
CS 682 SPEECH PROCESSING 
 MARIE ROCH 

A2 – Part I (20 points each).  Remember that you must always show your work for 
numerical problems. 
 

1. A neural network is classifying three examples with one-hot labels: 
 
[1, 0, 0], [0, 1, 0], [0, 0, 1].   
 
A network has predicted the following for the input data associated with these: 
 
[.70, .25, .10], [.20, .89, .50], [.03, .15, .85] 
 
Compute the categorical cross entropy of this sample. Remember that the 
examples are the distribution from which we are computing the divergence.    
 
Hints:  The network predictions are not necessarily a distribution; you may need 
to normalize them if they do not add up to 1.  When handling the computation of 
a vector times the information of another vector, treat the values as if they were a 
dot product (sum of probability of each element times the information). 
 

2. Given a truncated normal distribution (probability is zero outside a defined 
range), and a uniform distribution that covers the same range, which distribution 
would you expect to have higher entropy?  You do not need to prove this, an 
intuitive explanation will suffice. 

 
3. Is a low capacity model more likely to underfit or overfit data?  Justify your 

answer. 
 

4. A 2-dimensional parameter vector has a current value of [1.8, .3].   Training data 
have been used to estimate a gradient vector of [1, 4].  Given a learning rate of .1, 
what should the parameter vector be after an update in a gradient descent learner? 

 
A2 – Part II  (120 points) 
 
The Peterson and Barney (1952) data for formants has been placed on Canvas.  Your task 
in this assignment is to create a simple feed-forward network to classify these data.  The 
data are organized as a tab separated value file, a variant of the comma separated value 
(CSV) format.  Python has a CSV reader class (module csv) that can be used to read 
these data easily.   Data consist of pitch (F0), formants (F1-F3), speaker category 
(male/female/child), and vowel category.  The vowel categories are numbered 1-10, you 
may want to subtract one from all of them to deal with Python’s 0 centric numbering 
scheme. 
 
You will be constructing a network to classify F1 and F2 to vowel.  Each speaker 
category should be modeled separately.   
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If you are feeling ambitious and wish to acquire additional skills that are useful for 
machine learning, you could use the pandas csv reader which reads data into a table 
called a Dataframe.  Pandas is used in many data science tasks and is a good technology 
to learn if you are interested in a data science career.  The pandas project has a “10 
minutes to Pandas” tutorial that will teach you some of the basics.  Learning enough 
Panda to be effective will probably take more than 10 minutes, so decide whether or not 
you wish to use it early. 
 
This project is fairly open-ended although your main entry point must be in a module 
called formants.py.  At a minimum, select one speaker class (male/female/child) and split 
the data for that class into training data and test (e.g. a 70/30 split).  Train a network with 
3 Dense layers.  You can select how many neurons you want for each layer, but you 
should not need too many (e.g. tens of neurons, not hundreds).  Use an L2 regularizer 
with a weight of 0.01.   Compute the error rate of your classifier.  Completing this 
section well is enough to have a functionality score of mostly right.   
 
There are several things that you can do to shift your grade from mostly right to good or 
excellent.  Here are things that you could attempt, I do not expect you to do them all: 
 

1. Reserve a small portion of your training data for validation during the training of 
your neural network. 

2. Use scikit learn’s StandardScaler to standardize your training data.  Be sure to 
apply the same transformation to your validation data as well as your test data. 

3. Plot the classification space.  A function has been provided for you that computes 
a grid, classifies it, and plots it.  You can start with this and add in text showing 
your training data or test data.  If you are confused, see the plot in the Acoustics 
Today preprint that is in the readings section of Canvas. 

4. Perform k-fold cross validation.  You may wish to use the stratified version of 
scikit learn’s cross validation class.   

5. Generate a confusion matrix for your classes.  We have not covered these yet, but 
scikit learn has library routines to generate these. 

 
Code submission: 

1. well-commented code 
2. sample run output 
3. plots (if any)  
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