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BAND Framework
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BAND Framework

▶ Reliable predictions for
experimentally inaccessible
environments

▶ Uncertainty quantification
by creating an extendible
software base

▶ Cyberinfrastructure
framework is Bayesian

▶ Suite of codes will serve a
broad community of nuclear
physicists
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BAND Framework

https:
//bandframework.github.io

https://github.com/
bandframework/
bandframework

Check out the tools and examples in BAND Framework v0.2! And
stay tuned for additional capabilities in v0.3!
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BAND Framework v0.2

▶ Tools:
▶ surmise: Surrogate model interface for calibration,

uncertainty quantification, and sensitivity analysis
▶ SaMBA: Sandbox for Mixing via Bayesian Analysis

▶ Examples:
▶ QGP Bayes: Tutorial on Bayesian analysis of QGP simulations
▶ BRICK: Bayesian R-matrix Inference Code Kit
▶ BFRESCOX: Emulation and Bayesian model calibration of

coupled-channels treatment of nuclear reactions
We welcome contributions (tools, examples, and
suggestions) to the BAND Framework from the community!
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What to expect in BAND Framework v0.3

▶ Tools:
▶ ROSE: Reduced Order Scattering Emulator
▶ Taweret: Python interface to support variety of BMM models
▶ BMEX: Bayesian Mass Explorer
▶ parmoo: Python library for parallel multiobjective simulation

optimization
▶ Examples:

▶ VAH: Bayesian calibration of Viscous Anisotropic Hydrodynamic
Simulations of Heavy-Ion collisions

We welcome contributions (tools, examples, and
suggestions) to the BAND Framework from the community!
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BAND Framework
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Model Emulation
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Simulators

▶ In almost all fields of science, technology, industry and policy
making, people use mechanistic models to simulate real-world
processes
▶ For understanding, prediction, control

▶ Usually implemented in computer codes
▶ Often very computationally expensive

▶ There is a growing realization of the importance of
uncertainty in simulator predictions
▶ Can we trust them?
▶ Without any quantification of output uncertainty, it is easy to

dismiss them
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Example

1 frescox < frescox_inputs/D1048cadp.in > frescox_outputs/D1048cadp.out
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Model Emulation

Input x

Parameter θθθ

Model M f(x, θθθ)
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Problem of Complex Models

▶ If the simulator takes more than a few seconds to run,
anything requiring the simulation model becomes
computationally infeasible
▶ We need a more efficient technique

▶ Gaussian process (GP) representation
▶ Considers f(·) as a random process
▶ Represent it as a GP

▶ Training runs
▶ Run simulator for sample of (x, θθθ) values

▶ Then what?
▶ Use the emulator to make inference about other things of

interest

Özge Sürer, Moses Chan BAND Framework 17 / 35



GP with 3 simulation runs
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GP with 5 simulation runs
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GP with 7 simulation runs
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Reduced Basis Methods for emulation with ROSE

The Bayesian Mass Explorer, BMEX
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Model Calibration
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Model Calibration

Input x

Parameter θθθ

Model M f(x, θθθ)

Observed
data y
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Model Calibration

▶ Seek parameter vector(s) θθθ ∈ Rp to align simulator outcomes
with data

▶ Physical observation from the real system y can be modeled
using the expensive simulation f(x, θθθ)

y(x) = f(x, θθθ) + ϵ, ϵ ∼ N(0, σ2)

▶ Given the likelihood p(y|θθθ), the posterior distribution is
computed by using Bayes’ rule

p(θθθ|y)︸ ︷︷ ︸
posterior

∝ p̃(θθθ|y) = p(y|θθθ)︸ ︷︷ ︸
likelihood

p(θθθ)︸︷︷︸
prior

▶ Prior p(θθθ) can be computed for any θθθ (i.e., independent of
simulation)

▶ Likelihood requires expensive simulator evaluation for a given θθθ
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surmise: Designed for Emulation and Calibration
Flexibility

https://surmise.readthedocs.io

1 pip install surmise==0.1.1

1 emulator(x=x, theta=theta, f=f, method='PCGP', args=args)

1 emulator(x=x, theta=theta, f=f, method='PCGPwM', args=args)

1 calibrator(emu=emu, y=y, x=x, thetaprior='uniform', method='bayes', args={'sampler': LMC})
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Model Mixing
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Model Mixing
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Ongoing Mixing Projects

Dan Liyanage Alexandra Semposki
John Yannotty

Bayesian Model Mixing using Taweret
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Experimental Design
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Experimental Design

▶ Optimally design a computer experiment
▶ How to select the inputs at which to compute the simulation

output to achieve specific goals
▶ Optimally design a physical experiment

▶ Unknown calibration parameters can be estimated from real
data by conducting physical experiments
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Check out the tools and examples in BAND Framework v0.2! And
stay tuned for additional capabilities in v0.3!
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