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Logistics

- CSE 517 project proposal is due on Friday 1/21



Agenda
- Quiz 2 Solutions

- Feedforward Neural Network

- Convolutional Neural network

- Q & A



Quiz 2 - Problem Setup
You wanted to take a class but you were not sure about the workload. You then 
asked some friends who took the class. They told you the time they spent and the 
GPA they got in this class, which are in the following table:

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12

Based on the table, fill in the blanks. Round answer to 1 decimal place if not 
specified otherwise.



Quiz 2 - Question 1

If you randomly ask one of the friends above, what is the probability that the 
person got 3.8?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 1

If you randomly ask one of the friends above, what is the probability that the 
person got 3.8?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 2

If you randomly ask two of the friends above, what is the probability that they both 
got 4.0? (Use simplified fraction)

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 2

If you randomly ask two of the friends above, what is the probability that they both 
got 4.0? (Use simplified fraction)

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 3

What is the probability of getting 4.0 if you spent 12 hours per week?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 3

What is the probability of getting 4.0 if you spent 12 hours per week?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 4

What is the probability of getting 3.9 or above if you spent 10 hours per week?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 4

What is the probability of getting 3.9 or above if you spent 10 hours per week?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 5

If one of your friends got 3.9 in this class, what is the probability that your friend 
spent 12 hours in this class?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Question 5

If one of your friends got 3.9 in this class, what is the probability that your friend 
spent 12 hours in this class?

3.8 3.8 3.8 3.8 3.9 3.9 4.0 4.0 4.0

10 10 10 12 10 12 10 12 12



Quiz 2 - Problem Setup
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

We have trained a Bi-gram model based on some data. We store the frequencies 
of each pair of words in the following table. Each cell represents the occurrences 
of the top row word following right after the left column word. For example, 
“finished” appeared after “I” 40 times.



Quiz 2 - Question 6
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I ___ ___



Quiz 2 - Question 6
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I finished ___



Quiz 2 - Question 6
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I finished work



Quiz 2 - Question 7
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

Is the work ___



Quiz 2 - Question 7
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

Is the work finished



Quiz 2 - Question 8
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I saw ___ ___ ___



Quiz 2 - Question 8
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I saw the ___ ___



Quiz 2 - Question 8
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I saw the beautiful ___



Quiz 2 - Question 8
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

I saw the beautiful gift



Quiz 2 - Question 9
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

the ___ ___ ___ ___



Quiz 2 - Question 9
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

the beautiful ___ ___ ___



Quiz 2 - Question 9
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

the beautiful gift ___ ___



Quiz 2 - Question 9
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

the beautiful gift finished ___



Quiz 2 - Question 9
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

Please fill in the most likely word based on the previous word and the frequency 
table for the following sentences:

the beautiful gift finished work



Quiz 2 - Question 10
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

What is the probability that "work" appears after "finished"? (Use simplified 
fraction)



Quiz 2 - Question 10
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

What is the probability that "work" appears after "finished"? (Use simplified 
fraction)



Quiz 2 - Question 10
1st/2nd I finished work saw the beautiful gift

I 0 40 20 30 0 0 0

finished 0 0 10 0 8 5 3

work 0 5 0 0 0 0 0

saw 0 5 5 0 8 5 3

the 0 10 15 0 0 20 10

beautiful 0 0 5 0 0 0 10

gift 0 5 0 0 0 3 0

What is the probability that "work" appears after "finished"? (Use simplified 
fraction)



Feedforward Neural Network



Feedforward Neural Network
Embedding of 
history token hj.



Feedforward Neural Network
Matrix that 
transforms the 
embedding 
from dimension 
Rd to RH.



Feedforward Neural Network
Sum over all 
n-1 history 
tokens.



Feedforward Neural Network
Bias term.



Feedforward Neural Network
Affine



Feedforward Neural Network
Passing the value 
through a 
nonlinearity.



Feedforward Neural Network
Nonlinearity

Affine



Feedforward Neural Network
Nonlinearity

Affine

Repeat!



Feedforward Neural Network
Nonlinearity

Affine

Typical pattern

affine, nonlinear, 
affine, nonlinear, 
. . .



Feedforward Neural Network
Softmax to ensure the 
output sums to 1.



Feedforward Neural Network Here we also added the 
affine transformation of 
embedding of history 
tokens too.



Feedforward Neural Network: Gradient Descent
● Gradient descent is an update on every parameter each iteration
● Does not guarantee to give the optimal solution (gives a local minimum)
● Batch size, epoch, learning rate, various optimizers

○ Stochastic Gradient Descent (SGD), Adam, Adadelta, ...



Feedforward Neural Network: Hyperparameters



Feedforward Neural Network: Hyperparameters

Tune hyperparameters on 
dev set



Convolutional Neural Network

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Convolution

mx1 mx2 mx3 mx4 mx5 mx6



Convolutional Neural Network: Pooling



Q & A


