      
          
            
  


Quantum States


Positive Wavefunction


	
class qucumber.nn_states.PositiveWavefunction(num_visible, num_hidden=None, gpu=True)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L26]

	Bases: qucumber.nn_states.Wavefunction

Class capable of learning Wavefunctions with no phase.


	Parameters

	
	num_visible (int [https://docs.python.org/3/library/functions.html#int]) – The number of visible units, ie. the size of the system being learned.


	num_hidden (int [https://docs.python.org/3/library/functions.html#int]) – The number of hidden units in the internal RBM. Defaults to
the number of visible units.


	gpu (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to perform computations on the default gpu.









	
amplitude(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L68]

	Compute the (unnormalized) amplitude of a given vector/matrix of visible states.


[image: \text{amplitude}(\bm{\sigma})=|\psi_{\bm{\lambda}}(\bm{\sigma})|= e^{-\mathcal{E}_{\bm{\lambda}}(\bm{\sigma})/2}]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Matrix/vector containing the amplitudes of v



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
static autoload(location, gpu=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L238]

	Initializes a Wavefunction from the parameters in the given
location.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the model parameters from.


	gpu (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether the returned model should be on the GPU.






	Returns

	A new Wavefunction initialized from the given parameters.
The returned Wavefunction will be of whichever type this function
was called on.










	
compute_batch_gradients(k, samples_batch, neg_batch)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L148]

	Compute the gradients of a batch of the training data (samples_batch).


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of contrastive divergence steps in training.


	samples_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples.


	neg_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples for computing the
negative phase.






	Returns

	List containing the gradients of the parameters.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
compute_normalization(space)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L225]

	Compute the normalization constant of the wavefunction.


[image: Z_{\bm{\lambda}}=\sqrt{\sum_{\bm{\sigma}}|\psi_{\bm{\lambda}}|^2}= \sqrt{\sum_{\bm{\sigma}} p_{\bm{\lambda}}(\bm{\sigma})}]



	Parameters

	space (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A rank 2 tensor of the entire visible space.










	
device

	The device that the model is on.






	
fit(data, epochs=100, pos_batch_size=100, neg_batch_size=None, k=1, lr=0.001, progbar=False, starting_epoch=1, time=False, callbacks=None, optimizer=<class 'torch.optim.sgd.SGD'>, **kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L164]

	Train the Wavefunction.


	Parameters

	
	data (np.array) – The training samples


	epochs (int [https://docs.python.org/3/library/functions.html#int]) – The number of full training passes through the dataset.
Technically, this specifies the index of the last training
epoch, which is relevant if starting_epoch is being set.


	pos_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the positive phase
taken from the data.


	neg_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the negative phase
taken from the data. Defaults to pos_batch_size.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of contrastive divergence steps.


	lr (float [https://docs.python.org/3/library/functions.html#float]) – Learning rate


	progbar (bool [https://docs.python.org/3/library/functions.html#bool] or str [https://docs.python.org/3/library/stdtypes.html#str]) – Whether or not to display a progress bar. If “notebook”
is passed, will use a Jupyter notebook compatible
progress bar.


	starting_epoch (int [https://docs.python.org/3/library/functions.html#int]) – The epoch to start from. Useful if continuing training
from a previous state.


	callbacks (list [https://docs.python.org/3/library/stdtypes.html#list][qucumber.callbacks.Callback]) – Callbacks to run while training.


	optimizer (torch.optim.Optimizer [https://pytorch.org/docs/stable/optim.html#torch.optim.Optimizer]) – The constructor of a torch optimizer.


	kwargs – Keyword arguments to pass to the optimizer













	
generate_hilbert_space(size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L202]

	Generates Hilbert space of dimension [image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space. Defaults to
the number of visible units.


	device – The device to create the Hilbert space matrix on.
Defaults to the device this model is on.






	Returns

	A tensor with all the basis states of the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
gradient(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L135]

	Compute the gradient of the effective energy for a batch of states.

[image: \nabla_{\bm{\lambda}}\mathcal{E}_{\bm{\lambda}}(\bm{\sigma})]


	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	A single tensor containing all of the parameter gradients.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
load(location)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L263]

	Loads the Wavefunction parameters from the given location ignoring any
metadata stored in the file. Overwrites the Wavefunction’s parameters.


Note

The Wavefunction object on which this function is called must
have the same parameter shapes as the one who’s parameters are being
loaded.




	Parameters

	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the Wavefunction parameters from.










	
max_size

	Maximum size of the Hilbert space for full enumeration






	
networks

	A list of the names of the internal RBMs.






	
phase(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L84]

	Compute the phase of a given vector/matrix of visible states.

In the case of a Positive Wavefunction, the phase is just zero.


	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Matrix/vector containing the phases of v



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
probability(v, Z)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L138]

	Evaluates the probability of the given vector(s) of visible
states.


	Parameters

	
	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible states.


	Z (float [https://docs.python.org/3/library/functions.html#float]) – The partition function.






	Returns

	The probability of the given vector(s) of visible units.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
psi(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/positive_wavefunction.py#L108]

	Compute the (unnormalized) wavefunction of a given vector/matrix of visible states.


[image: \psi_{\bm{\lambda}}(\bm{\sigma})     = e^{-\mathcal{E}_{\bm{\lambda}}(\bm{\sigma})/2}]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Complex object containing the value of the wavefunction for
each visible state



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
rbm_am

	The RBM to be used to learn the wavefunction amplitude.






	
reinitialize_parameters()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L85]

	Randomize the parameters of the internal RBMs.






	
sample(k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L153]

	Performs k steps of Block Gibbs sampling. One step consists of sampling
the hidden state [image: \bm{h}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{h}\:|\:\bm{v})], and sampling the visible
state [image: \bm{v}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{v}\:|\:\bm{h})].


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of Block Gibbs steps.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to generate.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it is provided.













	
save(location, metadata=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L239]

	Saves the Wavefunction parameters to the given location along with
any given metadata.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to save the data.


	metadata (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Any extra metadata to store alongside the Wavefunction
parameters.













	
stop_training

	If True, will not train.

If this property is set to True during the training cycle, training
will terminate once the current batch or epoch ends (depending on when
stop_training was set).






	
subspace_vector(num, size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L179]

	Generates a single vector from the Hilbert space of dimension
[image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space.


	num (int [https://docs.python.org/3/library/functions.html#int]) – The specific vector to return from the Hilbert space. Since
the Hilbert space can be represented by the set of binary strings
of length size, num is equivalent to the decimal representation
of the returned vector.


	device – The device to create the vector on. Defaults to the
device this model is on.






	Returns

	A state from the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]
















Complex Wavefunction


	
class qucumber.nn_states.ComplexWavefunction(num_visible, num_hidden=None, unitary_dict=None, gpu=True)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L28]

	Bases: qucumber.nn_states.Wavefunction

Class capable of learning Wavefunctions with a non-zero phase.


	Parameters

	
	num_visible (int [https://docs.python.org/3/library/functions.html#int]) – The number of visible units, ie. the size of the system being learned.


	num_hidden (int [https://docs.python.org/3/library/functions.html#int]) – The number of hidden units in both internal RBMs. Defaults to
the number of visible units.


	unitary_dict (dict [https://docs.python.org/3/library/stdtypes.html#dict][str [https://docs.python.org/3/library/stdtypes.html#str], torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]) – A dictionary mapping unitary names to their matrix representations.


	gpu (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to perform computations on the default gpu.









	
amplitude(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L88]

	Compute the (unnormalized) amplitude of a given vector/matrix of visible states.


[image: \text{amplitude}(\bm{\sigma})=|\psi_{\bm{\lambda\mu}}(\bm{\sigma})|= e^{-\mathcal{E}_{\bm{\lambda}}(\bm{\sigma})/2}]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}].



	Returns

	Vector containing the amplitudes of the given states.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
static autoload(location, gpu=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L290]

	Initializes a Wavefunction from the parameters in the given
location.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the model parameters from.


	gpu (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether the returned model should be on the GPU.






	Returns

	A new Wavefunction initialized from the given parameters.
The returned Wavefunction will be of whichever type this function
was called on.










	
compute_batch_gradients(k, samples_batch, neg_batch, bases_batch=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L300]

	Compute the gradients of a batch of the training data (samples_batch).

If measurements are taken in bases other than the reference basis,
a list of bases (bases_batch) must also be provided.


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of contrastive divergence steps in training.


	samples_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples.


	neg_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples for computing the
negative phase.


	bases_batch (np.array) – Batch of the input bases corresponding to the samples
in samples_batch.






	Returns

	List containing the gradients of the parameters.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
compute_normalization(space)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L233]

	Compute the normalization constant of the wavefunction.


[image: Z_{\bm{\lambda}}= \sqrt{\sum_{\bm{\sigma}}|\psi_{\bm{\lambda\mu}}|^2}= \sqrt{\sum_{\bm{\sigma}} p_{\bm{\lambda}}(\bm{\sigma})}]



	Parameters

	space (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A rank 2 tensor of the entire visible space.










	
device

	The device that the model is on.






	
fit(data, epochs=100, pos_batch_size=100, neg_batch_size=None, k=1, lr=0.001, input_bases=None, progbar=False, starting_epoch=1, time=False, callbacks=None, optimizer=<class 'torch.optim.sgd.SGD'>, **kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L248]

	Train the Wavefunction.


	Parameters

	
	data (np.array) – The training samples


	epochs (int [https://docs.python.org/3/library/functions.html#int]) – The number of full training passes through the dataset.
Technically, this specifies the index of the last training
epoch, which is relevant if starting_epoch is being set.


	pos_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the positive phase
taken from the data.


	neg_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the negative phase
taken from the data. Defaults to pos_batch_size.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of contrastive divergence steps.


	lr (float [https://docs.python.org/3/library/functions.html#float]) – Learning rate


	input_bases (np.array) – The measurement bases for each sample. Must be provided
if training a ComplexWavefunction.


	progbar (bool [https://docs.python.org/3/library/functions.html#bool] or str [https://docs.python.org/3/library/stdtypes.html#str]) – Whether or not to display a progress bar. If “notebook”
is passed, will use a Jupyter notebook compatible
progress bar.


	starting_epoch (int [https://docs.python.org/3/library/functions.html#int]) – The epoch to start from. Useful if continuing training
from a previous state.


	callbacks (list [https://docs.python.org/3/library/stdtypes.html#list][qucumber.callbacks.Callback]) – Callbacks to run while training.


	optimizer (torch.optim.Optimizer [https://pytorch.org/docs/stable/optim.html#torch.optim.Optimizer]) – The constructor of a torch optimizer.


	kwargs – Keyword arguments to pass to the optimizer













	
generate_hilbert_space(size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L202]

	Generates Hilbert space of dimension [image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space. Defaults to
the number of visible units.


	device – The device to create the Hilbert space matrix on.
Defaults to the device this model is on.






	Returns

	A tensor with all the basis states of the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
gradient(basis, sample)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L210]

	Compute the gradient of a sample, measured in different bases.


	Parameters

	
	basis (np.array) – A set of bases.


	sample (np.array) – A sample to compute the gradient of.






	Returns

	A list of 2 tensors containing the parameters of each of the
internal RBMs.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list][torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]]










	
load(location)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L263]

	Loads the Wavefunction parameters from the given location ignoring any
metadata stored in the file. Overwrites the Wavefunction’s parameters.


Note

The Wavefunction object on which this function is called must
have the same parameter shapes as the one who’s parameters are being
loaded.




	Parameters

	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the Wavefunction parameters from.










	
max_size

	Maximum size of the Hilbert space for full enumeration






	
networks

	A list of the names of the internal RBMs.






	
phase(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L104]

	Compute the phase of a given vector/matrix of visible states.


[image: \text{phase}(\bm{\sigma})=-\mathcal{E}_{\bm{\mu}}(\bm{\sigma})/2]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}].



	Returns

	Vector containing the phases of the given states.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
probability(v, Z)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L138]

	Evaluates the probability of the given vector(s) of visible
states.


	Parameters

	
	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible states.


	Z (float [https://docs.python.org/3/library/functions.html#float]) – The partition function.






	Returns

	The probability of the given vector(s) of visible units.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
psi(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L119]

	Compute the (unnormalized) wavefunction of a given vector/matrix of visible states.


[image: \psi_{\bm{\lambda\mu}}(\bm{\sigma})     = e^{-[\mathcal{E}_{\bm{\lambda}}(\bm{\sigma})             + i\mathcal{E}_{\bm{\mu}}(\bm{\sigma})]/2}]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Complex object containing the value of the wavefunction for
each visible state



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
rbm_am

	The RBM to be used to learn the wavefunction amplitude.






	
rbm_ph

	RBM used to learn the wavefunction phase.






	
reinitialize_parameters()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L85]

	Randomize the parameters of the internal RBMs.






	
sample(k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L153]

	Performs k steps of Block Gibbs sampling. One step consists of sampling
the hidden state [image: \bm{h}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{h}\:|\:\bm{v})], and sampling the visible
state [image: \bm{v}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{v}\:|\:\bm{h})].


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of Block Gibbs steps.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to generate.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it is provided.













	
save(location, metadata=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/complex_wavefunction.py#L285]

	Saves the Wavefunction parameters to the given location along with
any given metadata.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to save the data.


	metadata (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Any extra metadata to store alongside the Wavefunction
parameters.













	
stop_training

	If True, will not train.

If this property is set to True during the training cycle, training
will terminate once the current batch or epoch ends (depending on when
stop_training was set).






	
subspace_vector(num, size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L179]

	Generates a single vector from the Hilbert space of dimension
[image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space.


	num (int [https://docs.python.org/3/library/functions.html#int]) – The specific vector to return from the Hilbert space. Since
the Hilbert space can be represented by the set of binary strings
of length size, num is equivalent to the decimal representation
of the returned vector.


	device – The device to create the vector on. Defaults to the
device this model is on.






	Returns

	A state from the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]
















Abstract Wavefunction


Note

This is an Abstract Base Class, it is not meant to be used directly. The
following API reference is mostly for developers.




	
class qucumber.nn_states.Wavefunction[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/__init__.py#L]

	Bases: abc.ABC [https://docs.python.org/3/library/abc.html#abc.ABC]

Abstract Base Class for Wavefunctions.


	
amplitude(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L93]

	Compute the (unnormalized) amplitude of a given vector/matrix of visible states.


[image: \text{amplitude}(\bm{\sigma})=|\psi(\bm{\sigma})|]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Matrix/vector containing the amplitudes of v



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
static autoload(location, gpu=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L280]

	Initializes a Wavefunction from the parameters in the given
location.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the model parameters from.


	gpu (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether the returned model should be on the GPU.






	Returns

	A new Wavefunction initialized from the given parameters.
The returned Wavefunction will be of whichever type this function
was called on.










	
compute_batch_gradients(k, samples_batch, neg_batch, bases_batch=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L300]

	Compute the gradients of a batch of the training data (samples_batch).

If measurements are taken in bases other than the reference basis,
a list of bases (bases_batch) must also be provided.


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of contrastive divergence steps in training.


	samples_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples.


	neg_batch (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – Batch of the input samples for computing the
negative phase.


	bases_batch (np.array) – Batch of the input bases corresponding to the samples
in samples_batch.






	Returns

	List containing the gradients of the parameters.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]










	
compute_normalization(space)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L224]

	Compute the normalization constant of the wavefunction.


[image: Z_{\bm{\lambda}}= \sqrt{\sum_{\bm{\sigma}}|\psi_{\bm{\lambda\mu}}|^2}= \sqrt{\sum_{\bm{\sigma}} p_{\bm{\lambda}}(\bm{\sigma})}]



	Parameters

	space (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A rank 2 tensor of the entire visible space.










	
device

	The device that the model is on.






	
fit(data, epochs=100, pos_batch_size=100, neg_batch_size=None, k=1, lr=0.001, input_bases=None, progbar=False, starting_epoch=1, time=False, callbacks=None, optimizer=<class 'torch.optim.sgd.SGD'>, **kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L415]

	Train the Wavefunction.


	Parameters

	
	data (np.array) – The training samples


	epochs (int [https://docs.python.org/3/library/functions.html#int]) – The number of full training passes through the dataset.
Technically, this specifies the index of the last training
epoch, which is relevant if starting_epoch is being set.


	pos_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the positive phase
taken from the data.


	neg_batch_size (int [https://docs.python.org/3/library/functions.html#int]) – The size of batches for the negative phase
taken from the data. Defaults to pos_batch_size.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of contrastive divergence steps.


	lr (float [https://docs.python.org/3/library/functions.html#float]) – Learning rate


	input_bases (np.array) – The measurement bases for each sample. Must be provided
if training a ComplexWavefunction.


	progbar (bool [https://docs.python.org/3/library/functions.html#bool] or str [https://docs.python.org/3/library/stdtypes.html#str]) – Whether or not to display a progress bar. If “notebook”
is passed, will use a Jupyter notebook compatible
progress bar.


	starting_epoch (int [https://docs.python.org/3/library/functions.html#int]) – The epoch to start from. Useful if continuing training
from a previous state.


	callbacks (list [https://docs.python.org/3/library/stdtypes.html#list][qucumber.callbacks.Callback]) – Callbacks to run while training.


	optimizer (torch.optim.Optimizer [https://pytorch.org/docs/stable/optim.html#torch.optim.Optimizer]) – The constructor of a torch optimizer.


	kwargs – Keyword arguments to pass to the optimizer













	
generate_hilbert_space(size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L202]

	Generates Hilbert space of dimension [image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space. Defaults to
the number of visible units.


	device – The device to create the Hilbert space matrix on.
Defaults to the device this model is on.






	Returns

	A tensor with all the basis states of the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
gradient()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L296]

	Compute the gradient of a set of samples.






	
load(location)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L263]

	Loads the Wavefunction parameters from the given location ignoring any
metadata stored in the file. Overwrites the Wavefunction’s parameters.


Note

The Wavefunction object on which this function is called must
have the same parameter shapes as the one who’s parameters are being
loaded.




	Parameters

	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to load the Wavefunction parameters from.










	
max_size

	Maximum size of the Hilbert space for full enumeration






	
networks

	A list of the names of the internal RBMs.






	
phase(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L108]

	Compute the phase of a given vector/matrix of visible states.


[image: \text{phase}(\bm{\sigma})]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Matrix/vector containing the phases of v



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
probability(v, Z)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L138]

	Evaluates the probability of the given vector(s) of visible
states.


	Parameters

	
	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The visible states.


	Z (float [https://docs.python.org/3/library/functions.html#float]) – The partition function.






	Returns

	The probability of the given vector(s) of visible units.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
psi(v)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L122]

	Compute the (unnormalized) wavefunction of a given vector/matrix of
visible states.


[image: \psi(\bm{\sigma})]



	Parameters

	v (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – visible states [image: \bm{\sigma}]



	Returns

	Complex object containing the value of the wavefunction for
each visible state



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
rbm_am

	The RBM to be used to learn the wavefunction amplitude.






	
reinitialize_parameters()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L85]

	Randomize the parameters of the internal RBMs.






	
sample(k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L153]

	Performs k steps of Block Gibbs sampling. One step consists of sampling
the hidden state [image: \bm{h}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{h}\:|\:\bm{v})], and sampling the visible
state [image: \bm{v}] from the conditional distribution
[image: p_{\bm{\lambda}}(\bm{v}\:|\:\bm{h})].


	Parameters

	
	k (int [https://docs.python.org/3/library/functions.html#int]) – Number of Block Gibbs steps.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to generate.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it is provided.













	
save(location, metadata=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L239]

	Saves the Wavefunction parameters to the given location along with
any given metadata.


	Parameters

	
	location (str [https://docs.python.org/3/library/stdtypes.html#str] or file) – The location to save the data.


	metadata (dict [https://docs.python.org/3/library/stdtypes.html#dict]) – Any extra metadata to store alongside the Wavefunction
parameters.













	
stop_training

	If True, will not train.

If this property is set to True during the training cycle, training
will terminate once the current batch or epoch ends (depending on when
stop_training was set).






	
subspace_vector(num, size=None, device=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/nn_states/wavefunction.py#L179]

	Generates a single vector from the Hilbert space of dimension
[image: 2^{\text{size}}].


	Parameters

	
	size (int [https://docs.python.org/3/library/functions.html#int]) – The size of each element of the Hilbert space.


	num (int [https://docs.python.org/3/library/functions.html#int]) – The specific vector to return from the Hilbert space. Since
the Hilbert space can be represented by the set of binary strings
of length size, num is equivalent to the decimal representation
of the returned vector.


	device – The device to create the vector on. Defaults to the
device this model is on.






	Returns

	A state from the Hilbert space.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]
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Callbacks


	
class qucumber.callbacks.Callback[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L21]

	Base class for callbacks.


	
on_batch_end(nn_state, epoch, batch)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L72]

	Called at the end of each batch.


	Parameters

	
	nn_state (Wavefunction) – The Wavefunction being trained.


	epoch (int [https://docs.python.org/3/library/functions.html#int]) – The current epoch.


	batch (int [https://docs.python.org/3/library/functions.html#int]) – The current batch index.













	
on_batch_start(nn_state, epoch, batch)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L60]

	Called at the start of each batch.


	Parameters

	
	nn_state (Wavefunction) – The Wavefunction being trained.


	epoch (int [https://docs.python.org/3/library/functions.html#int]) – The current epoch.


	batch (int [https://docs.python.org/3/library/functions.html#int]) – The current batch index.













	
on_epoch_end(nn_state, epoch)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L50]

	Called at the end of each epoch.


	Parameters

	
	nn_state (Wavefunction) – The Wavefunction being trained.


	epoch (int [https://docs.python.org/3/library/functions.html#int]) – The current epoch.













	
on_epoch_start(nn_state, epoch)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L40]

	Called at the start of each epoch.


	Parameters

	
	nn_state (Wavefunction) – The Wavefunction being trained.


	epoch (int [https://docs.python.org/3/library/functions.html#int]) – The current epoch.













	
on_train_end(nn_state)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L32]

	Called at the end of the training cycle.


	Parameters

	nn_state (Wavefunction) – The Wavefunction being trained.










	
on_train_start(nn_state)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/callback.py#L24]

	Called at the start of the training cycle.


	Parameters

	nn_state (Wavefunction) – The Wavefunction being trained.














	
class qucumber.callbacks.LambdaCallback(on_train_start=None, on_train_end=None, on_epoch_start=None, on_epoch_end=None, on_batch_start=None, on_batch_end=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/lambda_callback.py#L25]

	Class for creating simple callbacks.

This callback is constructed using the passed functions that will be called
at the appropriate time.


	Parameters

	
	on_train_start (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the start of the training
cycle. Must follow the same signature as
Callback.on_train_start.


	on_train_end (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the end of the training
cycle. Must follow the same signature as
Callback.on_train_end.


	on_epoch_start (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the start of every epoch.
Must follow the same signature as
Callback.on_epoch_start.


	on_epoch_end (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the end of every epoch.
Must follow the same signature as
Callback.on_epoch_end.


	on_batch_start (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the start of every batch.
Must follow the same signature as
Callback.on_batch_start.


	on_batch_end (callable or None [https://docs.python.org/3/library/constants.html#None]) – A function to be called at the end of every batch.
Must follow the same signature as
Callback.on_batch_end.













	
class qucumber.callbacks.ModelSaver(period, folder_path, file_name, save_initial=True, metadata=None, metadata_only=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/model_saver.py#L28]

	Callback which allows model parameters (along with some metadata)
to be saved to disk at regular intervals.

This Callback is called at the end of each epoch. If save_initial is
True, will also be called at the start of the training cycle.


	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency of model saving (in epochs).


	folder_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The directory in which to save the files


	file_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the output files. Should be a format string
with one blank, which will be filled with either the
epoch number or the word “initial”.


	save_initial (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to save the initial parameters (and metadata).


	metadata (callable or dict [https://docs.python.org/3/library/stdtypes.html#dict] or None [https://docs.python.org/3/library/constants.html#None]) – The metadata to save to disk with the model parameters
Can be either a function or a dictionary. In the case of a
function, it must take 2 arguments the RBM being trained,
and the current epoch number, and then return a dictionary
containing the metadata to be saved.


	metadata_only (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to save only the metadata to disk.













	
class qucumber.callbacks.Logger(period, logger_fn=<built-in function print>, msg_gen=None, **msg_gen_kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/logger.py#L24]

	Callback which logs output at regular intervals.

This Callback is called at the end of each epoch.


	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Logging frequency (in epochs).


	logger_fn (callable) – The function used for logging. Must take 1 string as
an argument. Defaults to the standard print function.


	msg_gen (callable) – A callable which generates the string to be logged.
Must take 2 positional arguments: the RBM being trained and
the current epoch. It must also be able to take some
keyword arguments.


	**kwargs – Keyword arguments which will be passed to msg_gen.













	
class qucumber.callbacks.EarlyStopping(period, tolerance, patience, evaluator_callback, quantity_name)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/early_stopping.py#L24]

	Stop training once the model stops improving.
The specific criterion for stopping is:


[image: \left\vert\frac{M_{t-p} - M_t}{M_{t-p}}\right\vert < \epsilon]


where [image: M_t] is the metric value at the current evaluation
(time [image: t]), [image: p] is the “patience” parameter, and
[image: \epsilon] is the tolerance.

This Callback is called at the end of each epoch.


	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency with which the callback checks whether training
has converged (in epochs).


	tolerance (float [https://docs.python.org/3/library/functions.html#float]) – The maximum relative change required to consider training
as having converged.


	patience (int [https://docs.python.org/3/library/functions.html#int]) – How many intervals to wait before claiming the training
has converged.


	evaluator_callback (MetricEvaluator or
ObservableEvaluator) – An instance of
MetricEvaluator or
ObservableEvaluator which computes the metric
that we want to check for convergence.


	quantity_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the metric/observable stored in evaluator_callback.













	
class qucumber.callbacks.VarianceBasedEarlyStopping(period, tolerance, patience, evaluator_callback, quantity_name, variance_name)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/variance_based_early_stopping.py#L26]

	Stop training once the model stops improving. This is a variation
on the EarlyStopping class which takes the variance
of the metric into account.
The specific criterion for stopping is:


[image: \left\vert\frac{M_{t-p} - M_t}{\sigma_{t-p}}\right\vert < \kappa]


where [image: M_t] is the metric value at the current evaluation
(time [image: t]), [image: p] is the “patience” parameter,
[image: \sigma_t] is the variance of the metric, and
[image: \kappa] is the tolerance.

This Callback is called at the end of each epoch.


	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency with which the callback checks whether training
has converged (in epochs).


	tolerance (float [https://docs.python.org/3/library/functions.html#float]) – The maximum (standardized) change required to consider
training as having converged.


	patience (int [https://docs.python.org/3/library/functions.html#int]) – How many intervals to wait before claiming the training
has converged.


	evaluator_callback (MetricEvaluator or
ObservableEvaluator) – An instance of
MetricEvaluator or
ObservableEvaluator which computes the
metric/observable that we want to check for convergence.


	quantity_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the metric/obserable stored in evaluator_callback.


	variance_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the variance stored in evaluator_callback.













	
class qucumber.callbacks.MetricEvaluator(period, metrics, verbose=False, log=None, **metric_kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/metric_evaluator.py#L27]

	Evaluate and hold on to the results of the given metric(s).

This Callback is called at the end of each epoch.


Note

Since Callbacks are given to fit
as a list, they will be called in a deterministic order. It is
therefore recommended that instances of
MetricEvaluator be among the first callbacks in
the list passed to fit,
as one would often use it in conjunction with other callbacks like
EarlyStopping which may depend on
MetricEvaluator having been called.




	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency with which the callback evaluates the given
metric(s).


	metrics (dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], callable)) – A dictionary of callables where the keys are the names of
the metrics and the callables take the Wavefunction being trained
as their positional argument, along with some keyword
arguments. The metrics are evaluated and put into an internal
dictionary structure resembling the structure of metrics.


	verbose (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to print metrics to stdout.


	log (str [https://docs.python.org/3/library/stdtypes.html#str]) – A filepath to log metric values to in CSV format.


	**metric_kwargs – Keyword arguments to be passed to metrics.









	
__getattr__(metric)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/metric_evaluator.py#L80]

	Return an array of all recorded values of the given metric.


	Parameters

	metric (str [https://docs.python.org/3/library/stdtypes.html#str]) – The metric to retrieve.



	Returns

	The past values of the metric.



	Return type

	np.array










	
__len__()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/metric_evaluator.py#L73]

	Return the number of timesteps that metrics have been evaluated for.


	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
clear_history()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/metric_evaluator.py#L110]

	Delete all metric values the instance is currently storing.






	
epochs

	Return a list of all epochs that have been recorded.


	Return type

	np.array










	
get_value(name, index=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/metric_evaluator.py#L115]

	Retrieve the value of the desired metric from the given timestep.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the metric to retrieve.


	index (int [https://docs.python.org/3/library/functions.html#int] or None [https://docs.python.org/3/library/constants.html#None]) – The index/timestep from which to retrieve the metric.
Negative indices are supported. If None, will just get
the most recent value.













	
names

	The names of the tracked metrics.


	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]














	
class qucumber.callbacks.ObservableEvaluator(period, observables, verbose=False, log=None, **sampling_kwargs)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/observable_evaluator.py#L63]

	Evaluate and hold on to the results of the given observable(s).

This Callback is called at the end of each epoch.


Note

Since Callbacks are given to fit
as a list, they will be called in a deterministic order. It is
therefore recommended that instances of
ObservableEvaluator be among the first callbacks in
the list passed to fit,
as one would often use it in conjunction with other callbacks like
EarlyStopping which may depend on
ObservableEvaluator having been called.




	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency with which the callback evaluates the given
observables(s).


	observables (list [https://docs.python.org/3/library/stdtypes.html#list](qucumber.observables.Observable)) – A list of Observables. Observable statistics are
evaluated by sampling the Wavefunction. Note that
observables that have the same name will conflict,
and precedence will be given to the right-most
observable argument.


	verbose (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to print metrics to stdout.


	log (str [https://docs.python.org/3/library/stdtypes.html#str]) – A filepath to log metric values to in CSV format.


	**sampling_kwargs – Keyword arguments to be passed to Observable.statistics.
Ex. num_samples, num_chains, burn_in, steps.









	
__getattr__(observable)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/observable_evaluator.py#L122]

	Return an ObservableStatistics containing recorded statistics of the given observable.


	Parameters

	observable (str [https://docs.python.org/3/library/stdtypes.html#str]) – The observable to retrieve.



	Returns

	The past values of the observable.



	Return type

	ObservableStatistics










	
__len__()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/observable_evaluator.py#L115]

	Return the number of timesteps that observables have been evaluated for.


	Return type

	int [https://docs.python.org/3/library/functions.html#int]










	
clear_history()[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/observable_evaluator.py#L158]

	Delete all statistics the instance is currently storing.






	
epochs

	Return a list of all epochs that have been recorded.


	Return type

	np.array










	
get_value(name, index=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/observable_evaluator.py#L163]

	Retrieve the statistics of the desired observable from the given timestep.


	Parameters

	
	name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the observable to retrieve.


	index (int [https://docs.python.org/3/library/functions.html#int] or None [https://docs.python.org/3/library/constants.html#None]) – The index/timestep from which to retrieve the observable.
Negative indices are supported. If None, will just get
the most recent value.













	
names

	The names of the tracked observables.


	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list][str [https://docs.python.org/3/library/stdtypes.html#str]]














	
class qucumber.callbacks.LivePlotting(period, evaluator_callback, quantity_name, error_name=None, total_epochs=None, smooth=True)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/liveplotting.py#L29]

	Plots metrics/observables.

This Callback is called at the end of each epoch.


	Parameters

	
	period (int [https://docs.python.org/3/library/functions.html#int]) – Frequency with which the callback updates the plots
(in epochs).


	evaluator_callback (MetricEvaluator or
ObservableEvaluator) – An instance of
MetricEvaluator or
ObservableEvaluator
which computes the metric/observable that we want to plot.


	quantity_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the metric/observable stored in evaluator_callback.


	error_name (str [https://docs.python.org/3/library/stdtypes.html#str]) – The name of the error stored in evaluator_callback.













	
class qucumber.callbacks.Timer(verbose=True)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/callbacks/timer.py#L26]

	Callback which records the training time.

This Callback is always called at the start and end of training. It will
run at the end of an epoch or batch if the given model’s stop_training
property is set to True.


	Parameters

	verbose (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to print the elapsed time at the end of training.
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Observables


Pauli Operators


	
class qucumber.observables.SigmaZ[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L117]

	Bases: qucumber.observables.Observable

The [image: \sigma_z] observable.

Computes the magnetization in the Z direction of a spin chain.


	
apply(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L127]

	Computes the magnetization of each sample given a batch of samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of samples to calculate the observable on.
Must be using the [image: \sigma_i = 0, 1] convention.













	
name

	The name of the Observable.






	
sample(nn_state, k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L95]

	Draws samples of the observable using the given Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before drawing a sample.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it
is provided, with the updated state of the Markov chain.













	
statistics(nn_state, num_samples, num_chains=0, burn_in=1000, steps=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L121]

	Estimates the expected value, variance, and the standard error of the
observable over the distribution defined by the Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw. The actual number of
samples drawn may be slightly higher if
num_samples % num_chains != 0.


	num_chains (int [https://docs.python.org/3/library/functions.html#int]) – The number of Markov chains to run in parallel;
if 0, will use a number of chains equal to
num_samples.


	burn_in (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before recording
any samples.


	steps (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to take between each sample.






	Returns

	A dictionary containing the (estimated) expected value
(key: “mean”), variance (key: “variance”), and standard error
(key: “std_error”) of the observable.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float])










	
statistics_from_samples(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L183]

	Estimates the expected value, variance, and the standard error of the
observable using the given samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
symbol

	The algebraic symbol representing the Observable.










	
class qucumber.observables.SigmaX[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L31]

	Bases: qucumber.observables.Observable

The [image: \sigma_x] observable

Computes the magnetization in the X direction of a spin chain.


	
apply(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L41]

	Computes the magnetization along X of each sample in the given batch of samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of samples to calculate the observable on.
Must be using the [image: \sigma_i = 0, 1] convention.













	
name

	The name of the Observable.






	
sample(nn_state, k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L95]

	Draws samples of the observable using the given Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before drawing a sample.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it
is provided, with the updated state of the Markov chain.













	
statistics(nn_state, num_samples, num_chains=0, burn_in=1000, steps=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L121]

	Estimates the expected value, variance, and the standard error of the
observable over the distribution defined by the Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw. The actual number of
samples drawn may be slightly higher if
num_samples % num_chains != 0.


	num_chains (int [https://docs.python.org/3/library/functions.html#int]) – The number of Markov chains to run in parallel;
if 0, will use a number of chains equal to
num_samples.


	burn_in (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before recording
any samples.


	steps (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to take between each sample.






	Returns

	A dictionary containing the (estimated) expected value
(key: “mean”), variance (key: “variance”), and standard error
(key: “std_error”) of the observable.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float])










	
statistics_from_samples(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L183]

	Estimates the expected value, variance, and the standard error of the
observable using the given samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
symbol

	The algebraic symbol representing the Observable.










	
class qucumber.observables.SigmaY[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L71]

	Bases: qucumber.observables.Observable

The [image: \sigma_y] observable

Computes the magnetization in the Y direction of a spin chain.


	
apply(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/pauli.py#L81]

	Computes the magnetization along Y of each sample in the given batch of samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of samples to calculate the observable on.
Must be using the [image: \sigma_i = 0, 1] convention.













	
name

	The name of the Observable.






	
sample(nn_state, k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L95]

	Draws samples of the observable using the given Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before drawing a sample.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it
is provided, with the updated state of the Markov chain.













	
statistics(nn_state, num_samples, num_chains=0, burn_in=1000, steps=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L121]

	Estimates the expected value, variance, and the standard error of the
observable over the distribution defined by the Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw. The actual number of
samples drawn may be slightly higher if
num_samples % num_chains != 0.


	num_chains (int [https://docs.python.org/3/library/functions.html#int]) – The number of Markov chains to run in parallel;
if 0, will use a number of chains equal to
num_samples.


	burn_in (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before recording
any samples.


	steps (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to take between each sample.






	Returns

	A dictionary containing the (estimated) expected value
(key: “mean”), variance (key: “variance”), and standard error
(key: “std_error”) of the observable.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float])










	
statistics_from_samples(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L183]

	Estimates the expected value, variance, and the standard error of the
observable using the given samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
symbol

	The algebraic symbol representing the Observable.












Neighbour Interactions


	
class qucumber.observables.NeighbourInteraction(periodic_bcs=False, c=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/interactions.py#L24]

	Bases: qucumber.observables.Observable

The [image: \sigma^z_i \sigma^z_{i+c}] observable

Computes the c-th nearest neighbour interaction for a spin chain with
either open or periodic boundary conditions.


	Parameters

	
	periodic_bcs (bool [https://docs.python.org/3/library/functions.html#bool]) – Specifies whether the system has periodic boundary
conditions.


	c (int [https://docs.python.org/3/library/functions.html#int]) – Interaction distance.









	
apply(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/interactions.py#L46]

	Computes the energy of this neighbour interaction for each sample
given a batch of samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of samples to calculate the observable on.
Must be using the [image: \sigma_i = 0, 1] convention.













	
name

	The name of the Observable.






	
sample(nn_state, k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L95]

	Draws samples of the observable using the given Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before drawing a sample.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it
is provided, with the updated state of the Markov chain.













	
statistics(nn_state, num_samples, num_chains=0, burn_in=1000, steps=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L121]

	Estimates the expected value, variance, and the standard error of the
observable over the distribution defined by the Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw. The actual number of
samples drawn may be slightly higher if
num_samples % num_chains != 0.


	num_chains (int [https://docs.python.org/3/library/functions.html#int]) – The number of Markov chains to run in parallel;
if 0, will use a number of chains equal to
num_samples.


	burn_in (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before recording
any samples.


	steps (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to take between each sample.






	Returns

	A dictionary containing the (estimated) expected value
(key: “mean”), variance (key: “variance”), and standard error
(key: “std_error”) of the observable.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float])










	
statistics_from_samples(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L183]

	Estimates the expected value, variance, and the standard error of the
observable using the given samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
symbol

	The algebraic symbol representing the Observable.












Abstract Observable


Note

This is an Abstract Base Class, it is not meant to be used directly. The
following API reference is mostly for developers.




	
class qucumber.observables.Observable[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/__init__.py#L]

	Bases: abc.ABC [https://docs.python.org/3/library/abc.html#abc.ABC]

Base class for observables.


	
apply(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L83]

	Computes the value of the observable, row-wise, on a batch of
samples. Must be implemented by any subclasses.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
name

	The name of the Observable.






	
sample(nn_state, k, num_samples=1, initial_state=None, overwrite=False)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L95]

	Draws samples of the observable using the given Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	k (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before drawing a sample.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw.


	initial_state (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The initial state of the Markov Chain. If given,
num_samples will be ignored.


	overwrite (bool [https://docs.python.org/3/library/functions.html#bool]) – Whether to overwrite the initial_state tensor, if it
is provided, with the updated state of the Markov chain.













	
statistics(nn_state, num_samples, num_chains=0, burn_in=1000, steps=1)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L121]

	Estimates the expected value, variance, and the standard error of the
observable over the distribution defined by the Wavefunction.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction to draw samples from.


	num_samples (int [https://docs.python.org/3/library/functions.html#int]) – The number of samples to draw. The actual number of
samples drawn may be slightly higher if
num_samples % num_chains != 0.


	num_chains (int [https://docs.python.org/3/library/functions.html#int]) – The number of Markov chains to run in parallel;
if 0, will use a number of chains equal to
num_samples.


	burn_in (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to perform before recording
any samples.


	steps (int [https://docs.python.org/3/library/functions.html#int]) – The number of Gibbs Steps to take between each sample.






	Returns

	A dictionary containing the (estimated) expected value
(key: “mean”), variance (key: “variance”), and standard error
(key: “std_error”) of the observable.



	Return type

	dict [https://docs.python.org/3/library/stdtypes.html#dict](str [https://docs.python.org/3/library/stdtypes.html#str], float [https://docs.python.org/3/library/functions.html#float])










	
statistics_from_samples(nn_state, samples)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/observables/observable.py#L183]

	Estimates the expected value, variance, and the standard error of the
observable using the given samples.


	Parameters

	
	nn_state (qucumber.nn_states.Wavefunction) – The Wavefunction that drew the samples.


	samples (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A batch of sample states to calculate the observable on.













	
symbol

	The algebraic symbol representing the Observable.
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Complex Algebra


	
qucumber.utils.cplx.absolute_value(x)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L206]

	Computes the complex absolute value elementwise.


	Parameters

	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex tensor.



	Returns

	A real tensor.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.conjugate(x)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L156]

	A function that takes the conjugate transpose of the argument.


	Parameters

	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector or matrix.



	Returns

	The conjugate of x.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.elementwise_division(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L185]

	Elementwise division of x by y.


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex tensor.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex tensor.






	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.elementwise_mult(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L180]

	Alias for scalar_mult().






	
qucumber.utils.cplx.inner_prod(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L102]

	A function that returns the inner product of two complex vectors,
x and y (<x|y>).


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector.






	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If x and y are not complex vectors with their first
dimensions being 2, then the function will not execute.



	Returns

	The inner product, [image: \langle x\vert y\rangle].



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.kronecker_prod(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L220]

	A function that returns the tensor / kronecker product of 2 complex
tensors, x and y.


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex matrix.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex matrix.






	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If x and y do not have 3 dimensions or their first
dimension is not 2, the function cannot execute.



	Returns

	The tensorproduct of x and y, [image: x \otimes y].



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.make_complex(x, y=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L23]

	A function that combines the real (x) and imaginary (y) parts of a
vector or a matrix.


Note

x and y must have the same shape. Also, this will not work for
rank zero tensors.




	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The real part


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The imaginary part. Can be None, in which case, the resulting
complex tensor will have imaginary part equal to zero.






	Returns

	The tensor [x,y] = x + yi.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.matmul(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L72]

	A function that computes complex matrix-matrix and matrix-vector products.


Note

If one wishes to do matrix-vector products, the vector must be
the second argument (y).




	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex matrix.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector or matrix.






	Returns

	The product between x and y.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.norm(x)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L309]

	A function that returns the norm of the argument.


	Parameters

	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex scalar.



	Returns

	[image: |x|].



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.norm_sqr(x)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L297]

	A function that returns the squared norm of the argument.


	Parameters

	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex scalar.



	Returns

	[image: |x|^2].



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.outer_prod(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L130]

	A function that returns the outer product of two complex vectors, x
and y.


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex vector.






	Raises

	ValueError [https://docs.python.org/3/library/exceptions.html#ValueError] – If x and y are not complex vectors with their first
dimensions being 2, then the function will not execute.



	Returns

	The outer product between x and y,
[image: \vert x \rangle\langle y\vert].



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.scalar_divide(x, y)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L267]

	A function that computes the division of x by y.


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The numerator (a complex scalar, vector or matrix).


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The denominator (a complex scalar).






	Returns

	x / y



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]










	
qucumber.utils.cplx.scalar_mult(x, y, out=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/cplx.py#L44]

	A function that computes the product between complex matrices and scalars,
complex vectors and scalars or two complex scalars.


	Parameters

	
	x (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex scalar, vector or matrix.


	y (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – A complex scalar, vector or matrix.


	z (torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]) – The complex tensor to write the output to.


	z – A complex scalar, vector or matrix. Can be None, in which case, a new tensor is created and returned. Otherwise, the method overwrites z.






	Returns

	The product between x and y. Either overwrites z, or returns a new tensor.



	Return type

	torch.Tensor [https://pytorch.org/docs/stable/tensors.html#torch.Tensor]
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qucumber.utils.data.extract_refbasis_samples(train_samples, train_bases)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/data.py#L68]

	Extract the reference basis samples from the data.


	Parameters

	
	train_samples (numpy.array) – The training samples.


	train_bases (numpy.array) – The bases of the training samples.






	Returns

	The samples in the data that are only in the reference basis.



	Return type

	torch.tensor










	
qucumber.utils.data.load_data(tr_samples_path, tr_psi_path=None, tr_bases_path=None, bases_path=None)[source] [https://github.com/PIQuIL/QuCumber/blob/be27b3b/qucumber/utils/data.py#L24]

	Load the data required for training.


	Parameters

	
	tr_samples_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The path to the training data.


	tr_psi_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The path to the target/true wavefunction.


	tr_bases_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The path to the basis data.


	bases_path (str [https://docs.python.org/3/library/stdtypes.html#str]) – The path to a file containing all possible bases used in
the tr_bases_path file.






	Returns

	A list of all input parameters.



	Return type

	list [https://docs.python.org/3/library/stdtypes.html#list]
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