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PROBLEM SUMMARY

Goal:  
UQ of coupled 

systems

Challenge: 
Expensive models 

intractable

Novel solution:
Build surrogates of 

components

Existing  approach: 
Black-box surrogate
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Outcome: 
Reduce cost by 10-100X
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PROBLEM SETUP

Denote evaluation of system via the 
functional

Map from system parameters to all 
outputs

Collection of all system parameters

System comprised of K Components

Components have subset of system 
variables

Goal to predict subset of system outputs



EVALUATING SYSTEMS OF COMPONENTS

Feed-forward coupling



EVALUATING SYSTEMS OF COMPONENTS

Feedback-coupling

Use iteration function



MODEL FIDELITY
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Often models of varying fidelity (accuracy and 
cost) are available for a component

Assume models have hyper-parameters, e.g. 
mesh size, time-step, convergence tolerance, 
etc.

Assume error decreases with fidelity

System prediction accuracy depends on 
component fidelity



SURROGATE MODELING

Surrogates can reduce cost of using 
high-fidelity components 

Use training data



CHARACTERIZING THE COUPLING VARIABLES

We must specify the ranges of the coupling variables.

The ranges of the coupling variables are 
unknown a priori

The estimated range of the coupling 
variables matters

The distribution of the coupling variables 
matters a lot less
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MULTI-INDEX STOCHASTIC COLLOCATION

Approximate each component as a 
linear combination of surrogates built 
using different model fidelities.

Coefficients given by

We use tensor-product interpolants for 
each fidelity 
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MULTI-INDEX STOCHASTIC COLLOCATION FOR A 
COMPONENT

Pose resource allocation as a binary knapsack problem



MULTI-INDEX STOCHASTIC COLLOCATION FOR SYSTEMS

Must choose which component to refine based on error in system QoI

Evaluate samples at a set of samples to compute change in 
system QoI



ESTIMATING THE RANGES OF THE COUPLING VARIABLES

Interpolants built on tensor product of 
1D Leja sequences 

We update ranges according to



ESTIMATING THE RANGES OF THE COUPLING VARIABLES

Adaptive component 
modeling is much more 
efficient than treating system 
as black-box

Under-estimating range 
introduces large errors

Over-estimation has little 
impact

Range can be estimated 
effectively



FIRE-DETECTION SATELLITE

Approach can be used with 
feed-forward and feed-back 
coupling

Resources allocated based 
on sensitivity of system QoI to 
each component

8 random 
variables 



GAS-TURBINE OPERATING REVENUE
11 random 
variables 

Approach can be used to when 
multiple fidelity models are available

Predictive accuracy of model fidelity 
is balanced with error in the 
surrogate



CONCLUSIONS

The structure of coupled systems should be exploited when 
constructing surrogates

We build surrogates of each component

The accuracy of each component surrogate depends on its 
predictive utility per unit cost

Our approach can reduce cost of UQ by 10-1000X


