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What we will learn
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Computers with the ability to reason as human
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MACHINE LEARNING

Computers with the ability to learn
without being explicitly programed

etwork capable of
adapting itself to
new data
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After tomorrow - 2l 2=,

Machines and Humans are learning together: The Rebotomy vs Anatomy.
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How do we recognize objects?
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Human Neural Networks vs Artificial Neural Networks
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TRADITIONAL MACHINE and DEEP
PROGRAMMING LEARNING

2 Computer = = Computer Zmj§ FProgram

Program

Common between Al, ML, and DL
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Chat with ChatGPT

This ci

bombination is Al

give me an example of a quadratic equation and the solution

Here's an example of a quadratic equation and its solution:

Example:

Solve the quadratic equation:

22 -5z +6=0

Steps to Solve:
1. ldentify the coefficients: The quadratic equation is in the form az? + bx + ¢ = 0, where:
e a = 1 (the coefficient of x2),
e b = —5 (the coefficient of @),

e ¢ — 6 (the constant term).

Give me an easy example

Sure! Here's a simpler example of a quadratic equation and its solution:

Example:

Solve the quadratic equation:
22 —4=0
Steps to Solve:
1. Move the constant to the other side: Add 4 to both sides to isolate z:
x? =4

2. Take the square root of both sides: To solve for &, take the square root of both sides:
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MACHINE LEARNING

MACHINE LEARNING

Computers with the ability to learn
without being explicitly programed

INPUT FEATURE EXTRACTION CLASSIFICATION OUTPUT
G Y alas
Network capable of Y T
adapting itself to DEEP LEARNING
new data
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INPUT FEATURE EXTRACTION + CLASSIFICATION OUTPUT
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ChatGpt needs 96 layers to
recognize the word, Kitten

The word vector for kitten from Fares et al. (2017
[-0.026059472933411598, 0.0819200724363327, -0.03782853111624718 ‘
-0.002372768707573414, 0.017853455618023872, -0.010323595255613327
0.039157990366220474, -0.058086372911930084, 0.015318121761083603,
-0.10645580291748047, -0.004456744529306889, 0.023313766345381737,
0.025088327005505562, 0.0072154151275753975, -0 01368855405598878¢
-0.03298889845609665, -0 004386535380035639, -0.04709241911768913
0.04769571125507355, -0.006803441792726517, 0.0055453339569162235,
0.025991084054112434, -0.03940916806459427, -0.002753516659140587,
-0.031202999874949455, 0.04800510033965111, 0.004792094696313143,
-0.012802486307919025, 0 0065046814270317554, 0 004128053784370422
-0.07111172378063202, -0 03835855424404144, -0.1093975305557251
0.03261841461062431, -0.08141417056322098, -0.1750892847776413,
-0.02986721694469452, -0.019759630784392357, -0.05967727303504944,
0.03591247275471687, 0.019785955548286438, -0.0537031814455986,
0.03070545755326748, 0.009812678210437298, -0 06506845355033875,
-0.07733407616615295, -0.023483071476221085, -0.05530179291963577,
0.10370959341526031, -0.033689409494400024, -0.023546922951936722,

A8 duas LYA e <) 43y

3

More accuracy needs
a large number of Layers

@ GPT-3 may use between 1,024 and 3,072
dimensions to describe one word.
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Language Modeling - Large Language Model LLM
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Language Modeling = Large Language Model

1. Probabilistic methods.
2.Neural network-based modern language models

Suppose we’re calculating the probability of the word “w1” occurring after
the word “w2,” then the formula for this is as follows:

count(really like) / count(really)
1/ 3
@.33

* Counting Process,

count(really appreciate) / count(really) * Conditional Probability,
1/ 3 * Probability depending on the language.
0.33

count(really sorry) / count(really)
1/ 3
0.33

The process will continue calculating the probability of the word “w3”
occurring after the words “w2,” and “w1” .....
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Language Modeling

1. Probabilistic methods. :
Counting Process,

2. Neural network-based modern language models * Conditional Probability,
Probability depending on the language.

Example WhatsApp

5 November 2023

Waiting for you 5.54 om

77N CN\\

f \ C\
(o) NN\ j-?\‘-\
\ & '/ N )

; . " [
input layer hidden layer 1 hidden layer 2 output layer & appreciate appreciate it don t

“appreciate” is one of the suggestions
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Adjust Input Vector to Output Result using optimization techniques

Mostafa ZAHRI Dec,31 2024



T 0
Z

=y
(Rl

0.783

0.573

0.648

0.534

0.361

0.855

0.889

0.724

0.773

0.732

0.540

0.511

0.630

0.416

0.016

0.349

0.952

0.949

0.622

0.862

0.563

0.890

0.485

0.209

0.979

0.285

0.923

0.606

0.478

0.742

0.334

0.884

0.396

0.686

0.080

0.025

0.729

0.793

0.622

0.598

0.357

0.946

0.492

0.766

0.011

0.237

0.480

0.216

0.188

0.389

0.466

0.584

0.246

0.200

0.843

0.301

0.307

0.529

0.513

0.191

0.640

0.952

0.089

0.589

0.920

0.637

0.863

0.497

0.924

0.380

0.554

0.581

0.015

0.899

0.432

0.456

0.369

0.080

0.276

0.100

0.229

0.114

0.331

0.388

0.251

0.838

0.538

0.110

0.346

0.357

0.907

0.842

0.579

0.082

0.554

0.382

0.050

0.779

0.182

0.432

0.804

0.587

0.269

0.405

0.180

0.246

0.777

0.121

0.827

0.492

0.798

0.423

0.008

0.952

0.887

0.112

0.196

0.852

0.788

0.058

0.119

0.314

0.852

0.766

0.579

0.742

0.236

0.766

0.920

0.809

0.920

0.375

0.508

0.987

0.968

0.590

0.049

0.006

0.776

0.488

0.466

0.237

0.845

0.848

0.653

0.240

0.862

0.185

0.097

0.021

0.217

0.278

0.806

0.368

0.822

0.814

0.396

0.881

0.123

0.044

0.819

0.365

0.835

0.097

0.000

0.481

0.263

0.982

0.385

0.423

0.226

0.300

0.400

0.725

0.568

0.563

0.318

0.542

0.748

0.046

0.414

0.662

0.882

0.134

0.689

0.044

0.268

0.756

0.506

0.651

0.911

0.127

0.003

0.646

0.610

0.814

0.010

0.402

0.139

0.840

0.242

0.961

0.283

0.797

0.805

0.782

0.730

0.145

0.839

0.012

0.189

0.502

0.165

0.329

0.076

0.316

0.501

0.624

0.534

0.988

0.119

0.229

0.600

0.766

16x16 pixels = 256
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imension 256

Vector of di

1=Cat

Z

-1= Non-Cat

Start with random weights between —1 and 1
Use Back-propagation Technics for estimating the best choice of w; such
n

that 1 = Z w;x; Optimization problem
i=0

Repeat this process million times

Result: The computer will learn how to detect the image of a Cat.



Back Propagation in Neural Network: 1. Error Calculation (Forward Pass)

Machine Learning Algorithm 2. Gradient Computation (Backward Pass)
3. Weight Update (Optimization Step)

Hidden Layers
Input data Output data

Machine Training using
(Input, Output)=(X,Y)

Mathematical Computations

Back Propagation
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Mathematical
Modeling of

Input-output
Training

Consider the mapping F : R™ S R™ £(x0. X1, X2, - o, Xn) = (V1. V2, o« o Vi)

F is said to be stable if small changes in the input x = (xg, xy, ..., X,) result in small changes

in the outputy = (y1, ¥2, ..., Ym)-
One formal definition of stability 1s the Lipschitz condition:

I1F(x) - F(x)|| < L}x — x|,

where x,x’ € R™!, || - || is a norm (e.g., the Euclidean norm), and L > 0 is a constant known
as the Lipschitz constant.
If such an L exists, the function F is said to be Lipschitz stable.

Another notion of stability is structural stability, where the function remains qualitatively
unchanged under small perturbations of its parameters.

If x,x’ € R™! represent a convolution representation of a pixel matrix, such that ||x — x’|| is
enough small (up to a tolerance), then F(x) and F(x") belongs to the same class.
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Machine and Human Collaboration

Al-specialist and Al-Robot
are working together

Artificial Intelligence (Al) attempts
to imitate human intelligence by
constructing machines that realize
tasks like a human.
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Al-Robots can accomplish dangerous work
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Al-Robot can take care of us
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Al-Robot can serve us
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Robot as Doctor for Human
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Moroccan Future Army
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Using Al to predict breast cancer

Without using Al(left) - Using Al(right)

Question: How Al solves this problem, and how Matrix Algebra is involved in this problem?
Mostafa ZAHRI Dec,31 2024




X-Ray capture is transformed
to Pixel matrix.
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Parkinson’s Awareness Has Grown Since Muhammad Ali’s Death

Parkinson's Disease Symptoms

Stooped posture
Masked Face

Back rigidity
Forward tilt of trunk

Flexed elbows

Reduced arm swing
and wrists \

Hand tremor

Tremors

in the legs Slightly flexed

hip and knees

Shuffling, short
stepped gait

How Al, resp. mathematics predicts Parkinson disease
Mostafa ZAHRI Dec,31 2024



Apps in your mobile can analyze
the walking wave and send feedbacks

AVAVAVAVAVA

Parkinson free walk

Parkinson patient Walk

Mathematical comparison of the waves
could lead automatically to predict
Parkinson’s disease early.

This involves more mathematical /_\J/\MMJ

techniques than programming tasks.

Mostafa ZA|-IRI Dec,31 2024

Prediction of Parkinson's
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Artificial intelligence is still a young teenager capable of outstanding
achievements and mistakes. Those who invest in shaping and feeding
him will benefit from its Good things and avoid its risks...

Mostafa Zahri
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