













Motivation
FirstConsider a PDE model

T em u f in r
em u n 0 on fur modelsheatflowacross a
cm u n BTm u on f conductive surface
em u n s on fy

Inverse Problems There is some unknown parameter of interest that
we seek to infer using knowledge of our governingmodel and data
measurements y

inversion parameter MK spaciallyvarying logconductivity

auxiliary parameters B heattransfercoef of medium
SH I boundary source termf x heat source in domain

experimental parameters y data measurements

complementary parameters auxiliary experimental parameters

Frequentist Perspective Solveinverseproblem to obtainanestimateof the
inversion parameter in

Bayesian Perspective Solveinverseproblem to obtain a posterior distribution
of the inversionparameter

HDI we use derivativebased sensitivityanalysis to determine the
sensitivity of the solution of the inverse problem to perturbations of the
complementary parameters

informs experimentalpriorities
sensor design
estimatingauxiliary parameters

dimension reduction for OEDUV
insightintothe inverseproblem



HDSA for BayesianNonlinearInverseProblems

Data Model y f mo t N
f param to observablemap
0 complementary params

Mi additiveGaussiannoise M NIOTn

Data likelihood Heike41m12expf ICHmot yThiHimol y
distribution of data y given m

Prior Distribution Mpr NlmprCpr
prior knowledge of m

MAPpoint

Jim It Qu y Qu y I Almmph Almmph A Tpr amm mm
mmAp argonin Jl m Q

m

Sensitivity of theMAPpoint

applyimplicit functiontheoremto Jm

results in a continuouslydifferentiable mapping
F N10 1 Nlm't

Wedefine our sensitivityoperator
D Ff 0 1 H B where

H JmmLm't0 1 B Jmolm't0 1
We interpret DE as the sensitivity of theMAPpointwhen the comp params are
perturbed in the direction E



Pointwise Sensitivity Indices comparewithin parameters

ski DeiHn
HeiHo

Generalized SensitivityIndices compare acrossparameters

Sk Moax HDTkoIlm110110

Measuresof Posterior Uncertainty
Bayes Risk approximatebysampleaveraging

TURlot nts i llmnaply.io mi112 where

Yi ftmi ol t Ni Mi are priordraws
Tn

risk O nts MmapYip MmapYiO 2CMmapYip Mil t mimi

Frisk0 1 IsEY24 MMAPYi01 MinarHi011 2 fg.mnplyiiotmil
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notethatDj is the jthcolumnof sons op Di whichdepends on the
ithsampledraw

let D ddg.luisko andDR To Irie then DRE canbe

interpreted as the sens of PRwrt aperturbation of the params in thedirection E

Notethatbuilding DR requires building Ns Sens op D H B i.e many
Hessiansolves


