Vision Transformer

Trac nghiém 4 PDF bai

Vision Transformer (ViT) dua Transformer tir van bén sang anh: cit &nh thanh
cac manh vudng nho (patch), bién méi manh thanh mot vector, roi coi cac
vector do6 nhu cac token trong cau. Nh¢ attention, méi manh 14y dugc thong
tin tir moi manh khac ngay & 16p dau, trong khi CNN phai qua nhiéu 16p méi noi
dugc hai vang xa nhau. Bai nay dua mét anh nhé qua ting buéce ctia ViT, va hoc

cach mang biét vi tri cia moi manh.

MUC TIEU

Chia anh thanh patch, dém s6 token va chi phi attention.
Viét patch embedding.
Hiéu position embedding va class token.

So sanh ViT v6i CNN.

Patch 1a mot don vi doc anh

Patch la khoi diém anh khong chong lan. Vé6i anh H x W cé C kénh, patch P x P, néu
hai chiéu chia hét cho P thi s6 patch1a L = (H/P)(W /P), mbi patch c6 C P? s6. Ta trai
mdi patch thanh vector roi nhan cung mot ma tran E dé c6 vector D chiéu. D la chiéu

bi€u dién dugc chon, khong phai sé pixel.
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chia Iugi 4 x 4, mbi patch 56 x cac patch tach rgi, chua trén hang 3 vao vi tri 8-11 ctia chudi ghép CLS vao dau: chubi 17
56 x 3 théng tin token

Anh chia lu6i 4 x 4; cAc hang patch trai thanh chuéi token, réi ghép CLS &
dau.

V6i anh RGB 224 x 224, patch 16 cho 14 - 14 = 196 token anh, méi patch tho c6 3 - 162 =
768 s4. Ban ViT-Base chon D = 768; viéc trung v6i 768 s6 tho chi la tinh ¢ ctia cau hinh,
vi ViT-Large cung patch 16 dung D = 1024. Tén ViT-B/16 doc la ban Base véi patch 16 x
16.

Bai bao ViT (Dosovitskiy va cong su, 2020) dua chudi patch embedding vao mot
Transformer encoder gan nhu gitt nguyén tir NLP; tén bai bao noi dung y d6: mot anh
dang gia 16 x 16 tu. Cac muc sau dung tung budc trén mot anh 4 x 4, dtt nho dé kiém

bing tay.
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HOI NHANH

Anh RGB 32 x 32 dugc chia thanh cac patch 8 x 8. C6 bao nhiéu patch, va méi

patch tho dai bao nhiéu s6?
64 patch, mbi patch 192 sb
16 patch, méi patch 192 sé
16 patch, méi patch 64 s6

4 patch, mbi patch 768 s6

Chia anh thanh patch bang tensor

Ta danh s6 anh xam tur 0 dén 15 theo hang. Patch trén trai gom 0, 1, 4, 5; trén phai gom 2,
3, 6, 7. Néu flatten toan anh réi cir cit moéi bon s6, ta nhan 0, 1, 2, 3 1a mdt patch — do 1a

mot hang, khong phai 6 vuong.

unfold tao cira s6 theo chiéu; permute dit thir tu batch, hang patch, cot patch, kénh,
hang trong patch, cot trong patch. reshape chi dung sau khi thi tu truc da dang.

Python

import torch

from torch import nn

torch.set_num_threads(1)

torch.manual_seed(54)

images = torch.arange(16, dtype=torch.float32).reshape(l, 1, 4, 4)
patch_size = 2

windows = images.unfold(2, patch_size, patch_size)

windows = windows.unfold(3, patch_size, patch_size)
patches = windows.permute(0, 2, 3, 1, 4, 5).reshape(l, 4, 4)
print(patches[0].to(torch.inté4) .numpy())

print(tuple(patches.shape))
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DPoc dong dau dé ddi chi€u bon 6 tay. Shape (1,4, 4) cb hai chiéu cung bing 4 nhung y

nghia khac: bon patch va bon sé trong méi patch. Khi tang s6 kénh, chiéu cudi tang, s6

patch gitr nguyen.
anh 4x4 patch dung cat méi 4 s6
e 1 2 3 8 1 4 5 e 1 2 3
4 5 6 7  unfold 2 3 6 7 4 5 6 7
8 9 108 11 8 9 12 13 8 9 10 11
12 13 14 15 10 11 14 15 12 13 14 15

mdi hang 1& mot 6 2x2 mdi "patch” 1a mdt hang anh
unfold réi permute cho patch dang; flatten réi cat chi 1dy mét hang dnh.
HOI NHANH

Anh RGB 4 x 4, patch ¢& 2, nén windows c6 shape (1, 3, 2, 2, 2, 2). Mot banbd

budc permute va goi thing windows.reshape(1, 4, 12).Hang dau cta két qua chia

gi?
A Ba kénh cua patch trén trai, nén permute la thua
8 Bakénh cla bén diém anh & hang anh dau tién
¢ KénhR cua ba patch dau tién

D Khdng c6 gi, vi khdng reshape dudc tensor sau chiéu

Patch embedding 1a phép tuyén tinh dung chung

V6i vector patch p;, ta tinh z; = p; E + b, trong d6 E c6 shape (CP?, D). Moi patch
dung chung E. Cach khac 1a conv c6 kernel P, stride P, khong padding; méi kénh dau ra
la mot chiéu embedding. Hai cach tuong duong néu x€p trong s6 cung thir tu.
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Ta dat trong s6 cu thé dé két qua dé kiém, roi ddi chiéu:

Python

projection = nn.Linear(4, 3)
with torch.no_grad():
projection.weight.copy_(torch.tensor([[1., 0., 0., 0.],
[0., 1., 0., 0.1,

[0.25, 8.25, 0.25, 0.25]11))

projection.bias.zero_()

tokens = projection(patches)

patch_conv = nn.Conv2d(1, 3, kernel_size=2, stride=2)

with torch.no_grad():
patch_conv.weight.copy_(projection.weight.reshape(3, 1, 2, 2))
patch_conv.bias.copy_(projection.bias)
conv_tokens = patch_conv(images).flatten(2).transpose(1, 2)

print(tokens[0].detach().tolist())

print(torch.allclose(tokens, conv_tokens))

Token dau 1a (0, 1,2.5): hai chiéu dau doc hai 6 dau, chiéu thir ba 1dy trung binh (0 + 1 +

4 4+ 5)/4. True xac nhan hai cach x€p 6 nhit quan. Trong s6 ¢ day dat tay dé dé doc;

trong ViT that, E dugc hoc cung phan con lai clia mang.

HOI NHANH

Tang D tur 3 1én 12, git nguyén anh va patch size. Pai lugng nao khong doi?

A S6 patch
B S6tham s6 cua phép chiéu
¢ Chiéu clia mdi vector token

D Shape trong s6 cua Conv2d tudng ducng
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HOI NHANH
Patch embedding ctia ViT-B/16 1a nn.Conv2d(3, 768, kernel_size=16,
stride=16), chay trén dnh 224 x 224. L6p nay c6 bao nhiéu tham s6?

A 150528
B 115756032
C 589824

D 590592

Attention néi cac manh bang ndi dung

Trong attention, tif token ta tao query @, key K va value V. Diém QK ' /+/d}, do mtic
pht hgp, softmax theo tiing hang tao trong s6 cdng thanh 1, réi 1ay téng c6 trong s6 ctia
V.

Attention(Q, K, V) = soft (QKT> 1%
ention(Q, K, V) = softmax :
Vdy,

dj, 14 s6 chiéu query/key méi head, khong phai sé patch. O (3, j) trong ma tran attention
ndi token ¢ doc token j bao nhiéu & head nay. N6 khong tu 1a xac sudt vt thé nim &

patch j, cting khong chiing minh vung ay gay ra quyét dinh.

Diém khac CNN nam & chd ngay tir 16p dau, moi patch da c6 dudng doc truc ti€p moi
patch khac: quyén sach va cai dén 6 hai goc ban trao déi trong mot bude. CNN phai xép
chong nhiéu 16p thi receptive field méi phtt duge hai goc (bai 5.1).

Mdi block ctia ViT ghép attention va MLP; tru6c mdi phan c6 LayerNorm, sau moi phan

cO residual connection.

Class token (CLS) 1a mét vector hoc dugce, ghép vao dau chudi nén chudi dai L + 1. N6

khong ting vé6i vang dnh nao, chi doc cac patch qua attention, va output ctia né & 16p
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cudi di vao head phan loai. V6i ViT-B /16 trén anh 224, chudi vao encoder cé shape
(B,197,768); moi 16p c6 12 head, moi head mdt ma tran 197 x 197,

1 class token + 196 patch token

CLS 0 1 2 3 4 195

+ + + + + + +
position embedding (1, 197, 768), hoc dugc

Transformer encoder - (B, 197, 768) ——> output CLS - head

Chudi vao ViT: token CLS va 196 patch token, cong ma vi tri, shape (B, 197,
768).

HOI NHANH

Ludi c6 14 x 14 patch. Sau mat 16p attention, token cta patch (0, 0) da nhan dugc
thong tin truc ti€p tir patch (13, 13) chua? Néu thay bang CNN chi gobm conv 3 x 3
stride 1, khdng pooling, thi can it nhat bao nhiéu 16p dé receptive field ctia 6 (0, 0)
chtra 6 (13,13)?

A ROi, va can 7 18p conv
8 ROi, va can 13 18p conv
¢ Chua, can nhiéu I8p attention, va can 7 I6p conv

D Chua, can nhiéu I8p attention, va can 13 16p conv
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conv 3x3, 4 16p conv 3x3, 13 I6p attention, 116p

vung 6 (0, 0) doc dugc trén Iugi 14x14 patch

Conv 3x3 can 13 16p méi noi hai goc anh; mot 16p attention da néi moi patch.

Vi sao can thong tin vi tri?

Attention dua vao ndi dung khong biét token nay tur goc trai hay goc phai. Néu dao thir
tu token va ddo dau ra tuong ng, self-attention thdng thusng khéng cé position van
cho cung quan hé noi dung. Mean pooling trén dau ra vi vy khong phan biét cung tap

manh bi déi ché.

cling 16 patch, déi chd

khéng cé vi tri:
mean pooling béng nhau

cdng ma vi tri c6 dinh:
output khac nhau

Thiéu ma vi tri, hai &nh cung tap patch khac bo cuc cho cung két qua.
Position embedding thém thong tin vi tri vao token truéc encoder. Néu déi anh nhung

gilr cac ma tai vi tri cia ching, model c6 co sé phan biét bo cuc. D4Gi ca token va ma di

cung né chila déi cach sap danh sach, chua thay quan hé vi tri dugc biéu dién.
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ViT goc dung bang vi tri 1D hoc dugc: patch danh s6 theo hang tir 0 dén L — 1, mai chi

s6 va CLS c6 mot vector riéng, ca bang c6 shape (1, L + 1, D) va dugc cong vao token.

Bang khong ghi sdn rang trén ludi 14 x 14, patch 0 va patch 14 ké nhau theo chiéu doc;
model tu hoc diéu do tir dit liéu. Bai bao cho thay sau hudn luyén, vector vi tri clia cac
patch cung hang hodc cung c6t giong nhau hon, va cac ma vi tri 2D thiét k€ san khong

cho lgi ich dang ké.

Ta kiém tinh d6i xtiing bang mot block nho khai tao ngau nhién, vi cau hoi & day la vé cau
tric chi chua phai vé diéu model hoc dugc. Dropout tit dé khac biét khdong do ngau

nhién.

Python

encoder = nn.TransformerEncoderlLayer(
d_model=3, nhead=1, dim_feedforward=6,
dropout=0.0, batch_first=True,
)
encoder.eval()
permutation = torch.tensor([2, 0, 3, 1])
positions = torch.tensor([[[0.4, 0.0, 0.0],
[0.0, 0.4, 0.0],
[0.0, 0.0, 0.4],
[e.2, -0.3, 0.1]11D
with torch.no_grad():
pooled = encoder(tokens).mean(dim=1)
shuffled = encoder(tokens[:, permutation]).mean(dim=1)
with_position = encoder(tokens + positions).mean(dim=1)
shuffled_content = encoder(tokens[:, permutation] + positions).mean(dim=1)
print("without position:", torch.allclose(pooled, shuffled, atol=1e-5))

print("with fixed positions:", torch.allclose(with_position, shuffled_content, atol=le-5))

Dong True xac nhan doi xtng khi chua c6 vi tri: ddo cac manh thi két qua sau pooling
khong d6i, nén sach & goc trai hay goc phai la nhu nhau véi block nay. Dong False cho
thay cdng ma vi tri ¢6 dinh da pha doi xting do: cting tidp manh & bd cuc khac cho output

khac. Dung thong tin vi tri &y thé nao la phan model tu hoc tir dit liéu.
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HOI NHANH
Ta dao thi tu cac token anh, va position embedding cling di theo ting token. Sau

do6 lay mean pooling. Vi sao két qua c6 thé gilt nguyén?
A Vi position embedding chua dugc train nén chua cé tac dung
8 Vimean pooling xéa hét théng tin vi tri trong token
¢ Vichitht tu danh sach thay déi, méi patch van gitt ma vi tri ci

D Viencoder & ché dd eval() nén bd qua position embedding

CNN va ViT: so gia dinh truéc khi so diém

CNN c¢6 thién huéng cuc bo va chia sé trong so6 theo vi tri. ViT v6i attention toan cuc c6
dudng trao ddi truc ti€p gitta patch xa, nhung mat thong tin bén trong patch néu
projection nén qua manh, va phai hoc quan hé khong gian qua biéu dién vi tri. “Toan
cuc” khéng dong nghia tu hiéu moi quan hé.

It gid dinh c6 sdn thi phai hoc nhiéu hon tir dit liéu. Bai bao ViT bao cio ring khi chi
huan luyén trén ImageNet (khoang 1.3 triéu anh) ma khong dung regularization manh,

ViT kém ResNet ciing ¢ vai diém phan tram; khi pretrain trén JFT-300M (303 triéu anh),

ViT vugt ResNet va ton it tai nguyén pretrain hon, roi fine-tune tét sang cac tip nho.
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HOI NHANH

Train tir dau trén 3000 anh. MOt CNN nho dat 85% trén validation. Mot ViT nho co
s6 tham s6 tuong duong dat 100% trén train nhung chi 70% trén validation. Ly do
kha di nhat la gi?

A ViT thiéu gia dinh cuc bd nén overfit khi c6 it anh
8 ViT underfit, can thém I8p dé tang suc chua
¢ Code ViT c6 16i, vi attention toan cuc phai tét hon

D Validation cua ViT bi ro di liéu tu tap train

Vi attention day dt, ma tran diém c6 L? 6 cho méi head, hoac (L + 1)? khi c6 CLS. Gitr
patch size, tang gap doi ca hai chiéu anh lam s6 patch gip 4 va s6 0 attention gap 16.

Convolution c6 kernel ¢6 dinh thudng tang cong viéc theo dién tich, khoang gip 4.

Phan MLP va cac phép chi€u ctia ViT chi tang theo L, tltc gap 4, nén téng thoi gian tang
it hon 16 lan. Thoi gian that con phu thudc cach cai va bd nhé activation, vi vay udc

lugng truée roi do.

224x%x224 . 197 token - 38 809 0
384x384 577 token - 332 929 0
448x448 785 token - 616 225 0

6 attention méi head, méi I8p = (L + 1)%; canh anh gap dai thi gap khoang 16
Gép déi canh anh thi ma tran attention gap khoang 16 lan.

ViT pretrained cé thé 1a baseline manh khi c6 checkpoint va preprocessing phu hgp.

Train ViT 16n tir dau trén 60 4nh ban hoc khé kiém soat hon mot baseline nhé. Patch qua
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16n ¢6 thé lam chir rat nho bi gop; patch qua nhod tang chi phi. Chon theo ddi tugng, di

liéu va ngan sach, rdi so trén cung split.

Do6i d6 phan giai khi fine-tune
Bai bao ViT fine-tune & do phan gidi cao hon ltc pretrain, gitt nguyén patch size, va noi
suy 2D bang vi tri theo vi tri clia patch trong dnh géc. Cac budc:
1. Tach vector CLS.
2. bua L vector con lai vé ludi h x w x D.
3. Noi suy lu6i sang kich thu6c méi.

4. Trai lai roi ghép CLS vao dau.
bé thay hinh hoc dugc gitr, ta dung mot bang vi tri tu dat, trong dé vector ctia moi patch
chinh la (hang, cot) ctia no, con CLS la (—1, —1):

Python

import torch.nn.functional as F

def resize_position_table(table, old_grid, new_grid):
cls_part, grid_part = table[:, :1]1, table[:, 1:]
dim = table.shape[-1]
grid_part.reshape(l, old_grid, old_grid, dim).permute(0, 3, 1, 2)

grid

grid = F.interpolate(grid, size=(new_grid, new_grid),

mode="bilinear", align_corners=True)
grid_part = grid.permute(0, 2, 3, 1).reshape(l, new_grid * new_grid, dim)

return torch.cat([cls_part, grid_part], dim=1)

rows, cols = torch.meshgrid(torch.arange(4.0), torch.arange(4.0), indexing="ij")
coords = torch.stack([rows, cols], dim=-1).reshape(1l, 16, 2)

table = torch.cat([torch.full((1, 1, 2), -1.0), coords], dim=1)

resized = resize_position_table(table, old_grid=4, new_grid=7)
print(tuple(table.shape), "->", tuple(resized.shape))

print("CLS:", resized[0, 0].tolist())

print("row of first column:", resized[0, 1:, 0].reshape(7, 7)[:, 0].tolist())
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Bang di tir 17 1én 50 vector, tirc CLS cong ludi 7 x 7. CLS git nguyén (—1, —1), con toa do
hang & cot dau chay déu tir 0 dén 3: mbi vi tri méi nhan vector ctia ding chd tuong (ing
trén lu6i cl. Vi du dung bilinear dé s6 dé doc; thu vién thudng dung bicubic. Sau khi noi

suy van can fine-tune & dd phan gidi mdi, vi bang chi 1a diém xudt phat hop 1y.

lugi 4x4 - 16 vector Iugi 7x7 - 49 vector
ndi suy 2D
o
o (
® 06 ©°
® ® e 6 0O

mau theo hang + cét cua vector; CLS (-1, -1) tach riéng, gil nguyén

Noi suy bang vi tri tir lu6i 4x4 sang 7x7; CLS tach ra ro6i ghép lai.

HOI NHANH
Checkpoint ViT-B/16 train ¢ 224 x 224 c6 bang vi tri shape (1, 197, 768). Bay gio

fine-tune & 384 x 384, van gitr patch 16. Bang md&i can bao nhiéu vector?

A 197

B 337

c 576

D 577
Khi di thi

» DPém token L = (H/P)(W /P) truéc khi tang do phan gidi: attention ton L? 6 moi
head, méi 16p.

» Doc cau hinh checkpoint: patch size, d6 phan giai lac train, mean/std ctia processor.
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o [t dirliéu va khong c6 pretrained thi thir CNN nhd truéc ViT.

Tom tat

 ViT cit anh thanh patch, bién méi patch thanh token bang mdt phép chiéu dung
chung, thém vi tri roi dua qua Transformer.

o Thiéu thong tin vi tri, model khong phan biét dugc cac bo cuc ciia cing mot tap
patch; d6i d6 phan giai thi bang vi tri phai noi suy 2D.

¢ Class token la mét cach tong hgp ca anh; mean pooling la cach khac.

 Attention néi moi patch ngay tur I16p dau, nhung chi phi tang bac hai theo sd token, va
ViT can nhiéu dit liéu hon CNN.

Kiém tra cudi bai

CAU 1
Mot dé vat Iy cho méi mau mot tensor shape (64, 64, 2),lahai thanh phan ctia
mot truong vector do trén ludi 64 x 64. Mot doi dung ViT patch 8 x 8 c6 class

token. Chudi vao encoder dai bao nhiéu, va méi patch tho dai bao nhiéu s6?
A 64 token, mbi patch 128 sb
B 65 token, mdi patch 128 s6
¢ 64 token, mbi patch 192 sb

D 65 token, mdi patch 192 s6

PHONG THEO ) USA-NA-AIO 2026 - Vong 2 - Ngay 1 Problem 2
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CAU 2
ViT doc anh nhu mot chudi patch. Mot doi mudn gitt moi chi ti€t, nén cho moi pixel
ctia anh 224 x 224 thanh mot token. So véi patch 16 x 16, tirc 196 token, ma tran

attention ctia moi head & méi 16p c6 sd 6 tang bao nhiéu 1an?
16
Khoéng dbi, vi ma tran attention c6 kich thudéc D x D
256

65 536

PHONG THEO ) NOAI 2026 Singapore - Vong sg loai - Cau 260

CAU 3
Anh 230 x 230 dugc dua thing vao nn.Conv2d(3, 768, kernel_size=16,
stride=16), khong padding. Két qua ra sao?

B4o 16i, vi 230 khoéng chia hét cho 16
Tu dém thém dé ra lugi 15 x 15, tlc 225 token
Ra Iugi 14 x 14, con 6 hang va 6 cot pixel cudi khdng dudc doc

Ra Iugi 14 x 14, phan du dugc gdp vao hang va cét patch cudi

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.2(b)
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CAu 4
Encoder ViT-B/16 chay trén anh 224 tra vé out shape (1, 197, 768), trong do
token 0 1a CLS. Head segmentation can feature map shape (1, 768, 14, 14).

Dong nao dang?
out.reshape(l, 768, 14, 14)
out[:, 1:1.reshape(l, 768, 14, 14)
out[:, 1:]1.transpose(l, 2).reshape(l, 768, 14, 14)

out[:, :196].transpose(l, 2).reshape(l, 768, 14, 14)

CAuU 5
Mot ViT patch 16 trén anh 224 x 224 bi quén cdng position embedding. Head doc
output ctia CLS, model chay & eval(). Ta thir hai phép trao. Phép (i) cat tai pixel 112
theo ca hai chiéu, réi d6i chd khoi trén trai véi khoi dudi phai. Phép (ii) déi chd dai
doc cot 0-99 véi dai cot 100-199. Logits sau mdi phép so véi anh goc thé nao?

(i) giéng anh géc, (i) cé thé khac

(i) co thé khac, (i) gibng anh géc

Ca hai déu giéng anh géc

Ca hai déu co thé khac

Al Canuc80k - Bai 5.4 - Vision Transformer 16/19



CAu 6
Checkpoint c6 bang vi tri (1, 197, 768), gom CLS roi lu6i 14 x 14 danh s6 theo
hang. b€ chay anh 384, mot ban noi suy tuyén tinh 1D ca chubi 197 vector thanh 577

vector. Cach nay sai ¢ dau?
Khéng sai, vi ndi suy 1D van gill thu tu cac token
CLS bi trdn vao Iudi, va cudi hang tron véi dau hang sau
Khong sai néu fine-tune, vi model sé hoc lai moi vi tri

Chi sai 6 vién anh, phan gilta giéng néi suy 2D

CAu 7
Anh RGB 224 x 224. Pé giir nét nho, ta déi patch tir 16 xuéng 8 va giit nguyén moi

thir khac. biéu nao diung?
392 token, & attention gap 4, patch thd 384 s6
784 token, 6 attention gap 16, patch thé 192 s6

784 token, 6 attention gap 4, patch thd 192 sé

392 token, 6 attention gap 16, patch tho 384 sb

PHONG THEO ) CMU 10-601 - Exam 3 Practice - Q1.1(b)
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CAu 8
Anh goc 2048 x 2048 co6 vét nitt rong khoang 3 pixel. Pipeline resize anh vé 224 x
224 rdi dua vao ViT-B/16 pretrained, va recall v6i vét nit thap. Thay ddi nao nhim

dang nguyén nhan?
Tang D dé mbi token chita nhiéu théng tin hon
Péi sang patch 32 dé mébi token nhin vung réng hon
Thém head attention dé model chu y vét nit hon

Cét anh goc thanh 6 nho, dua tiing 6 vao model

CAU 9

Trén cung validation, CNN pretrained dat macro-F1 0.91 va chay 40 ms moi anh.
ViT pretrained dat 0.92 va chay 160 ms méi dnh, cting CPU va da chon batch tot
nhat. Tap test ¢6 20 000 anh, giéi han chay du doan la 30 phtt, qua gic thi 0 diém.

Nén chon model nao?
CNN, vi ViT can khoang 53 phut cho tap test
ViT, vi F1trén cung validation cao hon
Ensemble c& hai, dé F1 cao hon tiing model

ViT, chay mét nua test réi ndp phan da xong
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CcAu 10

Mot doi gitr ti I¢ khung hinh ctia anh. Anh A 224 x 224 cho 196 patch, anh B 224 x
320 cho 280 patch. b€ chay chung mdt batch qua encoder, d6i néi thém 84 vector

0 vao cudi chudi token ctia A. Con thi€u gi?
A Khéng thiéu gi, vi vector 0 cho diém attention bang 0
B Cét chudi cua B vé 196 token dé hai chudi bang nhau
¢ Key padding mask, dé token that khong doc token dém

D D&t cac token dém lén dau chubi, ngay trudc CLS
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Poc thém

« Dosovitskiy va cong su — An Image is Worth 16x16 Words: xem kién trtc patch, class token va
diéu kién pretraining ctia nghién ctu.

e PyTorch — TransformerEncoderLayer: doi chi€u batch_first, nhead va dropout.

« Dive into Deep Learning — Transformers for Vision: doc dudng tir &nh dén encoder sau khi da

kiém patch bang tay.
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