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Written Assignment 1
This assignment is due by the start of class on Tuesday, January 29.
1. (15 pts.) Solve problem 2.6 in the textbook. Please consult the solutions of problems 1.17
and 2.5 that are available on the text’s web page.
2. (10 pts.) Solve the first part of 2.10 in the textbook, i.e., solve only E[µj ].
3. Bayesian unigram model for text learning.
We have a simple probabilistic model for generating an N -word document, Y = (y1 , y2 , . . . , yN ).
Assuming a vocabulary of K words w1 , . . . , wK , we sample each word yi of the document i.i.d.
from a discrete distribution over the vocabulary with parameter µ = (µ1 , . . . , µK ); hence,
p(yi = wj |µ) = µj . The discrete distribution is specified by Eq. (B.54) in the textbook
Appendix.
We will empirically contrast the maximum likelihood, maximum a posteriori, and Bayesian
approaches for this model in the first programming project. For now, we focus on the calculations associated with the Bayesian approach. As shown in Section 2.2 of the textbook, we
can use a Dirichlet prior p(µ|α) to yield a Dirichlet posterior p(µ|Y ) given in Eq. (2.41).
(i) (10 pts.) Calculate the predictive distribution for this problem. Specifically, show
p(y∗ = wj |Y ) =

Z

p(y∗ = wj |µ)p(µ|Y ) dµ =

µ

mj + αj
.
N + α0

(ii) (10 pts.) Calculate the evidence function. Specifically, show
p(Y |α) =

Z

p(Y |µ)p(µ|α) dµ =

µ

Γ(α0 )

QK

Γ(α0 +

j=1 Γ(αj + mj )
.
Q
N) K
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Later in the course, we’ll see how the evidence function can be used to select a suitable value
for α.
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