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Topics We’ve Covered

● Brief Review of Linear Regression

● Logistic Regression

● Neural Network

● Convolutional Neural Network

● Bias & Variance Tradeoff

● Python Exercise: Image Classification



How does the computer predict 

whether an email is spam or not?

How does the machine conclude 

whether it is a benign or malignant tumor?



Logistic Regression

Logistic/Sigmoid equation:

Output: (0, 1)



Hypothesis Analysis

Analysis Criteria: How confident that the predicted value is equal to actual 
value given an input X.



Hypothesis Analysis

Analysis Criteria: How confident that the predicted value is equal to actual 
value given an input X.

Decision Boundary (Threshold)
● Often set to be 0.5: predicted_value < 0.5, classify into 0; otherwise 1
● For logistic regression, it is linear; for some other ones, it can be 

nonlinear



Recall: Linear Regression

Hypothesis function: y = ax + b, where X is the input training data and Y is the 
data label

   
Cost function:                                       → Mean Squared Error

Note: For some statistical models satisfied a certain property, we want to 
minimize the cost function by taking the derivative with respect to y and then 
setting it equal to 0 to find where the y-value is.



Apply a similar format 
aforementioned into 
the cost function of 
logistic regression? 
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Definition: A function is called convex if 
the line segment between any two points 
on the graph lies above the graph 
between the two points. 
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https://en.wikipedia.org/wiki/Real-valued_function
https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Graph_of_a_function
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Definition: A function is called convex if 
the line segment between any two points 
on the graph lies above the graph 
between the two points. 
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the cost function of 
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No!

Gradient Descent?

https://en.wikipedia.org/wiki/Real-valued_function
https://en.wikipedia.org/wiki/Line_segment
https://en.wikipedia.org/wiki/Graph_of_a_function


Cost Function



Neural Network Basics



Neural Network Basics

Each Neuron contains a number 
between 0 and 1, and this number is 
called activation. 

Activation function: sigmoid / ReLU



Convolutional Neural Network



Backpropagation



Bias & Variance Tradeoff

Bias: difference between the average model prediction 
and the correct value

Variance: variability of model prediction for a given data 
point



Examples
Total Error = Bias^2 + Variance
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“Magical” Double Descent

From Dr. Daniela Witten, Twitter



“Magical” Double Descent

From Dr. Daniela Witten, Twitter



Python Coding Exercise



References

● 3Blue1Brown & StatQuest & Andrew Ng YouTube

● Towards Data Science: Logistic Regression Detailed Overview

● Twitter from Dr. Daniela Witten on Bias and Variance Tradeoff

● Heartbeat: Basics of Image Classification

You can click on these 3 articles if interested!

https://towardsdatascience.com/logistic-regression-detailed-overview-46c4da4303bc
https://twitter.com/daniela_witten/status/1292293102103748609?lang=en
https://heartbeat.fritz.ai/basics-of-image-classification-with-pytorch-2f8973c51864


Thanks for Listening!


