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🔎 Visualizations

tmeasures allows computing invariance, same-equivariance and other
transformational measures, and contains helpful functions to visualize
these. The following are some examples of the results you can obtain
with the library:


🔥 Invariance heatmap

Each column shows the invariance to rotation of a layer of a Neural
Network. Each row/block inside each column indicates the invariance of a
feature map or single neuron, depending on the layer.

[image: image0]



📉 Average Invariance vs layer, same model

Plot the transformational and sample invariance to rotations of a simple
neural network trained on MNIST, with and without data augmentation. The
X axis indicates the layer, while the Y axis shows the average
invariance of the layer.

[image: image1]



📈 Average invariance by layer, different models:

Plot of the invariance to rotations of several well-known models trained
on CIFAR10. The number of layers of each model is streched on a
percentage scale, so that different models can be compared.

[image: image2]




💻 PyTorch API

The following notebook contains a step-by-step to measure invariance to
rotations in a PyTorch neural network that was trained with the MNIST
dataset. You can execute it directly from google colab.

Measuring invariance to rotations for a simple CNN on MNIST (google
colab) [https://colab.research.google.com/github/facundoq/transformational_measures/blob/master/docs/examples/Variance%20to%20rotations%20of%20a%20CNN%20trained%20on%20MNIST%20with%20PyTorch.ipynb]

Other examples with multiple measures and pretrained models can be found
in the doc folder of this repository.



💻 TensorFlow API

We are still developing the Tensorflow API.



📋 Examples

You can find many uses of this library in the repository with the
code [https://github.com/facundoq/transformational_measures_experiments]
for the article Measuring (in)variances in Convolutional
Networks [https://link.springer.com/chapter/10.1007/978-3-030-27713-0_9],
where this library was first presented. Also, in the code for the
experiments of the PhD Thesis “Invariance and Same-Equivariance
Measures for Convolutional Neural Networks”
(spanish) [https://doi.org/10.24215/16666038.20.e06].



🤙🏽 Citing

If you use this library in your research, we kindly ask you to cite
Invariance and Same-Equivariance Measures for Convolutional Neural
Networks. [https://doi.org/10.24215/16666038.20.e06]

@article{quiroga20,
  author    = {Facundo Quiroga and
               Laura Lanzarini},
  title     = {Invariance and Same-Equivariance Measures for Convolutional Neural Networks},
  journal   = {J. Comput. Sci. Technol.},
  volume    = {20},
  number    = {1},
  pages     = {06},
  year      = {2020},
  url       = {https://doi.org/10.24215/16666038.20.e06},
  doi       = {10.24215/16666038.20.e06},
}
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class tmeasures.pytorch.transformations.IdentityTransformation

	Bases: PyTorchTransformation


	
parameters() → Tensor

	Returns an iterator over module parameters.

This is typically passed to an optimizer.


	Args:
	
	recurse (bool): if True, then yields parameters of this module
	and all submodules. Otherwise, yields only parameters that
are direct members of this module.







	Yields:
	Parameter: module parameter





Example:

>>> # xdoctest: +SKIP("undefined vars")
>>> for param in model.parameters():
>>>     print(type(param), param.size())
<class 'torch.Tensor'> (20L,)
<class 'torch.Tensor'> (20L, 1L, 5L, 5L)










	
training: bool

	








	
class tmeasures.pytorch.transformations.IdentityTransformationSet

	Bases: PyTorchTransformationSet






	
class tmeasures.pytorch.transformations.PyTorchTransformation

	Bases: Transformation, Module


	
abstract parameters() → Tensor

	Returns an iterator over module parameters.

This is typically passed to an optimizer.


	Args:
	
	recurse (bool): if True, then yields parameters of this module
	and all submodules. Otherwise, yields only parameters that
are direct members of this module.







	Yields:
	Parameter: module parameter





Example:

>>> # xdoctest: +SKIP("undefined vars")
>>> for param in model.parameters():
>>>     print(type(param), param.size())
<class 'torch.Tensor'> (20L,)
<class 'torch.Tensor'> (20L, 1L, 5L, 5L)










	
training: bool

	








	
class tmeasures.pytorch.transformations.PyTorchTransformationSet(members)

	Bases: TransformationSet, Iterable[PyTorchTransformation]


	
parameter_range() → List[Tensor]
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tmeasures.pytorch.activations_iterator module



tmeasures.pytorch.activations_iterator_base module



tmeasures.pytorch.activations_transformer module


	
class tmeasures.pytorch.activations_transformer.ActivationsTransformer(activation_shapes: [Tuple[int]], layer_names: [str], transformation_set: tm.TransformationSet, inverse: bool)

	Bases: object


	
filter_activations(activations: [torch.Tensor]) → [torch.Tensor]

	




	
get_transformations_set(shapes: [Tuple[int]], transformation_set: tm.TransformationSet, inverse: bool)

	




	
get_valid_layers(activation_shapes: [Tuple[int]], layer_names: [str], transformation_set: tm.TransformationSet)

	




	
trasform_st_same_column(activations: [torch.Tensor], t_i: int)

	




	
trasform_st_same_row(activations: [torch.Tensor], t_start: int, t_end: int)

	








	
tmeasures.pytorch.activations_transformer.list_get_all(list: list, indices: list[int]) → []

	





tmeasures.pytorch.base module



tmeasures.pytorch.dataset2d module


	
class tmeasures.pytorch.dataset2d.Dataset2D(*args, **kwds)

	Bases: Dataset


	
abstract property T

	




	
abstract get_transformations(row: int, col_from: int, col_to: int)

	




	
abstract getitem2d(i, j)

	




	
len()

	




	
abstract property len0

	




	
abstract property len1

	




	
row_dataset(row: int)

	








	
class tmeasures.pytorch.dataset2d.RowDataset(d: Dataset2D, row: int)

	Bases: Dataset






	
class tmeasures.pytorch.dataset2d.STDataset(dataset: Dataset, transformations: PyTorchTransformationSet, device=device(type='cpu'))

	Bases: Dataset2D


	
len_dataset()

	




	
len_transformations()

	








	
class tmeasures.pytorch.dataset2d.SampleTransformationDataset(dataset: Dataset, transformations: PyTorchTransformationSet, device=device(type='cpu'))

	Bases: STDataset


	
T()

	




	
get_transformations(row: int, col_from: int, col_to: int)

	




	
getitem2d(i, j)

	




	
property len0

	




	
property len1

	








	
class tmeasures.pytorch.dataset2d.TransformationSampleDataset(dataset: Dataset, transformations: PyTorchTransformationSet, device=device(type='cpu'))

	Bases: STDataset


	
T()

	




	
get_transformations(row: int, col_from: int, col_to: int)

	




	
getitem2d(i, j)

	




	
property len0

	




	
property len1

	









tmeasures.pytorch.goodfellow module



tmeasures.pytorch.layer_measures module



tmeasures.pytorch.measure_transformer module



tmeasures.pytorch.model module


	
class tmeasures.pytorch.model.ActivationsModule

	Bases: Module


	
abstract activation_names() → List[str]

	




	
abstract forward_activations(args) → List[Tensor]

	




	
n_activations()

	




	
training: bool

	








	
class tmeasures.pytorch.model.AutoActivationsModule(module: ~torch.nn.modules.module.Module, full_name=True, filter: ~typing.Callable = <function AutoActivationsModule.<lambda>>)

	Bases: ActivationsModule


	
activation_names() → List[str]

	




	
forward_activations(args) → List[Tensor]

	This function is not thread safe.






	
register_hooks(activations: List[Module])

	




	
reset_values()

	




	
training: bool

	








	
exception tmeasures.pytorch.model.DuplicateKeyError(*args: object)

	Bases: ValueError






	
class tmeasures.pytorch.model.FilteredActivationsModule(inner_model: ActivationsModule, activations_filter: Callable[[ActivationsModule, str], bool])

	Bases: ActivationsModule


	
activation_names() → List[str]

	




	
eval()

	Sets the module in evaluation mode.

This has any effect only on certain modules. See documentations of
particular modules for details of their behaviors in training/evaluation
mode, if they are affected, e.g. Dropout, BatchNorm,
etc.

This is equivalent with self.train(False).

See locally-disable-grad-doc for a comparison between
.eval() and several similar mechanisms that may be confused with it.


	Returns:
	Module: self










	
forward()

	Defines the computation performed at every call.

Should be overridden by all subclasses.


Note

Although the recipe for forward pass needs to be defined within
this function, one should call the Module instance afterwards
instead of this since the former takes care of running the
registered hooks while the latter silently ignores them.








	
abstract forward_activations(args) → List[Tensor]

	




	
training: bool

	








	
tmeasures.pytorch.model.flatten_dict(d_or_val: Input, prefix='', sep='/', allow_repeated=False) → dict[str, Any]

	




	
tmeasures.pytorch.model.flatten_dict_list(d_or_val: Union[MutableMapping, Any], key='', full_name=True) → List[Tuple[str, Any]]

	




	
tmeasures.pytorch.model.intersect_lists(a: List, b: List)

	




	
tmeasures.pytorch.model.named_children_deep(m: Module)
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class tmeasures.utils.iterable_queue.IterableQueue(n: int, maxsize=None, name='')

	Bases: Sized, Iterable

Queue supporting Iterator and Sized protocols.
Queue has a max size so it can be iterated upon with a for loop


	
get(block=True, timeout=None)

	




	
put(x, block=True, timeout=None)

	









Module contents


	
class tmeasures.utils.IterableQueue(n: int, maxsize=None)

	Bases: Queue, Sized, Iterable

Queue supporting Iterator and Sized protocols.
Queue has a max size so it can be iterated upon with a for loop






	
tmeasures.utils.get_all(list: [], indices: [int]) → []

	




	
tmeasures.utils.indices_of(list: [], value) → [int]
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