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Fun Facts about ML/AI/DM

We create AI

But who create us?
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Limitation of Existing Learned Techniques

Decision-Tree Clustering

PCA

Unknown record

KNN

Where to get this

latent points?
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Limitation of Existing Learned Techniques

Decision-Tree
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Our real-world data is ……

Transportation Network

Infrastructure
Gas Network

Power Network

Science

Protein

Brain Neural

Small Molecule Virus

Social Network

Citation Network

Virtual Village with AI Agents

User-Entity Interaction GraphTransaction Network

Submarine Cable

Terrestial Cable

Surface Temperature of Earth

Structure

Extraction

Document

Section 1 Section 2 Section 3

Paragraph 1 Paragraph 2

Table 1 Figure 1

Document
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Real-world Data to Latent Points

Real-world Data Latent Points
Representation

Un-structured Data Neural Network

Vision Data CNN/Vision Transformer

Graph Data

Language Data

GNN/Graph Transformer

Transformer

DNA Encoding All

Down-stream desired

information!

Why this way?

Computer Understand

Unknown record
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Biology Perceptron
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Biology Perceptron

𝑦 = 𝜎(𝑤T𝑥 + 𝑏)

𝑦 = 𝝈(𝑤T𝑥 + 𝑏) Nonlinear Activation

𝑦 = 𝜎(𝒘T𝑥 + 𝑏)

𝑦 = 𝜎(𝑤T𝑥 + 𝒃)

Linear Transformation

Bias



KIND
kindlab-fly.github.io 14

Biology Perceptron

𝑦 = 𝜎(𝑤T𝑥 + 𝑏)
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Biology Perceptron

𝑦 = 𝜎(𝒘T𝑥 + 𝑏) Linear Transformation

• Rotates the input space

• Scales directions differently

• Mixes features

Make important concepts axis-aligned
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Biology Perceptron

𝑦 = 𝜎(𝒘T𝑥 + 𝑏)
Linear Transformation

• Rotates the input space

• Scales directions differently

• Mixes features

Assigning importance weights to features

Controlling sensitivity of neurons
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Biology Perceptron

𝑦 = 𝜎(𝒘T𝑥 + 𝑏)
Linear Transformation

• Rotates the input space

• Scales directions differently

• Mixes features

neurons don’t look at one raw feature

they respond to combinations
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Biology Perceptron

𝑦 = 𝜎(𝑤T𝑥 + 𝒃) Bias 𝑦 = 𝑤T𝑥 = 0
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Biology Perceptron

𝑦 = 𝝈(𝑤T𝑥 + 𝑏) Nonlinear Activation

Any neural network composed only of linear 

transformations and bias is equivalent to a 

single linear model.

Linear + bias can:

•Rotate space

•Stretch space

•Shift boundaries

But it cannot bend space.

•Lines → lines

•Planes → planes

•Half-spaces → half-spaces
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Biology Perceptron

𝑦 = 𝝈(𝑤T𝑥 + 𝑏) Nonlinear Activation

Any neural network composed only of linear 

transformations and bias is equivalent to a 

single linear model.
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Biology Perceptron

𝑦 = 𝑤T𝑥 + 𝑏

How much does 𝒙 align with pattern 𝒘?

Price = 2*Bed + 2*Living + 1*Bath ML = 2*Agent + 2*RL Musk = 1*pixel(0,0)+2*pixel(0, 1) + …

W takes the entire input space and rotates, 

stretches, compresses, shears, and 

possibly projects it into a new space.
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One Layer Neural Network for Linear Regression
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One Layer Neural Network for Linear Regression



KIND
kindlab-fly.github.io 26

One Layer Neural Network for Linear Regression

Compute the minimum value? How to do it in Math?

Find points where gradient = 0
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One Layer Neural Network for Linear Regression - Theory

https://www.math.uwaterloo.ca/~
hwolkowi/matrixcookbook.pdf
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One Layer Neural Network for Linear Regression - Theory
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One Layer Neural Network for Linear Regression - Theory
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One Layer Neural Network for Linear Regression - Computation
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One Layer Neural Network for Linear Regression - Computation
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One Layer Neural Network for Linear Regression - Computation
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One Layer Neural Network for Linear Regression - Computation
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Question Time!
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