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Abstract: This course is designed to introduce modern machine learning techniques for studying classical and quantum many-body problems
encountered in condensed matter, quantum information, and related fields of physics. Lectures will focus on introducing machine learning
algorithms and discussing how they can be applied to solve problem in statistical physics. Tutorials and homework assignments will concentrate on
developing programming skills to study the problems presented in lecture.
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Convolution arithmetic

A technical report on convolution arithmetic in the context of deep learning.
The code and the images of this tutorial are free to use as regulated by the licence and subject to proper attribution:

« [1] Vincent Dumoulin, Francesco Visin - A guide to convolution arithmetic for deep learning (BibTeX)

Convolution animations

N.B.: Blue maps are inputs, and cyan maps are outputs.

No padding, no strides  Arbitrary padding, no strides  Half padding, no strides  Full padding, no strides

No padding, strides Padding, strides Padding, strides (odd)
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¢ Convolution arithmetic

A technical repart on convolution arithmetic in the context of deep learning.

The code and the images of this tutorial are free to use as regulated by the licence and subject to proper attribution:

« [1] Vincent Dumoulin, Francesco Visin - A guide to convolution arithmetic for deep learning (BibTeX)

Convolution animations

N.B.: Blue maps are inputs, and cyan maps are outputs.

No padding, no strides  Arbitrary padding, no strides ~ Half padding, no strides  Full padding, no strides

No padding, strides Padding, strides Padding, strides (odd)
httpsjfariv.orgfabs/1603.07285

Pirsa: 22040072

Page 3/24



_ A% ik Kot Explains s —

& > C @& setosaiofevfimage-kernels/ h & H 9 0@ @ »» 0O . :

i Gmail Q) Okta [Of arxiv @3 PSIWiki | [E3 Other Bookmarks

By Victor Powell

An image kernel is a small matrix used to apply effects like the ones you might find in Photoshop or Gimp, such as blurring,
sharpening, outlining or embossing. They're also used in machine learning for ‘feature extraction’, a technique for
determining the most important portions of an image. In this context the process is referred to more generally as
"convolution” (see: convolutional neural networks.)

To see how they work, let's start by inspecting a black and white image. The matrix on the left contains numbers, between 0
and 255, which each correspond to the brightness of one pixel in a picture of a face. The large, granulated picture has been
blown up to make it easier to see; the last image is the "real” size.

Let's walk through applying the following 3x3 sharpen kernel to the image of a face from above.

0 -1 0
-1 5 -1
0 -1 0

Below, for each 3x3 block of pixels in the image on the left, we multiply each pixel by the corresponding entry of the kernel
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how its value is computed.

input image output image

One subtlety of this process is what to do along the edges of the image. For example, the top left corner of the input image
only has three neighbors. One way to fix this is to extend the edge values out by one in the original image while keeping our
new image the same size. In this demo, we've instead ignored those values by making them black.

Here's a playground were you can select different kernel matrices and see how they effect the original image or build your
own kernel. You can also upload your own image or use live video if your browser supports it.

Choose File | No file chosen

0 -1 0
-1 5 -1
0 -1 0
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