Practice Exam Problems: Deep Learning
Natural Language Processing (JHU 601.465/665)
Prof. Jason Eisner

1. In the English language, almost every sentence contains a verb. But nowadays, it seems that
almost every sentence also contains the word Trump! Perhaps the grammar of English has
evolved recently? Let’s call the new dialect “Trumpy English.”
This question is about building a language model that enforces this special property of
Trumpy English.
You have a neural language model p that was pre-trained on an older corpus of text from
the Wall Street Journal (WSJ). So p(x) tends to be high if x is a probable string of WSJ
English, and low otherwise.
One thing you could do is to train the model further on some sentences of Trumpy English,
using stochastic gradient descent.
(a) Given a new minibatch of 30 sentences (x1 , . . . , x30 ), what function will you try to
decrease by taking a step along its gradient?
(b) When you train in this way, the FSA will learn about Trumpy English, but it may start
to “catastrophically forget” what it knows about WSJ English. The longer you train on
, but at the
a small corpus of Trumpy English, the more your procedure reduces
cost of greater
.
(c) To resist this “catastrophic forgetting,” you could make use of a development corpus.
How would you do this? And what kind of sentences should be in the development
corpus?
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2. Here are some of the equations that define the RNN in question 1:


p(wj+1 | w1 , . . . , wj ) ∝ exp ~ej+1 · [1; ~hj ]
~hj = σ(V [1; ~hj−1 ; w
~ j ])

(1)
(2)

All vectors here are column vectors, and the semicolon notation concatenates column vectors
into a taller column vector.
w
~ j is the “input embedding” of word type wj , and ~ej+1 is the “output embedding” of word
type wj+1 ; they can be regarded as rows of input and output embedding matrices.
Assume that each ~hj is a d-dimensional vector with elements ~hj [1], . . . , ~hj [d]. That is, ~hj ∈ Rd .
(a) What are all of the parameters of this model?
(b) What is the dimensionality of the V matrix?
(c) Suppose you wanted to make a 2-layer stacked RNN. How does this change equations (1)–
(2)? Write the new equations.
(d) Let’s go back to the old equations (1)–(2). You would like to set some of the parameters
of this neural network so that it explicitly keeps track of whether Trump has appeared
in the sentence yet. You can keep these parameters constant while training the others.
To be specific, for all j, you want ~hj [3] ≈ 0 when Trump ∈ {w1 , . . . , wj }, and otherwise
~hj [3] ≈ 1.
Let ~t be the embedding of Trump. For the sake of this question, assume that the word
embeddings are fixed, and that ~t · ~t > ~t · w
~ for all words w 6= Trump. This means that
then Trump is more similar to itself than to any other word, if we regard the dot product
operator on two words’ embeddings as measuring the similarity of those words,
Carefully describe how to set certain entries in V so that ~hj [3] will behave in the desired
way. Hint: You will need to discuss one row or one column of V . Say which row or
column you will set, and how you will set it.
(e) What other parameters of the RNN should you set in order to ensure that random
sentences generated by the RNN have a high probability of containing the word Trump,
which is the case in Trumpy English? Say which parameters you will set, and how you
will set them.
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