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Enroll through https://mugrade.org/courses/1?enroll=664EqzbhsV5p99rbBYf0
Sign in with your andrew Google account

https://mugrade.org/courses/1?enroll=664EqzbhsV5p99rbBYf0


You should see Deep Learning Systems in your courses!



Click “Show API Key” to retrieve your API key.

This API key is used in HW Colab notebooks to submit your answers



Click on a specific assignment to see details



After submitting all problems, create a .zip of 
all your code files. Upload this file to mugrade!
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Machine learning as data-driven 
programming

Suppose you want to write a program 
that will classify handwritten drawing of 
digits into their appropriate category: 
0,1,…,9

You could, think hard about the nature 
of digits, try to determine the logic of 
what indicates what kind of digit, and 
write a program to codify this logic

(Despite being a reasonable coder, I 
don’t think I could do this very well)
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MNIST Dataset



The (supervised) ML approach: collect a training set of images with known labels 
and feed these into a machine learning algorithm, which will (if done well), 
automatically produce a “program” that solves this task

Machine learning as data-driven 
programming
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Three ingredients of a machine learning 
algorithm

Every machine learning algorithm consists of three different elements:

1. The hypothesis class: the “program structure”, parameterized via a set of 
parameters, that describes how we map inputs (e.g., images of digits) to 
outputs (e.g., class labels, or probabilities of different class labels)

2. The loss function: a function that specifies how “well” a given hypothesis 
(i.e., a choice of parameters) performs on the task of interest

3. An optimization method: a procedure for determining a set of parameters 
that (approximately) minimize the sum of losses over the training set
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Multi-class classification setting
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Linear hypothesis function
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Matrix batch notation
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Loss function #1: classification error
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Loss function #2: softmax / cross-entropy 
loss
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The softmax regression optimization 
problem
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Optimization: gradient descent
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Optimization: gradient descent
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Stochastic gradient descent
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The gradient of the softmax objective
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The gradient of the softmax objective
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The slide I’m embarrassed to include…
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Putting it all together
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