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Transformers: You Need Attention!

35' of fundamentals 45' hands-on

● What is transformer?

● Does it have intelligence?

● How could we use it?

● Demonstrate the intelligence

● Example of usage



What is transformer?



Introduction

1950

Alan Mathison Turing

“Computing Machinery 
and Intelligence”

2017

Transformer

“Attention Is All 
You Need”

2022

ChatGPT

1M users in 5 days

100M in 2 months

The iPhone 4 moment



Transformer

The cat sat on the mat because it was

Transformer

The cat sat on the mat because it was tired



Transformer

The cat sat on the mat because it was

Transformer

The cat sat on the mat because it was tired

How is this possible?



Text becomes a row of vectors

The cat sat on the mat be cause

tokenize the text

embed the token into vector

cause

Vector space of dimension d = O(1k)



Attention head

The

cat

sat

? i

i-1

i-2

i-3 ● WQ, WK, WV are weights of attention head

● dh is the dimension of attention head

● WO is the transformation matrix

Q: query               K: key              V: value



Attention layer

ti(layer l)

head 1

head 2

head H

… Σ MLP + ti(layer l+1)

In high dimensions almost all directions are nearly orthogonal.

> 60% weights 



Transformer layers

Attention 
layer MLP

Attention 
layer MLP

Attention 
layer MLP

…

Layer 0

Layer 2

Layer N

Early layers

words, grammar, local context

Middle layers

concepts, facts, reasoning

Late layers

choosing the next token



Transformer output

The output vector of the last layer is the prediction for the next token.

“on”

“at”

Its projection onto each 
vocabulary token gives that 
token's probability of coming next 
(after normalization). 



Does it have intelligence?



Transformer

Transformer

input tokens

next token

That is all it does. 
Predict the next token

Is this intelligence? 

Or just a very good 
guess at the next token?



John von Neumann, 1958

“…precisions like the ones mentioned above (10 to 12 decimals!) 
are altogether out of the question. The nervous system is a 
computing machine which manages to do its exceedingly 
complicated work at a rather low level of precision (2 to 3 
decimals) … no known computing machine can operate reliably 
and significantly at such a low precision level.

… [this] leads not only to a low level of precision but also to a 
rather high level of reliability … if … a single pulse is lost, or even 
several pulses are lost … the relevant frequency, i.e. the meaning 
of the message, is only inessentially distorted.”



John von Neumann, 1958

"The nervous system appears to be using a radically different 
system of notation from the ones we are familiar with in 
ordinary arithmetics and mathematics … the meaning is 
conveyed by the statistical properties of the message … a 
deterioration in arithmetics has been traded for an 
improvement in logics."

The brain’s notation is statistical

So is the Transformer's. 



So where is the understanding?

Early layers

words, grammar, local context

Middle layers

concepts, facts, reasoning

Late layers

choosing the next token

If transformer has understanding, it 
has to be written somewhere.

Can we read it?

Can we edit it?



j-space



Functional roles of j-space



Functional roles of j-space

With the J-lens we can watch the model think.



How could we use it?



Vision Banana

How images enter the transformer?

Image Vision 
transformer

Projector

16x16 patches

Align the vision vector to 
the dimension d



Vision Banana

Vision Banana

Vision transformer

Text transformer

Image

Text

Image

Image generator



Vision Banana



Give Transformer new knowledge

In the context Fine tunning RAG
Retrieval-Augmented 

Generation

No setup

Attention gets diluted 
in long inputs

Limited by context 
size

Knowledge goes into 
the weights

Expensive, retrain on 
every update 

Good for style and 
format, unreliable for 

facts 

Retrieve the relevant 
information, put them 

in the context

Scales to large 
document sets, cheap 

to update



Retrieval-Augmented Generation

Original
Transformer

Embedding Only
Transformer

Input question

Vector database

question vector

Reference 
documents

+



Retrieval-Augmented Generation

Knowledge 
data

Vector database

Powerful 
transformer

Knowledge 
chunk 1

…

Knowledge 
vector 2

Knowledge 
vector 1

Knowledge 
vector N

…

Em
bedding O

nly Transform
er

Knowledge 
chunk 2

Knowledge 
chunk N



Transformer in HEP



Summary



Summary

● The Transformer is the most important AI architecture of our 
time

● Its interface is next-token prediction, but it is not a probability 
machine

● It thinks and reasons. With the J-lens we can watch it happen
● To use its intelligence, what matters is how we talk to it

○ Vision is a matter of interface: Nano Banana
○ Knowledge is a matter of interface: RAG



Thanks!



Hands-on session



Hands-on session

j-lens experiments RAG exercise

45' hands-on

● Demonstrate the intelligence

● Try it yourself

● Demonstrate how to 

give Transformer new 

knowledge



RAG exercise

github.com/hkuds/lightrag

https://github.com/hkuds/lightrag


Hands-on session

github.com/JiahuiZhuo/jlens-explorer

github.com/JiahuiZhuo/lightrag-pdf-kb

All the code used today is on

https://github.com/hkuds/lightrag

