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Motivation
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Bayesian Inference Framework

Goal: Infer coefficients ¢ given data X

ax J
dat
di =
m— = F(0
i O
Prior: Reasonable assumptions based on past experience

and knowledge.

Likelihood: A function describing the compatibility of the
observed data with the model.

Posterior: Result of updating the prior given the new data.



Forward Model
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Damped Harmonic Oscillator:
'E(()) = —b 'Espr[ng - ezﬁdamping
Iceberg Model:

,Z"(g) = 0 ’_':vvater + ezﬁair + I_:'coriol(s



Prior & Likelihood

Prior: A distribution allowing only non-negative values for
01 and 0,.

Likelihood: A function showing model-data mismatch for each
given 0.

m(d]0) o exp(L(|ld — G(9)]1*))



Bayes’ Rule

Posterior o< Prior - Likelihood
7(0|d) o< 7(0)mw(d|0)

Goal: Generate samples from the posterior distribution
Method: Markov chain Monte Carlo (MCMC) sampling



Markov chain Monte Carlo (MCMC)

Metropolis (1953) & Hastings (1970)

6" only depends on 6!

3 step algorithm (for t = 1 — oo):
1. Propose new point:
0 ~ q(-6")
2. Compute acceptance rate a:
0 < af6',0) <1
3. Accept / Reject:

g+ _ 6  with probability «
0t otherwise



MCMC - Visualization

Source: The University of British Colombia, Ricky Chen



Harmonic Oscillator

Recall the forward model:

o
dt

ﬁ(@) = —b ﬁspring - eZﬁdamping



Data with Additive Noise
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Sampled Posterior Distribution
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Posterior Predictive Distribution
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Real Iceberg Model

Recall the forward model:

®_y
dt
du

ma = 0, 'Ewater + (Jzﬁajr + Feoriotis

/_:'a,‘,(X, Y, t) = |\7c1ir - \7ice|(\70ir - \7ice)

Fwater(xa Y, t) - |Vwater - \7ice|(\7water - Vice)

Source: Mountain(1980)



Sample Forward Model Run
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Approximate Prior v/s Posterior Predictive

14



o
o
o
=
on
S
)
o
@
L
g
=
a
=
n

Pl

e A S S
A5y w
AN AI S5y

AT A5 SN

RN S v v

R
FERfEC e e
O e i A3

L A

(O SN

15



Data with Additive Noise
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Sampled Posterior Distribution
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Posterior Predictive Distribution




Conclusion
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Questions



Damping Ratios of Oscillatory Systems
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Posterior Predictive Distribution

22



