S TransformerfEIRTIEIER—TFViT, VITRIEXPRZONEICE, XHiBE BIsSaIE
EETIRIEAIEHE, VITRIRMMSEBIICNN, SEFEtransformerfRVIINREBRIPRFI, ILATE
TiHESHIREEFATFIEHE

BTransformenTBE IR TIERIZ/ Pk :

o Transformerf/>CNNsBYFNRE, LU ATUAEEPZIREZE (CNNBYANRE R
BEREAITBIAT MR ERE, BT E FRITREAR /BN, LUIREEE
BRIAZM (Kernel INEHE) )

o CNNsREIHEIRIETURERIRBEUHE, MERREHIINR, BEFhazxEEin, B2
HFTransformerfUARR, EEitHEE FSEECNNSEX,

e TransformerFGEEEATIBEETMEHIEIE, LINEGEUE.
VITH AR 2ICEEG SRR Y EE, RE R ="MERAER:

e Linear Projection of Flattened Patches(Embedding/E)

e Transformer Encoder

o MLP Head (REZRTHEIIELE)

Vision Transformer (ViT) Transformer Encoder

]
I , A
I Lx
MLP ( ) -
- |
?j“;‘ I [ MLP ]
! I
Transformer Encoder ‘ : Norm
|
. A 1 -
"Embeaang > 0 (U Et]fJ @3] Fﬂl || [ M Head
Eﬁﬂ:ﬁﬁ:;ﬁlﬁmg [ Linear Projection of Flattened Patches I * ﬁ *
. - . I | | | | I |_u | : Norm
pEE- SR ENSEE
ﬁ ﬁ E 1 Embedded
1 Patches

1. BURIRER (Patch Embeddings)

VITEBAEB R /A% M patch (16x16) , BB N patchiR MEEIKENREIEN
Transformer, [5%EencoderfUR{ERIEIATransformerdh5e 28R, (BEERANB RS, EIE
s NFEFPIIAN—MEER token, ZtokenIIRzAYHEIHEN ARSHIZEBIFN



class PatchEmbed(nn.Module
' Image to Patch Embedding """

def _init_ (self, img size=224, patch_size=16, in_chans=3, embed_dim=768

super().__init__

# (H, W)

img_size = to_2tuple(img_size
# (P, P)

patch_size = to_2tuple(patch_size
#N=(H//P)* (W// P)
num_patches = (img_size[1] // patch_size|[1l * (img_size[0] // patch_size[©

self.img size = img_size
self.patch_size = patch_size
self.num_patches = num_patches

# AT RIS - R AR
self.proj = nn.Conv2d(in_chans, embed_dim, kernel size=patch_size
stride=patch_size

def forward(self, x
B, C, H, W = x.shape
# FIXME look at relaxing size constraints

assert H == self.img size[@] and W == self.img size[1], \
f"Input image size ({H}*{W}) doesn't match model self.img_size[O]}*

self.img size[1l

x = self.proj(x).flatten(2).transpose(1l, 2
return x

BlanEsm N E FRINA224x224, BEIR D AREIEXR/I patch, patch KhNA16x16, &K
EURSLERY, (224 x 224) /(16 x 16) = 196 4 patch, BMANRFHCE 196,

img_size = to_2tuple(img_size) # (P, P)
patch _size = to 2tuple(patch size) # N = (H // P) * (W // P)
num_patches = (img_size[1]| // patch_size|[1l * (img_size[0] // patch_size[©

B M patch4EE 16x16x3=768, ZMHIRETERIHEET68 X N (N=196), EINEBITEHERET
B2 R4 KSR /9196x768, BI—3tF 196 Mtoken, B MtokendI4EE 2768,

self.proj = nn.Conv2d(in_chans, embed_dim, kernel size=patch_size, stride=patch_size

F3 16 x 16 X/\HERZITES MokenfYE, EE M patchBEHI TR, FIE
torch.flatten FRARE, REBINGEEEREE(B,C,H, W)~ (B,C,H xW), Zi5



A transpose() IR, FEIWERALRHHEER197x768, EIBRIALLE, &M@ Ipatch
embeddingE— MIEIRIREE(L T — N seq2seqa)RT

2. AIZE3JA9ERA (Learnable Embedding)

(AT BERT BY2EH! token , AL AEUK patch BRANFFIFUE— NI EIBIERN, IZERATE
Vision Transformer J@f3zsHAORS/AFE. TICERMIGERHE, #E—1 ok
(Classrfrcatron Head) ffiiifEZ e, MmATFEGSE. ElEGR, 9L —PEE MLP; &

AR, DFELABNEME (SRR S RE *M, XBETF MLP 1833F FC EEUEIN
BSINTIEEMEEGEREL, 5140 FC + GELU + FC FZZUR0 MLP),

ERfE, BRIGEGBS ANMEIGRR, BIAER Transformer RIBEEFHENEE, (1BE1ZENHR
—NMAERTFLEMUR? HAEE! —NEBIERFIRII— M IZINHRAQEE LA
:_F ?éE’J Jni ITET'?HWJI{%E&H”)\HE—%_E@)\EU Transformer 4@igss+, &=EBUEN
7 LA, JJJI]EI’JE”P%%JHngiﬁ’inﬂﬂ/\lfé‘kﬂ&
—HﬂZEI’J J{E%o MITD, E—%Em)\ Transformer HBRAAERIKEAN. AIZIERAN E)IZT5E
ek, ARESIEER, BEEASSIS:

# FEHLYI AL
self.cls_token = nn.Parameter(torch.zeros(1, 1, embed_dim)) # shape = (1, 1, D)

### 5725k (Classifier head)

self.head = nn.Linear(self.num_features, num_classes) if num_classes > 0 else
nn.Identity()

### L FE (Forward)
B = x.shape[@] # Batch Size

# B AR MERES FKEX Input Imgaes [ Patch Embeddings (SEILZE 3.1 5)
x = self.patch_embed(x) # x.shape = (B, N, D)

# MmN - ATk
cls tokens = self.cls_token.expand(B, -1, -1) # shape = (B, 1, D)

# ¥ouFAMM Kt Position Embeddings
X = X + self.pos_embed # shape = (B, N, D) - Python | #&EHLHl

# FOEEPHE KEL N+1 48 Embeddings
x = torch.cat((cls_tokens, x), dim=1) # shape = (B, N+1, D)
3. L BHRA (Position Embeddings)

UERANBEINEGIRERN, LIRERMABGRZBN=EMERESE. SCNNsARE, It
IR A RNE R &R RpatchesHIVEER. FrlliXEpatchesdSBEII—MIERER,



R EEFAIHEFAIME. Transformer 5

FEEMEFRNEKIRIS patch tokens BFIUEER, XFE

EEHTFTERIFEIIMEIAZHE (Permutation-invariant), BIFJEL Sequence & tokens AYJIEEF
AT ER

# £ +1 &N T A class token
# embed_dim Hl patch embed_dim

self.pos_embed =

# patch emded + pos_embed :

X = X + self.pos_embed

LKA, AR ERIBembedding I ERARILE

nn.Parameter(torch.zeros(1,

RN + ALE A

num_patches + 1, embed_dim))

2NAK, fETransformerRiEXF{EF

NEEEAERL, EVITHERINEZINMIZEembedding FE, BE(INIRIXTRAYEIH patch

embeddings_t. 18X EIFEI R ERBHIT

X, BERTEGIRERD AR

Input patch row

WIT-L16
7 epochs, LR=0.0002, WD=0.01
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4. Transformer RS2

fpatch embeddingFliclass tokenHHEEREI A RERI Transformer Encoderd,  Transformer

Input patch row

ViT-L16
7 epochs, LR=0.0004, WD=0.1

Dol R R
T R
;AdddEEEEEEERRE
3 FE Ty
EE SRR E
B e
[ preisvieeioniodorleatenieoiepea=
B R S e et e
SRERRERERREEEE
rEEENNEANEEEEEE
oy L L L L fefa]otal o] ddd
CEREAREEHAREEEE
- WM IR PYMI A A
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1 2 3 4 5 7B 9 10111213 14
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Input patch row

VIT-L16
14 epochs, LR=0.0004, WD=0.1
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CEET
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A EHEEEEEE
-INNIEHEEEEEEEE
* S 588 e
- R B R S
01 0 [ I O O O O
rIEEANARAAREEEE
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B
nput patch calumin

EncoderEsSCEESHSEncoder Blockik, FZEHLayer Norm, Multi-Head Attention,

DropoutfIMLP BlockJLER54E .

TEM, RIMRIEREGIRAN ERIDEAE

Cosina similanty



Scaled Dot-Product Attention

KT
Attention(@, K, V) = s{:ftllmx[Q—

vV

Scaled Dot-Product Attention

Mask (opt)

Multi-Head Attention

head; = Attention(QWS, KW/X vivY)

MultiHead(Q, K, V') = Concat(head, ..., head;, )W

I Multi-head attention allows the model to jointly
attend to  information from  different
representation subspaces at different positions.

Multi-Head Attention

o ZLFRHEMRAG




# MHA
class Attention(nn.Module
def init (self, dim, num_heads=8, gkv_bias=False, gk_scale=None, attn_drop=0.
proj_drop=0.
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

# 7 dropout
self.proj_drop = nn.Dropout(proj_drop

def forward(self, x
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
q, k, v = gkv[e], gkv[1l gkv[2] # make torchscript happy (cannot use tensor

as tuple)
attn = (q @ k.transpose(-2, -1 * self.scale
attn = attn.softmax(dim=-1
attn = self.attn_drop(attn

X = (attn @ v).transpose(1, 2).reshape(B, N, C
self.proj(x
self.proj_drop(x

return x

£ Transformerd?, MSA [GEE— FFN (Feed-forward network), HEE8& N FC B, F&—
A FCBFIENAERE THaRL . B854 FCISRHENERE KSR . FREIFVIELMERERETIRA
GelU (Gaussian Error Linear Unit, SEMREZMERTT) — IXSLRE— MLP (ZERBFIN S
MERREISEL, XBIET MLP 18X3F FC EEUEINES INTIESMRUERZEL, HI40 FC + GelU +
FC), SETANT:



class Mlp(nn.Module
def init (self, in_features, hidden_features=None, out_features=None
act_layer=nn.GELU, drop=0.
super().__init__

out_features = out_features or in_features
hidden_features = hidden_features or in_features
self.fcl = nn.Linear(in_features, hidden_features
self.act = act_layer

self.fc2 = nn.Linear(hidden_features, out_features
self.drop = nn.Dropout(drop

def forward(self, x
= self.fcl(x
= self.act(x
self.drop(x
= self.fc2(x
= self.drop(x

X X X X X
]

return x

— Transformer Encoder Block FiE&— MSA F1—/* FFN, —Z&#5 HikiZEiE 70 B3
—{k 12E¥IRE MSA Block 1 MLP Block, SCHUAIT:



# Transformer Encoder Block
class Block(nn.Module):
def init_ (self, dim, num_heads, mlp_ratio=4., gkv_bias=False, gk_scale=None,
drop=0., attn_drop=0.,
drop_path=0., act_layer=nn.GELU, norm_layer=nn.LayerNorm):
super().__init__ ()

# JaH:T MHA [ Layer Norm

self.norml = norm_layer(dim)

# MHA

self.attn = Attention(dim, num_heads=num_heads, gkv_bias=qgkv_bias,

gk_scale=gk_scale, attn_drop=attn_drop, proj_drop=drop)

# NOTE: drop path for stochastic depth, we shall see if this is better than
dropout here

self.drop_path = DropPath(drop_path) if drop_path > 0. else nn.Identity()

# J5H:T MLP [ Layer Norm

self.norm2 = norm_layer(dim)

# [ = 4

mlp_hidden_dim = int(dim * mlp_ratio)

# MLP

self.mlp = Mlp(in_features=dim, hidden_features=mlp_hidden_dim,
act_layer=act_layer, drop=drop)

def forward(self, x):
# MHA + Add & Layer Norm
X = X + self.drop_path(self.attn(self.norml(x)))
# MLP + Add & Layer Norm
X = X + self.drop_path(self.mlp(self.norm2(x)))
return x

ViT Z{F CNN, AWrgimiEidE Transformer Encoder Blocks ER{THEERpEHY Transformer
Encoder, &5 IREXATZ=IRISERIERARE —— class token XIRAYEHERTF B oE.

5. 54t
o IFLN{REB (Inductive bias):

i EE%, Vision Transformer FIEIEFEIIMEELY, CNN /M2, £ CNN F, BERtE. —
USRS FAETEMEENSG—EY. MEVITH, RE MLP EREE NF%E
TH, RABTFENEAREBN. ZHEPEHEHRIFRIEFEER: TRETFIRETEEGRY]
DRR, HEMBNERZRARDHREGRMUERN QITATA), A, ¥IRRBIMERAAR
EEEXEGRR 2D MERYMER, BRI BB EXAEEBUAMNLTEBES.

o BEZEM (Hybrid Architecture):



ERFEREGHRIERLE, & I EERY., EXFESIRES, ER
PRER IR %)S‘Zﬁﬁ?‘ £2 CNN $FFHHEENIR ﬁ'ﬁﬂEJ?!l“ﬁm)\@{%ﬁ% ER—FMEIRIER, R ER
JHLS , XEREMAFSEET BERMEFEERN=REE R FF1RSE Transformer 4£E
IR1SHY. %: W0 ERMARHRINT DB NBRAFIERAN, BE=FHMBIERAIRAN Transformer
JmiDes. fEERR, BESTH CNN ZENEGHFE, ASHE CNN BB EEMI s EIGRER A .
T CNN EE&BERERE T, LRI ® A .

6. WiAKRESDIHE (RRTHT—T)

MIBHEEOVERPNEGE, ERIFEG patchs XJIMER, HWATEMES patchs #3553,
MNMBERFIHKESZIK., Vision Transformer AMBEERFFHKE EBURTARFERS), 18 sl
BRINIEFRA (pos_embed) AIREAEEREN, EAZRRMNERATLESZ—XIMN T FHtt,
RIBE(IEREPIMNE, YT ERARIIT 2D iHE, LY ERRARY. 82, D
PRIFARFNEIG patches IREEB B XER 2D EE8YFMREEFENEN Vision Transformer FIME

\\\\\

2R A
B 5:2x2

FiillZ Position Embedding

2|3

/7 \\

5

X} Position Embedding 3474 {H




def resize pos_embed(posemb, posemb_new):

# Rescale the grid of position embeddings when loading from state_dict. Adapted
from

# https://github.com/google-
research/vision_transformer/blob/00883dd691c63a6830751563748663526e811cee/vit_jax/chec
kpoint.py#lL224

_logger.info('Resized position embedding: %s to %s', posemb.shape,
posemb_new.shape)

ntok_new = posemb_new.shape[1]

# %2 class token [ pos_embed

posemb_tok, posemb_grid = posemb[:, :1], posemb[@, 1:]

ntok_new -= 1

gs_old = int(math.sqrt(len(posemb_grid)))

gs_new = int(math.sqrt(ntok_new))

_logger.info('Position embedding grid-size from %s to %s', gs_old, gs_new)

# ! pos_embed AZHeF| 2-D 4EFE B ATHE(E

posemb_grid = posemb_grid.reshape(1l, gs_old, gs_old, -1).permute(@, 3, 1, 2)
posemb_grid = F.interpolate(posemb_grid, size=(gs_new, gs new), mode='bilinear"')
posemb_grid = posemb_grid.permute(@, 2, 3, 1).reshape(l, gs_new * gs_new, -1)
posemb = torch.cat([posemb_tok, posemb_grid]|, dim=1)

return posemb



