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151-0104-00L - Uncertainty Quantification for Engineering & Life Sciences 

Homework Assignment No. 5 (20pts) 
   
Consider a stochastic model class similar to M2 in Homework Assignment 4 and use the new 
data for this homework posted on the course website of N = 50 data points for the input data 
UN = [u1, u2, …, uN] and for the output data YN = [y1, y2, …, yN]. The objective is to generate 

K=5000 samples from the posterior PDF for M2 based on DN = [UN ,YN] by using a multi-level 

(M-H) Metropolis-Hastings algorithm with annealing. As before: 
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= +∑ , where all mε ’s are i.i.d. with mε ~N(0, σ2) 

except that the prior p(θ | M2) is changed for σ2: let θ3 = ln σ and take independent Gaussian 
priors for θ = [θ0 θ1 θ2 θ3]T where each component θj, j= 0,1,2, has mean zero and standard 
deviation σ0 = 3, and θ3 has mean -2 and standard deviation 0.5. 
 
The proposed multi-level M-H algorithm uses 10 levels where the target PDF at the ith level, i 
= 1, …, 10, is: 

N N 2 2( ) ( | , , ) ( | )i
i ic p pβπ = Y U M Mθ θ θ  

and the global (“independent”) proposal PDF at the ith level is: 
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where µ1 = [0 0 0 -2]T and Σ1 = diag(σ0
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2 (0.5)2), i.e. q1 = prior PDF, and for i >1, 

µi = sample mean of the samples generated from πi-1 at the previous level, and 
Σi = sample covariance matrix of the samples generated from πi-1 at the previous level. 
At each level, discard the first 1000 samples (i.e. 20%) to allow for “burn-in” (i.e. to allow 
for the Markov chain to settle into its stationary state for the level). 
The sequence for the annealing parameter for the 10 levels is: 
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(a) Make histogram plots of the final 4000 posterior samples for θ corresponding to the 
marginal PDFs for θ0, θ1, θ2, θ3. Calculate the mean values of the posterior samples for each θi 
and the corresponding sample coefficients of variation for their marginal distributions. 
 
(b) Make plots for the quadratic coefficients to examine their correlation pictorially by 
projecting their posterior samples onto the θ0-θ1, θ0-θ2 and θ1-θ2 planes. Calculate the 
corresponding sample correlation coefficients. 
 
(c) Plot the N =50 discrete (ui, yi) data points along with the curve of the mean value of y(u) 
versus u∈[0,1] for the model given by the mean of the posterior samples of θ. 
 


