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Logistics

● Final projects
○ Group information due today
○ Search for teammates on Piazza (@5)/Discord or reach 

out to us at cs5624instructors@gmail.com

● HW0 / Quiz0 released

https://piazza.com/class/mt814d2dwer5mf/post/5
mailto:cs5624instructors@gmail.com


AI news



https://x.com/OpenAI/status/2095595741528125780

“Put that there”

https://x.com/OpenAI/status/2095595741528125780


AGI (Artificial General Intelligence) is coming?







Where are we?



The development of modern LLMs

instruction 
following

creativity

factuality safety

code math

…

pretraining 

post-training
Supervised Fine-Tuning (SFT) / Reinforcement Learning (RL) 

one or more 
stages

w/ a language 
modeling objective



Transformers



Different Transformers architectures

● Encoder-only
○ BERT

● Encoder-decoder
○ T5

● Decoder-only
○ GPT, Claude, Gemini 



encoder decoder



Encoder-only



Decoder-only



Encoder-decoder



Layer 1

decoder

…

Layer 2

Layer N

encoder’s final output



Cross-attention in the decoder

Multi-head Attention 
(unmasked)

encoder

K

V

Multi-head Attention 
(masked)

decoder

linear
projections Multi-head cross-attention 

(unmasked)

Q



Causal masking



Be careful!



Transformer decoder

thethe students opened their

students opened their books

Transformer decoder
(masked)

the architecture 
used in frontier 

LLMs



Transformer decoder: training

Transformer decoder

dmodel

dmodel

the students opened their



Transformer decoder: inference

Transformer decoder

dmodel

dmodel

the students opened their

✘ ✘ ✘

not used



Inference

students

Q

K

V

opened their laptops

Q = X · WQ 

K = X · WK

V = X · WV

linear 
projections

…… …



Transformer decoder

thethe students opened their

students opened their books

Transformer decoder
(masked)

the architecture 
used in frontier 

LLMs



Different Transformers architectures

● Encoder-only
○ BERT

● Encoder-decoder
○ T5

● Decoder-only
○ GPT, Claude, Gemini 



Image created by Gemini



A learning paradigm shift

27

Task A

Task C

Task B

Task D

 before
BERT

Task A

Task C

Task B

Task D

 since
BERT

training task-specific models 
from scratch pretraining and then adapting

downstream / target 
task



ELMo

Image created by Gemini



BERT vs. ELMo

BERT ELMo

Model Transformers Bidirectional LSTM (Long 
Short-Term Memory, a 
variant of RNN) 

Pre-training objective(s) Masked language 
modeling + next sentence 
prediction

Left-to-right language 
modeling

Adaptation method Fine-tuning Feature-based (pretrained 
representations as 
additional features to 
task-specific models)



Pretraining



Language modeling using a Transformer encoder

students opened their books

Multi-head Self-attention 
(unmasked)

to

their🤔



Masked language modeling

students [MASK] [MASK] books

Multi-head Self-attention 
(unmasked)

to

opened

15% - 30% of all tokens in each sequence are masked at random

🤔 their
✘ ✘ ✘



What if we mask more tokens?

their

Multi-head Self-attention 
(unmasked)

🤔

[MASK] their [MASK][MASK]

15% - 30% of all tokens in each sequence are masked at random

opened books to



What if we mask less tokens?

students opened [MASK] books

Multi-head Self-attention 
(unmasked)

to

15% - 30% of all tokens in each sequence are masked at random

🤔 their
✘ ✘ ✘✘



CLS & SEP tokens

Multi-head Self-attention 
(unmasked)

A1 A2 [MASK] A4 A5 [SEP] B1 B2 B3 [MASK] B5[CLS]

[CLS]

Yes/
No A3 B4

next sentence 
prediction



BERT Pretraining

Multi-head Self-attention 
(unmasked)

A1 A2 [MASK] A4 A5 [SEP] B1 B2 B3 [MASK] B5[CLS]

[CLS]

Yes/
No A3 B4

next sentence 
prediction



BERT input representation



BERT Fine-tuning

Multi-head Self-attention 
(unmasked)

the movie was good[CLS]

[CLS]

linear

softmax task-specific
classifier



encoder

Transformer decoder
(masked)

decoder

T5 Pretraining: Span corruption  

Transformer encoder
(unmasked)

Thank you for inviting me to your party last week

Thank you <X> me to your party <Y> week

<X>, <Y>: sentinel tokens

<BOS> <X> for inviting <Y> last

<X> for inviting <Y> last <EOS>…



T5 Fine-tuning

encoder

Transformer decoder
(masked)

decoder

Transformer encoder
(unmasked)

sentiment analysis: this movie was good

positive <EOS>

<BOS> positive



T5 facilitates multitask learning



Decoder-only model 

thethe students opened their

students opened their books

Transformer decoder
(masked)

the architecture 
used in frontier 

LLMs



Note on cross-attention

● Can be used to inject non-text data (e.g., 
images, structured data, or even sensor 
readings) into the model



The development of modern LLMs

instruction 
following

creativity

factuality safety

code math

…

pretraining 

post-training
Supervised Fine-Tuning (SFT) / Reinforcement Learning (RL) 

one or more 
stages

w/ a language 
modeling objective



 Self-supervised pretraining with a causal LM

thethe students opened their

students opened their books

Transformer decoder
(masked)



Different attention mask patterns
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K

fully-visible causal



Transformer decoder
 (partially masked)

Who is Elon Musk ? [SEP] He is a tech billionaire[PAD]

billionaire

✘ ✘ ✘ ✘ ✘ ✘
He is a tech [EOS]

Supervised fine-tuning (SFT) with prefix LM



Different attention mask patterns (cont’d)

x1 x2 x3 x4 x5 x6 x7

x1

x2

x3

x4

x5

x6

x7

Q

K

Prefix LM



Different attention mask patterns (cont’d)

x1 x2 x3 x4 x5 x6 x7

x1

x2

x3

x4

x5

x6

x7

Q

K

Why masking 
here?



Attention 
sink: a 
phenomenon 
in LLMs





Attention sink



Studying internal representations
● Latent Planning Emerges with Scale // Transformers plan 

ahead
● Anthropic’s Emergent Introspective Awareness in Large 

Language Models // the model settles on its rhyme before 
writing toward a full line of verse

● Anthropic’s Verbalizable Representations Form a Global 
Workspace in Language Models // Models form a global 
workspace

● Anthropic’s Emotion Concepts and their Function in a Large 
Language Model // Models form emotional concepts before 
responding, which shape what they say

https://arxiv.org/pdf/2604.12493
https://arxiv.org/pdf/2601.01828
https://arxiv.org/pdf/2601.01828
https://arxiv.org/pdf/2607.15495
https://arxiv.org/pdf/2607.15495
https://arxiv.org/pdf/2604.07729
https://arxiv.org/pdf/2604.07729


Thank you!


