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HW-7 Review

● Problem 1: MLP Classifier with Pytorch
BONUS 1.5- CNN Classifier with Pytorch

● Problem 2: Improving on MLP Classification with Hyperparameter Tuning
● Problem 3: Decision Trees with scikit-learn on Spotify data
● Problem 4: K-Means clustering with COVID-19 data 

You must write and submit your own code



Tensorboard Visualizations



Questions on HW-7 ?



Exam Review



Part 1: MLE/MAP, Naive Bayes, Logistic 
Regression, Linear regression, Bias/variance 

tradeoff



Summary of Methods

MLE:

● Given a set of data points, we first select a distribution that fits the data , and 
find the parameters by maximizing the likelihood of the data points 

● L(Θ) = P( D | Θ) = P( x1 | Θ) P( x2 | Θ) .....P( xN | Θ)- independence 
assumption

MAP:

● Maximize posterior P(Θ|X) = L(Θ) P(Θ) 
● Prior information is encoded in P(Θ) 
● Prior represents expert knowledge (philosophical approach) or is chosen to 

ensure a simple posterior form (engineer's approach)
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Summary of Methods

Linear Regression:

Find the parameters w that minimize the sum of least squares || y- Xw||22

Regularization by adding a penalty on weights- RLS: || y- Xw||22  +k ||w||22

Linear Regression can have probabilistic interpretations
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Summary of Methods

Bias- Variance Tradeoff

.gg#



Comparison of Methods

Logistic Regression:

● Classification method that uses the logistic 
loss

● Discriminative Approach 
● Makes no assumptions and generally 

lower asymptotic error
● Slower convergence
● Linear Decision Boundary

Naive Bayes:

● Classification method that assumes 
conditional independence among feature 
components

● Generative approach
● Naïve Bayes makes more restrictive 

assumptions and has higher asymptotic 
error

● But it converges faster
● Linear Decision Boundary
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MCQ-3
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MCQ-5

Which of the following statements about Naive Bayes is FALSE ?

1. We do not have any prior knowledge (excluding the data itself) on whether any feature is more 
important than the others.

2. The features are assumed to be statistically independent of one another given the class label.

3. Suppose a feature appears multiple times within one data sample. Naive Bayes accounts for 
statistical dependencies between these multiple occurrences.

4. Naive Bayes is a probabilistic model
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Part 2: Multiclass, SVM, Graphical models, 
Nearest neighbors, Decision trees, 

Boosting/ensemble methods



Multi-class Classification

Approaches

● One-versus-one
● One-versus-all

 
'

0.1



MCQ-1

-

•✗

✗

✗
C :3 not

o
'

o n

o;±É¥ > so ☐3



MCQ-2

Consider the general optimization problem of soft-margin SVM:%
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Part 3: Neural networks, Clustering, EM, 
Dimensionality reduction, Reinforcement, online 

learning



Summary of Methods

Neural Network:

● A supervised learning method for classification or regression which mimics 
human brain structure

● Multi-layer perceptron comprise perceptrons with non-linear activations

PCA:

● A dimensionality reduction method
● Reduces data to the dimension with the largest variance



Summary of Methods

Reinforcement Learning:

● Different with supervised and unsupervised learning
● Based on rewarding desired behaviors and/or punishing undesired ones

EM:

● Splits an optimization into E-step and M-step
● Iteratively maximizes each step guarantee improvement



Comparison between K-Means and GMM

K-Means GMM

Candidates Closer Gaussian prob

Cluster 
characteristics

Mean Mean, variance

Handle scaled 
dimension
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Conceptual Question: Neural Networks

- Why is ReLU activation preferred over Sigmoid and Tanh activations ?
- Why is Tanh activation preferred over sigmoid ? 
- Why is parameter initialization important with gradient descent based 

approaches ?
- Why is Adam preferred over SGD ?
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Conceptual Questions – PCA

From 10-601 review (Matt Gormley, 2016)

⇔



Conceptual Questions – Reinforcement Learning

From 10-601 review (Matt Gormley, 2021)
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Conceptual Questions – EM



Conceptual Question: Classification Models

Which of the following classifiers will perform best over the given dataset and why ?

● Linear SVM
● MLP
● Naive Bayes
● Perceptron
● Logistic Regression
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