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High Level Overview

• in general (not only for ViT) we create a network 
from blocks that consists of several layers

• e.g. inception blocks, residual blocks, 
transformer encoder blocks

• what is input for these models (blocks)? 

• In the case of CNN, we use raw images

• In the case of ViT, we use fixed size patches
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High Level Overview
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(e.g. 16×16 pixels). Each patch will act as a "token" for 
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High Level Overview

1. Divide the input image into smaller fixed-size patches
(e.g. 16×16 pixels). Each patch will act as a "token" for 
the transformer.

2. Add positional encoding to encode the patch's position 
in the original image. These encodings are typically 
sine/cosine functions or learnable parameters.

3. Add classification token - this token is used for 
classification tasks.

4. The Transformer encoder processes - enables each 
token to attend to every other token

5. Classification Head - output predictions based on 
the classification token.
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Part 2. A Bit More Detail

ViT (Vision Transformer)
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Step 1 - Input

• transform image into 16 x 16 size (patches)

• embed each patch into 768 dimension

• i.e. one patch can be described with 1 x 768 values

• In the case that we have 196 patches with size of 16 x 
16, we obtain [14, 14, 768] tensor

• with the use of flatten, we obtain [196, 768] matrix
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For classification purposes,
the same as the class token 
used in BERT.
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Using the attention mechanism, we can describe the 
relationship between inputs (in the case of ViT, the 
relationship between patches of the input image)
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Self attention was proposed in https://arxiv.org/pdf/1706.03762

Following text was taken from https://arxiv.org/pdf/2012.12556
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Part 3. Selected Implementation Details 

ViT (Vision Transformer)
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h, w, c, ps = 224, 224, 3, 16

# x: input batch (batch_size, 3, 224, 224)

x_p = x.reshape(batch_size, c, h//ps, ps, w//ps, ps) # (B, 3, 14, 16, 14, 16)

x_p = x_p.permute(0, 2, 4, 3, 5, 1)                  # (B, 14, 14, 16, 16, 3)

x_p = x_p.reshape(batch_size, 196, ps*ps*c)          # (B, 196, 768)

Step 1: split the image into N = HW/P² = 196 patches and flatten each patch into a vector xp of P²·C = 16·16·3 = 768 raw 
pixel values.

result – sequence of flattened 2D patches (nothing learned yet):
xp: ([batch_size, 196, 768])

https://arxiv.org/abs/2010.11929
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48
https://arxiv.org/abs/2010.11929
https://pytorch.org/vision/main/models/vision_transformer.html
https://learnopencv.com/the-future-of-image-recognition-is-here-pytorch-vision-transformer/

• Step 2: each flattened patch xp is multiplied by the learnable matrix E ∈ ℝ(P²·C)×D (linear projection, Eq. 1)
• nn.Linear(768, D, bias=False) – its weights are exactly the matrix E (Eq. 1 has no bias)
• output = patch embeddings xpE: ([batch_size, 196, D]), D = 768 for ViT-Base (192 for ViT-Tiny)

E = nn.Linear(in_features=ps*ps*c, # 768

out_features=768,    # D

bias=False)

patch_embeddings = E(x_p)  # (B, 196, 768)

ViT – Selected Implementation Details – Equation 1.

xp ·  E =  patch embeddings
(196 × 768) · (768 × D) = (196 × D)
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• class_token = nn.Parameter(torch.randn(1, 1, 768))
• z_0_with_class = torch.cat((class_token.repeat(batch_size, 1, 1), patch_embeddings), dim=1)
• position_embeddings = nn.Parameter(torch.randn(1, 197, 768))
• z_0_with_class_with_poss = z_0_with_class + position_embeddings

ViT – Selected Implementation Details – Equation 1.

E = nn.Linear(768, 768, bias=False)

patch_embeddings = E(x_p)
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In practice (torchvision, timm) steps 1 and 2 are merged into one nn.Conv2d layer: kernel_size = stride = 16, so each 
kernel position covers exactly one patch.

input ([batch_size, 3, 224, 224]) after nn.Conv2d:
([batch_size, 768, 14, 14])

→ flatten(2) + permute(0, 2, 1) →
([batch_size, 196, 768])

The 768 filters play the role of the matrix E – the result 
is the same as reshape + nn.Linear. You will see this 
Conv2d e.g. as PatchEmbed in the torchinfo summary of 
a timm ViT.

https://arxiv.org/abs/2010.11929
https://pytorch.org/vision/main/models/vision_transformer.html


ViT (Vision Transformer)

53https://arxiv.org/abs/2010.11929
https://pytorch.org/docs/stable/generated/torch.nn.MultiheadAttention.html

https://arxiv.org/abs/2010.11929
https://pytorch.org/docs/stable/generated/torch.nn.MultiheadAttention.html


54https://arxiv.org/abs/2010.11929
https://pytorch.org/vision/main/models/vision_transformer.html

ViT – Selected Implementation Details – Equation 2.

You can continue in a similar way 
with equations 3 and 4 during the 

exercise (it is appropriate to 
organise the ViT blocks into 

individual classes)

https://arxiv.org/abs/2010.11929
https://pytorch.org/vision/main/models/vision_transformer.html
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Where to go from here?
https://github.com/lucidrains/vit-pytorch

https://arxiv.org/abs/2010.11929
https://pytorch.org/vision/main/models/vision_transformer.html
https://github.com/lucidrains/vit-pytorch
https://github.com/lucidrains/vit-pytorch
https://github.com/lucidrains/vit-pytorch
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