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About the lecturer

e JIAHUI ZHUO GAO

e Ph.D., Universitat de Valéncia (IFIC-CSIC), 2026

e LHCb Trigger & Real-Time Analysis

e One of main developer & maintainer, LHCb HLT1 (Run 3)
e Convener, LHCb Retina DWT Simulation & Software WG
e 2024 LHCDb Early Career Scientist Award
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Transformers: You Need Attention!

35' of fundamentals 45' hands-on

e What is transformer?
) ) _ e Demonstrate the intelligence
e Does it have intelligence?
) e Example of usage
e How could we use it?
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What is transformer?
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Introduction
The iPhone 4 moment
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Transformer

The cat sat on the mat because It was

'

2
Transformer

v

The cat sat on the mat because It was ftired
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Transformer

The cat sat on the mat because It was

'
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The cat sat on the mat because It was ftired
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Text becomes a row of vectors

tokenize the text
The cat sat on the mat be cause
embed the token into vector
N /
Vector space of dimension d = O(1k)
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Attention head

wW_, W, , W, are weights of attention head

5
a The | i-3 R
S v
;é’ - e d isthe dimension of attention head
— cat I-
§ e W, is the transformation matrix
O
~
g sat i-1

i

(6:Wo)(t;Wk)'
' t; — t; + softmax-[ ‘ i (t, W) W,
? | } 1 7 jvvv O
2 7
Q: query K: key V: value
g
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Attention layer

~
(%)
W
3 head 1 \
o S > 60% weights
d
S head 2
Q ea
= t.(layer 1) MLP t.(layer 1+1)
S :
- :
=
head H
In high dimensions almost all directions are nearly orthogonal.
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Attention MLP
layer
Attention MLP
layer
> Attention MLP
layer
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Transformer layers

Layer O

Layer 2

Early layers
words, grammar, local context

Middle layers
concepts, facts, reasoning

Late layers
choosing the next token
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Transformer output

Its projection onto each
vocabulary token gives that
token's probability of coming next
(after normalization).
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Does it have intelligence?
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Transformer

That is all it does.

~
@ input tokens
g
g ¢ Predict the next token
%]
Q
g Transformer P . .
< > Is this intelligence?
Or just a very good
next token guess at the next token?
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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
John and significantly at such a low precision level.

von
The Neumann

Computer .. [this] leads not only to a low level of precision but also to a
gthe i rather high level of reliability ... if .. a single pulse is lost, or even
raim : o o

several pulses are lost ... the relevant frequency, i.e. the meaning
of the message, is only inessentially distorted.”
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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

John . . . "
von Improvement in logics.
The Neumann
Computer

The brain’s notation is statistical

So is the Transformer's.
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So where is the understanding?

If transformer has understanding, It

Early layers
has to be written somewhere

words, grammar, local context

Middle layers
Can we read it?

concepts, facts, reasoning
Can we edit it?

Late layers
choosing the next token
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J-space

Ji = Etv>t prompt | —3,—— |, lens(hy) = softmax(Wy norm(Jyhy))

Verbalizable Representations Form a Global
‘Workspace in Language Models

‘Wes Gurnee', Nicholas Sofroniew”
Adam Peare Matewss Ptk It K, Runin Che,
igo, Paul Bogdan,

Jack Lindsey"!

introspect deeply.
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1 Introduction

arXiv:2607.15495v1 [cs.CL] 16 Jul 2026
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Functional roles of j-space

Verbal report

Directed modulation

Internal reasoning

What are you thinking
about?

J-space
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Functional roles of j-space

Flexible generalization Selectivity
What is the capital of France? (a battery of tasks)
J-space = .
rmmmne sl : capital - Paris Beijing 4 i i s || “Parse 1nputs
language - French Chinese | task—planstep ¥ireraty Tants
i : Eineni Sk : i |+ speak fluently
t( China ){ | continent - Eurepe sia | FeaseR—anRSwer ,
L'g i H X reason internally
N e currency - Eufe Yuan o x make complex inferences

With the J-lens we can watch the model think.
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How could we use it?
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Vision Banana

Google DeepMind 0260605

How images enter the transformer?

Valentin Gabeur", Shangbang Long’, Songyou Peng’, Paul Voigtlaender”, Shuyang Sun”, Yanan Bao®, Karen
‘Truong®, Zhicheng Wang, Wenlei Zhou® , Jonathan T. Barron® , Kyle Genova®, Nithish Kannen’, Sherry Ben",
Yandong Li¥, Mandy Guo®, Suhas Yogin®, Yiming Gu', Huizhong Chen', Oliver Wang’, Saining Xie', Howard
Zhou', Kaiming He', Thomas Funkhouser', Jean Bapise Alayra’ and Rad Sorcut

projct advisors,

behaviors,

Recent works show that image and vi exhibit zero-shot vis
in.a way reminiscent of how Large Language Models (LLMs) develop emugem capabilities of language
understanding and reasoning from generative pret . While it has long been conjectured that

the ability to create visual content implies an ability to understand it there has been limited work
 capabiliies

image generation

role similar to LLM pretraining, and lets models learn powerful and geural visual mpresr,mzunnx that
ision tasks. a generalist

‘model built by instruction-tuning Nano Banana Pro (NBP) on a mixture oflxs oﬂginnl training data
alongside a small amount of vision task data. By parameterizing the output space of vision tasks as RGB
Visi

transformer

o

I

= 9 7 :

&1 onmany different vision tasks. In this work, we
g

e
7 achieves state-of-the-art results on a variety of vision tasks involving both 2D and 3D understanding,

" beating or rivaling zero-shot domain-specialsts, including Segment Anything Model 3 on segmentation

5 _> _>

tasks, and the Depth Anything series on metric depth estimation. We show that these results can be
achieved with lightweight instruction-tuning without sacrificing the base models image generation I m a g e

0 capabiliies. that image generation p is a generalist vision learner.
X It also shows that image generation serves as a unified and universal interface for vision tasks, similar
€1 to text generation’s role in language understanding and reasoning. We could be witnessing a major
5 paradigm shift for computer vision, where generative vision pretraining takes a central role in building
1 Foundational Vision Models for both generation and understanding.

Project Page: vision-banana.github.io

1. Introduction

In recent years, advanced image and video generation models (Black Forest Labs, 2025; ByteDance,
S 2026; Google, 2025a,b; Luma, 2026; OpenAl, 2026) have demonstrated unprecedented generation
capabilities, synthesizing highly complex, high-fidelity visual context with precise semantic control. 1 6 X 1 6 p G 1' C h e S
“This remarkable capability for visual creation suggests that these models possess a deep, internalized
comprehension of the visual world's underlying structures, semantics, and relationships. However,
leading methods on visual representation learning in general do not belong to the family of generative
modeling. Instead, they include supervised discriminative learning (Dehghani et aL, 2023; Dosovitskiy
etal,, 2020; Krizhevsky et al, 2012), contrastive learning (Chen et al., 2020b,c; He et al., 2020;
Radford et al., 2021; Tschannen et al., 2025; Zhai et al., 2023), bootstrapping (Caron et al., 2021;

Grill et al., 2020), auto-encoding (Bao et al., 2021; Chen et al., 2024; He et al., 2022) among others,
and their combinations (Cao et al., 2026; Oquab et al., 2023; Siméoni et al., 2025; Zhou et al.,
2021). Early efforts in generative vision pretraining (Bai et al., 2024; Chen et al., 2020a) have shown . . .
Align the vision vector to Projector
the dimension d

promising scaling behaviors but their effectiveness has lagged behind non-generative models.

Correpondence:vison-banana @ google.com
© 2026 Google. Al rghts rese
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Vision Banana

Vision Banana

Vision transformer

> Image

Image

Text transformer

Text

Raymundus Lullus training program in advanced computi

Ak = Uig = % iF(A@ﬁ

Image generator

Ciemat
Cent.rodc nm g:so cs

y xnolog-m

‘uiM(Z GAPA X

IPARCOS



Vision Banana

f Aninage ‘: f “Change the | f “Generate a segmentation / depth / ‘:
S ofa catg ] ! weather to ) ¢ surface normal / ... visualization of this ]
t . | rainstorm” | | image, using the following color map..” |

Image Semantic Instance Referring Expression Surface Normal
Text:to-lmage diti i i i imati Estimation

[ Retains general image ] [ Generated images follow specific visualization schemes that can be decoded ]

generation capabilities. back to vision outputs for quantitative evaluation on standard benchmarks.
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(2D]

ImgEdit

ReasonSeg
(Gen) (2D)

GenAl-Bench Cityscapes
(Gen) (2D)

Surface Normal SA-Co/Gold
(3D) (2D)

Metric Depth
(3D)

Vision Banana is a generalist vision model in
both visual generation and understanding,
surpassing or rivaling specialist models.
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Give Transformer new knowledge

In the context

Fine tunning

No setup

Knowledge goes into
the weights

RAG

Retrieval-Augmented
Generation

Limited by context
size

Expensive, retrain on
every update

Retrieve the relevant
information, put them
in the context

Attention gets diluted
in long inputs

Good for style and
format, unreliable for
facts

Scales to large
document sets, cheap
to update

«Q
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Retrieval-Augmented Generation

Input question

v

Embedding Only
Transformer

Original
l Transformer

question vector

l Reference
Vector database —,_> documents
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Knowledge
data

Knowledge
chunk 1
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Powerful
transformer

Knowledge
chunk 2

B% 1 F(A @

Knowledge
chunk N
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Retrieval-Augmented Generation

Knowledge
]
vector 1
I
Knowledge
]
vector 2
Knowledge
]
vector N

Vector database
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Transformer in HEP

PROCEEDINGS
SESCIENCE

Transformers Inclusive Flavour Tagging

o Two separate IFT Transformer, B? and B°. trained on BY — D n* and B? — J/1 ¢
Run 3 performance and advances in heavy-flavor jet simulations, and BO — J/l/} K*O
ing in CMS .. . 5 -
g s e Event collision represented as point clouds. Particle attention blocks learns contextual

relations among tracks and captures both local and global event information.
e One prediction per event, no combination of decisions from SS or OS taggers
[CMS-PAS-BPH-26-005]

Idenificaion of hadronic jets originating from heavy-flavor quarks is extremely important to
several physics analyses in High Energy Physics, such as studies of the propertis of the (0p

arXiv:2412.05863v1 [hep-ex] 8 Dec 2024

A= - 1P+ Ga- 002,
U= lr=min(pra prs)A,
z=min(pra, prs)/ (Pra+ Prs)s
m’ = (Eq + Ep)’ = lIpa + polf™

ational Conference on High Energy Physics (ICHEP2024)
2024
“zech Republic

Prague.

- A
“Speaker ) Partick Attention Block (0 Class Atenton Block

ParticleTransformer. Qu et al 2024. Particle Transformer for Jet Tagging.

12
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Summary
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Summary

The Transformer is the most important AI architecture of our

[
g) time
5? e Its interface is next-token prediction, but it is not a probability
2 machine
5 e It thinks and reasons. With the J-lens we can watch it happen
g e To use its intelligence, what matters is how we talk to it
o Vision is a matter of interface: Nano Banana
o Knowledge is a matter of interface: RAG
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Thanks!
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Hands-on session
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Hands-on session

45' hands-on

j-lens experiments RAG exercise
e Demonstrate the intelligence e Demonstrate how to
e Try it yourself give Transformer new
knowledge
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RAG exercise

%~ LightRAG: Simple and Fast Retrieval-Augmented
Generation

GITHUB TRENDING J

4 2 ¢
[w #2 Repository Of The Day

) oProJECT NPAGENE < BARXIV (12430:057790 STARS [N40K
10 # PYP1 BWILSZ

github.com/hkuds/1lightrag

downloads [2MM HVTrust J8422

O\f
3 S - o
l‘{"’dc‘"" Ko © Entities

o |:>
Deduphcnnon
*—0
Qnery+LLM o—e
e O
Relations

Match Ab T
:> (i [:)
LLM Pmﬁlmg -
"""“‘“.‘“’N Predumaw
it G - (o)
used for Retrieval (g Cham 10,00 ngn evel Keys Dt RS G <

= |RO)
= :> Enhty&RelExtraclmn
Graph-based Text Indexing
Figure 1: Overall architecture of the proposed LightRAG framework
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https://github.com/hkuds/lightrag

Hands-on session

All the code used today is on

) GitHub

github.com/JiahuiZhuo/jlens-explorer

github.com/JiahuiZhuo/1lightrag-pdf-kb
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https://github.com/hkuds/lightrag

