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Broadcasting in general

PyTorch, TensorFlow, Jax and all adopt the general broadcasting rules of NumPy

= When a tensor is broadcast, its entries are conceptually copied

Broadcasting is a performance optimization, thus no actual copying occurs

a(3) b (1) result (3)
1123 * 2 = 1214|686
stretch

[image from https://numpy.org/doc/stable/user/basics.broadcasting.html]
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The general broadcasting rule

= When operating on two arrays, NumPy compares their shapes element-wise
It starts with the trailing dimensions, and works its way backward

Two dimensions are compatible when
1. they are equal, or
2. oneofthemis1

» The size of the resulting array is the maximum size along each dimension of the input arrays

a (2d array): 5 x 4
b (1d array):

result (2d array): 5 x 4

=

a (3d array): 15 x 3 x 1
b (2d array): 3 x5

result (3d array): 15 x 3 x 5

a (4d array): 8 x1x6 x5
b (3d array): 7 x1x?5

result (4d array): 8 x7x86 x5
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Broadcasting: a few examples

a(4x3) b (3)

result (4 x 3)

0lofo 1203/, 1123
0[10[10[/] + l% = 1|12 |13
20|20 20 [ 2 | 21|22 |23 |/
30 | 30 | 30 31| 32 |33
a (2d array): 4 x 3
b (1d array): 3
result (3d array): 4 x 3

a(4x1) b (3) result (4 x 3)
0 1123 . AERE
10 + l% = 11|12
20 o | 21 | 22 |23
30 31|32 |33
stretch
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mismatch

I
(4x3) b (4)/

314

a (2d array): 4 x 3
b (1d array):
result: error!

a (1d array): 4 x 1

b (1d array): 3

result (3d array): 4 x 3

[images from https://numpy.org/doc/stable/user/basics.broadcasting.html]

Tensor Broadcasting [4]



	Slide 1
	Slide 2: Broadcasting in general
	Slide 3: The general broadcasting rule
	Slide 4: Broadcasting: a few examples

