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1 Problem 1

Knowing that the sum of n i.i.d Bernoulli random variables Xi ∼ Bern(p), Z =
∑n
i=1Xi is a Binomially distributed

with Z ∼ Bin(n, p), we write the model as{
ξ |λ ∼ Pois(λ), ξ ∈ {0, 1, . . . }
η | ξ, λ ∼ Bin(ξ, p), η ∈ {0, 1, . . . ξ}

(1)

Then, we compute the pdf f(η|λ) as

f(η|λ) =

∞∑
ξ=η

[(
ξ

η

)
pη(1− p)ξ−η

] [
λξe−λ

ξ!

]
(2)

=

∞∑
ξ=η

ξ!

η!(ξ − η)!
pη(1− p)ξ−η λ

ξe−λ

ξ!
(3)

=
pη

η!

∞∑
ξ=η

1

(ξ − η)!
(1− p)ξ−ηλξe−λ. (4)

Doing the following change of variables in the summation: k = ξ − η; we obtain:

f(η|λ) =
pη

η!

∞∑
k=ξ−η=0

(1− p)k

k!
λk+ηe−λ (5)

=
(pλ)η

η!

∞∑
k=0

(1− p)k

k!
λke−λ (6)

=
(pλ)η

η!

∞∑
k=0

(1− p)k

k!
λke−λ × e−λp

e−λp
(7)

=
(pλ)ηe−λp

η!

∞∑
k=0

(1− p)k

k!
λke−λ(1−p) (8)

=
(pλ)ηe−λp

η!

∞∑
k=0

Pois(k;λ(1− p))︸ ︷︷ ︸
=1

(9)

=
(pλ)ηe−λp

η!
(10)

η|λ ∼ Pois(pλ) (11)
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2 Problem 2

We start by using the Bayes rule of probability to the conditional distribution p(kind|t = 10) , which gives

p(kind|t = 10) =
p(t = 10|kind)p(kind)

p(t = 10|kind)p(kind) + p(t = 10|strict)p(strict)
. (12)

Knowing that p(strict) = p(kind) = 0.5, we can write the above formula as

p(kind|t = 10) =
p(t = 10|kind)

p(t = 10|kind) + p(t = 10|strict)

p(strict)

p(strict)︸ ︷︷ ︸
=1

(13)

=

(
1 +

p(t = 10|strict)

p(t = 10|kind)

)−1
. (14)

Further knowing the model for each reviewer to be a Gaussian (with different parameters), we do

p(kind|t = 10) =

1 +

(
2πσ2

1

)−1/2
exp

[
− 1

2σ2
1

(t− µ1)
2
]

(2πσ2
2)
−1/2

exp
[
− 1

2σ2
2

(t− µ2)
2
]
−1 (15)

=

[
1 +

σ2
σ1

exp

{
−1

2

[
1

σ2
1

(t− µ1)
2 − 1

σ2
2

(t− µ2)
2

]}]−1
, (16)

and now substituting the value given for µ1, σ1, µ2, and σ2, we obtain

p(kind|t = 10) =

[
1 +

5

10
exp

{
−1

2

[
1

100
(10− 30)

2 − 1

25
(10− 20)

2

]}]−1
(17)

=

[
1 +

1

2
exp

{
−1

2
(4− 4)

}]−1
(18)

=
2

3
(19)
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