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1. Boi canh & Cau héi nghién ctru

Dong lwc
« CNN va RNN tirng 1a kién truc chi dao trong CV va NLP sudt hon mot thap ky
« Kién tric Transformer lan lwot chinh phuc NLP (BERT), CV (ViT), va multimodal (CLIP)
Ba cau hoi nghién clru
I Q1. ResNet-50 (CNN) hay ViT-B/16 (Vision Transformer) tét hon trén CIFAR-100?
I Q2. GRU (RNN) hay DistilBERT (Transformer) tét hon trén 20 Newsgroups?

I Q3. CLIP c6 thé phan loai anh hiéu qua v&i 0 hodc rat it mau c6 nhan trén dataset that (Flickr30k) khéng?



Co s& ly thuyét

CNN - ViT - GRU - DistilBERT - CLIP



2. Kién trac Phan loai Anh: CNN vs. ViT

ResNet-50 — CNN vé&i Skip Connection
e Tich chap cuc b6 (3x3 kernel) — hoc dac trwng theo vung anh
« Skip connection: y = F(x) + x giai quyét vanishing gradient, cho phép train mang rat sau
« Receptive field tdng dan qua céac l&p — tir texture — shape — semantic
e 25.6M params - Pre-train: ImageNet-1K (1.2M anh)
ViT-B/16 — Vision Transformer
« Chia anh 224x224 thanh 196 patch 16x16, mdi patch — 1 token embedding

Thém [CLS] token + positional encoding — dwa vao 12 Transformer encoder layers

Multi-head self-attention (12 heads): Attn(Q, K, V) = softmax( ?Z_T )V
k

Cho phép moi patch "nhin thay" moi patch ngay ttr layer dau — khéng bj gi¢i han receptive field
86M params - Pre-train: ImageNet-21K (14M anh)



2. Kién tric Text: GRU vs. DistilBERT

GRU — Gated Recurrent Unit
« X0 ly chudi tuan tw token-by-token, mang theo hidden state h;
 Reset gate r; va Update gate z; kiém soat thdng tin dwoc nhé/quén
« Bidirectional: doc chudi theo ca 2 chiéu — ndm bat nglr canh trwéc va sau
« Han ché: sequential bottleneck — khéng song song héa dwoc; khé hoc long-range dependency
o ~4M params - Kh&i tao ngau nhién (khéng pre-train)
DistilBERT — Transformer nén tir BERT
« Self-attention toan cuc: xt ly ddng th&i toan bd chudi, khédng co thiy tw tuyén tinh
« 6 Transformer layers (thay vi 12 ctia BERT), dung knowledge distillation gilr lai 97% hiéu nang
e Pre-train: Masked Language Model trén Wikipedia + BookCorpus (~16GB text)

e 66M params - Fine-tune v&i 1r=2e-5 — head phan loai Linear(768-20)



2. CLIP — Contrastive Language—Image Pretraining

Kién trac & Huan luyén

» Image encoder (ViT-B/32) + Text encoder (Transformer) dwoc train cung nhau

« Muc tiéu: cap anh-van ban that — cosine similarity cao; cdp khdng khép — similarity thap

e Pre-train trén 400 triéu cap anh-van ban thu thap tlr Internet

« Két qua: khéng gian embedding chung — &nh va van ban mé ta cung khai niém nam gan nhau
Png dung: Zero-shot & Few-shot Classification
Zero-shot (0 anh train):

1. Tao text prompt: "a photo of a {class}" cho mdi class
2. Encode anh — v, encode prompt — t. (L2-normalize)

3. Dy dodn: §y = arg max, V - tcT
Few-shot (K anh/class, K = 1/5/10/20):

1. CLIP encoder frozen hoan toan — trich déc trwng anh v € R512
2. Train linear head W € R512*10 trgn Kx10 anh

3. Inference: § = argmax W 'v



Dir liéu & Tién xtv ly

EDA — CIFAR-100 - 20 Newsgroups - Flickr30k (10 classes)



3. EDA — D@ liéu Hinh anh
(CIFAR-100)

60,000 anh mau 32x32 - 100 fine-grained
class - 20 superclass

 Train: 50,000 (500 anh/class) - Test:
10,000 (100 anh/class) — can bang
hoan toan

Pipeline tién xt ly

. RandomCrop — HFlip —
Train . )
ColorJitter — Normalize

Val/Test ToTensor — Normalize

ViT- Thém Resize(256) —
B/16 CenterCrop(224)

Thach thirc: 32x32 rat thap — class
cung superclass dé& nham; ViT pre-train
& 224%224 nén bj bat loi nhe.



3. EDA — Dir liéu Van ban (20
Newsgroups)

« ~18,000 bai dang - 20 chl dé (politics,
sports, science, religion...)

e LOoC remove=
('headers', 'footers', 'quotes') —
chi gir ndi dung chinh

e Train: ~11,314 - Test: ~7,532

e D0 dai van ban dao dong lon (50 —
5,000+ tir) — truncate tai
max_length=256

« Phan phdi class twong dbi can bang
(~550-600 bai/class)
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3. EDA - Di¥ liéu Pa phwong
thirc (Flickr30Kk)

31,783 anh that, méi anh c6 5
captions do con nguoi viét

e Test split: 1,000 anh (tai tw
AnyModal/flickr3ek )

« Gan nhan tir captions bang keyword
matching — 10 semantic classes:
people, dog, water, sports, outdoor,
horse, bicycle, food, nature, indoor

« Mbi anh déu co cap (anh, caption) that

11



Metrics Panh gia

| Metric | Cong thurc |
el

s6 dy dodn ding
| Accuracy | tong s& miu |

1 C 2.P.-R.
| F1-Macro | el Zc:l PR, |

Tai sao dung ca hai?
« Accuracy — trc quan, dé so sanh tdng thé; nhwng c6 thé bi Il&ch néu model thién vé mot sb class
« F1-Macro — tinh F1 riéng tirng class réi lay trung binh khéng trong s6 — phat hién model bé sét class hiém

« Dataset can bang (CIFAR-100: 500/class - 20 Newsgroups: ~550/class - Flickr-10: ~100/class) — Accuracy va F1-Macro
thworng nhéat quan
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Bai toan 1 — Phan loai Anh

ResNet-50 (CNN) vs. ViT-B/16 (Vision Transformer) - CIFAR-100



4. Bai toan 1 — Cai dat thwc nghiém

Kién tric CNN, Residual blocks Transformer, Patch 16x16
Tham sé6 25.6M 86M
Pre-train ImageNet-1K (1.2M anh) ImageNet-21K (14M anh)

Classification head @ Dropout(0.3) + FC(2048-100) FC(768-100)

Fine-tune Toan bé mang Toan bd mang

Learning rate 1x10-3 5x10-5 (nhd hon dé tranh pha v& pre-trained features)
Epochs 5 5

Batch size 128 32

Scheduler CosineAnnealingLR CosineAnnealingLR

Gradient clipping max_norm=1.0 max_norm=1.0

| ca hai dwoc fine-tune toan bg trén CIFAR-100.



4. Bai toan 1 — Két qua

Test
Accuracy

ResNet-50 (CNN) 44.11% 0.434 baseline
ViT-B/16 +45.49
! 89.60% 0.896
(Transformer) Pp
Phan tich

o ViT-B/16 vwot ResNet-50 gan 2x (89.60% vs
44.11%)

» Self-attention toan cuc: ViT hoc quan hé gilra tat ca
196 patch ngay twr layer dau tién; ResNet chi nhin
ving 3x3 & mobi bwoc

» ResNet gap kho khan do anh nhé 32x32 — inductive
bias cuia convolution khéng phu hop

e Lwuy: VIiT pre-train trén 14M anh (ImageNet-21K) vs
ResNet 1.2M — loi thé dir liéu 11% can tinh dén
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4. Bai toan 1 — Training Curves: ResNet-50

ResNet-50 - Loss

ResNet-50 sof”
« Val accuracy tang 6n dinh, hdi tu nhanh & &3:0:
epoch 3—4 o
« DAu hiéu nhe overfitting & cudi: train loss tiép "

tuc gidm nhwng val loss bat dau tang nhe

Accuracy

ResNet-50 - Accuracy
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4. Bai toan 1 — Training Curves: ViT-

ViT-B/16 - Loss

B/16

« Kh&i dau cham hon (epoch 1-2 thap) —
Transformer can "warm-up" dé thich nghi voi g oo
task moi ~0.021

ViT-B/16
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4. Bai toan 1 — Phan tich Loi
(Confusion Matrix — ResNet-50)

T

« Phan I&n 16i xay ra trong cung superclass:

nham beaver otter, bus & train

it 16i xuyén superclass — mé hinh da hoc
phan biét & mirc superclass nhung chwa du

tinh té & fine-grained

« Nguyén nhan: d phan giai 32x32 qua thap
— c4c class cung superclass trong gan nhw

gibng nhau

True Label

Confusion Matrix
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Bai toan 2 — Phan loai Van ban

GRU (RNN) vs. DistilBERT (Transformer) - 20 Newsgroups



5. Bai toan 2 — Cai dat thwc nghiém

Kién truc Bidirectional RNN, 2 layers Transformer, 6 layers

Tham sé ~4M 66M

Pre-train Khéng — khai tao ngdu nhién Wikipedia + BookCorpus (~16GB)
Embedding DistiiBERT tokenizer, embed_dim=300 Learned embeddings (pre-trained)
Classification head FC(512-20) (hiddenx2) FC(768-20)

Learning rate 1x10-3 2x10-3

Epochs 5 3

Batch size 64 32

Max sequence length 256 tokens 256 tokens

Ca hai cung dung DistilBertTokenizer (vocab=30,522) dé tokenize — embedding space dong nhat, chi khac kién trac
Xt ly.



5. Bai toan 2 — Két qua

Test
Accuracy

GRU (RNN) 37.85% 0.361 baseline
DistilBERT +31.19
69.04% 0.668
(Transformer) Pp
Phan tich

« DistilBERT vwot GRU +31.2 diém — khoang cach
I&n nhét trong 3 domain

« GRU: xt¥ ly tuan tv — khéng song song, khoé hoc
long-range dependency & max_length=256

« DistilBERT: self-attention song song toan chudi +
pre-train trén 16GB van ban — representations giau
nglr nghia

e GRU khbng co pretrained embeddings — phai hoc tw
dau trén ~11K bai — qua it dé khai quat hoa tbt

Két luan: V&i NLP, pre-training la yéu td quyét dinh

hon kién tric don thuan.
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5. Bai toan 2 — Training Curves:
GRU

« Val accuracy dat ~35-38% roi bdo hoa sém

« Training loss tiép tuc gidm nhwng val loss tang
nhe — overfitting rd

GRU

GRU - Loss GRU - Accuracy
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5. Bai toan 2 — Training Curves:
DistilBERT

« Chican 3 epochs dé dat 69% — téc dd hdi tu
vwot troi nhd pretrained representations

o Val loss gidm déu, khéng cé dau hiéu
overfitting trong 3 epochs

Loss
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Bai toan 3 — Phan loai Da phwong thuec

CLIP Zero-shot vs. Few-shot - Flickr30k



6. Bai toan 3 — Phwong phap & Cai dat

Dataset: Flickr30k test split — 1,000 anh, 10 classes (keyword labeling
tr captions)

Phwong . .
i Training data
phap
Prompt "a photo of a {class}"
Zero-shot _ P _ & - 0 anh
cosine sim
1-shot Linear head trén CLIP features 10 anh (1/class)
5-shot Linear head trén CLIP features 50 anh (5/class)
_ ) 100 anh
10-shot Linear head trén CLIP features
(10/class)
. . 200 anh
20-shot Linear head trén CLIP features
(20/class)

CLIP encoder frozen hoan toan — chi train linear head
W c R512X10

CLIP Text Embeddings - PCA (20 Superclass Prompts)

ivores and herbivores

small mammals

aquatic mammals

reptiles

large man-made outdoor things

household lecticgLSYESS fuiure

3

2

PC1
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6. Bai toan 3 — Két qua Zero-shot vs.
Few-shot

Zero-shot 54.60% 0.517
1-shot 10 32.80% 0.338
5-shot 50 61.20% 0.622
10-shot 100 76.40% 0.766
20-shot 200 93.00% 0.932

Phan tich
» 1-shot < Zero-shot: 1 anh/class khéong du wéc

lwong phan phdi — linear head overfit

« 5-shot vuwot zero-shot: du signal d& hoc phan tach
e 20-shot = 93% v&i chi 200 anh train — CLIP features

cwc ky phéan ly
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Két qua tong hop & Két luan



8. Két qua tong hop & Két luan

m M6 hinh CNN/RNN | M6 hinh Transformer m

Phan loai anh ResNet-50: 44.11%  ViT-B/16: 89.60% ViT-B/16 (+45.5 pp)
Phan loai van ban  GRU: 37.85% DistiiBERT: 69.04% DistiBERT (+31.2 pp)

Da phwong thire Zero-shot: 54.60% CLIP 20-shot: 93.00%  Few-shot vuwot tréi

Ba két luan chinh
1. Transformer vwrot CNN va RNN trén ca 3 domain nh¢ self-attention toan cuc va pre-training quy mé I&n
2. Pre-trained weights la yéu tb then chdt — fine-tuning ttr pretrained vwot train tir dau rat xa

3. CLIP few-shot dat 93% accuracy v&i chi 200 anh train (20-shot); zero-shot dat 54.6% ma khéng can béat ky di liéu
training nao
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Cam on thay da lang nghe!



