
STA 941: Bayesian Nonparametrics
HW Set 1

1. Analyze the Traffic data from R package MASS with a finite mixture of Poissons model and
draw inference on the reduction in daily accident counts due to speed limit imposition. You
may work with (a) number of components K between 2 and 4, (b) a unit Dirichlet prior (all
shape parameters = 1) on the component weights, (c) a conjugate Gamma with small shape
and rate or the Jeffreys’ prior for the components specific parameters. Write a Gibbs sampler
to make posterior draws. Check trace plots for evidence of convergence. Make posterior
predictive draws for daily accident counts under each speed limit condition. Report both a
95% posterior predictive interval for the count reduction and the posterior probability that
the count reduction is positive.

2. Let βl, l = 1, 2, . . . be independent, (0, 1) valued random variables with E log(1 − βl) > −∞
for all l ≥ 1. Define w = (w1, w2, . . .) as:

w1 = β1, wl = βl
∏
j<l

(1− βj), l = 2, 3, . . . .

Show that

Pr(w ∈ ∆∞) = 1 ⇐⇒ Pr

( ∞∑
l=1

βl =∞

)
= 1 ⇐⇒

∞∑
l=1

Eβl =∞.

[Hint: for the second “⇐⇒ ” use Kolmogorov’s 3 series theorem adapted to bounded positive
RV’s.]

3. Keeping the Traffic data in mind, consider the Dirichlet process prior DP(a, π) where π is
the gamma distribution with shape = 1 and rate = 1/20. Write codes to simulate multiple
realizations of a random P from this distribution and visualize them with nice graphs. You
may use a truncated stick-breaking construction to create approximations to P . Vary the
precision parameter a from small to large and investigate what truncation points you need
to retain a fixed quality of approximation accuracy. For each draw of the random P , also
visualize the corresponding mixture pmf f(y) =

∫
Poi(y | λ)P (dλ) and comment how the

shape/modality of this random pmf changes with the precision parameter a.
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