Title: Transformers

Speakers. Mohamed Hibat Allah

Collection: Navigating Quantum and Al Career Trajectories. A Beginner&€™s Mini-Course on Computational Methods and their Applications
Date: May 24, 2024 - 9:30 AM

URL.: https://pirsa.org/24050087

Pirsa: 24050087 Page 1/29



Pirsa: 24050087 Page 2/29




~
1
i

. \ B A
b Xomauo
M\ 4 \ \

- \

‘f/\’ "‘_/f e 5 -
AN

N

Jashyon & &Y

Pirsa: 24050087 Page 3/29




Cp (R
T W W I —
wosp 5

P

/

AT L,
G

Pirsa: 24050087 Page 4/29




Pirsa: 24050087 Page 5/29




Pirsa: 24050087 Page 6/29




Pirsa: 24050087 Page 7/29




Pirsa: 24050087 Page 8/29




Pirsa: 24050087 Page 9/29




Pirsa: 24050087 Page 10/29




Pirsa: 24050087 Page 11/29




o b e Mot allows b Gosn Modimn ook dffeek
e,

Multi-Head Attention

F‘ﬁf‘ﬁ]rﬁ, o Rl A

w

x o bl g
Can  God] P@Q Quneden, 5., b , God..

T opudio
ik Bond Mo, = ok (A8 ... ;\‘3) \/}f“’)

Pirsa: 24050087 Page 12/29



b

Multi-Head Attention
t

Linear

A

A'.'o
s Concat
A \\r Mr
e Scalei Dot-Product .u[ h

ttention

n[ n[ 4” \
ey, et ] ik

w(\J'J

A4

Linear Linear Linear

Fuwe Fww §

g

Page 13/29

Pirsa: 24050087



Multi-Head Attention

t

Linear

% A3 T
A Concat
4 (\‘\ i

A C S O Scaled Dot-Product J&

Attention -

eyt \xgg@%mm

Linear Linear Linear

T Fum v

\x/.%— Eabedlg o jopl

E——”:"Pgi‘ Gmfg% P%PQ —> Cﬂmaj‘-’n,(b‘o&,%@@hh

qnju. 7‘?,.-..0% Mima . ;S’*. q'n

Pirsa: 24050087 Page 14/29



A [ Scaled Dot-Product y h
n “

L ints]
Mk Bl Moo, GJ(A‘, A




-

NgUmEANg A

L

(

Linear

)

Y

/ N
b | Add & Norm  Je=

< Feed
N Forward
| S
e 1 R [ Add & Norm Je=
ﬁ{ Add & Norm ] - /\)
T Multi-Head e’
Feed Attention
~N— Forward ¥ F )
I
L Add & Norm Jee=
~> Add & Norm Naskad
ulti-Head Multi-Head
Attention Attention
At
k_ J \_ A)
Positional D A Positional
Encoding Encoding
Input Output
Embedding Embedding
Inputs Outputs

Pirsa: 24050087

(shifted right)

-2

A

\'=ZO<

i<

_—
L L ‘.l..

S ) =
(C(,:’ﬁ?) -7

Page 16/29



Pirsa: 24050087

Output
Probabilities

Feed
Forward

r—r| Add & Norm I

Multi-Head =1
Feed Attention
~MN— Forward t )
 —
Add & Norm Je=,
~>{_Add & Norm | Ve K\—/
Multi-Head Multi-Head
Attention Attention
t t
 —— v, . —
Positional @_@ ¢ Positional
Encoding Encoding
Input Output

Embedding

Embedding

I

Inputs

nll s 0 )

I

Qutputs
(shifted right)

| Add & Norm |-¢_: )

Page 17/29



I(:-!’l-‘b |
w® w"‘), WY

Pirsa: 24050087



W d/am DALY

By €~ 1 A e e
]
(Bbwa/ul

(Y [38‘,&%21&
P

Feed
Forward

' ™ Add & Norm
Add & Norm

Multi-Head
Feed Attention
Forward 7 J)
—
Add & Norm
Add & Norm Y
Multi-Head Multi-Head
Attention Attention
W - T T—

\_ y, \ e )
Positional .. 4 Positional
Encoding Encoding

Input Output
Embedding Embedding

I
T Outputs ﬁ

>y 550 tins 4 (0, > Kinel

Pirsa: 24050087 Page 19/29



) et Nojhidop

P

23=‘1§fims\‘}‘
e TF OO
® O
Sample | prF [0'14_‘1 ®. 1\ ( G")
2 L I )
Q'J/Tr-' & B
Softmax
P
Tx Add &/ Norm —— P F £_3 -
Feed-Forward Layers
A g _
Add & Norm <€—— to StJrluaL.
Masked Self-Attention )
R o b

Positional @—GB T U s [ R e
(I Input Embeddmg ) @')At g.w&l&ﬁ {
N

1IN & 2

Pirsa: 24050087 Page 20/29



Dl N

P
7, & Hﬁfvns Za

e TF OO ﬂ
® O

Sample | pre UTI‘,?] o
| H/TF( A cr”)

Softmax P
TX Add &|Norm —<— ,(4) 2 1~ )
Feed-Forward Layers

Add &TNorm 5, m— g ’f:m Stﬁ’(lual«

L Masked Self-Attention )
Q AK AV

o LTI O ¥ Qi
oe E- <[R9

Pirsa: 24050087 Page 21/29



Sample TPTF [Uf'i)l |02)E;W_ (_J/ (G' Py G, ,.
TF\ 4

Softmax 2:

T'x Add & Norm <€—— = P F(/
Feed-Forward Layers
A

Add &|Norm —<€——

L Masked Self-Attention )

Q K "4
Positional @—63 Encoding
[ Input Embedding ) &)ﬂ: &&n !
srreees L...... — e——

< >
A«ng popn CA,LX',V - 3340 . 9575

irsa: 24050087 Page 22/29



P = {P(a), P(03]01), ..., P(ox|o<n)}

*&Jﬁ? ;'Q_B.M_ Hmiﬂhmiw:; !

FFNN =3
g I 4
H = Z of — A E n; + Z Vijnin; _E FFNN ———3  MHA (Cross) 2
t i 1<) ; T I ;
-E- MHA (Self) MHA (Self, Causal) ;::‘:
PosEmk PosEmb
GraphNN Embedding
I I
| |
I
H{'L (a/Ry), A, Q) 8 a {m Tl ey ON}

A, DM Wg’(% i wgzvﬁm

Pirsa: 24050087 Page 23/29



10:44 AM  Fri May 24 @2 ¢ 100% @3

& LLM Visualization

Chapter: Overview & GPT-2 (small) nano-gpt GPT-2 (XL) GPT-3

Table of s Q ll
i = : - -
" tokens ‘
< R : Intro
Introduction

_——

Preliminaries \ l

Components
Embedding
Layer Norm

nulti-head, causal Self
If-attention Attention

Projection
MLP

Transformer

Softmax

QOutput

Welcome to the walkthrough of the GPT large language
model! Here we'll explore the model nano-gpt, with a

Continue Skip / ﬁ‘ l /"':J': 4
P
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10:45AM Fri May 24 @ ¢ 100% @3
0 Transformer_wavefunct <

colab.research.google.com

& Transformer wavefunctions_on Rydberg Hamiltonian_on_square_lattice.ipynb

+ <> + 1T

v Transformer wave functions

This notebook is based on code implemented on this repository: https:/github.com/APRIQuOt/VMC_with_LPTFs based on this paper:
https://www.nature.com/articles/s42005-024-01584-y

Cloning github repository:

© 1 'git clone https://github.com/mhibatallah/VMC_with_TF.git

—

=¥ Cloning into 'WMC_with_TF'..
remote: Enumerating cbjects: 96, done.
remote: Counting objects: 100% (96/96), done.
remote: Compressing objects: 100% (94/94), done.
remote: Total 96 (delta 45), reused @ (delta @), pack-reused 0
Receiving cbjects: 100% (96/96), 47.67 KiB | 185.00 KiB/s, done.
Resolving deltas: 10@% (45/45), done.

Training Arguments:

(int) -- Total lattice size (8x8 would be L=64).
(int) Number of minibatches per batch.
(int) size of each minibatch.

(int) Total batch size (should be QxK).

NLOOPS (int)

Number of loops within the off_diag_labels function. Higher values save ram and

aenarallv makee the rnde rFiin factar (un fa J¥). Nate

WAl can nnlv sat thig
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10:46 AM Fri May 24 oo Q2 ¢ 100% @3

& LLM Visualization co Transformer_wavefunct <

&« = colab.research.google.com

- —-———yrr = = - v

proximate the gradients, more efficient but approximate.

e end of the output directory (inside a subfolder).

L=16 steps=1000 —-ptf patch=2x2 Nh=32 nhead=1 —--rydberg V=7 delta

f', 'patch=2x2', 'Nh=32', 'nhead=1', '-—-rydberg', 'V=7', ‘'delta=1l’',
/torch/nn/modules/transformer.py:306: UserWarning: enable_nested_tsg
is True, but self.use_nested_tensor is False because {why_not_spars
{'L': 16, 'Q': 1, 'K': 256, 'B': 256, 'NLOOPS': 1, 'steps"
{'L': 16, 'patch': '2x2', 'Nh': 32, 'dropout': 0.0,
{'Lx': 4, 'Ly': 4, 'V': 7, 'Omega': 1, 'delta': 1,

P77 , Transformer enerqgy yariance= 471,01472
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10:48 AM Fri May 24 @2 ¢ 100% @3

0 Transformer_wavefunct >
colab.research.google.com
= { Transformer wavefunctions_on Rydberg Hamiltonian on_square_lattice.ipynb

+i<: *FT e

o } 1 !'python VMC_with_TF/train.py ——train L=16 steps=1000 --ptf patch=2x2 Nh=32 nhead=8 --rydberg V=7 delta: 1  c £ @ 3

sse ['—train', 'L=16"', 'steps=10@@', '——ptf', 'patch=2x2', 'Nh=32', ‘'nhead=8', '--rydberg', 'V=7', ‘'delta=1', 'Omega=1']
/usr/local/lib/python3.18/dist-packages/torch/nn/modules/transformer.py:3086: UserWarning: enable_nested_tensor is True, but self.use_
warnings.warn(f"enable_nested_tensor is True, but self.use_nested_tensor is False because {why_not_sparsity_fast_path}")
train {/L': 16, '0': 1, 'K': 256, 'B': 256, 'MLOOPS': 1, 'steps': 1@@@, ‘dir': "PTE', 'lr’
model {'L': 16, 'patch': '2x2', 'Nh': 32, 'dropout': 0.0, 'num_layers': 2, 'nhead': 8, 'reg
hamiltonian {'Lx': 4, 'Ly': 4, 'V': 7, 'Omega’': 1, 'delta': 1, 'L': 16, 'name': 'RYDBERG'}

Qutput folder path established
Step : @ , Transformer energy = 31.8925 , Transformer energy variance= 543,7189

Step : 50 , Transformer energy = 7.497976 , Transformer energy variance= 179.69516

Step : 10@ , Transformer energy -2.9836862 , Transformer energy variance= 35.55628
Step : 150 Transformer energy -5.044218 , Transformer energy variance= 19.876806
Step : 200 Transformer energy -6.4999714 , Transformer energy variance= 2.637269
Step : 258 Transformer energy -6.633377 , Transformer energy variance= 3.255867
Step : 300 , Transformer energy = -6.476509 , Transformer energy variance= 8.979716
Step : Transformer energy = -6.746655 , Transformer energy variance= 1.1118166

Step : Transformer energy = -6.842925 , Transformer energy variance= 1.4557284

1 !'python VMC_with_TF/train.py --train L=16 steps=1000 --ptf patch=2x2 Nh=128 nhead=8 --rydberg V=7 delta=1 Omega=1
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. v - L4
Modern applications of machine learning in quantum sciences

Anna Dawid!?3*, Julian Arnold*', Borja Requena?®, Alexander Gresch>®", Marcin Plodzien?,
Kaelan Donatella’, Kim A. Nicoli®?, Paolo Stornati2, Rouven Koch!?, Miriam Biittner!?,
Robert Okuta'?!®, Gorka Mufioz-Gil'4, Rodrigo A. Vargas-Hern4ndez!>'%17, Alba
Cervera-Lierta'®, Juan Carrasquilla'®, Vedran Dunjko!?, Marylou Gabrié?°,

Patrick Huembeli?!??, Evert van Nieuwenburg'®??, Filippo Vicentini?»?%, Lei Wang?>2¢,
Sebastian J. Wetzel?’, Giuseppe Carleo?!, Eliska Greplovéza, Roman Krems?’, Florian
Marquardt®*3! Michat Tomza'!, Maciej Lewenstein®*? and Alexandre Dauphin®33*
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