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PSUADE: Problem Solving environment for 

Uncertainty Analysis and Design Exploration

ÁHow to use PSUADEôs functionalities?
ÅAs a standalone software (batch mode, command line interpreter)

ÅIntegrated into application codes (library calls)

ÅIntegrated into some graphical user interfaces (scripts)

ÁDesigned primarily for non-intrusive UQ analysis
ÅSome support for semi-intrusive methods (e.g. derivatives)

ÅSupport moderate input dimensions (O(1) ï~100)

ÅFor high dimension (random fields) Č DASSI (MS118)

ÅFor hybrid intrusive (PCE + sampling) Č MEDUSA

ÁA collection of general-purpose mathematical/statistical 

algorithms for 
ÅUncertainty analysis, local/global sensitivity analysis

ÅModel parameter inference, optimization under uncertainty .... 



PSUADEôs Execution Model (Batch mode)

Simulation

Handler 
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*********************************************************
*          RS-based First Order Sobol' Indices 
=========================================================
RSMSobol1: sample mean (std dev of mean) =  1.807e+01 ( 0.000e+00)
RSMSobol1: std dev (stddev of stddev)  =  8.694e+00 ( 0.000e+00)
=========================================================
Main Effect Statistics: 
Input    1: Sobol' main effect =   3.3651e+01 (unnormalized)
Input    2: Sobol' main effect =   8.4527e-01 (unnormalized)
Input    3: Sobol' main effect =   4.1942e+01 (unnormalized)

Problem
Specification

-create work directory

-read in parameter values

-substitute into input decks

-launch job runs

-Post-process output data

-write outputs to file

Job execution

- sequential

- asynchronous

- MPI (single node jobs)

.m/.scifiles

PSUADE
INPUT

dimension = 3
variable 1 X1 =  -3.1416      3.1416
variable 2 X2 =  -3.1416      3.1416
variable 3 X3 =  -3.1416      3.1416

END
OUTPUT

dimension = 1
variable 1 Y

END
METHOD

sampling = LH
num_samples= 1000

END
APPLICATION

driver = simulation_handler
END
ANALYSIS

analyzer method = Moment
printlevel 2

END
END



Development Goal 

To provide users with practical UQ tools for multi-physics 

applications characterized by

ÅModerate number of parameters (up to a few 100ôs) but only a 

smaller subset is important in driving output uncertainties

ÅParameter uncertainty of different forms
ÅWith lower and upper bounds or various distributions

ÅParameter correlations, inequality constraints

ÅCategorical parameters (a small number)

ÅNonlinear simulation models (high computational cost)

ÅImperfect simulation model
ÅMay need to account for model form uncertainties

ÅThe need to propagate uncertainties through
ÅIndividual physics units, é, sub-systems, full system

ÅForward and backward (experimental data at several levels) 

ÅČ To support complex workflows required in many practical applications



To support our development goal, PSUADE is providing 
several categories of UQ methods
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Optimization Under Uncertainty (OUU) 
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Åqd are scenario (discrete with probabilities) variables

Åqc are continuous variables with prescribed pdfs

ÅF(*)can be 
ÅLinear combination of mean and standard deviation

ÅValue-at-risk (e.g. 95% confidence)

ÅComputing this quantity can be costly (esp. value-at-risk)

ÅIf                      is smooth with respect to qc for given x and qd

ÅCan use response surface created from a small sample

Å Propagate a large sample drawn from pdf(qc) through the response 

surface to create output pdf and compute F

ÅDerivative-based option

ὼ ᶰὼȟὼ Or unconstrained
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These methods can be applied in sequence in a 
simple UQ workflow
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Carbon Capture Systems

DOE ASC Applications Industrial Processing CO2 Sequestration

Cloud Modeling

Lean Solvent

Rich Solvent

Rich Solvent

Lean Solvent

Condenser

Reboiler

CO2 Stream

Wash Water

Flue Gas In

Flue Gas Out

Lean Solvent

Cooler

Lean Rich

Heat Exchanger

Absorber

Intercooler

MEMS Switch Design

PSUADE has been applied to a number of science and 
engineering applications 



Some Applications requires more complex UQ
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Hydraulics parameters q1

CO2 Capture 
Model F●ȟq1,q2

Bayesian 
Inference on q2

Thermodynamics 
Model

F2(q2), p(q2)

Thermodynamics
Experimental 

Data
Bayesian 

Inference on ,q2

Capture 
experimental 

data

Thermodynamics
Model UQ analysis

Experimental 
Design

New set of 
experiments

Experimental 
facilities

ÁPSUADE seeks to provide tools for

ÅBuilding complex UQ workflows (as a callable library or via scripts)

ÅAccounting also for errors in a UQ analysis (errors due to sample size and 

response surface interpolation)



Ongoing Development Efforts

ÁCapability expansion

ÁEfficiency enhancement

ÁUsability (user interfaces) improvement



Ongoing Development Efforts

ÁCapability expansion
ÅSurrogate modeling with larger samples (N >= O(10^4))

o MARS and Trees with bagging can reasonably handle O(10000) samples 

o But methods like GP, Kriging, RBF costs O(N3) 

o Ideas (to extend to lower cost simulations and to óbigô data analysis)

o Sparsification of covariance/variogram matrices (faster/approximate solvers)

o Multiple overlapped domain decomposition (bisection on important axes)

üMARS (can reasonably handle N ~ O(105))

ü GP, Kriging, RBF (can reasonably handle N ~ O(104))

ü Ease of implementation, parallelization, potential prediction improvement

MARS:
CV rmserror
0.38

MMARS:
CV rmserror
0.25
(less time)

10-input
N=18000
TD model



Multi-stage UQ (expanded inference)

Mass Transfer/ 
Hydraulics Model: q1

CO2 Capture 
Model Fὼȟq1,q2
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Ongoing Development Efforts

ÁCapability expansion
ÅSurrogate modeling with larger samples (N >= O(10^4))

ÅMulti-stage forward propagation and inference

ÅBatch design of experiments (experimental campaign)
o Computer experiments:

ü Batch design for surrogate model building

o Physical experiments

ü Batch design to reduce physics parameter uncertainties

ü Batch design for model optimization under uncertainty

ü Batch design for model discrepancy modeling

ÁEfficiency enhancement (faster analysis time via parallelization)
Å Inference with multiple chain

Å Surrogate validation: cross validation

Å Multi-start optimization (e.g. in Kriging)

Å Bootstrapped analysis (BMARS, Sobolô)

Å Multi-domain overlapped domain decomposition



Ongoing Development Efforts

ÁCapability expansion
ÅSurrogate modeling with larger samples (N >= O(10^4))

ÅMulti-stage forward propagation and inference

ÅBatch design of experiments (experimental campaign)

ÅOptimization under uncertainties ïvalue-at-risk (surrogate-based)
o Also, ordinal and continuous design variables, scenarios

ÁEfficiency enhancement (faster analysis time via parallelization)
Å Inference with multiple chain

Å Surrogate validation: cross validation

Å Multi-start optimization (e.g. in Kriging)

Å Bootstrapped analysis (BMARS, Sobolô)

Å Multi-domain overlapped domain decomposition

ÁUsability (user interfaces)
ÅHow to present the many diverse UQ tools to users who have different 

levels of UQ expertise?
o Script-based (not graphical)

o Navigation bars in GUI (e.g. FOQUS)

o Tab-based GUI (multiple documents in one window)

o Node-based GUI (directed graph of task nodes)



FOQUS: A GUI for UQ (generate sample)



FOQUS: A GUI for UQ (launch simulations)



FOQUS: A GUI for UQ (launch analysis)


