
DS4440 
practical neural networks

Instructor Byron Wallace
TA Sanjana Ramprasad
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About me
I work mostly in NLP

It’s been an interesting ~5 years



Language modeling, circa 2017



Language modeling, circa now



Generative AI: All the Hype



What this course is about
How do these things work? 
How do we train them? 
How do we evaluate them?



The McCullough-Pitts neuron

brain stuff

Threshold Nonlinearity 𝜎

Sigmoid Rectified

!
!

𝑤!𝑥! + bias

𝑥"

𝑥#

𝑥$

𝑤"

𝑤#

𝑤$

𝑦 = 𝜎 !
!

𝑤!𝑥! + bias

Single output












































































































y O WIX tWzXz t W X

088
IF

0 88
X2 X2 X3

oo
X2 X2 X3












































































































y O WIX tWzXz t W X

088
IF

0 88
X2 X2 X3

oo
X2 X2 X3










































































































y O WIX tWzXz t W X

088
IF

0 88
X2 X2 X3

oo
X2 X2 X3

inputs












































































































y O WIX tWzXz t W X

088
IF

0 88
X2 X2 X3

oo
X2 X2 X3










































































































y O WIX tWzXz t W X

088
IF

0 88
X2 X2 X3

oo
X2 X2 X3

inputs




































































X2 X2 X3

000 O

8883 So



 

y W X t Wiz t W X

8888
X X2 X3

y 0 wat
YW

Xz t W X

88 8
X2 X2 X3

inputs

output



Learning



Rosenblatt’s 1958 Perceptron AI Boom

Published: July 8, 1958
Copyright © The New York Times

Published: July 8, 1958
Copyright © The New York Times

Published: July 8, 1958
Copyright © The New York Times









Perceptron Learning Algorithm

feature x learned weights 𝑤

output 𝜎 𝑤"𝑥 ↔

input
image

true
training
class
y = ±1

Run on random training data

Input Label



A review of supervised learning & 
intro to the Perceptron 

(whiteboard / see notes)



Let’s see this in action … 
(Perceptron notebook)



Why does this work?



Limitations of the Perceptron



A simple failure of perceptron learning 

Non-linearly separable data cannot be classified by the perceptron 
algorithm.



Minsky and Papert
prove limitations [1969]



We needed deeper networks with non-
linearities. This is what we will explore 
in this course.



OK now some logistics &etc.



Course aims & scope
Basics of neural networks

• Backpropagation and optimization via gradient descent
• “Classic” architectures (MLPs, ConvNets, RNNs); emphasis on 

Transformers and emerging models



Course aims & scope
Basics of neural networks

• Backpropagation and optimization via gradient descent
• “Classic” architectures (MLPs, ConvNets, RNNs); emphasis on 

Transformers and emerging models

Hands-on experience in modern toolkits
• And final projects related to model interpretability using the NDIF API, a 

Northeastern-based research infrastructure initiative!

https://ndif.us/


NDIF



NDIF



NDIF.us



Expectations



I will assume…
• Python knowledge
• Comfort with matrix/vector notation (brush up if rusty!)
• Basic calculus and probability (but we will introduce/review most as we go)



Resources
Homeworks submitted via Canvas
Website: https://course.ccs.neu.edu/ds4440f24/
Join piazza! https://piazza.com/northeastern/fall2024/ds4440

https://course.ccs.neu.edu/ds4440f24/
https://piazza.com/northeastern/fall2024/ds4440


Grading
• Homeworks (written exercises + coding): 30%
• In-class participation (mostly exercises): 5%
• Mid-term: 25%
• Final project (interpretability work; you will use NDIF!): 40%



Questions for me?


