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Overview

• Linear Classifier
• Score function

• Loss function and softmax classifier

• Gradient Descent

• Neural Network



Discussion on HW 2

• Problem 2 



Linear Classifier



Classification

• The most common 
and simple task in 
ML

• Problem: from 
human to data



Why Hard ?

• Hard to 
get criteria

• Harder if
occlusion 



An Image Classifier

• Method 1: Define explicit feature (Unfortunately not working)

• Method 2: Machine Learning / Data-driven approach
• Collect data set and train a model



Common Data set

• MNIST
• Handwrite digits 

• 10 classes

• CIFAR 10 (100)
• Small but real pictures



Linear Classifier

• Use CIFAR 10 as examples

• What’s the size of x , w and f ?



Score Function

• In practice, we may need bias

• f() is also called score function



A simple example

• Assuming we have an image with 4 pixels, and 3 classes 
(cat/dog/ship)

• Pick up the maximum.



Loss function

• A loss function tells how good
a classifier is 



Softmax Classifier

• Other loss function, such as multiclass SVM, is not included in the 
class.

• Motivation: interpret raw classifier scores as probabilities

• Also known as logistic regression classifier

• Softmax uses a cross-entropy loss



Softmax Classifier Example - I



Softmax Classifier Example - II



Softmax Classifier Example - III



Softmax Classifier Example - III



A computing trick

• Exponential computing might generate very big numbers, exceeding 
the integer range

• Scaling is before exponential domain

• Sample code:
also work in
HW!



How to find the best weight ?

• Recap: dataset, score function, loss function

• How to find the best score function / weights?

• Normally, random initiate provide 10%~15% accuracy for 10 class, like 
guess

• Find the min. (__________) ?



Gradient Descent

• Derivative / Gradient

• The slope in any direction is the 
dot product of the direction 
with the gradient The direction 
of steepest descent is the 
negative gradient



Numerical Gradient Computing



Analytical Gradient Computing

• We all learned calculus.

• Linear derivative is super easy:

f (a)=ax+b, f ’(a)=x

• What about softmax?



Derivative of softmax classifier



Numerical vs. Gradient

• Numerical gradient: approximate, slow, easy to write

• Analytic gradient: exact, fast, error-prone

---- When you only have CPUs

---- Numerical gradient is NOT slow when you have accelerator!



Neuron Network



Neuron

• Neuron Structure

• It has many layers.

• Its math model

Very similar to linear 
classifier, except … 



Artificial Intelligence and Machine Learning



Brain Inspired and Neural Network



MLP and Deep Learning

• Previously, we have a name called: MLP: multi-level perceptron

• Now: Deep Learning



Back-propagation

• How can we find the derivative for multi-layer structure?



Chain Rule



Activation Functions

ReLU is the most common one
Used in recent CNN

Sigmoid is easy 
for derivative



Vectorized Gradient Computing

• Jacobian Matrix

• How big will be the Jacobian
matrix?

• Mini-batch make it worse



Using Numpy to train a 2-layer model

• For simplicity: use 
sigmoid as activation



Inference vs. Training

• Inference: Apply weights to determine output 

• Training: Determine weights 

- Supervised:  Training set has inputs and outputs, i.e., labeled

- Unsupervised:  Training set is unlabeled 

- Semi-supervised: Training set is partially labeled 

- Reinforcement: Output assessed via rewards and punishments 



Fully Connected Layer

• Just as the linear classifier

• Even today, the last stage of DNNs are still FC layers



Polling Layer

• Reduce resolution of each 
channel independently 

• Overlapping or non-overlapping 
 depending on stride

• Increases translation-invariance 
and noise-resilience 



Normalization Layer

• Batch Normalization (BN)
• Normalize activations towards mean=0 and std. dev.=1 based on the statistics 

of the training dataset 

• Believed to be key to getting high accuracy and faster training on very deep 
neural networks.

• Makes training harder, but almost do not affect inference.



Summary
Next time: CNN


