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multi-scale modeling V

 Multi-scale modeling is an inherently statistical problem.
— What information will be propagated to the next scale?
— What is the role of experimental data?
— How do we account for uncertainty in parameters and models?

— How do we handicap (or prevent) extrapolation?
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equilibrium problems V
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equilibrium problems
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equilibrium problems wV'
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AS (J/mol-K)

application in amine-based CO, sorbents \g:
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equilibrium problems wV'
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dynamic problems wv-
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dynamic problems V
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dynamic problems

Ox
o = (z,¢(¢); 0) "
Z = 8(x)+0(t,C(1);¢) +e(v)

§ ~ MVN(0,Y)
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dynamic problems
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dynamic problems wV'
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dynamic discrepancy wv-

ox
5 = f(z,((t);0) + o(z, ((1); B) 5 ~ MVN(0,T)
Z = £(x) + ()
K K-1 K
L@, 9) =05+ > oil1(0p ) + > > omla([Pk 0], [0, 9]]) +
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Ty (Og, 9%) = Bi(0g) B1(9},) + Ba(9%) Ba(V),) — 554(|19k — 0%])
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Bayesian smoothing spline analysis of variance (BSS-ANOVA)
BJ Reich, CB Storlie and HD Bondell, Technometrics 51 (2009) 110.
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dynamic discrepancy wV'

0
o = F@,C(0):0) + (2, (); B)
Z = &) + e(v)
K M K-1 K M
0(U; B) = Bo + Z Z Bk pm1(Vg) + y: J y: Binkipm2(Vg, ;) + -+ -
k=1m=1 k=1 I=k+1m=1

* Input domain for the GP drastically reduced.
Computational complexity of the GP evaluation reduced.

) * Integration of the SDE takes place in the course of the
Bkt ~ N (0, Ama207y) MCMC routine.
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dynamic discrepancy Y

dzx
— =k, [(1 — 22 — a)a — 2° /Ky
dt
/é;ap(l — 2:13) Proof-of-concept with “reality” (left) creating
a = data for calibration of a simpler model with
1+ KaD dynamic discrepancy (below).

2= Mny(x+a)/p+e¥)

Ry = K/Z(T7 ‘97’) d
ky = ko (T 6,) g [(1 — 2z)%p — :1:2/143] +4(z,p,T; B)
Rqg = /fa(T; (97“) dt

z = Mnyx/p+€(¥)
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dynamic discrepancy

wV'
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Bivariate posteriors for two of the parametersin t. Leftis a case with informative priors, and right
with uninformative priors. The blue dot is “reality.”
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dynamic discrepancy

Extrapolated Temperature Profile Extrapolated Temperature Profile
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Extrapolative predictions in the case of upscaling to a steady-state process model. Leftis a case
with informative priors, and right with uninformative priors. The black line is “reality.”
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dynamic discrepancy wv'

1. Given inputs (i, data Z}. is obtained.
2. The model is calibrated to the data Zj, yielding a posterior (2x(6,§).

3. Solution of the resulting model with the steady-state model G(x, () leads to a distribution of
input profiles ().

4. A sample (;11 ~ m,(C) is produced.

COHj@Ct’LL’F ¢: If the dependence of the model is equivalent to the reality and the
variation in the discrepancy is sufficient, then the above iteration is convergent in the
sense that as £ — oo, extrapolative predictions (; will have mean of reality and variance
equal to the variance of the observation error.
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- W
conclusions (Ve

* A novel, Bayesian perspective on multi-scale modeling is introduced.

* A new framework for Bayesian calibration in dynamic contexts has been
demonstrated.

 The dynamic discrepancy leads to the possibility of an iterative process that
can prevent extrapolation.
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Disclaimer:This presentation was prepared as an account of work sponsored by an agency of the United States Government.
Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or
implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency
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