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1. (25%) Consider two D-dimensional Gaussians in the same variable x:

N (x | a,A) and N (x | b,B).

Please prove that their product is proportional to another Gaussian:

N (x | a,A) N (x | b,B) = ρN (x | c,C),

where

C = (A−1 +B−1)−1, c = C(A−1a+B−1b),

and the scaling constant ρ is

ρ = (2π)−D/2 det(A+B)−1/2 exp
(
− 1

2 (a− b)⊤(A+B)−1(a− b)
)
.

2. (25%) Consider the problem:

min
x∈Rd

c⊤x

subject to Ax ⪯ b for A ∈ Rm×d,b∈Rm

, and c ∈ Rd.

(a) Please provide its Lagrangian function L(x, λ).
(b) Please list the dual problem.

3. (25%) Given f : R+ → R; f(x) = x lnx. Compute f(t) + (∇xf)(t)
⊤(z − t) for t = e2, z = e3.

4. (25%) Let X be a continuous random variable with pdf fX : [0, 1] → [0, 1]: fX(x) = 4x3. Compute the

pdf of Y = X2.

⋆
List the required intermediate steps next to each problem. Note that any answers generated directly by AI are invalid for this
assignment.


