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Is “the Theory of everything” merely the ultimate ensemble theory?

GENERAL RELATIVITY
- - = (3+1-dimensional pseudo-Riemannian
! Lgﬁgl;gz : 1SU2)! manifolds with tensor fields obeying PDE’s of, say,
! ~ T 7 | Einstein-Maxwell theory with perfect fluid component)

______ f
TSpeciaV %

QUANTUM FIELD THEORY
(Operator-valued fields on R ” obeying certain Lorentz-
invariant PDE’s and commutation relationships,
acting on an abstract Hilbert space)
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FIG. 1. Relationships between various basic mathematical structures. The arrows generally indicate addition of new

symbols and/or axioms. Arrows that meet indicate the combination of structures — for instance, an algebra is a vector space
that is also a ring, and a Lie group is a group that is also a manifold.



“the Theory of everything” merely the ultimate ensemble theory?
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What is the Algebraic System

L= H|A|(Algebraic system)Zt F2Q17F 2|1 o{EH| Holk| =7}
CH==& KA. 2gt, St o] o] A4t + AMSO| BHES|OF St= S22 8= =

Set(&!gh
- O™ HANAM CrFE0X} St= =2 2

_|OF

SIS

Operation(&4h
Hetol ’AS ALO|of| A HolE e
- HASE 2o MER A2 Ofd

- e.g. Binary operation, Unary Operation, ...

Axiom or Properties(S2| £ d&)
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What is the Lie Theory

Lie Theory

. o
. A}

Marius Sophus Lie(1842 — 1899): Norwegian mathematician.

| ¥ 4 § |

LIE || LIE || DIFFERENTIA

| GROUPS | |ALGEBRAS!| OPERATORS
l v

ALGEBRAS| | LINEAR |
 OPERATORS |

% \ch/ine linear T
s licmtt=ihr: vector
TRIPLE' ‘ . mavpines
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What is the Lie Theory

Set(REN): A = {aq, ay, as, aq, ..., ay} Magma
Operation(& 4h): *

divisibility associativity
— *
G = (A' ) Quasigroup Unital Semigroup
=S UL} a; (operation) a; => a; € A i
— AL Uy P j = k identity identity
Associative
Loop quasigroup Monoid
=
e.qg.) FHA {JH
associativity invertibility
G — (A, *) =H|A #HE EEII_ HH:H:::E &=
= =3 E 3|~ o| XIGH TOa—TT—= =T od=E=
A - 7|'OO._I' E_._L 2' |_—| H% Group e xlgte 22 0|20}
x = 2XI0lo| BhA - N
- 10— H O

<Oi==X x>
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What is the Lie Theory

Examples: Set && Operation

Group Set elements Operation e.g.
N(AFAH =) 1,2,3, .. + 1+1=2
Z(’8 =) -2,-1,0,1,2,3, .. -+, X (-6) +2 =-4
R(& ) 1/3,0.5,0,2, ... L4 X,/ 1/2=0.5

o
=

(-) L0 CHOHA Eof UK &
A0 CHoiA B R | e
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What is the Lie Theory

Main Axioms || Properties

+ Closure(T|4f4): ®AF M7} 34 et Lol Zxysiof 2
Va,b € G,axb € G

 Associativity(Z&'EH&l): (a+b)+c = a+(b+¢)

o N N Axioms of Group
* Identity Element(&s#): &2 GO|l= &5& e/ X
e =

de € G,Va€E G,exa=ax a
« Inverse Element(E&): ZF &g Go| |0 CHsiAf &lo] =Xy
VaeG daleG axal=alxa=¢e
\
. . — §|‘I:H XI * — * \
+ Commutativity(1l 22 %): a*b = b*a ABELIAN|
GROUPS |
A Add commutativity

GROUPS | 13



Set && Space && Group

Relationship

* Vector Space
+ Structure * Affine space
Space - « FEuclidean Space
« Manifold

e etc

. Unit Quaternion

. n) Group
Group > o SE(n) Group :l‘ Lie Group

* etc

+ Composition, Axioms
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Group Action
Group Action

act) A2 =+ UL}

2H(

(=)

L (e}
= o= H

CC
—1

St
=

[} 3

P SOlM = M2 Of

7
L

3R &

o

Rotation Matrix

Lie Group
Lie Group

SE(n): Transformation Matrix

SO(Nn) :
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Example

B
Group Action of SO(2): Rotation Matrix

(X’ y’)

(x, y)

- X

x _|:cos(9 —sin@}[x]
y' | sinf  cos @ y
x =R-x

(Vector Space) = (Lie Group)(Composition)(Vector Space)
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Example

Group Action of SE(3): Transformation Matrix

o i
) y2 | _ |[H3x3 T3x1| |91
<9 0 1 <1
x' =T -x
HolHEH: T e SE(3)
2XHE HIE:. x e R3
O|gtAH AL .

T+= vector space2| ot 2 Rotation && Translation (=act)
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Features of Lie Group
- ________________________________________________________________________________________________________________________________________________________

Smooth Manifold

Smooth Manifold Non-Smooth Manifold (Edge, Spike)
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Features of Lie Group

<What We Want> <Manifold>
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Lie Group and Lie Algebra

Topological Structure: Lie Group, Lie Algebra

Identity element

l——
Lie Algebra: tangent space at identity

k : /’

—_ — /

Lie Group Manifold
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Mapping: Exponential and Logarithmic Operation

Identity element

R

Lie Group : Manifold

Lie Algebra: tange:

ace at identity

Lie Group : 7TtEH 22 H[ef =7

i~
Lie Algebra: H| 11X AR 2 A =7

1CH1 mapping: Lie Group €-> Lie Algebra

A TH

Lie Group - Lie Algebra - Lie Group

[ Operation ]
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Mapping: Exponential and Logarithmic Operation

Exponential Mapping

Identity element
Lie Algebra - Lie Group =
%
..." x Lie .-'llj.';{‘hl'il tangent space at identity
Lie GrOUp - Lie Algebra Lie Group : Manifold
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Bonus Lecture
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LEARN .
Intro to Generative Al Responsible Al Designing UX Exploring LLMs
Prompt Engineering Securing Applications Al Application Lifecycle

Generative Al
Version 3

BUILD

Al Agents  Fine Tuning Open Source Models Search Applications

https://github.com/microsoft/generative-ai-for-
beginners?tab=readme-ov-file

Text Generation  Image Generation Chat Applications Low Code

*

Function Calling RAG and Vector Databases

Meta Models Mistral Models Small Language Models

21 Lessons teaching everything you need to know to start building Generative Al
applications

MIT | contributors 93 M;z open | pull requests [S'Opeil PRs 'welcome
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Generative Al for Beginners (Version 3) - A Course

Learn the fundamentals of building Generative Al applications with our 21-lesson comprehensive course by
Microsoft Cloud Advocates.

- Getting Started

This course has 21 lessons. Each lesson covers its own topic so start wherever you like!

Lessons are labeled either "Learn" lessons explaining a Generative Al concept or "Build" lessons that explain a
concept and code examples in both Python and TypeScript when possible.

Each lesson also includes a "Keep Learning" section with additional learning tools.

What You Need

To run this code of this course, you can use either:

« Azure OpenAl Service - Lessons: "aoai-assignment"

¢ GitHub Marketplace Model Catalog - Lessons: "githubmodels"

OpenAl API - Lessons: "oai-assignment"

Basic knowledge of Python or TypeScript is helpful - *For absolute beginners check out these Python and
TypeScript courses.

« A GitHub account to fork this entire repo to your own GitHub account

We have created a Course Setup lesson to help you with setting up your development environment.

Don't forget to star (..) this repo to find it easier later.

27
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ro

Integrating External
# Lesson Link Description Video Extra —g I. o ) . Build: What is function calling and its ) Learn
Learning 1 Applications with Function L Video -
Calling use cases for applications — More
i Wlelrs)
0  C Set Learn: How to Setup Your Development Coming Learn
Lourse setup . : i
Environment Soon More Designing UX for Al Learn: How to apply UX design Learn
12 # principles when developing Generative Video M
. A Learn: Understanding what Generative Applications Al Applications ore
Introduction to Generative Al . X Learn
01 Al is and how Large Language Models Video — .
and LLMs — More . . Learn: The threats and risks to Al
- (LLMs) work. - Securing Your Generative Al . Learn
13 — systems and methods to secure these Video
. . . Applications - More
02 Exploring and comparing Learn: How to select the right model for vid Learn systems.
- ideo —
different LLMs youruse case More 14 The Generative Al Application Learn: The tools and metrics to manage Video Learn
. H _I
- Using Generative Al Learn: How to build Generative Al . Learn Lifecycle the LLM Lifecycle and LLMOps More
R N . 1aeo o
Responsibly Applications responsibly More Retrieval Augmented Build: An application using a RAG Learn
Understanding Prompt Learn: Hands-on Prompt Engineering ' Learn 15 Generation (RAG) and Vector Framework to retrieve embeddings from Video M
04 - - . Video Databases a Vector Databases —
Engineering Fundamentals Best Practices More —
. . Open Source Models and Build: An application using open source . Learn
Learn: How to apply prompt engineering 16 - . ) Video —_—
. . . X Learn Hugging Face models available on Hugging Face — More
05  Creating Advanced Prompts techniques that improve the outcome of Video — —
ts More Build: An application using an Al Agent Learn
your prompts. 17 Al Agents : Video
I Framework D More
Building Text Generation Build: A text generation app using Azure . Learn
06 Aoplications OpenAl / OpenAl API Video More . ) Learn: The what, why and how of fine- ) Learn
Applications p P More 18  Fine-Tuning LLMs ) Video
—_— tuning LLMs — More
o L Build: Techniques for efficiently building . Learn
07  Building Chat Applications . . . Video — Video
and integrating chat applications. More o Learn: The benefits of building with . Learn
19 Building with SLMs small Lanauage Models Coming m
08 Building Search Apps Vector Build: A search application that uses Vid Learn g-ag Soon —
ideo —
Databases Embeddings to search for data. — More Video
T A . 1 20 Building with Mistral Models Learn: The features and differences of Coming Learn
uilding Image Generation earn . .
09 - g‘ = Build: A image generation application Video — the Mistral Family Models S More
Applications — More oon
10 Building Low Code Al Build: A Generative Al application using Vid Learn Learn: The features and differences of Video Learn
ideo — ilHi i : i ==c (L
Applications Low Code tools pals More 21 Building with Meta Models the Meta Family Models Coming More
Soon I
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Generative Al

FOR BEGINNERS

)

MY A REZE - Oj0|ARATE

°

File Edit Selection -** e O generative-ai-for-beginners-clone DO (Do - 0 . I
A aoai-app.py X D> @
v GENERATIVE-AI-FOR-BEGI... text t t (o
v [ 06-text-generatio 19 messages = [{"role": "user", "content": prompt}] = "
20  # make completion !
> I dotnet 21  completion = client.chat.completions.create(model=deployment,
> IB messages=messages)
> 2 mages 22
v [ python 23 # print response
24 frint(completion.choices[@].message.content) —
25
" aoai-app-recip
26 # very unhappy .
A aoai-app.py 27
aoal-ass L“ZVV‘\":
T FE ! f TERMINA pyt r N\ X
\~ OPEN EDITORS " EBUG CC TERMINAL +v D @
(env) PS C:\Users\chnoring\Documents\dev\generative-ai-for-beginners-clone\06-tex
Sl aon o 3 t-generation-apps\python> python af§
> OUTLINE I
> TIMELINE

> EXPLORER: METADATA

> NPM SCRIPTS: NPM SCRIP...
§° main* 3015021 ®0A0D4 @Wo Spaces:2 UTF-8 CRLF {3 Python 3.10.11 64-bit (Microsoft Store) @ Golive 7 A4Spell 3

QM @éemmBE m o = 0 w6 20 D g

b
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