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1. Split Image into Patches
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1. Split Image into Patches
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""" Vision Transformer """
def __init_ (self, 224],
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1. Split Image into Patches
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def __init_ (self, 224,
super().__init__
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class PatchEmbed(nn.Module):
""" Image to Patch Embedding

mwmn

img = nn.rand(1, 3, 224, 224)

— M=768):

o input: (N, Cip, Hin, Wip) or (Cis Hiny, Wi
PatchEmbed(img_size=224, » output: (N, Cout, Hout, Wout) or (Cout, Hout, Wout ), where
patch_size=16, H;, +2 x padding[0] - dilation[0] x (kernel size[0] - 1) - 1
in_chans=3, Hout = ' o
B . I stride[0] i
embed dim=768)

Win + 2 x padding[1] — dilation[1] x (kernel_size[1] — 1) — 1

Conv2d(in_chans=3, Wour = I stride|1] N 1_
embed_dim=768,
kernel size=16, def (self, x):
stride=16) B, C, H, W = x.shape
x = self.proj(x).flatten(2).transpose(1, 2)
return x

Conv2d out.shape =1 x 768 x 14 x 14

PatchEmbed out.shape =1 x 196 x 768



class
token

14

(NN EEEY A

Dome
]
\—Y_J
1000
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2. Add Position Embeddings

1. Split Image into Patches
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Add Position Embeddings
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position
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self.patch_embed = PatchEmbed img_size=img_size 0 ,
~ patch_size=patch_size,
in_chans=in_chans,
embed dim=embed_dim
5 num_patches = self.patch_embed.num_patches

class VisionTransformernn.Module

""" Vision Transformer """

def _init_ (self, img_size= 224|, patch_size=16, in_chans=3,
num_classes=0,
embed _dim=768,
depth=12,
num_heads=12,
mlp_ratio=4.,
**kwargs

super().__init__

self.num_features = self.embed_dim = embed_dim




2. Add Position Embeddings class VisionTransformer/nn.Module

mmn

""" Vision Transformer
def _init_ (self, img_size= 224|, patch_size=16, in_chans=3,
num_classes=0,
embed _dim=768,

depth=12,
num_heads=12,
mlp_ratio=4.,
14 **kwargs
, A . super().__init__

( ============== self.num_features = self.embed_dim = embed_dim
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2. Add Position Embeddings

—
B

T rrtrtrirrirerrry
.
HEEEEEEEEEEEEN -
HEEEEREEETEEEE
HEEENEEEEMTHEEE
HEEREEREEN ' I1HENE
« HHESESEEEEEAEEN
FEEEEEENTAMEER
ANEEEEEL [ [TM™~.

L1 1111 i
Lol [ o ] ] ] ] ) e [t
ml [ EFhEERERL]
HEEEEE I EEEENLC ]
bl L L LI
12 heads

12

-
(o]
[&)]

conv2d D=768

.(16)(16) (—M
[ ] -

—> | 1+ ] e

patch
embedding

position
embedding

197

14X14=196 image patches
+ 1 class token that flows through the Transformer

ﬂ 1+ ) -

class VisionTransformernn.Module
""" Vision Transformer """
def _init_ (self, img_size= 224|, patch_size=16, in_chans=3,
num_classes=0,
embed _dim=768,
depth=12,
num_heads=12,
mlp_ratio=4.,
**kwargs
super().__init__
self.num_features = self.embed_dim = embed_dim

self.patch_embed = PatchEmbed(img_size=img_size 0],
patch_size=patch_size,
in_chans=in_chans,
embed dim=embed_dim

num_patches = self.patch_embed.num_patches

self.cls_token = nn.Parameter torch.zeros(1, 1, embed_dim)




2. Add Position Embeddings
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class VisionTransformer/nn.Module

""" Vision Transformer
init

def

mmn

self, img_size= 224 |, patch_size=16, in_chans=3,

num_classes=0,
embed _dim=768,
depth=12,
num_heads=12,
mlp_ratio=4.,
**kwargs
super().__init__
self.num_features = self.embed_dim = embed_dim

self.patch_embed = PatchEmbed(img_size=img_size 0],
patch_size=patch_size,
in_chans=in_chans,
embed dim=embed_dim

num_patches = self.patch_embed.num_patches

self.cls_token = nn.Parameter (torch.zeros(1, 1, embed_dim)

self.pos_embed = nn.Parameter
torch.zeros(1, num_patches + 1, embed_dim)
self.pos_drop = nn.Dropout p=drop_rate

+ 1 class token that flows through the Transformer



2. Add Position Embeddings

Visualization of position embedding similarities
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Q, K, V and attention

3. Transformer Encoder
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3. Transformer Encoder , K, V and attention

class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
1x197 self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim

self.proj_drop = nn.Dropout(proj_drop

def self,
B, N, C = x.shape

1 x197

input



3. Transformer Encoder

class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".

super().__init__
1x 197 self.num_heads = num_heads
12 x 197 head_dim = dim // num_heads

self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim

self.proj_drop = nn.Dropout(proj_drop

def self,
B, N, C = x.shape

197 197 gkv = self.gkv(x
reshape(B, N, 3, self.num_heads, C // self.num_heads

. permute2, 0, 3, 1,4
Input - - .permute2, 0, 3, 1, 4



3. Transformer Encoder

1 x197

12 x 197
12 x 197
197

197 197

input

Y

12 heads

class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim

self.proj_drop = nn.Dropout(proj_drop

def self,
B, N, C = x.shape

gkv = self.gkv(x
reshape(B, N, 3, self.num_heads, C // self.num_heads
permute 2,0, 3, 1, 4
.permute2, 0, 3, 1, 4



3. Transformer Encoder
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class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim

self.proj_drop = nn.Dropout(proj_drop

def self,
B, N, C = x.shape
gkv = self.qkv(x
.reshape(B, N, 3, self.num_heads, C // self.num_heads
permute(2, 0, 3, 1, 4



3. Transformer Encoder

query

key

1 x197
12 x 197

12 x 197
197

value value

197

class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim

self.proj_drop = nn.Dropout(proj_drop

def self,
B, N, C = x.shape
gkv = self.qkv(x
.reshape(B, N, 3, self.num_heads, C // self.num_heads
permute(2, 0, 3, 1, 4



Q, K, V.shape =1 x 12 x 197 x 64
QK'=1x12x197 x 197

query Q

key value value softmax(

Vd,,

197 x 64 197 x 64




Q, K, V.shape =1 x 12 x 197 x 64
QK'=1x12x197 x 197

query Q
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3. Transformer Encoder
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3. Transformer Encoder
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3. Transformer Encoder
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3. Transformer Encoder
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3. Transformer Encoder

H The_ The_
, K, V and attention i el
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Q, K, V.shape =1 x 12 x 197 x 64
dot_prod_attention.shape =1 x 12 x 197 x 197

query Q

value

value

197 x 64 197 x 64



3. Transformer Encoder

attention score
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3. Transformer Encoder

class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias
Q self.attn_drop = nn.Dropout(attn_drop

self.proj = nn.Linear(dim, dim
self.proj_drop = nn.Dropout(proj_drop

def self,
) B, N, C = x.shape
gkv = self.gkv(x
reshape(B, N, 3, self.num_heads, C // self.num_heads
permute 2,0, 3, 1, 4
g, k, v=qakv 0}, gkv/ 1], gkv/2

softmax(

attn = (g @ k.transpose(-2, -1)) * self.scale
1 x 197 attn = attn.softmax(dim=-1
attn = self.attn_drop(attn

12 x 197
12 x 197 x 197
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weighted values
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197 x

Q, K, V.shape =1 x 12 x 197 x

attention_score.shape =1 x 12 x 197 x 197

out.shape =1 x 12 x 197 x

softmax(
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weighted values

A

attention score
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output
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197 x

Q, K, V.shape =1 x 12 x 197 x

attention_score.shape =1 x 12 x 197 x 197
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class Attention/nn.Module

def _init_ (self, dim, num_heads=8,"".
super().__init__
self.num_heads = num_heads
head_dim = dim // num_heads
self.scale = gk_scale or head_dim**-0.5

self.gkv = nn.Linear(dim, dim * 3, bias=qkv_bias

Q self.attn_drop = nn.Dropout(attn_drop
self.proj = nn.Linear(dim, dim
KT Vv self.proj_drop = nn.Dropout(proj_drop
X B, N, C = x.shape

softmax( )

Vd,,

gkv = self.qkv(x
.reshape(B, N, 3, self.num_heads, C // self.num_heads
permute 2, 0, 3, 1,4

g, k, v=qakv 0}, gkv/ 1], gkv/2

attn = (g @ k.transpose(-2, -1)) * self.scale
1x197 attn = attn.softmax(dim=-1
attn = self.attn_drop(attn

12 x 197
X = (atth @ v).transpose(1, 2).reshape B, N, C
12 x 197 x 197 x = self.proj(x

x = self.proj_drop(x
197 return x



. Input Layer . Hiden Layers . Output Layer

PatchEmbed out.shape =1 x 197 x
Q, K, V.shape =1 x 12 x 197 x

attention_score.shape =1 x 12 x 197 x 197

concat_out.shape = 1 x 197 x
out.shape = 1 x

class VisionTransformer/nn.Module )
""" \/ision Transformer """
def _init_ ():
super().__init__

# Split into Patches
self.num_features = self.embed_dim = embed_dim
self.patch_embed = PatchEmbed

# Positional Encoding
self.cls_token = nn.Parameter(torch.zeros(1, 1, embed_dim)
self.pos_embed = nn.Parameter

torch.zeros(1, num_patches + 1, embed_dim)

# Multi-head Attention
self.norm
self.attention
self.mlp
self.norm

# Classifier head

self.head = nn.Linear(embed_dim, num_classes) if num_classes > 0 else nn.ldentity
trunc_normal_(self.pos _embed, std=.02

trunc_normal_(self.cls token, std=.02

self.apply(self._init_weights



Attention maps

Visualization of Attention
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Attention maps

Query image Key image Original

Figure: https://jacobgil.github.io/deeplearning/vision-transformer-explainability

Qic+ kjc+ Qe kjo+
Qic- K= Gic kje+
This means that the image location j

and channel c - kj. - is going to

contribute to flowing information
into that image location g;

Qict kic- Qic ki

This means that the image location j

and channel ¢ - kj.- is NOT going

to contribute to flowing
information into that image
location g;



Attention maps

Query image Key image Original

Figure: https://jacobgil.github.io/deeplearning/vision-transformer-explainability

* The key image highlights the
Airplane.

* The query image highlights all the
image.

For most locations in the Query image,
since they are positive, information is
going to flow to them only from the
positive locations in the Key image -
that come from the Airplane.

Q, K here are telling us -
We found an airplane, and we want all

the locations in the image to know
about this!



Attention maps

Query image Key image Original

Figure: https://jacobgil.github.io/deeplearning/vision-transformer-explainability

* The Query image highlights mainly
the bottom part of the Airplane.

* The Keyimage is negative in the top
part of the Airplane.

The information flows in two

directions here: (1/2)

The top part of the plane (negative
values in the Key) is going to spread
into all the image (negative values in
the Query).

Hey we found this plane, lets tell the
rest of the image about it.



Attention maps

Query image Key image Original

Figure: https://jacobgil.github.io/deeplearning/vision-transformer-explainability

* The Query image highlights mainly
the bottom part of the Airplane.

* The Keyimage is negative in the top
part of the Airplane.

The information flows in two

directions here: (2/2)

Information from the “Non Plane”
parts of the image (positive values in
the Key) is going to flow into the
bottom part of the Plane (positive
values in the Query).

Lets tell the plane more about what's
around it.
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Unsupervised learning served as pre-training objective for
supervised fine-tuned models, hence named Generative Pre-training

a. Unsupervised Language Modelling (Pre-training): For unsupervised

learning, standard language model objective was used.

Li(T) = ) log P(tiltik,.. ti;8) ()
L

where T was the set of tokens in unsupervised data {t_1,...,t_n}, k was size of
context window, 0 were the parameters of neural network trained using

stochastic gradient descent.



Unsupervised learning served as pre-training objective for
supervised fine-tuned models, hence named Generative Pre-training

b. Supervised Fine-Tuning: This part aimed at maximising the likelihood of

observing label y, given features or tokens x_1,...,x_n.

L,(C) = ZZog P(y|xs..., %) (ii)
X,y

L3(C) = L2(C) + AL4(C) (iii)



Unsupervised learning served as pre-training objective for
supervised fine-tuned models, hence named Generative Pre-training

c. Task Specific Input Transformations: In order to make minimal changes
to the architecture of the model during fine tuning, inputs to the specific
downstream tasks were transformed into ordered sequences. The tokens

were rearranged in following manner:
— Start and end tokens were added to the input sequences.

— A delimiter token was added between different parts of example so that
input could be sent as ordered sequence. For tasks like question answering,
multiple choice questions etc. multiple sequences were sent for each
example. E.g. a training example comprised of sequences for context,

question and answer for question answering task.



Reference

* https://towardsdatascience.com/illustrated-self-attention-
2d627e33b20a

* https://jacobgil.github.io/deeplearning/vision-transformer-
explainability
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