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Unimodal Representation: Visual Modality
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Unimodal Representation: Visual Modality



Unimodal Representation: Language Modality
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Unimodal Representation: Language Modality



Unimodal Representation: Acoustic Modality



Unimodal Representation: Acoustic Modality



Unimodal Representation: Tactile Modality

The tactile sensor array (548 sensors) is assembled on a knitted

glove uniformly distributed over the hand.

Sundaram et al., Learning the signatures of the human grasp using a scalable 

tactile glove. Nature 2019
Elastic Interaction of Particles for Robotic Tactile Simulation, ACMMM 2021

Model the elastic property of the tactile sensor



Unimodal Representation: Tactile Modality

Lee et al., Making Sense of Vision and Touch: Self-Supervised Learning of Multimodal Representations for Contact Rich Tasks. ICR A 2019



Unimodal Representation: Tables

Bao et al., Table to Text: Describing Table Region with Natural Language. AAAI 2018



Unimodal Representation: Graphs

Social GraphKnowledge 

Graph

Web Graph Device Graph

Gene Graph

Brain Graph
Molecular Graph

Control Flow 

Graph

Graphs are Everywhere



Unimodal Representation: Sets

Zaheer et al., DeepSets . NeurIPS 2017, Li et al., Point Cloud GAN. arxiv 2018
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Machine Learning



Supervised Learning



Simplest Classifier ?



Simple Classifier: Nearest Neighbor
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Simple Classifier: Nearest Neighbor



Definition of K-Nearest Neighbor



Linear Classifier

f x



f(x,w,b) = sign(wx - b)

ො𝑦

denotes +1

denotes -1

How would you 

classify this data?
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Linear Classifier

f x



f(x,w,b) = sign(wx - b)

ො𝑦

denotes +1

denotes -1

Any of these would 

be fine..

..but which is best?



Classifier Margin

f x



f(x,w,b) = sign(wx - b)

ො𝑦

denotes +1

denotes -1

Define the margin of 

a linear classifier as 

the width that the 

boundary could be 

increased by before 

hitting a datapoint.



Support Vector Machine: Maximum Margin

f x



f(x,w,b) = sign(wx - b)

ො𝑦

denotes +1

denotes -1
The maximum 

margin linear 

classifier is the 

linear classifier with 

the maximum 

margin.

This is the simplest 

kind of SVM 

(Called an LSVM)

Linear SVM



Support Vector Machine: Maximum Margin

f x



f(x,w,b) = sign(wx - b)

ො𝑦

denotes +1

denotes -1
The maximum 

margin linear 

classifier is the 

linear classifier with 

the maximum 

margin.

This is the simplest 

kind of SVM 

(Called an LSVM)

Linear SVM

Support Vectors are 

those datapoints that 

the margin pushes 

up against



Support Vector Machine: Maximum Margin

• Plus-plane   =    { x : w . x + b = +1 }

• Minus-plane =   { x : w . x + b = -1 }

Classify as.. +1 if w . x + b >= 1

-1 if w . x + b <= -1

M = Margin Width =

x-

x+
ww.

2



Going beyond Classifiers…
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Neural Networks: inspiration



Neural Networks: score function



Basic Neural Network Building Block



Interpreting a Linear Classifier



Neural Networks: activation function



Multi-Layer Perceptron (MLP)



Neural Network: loss function



First Loss Function: Cross Entropy Loss



First Loss Function: Cross Entropy Loss



Second Loss Function: Hinge Loss



Different concepts

Sigmoid Relu Logistic Function Softmax Function

𝜎 𝑥 ≔
1

1 + 𝑒−𝑥  
𝜎 𝑥 ≔ max(0, 𝑥)

𝜎 𝒙 ≔
1

1 + 𝑒−(𝒘
⊤𝒙+𝑏)  

(Or Linear Function + 

Sigmoid)

𝜎 𝒙 𝑦 ≔
𝑒𝑥𝑦

σ𝑗 𝑒
𝑥𝑗

Cross-Entropy Loss Hinge Loss

𝐿 𝒑, 𝑦 ≔ − log Ƹ𝑝𝑦 𝐿 𝒙, 𝑦 ≔෍
𝑗≠𝑦

max(0, 𝑥𝑗 − 𝑥𝑦 + Δ)

Linear Classifier 

(Perceptron)
Logistic Regression MLP

sign(𝒘⊤𝒙 + 𝑏)
Logistic Function + Cross-

Entropy Loss 

(Linear Function + 

Activation) × 𝐿 + Softmax + 

Cross-Entropy Loss 



Brief History of Deep Learning
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Brief History of Deep Learning
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Learning Model Parameters

𝕏

𝕐

𝕏,𝕐,𝑊

𝕏,𝕐,𝑊



Optimization



Analytical Gradient



How to follow the gradient



Parameter Update Strategies



Gradient Computation



Gradient Computation



Gradient Computation



Gradient Computation



Back-Propagation Algorithm (efficient gradient)



Computational Graph: Multilayer Feedforward Network



Interpreting learning rates



Critical Points



Detecting Saddles



Adaptive Learning Rate



Adaptive Learning Rate



Bias Variance



Bias Variance



Parameter Regularization



Structural Regularization



总结

• 了解不同模态的基础表示

• 了解经典机器学习算法

• 掌握神经网络基本原理

• 掌握神经网络的优化实践
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